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A Study on Entrepreneurial Eco for Green Milk Resources in order to 

Promote Sustainable Entrepreneurship in Oman 

ABSTRACT 
 The increasing in demand for food industries cultivate the risks of 

food insecurity in local markets. One among such essential commodities is the 

consumption of milk products. The Dairy food product market in the Sultanate of Oman 

is relatively high in demand and is directly related to the social and economic factors, as 

majority of local demand is fulfilled by importing from GCC countries. The development 

of rural entrepreneurship is more significant in the developing countries like Sultanate of 

Oman. The main aim of this research study is to analyze various factors which influences 

the promotion of local production and  to create awareness among local citizens for 

developing an entrepreneurial skills in promoting domestic green milk resources and to 

reduce the importing of dairy products from neighboring countries. Also, to promote 

employment opportunities both in rural and urban part of the country. 

 

Keywords: Green milk, Dairy Products, Entrepreneurship, Food Industry, Socio-

economic, communication,  

 

INTRODUCTION 

 

Dairy products are playing major role in today’s human food habit under different forms. 

They contain most vital vitamin component for the human body such as calcium, glucose, 

and minerals. As growing demand increases for dairy products, the insecurity of future 

food product also need to be considered at this time. In developing countries like 



 
 

Sultanate of Oman, Agricultural sectors are struggling a lot due to scarcity of water, 

infertility of soil   and climatic factors. So it’s time to consider the allied sectors related to 

food industry. The most significant allied sector related to agriculture is the dairy sector. 

The Dairy food product market in the Sultanate of Oman is relatively high in demand and 

is directly related to the social and economic factors, as majority of local demand is 

fulfilled by importing from GCC countries. Since the domestic production of milk 

products are not focused for constant growth in keeping pace of increasing demand, this 

study gives a sight to focus on the development of rural entrepreneurship in dairy 

industries which is more significant for the economy of the developing countries like 

Sultanate of Oman. 

STATEMENT OF THE PROBLEM 

In Oman, dairy and dairy related products are most consumed by the public and majority 

of the dairy products are imported from neighboring countries. In this study, an attempt is 

made to study consumers view with regard to the scope of reducing imported dairy 

products in order to create entrepreneur opportunities and self-employment towards green 

milk resources and its products. 

REVIEW OF LITERATURE 

 

In dairy production cows are considered as the major source of milk production. This 

dairy source is developed in the form of traditional sectors and the main source of dairy 

producers are from rural areas in the form of unorganized sectors so they are not able to 

trade in urban areas. When compared to rural areas more crowded population are in urban 



 
 

areas and the daily demand for dairy products are unable to fulfill by local production so 

the need for importing from neighboring countries raised which impacts countries local 

economy. 

 

The National Program for Enhancing Economic Diversification (TANFEEDH) in Oman 

has defined clear objectives and targets for year 2020 in its 9th 5 year development plan 

for establishing an integrated dairy farm. Based on the review of the program, the current 

Dairy market rate of self-sufficiency will increase about 100% by 2035 and 135% by 

2040. It clearly shows the growing demand for dairy industries which results in a 

substantially increasing phase of countries economy. 

 

Currently the self-sufficiency rate of dairy products in the country is only 31% and the 

balance need of about 69% is imported from neighboring countries. This demand of 69% 

gap of dairy products, gives an inspiration for local citizen to promote entrepreneurial by 

creating self-employment opportunities both in rural and urban part of the country in the 

form of organized sectors. 

 

THE SIGNIFICANCE OF THE STUDY 

 

The Dairy food product market in the Sultanate of Oman is relatively high in demand, the 

dairy product based on local production in Oman is about 31% and the balance is 

imported from GCC countries. Thus the local need for about 69% of dairy productions 



 
 

gives a gap to signify an opportunity for further investigation and find a feasible solution 

to invest in this industry. 

 

ANALYSIS AND DISCUSSION 

 

About Oman Population 

 

Oman is officially called as Sultanate of Oman lies on the coast of the Arabian Peninsula 

Gulf. The total land area of the Oman is about 309.5 thousand sq. kms and is one of the 

third largest country in the Arabian Peninsula. Oman is one of the sparsely populated 

country in the world with almost 9 people per every square kilometer. As per the world 

population prospects, the estimated current population of Oman is about 5 Million as 

shown in Figure-1, which was increased very high when compared to 2010 which was 

2.77 million. The largest and capital city of Oman is Muscat, majority of population 

almost 50% lives in the capital city. 

 

Figure-1: Oman Population  

Source: https://tradingeconomics.com/oman/population 

About Oman Economy 

https://tradingeconomics.com/oman/population


 
 

 

Based on the International Monetary Fund (IMF) review report, the country local 

economy is expected to grow at the rate of 3.4% and maintains a moderate growth rate of 

economy which will be an average of about 3.8% from 2014 to 2018, which shows a 

steady growth of local economy. It is also evidenced that the Gross Domestic Product 

(GDP) in Oman based on annual Growth Rate is averaged at 5.12 % from 2000 until 

2017 as shown in Figure-2. 

 

Figure-2: Oman GDP Annual Growth Rate 

Source: https://tradingeconomics.com/oman/gdp-growth-annual 

 

Employment Growth 

 

According to the National Centre for Statistics and Information 2018 report, the majority of 

employment in the country are from private sectors and is about 76.8% of total employment, 

and only 10.2 % employment is from government sector and also they have other 

employment of about 12.9% from family sector. Also the report shows that the 

https://tradingeconomics.com/oman/gdp-growth-annual


 
 

employment from the government sector was decreased by 0.6% in the year 2017 and on 

the other hand the private sector employment is increased by 0.2 % and increase of about 

3.5% in family sector. The statistical report clearly shows that the growth in the family 

sector is in increasing phase which leads to self-employment and can create an 

opportunity for entrepreneurial from family sector. It is also evidenced that the growth of  

Private Sector Credit in Oman was increased to 18718.40 OMR Million in December of 

2018 as shown in Figure-3. 

 

Figure-3: Oman Private Sector Credit 

Source: https://tradingeconomics.com/oman/private-sector-credit 

 

Topography & Climate 

 

Oman is covered with various topographic areas such as Plains, Dry Rivers, Mountains, 

Sand and Desert. The climate also differs with hot and humidity near coastal areas and 

dry in the interior areas during most of the months at an average high temperature of 

35.10 celsius and low rainfall resources also evidenced as shown in Figure-4.  



 
 

 

Figure-4: Oman Climate 

Source: https://tradingeconomics.com/oman/temperature 

Agricultural in Oman 

 

With the topography and climate factor of Oman, agricultural sectors are struggling a lot 

due to scarcity of water, infertility of soil and climatic factors. Considering this fact, The 

Oman government has realized the significance of Domestic Agricultural and planned to 

focus on agricultural sector for food security of the nation. It is evidenced that the GDP 

growth from the Agriculture sector of the country is increased to 529.40 OMR Million in 

2017 when compared to 2016 which is 494.80 OMR Million with an average of 281.40 

OMR Million from 1998 until 2017 as shown in Figure-5. At the same time Agricultural 

allied sectors are also given significance in the government projects for year 2020 in its 

9th 5 year development plan for establishing an integrated dairy farm. So it’s time to 

consider the allied sectors related to food industry in which dairy sector is considered as 

major self-employment sector in rural as well as in urban areas. 

 

https://tradingeconomics.com/oman/temperature


 
 

 

 

Figure-5: Oman GDP from Agriculture 

Source: https://tradingeconomics.com/oman/gdp-from-agriculture 

 

 

 

 

 

 

Major Imports of Agriculture Allied Food Products in Oman 

 

According to the review from COMTRADE database of United Nations view on 

international trading, about US$622.27 Million agriculture allied food products such as 

Honey, Eggs & Dairy products were imported to Oman in 2017 is as shown in the 

Figure-6. 

 

https://tradingeconomics.com/oman/gdp-from-agriculture


 
 

 

Figure-6: Oman Imports of Dairy products, eggs, honey, edible products 

Source: https://tradingeconomics.com/oman/imports/dairy-products-eggs-honey-edible-products 

 

 

The need for focusing towards Dairy Sectors in Oman 

 

In 2016 the dairy production in Oman is about 94 thousand tons and in 2017 it was 

increased to 96 thousand tons with a growth rate of about 2.1%. But still the local dairy 

market is not fulfilled by its domestic production the self-sufficiency rate of dairy 

products in the country is only 31% and the balance need of about 69% is imported from 

neighboring countries. Also, these imported dairy products are pasteurized milk which is 

stored for more than 24 hours before delivery and not fresh milk so called “Green Milk” 

 

The significance of the dairy industry so called dairy enterprise is part of agricultural 

activities which plays a major role among farmer’s activities in rural population. 

Developing self-employment among farmers is also a part of entrepreneurial activity and 

https://tradingeconomics.com/oman/imports/dairy-products-eggs-honey-edible-products


 
 

it reduces unemployment to a large extent in rural areas towards economic development 

of Oman. It was also evidenced that foreign investors are also focusing on setting dairy 

farms and related processing units with an aim of high return on investment. 

 

Consumer Analysis 

 

The present study was carried out in capital city of Oman,  because of large number of 

consumers are in capital city. The primary data were collected in a structred survery 

method for consumers view about Fresh Milk Vs Imported Milk. A total of 55 

respondents were selected by a random sampling method and independent variables were 

identified based on relevant review of literatures and discussions. The data collected were 

analysed and percentage of simple comparison of social-ecenomic characteristics were 

identifed towards entrepreneurial behaviour. 

 

Results and Discussions 

 

The study revealed that Majority of consumers prefer the Fresh Milk produced by local 

suppliers than imported milks because the origin of improted milk is unidentified. On the 

other hand based on consumers view about fresh milk, it will increase the farmers life 

style as part of self employment and also it will turn in to income generating enterprise 

among family members. The income generated from dairy products is an assured income 

and not like agiricultural income which is based on natural parameters. The results of this 

study gives an insight for farmers from rural sectors to promote their dairy products to 



 
 

urban sectors in an organized entrepreneurial manner of giving more employment to local 

citizens with the support of government funding projects.  

 

Conclusion 

 

The local development of dairy industry plays a significant role in the countries econoy 

by reducing import costs and developing local employments. Since Oman have very little 

fertile land for agricultural puropose, considering the dairy product consumers demand as 

part of agricultural allied product, farmers are motivated to start self employment. It is 

also evidenced that the need to establish awarness to promote dairy farming inorder to 

attain self-sufficiency in dairy production and to generate the local employment for the 

benefit of citizens towards  promoting the health and nutrition of consuming fresh milk 

products as part of  food security policy of the Sultanate of Oman. 
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Abstract-  

Nowadays, there are more ceramic industries that generate more waste in the last decade and be a 

landfilled at the end. In the ceramic industries, the amount of ceramic waste from the manufacturing 

process is around 20 to 30 percent which has an impact to the environment. Recycling construction 

waste is one of the most important objectives of the Arab world. The objective of this research is to study 

some strength and durability properties of ceramic based concrete. In this study, preliminary 

experiments were conducted to characterize the ceramic powder in the concrete. Ordinary Portland 

cement is partially replaced with the ceramic powder in mixing concrete in different levels 0%, 10%, 

20%, and 30% respectively for M30 grade of concrete. Concrete mixtures were casted and tested for 

compressive strength, split tensile strength and flexural strength including durability test like sorptivity 

test after 7 and 28 days of water curing and then compared with conventional concrete. As a result, it is 

found that optimum percentage for compressive strength & flexural strength of concrete is 30% replacement, 

tensile strength is up to 20% of ceramic waste was good and can used in the construction work and 

beyond that replacement may be suitable for low resistance building.  Using the ceramic waste in the 

concrete as a partial replacement of cement is such a beneficial manner to minimize the cost of concrete 

and reduce the waste of landfilled on the environment.



 

INTRODUCTION 

Background: Nowadays, there are more and more industries using the ceramic tile in the various types 

of construction. Generally, there are around one hundred million ton of the ceramic tile which are 

produced from different factories in the world. However, from the total production of the ceramic tile, 

there is always waste materials which is 20% to 30% of the ceramic (Ceramic World 2017). Therefore, 

the development of the concrete technology has a positive impact to the environment due to minimizing 

the consuming of natural resources (CE & CR 2018). Moreover, there are a lot of advantages of using 

the ceramic waste powder as partially replacement of Ordinary Portland Cement (OPC) in the mixing 

concrete. For example, hazardous for the environment is being reduced, saving more energy, and 

reduction of cost. Thus, ceramic industries are considered as the main source of the ceramic waste 

powder which can be generate during a verity of process such as from polishing stage or dressing stage. 

The ceramic waste powder is can be replaced either with the cement or with the fine aggregate in the 

concrete. However, the properties of concrete when the ceramic waste powder is replaced with the 

cement are different from the fine aggregate, especially, the compressive strength and durability of the 

concrete. The encirclement of the ceramic waste powder in the concrete is extremely beneficial instead 

of ends to be as a landfill waste. By finding as a solution of the ceramic waste powder which generates 

from the industries that to be use in the concrete that effects in the durable and compressive strength of 

the concrete positively as long as the ceramic powder which is not in use at the industry considers one 

of the harmful waste to the environment (EPA 2018). Utilization of industrial waste products as 

supplementary cementitious materials (SCM) in concrete making is very important aspect in view of 

economic, environmental and technical reasons. This report summarizes the various efforts underway 

to improve the environmental friendliness of concrete to make it suitable as a “Green Building” 

material. Foremost and most successful in this regard is the use suitable substitutes for Portland cement, 

especially those that are byproducts of industrial processes, like fly ash, ground granulated blast furnace 

slag, and silica fume. The combination of different binders and modifiers to produce cheaper and more 

durable building materials will solve to some extent the environmental and ecological problems. Usage 

of waste products as beneficial cementitious materials (SCM) in concrete making is vital angle in 

perspective of economic and environmental friendly. Due to its properties like chemical and 

mineralogical composition, ceramic is used as supplementary cementious material. While producing 

ceramic tiles, various wastes are comes out from the various processes in industries. The ceramic waste 

can be used as partially replacement with fine aggregate, coarse aggregate and cement due it its 

properties. In this study the material obtained from the Al Anwar ceramic tiles ceramic industry in 

Muscat, Oman and partially replaced with Portland cement at different replacement levels. The 

properties of concrete to be investigated include workability, setting time, strength & few durability 

properties to determine the optimum percentage of ceramic powder can be used as supplementary 

cementitious material (SCM). This report outlines the different endeavors in progress to enhance the 



 

environmental friendliness of concrete to make it suitable as a “Green Building” material. Since there 

are many by products from industries like fly ash, silica fume, GGBS and etc. helps to reduce the impact 

of pollution delivered during manufacturing process of cement as a "Green Building" material. 

Preeminent and best in such manner is the utilization appropriate substitutes for Portland bond, 

particularly those that are results of modern procedures, similar to fly fiery debris, ground granulated 

impact heater slag, and silica. The mix of various folios and modifiers to create less expensive and 

increasingly tough building materials will fathom to some degree the natural and environmental issues. 

Problem statement:  

Ceramic waste is usually caused number of drawbacks to the environment. When the ceramic waste 

which generates from the ceramic industries ends to be a landfill that unfortunately causes hazardous 

such as air pollution. Thus, that leads to increase the CO2 emission in the atmosphere and then the 

global warming effects in a negative way. However, using that ceramic waste powder in the concrete 

is such a beneficial impact to the environment. While the maximum amount of cement is replaced with 

the ceramic waste powder in the concrete, the will definitely effect in a positive way. For instance, 

reduction of the consumption resources, use less energy, minimize the CO2 emission, and the negative 

impact for the environment will be reduced (Raval 2013).    

Objective:   

- To investigate tensile strength and compare at different levels of ceramic waste in concrete. 

- To determine the optimum percentage of ceramic waste for split tensile strength. 

- To reduce the cost of concrete.  

Study significance 

While there are many industries are producing the ceramic in the world. However, the ceramic waste is 

unfortunately ending to be a landfill because there is no using or recycling of that waste. Thus, the 

ceramic waste has an impact to the environment and effect on the human health negatively such as 

cause serious diseases. Therefore, by using the ceramic waste powder in the concrete that would 

definitely be a beneficial manner to protect the environment and also other advantages. The importance 

of this study is to show if the ceramic is usable in the concrete. The concrete industry consumes a large 

amount of natural raw materials. This has an impact on the environment, energy consumption and 

resources, and with the urban development and demolition of the mines and the old buildings, it results 

in the accumulation and production of a large quantity of waste representing the old concrete, the largest 

part in addition to minerals, wood, As a result, we have two problems: lack of raw materials used in the 

concrete industry, recycling and use of construction waste resulting from construction or demolition. 

Through this study, we will show the importance of recycled construction waste in the manufacture of 

concrete to reduce the use of natural resources and reduce energy consumption and thermal emission. 



 

This study important to encouraging stakeholders and stakeholders to take practical steps in identifying 

and measuring the environmental impacts related to waste disposal, using a modern methodology to 

identify methods of treatment, and offering the best solutions for the recycling and use of waste. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

CHAPTER 2 

LITERATURE REVIEW 

 

Introduction 

This chapter includes previous studies on the use of ceramic powder in the manufacture of 

concrete and studies on the behavior of concrete by using different test. These studies help us 

to identify the expected results of this project and identify how to exploit the remnants of 

construction in the development of concrete. Different literature references will be addressed 

to different countries to obtain information that will help us in our study and compare them with 

our findings. 

Background 

Jalali (2010), the study of the research is about both durability and compressive strength of the ceramic 

waste based the concrete. The paper is presented the experiment study based on properties and 

durability of the concrete that contain ceramic waste powder. There are a lot of concrete mix that hold 

a purpose mean of the compressive strength about 30 MPa which prepared as replacement of cement 

with ceramic waste powder around 20 %. The achievement of the durability and mechanical of ceramic 

waste powder based on the tests that conducted in the laboratory. Therefore, the result is obtained that 

the concrete which replaced with a partial of cement with the ceramic waste powder has inconsequential 

of strength but the durability in increased.  The amount of ceramic waste which produced from different 

industries in Europe is 3 % to 7 % from the world which end as a landfill. If the regulations of landfill 

are increased, the deposition cost will definitely increase. So, that leads most of the ceramic industries 

will brainstorming in order to find a way of reuse that waste because reusing the ceramic waste is still 

neglected. The end user of the ceramic waste are construction industries which are absolutely 

contributed for solving the environment issues. The nature of the construction industries and the 

concrete industry in particular, the replacement of cement with the ceramic powder is can be used safely 

if there is not a dramatic changed in the process of application and production as well. However, the 

deposition cost of the ceramic waste in the landfill will end in a saved way, and that means the natural 

resources and raw materials will be replaced. So, the energy consumption is saved and the environment 

is more protected. There are two categories to classify the ceramic waste according to the raw materials 

source. First type is fired the generated waste of structural ceramic factories using the red paste in order 

to achieve the products, such as, brick, tiles roof, and blocks. The second type is that fire the produced 

waste in the stoneware ceramic. For example, sanitary ware, floor tiles, and wall.  The producers usually 

use the white past and red past, therefore, the using of white past is more frequent and the volume is 

higher. The determination of compressive strength is based on the NP EN 12390-3. The sized of each 



 

cube is 100 x 100 x 100 mm3, all specimens are cured in water for 24 hours. Then, the compressive 

strength is obtained and got the average from three cubes specimens with duration after 7 days, 14 days, 

28 days, 56 days, and 90 days of the curing. Based on the result of the compressive strength, the mixture 

of concrete with the percentage 20 % of the ceramic waste is the highest compressive strength the 

achieved from the all ceramic waste. After 28 days of the cure that concrete mix is obtained 80 % of 

the control strength index. The maximum compressive strength index is 90.4% which is after 90 days 

of curing in the water. However, the worst compressive strength index is obtained in the early period 

only 74.8 % after 7 days of curing. Based on the graph which illustrates the compressive strength in 

MPa and the days of curing. The overall trend of the compressive strength is increasing up to a certain 

point after that it started to decline. After 7 days of curing, the highest compressive strength is less than 

30 MPa, but after 56 days the compressive strength is increased up to 37 MPa. The maximum 

compressive strength has obtained after 90 days of curing to reach 44 MPa. Amit Kumar (2013), the 

study is conduct on the eco-efficient concretes by using the powder of ceramic waste as a partial 

replacement of cement. The ceramic industry generate waste around 15 % to 30 % from the manufacture 

processes. That waste inevitably pose a negative impact in the future. The study is about replacement 

of cement with ceramic waste powder in different grades: 0 %, 10 %, 20 %, 30 %, 40 %, and 50 % 

using the weight of 25M grade of concrete. As loge as the waste of the ceramic powder is inappropriate 

to sale due to various reasons, therefore, it would be a beneficial solution that the ceramic waste powder 

is used as a partial replacement of cement in the concrete which will effect positively to the environment 

and the economy. What is contributes above would refer indirectly that to ensure the quality of living 

for the citizen as well as to propose the concept of the sustainability in construction sector.  The research 

of this study is analyzed the impact of using the ceramic waste powder and study the mechanical 

properties for a typical concrete. Recently, there is a large amount of the ceramic waste powder is 

producing from the ceramic industries which has a major impact for the human and environment. There 

are a lot of advantages of using the replacement materials such as save the energy, reduce the cost, the 

products are arguably superior, and reduction of hazards in environment. 

 The materials that used are Ordinary Portland Cement (OPC), fine aggregate, coarse aggregate, 

powder of ceramic waste, water, and some chemicals. However, the percentage of cement replacement 

with the ceramic waste powder depends on the chemical type. There are three cubes that cast each time 

the percentage of cement replacement with ceramic waste is changed, and the water cement ratio is 

0.48. All specimens kept 24 hours then cured in water with respective of duration after 7 days, 14 days, 

and 28 days. Three cube samples are tested on the compression testing machine in order to obtain the 

compressive strength and the average is noted. 

Based on the table which shows that the result of average compressive strength after 7 days, 14 

days, and 28 days. After 7 days, the best result of compressive strength is obtained 25.39 N/mm2 at 0 



 

% of replacement. Followed by 23.67 N/mm2 at 10 % of cement replacement. Next, the remaining 

results are decreasing gradually until it reach 16.06 N/mm2 at the 50 % of the cement replacement. 

Similarly, the results after 14 days started at 31.21 N/mm2 when the cement replacement is 0 %, and at 

50 % of replacement the result of compressive strength is obtained 21.63 N/mm2. In the same way, the 

results after 28 days begins at 32.92 N/mm2 when the cement replacement is 0 %, and at 50 % of 

replacement the result of compressive strength is obtained 23.51 N/mm2. The observation of this 

experiment shows that the compressive strength of M25 grade concrete growth when the cement is 

replaced with the ceramic waste powder until the 30%. However, when the replacement of cement is 

more than 30 % the compressive strength is declined.  Based on the line graph which illustrates the 

days and the compressive strength of the grade M25 that mixed for 7 days, 14 days, and 28 days. The 

compressive strength at 0 % of replacement cement with the ceramic waste powder is exceeded 30 

N/mm2 after 28 days, but at 50 % of the cement replacement with the ceramic waste powder the 

compressive strength is obtained approximately 15 N/mm2 after 7 days.  

Raval (2013), the study is about the effectiveness of cement replacement with the ceramic waste in 

order to establish a sustainable concrete. Therefore, one of the most active research areas is waste of 

ceramic which encompass various disciplines such as construction materials and civil engineering. 

Powder of ceramic waste results as a pollution to the environment when it is dump away and end of a 

sediment. The result of that, it may form a dust especially in the summer which will effect negatively 

for both the public health and agriculture. However, the improvement of ceramic waste powder in 

different sectors specifically construction, agriculture, paper and glass industries that would definitely 

help the environment to be protected. So, it is most vital developing an eco-friendly concrete using 

ceramic waste powder. The study of this research is replacement of cement with ceramic waste powder 

in various stages: 0%, 10%, 20%, 30%, 40, and 50% respectively using M-20 grade concrete. The 

mixture of concrete is produced, tested and compared with regard to the compressive strength. The 

mechanical properties are evaluated in 7 days, 14 days, and 28 days. The achievement of compressive 

strength are up to 30 % that replaced cement with ceramic waste powder. The fundamental waste that 

come revealed from the ceramic industries is the ceramic powder which is exactly in form of powder. 

The waste of ceramic powder generates throughout the process of polishing and dressing. Around 15 

% to 30 % that estimate a as a waste resulting from the total used of the raw material, part of the waste 

is utilize on the site such as excavated a pit refill. The removal of those materials waste is required a 

large space of area and sprinkled everywhere. As it is challenging to find a usage of the ceramic waste 

that produced. When the ceramic waste powder is used in the concrete that leads to utilize the strength 

and durability of the concrete.  

The materials that used are Ordinary Portland Cement (OPC), fine aggregate, coarse aggregate, 

powder of ceramic waste, water, and some chemicals. However, the percentage of cement replacement 



 

with ceramic waste powder depends on the type of chemicals. There are three cubes that cast each time 

the percentage of cement replacement with ceramic waste is changed, and the water cement ratio is 

0.52. All specimens kept 24 hours then cured in water with respective of duration after 7 days, 14 days, 

and 28 days. Three cube samples are tested on the compression testing machine in order to obtain the 

compressive strength and the average is recoded. As 35 N/mm2 is the rate of loading on the cube per 

minute. Based on the result of average compressive strength, it shows that 0 % of replacement is got 

the best compressive strength in different period that after 7 days, 14 days, and 28 days. However, after 

7 days of 10 % replacement is obtained 21.98 N/mm2 which is highest compressive strength and after 

14 days it is got 26.64 N/mm2, but after 28 days it is reached 28.14 N/mm2 which is the best result of 

10 % of replacement.  Finally, on the M20 grade of the compressive strength is increased when replaced 

cement with ceramic waste powder till 30 %, but with further replacement the compressive strength is 

decreased. The compressive strength of concrete 22.98 N/mm2 on 30 % of cement replacement with 

the ceramic waste powder that led to reduce the cost of cement up to 12.67 % in the M20 grade. So, it 

is beneficial of the economy and used to develop material science and construction industry as well as 

the disposal of the ceramic waste powder is possible to safe. Overall, the graph illustrates the 

compressive strength of M20 mix for 7 days, 14 days, and 28 days. The trend of the compressive 

strength is declining gradually. At 0 % the compressive strength is experienced very high to reach 

approximately 30 N/mm2, whereas, at 50 % of the replacement is obtained the lowest to be less than 15 

N/mm2. 

Patel (2013), the research of this study is about the re-use of ceramic waste from industry in order to 

elaborate an eco-efficient concrete. The residues production which is from various industries and the 

construction sectors is increased significantly in the last decade. Unfortunately, most of the ceramic 

waste is simply thrown in the landfill, and there is no consideration to recycle that ceramic waste or 

reuse for another purpose. Therefore, the main target of this study is to analyze the mechanical and 

physical properties for differ concrete mixt that conducted in the lab. The materials which are added 

either include admixtures or partial cement substitution, and all teste from the lab are followed IS 

standard protocols. The waste of ceramic is produced an increase of the compressive strength 

reasonability that led to that ceramic waste is appropriate to manufacture in concrete. In this study, the 

ceramic waste powder is replaced with cement OPC from 0 % to 50 % to M-30 grade of concrete. The 

testes are conducted in order to evaluate the compressive strength after 7 days, 14 days, and 28 days. 

Furthermore, the result is obtained that up to 30 % the compressive strength is high and then goes down 

when replaced more. 

The concrete technology is advanced in an incredible way the can reduction the consuming of 

the natural resources and eliminate the burden pollutions for the environment. As long as it needs to be 

concentrated on reuse or recover the natural resources and also finding others alternatives that leads to 



 

increase the cost of the natural resources day after day. Nowadays, there many industries that generate 

the ceramic in a tremendous amount that has an impact to the human and the environment. There are 

great advantages while re-using the ceramic waste with replacement of cement partially. For example, 

it offer to reduce the cost, eliminate hazards in the environment, and absolutely save more energy.  The 

over result of compressive strength after 7 days is obtained in 20s N/mm2 and after 14 days the 

compressive strength is exceeded 25 N/mm2 and reached 35 N/mm2. However, the result after 28 days 

is increased up to 38 N/mm2 but, it declined to reach less than 25 N/mm2 when the replacement is 50 

% of the ceramic waste powder with cement. In addition, the graph shows the relationship among the 

compressive strength and time period in days. The highest compressive strength after 28 days is nearly 

to reach 40 N/mm2 with 0 % of replacement. Whereas, the compressive strength is decreased to reach 

approximately 20 N/mm2 when the replacement 50 % after 7 days.  

Salim (2014), the study is a reviewing on the usage of the ceramic waste in the concrete production.  

The demolition and construction waste contribute as the highest percentage of the worldwide waste 

around 75 %. The highest percentage of the waste in the demolition and construction waste is the 

ceramic waste which is around 54%. Recently, the method that used for the disposal ceramic waste is 

only landfill because of the unavailability for standard, lack of the knowledge, risk avoidant, and the 

construction experience for amount of using the ceramic waste.  The classification of the ceramic waste 

is that a non-recycled waste. Regarding the study of recyclable demolition and construction waste, the 

ceramic waste is obtained that having a potential to use in the concrete production. Whereas, there is 

no any standard or guidelines for using the ceramic waste in the concrete. Moreover, there is no 

experience or knowledge have gained from the local of construction industries in order to utilize the 

ceramic materials. There are specific properties of ceramic waste powder that can be contributed in a 

positive way of the recycling. Most the manufacture of ceramic, they are common on including floor 

tiles, wall tiles, household ceramic, sanitary ware, and technical ceramic. There are various research 

have done worldwide based on the possibility for using ceramic waste powder in the concrete as partial 

replacement of Portland cement. The result is compared with other types of cement such as silica fume 

and fly ash, therefore, the temperatures is discovered in order to produce ceramic material which is 

around 900o C.    The materials which used are Ordinary Portland Cement (OPC), fine aggregate, coarse 

aggregate, powder of ceramic waste, water, and some chemicals. However, each chemical has a specific 

percentage of cement replacement with the ceramic waste powder. There are three cubes that cast each 

time the percentage of cement replacement with ceramic waste is changed, and the water cement ratio 

is 0.45. All specimens kept 24 hours then cured in water with respective of duration after 7 days, 14 

days, and 28 days. Three cube samples are tested on the compression testing machine in order to obtain 

the compressive strength and the average is noted. The result is obtained that the compressive strength 

is reasonable up to 30 % of cement replacement. As the average of result after 28 days is the maximum 



 

value of the compressive strength till 30 % of replacement when compared with the average result either 

after 7 days or 14 days. 

Ahmad (2016), the study is about re-process of ceramic waste for the amplification of eco-

efficient concrete. Around 30% of the ceramic which is produce that goes as waste, therefore, the 

replacement of cement with the waste of ceramic powder outputs a fundamental amendment in the 

compressive strength and make them convenient in order to fabric the eco-efficient concrete. So, what 

is done that the OPC cement is replaced with the waste of ceramic powder consequently in various 

stages: 0%, 15%, 20%, 25%, 30%, and 35% using grade M-20 weight of concrete. Also, the mixture of 

concrete is tested at 3 days, 7 days, and 28 days, then, compared with regard to the compressive strength 

of the proper concrete at 28 days. The main purpose of this study is to obtain the behavior of the concrete 

durability in contrast of partial cement replacement with powder of ceramic waste which resulted to an 

eco-efficient concrete. The materials that used are Ordinary Portland Cement (OPC), fine aggregate, 

coarse aggregate, powder of ceramic waste, water, and some chemicals. There is a different percentage 

of ceramic powder which is used for each chemical, such as, SiO2 with 63.29 % of ceramic powder, 

Al2O3 with 18.29 %, Fe2O3 with 4.32 %, Ca O with 4.46 %, K2O with 2.18 %, Na2 O with 0.75 %, 

similarly Mg O with 0.72 %, P2O2 with 0.16 %, Mn2O3 with 0.05 %, CL with 0.005%, SO3 with 0.1 %, 

and Loss of Ignition (L.O.I) with 1.61%. Regarding the result of compressive strength of concrete (M 

20) after 3 days, the specimen which replaced 25 % of ceramic waste powder with cement is obtained 

the highest compressive strength which is 15.32 N/m2, following by 20 % of replacement as the 

compressive strength is 14.11 N/m2. After 7 days, the best result of compressive strength is recorded at 

20 % of replacement which is reach 22.31 N/m2, then 21.15 N/m2 of 25 %. The results after 28 days 

are generally the most highest of compressive strength, where the lowest percentage of replacement of 

ceramic waste powder with cement is at 15 % only 28.13 N/m2, but at 20 % it reached the peak to 

approximately 30 N/m2. Overall, based on the line chat of results which are after 3 days, 7 days, and 28 

days that they are common of increasing gradually of the compressive strength until reaching the 

highest point either at 20 % or 25 % of the replacement of ceramic waste powder with cement. However, 

with further replacement the compressive strength is started to decline gradually to be less than 0% of 

the replacement.   

Agrawal (2016), the study of this research is based on using the ceramic waste in the concrete. 

Nowadays, the removal of the ceramic waste is considered as one of the most serious issue around the 

world. There is a huge amount of materials waste that generate from the process of manufactures, 

construction, service of industries, solid waste of municipal and demolition work. The awareness to 

protect the environment is expand in order to concern about the disposal that the waste is generating 

from. The management of ceramic waste powder is one of the considerable environmental concern 

around the world. The utilization of ceramic waste powder becomes attractively alternative for the 



 

disposal. Therefore, the principal of this study is to review the using of ceramic waste powder in 

concrete, and it has an impact on the bulk density, compressive strength, and workability.  

Ceramic powder is one of the materials that contribute very high percentage of the waste 

especially in the construction such as the percentage of demolishing work is about 54%. Furthermore, 

11,166 million square meters is the amount of the ceramic tiles the produced around the world between 

2011 and 2012. China is considered as the largest country of ceramic tiles production which is produce 

more than 5000 million square meters every year, that refers to 46.6% of the world production is only 

from china as it is also consume 4250 million square meters which means that 38.9 % from the world 

consumption. Usually, the ceramic waste powder is created from various companies and in different 

forms during or after the process of production due to many reasons, for example, the raw of materials 

is inappropriate or most probably human activities.  At the present, there is not such a way to recycle 

the ceramic waste powder, and that means the waste of ceramic is useless which effect to the 

environment negatively and may cause disposal problems. However, as long as the ceramic waste is a 

durable, it would be absolutely an appropriate to use in the concrete. Therefore, the main priority of 

using ceramic waste powder in mixing concrete is due to the positive impact for solving the problems 

of disposal and it will be beneficial in economical way. Also, the properties of the fresh as well as 

hardened concrete will be effected perfectly. There is a verity of ways in order to utilize the ceramic 

waste powder, based on this study the result of replacement cement with ceramic waste is excellent up 

to 30 % only.    

      Varma (2017), the amount of consuming the ceramic materials from the construction industries is 

increasing every day and it becomes in differ forms such as tiles, electrical insulators, powder, and 

sanitary fittings. From the total production, 30 % of the ceramic materials is changed to a wastage 

through the processing or transporting, as it is a nature brittle and recently there is no recirculation for 

the ceramic wastage. Furthermore, the ceramic waste consists of an excellent mechanical behavior, so 

it is a suitable for a partial replacement of the cement by using OPC. The ceramic waste powder is 

passed through 90 micron sieve and then used in the concrete as a partial replacement of cement at 10 

%, 20 %, 30 %, 40 % using M25 grade. The concrete mixture is produced then tested and compared as 

a compressive strength, based on the testes the mechanical and durable properties are evaluated on 7 

days, 14 days, and 28 days. Regarding the concrete mix design, the proportion that used on mixing the 

concrete is 1:1.58:2.48 with 0.45 of the water cement ratio when replaced the cement with the ceramic 

waste powder in 10 %, 20 %, 30 %, and 40 % in the concrete. The principle of the evaluation is that for 

investigation the suitability of the ceramic waste powder which is as partial replacement of cement in 

mixing the concrete. The compressive strength machine is used in order to analyze the strength among 

the testes of specimens after 7 days, 14 days, and 28 days. There are three samples cubes on each batch 

that tested then the average of the strength values are recorded. The result after 7 days is obtained with 



 

maximum 21.55 N/mm2 on 10 % of partial cement replacement and 12.48 N/mm2 with 40 % of the 

replacement. However, after 14 days the result of compressive strength is obtained 27.64 N/mm2 as 

maximum with 10 % of the cement replacement, but when the cement replacement is 40 % the 

compressive strength is got 17.24 N/mm2. Whereas, the highest compressive strength is obtained 32.61 

N/mm2 with 10 % of the partial cement replacement after 28 days, but with 40 % of the replacement 

the result is only 19.98 N/mm2. Overall, 30 % of the partial cement replacement with the ceramic waste 

powder is an acceptable percentage of replacement due to the result of the compressive strength, and 

with further replacement the compressive strength is declined 

Yadav (2017), nowadays, the cost of the routine materials in the construction is expensive which 

are coarse aggregate, fine aggregate, cement, and water. This paper of study is consisted the use of 

differ waste materials as a replacement of cement partially. So, it is vital for developing an eco-friendly 

concrete from the ceramic waste, especially, ceramic waste powder which end as deposition then only 

dump away. That cause pollution to the environment and that will effect negatively to the public health 

and the agriculture. Therefore, this study is an experimental testing the compressive strength of cement 

replacement with ceramic waste powder of 10 %, 20 %, 25 %, 30 %, 35 %, and 40 % using the weight 

of  M20 grade of concrete.  The objectives’ of this study are developing a solution to reduce the waste 

by cement replacement with ceramic waste powder in order of protecting the environment from the 

pollution of ceramic waste and reduction of landfill area. Also, it is essential to obtain a sustainable 

concrete from the waste of ceramic in order to reduce the percentage of using the cement and reduce 

the concrete cost. Next, utilization of ceramic waste in appropriate way in order to reduce the dioxide 

emission controls the carbon CO2 gases in the atmosphere.  Based on the pie chart which illustrates the 

result of compressive strength after 7 days and 28 of curing the specimens in the water in N/mm2 unit. 

At 0 % of replacement, the compressive strength is reached near to 20 N/mm2 after 7 days, but after 28 

days of curing it reached approximately 26 N/mm2. Then, at 10 % of cement replacement with ceramic 

waste powder, the compressive strength is obtained 16.67 N/mm2 after 7 days, whereas, it is increased 

up to 25.77 N/mm2 after 28 days of replacement. Next, the compressive strength at both 20 % and 25 

% of the replacement are obtained similar after 7 days which are 16.87 N/mm2 at 20% and 16.72 N/mm2 

at 25 %, but after 28 days the compressive strength is exceeded 25 N/mm2 at 20 % of replacement and 

at 25 % is less than 24.9 N/mm2. Thus, at 30 % and 35 % of replacement, the compressive strength is 

16.7 N/mm2 after 7 days, however, after 28 days of curing the compressive strength is decreased to 

24.59 N/mm2 and then increased up to 25.08 N/mm2 at 35 % of replacement. Finally, at 40 % the 

compressive strength is obtained only 15.35 N/mm2 after 7 days of curing in the water. After 28 days, 

the compressive strength is declined to reach less than 24.5 N/mm2.              

Jackiewicz (2015), the study of the research is about the properties of cement replacement with 

the ceramic waste. More and more of construction industries are consuming the ceramic and end to left 



 

a huge amount of the ceramic waste. The problem is these wastes of the ceramic have a negative impact 

to the environment and effect badly to the health of human. The study of this paper is obtained the 

mechanical properties of the concrete when a partial replacement of cement with the ceramic waste 

powder. So, the result shows that with 20 % of replacement the compressive strength is obtained very 

high. 

 (Hansen, 2018), tensile strength test it could directly determine by uniaxial tensile test or tensile 

splitting test, it show the tension strength of the concrete and the value is very important to show the 

tension load to the concrete. Tensile strength could evaluated by using formula: 

𝑓 =  
2𝐹

𝜋. 𝑙. 𝐷
 

Where 𝒇the tensile strength in MPa, F is is the maximum load in KN, 𝒍 is the length of the cylinder 

and D is the diameter of sectional area. The graph below results of tensile test of the concrete with age 

of 1, 3, 7 and 28 days. 

                                                    Figure 1: Tensile strength Test Results  

(Mahmoud 2018) The process of introducing solid waste materials into conventional concrete 

manufacturing has many advantages, including maintaining the healthy environment in terms of recycle 

building waste, reducing the negative impact of cement production, and preserving natural materials. 

This waste also has a beneficial effect in improving concrete behavior and improving its properties. 

Most ceramic waste produced from ceramic tile polishing is disposed of by placing it in landfills, 

causing serious environmental problems and pollution. This waste also has a beneficial effect in 

improving concrete behavior and improving its properties. The basic component of ceramic waste is 

the element of silicon dioxide and aluminum oxide, which makes it a good material in the manufacture 

of normal concrete and concrete self-compression, so that ceramic waste is used as a substitute for 



 

partial cement at different rates, namely 10%, 20%, 30%, 40% in the normal concrete mix and 28%, 

57% In concrete mixing concrete compressibility. The new characteristics, resistance properties and 

durability of the various materials showed that ceramic waste could be used as an alternative to the 

partial cement. This improvement in concrete behavior was found in the best replacement of the 

concrete mixtures which depend on the degree of concrete strength for the mixture of 25 MPa. 10-30% 

while it was 20-30% for a 50 MPa mixture. As for the concrete mixture, it is possible to use the 

replacement level of 28%, whereas for the characteristics of the fresh and the durability, both the 28% 

and 57%. Through this research, some of the experiments discussed will be presented to identify the 

characteristics of the ceramic waste and display their results and analysis. 

Willetta, A study was conducted on the characteristics of cement matrix modified with ceramic wastes 

by adding ceramic, 10%, 15% and 20% of the cement mass with mortar and the test of stability. The test 

of deflation was also carried out. The resistance test was performed for different days (2, 7, 14, 28, and 

56). The researcher Mohammed Tareq Al-Hawari said in his research on the use of ceramic waste in the 

concrete industry as an alternative to aggregates and cement at the German University in Cairo "due to 

the new developments in the construction process and the introduction of new types of materials on 

traditional methods to increase the hardness and strength of concrete and improve the behavior and 

characteristics of concrete. “Most of the natural materials found in the local environment are known as 

concrete material, which is used in building materials, so it was designed to mix concrete by adding a 

different percentage of ceramic waste according to American specifications." The researcher tested it 

to ascertain the quality of the concrete. Landing - Strong pressure - Tensile strength - bending force 

through the experiments, the results were compared with the regular concrete, where it was concluded 

that the aggregate, sand or cement could be replaced by different percentages. Where the researcher 

explained that the reason for the use of ceramic waste in the manufacture of concrete because of the 

increase in the proportion of production, which is estimated about 30% in the world. This waste is 

wasted and is not used as it confirms that this waste must be used because it revolution must be invested 

and recycled in the field Special construction in the manufacture of concrete. Al-Hawari explained that 

the introduction of ceramic waste in the construction industry has many benefits in which the reduction 

of the economic cost in the construction process also has benefits in the disposal of waste and activating 

the commercial side through the local production of raw materials as the transfer of filaments from the 

burden of the state to the source of profit either benefit from On the other hand, the use of waste 

preserves the clean environment free from the construction waste that causes water and air pollution. 

(Hawary 2018) 

Ceramic Industry 

The ceramic consists of at least two or more elements, and is also composed of organic elements, 

non-metallic minerals, ionic bonds, and a thermal source. This is a complex and difficult matter. 



 

First, the raw materials are prepared in this stage. The clay mixture is made up of silicate water 

silks, the Feldspar and the metal produced by the chemical analysis process for granite, 

limestone and silicate sand. The milling process is done all the materials in large mills, resulting 

in a mixture called aloe, which has density, viscosity and precipitation in specific quantities. 

Then, the resulting material was then pumped into a conical body containing a high temperature 

air current of more than 500 degrees Celsius, which would dry the moisture of the material and 

reach its moisture between 4-6%. After that, the process of formation begins where the powder 

produced from the mixture is placed in molds of various shapes by casting and pressing. Then, 

Then start drying and burning, where the drying of the seal and burn them using special dryers 

and then coloring and decorating the molds using a special coating for molds and printing forms 

using the special laser printer. The molds are then put to the final burn in the oven temperature 

is appropriate for 24 minutes and then try the pieces to ensure the quality and make sure that 

they are free of manufacturing defects and in the final process of packaging. There are two types 

of ceramic are the traditional ceramic, the type that has a clay ratio between 20-100%, while the 

second type is ceramic engineering, which has been developed by the weakness of the 

traditional ceramics and among these defects hide cracks and pores. The advantages of 

ceramics, many of which are the first material in large quantities and it is high resistance to 

weather factors and not affected by the sun and water and dust and it has the ability to resist 

chemicals, making it suitable for all purposes. The ceramic is also characterized by low 

coefficient of friction and low density and resistance to corrosion is inexpensive and available 

in abundance. (Jane 2016) 

 

Properties of Ceramics 

The improvement of new clay materials is taking care of the developing demand in mechanical 

and research facility applications. Coors clay parts are harder, lighter, and more impervious to 

warmth, erosion, and wear than steel partners. Coors earthenware shows brilliant dimensional 

solidness and can be made to meet exact resistances. Its quality and temperature obstruction, 

joined with high resistivity and dielectric quality, make it an alluring option. Concoction 

Porcelain has superb warm stun obstruction. The synthetic porcelain used to make the items 

included has a combination purpose of 1670°C and a softening purpose of 1400°C. High-

Alumina Ceramic ware made of 99.8%-unadulterated aluminum oxide, is every now and again 

chosen by metallurgists and scientific experts. It is valuable for applications requiring high-

temperature investigation with sans contaminant results. This very unmanageable lab ware is 

intended for use in decreasing and oxidizing climates. It tends to be utilized with stubborn 

metals, for example, molybdenum, platinum, rhodium, tungsten, tantalum and iridium. It is idle 



 

in hydrogen and carbonaceous environments and offers high protection from alkalis and 

different transitions at low temperatures. 

 

Table 1: Physical Properties of Ceramic Summary 

Physical Properties* Chemical-porcelain High-alumina 

Maximum use temp (no 

load) 

1400°C (2560°F ) 

unglazed 

1150°C (2100°F) glazed 

1750°C (3182°F) 

 

Thermal-expansion 

coefficient 

3.56 x 10-6  from 20 to 

200°C gradually 

increasing to 

4.69 x 10-6  at 1000°C 

 

8.0 x 10-6/°C from 25 

to1000°C 

Thermal shock resistance Good Fair 

Compressive strength — >300,000 psi 

Density (g/cc) 2.5 (typical) 3.9 (typical) 

Hardness Rockwell 45N 57.5 79 

Mohs — 9 

Gas permeability 0 0 

Water absorption 0 0 

Maximum heating/cooling 

rate 

200°C (392°F)/hour 150°C (302°F)/hour 

 

Corrosio

n 

resistance 

Acid Good except HF High except HF 

Alkali Good High 

Metals Fair to good High except Na, Li 

Atmospheric — OK oxidizing, 

reducing 

            (Coleparmer, 2018) 



 

Utilization of Ceramic Wastes in Concrete 

Usage Ceramic waste should be possible in various ways, this area alludes to the use of 

earthenware squanders as incomplete substitution of totals. In 2005, Brito et al. 

considered the appropriateness of artistic waste as a conceivable substitute for ordinary 

coarse totals in the generation of non-structural solid relics and discovered that the fired 

waste totals can possibly be utilized as a substitution of regular coarse totals however 

in components where the essential prerequisite is elasticity and protection from scraped 

area and not compressive quality. Additionally, Senthamarai and Manharan also 

checked the reasonableness of clay squander as substitution of pounded stone total and 

discovered that the usefulness of fired waste coarse total made cement is great and that 

the quality attributes are practically identical to that of the traditional cement. 

Correia et al. (2005) studied the durability of cement made by incomplete substitution 

of earthenware squanders and discovered that the mechanical properties as far as 

compressive and elasticity were appropriate anyway because of high water retention 

possible forceful ecological specialists, for example, injurious salts may enter 

effortlessly into the solid, which isn't prohibitive in non-strengthened cement. 

In the second part here ceramic wastes are considered as a substitution of bond in 

cement. In 2010, Torgal and Jalali analyzed the attainability of utilizing clay squanders 

in cement and their outcomes demonstrate that solid with 20% bond substitution despite 

the fact that has a minor quality misfortune yet have expanded sturdiness execution, 

while when concrete blends with earthenware totals indicate preferable outcomes over 

the control solid blends concerning compressive quality, fine water retention, oxygen 

penetrability and chlorine dispersion consequently prompting more tough solid 

structures, anyway in 2013 Raval et al. likewise played out the nearly a similar 

examination and their outcomes demonstrate that the utilization of artistic stone work 

rubble as dynamic expansion supplies bond with positive attributes as major mechanical 

quality and the financial preferences. Reuse of this sort of waste has points of interest 

financial and ecological, decrease in the quantity of common spaces utilized as reject 

dumps. In a roundabout way, all the above adds to a superior personal satisfaction 

for subjects and to present the idea of manageability in the development division. (Raval 

2013).  

Danial and Ahmad (2015) likewise researched the impact of addition of pulverized 

waste artistic tiles as a supplanting for characteristic coarse totals with 10%, 20%, 30%, 

and 40% and half of substitution and broke down that the ideal estimation of waste fired 

tile to be utilized inside the solid blend with a water/bond proportion of 0.5was about 



 

30%. The compressive and flexural quality of ideal cement was discovered 5.43% and 

32.2% higher than reference concrete individually. Their discoveries uncover that 

utilizing waste clay tile prompts upgrading the properties of cement. 

Lastly the other uses of ceramic wastes in the construction industry are being taken up. 

Rajamannan et al. in 2013investigated the effect of addition of ceramic waste to clay 

materials and concluded from chemical, mineralogical and morphological analyses, that 

water absorption and compressive strength tests show that ceramic waste can be added 

to the clay material with no detrimental effect on the properties of the sintered fire-clay 

products. The test results say ceramic waste could be utilized as filler in clay blocks, 

along these lines improving the likelihood of its reuse in a sheltered and feasible way. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Chapter 3 

METHODOLOGY 
 

Introduction  

The experiments has been conducted in civil engineering lab at MEC. The materials used in this 

experiment are coarse aggregate, fine aggregate, cement, water, ceramic powder, cylinders moulds, 

prisms, cube moulds, CTM, UT, slump cone test, robe, oil, mixing pan, balance, graduated cylinder, 

and trowel. The experiment is repeated four times at 0%, 10%, 20%, and 30% respectively of the cement 

replacement with the ceramic waste powder and using grade M30. The ratio of mix design is 1:0.75:1.5 

and the water cement ratio (W/C) is 0.45.  

3.1 Material uses and properties 

The materials used in this blended experiment are cement, coarse and fine aggregate, water 

and ceramic powder. 

3.1.1 Cement 

The cement used in the experiment is the OPC as shown in Figure 1. Cement is a fine binding 

material which helps in bonding between aggregates. It is cohesive material. The presence of 

water has the ability to connect concrete components to each other. Cement is used for concrete 

and mortar. The cement industry is relatively simple compared to other industries where the 

cement industry depends on the availability of raw materials. Cement industry is considered of 

strategic industries. 

 

Figure 1: Ordinary Portland cement 

3.1.2 Aggregates 

Aggregates are one of the most important concrete components. It gives the body to the 

concrete and reduces the economic impact and shrinkage. Aggregates are one of the 

most important factors for the production of concrete applicable in which it comprises 

75 to 80% of concrete weight. .  



 

 

i. Fine Aggregate 

 

The fine aggregate is one of the most important elements in concrete as shown in Figure 

2. The size of the aggregate used between 4.75 mm to 150 mm. The density of the fine 

aggregate is 2650kg/m 

Characteristics of fine aggregate: 

 

 Durability 

 Abrasion and skid resistance 

 Unit weights and voids 

 Grading 

 absorption and surface moisture 

 particle shape and surface texture 

 

Figure 2: fine aggregate 



 

 

 

ii. Coarse Aggregate 

 

The coarse aggregate is very important for the concrete to provide compressive strength 

as shown in Figure 3. For the required grade of concrete, 20mm size of aggregate is 

used and it was washed and dried. The size and shape of aggregates affect the 

compressive strength of the concrete. The texture and resonance shape is not suitable 

for high pressure strength. The amount of particle debris used in the concrete mix design 

is 22.43. The density of coarse aggregates 2650kg/m3 

• Durability 

• Abrasion and skid resistance 

• Unit weights and voids 

• Grading 

• absorption and surface moisture 

• particle shape and surface texture 

 

 

 

Figure 3: Coarse aggregate 



 

3.1.3 Ceramic powder 

 

Ceramic waste is not an essential element in the concrete. We brought the ceramic powder from 

construction company and grinded it in the lighthouse. In this study, the ceramic powder was replaced 

in different levels 0%, 10% 20% and 30% of the cement. The ceramic waste preparation started by 

collect it from landfills and removes the rubbish from it then it had grinding in the factory to convert it 

to powder. In the lab it has sieves test to avoid any big particles. The density of ceramic waste was 

determined as 860kg /m3, the Figure.4 Shows a sample of ceramic waste in powder situation. 

 

                          Figure 4: Ceramic powder 

 

Ceramic has the following Properties: 

 

• Low electrical 

• Good durability 

• Low toxicity 

• Low cost 

 

 

3.14 Water  

Potable water was used in the concrete casting.  



 

3.2 Equipment used in the Investigation-  

Slump cone Test apparatus 

This apparatus used to test the workability of the concrete with different percentage of ceramic 

replacement by applied true slump test and it shows in the figure.5  

                                                  Figure 5: Slump Test Cone   

 

 Cylinders Molds 

These molds are very important to shape the fresh concrete, the used molds took cylinder shape 

and its diameter is 0.15m and 0.3m height it made of plastic, its gives perfect concrete specimens 

and it is easy to use. Figure.6 shows this mold. 

                                                                    Figure 6: Cylinder Mold   



 

Steel Rod  

This tool is used to tamping the concrete to reduce the gaps or unseen places inside the used molds 

or slump test apparatus. Figure.7 shows steel rod used. 

                                                       Figure 7: Steel Rod 

 

 

Shovel 

Figure.8 shows shovel that used in mixing the concrete by flipping and mix all component together 

and it used also to collect fine and coarse aggregate. 

 

 

 

                                                           Figure 8: Shovel    

 

Oil 

Car engine oil - as shows in figure.9 used to avoid stuck and reduce the fraction between the 

internal side of the molds and the concrete while removing concrete process. 

                                                  Figure 9: Oil and Brush   



 

Mixing Pan 

Mixing pan is used as container to mixing the concrete, it isolated and protected the outside areas 

and keep it clean and it also avoid loses in concrete water or cement. Figure.10 shows the mixing 

pan using in concrete preparation.  

                                                          Figure 10: Mixing Pan   

 

Electric Balance 

This device in figure.11 used to measure the weights of concrete components and weight of 

specimens. 

                                                Figure 11: Electric Balance   

 

 



 

Graduated Cylinders and Beaker  

These tools used to measure the liquids used,  figure 12 is shows the tools. 

                                      Figure 12:  Graduated Cylinders and Beaker 

Trowels 

This tool as shows in figure 13 is more accurate than shovel and it used in mixing the concrete and 

adding the components in small amounts. 

                                      Figure 13:   Two Types of Trowels 

Air Compressor  

This machine principle is to compressing the air and it used to release the concrete from the molds 

by fixed its air valve at the hole in the bottom of the mold. Air compressor used is show in figure.14 

                                  Figure 14:   Air Compressor Machine  

 



 

Other apparatuses and tools used 

 - Ruler 

 - Measuring Tape   

 - Brush  

 

3.3 Water to Cement ratio (W/C): 

The ratio of water to cement is considered to be important for compressive strength 

and its operating potential. It is workability to decrease the increase of compressive 

pressure in the case of a reduction of the proportion of cement in the water. The 

workability to increase concrete and decrease compressive pressure in case of the 

high percentage of cement in water. According to the design, the ratio of water 

cement to the sample is 0.45. 

3.4 Mix design 

The method used for mixing concrete was as following: the components (cement, 

aggregates and water) of the concrete were prepared and the weights were taken and 

recorded, the mixing machine was cleaned, then cement and aggregates were mixed 

together by using the machine. In several times, the ceramic wastes powder was added to 

the mixture by 0%, 10%, 20% and 30%. Then the weight of water was added. The concrete 

moulds were brushed with oil, then they were filled up with the concrete and left for 24 

hours.  

 

3.5   Moulds and Equipments 
Cubes-Tthe moulds used for cubes are made up of cast iron with dimmensions of 150*150*150mm for 

compressive strength of M20 grade of concrete. 

Cylinders-Cast iron moulds of size 150mm diameter * 300mm height were used for casting to determine 

split tensile test. 

Prisms- Cast iron moulds of 150*150*300mm used for casting to determine flexural strength of concrete. 

 



 

3.6 Laboratory Test 
3.6.1 Compressive Strength Test 

The cube specimens were tested on compression testing machine as shown in Figure 15 

The bearing surface of the machine was wiped off clean and any loose sand or other 

material removed from the surface of the specimen .The specimen was placed in the 

machine in such a manner that the load was applied to opposite sides of the cubes as caste 

that is, not top and bottom. The axis of the specimen was carefully aligned at the center of 

the loading frame. The load applied was increased continuously at a constant rate until the 

resistance of the specimen to the increasing load breaks down and no longer can be 

sustained. The maximum load applied on the specimen was recorded. The process was 

repeated for other specimens (for 7 and 28 days) and all results were recorded. 

 

 

 Figure 15: Compressive Test Machine 

 

3.6.2   Split Tensile Strength: 
The specimens were tested on compression testing machine.The bearing surface of the machine was wiped 

off clean incase of cylindrical specimen the test was carried out by placing the specimen horizantally 

between the loading surfaces of the compression testing machine for split tensile strength and the axis of 

the specimen was carefully aligned at the center of loading frame.The load applied was increased 

continously at a constant rate untill the resistance of the specimen to the increasing load breaks down and 

no longer can be sustained. The maximaum load applied on the specimen was noted 



 

The split Tensile Srength is obtained for     

                                                              2P/(π * LD)  

Where , 

P is the load on the cylinder 

L is the length of the cylinder 

D s the diameter 

3.6.3   Flexural Strength  
The flexural strength of the specimen is expressed as the modulus of rupture. The method using in 

testing is 1 point loading .The test specimen should be turned its sides with respect to its portion 

moulded and centered on bearing blades. The load applying blades shall be brought in contact with 

the upper surface at the one point with the supports. The strength in bearing is the extreme fiber 

stresses on the tensile at the point of failure 

3.6.4 Slump Test: 

Slump test is applied for fresh concrete to find out the workability of the concrete. 

Test Procedure 

The test had started by set up the slump test cone by clean it then its internal side was painted with 

oil, the cone was fixed to the base sheet. The fresh concrete was filled into the cone in three layers 

and it was tamped 20 times by using steel bar for each layer as shows in figure.16. After that the 

cone was released up and flipped up to down and placed nearby the collapsed concrete cone and 

the reading of different length between the steel bar and the top of the concrete cone is measured 

and it was recorded. (Collins, 2018) 

                                 Figure 16:   Slump Test Process 



 

Slump Test Values Guides 

According to BS EN 12350-2, The Value that was taken from the slump test is the different in 

length between the length of steel cone and the length of concrete cone and it shows the workability 

level and uses as shown in the table 2 and by observe the shape of concrete the types of slump is 

found Figure 17 shows the shape and type of the concrete). (Anon, 2018)  

      

                                          Figure 17 Slump Test Types 

 

                                  Table 2:   Using of concrete according to range of slump 

 

 

 

 

 

 

 

 

3.6.5 Sorptivity study 
The sorptivity tests were carried out on all batches of concrete made up of M 30 grade with size of 

15x15 x15cm, after drying in oven, at a temperature of 100 ± 10 ºC. The samples were stored until the 

weight loss was negligible. The preparation of samples also included water impermeability of their lateral 

faces, reducing the effect of water evaporation. The test started with the registration of samples weight and 

afterwards they were placed in a recipient in contact with a level of water capable to submerge them about 



 

5 mm. After a predefined period of time, the samples were removed from the recipient to proceed to weight 

registration. Before weighing, the samples superficial water was removed with a wet cloth. Immediately 

after weighting, the samples were replaced in the recipient till reach the following measuring time. The 

procedure was repeated, consecutively, at various times such as 15 min, 30 min, 45min, 1hr, 24 hrs, 3 days, 

7days, and 28days. 

Because of a small initial surface tension and buoyancy effects, the relationship between cumulative water 

absorption (kg/m2) and square root of exposure time (t^0.5) shows deviation from linearity during first few 

minutes. Thus, for the calculation of sorptivity coefficient, only the section of the curves for exposure period 

from 15 min to 72 hrs. where the curves were consistently linear was used. 

 

The sorptivity coefficient (k) was obtained by using the following expression: 

 tk
A

W


  
 

Where W = the amount of water adsorbed in (kg);  

A = the cross-section of specimen that was in contact with water (m2); 

 t = time (min);  

k = the sorptivity coefficient of the specimen (kg/m2/min^0.5). 

3.6.6 Curing: 

After the completion of casting all the specimens were kept to maintain the ambient conditions viz. 

temperature of 27±2 C and 90% relative humidity for 24hours. The specimens were removed from the 

mould and submerged in clean fresh water until just prior to testing. The temperature of water in which the 

cubes were submerged was maintained at 27± 2 C. The specimens were cured for 7 and 28 days. 

3.7 Preparing the concrete and Casting the Cylinders Specimens  

This part includes the concrete preparations from calculating the amounts of materials used and 

procedure. The details of the specimens are listed below in table 3 

 

 



 

Table 3: Details of specimens cast 

Grade of 

Concrete 
Type of Concrete 

% of ceramic 

waste 
No. of cubes cast 

No. of 

cylinders cast 

No. of prisms 

cast 

M 30 

Without ceramic powder - 12  3  3 

With ceramic powder 

10% 12 3 3 

20% 12 3 3 

30% 12 3 3 

40% 6     

50% 6     

TOTAL 60 12 12 

 Total number of specimens casted in present investigation are 60 cubes , 12 cylinders and 12 prisms. 

 

3.7.1. Concrete Material Calculations  

According to grade M30 concrete: 

 

 Ratio of mix design = 1+ 0.75+1.5= 3.25 

                                                        Table 4: Mix Design  

 

 

 

 

Ratio of Mix Design 1 : 0.75 :1.5 

1/3.25 0.75/3.25 1.5/3.25 

Component OPC Fine Aggregate Coarse Aggregate 

W/C 0.45 



 

3.7.2. Procedure  

To prepare tests samples of 16 Cylinders the following steps were followed for 0%, 10%, 20% and 

30% of ceramic powder instead of cement: 

For 0% replacement:  

The materials of concrete (cement, coarse aggregate, fine aggregate and water) were prepared 

according to mix design. All the ingredients were mixed together in mixing pan by using trowels.  

Cubes, beams and cylinders moulds were prepared and the internal sides were covered by oil to 

avoid the stuck, the concrete was filling into moulds by three layers and each layer was tamped 20 

times by using the steel rod. Then the moulds were stored in the lab area and the working place 

was cleaned.  

                         Figure 18:  Weighting the coarse aggregate 

After 24 hours, the concrete was pulled out by using air compressor from moulds. Each specimens 

has given its serial number before kept for water curing 

 For 10%, 20% and 30% replacement:  

The concrete was prepared by mixing the concrete materials with ceramic powder with 

replacement of cement and the process started with taken the weights of fine aggregate, coarse 

aggregate, and water these weights were constants for all replacement percentages and it were 

same in 0% as mention above. The sum of ceramic and cement powder is calculated and shown in 

table 5. The ceramic powder and cement were added to the other concrete materials and they were 

mixed together, then the concrete were filled into the molds and done same rest steps in 0%.  



 

      Table 5:  concrete components weights 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ceramic Replaced 

Percentage 

Weight of Cement 

( kg) 

Weight of Ceramic 

( kg) 

Sum 

( kg) 

0% 19.57 0 

19.57 
10% 17.61 1.96 

20% 15.66 3.91 

30% 13.70 5.87 



 

CHAPTER 4 

RESULTS AND DISCUSSION 

The results of different tests described in chapter 3 are presented and discussed in this chapter. A flow chart 

showing the details of experimental program is shown in 19 

 

                        Figure 19:  Flow chart showing details of experimental program 
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Effect of Ceramic waste on compressive strength of concrete  

Results are shown in table 6 and fig 21 

 

Table 6:   Compressive strength of concrete at 7 and 28 days 

Partial  

replacement  

of  ceramic 

waste % 

Sample 

7days 28days 

Ultimate 

crushing 

Load (kN) 

Ultimate 

Compressive 

Strength 

(N/mm2) 

Average 

comp. 

strength 

(N/mm2) 

Ultimate 

crushing 

Load (kN) 

Ultimate 

Compressive 

Strength 

(N/mm2) 

Average 

comp. 

strength 

(N/mm2) 

0 

1 392.50 17.44 

27.42 

632.25 28.13 

37.66 2 361.00 16.44 598.50 26.66 

3 406.10 18.44 621.00 27.66 

 

10 

4 454.00 20.17 

31.55 

679.50 30.25 

42.05 5 494.00 21.90 740.00 32.92 

6 507.00 22.53 742.25 33.00 

 

20 

7 530.00 23.55 

33.79 

814.50 36.32 

45.24 8 527.00 23.42 765.00 34.10 

9 545.00 24.22 767.25 35.30 

30 

10 550.00 24.44 

34.90 

794.25 36.75 

46.98 11 557.00 24.75 825.75 37.12 

12 575.00 25.55 833.00 37.00 

 

40 

13 474.00 21.06 
30.06 

832.70 27.00 
35.90 

14 455.00 20.02 607.00 24.55 



 

15 430.00 19.11 551.00 26.40 

 

50 

16 400.00 17.70 

27.13 

585.00 23.25 

32.75 17 410.00 18.22 522.00 21.55 

18 350.00 15.50 472.00 23.55 

 

 
 

Effect of Ceramic waste on split tensile strength of concrete. The split tensile strength 

of ceramic waste concrete of various replacements are shown in table 7 and fig 21 

                                   Table 7: Split tensile strength of cylinders at 28 days   

Partial  

replacement  of  

ceramic waste  in 

% 

No. of 

Cylinders 

Ultimate 

crushing 

Load(kN) 

Ultimate split 

tensile strength 

(N/mm2) 

Average split 

tensile 

strength 

(N/mm2) 

 

0 

1 218 0.457 
0.416 

2 200 0.420 
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3 178 0.373 

 

10 

4 165 0.350 

0.297 5 150 0.307 

6 106 0.230 

 

20 

7 125 0.265 

0.273 8 135 0.286 

9 130 0.270 

 

30 

10 120 0.254 

0.260 11 125 0.265 

12 125 0.265 

 

 

 

 

 

 

 

 

 

 

 

                     Figure 20: comparison of specimens for split tensile strength   
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The split tensile strength were conducted cylindrical moulds by loading on it. The split tensile 

strength values of different replacements with ceramic waste in concrete were presented in table 7 

and plotted in fig 21. From the table and fig, it is noted that there is decrease in split tensile strength 

with increase in age and the results shows that cement can be replaced with the ceramic waste up 

to 20% in order to have good tensile strength. 

 

4.4 Effect of Ceramic waste on Flexural Strength of concrete.  

The flexural strength of ceramic waste concrete of various replacements are shown in Table 4.3 and fig 4.4 

Partial  replacement  

of  ceramic waste  in % 
No of prisms 

Ultimate crushing 

Load (kN) 

Ultimate flexural 

Strength (N/mm2) 

Average 

Flexural strength (N/mm2) 

 

0 

1 20.016 1.810 

2.210 2 14.670 1.320 

3 15.560 1.400 

 

10 

4 14.670 1.320 

2.570 5 16.900 1.540 

6 14.230 1.620 

 

20 

7 12.450 1.720 

2.810 8 13.780 1.640 

9 12.540 1.500 

 

30 

10 11.560 1.740 

2.320 11 12.890 1.760 

12 10.750 1.680 

Table 8: Flexural strength of prisms at 28 days 



 

 

 

 

 

 

 

 

                                                 

 

 

Figure 21: Flexural strength for 28 days 

 

Flexural strength tests were conducted on casted prism moulds. The flexural strength results are shown in 

table 8 and plotted in fig.21 and it is obvious that there is increase in flexural strength in case of ceramic in 

concrete and this gain is noted up to 30% replacement. 20% of replacement is obtained as the optimum to 

gain good flexural strength and beyond 20% flexural strength is started to decline. 

Sorptivity  

Table 9: Sorptivity coefficient vs time^0.5 

% of 

ceramic 

waste 

Wt. of 

concrete 

15min 30min 45min 60min 24hrs 

 

3days 7days 28days % increase in 

wt. for 28 days 

0 8.900 8.90 8.90 8.91 8.92 8.925 8.930 8.945 8.948 0.536 

10 8.670 8.670 8.670 8.67 8.675 8.68 8.69 8.70 8.705 0.516 

1.4

1.45

1.5

1.55

1.6

1.65

1.7

1.75

28

fl
e

xu
rt

al
 s

tr
e

n
gt

h

age in days

0%

10%

20%

30%



 

20 8.500 8.50 8.50 8.510 8.523 8.525 8.526 8.529 8.530 0.468 

30 8.450 8.450 8.450 8.455 8.456 8.458 8.460 8.462 8.468 0.412 

 

 

 

                  Figure 22: Sorptivity of the cubes immersed up to 10mm in water   

In the present investigation Sorptivity tests were conducted on cube specimens on 150*150*150mm cube 

moulds. The weight recorded at the end of different intervals is noted down and Sorptivity is calculated. 

The results are tabulated in fig 22. A general observation from the table is that Sorptivity decreases with 

addition of ceramic waste when compared with conventional concrete. This shows ceramic waste concrete 

up to 20 % replacement is better than normal concrete. 

 

4.1.2. Slump Test Results 

4.1.3. Weights of specimens: 

                                             Table 10: The results of the slump test    
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Table 11: The weight of the cylinders 

Age of 

Curing 
0% 10 % 20% 30% 

0 15.2 kg 15.5 kg 15.7 kg 15.7 kg 

7 12.9 kg 13.2 kg 13.5 kg 13.8 kg 

14 13.3 kg 13.5 kg 13.6 kg 13.9 kg 

  

Slump Test Discussion  

Regarding the slump test results shows in the table 10 & 11, overall results are fluctuated. At 0% 

is 10.5 cm but the results of the remaining percentages of replacement are all less than 6 cm and it 

means the workability in 0% and 10% is higher than other percentages. 

 

 

 

 

 

 

 

 

 

 



 

CHAPTER 5 

CONCLUSION 

 
The present work deals with understanding the effect of partial usage of ceramic powder on strength 

and sorptivity properties of concrete.  

 

5.1 Effect of ceramic powder on strength properties:  In the present study M30 was 

developed with different replacement levels using ceramic powder as cement  
1. There is a steep increase in the compressive strength at 28days with the addition of 10%, 20% and 

30% ceramic powder respectively and started decline in strength with 40 and 50%. Hence 30% addition 

of ceramic powder is said to optimum.  

2. The addition of ceramic powder improves flexural strength of concrete up to 30% of ceramic powder 

mix 

3. Split tensile strength is decreased with the increase of ceramic powder content in the mix. It is 

observed from results that tensile strength with 20% ceramic powder is good 

 

Effect of ceramic powder on Sorptivity:  
Initially there was a little bit increase in water absorption in all the batches but after 14 days it is 

observed that there is decrease.  
Out of three specimens in all the batches only one or two specimens are showing a marginal increase 

in weight.  
There is much comparison between the other ceramic powder percentages, but 20% ceramic powder 

has less sorptivity when compared to the other.  
 

Using the ceramic waste powder in the concrete as a partial replacement of cement pose various 

advantages such as reduction of concrete cost and less waste of landfill on the environment.      
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Abstract: 
Chemical and physical properties of soil are a vital to engineering design, and knowing and 

understanding these properties help to predict the behavior of soil under certain conditions. 

Knowing physical properties gives an indication about the soil stabilization. Or in other 

words improving physical properties as: shear strength, bearing capacity and permeability. 

There are various methods used to improve soil stabilization. One of these methods is 

adding some admixtures to soil as the modern technique that used plastic waste. In this 

project, a study of soil behaviors under different percentages of plastics added through 

different tests will be carried.



1.0 Introduction  

1.1 Geotechnical Soil Properties:  
To begin a construction project such as highway, tunnel, dam, bridge and building, the 

stability of the construction should be ensured. The stability of the foundation soil is an 

important factor. For that reason, the soil properties should be determined to know the 

materials that can be used. 

Knowing the properties of the soil helps in foundations design and construction techniques 

plans. The design consideration of the construction is affected by a various properties of 

the soil as: permeability, strength, compressibility, bearing capacity and so forth. Without 

a proper understanding of these properties, the structure may collapse. The soil capability 

in carrying  loads depends on the type of soil if it is fine or coarse grained, it is known that 

the bearing capacity of load for the coarse grained soil is higher than the fine grained. 

The Atterberg limits including liquid limit and plasticity index are important factors that 

helps to indicate the plasticity or consistency of the fine grain soil (clay). It is known that 

the shear strength of the fine at liquid limits is constant but it changes in plastic limits. One 

of the most important properties of the geotechnical properties is shear strength of the soil 

since it is one of the important parameters in analyzing and solving any problem related to 

stabilization including bearing capacity of foundations, earth pressure calculations, slope 

stabilization, etc. 
The geotechnical properties of soil have many effects on the structures and they depend on 

each other. These properties are mentioned below. 

 

1.1.1 Specific Gravity:  
Specific gravity can defined as the ratio between the mass of solid particles in soil and the mass 

of the water of the same volume. It is an important property that helps in indication the chemical 

composition, reflection of weathering history and mineralogical classification of soil. As well 

as that value of soil specific gravity gives an impression about the soil strength where higher 

the value of specific gravity, higher its strength. It is also helpful in calculating porosity, void 

ratio and other soil parameters.  

 



1.1.2 Consistency Limits:  
This property is largely affected by the soil water content. These limits are liquid limit, plastic 

limit and plasticity index.  

Liquid limit is the value of water content at 25 drops, while the plastic limit expressed water 

content in percentage and calculated by the ratio of difference between the weights of saturated 

soil and dried soil to the weight of dried soil.  

Soils show different behavior for plastic limit, where sand shows that there is no plastic stage. 

While the fines show plasticity exhibiting.  

 

1.1.3 Compaction:  
Compaction is one technique used in improving the soil. It is a process where an external effort 

(or compactive load or energy) applied on the soil so that its particles rearranged to be much 

closer and hence the void ratio decreased. The profit of compaction is to increase soil shear 

strength and its density and reduce permeability and porosity.  

The water content at which maximum value of compaction done is called optimum moisture 

content and it can be determined in the lab using proctor compaction test.  

 

1.1.4 Permeability:  
The presence of water in soil and its movements through the soil has great effect on its 

properties and behavior. The pressure generated by the water in soil is measured in relative 

with the atmospheric pressure and the level of water table. According to the water table level, 

soil divided to two zones: below water table where the soil is completely saturated and above 

water table level.  

One important property related to the movement of water through the soil is permeability where 

it is measured in the lab using constant head permeability test. The significance of permeability 

comes from its usage in various engineering field. Where it is used in designing cut-off wall 

for earth dams, dewatering excavation, etc. In addition, permeability affect the stability of 

structure foundation. The drainage rate  of  depends on the permeability coefficient. Soil shear 

strength is also depends on the permeability in indirectly way, since it control the pore pressure 

dissipation.  

 



1.1.5 Shear Strength  
Shear strength is the resultant of soil particles friction and their interlocking and the bonding 

of particles contact. Soil shear strength is determined by friction angle and cohesion that are 

tested in the laboratory using direct shear strength. There are some parameters that affect the 

soil shear strength as: shape and size of particles, particle distribution, drainage conditions, 

mineralogy, effective stress, void ratio, etc.  

Shear strength is important for foundation design, highways, slope stability, earth dams, etc. It 

is affected by various factors such as soil nature (homogeneous or heterogeneous), water table 

level and location, rate of drainage and facility, the type of construction, environmental 

conditions, etc. (Roy and Bhalla, 2017) ‘1’ 5  

 



1.2 Using of Plastic as Engineering and Construction Materials:  

1.2.1 Properties of Plastics:  
Plastics are used widely in constructions beginning from screws to large parts used in 

decoration, covering of wall, waterproof, etc. The reasons of selecting plastics as construction 

material are mentioned bellow:  

 

1. Durability  

Some plastic materials are strong as much as some metals are. In addition, it is one of these 

materials resist corrosion and survive from weather conditions.  

 

2. Cost Effectiveness  

Because of many plastic materials are economical than other metal materials are, it is 

commonly selected and used.  

 

3. Recycling  

Comparing to some metals, plastics generally can used again and recycled without losing any 

chemical properties.  

 

4. Energy Saving  

Plastic consumption of heat is lesser than that of metals and its insulating behaviour reduces 

the sound pollution.  

 

5. Safety  

Generally, plastic materials are lighter than metals. Therefore, they easier to carry and lift in 

place.  

1.2.2 Usage of Plastics:  
1. Flooring  

2. Roofing  

3. Insulation 6  

 



4. Wall  

5. Pipes  

6. Windows  

7. Doors. (Craftech Industries, 2017) ’2’ 7  

 

1.2.3: Properties of Recycled Plastic Bottles: 
High density polyethylene (HDPE) consists of essentially linear molecules of repeating 

ethylene units. Its density is 0.94-0.965 g/cc. It has a milky, translucent appearance and is 

usually used to make bottles for milk, drinking water, laundry products, cleaning and other 

household chemicals. During plastic converting processes, some kinds of additives are 

mixed with plastics to impart properties. Fillers are relatively cheap, solid inert substances 

that are added in fairly high percentages to plastics, paints, and paper to adjust volume, 

weight, costs, or technical performance. They are typically used to lower the cost of plastics. 

They also significantly increase rigidity and stiffness, but decrease both impact and tensile 

strength. Filler concentration is commonly in the range of 10 to 50% by weight. 

Calcium carbonate is the dominant filler, accounting for about 70% of the world filler 

consumption in plastics. Calcium carbonate is white, odorless and tasteless powder with a 

density of 2.71 g/cc and a Mohs scale of 3. It is used for polyvinyl chloride, polyethylene, 

polypropylene, silicone and polyacrylate. Plastic packages have been alleged to cause 

public waste disposal problems because of their bulky nature and difficult degradation. 

Plastic packaging accounted for 4.3% of all waste generated in U.S.A. in 1997. Recycling 

is defined by the EU Directive on Packaging and Packaging Waste as the reprocessing in 

a production process of the waste materials for the original purpose or for other purposes 

including organic recycling but excluding energy recovery. It is the fastest growing and 

most promoted waste disposal method worldwide. A minimum of 15% by weight of each 

type of packaging material has been set as the United Kingdom target for recycling (Lomas 

and Rose, 1999). In U.S.A., post-consumer plastic recycling has increased from 234 

million pounds in 1989 to over 1.5 billion pounds in 1999. HDPE was recycled with a rate 

of nearly 26% for unpigmented bottles and 10.8% for pigmented bottles in 1994. 

Unpigmented HDPE bottles are valuable in recycling because they can be reprocessed into 

any color. The recycling rates of overall HDPE and PET bottles in the USA reached the 



highest number at 23.8 and 22.8%, respectively, in 1999. Recycled PET is made into fiber, 

strapping and new containers. Recycled HDPE is made into bottles for non-food products, 

plastic pipes, plastic lumber, film and injection molding products like flowerpots, garden 

products, toys and traffic cones. Recycled materials often degrade in properties. 

 



 

2.0 Literature Review:  
 

2.1 Soil Stabilization Methods & Materials:  
Stabilization usually needed in fine soil included clay, silt and organic soils to achieving the 

specific requirements or engineering properties.  

There are different processes to improve soil stabilization as following:  

2.1.1 Mechanical Stabilization:  

 

Under this method, a physical process applied in the soil either by applying compaction, 

vibration or incorporating barriers and nailing as incorporating physical properties.  

2.1.2 Chemical Stabilization:  

 

This method depends on chemical reactions between the additive materials (cementitious 

materials or simply called stabilizer) and the soil minerals (the pozzolanic materials). The 

stabilizers used are: lime, cement, fly ash and bitumen or altogether. These stabilizers produce 

bonds with soil particle and since they have higher strength and lower permeability than that 

of soil particles, they enhance these properties.  

There are two ways to achieve this method: in situ and ex-situ stabilizations. Taking in 

consideration that not all soil properties will be improved, only those properties related to 

engineering field as: strength, permeability, durability and volume of stability. The 

stabilization technology includes the soil (soil minerals) and the stabilizer. The achieving of 

desired result depending on the right selection of the stabilizer.  

2.1.3 Components of Stabilization:  

 

The components of stabilization technology are the soil and its minerals and the agents of 

stabilization (binder or cementitious materials).  

 



Stabilization mostly undertaking for fine soil as clayey, silty and organic soils. The granular 

particles or materials are easiest to stabilize because of large ratio of their surface area 

according to particles diameter. Since clay has the largest surface area compared to other fine 

soils, it is more suitable to provide stabilization process. However, successful stabilization 

depending on the selection of proper binder and amount added in the soil.  

 

*Stabilizing Agents:  

The most commonly binders (stabilizers) used are:  

# Cement  

# Lime  

# Fly ash  

# Blast furnace slag  

*Cement:  

Reactions of cement depends on the presence of water in the soil and not on the soil minerals. 

This is the reason of using cement in wide range of soil stabilization. There are different types 

of cement used in soil stabilization as: ordinary Portland cement, blast furnace, high alumina 

and sulfate resistance. The section of cement type depending on type of soil and the strength 

desired. The process of cement reactions called hydration where the cement and other 

compounds mixed with water and this process leads to hardening state where cement treats as 

glue enclosed the soil particles. Hydration of cement affected by several factors:  

# Impurities presence.  

# W/C ratio (water cement).  

# Curing Conditions and other factors.  

Depending on these factors, gaining of cement strength stabilizing soil may affect and vary. 

These should be taken in consideration while mixing to achieve the strength required. (Anon, 

2017) ‘3’ 9  

 



2.2. Soil Stabilization Using Stabilizers or Plastic Wastes:  
A study carried by Karin Axelsson, Sven-Erik Johansson and Ronny Andersson on July 2002, 

in Swedish Deep Stabilization Research Centre. The significance of the study was to configure 

the possibility of using cement as stabilizer to enhance the properties of the weak or fine soils 

and determining these properties through laboratory tests. Four different types of cement used 

to make four soil samples and conducted by unconfined compression test. They conclude with 

these results:  

*Soil strength can improved using stabilizers.  

*Dry density increased. (Swedgeo.se, 2017) ‘4’  

A study carried out by Sharan Veer and Mahabir Dixit on February 2017. The study was about 

using plastic waste materials in improving soil stabilization. Plastic bags, drinking bottles and 

other plastic product wastes were used in their study. They conducting with different laboratory 

tests as atterbege limits, CBR test, standard proctor compaction and unconfined compression 

test to configure the improvement or changing of soil properties. It was observed that there 

were an improvement in soil atterbege limits and strength and accordingly its bearing capacity. 

The soil types used in this study were silt, red soil, clay and black cotton soil. A range of 0.25% 

of plastic strips added, starting from 0.25% to 0.75% and it found that the maximum dry density 

and less optimum moisture content obtained for 0.25% of plastic strips mixed. Also it observed 

that the maximum shear stress and CBR value obtained for 0.75% of plastic strips added while 

they decreased for 0.25%. (Sh V, Ma D, 2017) ‘5’  

A study carried out on August 2016 by prof. Harish and Alshwini HM in India. Some physical 

properties were tested through the study that has great effects on the stabilization of soil by 

carrying three tests: liquid & plastic limits test, compaction test and California bearing ratio 

test. Plastic wastes were cut into small strips before added to the soil sample with different 

percentages. It found that soil strength increased and therefore the bearing capacity of soil with 

controlled compaction process. Maximum dry density of the soil with different percentages of 

water plastic bottle waste estimated as well as the optimum moisture content. The value of 

CBR (California bearing ratio) for different plastic ratios enhanced for some. Concluding that 

using of plastic waste 10  

 



in improving soil stabilization is one of the best solutions for reutilization of plastic waste. (AS 

H, 2017) ‘6’  

Another study presented in India Geotechnical Conference by: Anas Ashraf, Arya Sunil, 

J.Dhanya, Mariamma Joseph, Meera Varghese and M. Veena which was on December 2011. 

The plastic wastes cutted into small strips before it added to soil sample. The aim of their study 

was to improve soil stabilization by enhancing its shear strength and capacity bearing. During 

their study procedures, they carried two tests in the laboratory, which were standard proctor 

compaction test and CBR. The maximum values of dry density and optimum moisture content 

were 18.95 KN/m^3 and 11.22% respectively for the soil sample that contained 0.6% of plastic 

waste. As well as they configured improvement in CBR values, where it raised from 1.967 to 

2.479 in 0.6% of plastic waste. (Anas A.2017) ‘7’  

Another study did on August 2016 in International Journal of Research In Science & 

Engineering by Divya Patle1, Mamta Burike2, Sayli D. Madavi3, Suvarna Raut. The 

significance of carrying this study was to improve soil stabilization by enhancing some 

physical properties. Some techniques used to gain this aim. However, there are various 

methods and materials can used to improve soil stabilization where improving the soil 

stabilization means as well the improvement and increasing the stability and bearing capacity 

of the soil by using these different methods. The basic principles before choosing the method 

or agents to improve soil stabilization are:  

1. Study the properties of the soil and evaluate them  

2. Deciding the specific property/ properties of soil that needed to enhance and according to it, 

the suitable and economical method selected to be applied.  

3. Designing for the structure stability and durability according to the stabilized soil mix.  

One method used in soil stabilization is using the plastic waste as a result of wide using of 

plastics in our daily life. The most important reason of using plastic waste is decreasing 

environmental pollution. However, using plastic waste as stabilizer of soil benefits in two 

ways:  

*Helps in solving the problem of plastic disposing.  

*Improved and used the fine soil to be suitable for engineering construction.  

This study specifically aiming for: 11  

 



* Increasing both soil density and California Bearing Ratio (CBR) by using plastic wastes as 

additives.  

* Provide a suitable solution for disposing plastic wastes.  

* Provide solution of soil stabilization that is economy.  

The collected plastic wastes cutted into small strips, in this study, strips dimensions were about 

10 mm and 40 micron in width and thickness respectively with aspect ratios (AR) of 1, 2 and 

3, where the aspect ratio is the ratio of length to width. Strips added into various proportions: 

0%, 0.25%, 0.5 and 1%, these samples conducted to the tests. The value of CBR of the soil has 

no plastic strips with penetration of 2.5 mm and 5.0 mm estimated as 0.71% and 0.64% 

respectively. While it increased to be, 1.2% and 1.06% with using of 0.5% plastic strips of 

aspect ratio equals 1. When changing (AR) from 2 to 3 and 4 without changing the plastic ratio 

added, the CBR value increased from 1.33% to 1.4% for (AR=2), 1.90% to 2.07% for (A= 3) 

and 1.63% to 1.91% for (AR= 4). The maximum value of CBR obtained when 0.5% of plastic 

strips of aspect ratio equals 3 mixed at penetration of 2.5 mm and 5 mm to be 1.90 and 2.07 

respectively. The maximum bearing strength obtained for 0.5% of plastic strips mixed with 

(AR= 3). Generally, result was that CBR increased with increasing the plastic strips ratio mixed 

until 1.0% and then started decreasing. (Nor, 2017) ‘8’  

A study did on July 2017 in New Delhi by Arpitha G C, Dayanandha B V, Kiran kumar patil, 

Shruti Neeralagi. In this study, they explained the effectiveness of soil stabilization methods in 

improving soil properties. In some case, using agents or stabilizers are more effective in 

improving soil properties than removing the materials and replacing. In other hand, if 

economical factor considered, hence using stabilizers may be more economical than replacing 

materials. There are two methods of soil stabilization:  

*Mechanical method: Where the soil stability increased by adding blending material and 

importing another soil or aggregates to gain the desired grain distribution and by compaction 

process, can the desired density obtained.  

*Chemical method: by mixing additives or agents with soil to achieve the required properties. 

These additives are such as lime, cement and others. Then purposes of using stabilization are:  

*Reducing soil permeability.  

*Increasing soil-bearing capacity of foundation. 12  

 



*Enhancing the shear strength of soils.  

*Improving durability under specific conditions of moisture and stress.  

The objectives of this study of using water plastic bottles waste in soil stabilization are 

summarized below:  

*Determining soil specific gravity, grain distribution and analysis.  

*Determining CBR of soil for various ratio of plastic used.  

*Arriving the optimal combination of mixing of soil and plastic waste strips.  

The tests conducted through this study were liquid & plastic limits, standard & modified 

proctor tests, soil sieve analysis, core cutter method, California bearing ratio test and free 

swelling index.  

In concluding the study, they found that the CBR value increased when plastic strips used and 

the maximum value obtained when 2% of strips mixed with soil. (Ar G C, Day B V, Ki patil, 

Sh N, 2017) ‘9’  

A study of Behavior of Soils Strengthened By Plastic Waste Materials done by Asst. Lec. Maha 

Hatem Nsaif in October 2013. The considerations of study were recycling of plastic waste and 

used as reinforcing materials in soil to enhancing soil strength and stability. It was applied to 

two types of soil that want to enhance their stability: clayey and silty soils with different 

percentages by weight of adding plastics (0, 2, 4, 6 and 8%). Using direct shear test, the value 

of cohesion and friction angle estimated for both sample with and without addition of plastic 

waste. It concluded that there are reductions in dry density of soil and the optimum moisture 

content. Moreover, it showed an increasing in soil strength when plastic strips added until a 

specific limit and then started decreasing. From the laboratory results, it found that the cohesion 

of sandy soil with no plastic adding ranged from 0 kpa to 4 kpa of soil with plastic adding of 

(8%) of its weight. While for clayey soil, it was ranging from 53 kpa of soil with no plastic 

strips to 54 kpa of soil with 8% plastic strips of its weight. Also, there were changing in friction 

angle where it noticed that there were an increasing in friction angle of sandy soil from (13.5%) 

of unreinforced soil (no plastic strips) to (48.6%) of reinforced sample with plastic strips and 

for clayey soil, it was from 14.2% for unreinforced soil to 52.3% of reinforced soil (with plastic 

strips addition). (Jead.org, 2017) ‘10’ 13  

 

Another study of Soil Stabilization Using Plastic Strips carried by Shiva Kumar K, Vidyaranya 

V, Shravan Bharadwaj, Prathibha K N and Yuvaraj C5 in 28th May, 2016. In this study, they 



aiming to enhance soil stabilization using plastic strips as there are large consumption of 

plastics daily. The plastics added with different ratios by soil dry weight. They used 0.05 – 

0.2% in addition percentage of 0.05% for each. Then the different soil samples tested by 

unconfined compression test and California bearing ratio. It showed that there were increasing 

in soil strength and value of CBR test when plastic strips adding. It observed that there were 

improvement in maximum dry density values and optimum moisture content as well as CBR 

value. (Recentscientific.com, 2017) ‘11’ 

  



3- Methodology: 

There are various procedures done for the components of the project to achieve the 

objectives set for the projects which are increasing of soil bearing capacity or soil 

stabilization through increasing or decreasing some engineering properties as: soil strength, 

permeability and density. Downward, there are explained: 

3.1- Soil: 

The type of soil that the project focused on was the soft soil including clay, silt peat and 

organic soil. As it is known that the soil of fine grain is easier to stabilize than others. That 

is because of their particles have large area of surface compared to their diameter. Clay soil 

comparing to the other fine soil characterized by its particles shape is flat and elongate. 

While, silt soil shows sensitive behavior to tiny change in water content, it is may prove 

difficulty behavior during stabilization process. Organic soil and peat soil characterized by 

their water content which is rich and may reach up to 2000% as well as its high both 

porosity and organic content.  

3.2- Plastic Bottles: 

Plastics used to produce the bottles characterized by high impact of strength and good 

resistance of chemicals and moisture.  

 

3.3- Laboratory Tests: 

There are four lab tests carried in addition with the data collected using websites and books. 

The tests are: sieve analysis, Atterberg limits, direct shear test and constant head of 

permeability. These tests are declared below: 

3.3.1- Sieve Analysis: 

Sieve analysis is done to analyze the grain size distribution of the soil sample collected. 

The test is convenient for the grain size greater that not pass sieve size of 200 mm. The test 



helps in determination of particle size distribution (fine & coarse aggregates) and 

determining of particles grain that would be used as aggregates. (Civil Engineers PK, 2018)  

The test carried according to Standard Test Method for Particle-size Analysis of Soils 

ASTM D 422. The sieves using is shown in figure below: 

 

Fig 3.1 

 3.3.2- Atterberg Limits: 

 Atterberg limits, including liquid limit, plastic limit and plasticity index, are used to 

classify fine grain soils. Liquid limit is the line divides the liquid and plastic states while, 

the plastic limit is the line dividing the semisolid state and plastic state. 

However, both liquid and plastic limits are estimated by soil water content. Plasticity index 

is the difference between liquid and plastic limits. Experimentally, liquid limit of given soil 

can be determined as the water content at which a making grove in the soil is closed by 

about 0.5 inch or 10 mm. It is taking as the water content at 25 blows. The equipment used 

in liquid limit test is shown in figure below (Liu and B. Evett, n.d.):  

 



 

Fig 3.2 

Plastic limit determined as the water content at which soil can be rolled into small ribbons 

of 1/8 inch or 3.2 mm as shown in figure 3.3 below. 

  

Fig 3.3 

The Atterberg limits test carried out according to Standard Test Method for Particle-size 

Analysis of Soils ASTM D 422 for three times. 

 3.3.3- Direct Shear Test: 

This test carried out to estimating the shear strength of the soil. The properties that 

determined through the test are soil cohesion and frictional angle and out of these two 

properties, the shear strength of soil accordingly can be calculated. The test done for four 

soil samples: original sample (without plastic strips), 1%, 0.5% and 0.25% of plastic strips 

added. The box used to examine the trial soil is shown below (Liu and B. Evett, n.d.):  

 

 



 

Fig 3.4 

As the machine is shown in figure below: 

 

Fig 3.5 

The test is carried based on ASTM D 3080 standard.  

3.3.3- Constant Head Permeability Test: 

Permeability can be defined as behavior of soil to allow water to flow through its voids. 

This rate of movement ‘q’ is proportional to the imposed gradient (slope) ‘i’ with respect 

to cross sectional area of soil ‘A’ according to Darcy’s law. It can be given as: 

𝑞

𝐴
 ≈ i 

Therefore: 

q= kiA 

where: k is coefficient of permeability. 



The apparatus used in the test is shown in figure below: 

 

Fig 3.6 

In addition, the test carried according to ASTM 2434 standard  (Liu and B. Evett, n.d.). 

3.3.4- Bulk Density Test: 

 Soil bulk density is the weight of dry soil in unit volume. Bulk density gives indications 

of some vital properties as porosity and void ratio. There is indirect proportion between 

soil bulk density and its porosity as well as permeability. Determination of it is significant 

in estimating soil bearing capacity. BS 1377:Part2:1990 standard is used to determine bulk 

densities of all four samples. (Laboratory Testing Manual 2000, 2000) 

 

  



4- Results & Analysis: 

In this section, results of all four samples will be discussed for each sample separately and 

then will compare.  

For the original sample that was without addition of plastic strips, the following table shows 

the results of sieve analysis: 

Table 4.1: Sieve Analysis Reading of Original Soil Sample. 

BS 

sieve 

(mm) 

[1] 

Mass of 

empty 

sieve(g) 

[2] 

Mass of 

sieve and 

soil (g) 

[3] 

Mass of 

soil 

retained(g) 

[4] 

Percent 

retained 

(%) 

[5] 

Cumulative 

percent 

retained (%) 

[6] 

Percent 

passing (%) 

[7]=100-[6] 

[7] 

20 132.2 - - - - 100 

10 590.7 713.3 122.6 12.29 12.29 87.71 

6.3 612.4 678.35 65.95 6.6 18.9 81.1 

2 542.4 733.75 191.35 19.14 38.03 61.97 

600 μm 502.05 719.75 217.7 21.77 59.83 40.17 

425 μm 437.3 487.55 50.25 5.03 64.86 35.14 

212 μm 336.2 429.55 93.35 9.34 74.2 25.8 

150 μm 415.95 470.35 54.4 5.44 79.64 20.36 

63 μm 419.15 520.6 101.45 10.15 89.79 10.21 

Pan 248.05 347.8 99.75 10 100 - 

 

 

  



The soil distribution graph then plotted as in graph (4.1) below: 

 

Graph 4.1 

From the graph above, the percentage of gravel, sand and fines as mentioned below: 

% passing 2 mm = 62% 

% passing 0.06 mm = 15% 

% of sand = 62 – 15 = 47% 

% of fines = 15% (It is that passing 0.06 mm) 

Hence; % of gravel is: 100 – 62 = 38% 

According to the percentages above, the soil is classified as silty or clayey sand where it 

can be specifically known by Atterberg limits test which gives the results below: 
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From trial NO 1: 

Table 4.2: Liquid Limits of Original Soil Sample. 

Liquid 

Limit 

Weight of empty 

container w1 (g) 

Weight of 

container + wet 

soil w2 (g) 

Weight of 

container + 

wet soil w3 (g) 

No of 

drops 

Water Content (%) 

=(w2-w3)/(w3-w1) 

1 114.05 118.75 117.2  17 49.2 

2 22.3 36.25 33.1 34 22.4 

3 24.55 31.65 29.6 29 40.6 

 

Based on results in the table, the graph of No of drops versus water content plotted as 

below: 

 

Graph 4.2 

Hence, the liquid limit is the water content at 25 drops (the book) which is equal around 

45%. 

For the plastic limit, the results collected as in table below: 
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Table 4.3: Plastic Limits of Original Soil Sample. 

Plastic 

Limit 

Weight of 

empty 

container w1 

(g) 

Weight of 

container + wet 

soil w2 (g) 

Weight of 

container + 

wet soil w3 

(g) 

Water Content (%) 

=(w2-w3)/(w3-w1) 

Mean Plastic 

limit (PL) 

1 31.7 33.5 33.1 28.57 

30.6 2 28.9 32.8 32.15 20 

3 31.85 34.5 33.7 43.2 

 

Therefore, the plastic limit of the soil can be determined by taking the average of the three 

trials which is calculated as shown in the table 4.3 above to be 30.6%. Since, liquid limit 

and plastic limit determined, the plasticity index (PI) also can be calculated by subtracting 

the plastic limit (PL) from liquid limit (LL). 

Then; 

PI = LL – PL 

= 45 -30.6 

= 14.4 % 

= 0.144 

According to the graph of Plasticity Chart attached in appendix A, the soil type is silty 

sand. 

According to the data collected in soil bulk density test is shown in table below: 

 

 



Table 4.4: Bulk Density of Original Soil Sample. 

Weight of 

empty 

container, W1 

(g) 

Weight of  

container + 

soil, W2 (g) 

Weight of 

soil 

W3= W2 – 

W1 (g) 

Height of the 

container 

(cm) 

Diameter 

of the 

container 

(cm) 

Volume of 

container 

(m^3) 

Density, ρ 

(Kg/m^3) 

1613.35 1846.1 232.75 14 10 0.0011 1678.3 

From the value of bulk density, the unit weight of soil can be determined by multiplying 

by the gravity acceleration. Therefore, the soil unit weight (γ) equals: 

γ=9.81*ρ 

= 9.81*1678.3 

= 16463.9 N/𝑚2  

= 16.46 KN/ 𝑚2 

From constant head permeability test, the results in table below collected: 

Table 4.5: Constant Head Permeability of Original Soil Sample. 

Diameter 

of the test 

tube, D 

(mm) 

Length 

of soil 

in tube 

L= 2*D 

(mm) 

Area of 

sample 

A 

(cm2) 

Upper 

height 

(cm) 

Lower 

height 

(cm) 

Difference 

in height, 

h= Lower 

–Upper 

(cm) 

Volume 

collected, 

Q (ml) 

Time 

taken 

(hr) 

Time, t 

(sec) 

Temperature 

(ͦ C) 

75 150 44.18 39 51 12 750 8:49:20 31,760 25 

 

The permeability coefficient then calculated using the formula below: 

𝐊𝐓 = 𝐐∗𝐋

𝐀∗𝐭∗𝐡
 

= 𝟕𝟓𝟎∗𝟏𝟓

𝟒𝟒.𝟏𝟖∗𝟑𝟏,𝟕𝟔𝟎∗𝟏𝟐
 



= 𝟔. 𝟕 ∗ 𝟏𝟎−𝟒 cm/sec  

Therefore, 𝐊𝟐𝟎 can be estimated using the formula: 

𝐊𝟐𝟎 = 𝐊𝐓 * 
𝛈𝐓

𝛈𝟐𝟎
 

Where 𝛈𝐓 and 𝛈𝟐𝟎 are properties of distilled water and they are constant and taken from 

table of properties of Distilled water attached in appendix A. For this sample, 𝐊𝟐𝟎 is 

calculated as below: 

𝐊𝟐𝟎 = 𝟔. 𝟕 ∗ 𝟏𝟎−𝟒 * 
𝟎.𝟎𝟎𝟖𝟗𝟒

𝟎.𝟎𝟏𝟎𝟎𝟓
 

= 𝟔 ∗ 𝟏𝟎−𝟒 cm/sec 

To estimate the shear strength of the original soil sample, the direct shear test collected and 

the maximum load selected from data sheet ( as that attached in appendix A as a sample 

for some samples where the maximum load is colored). It repeated three times for each 

sample and the data gathered in the table below:  

 Table 4.6: Direct Shear Test of Original Soil Sample. 

Trial 

No 

Max. Shear 

force from 

data sheet, T 

(KN) 

Diameter 

of 

specimen, 

cm 

Area of 

specimen

, A (m2) 

Weight 

applied, 

w (Kg) 

Force, F = 

w*g (KN) 

Shear Stress, τ = 

T/A (KN/m2) 

Normal Stress, σ 

= F/A (KN/m2) 

1 0.227 

 6 0.002827 

5 49.05 80.3 17350.5 

2 0.313 7 68.67 110.7 24290.8 

3 0.440 10 98.1 155.6 34701.1 

 

From the results calculated in table 4.6 above, the relation between normal and shear 

stress is plotted and shown below: 



 

Graph 4.3 

By extending the line of relation, effective cohesion(𝐂′) of soil can be finding to be 

around (68 KN/𝐦𝟐) as shown in the graph in thick blue color. The frictional angle (ϕ) 

should calculated to estimate the soil shear strength, where it can be determined by 

finding the line slope as follow: 

tan 𝛟  = (y2-y1) / (x2-x1) 

Take y2 & y1 and their x values as shown in graph in green lines and then (ϕ) calculated 

to be 25.4 ̊. Based on these values of C′and ϕ, shear strength of soil can be determined 

using the formula: 

τ  = 𝐂′ + 𝛔′ 𝐭𝐚𝐧 𝛟 

= 65 + 25447.5 tan (25.4) 

= 12148.4 KN/m2 

= 12.15 Mpa 

Where 𝛔′ is taken as the mean of all normal stress values. 



For other soil samples (0.25, 0.5 and 1%), the graphs of relation between normal and 

shear stresses plotted to give the below graphs 4.4, 4.5 and 4.6 for 0.25%, 0.5% and 1% 

of plastic strips added respectively: 

 

Graph 4.4 

 

Graph 4.5 



 

Graph 4.6 

From table 4.4, the soil cohesion found to be around 122 KN/𝑚2 and the friction angle ϕ 

was about 23.2̊. then the soil shear strength calculated and equal 12.9 Mpa. While for 

0.25%, the cohesion and friction angle estimated from graph 4.5 above to be approximately 

50 KN/𝑚2 and 32̊ respectively. Therefore, its shear strength calculated and equals to 15.9 

Mpa which is the maximum of all four samples. However, the shear strength of 1% plastic 

equals 9.81 Mpa as shown in table below (table 4.7) where its cohesion estimated from 

graph 4.6 above to be 28 KN/𝑚2 and its friction angle is 21̊. 

In addition, the Same calculations done for all experiments of different percentages of 

plastic strips. The table below shows all properties values estimated:  

  



Table 4.7: Properties of All Experimental Tests of All Samples. 

Sample 
Classification 

of Soil 

% of 

Fines 

Bulk Unit 

Wight, 

γ(KN/𝑚2) 

Permeability 

Coefficient, K 

(cm/sec) 

Shear 

Strength, τ 

(Mpa) 

Original 

Soil 

Silty Sand 

15% 16.46 6 ∗ 10−4 12.8 

0.25% of 

plastic 

Strips 

13% 16.23 4 * 10−4 12.9 

0.5% of 

plastic 

Strips 

12% 15.87 3.9 * 10−4 15.9 

1% of 

plastic 

Strips 

10% 15.5 2.4 * 10−3 9.81 

 

From the table above, it can be observed that percentage of fines decreased as it is clear in 

third column. This is a result of increasing the plastic strips adding to the soil samples as 

the size of these plastic strips used is 2mm, which is adding to the percentage of sand 

(where the size of sand ranges from 2 mm to 0.06 mm), it can be said that the classification 

of soil can be changed by continuing in increasing the percentage of plastic strips but this 

will affect other soil properties as observed during this project, where all properties wanted 

to test changed either by increasing or decreasing. The permeability, as an example, 

decreased where the maximum value was for original sample. However, the bulk unit 

weight decreased with an increasing of plastic strips ratio. It is predicted results since the 

density of plastic of water bottles is about (0.944 – 0.965 g/𝑐𝑚3), (Chariyachotilert, 

Kooudomrut and Rittisith, 2006), which is less than that which estimated for the soil 

samples. However, the main property that has direct effect in soil bearing capacity is the 

shear strength. This property depends on the resistance of soil to shear force that is directly 

affected by soil types, friction angle and cohesion. The results in table 4.7 above shows 



that the shear strength increased by adding plastic strips for both ratios of 0.25% and 0.5% 

and then decreased when the ratio was 1%. The relation between the shear strength and 

percentage of plastic strips adding shows in the graph below:  

 

Graph 4.7 

As it is clear from the graph, the shear strength of soil reach its maximum value of 15.9 

Mpa. Generally, it can be said that adding of plastic strips to the soil works as reinforcement 

so that it gives the soil more strength till it reach its maximum value. Then these strips 

starts to work as weakness factor where shear strength decreased as well as bulk unit weight 

as it can be observed from results shown in table 4.7 above. The permeability also 

decreased as  plastic strips increase as discussed before. 
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5- Conclusion and Recommendations: 

5.1 Conclusion: 

Nowadays, as it is known that usage of plastic increases over different life fields. This 

increasing in using of plastic causes an environmental problem in plastics disposal. Using 

of plastic in improving soil stabilization by enhancing its shear strength is one intelligence 

method to eliminate plastic waste  and helps in finding a solution of disposal. 

Through this project and from papers which study same idea of using plastic waste in soil 

stabilization, it proves that this method gives way of recycling plastic waste and reuse as 

soil reinforcement to increase its strength and therefore increase its stabilization. To 

conclude this project, the followings are the results and outcomes of the project through 

researching and experimental tests: 

*Soil Stabilization enhanced as the shear strength enhanced for both percentages of plastics 

used of 0.25% and 0.5%. 

*The percentage of fines decreased as ratio of plastic strips used increased which gives 

indication that the gradation of soil can be changed and improved. 

*Soil permeability decreased by increasing ratio of plastic strips. 

5.2   Recommendations: 

*It can be used plastic fibers to strengthen the soil and it can be considered as a modern 

and good technique in improving of the land, especially in those engineering projects at 

weak soil. 

*This technique also gives solution to use the vast areas of weak soils that are not suitable 

for construction due to their engineering characteristics. So using this technique gives a 

solution where it can build in soils of similar properties. 

*It is  good in reducing project cost and energy. 

*It can be one solution for disposing and recycling plastic waste. 
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ABSTRACT 
 

These days are considered as the days when industry reach its peak in various fields. 

Designing robots are one of the important industries. The robotic hand is a solution to 

various problems such as carry heavy objects and transport things. But the robotic hand 

that resembling the human hand in its structure is works as helped hand and may replace 

the other hand in case of amputation. This project is a robotic hand design controlled 

by the human hand by a glove. The controlling process is done by the Arduino, which 

is connected to the flex-sensors, which in turn sends signals that are translated by the 

Arduino and then sends pulse width modulation (PWM) signals to the robotic arm and 

the five servo motor moves accordingly. Communication between the robotic hand and 

the glove is wireless communication. 
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1. INTRODUCTION 
A human being is inherently independent and this independence is centered on 

physical movement and the ability to perform personal and interactive tasks. 

Once a part of it is amputee, such as foot or hand amputation, it may become 

difficult for the person to perform some tasks without help. Hence came the 

idea of a robotic arm, which works by being controlled by a glove having a 

wireless connection. This project requires theoretical information: 

1- Anatomy of the hand: 

The outer shape of the robotic hand is closely associated with the shape of 

the human hand with some details. So, the anatomy of the hand and 

biomechanics should be known to ensure that the robotic hand is 

functioning effectively, properly and securely.  The biomechanics of human 

hand includes 19 bones and 14 joints as shown in figure1.1 below. Milea. L 

(2015) 

 

Figure 1.1 Bones and joins of the human hand (Milea. L 2015) 

2- Requirement of hand exoskeleton device:  

It is very important to know the degree of freedom (DOF) of each joint in 

the hand to ensure the full operation of the hand. The joints in the fingers 

are divided into three types which are Metacarpal (MCP), Proximal 

Phalangeal (PIP) and Distal Phalangeal (DIP) as shown in the figure1.2 

below. Milea. L (2015) 
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Figure 1.2 Joints in human hand (Milea. L 2015) 

 

Each of these joints has a certain range of motion. The table 1.1 below shows these 

ranges.  

Table 1.1 Motion range of joints (Milea. L 2015) 

 
 

1.1 Background of Project: 
The robotic arm is an arm similar in form and mechanic to human arm. It is usually 

programmed using a variety of methods. The robotic arm is also more complex than 

the human hand in its mechanic. This project is to design a robotic arm that 

controlled by glove. The main components of the project are Arduino Nano, servo 

motors and flex sensors. The project helps people whose one of their hand is 

amputated. 
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1.2 Project Objectives: 
There are five main objectives of this project which are: 

1- Human hand movement makes a change in flex sensors values. 
2- Flex sensors send an analog signal to Arduino. 
3- Make wireless connection between robotic hand and human hand. 
4- Arduino converts the analog signal to digital signal and sends it to robotic 

hand Arduino through the wireless transceiver. 
5- Second Arduino sends the instructions to the servo motor and starts to shift 

depends on it. 
 

1.3 Limitation of the Project: 
There are three limitations can be considered which are: 

1- There is no force sensor to sense the softness and the hardness of the objects. 

2- Battery life is not long lasting. 

3- nRF24L01 power is 3.3V may not produce enough current based on the distance 

needed. 

 

1.4 An Overview of the Project Report:  
This part of the first chapter gives a brief overview of the report in general. The 

report is divided into six chapters, which include the following: 

 The first chapter contains the introduction of the project, background of 

project, project objectives and limitation of the project. 

 The second chapter discusses the methodology. This chapter will describe 

the methodology used to complete this project, with the reasons for is 

selection and the details of the method. 

 The third chapter is literature review and theory, which is past related 

projects. 

 The fourth chapter contains Project Budget, Project Schedule and Risk 

Management. 

 The fifth chapter is the main chapter of the project which is the design and 

analysis. This chapter is including Initial System like System Block 
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Diagram and Flowchart, Technical Requirements such as Hardware and 

Software components, Schematic Diagram and System Design and 

Analysis. 

  The sixth and last chapter is conclusion which gives summary of the 

project. 
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2. METHODOLOGY 

This chapter will cover all the details needed for explanation of methodology to do this 

project completely and successfully. Methodology is generated to work as a journal for 

others to take some advantages and improve their work. Also, methodology is very 

useful for achieving the objectives of the project with perfect result. As known there 

are many types of methodologies such as waterfall model, V model and System 

Development Life Cycle.  

Waterfall model describes a development method that is linear and sequential. The 

main two advantages of waterfall are Simple and easy to understand and use and it 

works well and yield the appropriate results. In addition, the disadvantages of waterfall 

are it cannot adopt the changes in requirements and it becomes very difficult to move 

back to the phase. Anon. (2017)  

 

Figure 2.1 Waterfall model (Anon 2017)  
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V model is just like the waterfall model, the V-Shaped life cycle is a sequential path of 

execution of processes. Each phase must be completed before the next phase begins. 

V-Model is one of the many software development models.  

 

Figure 2.2 V model 

 

System Development Life Cycle (SDLC) has been chosen for this project. This method 

will be very helpful in doing this project. It is sequential and comes back to the first 

step so, it is easy to go back to any step and adopt the changes in requirements. 

(Mukund Trivedi 2013) 

 

Figure 2.3 SDLC methodology (Mukund Trivedi 2013) 
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In this project, there are three major steps which are planning, implementation and 

analysis. The figure 2.2 below shows the detail to each step: 

 

Figure 2.4 Sub major step of SDLC (Says, B.I. and Says, A.K. n.d.)  

2.1 Project planning: 

This step is to identify all the information and requirements Software and 

Hardware needed in the project. So, planning is divided into data collection 

and software and hardware requirements. 
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2.1.1 Data collection: 
Data collection is one of the most important stages of building a successful 

project. At this stage, Ideas of some previous similar projects by doing a 

literature review and theory related to the topic. Ideas were also taken about the 

components that maybe used it in this project.  

 

 

 

 

 

2.2 Implementation: 
Implementation stage is divided into two subparts which are:  

2.2.1 Testing point: 
The first part which is the useful part of implementing any project because it 

guarantees the work of the circuit before it is applied to the breadboard by using 

the software. Also in this part, the measurements needed are done. The main 

subpart of this part is to program the Arduino.    

2.2.2 Implement the project: 
The second part is implementing the project physically. First, the components 

needed are searched from the market or can be requested online in case they are 

not available. Second is the installation of the electronic circuit according to the 

design. Third and last step in this part is to ensure that the electronic circuit 

works correctly and predictably.  

2.3 Analysis:  
The analysis is the most important stage which gives the feedback, overall 

performance of the project and recommendation to improve the system or the 

project. These analyses are divided into analyze the performance of the project 

and identifying the conclusion.  

 

2.3.1 Analyze the performance: 
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The first analysis is analyzing the performance of the project. Analyzing the 

performance includes analysis of each of the components individually and 

analysis of the performance of the project as a whole. 

2.3.2 Identify the conclusion: 
This part is about analyzing the project critically and giving possible 

suggestions for developing the performance of this project. 

Mukund Trivedi (2013) 
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3. LITERATURE REVIEW/ THEORY 

This chapter contains a brief overview of a related projects for planning and designing 

robotic hand. Some of the current inventions and previous related projects are discussed 

below.  

3.1  Detection and tele-replication of human hand motions 

by a robotic hand. 
This project by Milea. L (2015) is five-degree freedom system. The robotic hand is 

the same as structural human hand having five fingers with fourteen joints. The 

fingers are manufactured in transparent units instead of metal fingers. The rotation 

of the joints powered by the movement by a battery and can move from 30-180 

degree. The main advantages of this project is that the system is more diversified 

and the robotic hand has the ability to carry objects of different sizes. The figure 

3.1 below shows the system. This model is related to the present project as the flex- 

sensors are also used in it and it have the ability to hold objects.  

 

Figure 3.1 Robotic hand (Milea. L 2015) 
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3.2  A survey of robotic hand-arm systems. 
This research paper (Ramaswamy and Deborah 2015) has several projects of 

robotic hand designing. The research paper discusses ten models of robotic hand, 

each of them different in size, components, microcontrollers, communications and 

programming methods. The figures 3.2 below shows two models of the robotic 

hand. This paper gives a good overview of the components, program method and 

the microcontroller that will used in this project. 

 

Figure 3.2 Two different models of robotic hand (Ramaswamy and Deborah 2015) 

 

3.3  Design and development of 3D printed myoelectric 

robotic exoskeleton for hand rehabilitation. 
Another project by Abdullah, Bouteraa and Rekik (2017) is a robotic hand printed 

in 3D and it works to improve the work of a hand that may be injured by accident 

or disease, which can lead to a decline in its performance. The idea of this project 

is to connect the structure of the robotic hand to the hand muscles, which sense the 

hand movement and thus move as shown in the figure 3.3 below. The designers of 

the project studied the movement of fingers and joints, which gave the project a 

clear accuracy through the result. This project has helped to know more about the 

degree of movement in both joints and fingers as well as the Arduino UNO used as 

microcontroller.   
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Figure 3.3 Robotic hand printed in 3D (Abdullah, Bouteraa and Rekik 2017) 

 

3.4  Design for robotic hand using flex-sensor. 
This project designed by Handel, Malusare, Sawabandh and Darbhe (2015) is about 

designing a robotic hand that monitors hand movement. The communication 

between the robotic hand and the human hand is by using a wire. This project 

includes five linear graphs which are describe finger movements as well as it 

mentions about the main functions for which this project can be used. The main 

four applications are military application, medical application, industry application 

and space exploration. Figure 3.4 shows the robotic hand using flex-sensor project.  

 

Figure 3.4 Robotic hand using flex sensor (Handel, Malusare, Sawabandh and Darbhe 2015) 
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3.5  From robotic hands to human hands: a visualization 

and simulation engine for grasping research. 
This research done by Miller, A., Allen, P., Santos, V., and Valero‐ Cuevas, F. 

(2005). This research paper discussed about a versatile simulation system also, it 

described how to design costless robotic hand which is very helpful in medical 

sector.  The way of explained the simulation method was helpful. 

 

Table 3.1 Overview of first research paper  

Topic Detection and tele-replication of human hand motions by a 

robotic hand 

Authors name Lucian Milea, Monica Dascalu, Eduard Franti, Suzana Cismas, 

Doina Moraru, Florin Lazo, Elteto Zoltan 

Journal name American Journal of Aerospace Engineering. 4, 2015 

Advantages - More diversified system. 

- Ability to carry things of various sizes. 

- Use bending sensor and measure angles from arm ways. 

- Gave suggestions on sensors that could be used on the glove. 

Disadvantages  

Remark  - Uses bending sensor 

- Ability to hold objects. 
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Table 3.2 Overview of second research paper 

Topic A survey of robotic hand-arm systems 

Authors name Vishal Ramaswamy, Angel Deborah. 

Journal name International journal of computer application. January,2015 

Advantages - The paper show difference models of robotic hands. 

- The number of degree of freedom. 

- The interface and ways of tracking hand movement. 

- Difference types of programming and communications 

Disadvantages - Problems in size, efficiency, weight and speed. 

Remark  - Using servo motor, UNO Arduino and glove to monitoring 

robotic hand. 

 

 

Table 3.3 Overview of third research paper 

Topic Design and development of 3D printed myoelectric robotic 

exoskeleton for hand rehabilitation. 

Authors name Ismail Abdullah, Yassine Bouteraa, Chokri Rekik. 

Journal name International journal on smart sensing and intelligent systems. 

June 1,2017 

Advantages - The system based on 3D printing technology. 

- The system sense human muscles. 

- Low cost system. 

Disadvantages - The outer structure of the robotic hand is large. 

Remark  - Angular motion of MCP, PIP, DIP. 

- More details about human hand and some calculation can be 

used. 
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Table 3.4 Overview of fourth research paper 

Topic Design for robotic hand using flex-sensor 

Authors name Jayant Y. Handel, Niket Malusare, Subodh Sawabandhe, 

Harshal Darbhe 

Journal name International journal of advanced research in electronics and 

communication engineering. December,2015. 

Advantages - Shows linear graphs of all five-fingers movement (angle). 

- Explain five application sectors of using robotic hand. 

- Shows the PWM output of servo motor. 

Disadvantages Using a wire connection  

Remark  Using flex sensors. 
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4. BUDGETING AND PROJECT 

MANAGEMENT 

This chapter is discussing about budget of the project and project management. 

4.1 Project Budget: 
The table 4.1 below shows the financial part of the project. So, it gives the 

components with their prices and the total expenditure of the project. 

Table 4.1 Project budget 

 

Category Description Amount  

TRAVEL AND 

CONSULTATION 

Purchase of Equipment R.O.50 

EQUIPMENT AND 

FACILITIES 

Electronics components, 

3D printed hand, Sensors, 

Motors, Battery, Arduino 

board, Adapter, Gloves 

R.O.500 

STATIONERY Papers, Screwdriver set, 

Soldering set 

R.O.50 

Total  R.O 600 
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4.2 Project Schedule: 
These charts explain the time plan for project performance with dates. 

 

Figure 4.2.2 Gantt Chart of the project implementation 

 

05-Mar 25-Mar 14-Apr 04-May 24-May 13-Jun

Make changes in pervious report

Search of Hardware componants

Collect information needed for coding

Simullation

Install the hard circuit

Writing the Codes

Analysis the work

Complete the report and the final check of the…

Make
changes in
pervious

report

Search of
Hardware

componants

Collect
information
needed for

coding

Simullation
Install the

hard circuit
Writing the

Codes
Analysis the

work

Complete the
report and

the final
check of the

report

Start Date 05-Mar05-Mar16-Mar26-Mar02-Apr02-Apr23-Apr14-May

Days to complete 156222015222214

Project Implementation

08-Oct 18-Oct 28-Oct 07-Nov 17-Nov 27-Nov 07-Dec 17-Dec 27-Dec

Research

Project proposal

Literature review / Theory

Introduction

Methodology

Budget and project…

Design and analysis

Final check of the report

Research
Project

proposal

Literature
review /
Theory

Introduction
Methodolog

y

Budget and
project

managemen
t

Design and
analysis

Final check
of the report

Start Date 08-Oct23-Oct29-Oct06-Nov12-Nov19-Nov22-Nov13-Dec

Days to complete 156221472227

Project Planning

Figure 4.2.1 Gantt Chart of the project planning 



18 
 

4.3 Risk Management:  
There are many risks are faced during this project: 

4.3.1 Finding project idea. 
Finding the idea of the graduation project is not easy, especially finding an idea 

that is not applied previously and should be aimed at serving the community or 

some of its members. The idea founded a somewhat complex but excellent idea. 
4.3.2 Complexity of the project and finding data. 

The difficulty of the project is to study the structure of the hand and its 

biomechanics, as well as there is difficulty information previously applied to 

such projects so, there are many personal efforts to complete this project to the 

fullest. 
4.3.3 Time management  

Time management is one of the most challenging challenges that a student may 

face so that he/she should divide his/her time in an ideal way for all subjects 

he/she studies. Time management was a great challenge in terms of presentation 

and time division. 

4.3.4 Technical risk  
The technical risk is main risks faced while implementing the project. First 

technical risk is the servo motors are not working properly that because the 

power was not enough. Second, the Arduino port was not defined. Third, 

writing the codes and testing the components. Fourth, two of flex sensors are 

damaged.  
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Risk Level Solution 

Finding project idea Low 1- Search more about different types of 

project in different website. 

2- Ask people about problems 

surrounding which needs an  

Complexity of the 

project and finding 

data 

Intermediate  1- Spend more time to search and read 

journal papers  

Time management  Intermediate 1- Make Gantt chart. 

2- Make table of an important and early 

things to do and other one for 

important and not early things.  

Technical risk  

 

High  1- Replace the battery with a 5V adapter. 

2- Replace the old USB with a new one 

so, the Arduino port is defined. 

3-  Read about previously related project 

coding and test each component 

separately. 

4- Flex-sensor is very sensitive 

component so, must be careful when 

dealing with it. 
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5. DESIGN AND ANALYSIS 

Chapter five is about designing and analysis. This chapter is divided into five parts. 

First part is system initial which is include system block diagram and system flow chart. 

Second part is technical requirements which are hardware and software requirements. 

Third part is schematic diagram while the final part in this chapter is about system 

design and analysis. 

5.1 Initial System: 
5.1.1 System Block Diagram: 

Figure 5.1 shows system block diagram.  

 

Figure 5.1 Block Diagram of the project 

 

The project can be divided into major subprojects to facilitate the process of 

explaining the block diagram in figure 5.1 the subprojects are: 

Glove: 

The design and implementation of the glove system that contains the sensors 

so, that it is worn by the user and gives accurate and stable results and is 

controlled by the robotic hand. 
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Sensor feedback system: 

Alignment is done by using flex sensors that provide user feedback. 

Wireless communication: 

The robotic hand and glove system are connected by wireless communication. 

Servo motor (data signal circuit): 

These circuits depend on inputs from the glove (sensors), through which signals 

are generated to control the movement of the motors.  

Microcontroller programming: 

The microcontroller takes inputs through the sensor feedback system and 

generates the control signals needed to control the robotic hand. 

5.1.2 System Flowchart 
Figure 5.2 below shows flowchart of the system. 

 

 

Figure 5.2 System flowchart 
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5.2 Schematic Diagram: 

 

Figure 3 Schematic diagram of glove circuit 

 

 

Figure 4 Schematic diagram of robotic arm circuit 
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Vcc to +5V 

GND to GND 
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Servo_4 to Analogue A4  

Servo_5 to Analogue A5  
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5.3 System Design and Analysis: 
5.3.1 System Analysis: 
5.3.1.1 Flowchart Analysis: 

Figure 5.2 shows the flowchart of the system. The system starts checking if 

the all flex-sensors are in a flat situation. If it is ‘Yes’, the servo motor will 

stay as it is so there is no shift in position and then ends. If it is ‘No’, the 

system goes to the next stage in which the microcontroller checks again if 

the values of all sensors are bent. If all sensors have changed in bent 

situation, all the servo motors will start shift between 0-180 degree and then 

ends. If the if this step is not realized, the system goes to the last stage in 

which it checks if two of flex-sensors is bent. Then on those two the servo 

motors will shift and if all the stages have been not achieved the system will 

return back again. 

5.3.1.2 Schematic Diagram Analysis:   

The first schematic diagram which is shown in figure 5.11 is a glove circuit. 

This circuit consists of five flex-sensors, Arduino Nano and nRF24L01. The 

five flex-sensors are connected in the same way while one terminal is 

connected to 10KΩ and then VCC (5V). in between the flex-sensor and 

10KΩ is connected as analog input in pins A1, A2, A3, A4, and A5 

sequentially. The other terminal is connected to the ground. nRF24L01 is 

set as a transmitter. It is connected to the Arduino in this way VCC to 3.3V, 

GND to GND, CE to pin 9, SCN to pin 10, SCK to pin 13, MOSI to pin 11 

and MISO to pin 12. The main principle of this circuit is changes in the flex-

sensors to give an analog signal to the Arduino, so the Arduino converts this 

analog signal to PWM and then transmits the signal with the help of 

nRF24L01 wireless. 

Second schematic diagram is for robotic hand circuit. The circuit consists 

of three types of components. First is Arduino which is the main component. 

Second, are the five servo motors which are connected to Arduino pins A1, 

A2, A3, A4 and A5 sequentially and to the other two terminals to VCC 5V 

and ground. The third component is nRF24L01 which is connected in the 

same way as the previous circuit VCC to 3.3V, GND to GND, CE to pin 9, 

SCN to pin 10, SCK to pin 13, MOSI to pin 11 and MISO to pin 12 but it is 
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set as a 0receiver. This circuit depends on the previous circuit. The signals 

received by nRF24L01 can be translated by Arduino and it produces PWM 

signal so, the servo motors shaft position depends on it.  

 

5.3.2  Calculation: 

According to Ohm’s Law the voltage across each resistance is different. So, the 

total voltage is  

𝑉𝑖𝑛 = 𝑉1 + 𝑉2 

𝑉𝑖𝑛 = 𝐼𝑅1 + 𝐼𝑅2 = 𝐼(𝑅1 + 𝑅2) 

While the output voltage that Arduino read 

𝑉𝑜𝑢𝑡 = 𝐼𝑅2 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛 (
𝑅2

𝑅1 + 𝑅2
) 

In case that concerns us Vin= 5V, R2=10KΩ while R2 will be variable because 

it is the resistance of flex sensor  

𝑉𝑜𝑢𝑡 = 5. (
10𝐾

𝑅1 + 10𝐾
) 

The minimum resistance of the flex sensor is 10KΩ while the maximum 

oscillates is between 60KΩ and 110KΩ 

𝑉𝑜𝑢𝑡(max) = 5 (
10𝐾

10𝐾 + 10𝐾
) = 2.5𝑉 

𝑉𝑜𝑢𝑡(min) = 5 (
10𝐾

60𝐾 + 10𝐾
) = 0.7𝑉 

Therefore, the higher bending of the sensor, the lower voltage sent to the pin. 

So, R1 is inversely proportional to output voltage.  

Inside the microcontroller board there is circuit called Analog-To-Digital 

converter or ADC that reads the voltage. so, it is converting the voltage into a 

number between 0 to 1023. From previous maximum and minimum voltages, 

it can be recalculated as 

𝑉𝑜𝑢𝑡(max) = (
1023 × 2.5

5
) = 512𝑉 

𝑉𝑜𝑢𝑡(min) = (
1023 × 0.7

5
) = 143𝑉 
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Servo motor: 

The period time of PWM in servo motor is 

𝑇 =  
1

𝑓
=

1

50
= 20𝑚𝑠   
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6. SIMULATION, TESTING AND 

IMPLEMENTATION  

This chapter discuss all about simulation part including a brief description of the project 

using Proteus 8 program. On the other hand, this chapter gives more details about 

system testing and shows Prototyping about system implementation. 

6.1 System Simulation: 

System simulation is very important part to ensure that the circuit works properly and 

for saving both time and effort. Simulation is used to show and connect all the 

components together in software. Also, it is used to write codes in order to be executed. 

While implementing the project the errors and correction needed is clearly shown. 

The simulation program chosen in this project is Proteus 7. The Proteus 7 is a very 

good program in this case but because most of the important components are not 

available in Proteus 7 program like flex sensor and wireless(nrf24l01) the simulation 

part of this project will show only the principle of the project working. 

This simulation part is including servo motor, Arduino Nano and variable resistance. 

The principle is when the flex sensor which is replaced by variable resistance equal to 

10KΩ the servo motor will set in 0-degree position while if the variable resistance equal 

to 60KΩ the servo will rotate into 180-degree position. 

The figure 6.1 below shows the code using in simulation part. 

 

Figure 5 Simulation code 



27 
 

The first action is when the circuit is powered. The figure 6.2 shows the first action 

which gives no reading in the servo motors.   

 

Figure 6.2 First action of simulation 

 

The second action is when the flex sensor is flat. The figure 6.3 shows the second 

action. The variable resistance is in lower value while the servo motor value show as -

90 degree which is 0-degree in Proteus program.   

 

Figure 7 Second action of simulation 
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The third action is when the flex sensor is bent as shown in figure 6.4 the variable has 

high resistance value so; the servo motor is rotating into +90 degrees in Proteus 

program which meant 180-degree. 

 

Figure 8 Third action of simulation 

 

6.2 System Testing: 

After knowing the concept of working on the project it must be tested each part before 

implemented it in PCB board. So, first, the flex sensor reading must be checked. The 

flex sensors are the main and the important component in this project so, it must be 

checked carefully because it gives the signal that used to make the servo motors shift. 

The figure 6.5 below shows the tested step using Arduino program (Serial Monitor 

Window). 
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Figure 9 Flex sensors values using Arduino program 

 

As shown in the serial monitor window of an Arduino program the flex sensors values 

are around 500 while they are in flat condition.  

The command used to show this procedure is in the figure 6.6. 

 

Figure 10 Serial monitor code 
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The second step is to test the communication between the transmitter and the receiver 

is working properly. As shown in the figure 6.7 below the data transfer in the first serial 

monitor window is same as the second serial monitor window which meant that the 

wireless is working properly. 

 

Figure 11 serial monitor window of RX 

After checked both the wireless communication and flex sensors working. The project 

can be implemented in Bread Board. The figure 6.8 below shows the glove circuit in 

the Bread Board. 

 

Figure 12 The glove circuit in the Bread Board 
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Then the working of the project must be tested. The table below is summarized the 

working of the project. This table explains working of servo motor dependence on flex 

sensors situation. Where the (О) is present active mode while the (×) present inactive 

mode. 

 Servo1 Servo2 Servo3 Servo4 Servo5 Comment  

First action  

(all flex sensors 

are flat) 

 

× 

 

× 

 

× 

 

× 

 

× 

All servo motor 

position is  

0-degree 

Second action  

(all flex sensors 

are bent) 

 

О 

 

О 

 

О 

 

О 

 

О 

All servo motor 

position is 180-

degree  

Third action  

(Two flex sensors 

are bent) 

 

О 

 

О 

 

× 

 

× 

 

× 

Any two servo 

motors 

 

6.3 System Implementation\ Prototyping: 

After testing the project by using the Bread Board. This section starts with 

implementing the project in PCB board. Only one circuit needs to be soldered which is 

in glove circuit. The figure 6.9 below shows the soldered part which is about voltage 

divider between the flex sensors and 10 kΩ resistance.  

 

Figure 13 Soldered circuit (Voltage divider) 
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Figure 14 Back side of soldered circuit 

The figure 6.10 above shows back side connection of soldered voltage divider circuit.  

The figure 6.11 shows the installation of servo motors in the robotic hand. As shown 

in the figure 6.11 that the arm using for the servo motors is in circular shape to make 

the movement of the fingers more flexible. The thread used to bind the fingers with the 

servo motors is the fishing thread.      

 

Figure 15 Installation of servo motors in the robotic hand 
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After installing all project part and components the actions must follow the flowchart. 

The first action is all flex sensors are flat. In this action the flex sensors are not given 

any voltage so, no shift happened in servo motors which leads to the survival of the 

fingers as it is as shown in the figure 6.12 below. 

 

 

Figure 16 First action (all flex sensors are flat) 
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The second action is two of the flex sensors are bent. When the two flex sensors bent 

the flex sensors values changed which meant that two of servo motors shift into 180-

degree position. As shown in figure 6.13 the index and the middle fingers are bent as 

well as in the robotic hand. 

 

 

Figure 17 Second action (Two flex sensors are bent) 
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The third action is all flex sensors are bent. In this situation all flex sensors changed 

their values so, all the servo motors shift into 180-degree and all the fingers of the 

robotic hand moving. The figure 6.14 shows the third action. 

 

 

Figure 18 Third action (all flex sensors are bent) 
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7. CRITICAL EVALUATION 

This chapter is discussing the critical evaluation of the project. The main purpose of 

this chapter is to assess the tasks accomplished. It is required to have a good knowledge 

of similar project and compare. This chapter gives deep understanding because it is 

considering the strength of the project as well as weakness.   

The main objective is to design a robotic hand that resembling the human hand in its 

structure is works as helped hand and may replace the other hand in case of amputation. 

This project is a robotic hand design controlled by the human hand by a glove. The 

controlling process is done by the Arduino Nano, which is connected to the flex-

sensors, which in turn sends signals that are translated by the Arduino Nano and then 

sends (PWM) signals to the robotic arm and the five servo motor moves accordingly. 

Communication between the robotic hand and the glove via Nrf24l01.  

During implementation, there were some challenging and difficult tasks. Writing 

Arduino codes was the first challenge. As known that Arduino codes are one of the 

easy microcontrollers to program but it was a new and it needs the same time to have a 

good background on it and to experiment each component to take the readings and use 

it in the coding. The second challenge is to design a circuit to give the same principle 

of the project work because the most important component is not available in the 

simulation program. The final challenge was technical tasks. The servo motors are 

dealing with high power as input as well as the current so, the normal battery is not 

working with it for that it should replace it with Lithium battery or power supply or 

adopter working with 5V and 5A. Also, the circular servo motors arm have batter 

movement than the normal arm. 

After implementing the project, there were many advantages.  
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8. LEGAL, SOCIAL, ETHICAL AND 

SUSTAINABILITY ASPECTS RELATED TO 

THE PROJECT 

 Before implementing any project, must take into consideration several aspects 

because some projects may have a negative environmental or security impact, 

etc. This chapter will describe all legal, social, ethical and sustainability aspects 

related to this project.  

 Legal aspects:  

There are no legal aspects related to this project in Sultanate of Oman. 

Where this project is legally and it is used for the purely social purpose. 

Where it helps the category of amputation to rely on themselves.  

This project is not including any tools were found to be in violation of the 

law, but this project goes beyond being useful to a category of people. 

Social aspects:  

This project has a clear impact on the social aspect, especially as it serves a 

specific group of them are people who have been amputated to one of their 

hands because of an accident or other reasons. This robotic hand effectively 

helps these people to rely on themselves to carry things. In addition, the 

design of the robotic hand is similar to the human hand, which gives the 

person a suitable view. This project simplifies the process of carrying things 

by simulating hand. The robotic hand and the glove are connected via 

wireless. This is a suitable method so that there are no wires connected 

between the robotic hand and the glove, which facilitates the operation and 

gives it has more space. 

 Ethical aspects: 

 This project followed the ethical rule where all the sources were taken, 

whether it was information from the Internet and previous projects or 

designs used previously. In addition, the project does not exceed any 

privacy or security state. 
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On the other hand, this project can be defined as a very ethical project and 

because it is considered a transgressive project of personal interest to belong 

to a category in particular and this point is considered very moral. 

 Sustainability aspects:  

Sustainability is one of the most important aspects ever because the project 

has been developed more accurately and easily. It is important for any 

project to have this aspect. As engineers we must take this aspect into 

consideration. 

This project is a robotic hand made of plastic controlled by a glove by 

wireless. This robotic hand contains five motors working after receiving 

data from the flex sensors.  

When talking about sustainability aspects of the project, focus on a set of 

points: 

1- The materials used for this project and how they can be developed and 

improved. The materials used in robotic hand is plastic and this material 

can be impractical in terms of ease of movement. The plastic material 

can be replaced with silicone material. The silicon material is light and 

flexible and to ensure that the quality of the manufacturing must deal 

with a competent authority. 

2- The project aesthetics. The aesthetics and exterior design of the project 

must be in consideration. Of the importance of the external shape to 

people. Therefore, the age group and the appropriate measurements for 

each category should be determined in addition to the ideal hand weight 

for each age. Servo Motors used in this project are heavy for the small 

age group. 

3- It is very important to do a study of the battery's validity and the length 

of time it is used or it can be replaced with a battery that can be 

recharged. 

4- A sensory material can be added such as a force sensor to give the 

robotic hand the suitable force while touching each material. Also, we 

can add LCD display to show which material is touching. 
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9. CONCLUSION 

In conclusion, the robotic hand along with a robotic arm is designed to help the people 

whose one hand been amputated. The robotic hand is controlled by a glove worn on the 

other hand. It has been studied anatomy of the human hand was studied to design a 

robotic hand to correspond to the outer structure and the movement of each finger. So, 

this report is about the design of a robotic arm with hand for rehabilitation of person 

who has an amputation. The project clearly explained budgets, initial system, technical 

requirement, schematic diagram, system design and analysis, simulation, testing and 

implementation as well as it is discussed about critical evaluation of the project and 

legal, social, ethical and sustainability aspects related to the project. 
After implementing the project, it can be said that all the objective has been achieved.  

Future recommendations to improve this project is are add force sensors in each finger 

in the robotic hand so, it can sense the softness, hardness, heat and coldness of the 

objects and add LCD display to show a message of the result.  
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Appendix 
Arduino code of Tx:  
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Arduino code of Rx:  
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ABSTRACT 
 

Summary of this project is developing the wheelchair by installing several of useful additions that 

may help those in need. The first addition called "FALL DETECTEON". This technology will 

detect the fall of the chair by using Accelerometer sensor. After detecting fall, the alarm will 

activate to make people close to him help him / her immediately and also warning SMS will sent 

using GSM modem for anyone concerned to him/her. Second addition called "FORWARD 

BENDING DETECT". This technology used for paralysis people or those who have spinal 

problems and if someone from those is bent down by mistake then alarm will activate (buzzer) and 

warning SMS will send. The second technology will use Ultrasonic sensor to detect the disabled 

back. The last addition is called "SMS SERVICES". This one uses a keypad as input for sending 

SMS. Each button on keypad contain a fixed SMS and all these messages can serve the disables 

who could not use smart phone like old people.    
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1. INTRODUCTION 
 

This chapter providing a background of the project, show all objectives and outcomes, revealing 

all project limitations and showing the overview of this project report.                                                

Individuals with physical disabilities are the most people who need permanent care such as 

meeting their demands, help them to move or protect them from falls and so on. ln recent years the 

physically disabled have been able to move easily using Automated wheelchair. Therefore, this 

project will focus on adding some security technologies in the wheelchair that can serve those 

disabled and protect their life. This project will provide three technologies for wheelchair. Two of 

them are safety technology and one of them is used to serve the wheelchair user.                          

 

1.1 Background of the Project 

The aim of this project is serving people with disabilities by developing some technologies that 

can protect their lives This project will only benefit disabled people who use wheelchair. The 

wheelchair in this project has three technologies. First technology is called "FALL DEDECTLON" 

and this technology will work when the wheelchair and its owner are falling down. Then the alarm 

system in the chair will activate to attract people close to him and assist him immediately. Also, 

GSM module in the chair will send alert SMS to the person who is responsible to this disabled 

person. Second technology is called "FORWARD BEND DETECTION" and this one will work 

when the user of the wheelchair is bending his back forward. Then we will get same output alarm 

will activate and alert SMS will be sent. "FORWARD BEND DETECTION" is only serving the 

paralysis who don’t has the strength or he/she not able to bend his/her dorsum back again. Other 

than that, this technology will switch off to avoid fake alarm. The last technology in this project is 

called SMS service The SMS service will use (4x3 keypad) as input and program it to add 

messages to all buttons from (0-6). Now the user allows to send ten different messages by pressing 

the buttons on keypad and transmitting these messages will be via GSM Module. the SMS service 

is for disabled people who cannot use the smartphone for chatting such as old people. All text 

messages will be a fixed text for each ten buttons on keypad such as press number one will send 
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"I'm hungry ", press number two will send "I'm thirsty", press number three will send "I need help" 

and so on.                           

1.2 Project Objectives 

Here is a list of objectives that based on project outputs. 

 

 To verify the angle of chair using accelerator meter sensor and send SMS, activate alarm 

if not in straight position. 

 To find the position of the patient using ultrasonic sensor and if this sensor detects nothing 

activate alarm and send SMS. 

 To provide messages as SMS if the person presses keys. 

  

 

  

1.3 Project Limitations 

 

 There are many factors affect the strength and quality of signals related to GSM modem 

used as it comes only with one antenna. The factors are tower load, physical barriers, 

weather etc.  

 

 The battery may die quickly due to the number of components are used in the circuit.  

 

  The project offers three technologies to the wheelchair but perhaps some disabled will 

benefit from one or two of them only because it depends on the type of disability on that 

disabled. 
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1.4 Overview of the Project Report  

 The entire report includes six chapters that would be detailing the main idea of the project and 

different needs of the project.  

 

Chapter 1: This chapter is entirely discussing about the introduction part of the report. The sub 

headings below this introduction are background of the project, the main objectives of the project 

and few of the limitations. 

Chapter 2:  This chapter describes about various methodology ideas and the main methodology 

used for this project. 

Chapter 3: This chapter is mainly focusing on the four different literature reviews and the 

comparison with my project idea. It totally justifies the similarities along my project. 

Chapter 4: This chapter is highlighting on the budget and management plan of the project and 

along this a Gantt chart is been shown in this chapter for more clarifications on the time period on 

doing the project. The risk factors and components used are also described here. 

Chapter 5: This chapter is mainly explaining the entire depth of the design and analysis of the 

project along block diagrams and flowcharts. 

Chapter 6: This chapter is showing the simulation design of this project, testing, prototype and 

implementations. 

Chapter 7: This chapter contains all the problems and challenges that faced this project.  

Chapter 8: explain important aspects such as the ethic, social, legal and sustainability aspects 

related to this project. 

Chapter 9: This last chapter will describe about the entire conclusion of the project with all the 

references linked to it. 
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2.METHODOLOGY 
 

Methodology is a system of methods and procedures applied to a field of study. It is a system that 

sets guidelines to solve different problems in tasks, methods and tools of the project. There are 

many types of methodology used nowadays and choosing the right methodology will be according 

to requirements of the project.  

 

2.1 List of Methodology Models 

 

2.1.1 Prototyping model 

Prototyping model is a system that use a prototype chart to build an early access of final system or 

product then tested, reworked in necessary until the prototype is fully achieved. This model is 

useful in case that not all of system requirements would be known in detail in the beginning of 

time, so it is used to visualize the system of the project to reduce the gap of misunderstand the 

requirements that serve customer needs.                                                                                                                    

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1:Prototyping methodology (www.mbaskool.com) 
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2.1.2 Agile model 

Agile methodology is based iterative and incremental approach. In depth planning at the beginning 

of any project Agile methodology are open to change the requirements at any time and that 

encourages the developers to change or update the outputs of their project. in this methodology 

leadership can encourages responsibility teamwork and communicating face to face. developers 

must be working together to arrange the project for costumer needs. One of its principle is dividing 

a complex task into small tasks to be finished on time.                                                                      

 

 

 

2.1.3 V-Shaped model 

V-Shaped model is considered as an extension of the waterfall methodology but instead of going 

down in a linear 

way the process 

steps will 

leaning 

upwards 

after states the 

implementation and coding part to form V-shape as shown on Figure 2.3. Project requirements are 

clearly defined, and tools will be well known in V-shape model. This model also provides 

verification and validation of the project for early stages on the V-Shaped.                                                                                                

 

Figure 2.2:Agile methodology 
(www.illuminationworksllc.com) 

 

Figure 2.3:V-shaped Methodology 
(https://en.wikipedia.org) 
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2.2 Waterfall Methodology  

The Methodology used for this project is waterfall methodology. waterfall methodology is a linear 

sequential flow chart in which process movement is seen like flowing steadily downward such as 

waterfall. In this way any phases in the process chart will begins only if the previous phase is done. 

The waterfall principle does not provide the process to go back to the previous part to handle any 

changes on requirement. This model is very useful for those projects which not focus on changing 

some requirements in the future. The water fall model has been chosen for this project for number 

of reasons. First, reason is it's easy to explain the development Structure to the users. Second, 

stages and activities in water fall are well defined. The disadvantage of this model is go back to 

any stage after completing it may cost so much and it will waste Too much time. As the project is 

costless and the time available is quite enough then we can skip this problem. The chart on Figure 

2.4 represent water fall model that used in this project. This chart will manage this project from 

zero to completion. As shown in Figure 2.4 requirement stage is the first stage to work with, then 

start next one Analysis and so on till reach the last one Final product.  

Here are all comments that describing all stages on waterfall methodology shown in Figure 2.4 

 The requirement stage means collect anything that serve and related to this project such as 

knowledge sources, list of components, pc coding software.  

 After collecting all requirements, project will move to the next stage called Analysis. The 

Analysis stage will take care on analyzing all requirements collected and do a theoretical 

study that related to the subject of this project.  

 Design stage will cover everything related to circuit design such as system initial design, 

technical requirement, schematic diagram, system design and analysis.  

 A after completing the first three stages which considered as the planning of this project, 

the subject will be implemented as it is mentioned in fourth stage. In the implementation 

part the circuit will be connected using schematic diagram on design paper.  

 This project will use microcontroller "Arduino" so of course the real engine of the circuit 

is programing software which can create code instructions for this project circuit.  

 when the programing is finished, and it is matched all planning objectives, the Final 

product will be ready to release.                                                                                                                       
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Figure 2.4: Waterfall methodolgy 
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3.LITERATURE REVIEW/THEORY 
 

3.1 Gesture Controlled Wheelchair  
This circuit designed for those who don’t have strength to move their wheelchair by themselves, 

so the wheelchairs should be automated for those people instead of asking help from others. In this 

project the wheelchair will be automated by using head and hand gestures. Accelerometer is used 

for head gestures and touch pad is used for hand gestures. In this project there will be two modes 

based on gestures and that depending on user needs. First mode based on hand gestures and second 

mode based on head gestures. Users can select any of these modes by using a switch, so they have 

option to move that wheelchair either by hand or head gestures. As shown on block diagram on 

Figure 3.1 the microcontroller processed the circuit with hand gesture sensor and RF receiver for 

head gesture circuit as shown on Figure 3.2. Motors are representing the wheels and they are 

controlled based on data processed by microcontroller according to the user gestures. (D. 

Sharath,2015)                                      

 

 

 

  

Figure 3.2: Head gesture sensor 
transmitter(D.Sharath,2015) 

 

Figure 3.1:Hand gesture sensor 
circuit with RF reciver for head 
gesture sensor(D.Sharath,2015) 
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3.2 Eyeball Motion-Controlled Wheelchair Using IR Sensor 
This circuit designed to control wheelchair movement by iris movement and it will be so useful 

for elderly disabled or patient who has no strength or can't push the wheelchair by himself. in this 

technology there will be thee IR sensors are mounted on eye frame to follow the movement of iris 

and all signals comes from these sensors will controlled processed through microcontroller 

(pic18F452) to control the motors in the wheelchair. IR sensor detecting only white objects for 

that we need to make some unique sequence of bits corresponding to each iris movement. In this 

experiment all IR sensors have been drilled into left lens of the glasses as shown in Figure 3.3 For 

this wheelchair can be commanded by a single eye. IR sensor transmit a continuous beam of IR 

rays and anytime white objects comes in front of the receiver those rays will reflected and captured. 

when IR rays are facing black objects, the rays will have absorbed by the surface. The sclera here 

is the white object while the iris will act as a black object. The users must look extreme right or 

extreme left to make wheelchair motion on either direction but if the gaze of user is straight 

wheelchair motion will be forward. Figure 3.4 shown the block diagram of the circuit. (Monica 

Jain,2015)             

 

 

 

 

 

 Figure 3.3:Photograph of eye gear (Monica Jain,2015) 

Figure 3.4: Block diagram (Monica Jain,2015) 
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3.3 Ultra Sound Based Wheelchair 
Disabled or patient on wheelchair usually will need helps or depends on another person to control 

the direction of his/her wheelchair to avoid any obstacles comes on its path since that disabled or 

patient is not in a condition to controlling his wheelchair. Ultrasound Based Wheelchair will allow 

those patients to be self-dependent on the wheelchair and this chair itself will control the motion, 

avoiding obstacles on its path. As shown on block diagram Figure 3.5 8051 microcontroller used 

to control ultrasound sensor, motor drivers and dc motors. Figure 3.6 is the form of GH-311 

ultrasound sensor and its mission is measuring the distance to any object (obstacle) that coms on 

its path by sending sound waves to that object then the sensor will be receiving the reflected wave 

from that object. Once it is detecting an obstacle microcontroller Will gives signals to the motors 

to perform some actions that lead these wheels to avoid the obstacle. The detection range in this 

sensor is 3 cm to 3 m and this make it suitable and very enough for this experiment. (NB Patil,2014)                                         

 

                                                    

 

 

 

Figure 3.5:Block diagram (NB Patil,2014) 

 

Figure 3.6: Ultrasonic sensor (NB Patil,2014) 
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3.4 Android Based Wheelchair Control using Bluetooth 
 The project is designed to control movement of a wheelchair using an android phone. This project 

can help disable people who can't move the chair by themselves but after trying this technology 

they can live their life with less dependence. This project will have required IOIO board, Android 

phone, DC motors and motor driver module. Bluetooth module on IOIO board used to send, 

receive data or command information between the control board and android device. There are 

four basic options motions of wheelchair and they will have described as moving forward, moving 

left, moving right, moving backward and we can form all these direction on that android device by 

using Android studio application. Figure 3.7 shows Block diagram of this circuit. In Figure 3.8 

below shows Android screenshots of the application that used to control the wheelchair. There is 

button called select Bluetooth device to connect the phone with control board via Bluetooth and 

with all provided directions buttons on this application, user can control the movement of the 

wheelchair. (Mrs.M.D. Blasaraf,2017)                                                                                                                      

 

 

 

 

        

 

Figure 3.7:Block diagram 
(Mrs.M.D.Blasaraf,2017) 

 

Figure 3.8:Movement button 
command(Mrs.M.D.Blasaraf,2017) 
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3.5 Voice Controlled Wheelchair System 
 The aim of this project is to control a wheelchair by using a speech recognition technology. The 

idea of this project is to control the motion of the wheelchair using the user voice. the goal that 

need to be achieved in this system is to allow certain people to live their life with less dependence 

on others. The circuit of this project is connected to android phone and use that phone for recognize 

the command voice from the users. After recognition the commands on Android phone all 

commands data will be send to a control board via Bluetooth module and it will be processed on 

microcontroller. Microcontroller will process the received commands according to programmed 

commands that user needs such as moving forward, moving backward, turning to the left, turning 

to the right and stop. After received the command microcontroller will send signals to the Motor 

driver to take that action. Figure 3.9 shown the block diagram of system. In Figure 3.10 we can 

see screenshot of phone application that used to recognizing the user speech User first need to turn 

on the Bluetooth on mobile settings second open the programed application on that phone Finally 

connect the application to control board in wheelchair via Bluetooth and now user can control the 

movement of his/her wheelchair.  (Mohammad Ilyas Malik,2017)                                                                                          

 

Figure 3. 9: Block diagram  (Mohammad 
Ilyas Malik,2017) 

 

Figure 3.10:User interface of the application  
(Mohammad Ilyas Malik,2017) 
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 Summarized literature review 
improvements Gaps and 

contradictions 
Concepts and 
analysis 

Title  

Add push button which can 
turn on/off the hole circuit 
.so the user should keep 
pressing that button then 
gesture his hand, head for 
moving the chair and 
releasing the button to turn 
off the system. This also 
will help to save battery life. 

The wheels will move 
directly when the disabled 
move his/her head or hand 
even if it's inadvertently, 
so the head and hand must 
be firmly fixed all the 
time if the users want to 
stop the movement of 
their chairs.  

The wheelchair will be 
automated by using head 
and hand gestures. 
Accelerometer is used 
for head gestures and 
touch pad is used for 
hand gestures. 

Gesture controlled 
wheelchair 

Use RF transmitter to 
transmit the data from IR 
sensors those mounted on 
the glasses to the RF 
receiver on controlling 
board on the chair. 

IR sensors that located on 
the glasses are connected 
by wires to the   
microcontroller circuit on 
the chair which can annoy 
the user.  

This circuit designed to 
control wheelchair 
movement by iris 
movement using three 
IR sensors that mounted 
on eye frame to follow 
the movement of iris. 

Eyeball motion-controlled 
wheelchair Using IR 
sensor 

Add joystick just in case to 
correct the chair movement 
path. 

The chair is avoiding the 
obstacles but it's moving 
in a random direction and 
that maybe will be taking 
the chair to the wrong 
path.   

Used to control the 
direction of wheelchair 
to avoid any obstacles 
comes on its path 
automatically. 

Ultra Sound based 
wheelchair 

Add joystick to control the 
chair movement path just in 
case the phone is dead. 

Keep using the phone for 
movement will consumes 
a lot of battery life. 

Project is designed to 
control movement of a 
wheelchair using an 
android phone by 
providing directions 
buttons on programmed 
application on that 
phone. 

Android based wheelchair 
control using Bluetooth 

Add joystick to control the 
chair movement path just in 
case the phone is dead. 

Keep using speech 
recognition feature may 
consumes a lot of battery 
life on the phone.  

Control the movement 
of a wheelchair by a 
speech recognition 
technology using 
android device. 

Voice controlled 
wheelchair system 

 
Table 3.1: Summarized literature review 
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4.BUDGETING AND PROJECT MANAGEMENT 
 

This chapter is revealing the budget of this circuit. It also reveals a schedule that shows all the 

tasks distributed in each week. The last part on this chapter will showing all risks that could affect 

project progress.   

 

4.1 Project Budget 

This part shows all components for implementation related to this project and show also 

Quantity, price for each component used.       

Category Description Amount  

 AND TRAVEL
CONSULTATION 

Purchase of Equipment R.O.80 

FACILITIES AND EQUIPMENT Electronics components, 
Sensors, wheelchair, Mobile 
phone, Buzzer, Arduino 
board, Keypad 

R.O.460 

MISCELLANEOUS IEEE membership R.O.50 

STATIONERY Papers, Screwdriver set, 
Soldering set 

R.O.60 

Total  R.O.600 

 

4.2 Project Schedule  

A Gantt chart is used for scheduling all work of the project through given time period starting from 

week 1 to week 14 for planning report as shown on tables 4.2 that has been done on previous 

semester and from week 1 to week 14 time period given in current semester for implementation 

works Clearfield with all tasks for each week on table 4.3 below. The Gantt chart will provide a 

brief idea on how the project management has done in this project All tasks explained for each 

week on Gantt chart.   

Table 4.1: Project budget 
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Table 4.2:  Gantt chart for planning work 
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Table 4.3:  Gantt chart for implementation work 
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4.3 Risk Management  

Risk management is a process of identifying, analyzing and controlling threats that could affect 

the project. Here is in Risk management table down below show some issues that could destroy 

the project or delay the release day of it. 

Risk control Risks  Risk types 
Ensure quality before 

purchasing any component 

and look for suitable software 

for programing the 

microcontroller. 

Issues with technical 

requirements such as, low 

quality of components, 

components that crash or use a 

component/software that can't 

be scaled to meet performance 

demands. 

Technological risk 

 

Set the time to make accurate 

and clear plan and 

methodology that can serve 

the project very well. 

lack of management or fail to 

follow the project 

methodology will lead to 

waste a lot of time.   

Management risk 

 

Study the problem as soon as 

possible and discuss it with 

experts in electronics field. 

The project is failing to 

provide results that consistent 

with project specifications. 

Performance risk 

Manage the project time and 

completing the task given for 

each week and try harder to 

finish one week early.  

There is a specific time for 

this project. Not being exploit 

the time in beginning will 

leads to acceleration the work 

in the remaining days which 

can affect the quality of 

outcomes.  

Time risk 

 

 
Table 4.3: Risk management 
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5.DESIGN AND ANALYSIS 
 

This chapter is discussing the circuit design by providing Initial design, schematic diagram of the 

circuit, revealing all technical requirements and analysis the work of the circuit. 

 

5.1   System Initial Design 

 5.1.1 System block diagram 

Initial Design is providing two diagram systems (system block diagram) and (system flow chart) 

to clarifying the functionality, working details of the system.  

 

 

 

 

 

 

 

 

 

 

 

Components Type 
Ultrasonic, Accelerometer and keypad. Input 

GSM modem, Buzzer. 
 
 

Output 

 

 

Arduino 

Ultrasonic 

sensor 

GSM modem 

Buzzer Keypad 

Accelerometer 

sensor 

Figure 5.1:System block diagram 

 

Table 5.1: Block diagram components 
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5.1.2   System flow chart 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

start 

Initialization 

Send SMS 

Activate alarm 
whistle on the chair 

 

A warning SMS will 
be sent 

 

Deactivate 
alarm system  

Activate alarm 
whistle on the chair 

A warning SMS will 
be sent 

If key 
pressed 

If ultrasonic 
sensor 
detects 

nothing  

If 
pushbutton 

= 1 

If 
Accelerometer 

≠ 𝐟𝐢𝐱𝐞𝐝 𝜽 

No 

Yes 

No 
No 

No 

Yes 

Yes 

Yes 

Figure 5.2:Flow chart 

 

stop 
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5.1.2.1 Clarify the flow chart  

 

As known in this project there will be three technologies are installed in the wheelchair They called 

"FALL DETECTLON", "FORWARD BEND DETECTION" "SMS SERVICES" and flow chart 

system will describe all their behavior as Shown in Figure 5.2. The left side on flow chart clarify 

the "SMS SERVICES" technology and start by decision (if key pressed). So, if that decision is 

happened which mean the user is pressing a key on the keypad, then SMS will be sent using GSM 

modem. In the middle of the flow chart we can see the decision (if Accelerometer not equal the 

fixed angle) and that decision is related to "FALL DETECTLON" technology. If that decision is 

happened which mean the chair is falling then alarm will activated and warning SMS will be sent 

by GSM modem .The last technology "FORWARD BEND DETECTION" is clarified on the right 

side in flow chart and it is start by decision (If pushbutton =1).If that decision is happened which 

mean the user is sit in the chair then the circuit will take the second decision (if ultrasonic detect 

nothing). So, if the second decision is happened which mean the user bending while sitting then 

alarm system will activated and warning SMS will be sent.  
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5.3 Schematic Diagram 

 

 

 

The schematic diagram shown in Figure 5.12 is designed using popular software called Fritzing. 

This diagram show and clarifying the circuit used for this project. The Table 5.2 shows three 

technologies those related to project outcomes and showing also all components that used for each 

one.  

Technologies Input component Output components 
FALL DETECTION ADXL335  

FORWARD BENDING DETECTION -SRO4  

SMS SERVICES 4x4 keypad GSM Modem 

 

 Table 5.2: Schematic diagram components  

 

Figure 5.12:Schematic diagram 
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5.4 System Design & Analysis 

This section is providing all details about the designed circuit. The circuit will provide three 

different technology and each one has its own input component, so those three technologies will 

be explained separately. 

5.4.1 Fall detection technology 

 This one will use ADXL335 Accelerometer as an input. Accelerometer is sensing the changes on 

angles or rotation on three axes, so this component will be stuck in the chair then if the chair is 

falling down that make the accelerometer detect the changes in angles with that falling. After 

falling the ADXL335 will send outputs of detected fall from each axis as an analog voltage 

between (0) to (5) volts to the analog inputs on Arduino as shown in Figure 5.13. The alarm system 

will be off as long as the chair is standing properly on the ground. In case Arduino received 

different values from ADXL 335 which mean the chair is bending or falling, the alarm will activate 

(buzzer) and warning SMS will be sent. 

 

 Figure 5.13:Fall detection circuit 

 



23 
 

 

5.4.2 SMS services technology 

 This one is used a keypad as an input. This technology offers several messages that a user can 

send to ask for help. So, all buttons in keypad contain a specific SMS that can be send. The keys 

1-6 only will used as an input which mean the user can send ten different SMS from that keypad. 

The keypad used here is a matrix keypad provided by 8 output pins. As shown in Figure 5.14 all 8 

pins of the keypad are connected to the digital pins on Arduino. In order for the Arduino to 

determine which button is pressed it will first pull each of the four columns on keypad from pins 

1-4 and check which column is high. Then pull the four rows from pins 5-8 and check which one 

is high. By detecting the row pin, column pin the microcontroller can tell which button is pressed. 

 

 

 

 

 

Figure 5.14:SMS services circuit 

 



24 
 

5.4.3 Forward bending detection  

Ultrasonic used for detecting any obstacle on its path. Ultrasonic will be fixed behind the person 

sitting in the chair and make it detect his back or head all the time. In case the ultrasonic not able 

to detect his/ her back which mean she / he is bending her /his back forward while sitting in the 

chair, then alarm will activate buzzer and warning SMS will be sent using GSM modem. The 

purposes of using pushbutton is to make the circuit notes if anyone is sitting in the chair or not so 

it will be installed on the seating area which can be pressed by the weight of the person sitting. In 

case the person leaving the chair for some reason, the alarm will be activated because the ultrasonic 

not detecting him / her anymore and that called a fake alarm. In that case pushbutton will help to 

avoid this fake alarm by shutdown alarm system (buzzer, GSM modem) In case no pressure on the 

pushbutton (no one is sitting). As shown In Figure 5.15. To calculate the distance of obstacle on 

ultrasonic, use this rule L=v*t /2.  

 

 
 

 

Figure 5.15:Forward bending detection circuit 
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6.SIMULATION, TESTING AND IMPLEMENTATION 
 

This section presents and discusses project simulation in Proteus 8 software, practical testing for 
each component and fix the result according to get desired output and will also contain the 
prototype of the chair and clarify how the new additions are working to the chair using pictures. 

6.1 System Simulation 

Using the Proteus program, the electronic circuit of the project has been fully simulated as shown 
in the figure (6.1)  Simulations of any project before everything is very important as it will be 
useful in many things such as making sure of the components required for the experiment, draw a 
circuit diagram that will be useful for connecting the circuit later, check repeatedly the code used 
to activate the circuit as required. After the circuit is connected in Proteus, we will import the code 
file for Arduino Uno from the other program called "Arduino IDE". The code file must be in HEX 
format. 

The simulation results will be divided into three sections, which will represent the three added 
techniques that previously mentioned in chapter 5 like (FALL DETECTION) (FORWARD 
BENDING DETECTION) and (SMS SERVICES). 

 

 Figure 6.1: System Simulation 
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6.1.1 FALL DETECTION Simulation. 

 

 
 
The first technique is to use the accelerometer (GY-61 ADXL335) to sense any curvature of the 
chair such as falling on the ground. This sensor can measure the curvature of three directions (z, 
x, y), but the experiment actually needs to measure only two directions (x, y), which is enough to 
sense the fall of the chair from any side. Accelerometer (GY-61 ADXL335) cannot be emulated 
in the simulate software (Proteus 8) as it is not available in the list of components in this software 
and no Accelerometer library available. Then I decided to simulate something else that could take 
its place and do the same work. To create a variable volt source, use variable resistor and connect 
it to a volt source as shown in the figure (6.2). The change in the resistance value will affect the 
voltage output. After running the simulation, the microcontroller will read the value of ADS from 
(X, Y) and this value will change with the value of the voltage when changing the resistance value. 
Virtual terminal screen shows values of ADS for each X and Y.  

 

 

 

 

 

Figure 6.2: GY-61 ADXL335 Simulation 
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6.1.2 FORWARD BENDING DETECTION Simulation. 

 

 
 
The second technology in this circuit used an ultrasonic sensor and this sensor will be fixed behind 
the person sitting in the chair and make it detect his back or head all the time. In case the ultrasonic 
not able to detect his/ her back which mean she / he is bending her /his back forward while sitting 
in the chair. As shown on figure (6.3) there is extra pin on ultrasonic sensor called "simPin" and 
this will simulate the objective distance away from the sensor. The objective distance is depending 
on the value of voltage that applied to "simPin" so in order to control the distance value, we need 
to set variable resistor which can affect voltage value. Virtual terminal screen shows the objective 
distance. 

 

 

 

Figure 6.3: ultrasonic simulation 
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6.1.3 SMS SERVICES Simulation. 

 

 
 

The last technology in this circuit is used a keypad as an input. This technology offers several 
messages that a user can send to ask for help. So, all buttons in keypad contain a specific SMS that 
can be send. Virtual terminal screen shows several SMS that generated using first six buttons (1-
6).  

 

 

 

 

 

 

Figure 6.4:keypad simulation 
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6.2 System Testing  

Testing will be done on two technologies (FALL DETECTION, FORWARD BENDING 

DETECTION). The (FALL DETECTION) technology is entirely dependent on the accelerometer 

sensor and (FORWARD BENDING DETECTION) technology is entirely dependent on the 

ultrasonic sensor. The method of testing in this project will be through the Arduino program and 

specifically in the serial monitor and it's located at top right as shown on figure (6.5). This screen 

works like a screen of virtual terminal in the Proteus software, where it can communicate with 

Arduino by send and receive data between Arduino kit and software. And through this screen I can 

measure the distances of objects that block through the ultrasonic sonic. Also, I can understand all 

the changes to the ADS values when you bend the Accelerometer. The command code used to 

print desired data is "Serial. Print ();" 

 

 

 

 

 

 

 

Figure 6.5:serial monitor 
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6.2.1 FORWARD BENDING DETECTION TECHNOLOGY TESTING  

 

This technology used an ultrasonic sensor and this sensor will be fixed behind the person sitting 

in the chair and make it detect his back or head all the time. Now we must determine the distance 

required between the patient's back and the ultrasonic sensor as shown in the figure (6.6) and we 

will consider the required distance to be a critical distance where the sitting should be assisted. 

The critical distance will be determined using the serial monitor as shown in figure (6.7). From 

distance reading on serial monitor. I choose the critical distance which is 20 cm. So, If the patient 

bends away from the ultrasonic with a distance of 20 or more a warning buzzer will be activated. 

The "if" condition used for detecting the critical distance is shown on figure (6.8). 

 

 

    

 

 

 

 

 

 

               

Figure 6.6:Forward bending detection  

 
Figure 6.7:Forward bending distance reading 

 

Figure 6.8:Forward bending detection code 
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6.2.2 FALL DETECTION TECHNOLOGY TESTING 

The FALL DETECTION technology is used the accelerometer (GY-61 ADXL335) to sense any 

curvature of the chair such as falling on the ground. Now we must find the angle of curvature 

required for the chair and call it the critical angle, which is the angle between the bending of the 

chair and the ground as shown in the figure (6.9) & (6.10) and if the bending of the chair reaches 

the critical angle or more, then the system will detect it as falling and alarm will activate. The 

critical angle will be determined for each X & Y using the ADS values on serial monitor. First 

need to find the X & Y ADS values in case the chair stabilized. The ADS values for X & Y in case 

the chair stabilized is about (340-350) as shown in figure (6.11). The ADS values for X ADS 

values in case the chair reaches the critical angle towards positive direction is about (380) as shown 

in figure (6.12). The ADS values for X ADS values in case the chair reaches the critical angle 

towards negative direction is about (300) as shown in figure (6.13). After finding the ADS numbers 

that required to detect the chair bending, now I can easily set the condign on Arduino code to detect 

any falling could happen to this chair. The if condition used is "if(((x<300) ||(x>380)) || ((y<300) 

||(y>380)))". 

 
 

 

 

Figure 6.9:Forward bending detection circuit 

 

Figure 6.10:Forward bending detection circuit 

 

Figure 6.11: chair stabilized 

 

Figure 6.12: chair bending 

 

Figure 6.13: chair bending 
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6.3 System Implementation/Prototyping 

In this section will present the initial form(prototype) of the project and how it was done, materials 

used on prototype design and also explain the entire project mechanism. In this experiment we 

have added useful techniques that will serve wheelchair users and will display each technique 

separately using some images down below. 

6.3.1 Project prototype 

Evolution shape of the project form:  

The figure (6.14) shows the first prototype and full connection of the circuit which installed on 

breadboard device. Second prototype for this circuit was installed on stripboard as shown in figure 

(6.15). The final prototype of this circuit was designing the final form which include normal chair, 

plastic box to cover stripboard circuit, piece of wood comes with large pushbutton and so on. Final 

prototype is shown in figure (6.16).   

 

 

 

Figure 6.14: breadboard 

 

Figure 6.15: stripboard 

 
Figure 6.16: Final prototype 
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6.3.2 FORWARD BENDING DETECTION IMPLEMENTATION 

 

This technology uses only for people who cannot move their backs freely. So, if any one of them 

bent his back away from the ultrasonic sensor as shown in figure (6.17) the alarm buzzer will 

activate, and warning SMS will be sent. Figure (6.18) shows the SMS has been sent.  

 

 
 

 

 

 

 

 

 

 

 

Figure 6.17: Forward bending 

 
Figure 6.18:warning SMS 
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6.2.2 FALL DETECTION IMPLEMENTATION 

 

This technology is used to investigate any curvature or fall happening to the chair because the fall 

of the chair means the fall of sitting on it also. Then if the chair falls the alarm buzzer will activate, 

and warning SMS will be sent. Figure (6.20) shows the SMS has been sent.  

  

 

 

 

 

 

 

 

 

 

 

Figure 6.19:falling  

 Figure 6.20: warning SMS 
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6.2.3 SMS SERVICES IMPLEMENTATION 

 

SMS services provided for wheelchair users who cannot use mobile phone like some old people 

or children.SO, the keypad in this circuit contain six different SMS start from key 1 to 6. Figure 

(6.21) shows these SMS that has been sent using keypad buttons. 

 

 

  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.21: SMS SERVICES 
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7.CRITICAL EVALUATION 
 

This chapter contains all the problems and challenges that I have faced during the period of 

establishment of this project and will also contain actions taken to avoid all these problems. 

The biggest problem faced by this project is not only the technical problems, but the time it 

takes to fix them, since the time of the project is limited and short. Study of project data and 

requirements very well may reduce these technical problems in the future. 

GSM module replacement 

The GSM module is a very important part of this project as all the results of this project are in 

the form of text messages as described in chapter 6. At first, I used the GSM 900A after I 

adopted it in the list of components required for this project. After many attempts and 

experiments to program the GSM 900A through Arduino program it became clear that the GSM 

900A does not capture any signal. I thought at first that the problem was in the SIM card but 

after trying many SIM cards the problem was still there. For lack of time I replaced the GSM 

900A with another GSM module called A6 GSM for experiment only. Then I was surprised by 

the fast A6 GSM response and therefore I approved it for this project. The figure (7.1) & (7.2) 

shows the replacement of GSM module. 

 

 

 

 

 

Figure 7.1: 900A GSM  modem (jojo, 2016) 

 

Figure 7.2: A6 GSM  
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Loadcell replaced by pushbutton 

The Loadcell is a sensor used to measure pressure or weight, which was present in the list of 

selected components of this project. The goal of this sensor was just to place it on the chair and 

when a person sits on it the Loadcell sensor will give signals to the Microcontroller and prove that 

someone is sitting on the chair and when this happens the microcontroller will run the ultrasonic 

using code commands otherwise ultrasonic is off. Then I realized that it was very simple than I 

thought where I can make a big pushbutton and a place it on the chair and this button will be tied 

to the ultrasonic VSS and so will work when the person sitting. The figure (7.3) & (7.4) shows the 

replacement. 

 

 

 

Accelerometer simulation 

Accelerometer sensor is an important part of this project because reading the curve of the 

chair in technology (FALL DETECTION) depends on it. programing sensitivity was easy 

but activated in the circuit took a long time. Then it was successfully activated. The real 

problem that I experienced with this sensor is the emulated in the simulate software (Proteus 

8) as it is not available in the list of components in this software and no Accelerometer 

library available. Then I decided to simulate something else that could take its place and do 

the same work. The idea of this sensor is to provide a volt, and this voltage changes its value 

by changing the angle of the sensor itself. To create a variable volt source, use variable 

resistor and connect it to a volt source as shown in figure (7.5). The change in the resistance 

value will affect the voltage output.  

Figure 7.3: load cell 
(MOHAN_CHANDALURU, 2017) 

 

Figure 7.4: push button 
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Pushbutton design 

As shown in Chapters 5 and 6 that the ultrasonic Sensor will be tied to the pushbutton. 

Running this sensor will be by pressing this button continuously. Otherwise, the current 

will be disconnected from the sensor and will not work. In the prototype of the final form 

of the chair project, this button will be pressed by sitting on it, as the sensor sonic will work 

when sitting on the chair only. The challenge here is to leave the small pushbutton 

component and make a big button so that anyone, whether young or old, with different 

weights can sit on it without being damaged. The figure (7.6) shows the shape of the button 

that can be seated and connect the current to the sonic ultrasonic sensor. 

 

 
Figure 7.6:large pushbutton 

 

Figure 7.5: Accelerometer simulation 
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8.LEGAL, SOCIAL, ETHICAL AND SUSTAINABILITY 
ASPECTS RELATED TO THE PROJECT 

 

The goal of the experiment is to develop the chair and add some safety features that can save the 

patient's life, but before launching the project in any country, it is necessary to focus on some 

important aspects such as the ethic, social, legal and sustainability aspects related to this 

project .The success of the project will depend on these four factors which will all be discussed in 

this chapter. 

 

Society aspects 

This aspect will relate to all segments of society. As mentioned earlier this project will serve the 

health side of a specific group of patients who are disabled and other situations who use the 

wheelchair permanently or temporarily. As mentioned in one of the websites () in 2011, the 

proportion of the disabled 2.3% residents of Oman and the numbers are increasing. The project 

sure will be welcomed in the community because it can serve a large proportion of patients in the 

current community. 

Legal aspects 

The legal aspect of this project depends entirely on some government agencies such as the Ministry 

of Health and the Ministry of Social Development .  These government agencies have been and 

continue to support the disabled a lot and the guide is to provide private schools for them, private 

hospitals and vocational training centers also their own. An example of these schools (school of 

intellectual education), and hospitals such as (Ibn Sina). This conclude that our government in 

Oman spends millions in serving this class of people. And with such a government we will easily 

get a license to publish this project. 
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Ethics aspects 

This aspect is very sensitive and depends on some factors, such as the religious, moral aspects and 

traditions established in any country. There are many devices and inventions that are banned from 

importing from abroad because they violate some or all of the factors mentioned earlier because 

allowing them to enter may lead to a sensation in our society.On the other hand, this experience 

will only provide some safety systems that must be owned by every patient who uses the 

wheelchair, and such experiments will not conflict with anyone because they do not affect in any 

way the moral aspect of any state was. 

Sustainability aspects 

All components and products used in this project are friendly to the environment and cannot harm 

the nature. Also, the component used in this circuit are renewable and don't have any impact to the 

environment when using them.  
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9.CONCLUSIONS AND RECOMMENDATIONS 
 

This project aims to help people with physical disabilities like paralysis, handicapped those using 

the wheelchair in their daily lives. The project is focusing only on developing the wheelchair by 

providing some technologies to it These technologies are "FALL DETECTION", "FORWARD 

BENDING DETECTION "and "SMS SERVICES" All these technologies have been covered in 

term of their requirements, costs, system design, system analysis etc. First addition on this circuit 

called "FALL DETECTON" which used for detecting any possible fall of the chair which will also 

cause the disabled person to fall with it. If the chair falls in the ground, then alarm system will 

activate. Second addition called "FORWARD BENDING DETECTION" and this used for those 

are bending their backs around and they are not able to bend their backs to sit properly again. In 

that case also alarm will have activated. Both these additions used for safety. The last addition 

called "SMS SERVICES" which can help the disabled to request several things by sending ten 

different SMS to someone concerned to him / her. The main problems faced in this project was 

many of replacement occur to my components and the time given to finish the project was limited 

but in the end the project finish on the time. 

For further research, the wheelchair can developed by adding more additions to it like making fire 

alarm system  to avoid home fire ,automated wheels for easy movement, live camera to check the 

chair user condition anywhere and so many ideas could set in the future.  
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ABSTRACT 

The growing utilization of non-renewable resources and its vulnerability to exhaust has 

gradually led a shift to usage of renewable resources. There are various renewable resources 

used to generate power and nowadays one of the increasingly demanded opted resource is 

the solar energy. To attain this form of energy, solar trackers are used. Solar tracker is a 

device that comprises of solar panels which capture solar radiations to generate power. 

Various solar trackers have already been proposed previously. But most of these devices use 

extra sensors to detect the light intensity when the solar panel is itself a light sensor and to 

power up the internal components for working, external power setup is used to supply power. 

Therefore, this project aims at designing the controller in way that solar panel gets maximum 

power output by taking the real time clock values and the sensing of the solar panel to get the 

precise angle and position for the panel to move towards more sunlight intensity. The 

expected results of the proposed prototype are to improve efficiency by building a dual axis 

sun tracking system where the solar panel acts as a light sensor, to use the harvested energy 

for delivering power to the internal components for its working.  Also, to design the device 

in such a way that it captures solar energy not just from east to west to track the sun during 

the day but also changes its inclination during the summer’s sun and winter’s sun. Solar 

tracking systems need to be constructed in a way that would prove to be an optimized 

structure in different scenarios. The prototype will be IoT based to monitor and control the 

system. Thus, serve as an efficient and a sustainable solar tracking device.  
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1. INTRODUCTION 

The content of this chapter provides general introduction on the topic, a background, list 

of objectives and limitations of the project, also an outlined overview of the report. 

With development of economy and increasingly growing population has caused concerns 

for energy crisis at an alarming rate. The exploitation of renewable energy resources is one 

such answer to these problems (Wang and Liang 2013).  Conventional resources like fossil 

fuels which mainly includes coal, petroleum and natural gas is used to generate energy. 

And these fossils have been depleting since ages, and the time is not far when these 

resources will not be left anymore for the future if continues to be consumed at such rate. 

Therefore, it is a necessity of the hour to invest in resources that are renewable, which can 

sufficiently power the present as well as the future. 

 

 

Figure 1.1 Renewable and non-renewable energy resources (Den 2015) 

The Figure 1.1 shows different forms of renewable energy sources like solar, wind, 

geothermal, biomass and hydropower energy, and on the other hand illustrates non-

renewable sources like fossil fuels and nuclear energy.  
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 Background of the Project 

Solar energy is one of those renewable resources which is inexhaustible and abundant in 

nature. The rise in oil prices and the utilization of fossil fuels that have negative impact on 

the environment like the global warming issue has made this form of renewable source, 

solar energy turned to be an attractive energy source for many in the world, for industries 

and domestic purposes as well. It has proved to be an alternate source of energy to many 

industries and at the same time contributes its hand in depletion of environmental pollution.  

Sun’s energy has immense potential. Though it is unlimited in nature, the problem of 

harvesting energy is still a challenge as the solar array cells pose only limited efficiency. 

The efficiency range of the commercial available solar cells is usually between 10 to 20 

per cent (Pick My Solar 2018). It means that there is a room to improve their efficiencies. 

The proposed project aims at improving the efficiency of the solar panel, where tracking 

method is used. The tracking method positions and moves the panel to achieve maximum 

power output. 

Solar cells are the building units of a solar panel and these cells are photodiodes that convert 

the solar radiations into power (Tiwari et al. 2016). Solar cells are connected in a form of 

module that make up a solar panel. And then solar panels are connected in arrays to 

generate high amounts of power. Maximum power is generated when the sun comes in 

perpendicular to the surface of the panel. A panel needs to be positioned and angled in a 

way that maximum solar radiations fall on it thereby reaching maximum efficiency of the 

solar panel. 

Many studies have already been done on solar trackers in the past and continue to bring up 

systems with better concept and efficiency. There are mainly three types of sun trackers 

i.e. fixed axis sun tracker, single axis sun tracker and dual axis sun tracker. The Figure 1.2 

illustrates the difference between the fixed and tracking type of sun trackers in terms of tilt 

and axis of rotation of the panel. 
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Figure 1.2  Orientation of solar panel in different tracking methods  

The fixed sun tracker is a device where the solar panel is mounted at a fixed position and 

tilted in one direction, it can generate power only positioned at one direction. But in the 

single axis sun tracker, one motor is used to move the panel forward and backward 

following the sun (Elsherbiny et al. 2017). Later, dual axis sun tracker was developed 

where the same device followed the sun east to west and could be used during summer 

and winter’s too. This dual axis design, includes two motors where one would help the 

solar panel to follow sun’s movement from east to west during the day and the other for 

making change its direction (north to south) since there is a difference in the elevation of 

the angle of the sun’s position in summer and winter (Hamid et al. 2017). In all the three, 

the last described provides more power output as it is more efficient. 

 

 

Figure 1.2 Single axis trackers (Solar Power World 2018) 
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Figure 1.4 Dual axis solar tracker (Franken 2015) 

 

When reviewing different articles and projects it is been noticed that usually solar tracking 

systems that are already designed and implemented use extra sensors like light detecting 

resistors (LDR) either in numbers of two or four placed along the sides or corners of the 

solar panel respectively so that depending upon the intensity of light falling on the sides, 

the signal is sent to the respective processing components in order to make the motor 

provide direction to the solar panel towards more intensity of sunlight falling for generating 

maximum power. Thus, these systems have a separate sensing system for detecting the 

light intensity. Moreover, there are systems that use external power sources for the working 

of the internal components when the tracker itself is a power generating source. The single 

axis solar trackers do not track the sun efficiently during different seasons of the year as 

the sun’s elevation changes. 

The proposed project aims at improving the efficiency of the sun tracking system beyond 

compared to the above and previous systems discussed in literature. The proposed dual 

axis solar tracker prototype aims at eliminating the use of extra sensors to detect the 

intensity of light and use solar panel itself to sense light, thereby reducing the number of 

components involved and increasing efficiency of the panel. The tracker needs to be 

constructed and programmed in a way that makes the panel move east to west every day 
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and sets back at sunset for next day, also that the direction is maintained in summer’s and 

winter sun’s position. 

As the growing trend of IOT based systems have emerged. This system too will be 

controlled and monitored through an app. It will be able to provide power output details 

being in any place. 

 

 Project Objectives  

(i) To design and implement a dual axis sun tracking system by making the solar 

panel act as a sensor. 

(ii)  To build an energy harvesting sun tracking system and to make itself supply 

power to its internal components for its operation. 

(iii)  Attain optimization by providing direction to the panel using two motors, one 

for the east to west and the other for the inclination north to south. 

(iv) To make system provide two modes, one for testing and other for normal 

working mode, and to make the system IoT based for monitor and controlling 

the system by an app. 

 

 Project Limitations 

Every project has one or more limitations. This proposed idea is only for a prototype level 

it cannot be used in real life. Developers can enhance this project according to their 

requirements.  

- The power generated from the solar panel is used only to power the circuits within 

the system, thus the power harvested will not be enough to be used for any 

consumption application purpose. 

- During cloudy or overcast weather the performance of the system is unreliable. 

- There is higher mechanical complexity when building a dual axis solar tracker than 

a single axis tracker. As the system consists of mechanical parts there will be 
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maintenance where some adjustments or regular inspections may require as it is not 

just a “set and forget” system.  

- The prototype can handle only one solar panel weighing 150gms, in respect to the 

mechanical design, the setup will not be able to handle larger weight of the panel. 

- The system needs access to Wi-Fi to get the current time value. Without Wi-Fi the 

system will not work as required for the normal working mode. 

 

 Overview of the Project Report 

This section discusses the structure of the report. Chapter 1 provides an introduction on 

the project topic. It talks about the problem definition, the potential benefits as well the 

rationale for taking up this topic. A brief background is provided with lists of objectives 

and the limitations that come along are mentioned. Chapter 2 is the methodology, where 

it initially discusses various methodologies and then talks about the suitable methodology 

approach chosen for the project. A review of past related projects proposed by different 

authors are given in Chapter 3. The budgeting and project management section in Chapter 

4 covers the required project budgeting, the work breakdown schedule and the risk 

management involved. Chapter 5 includes the initial system design, hardware and 

software requirements, and the system design analysis of the project. Chapter 7 is about 

system testing then Chapter 8 is about critically analyzing the entire system and Chapter 

8 talks about the ethical and sustainability aspects of the project. Lastly, conclusions  and 

recommendations are drawn in Chapter 9.  
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2. METHODOLOGY 
A methodology model is a project management method where it helps in the development 

process of any project. There are different types of methodologies. This chapter will discuss 

few models and then explain the suitable methodology adopted for the development of the 

project. 

2.1 Waterfall  

Waterfall methodology is a sequential project management process. There are mainly six 

phases i.e requirements, system design, implementation, testing, deployment and 

maintenance. One can move on to next phase only when the prior phase is completed and 

once a phase is complete means the phase has ended. In this type of methodology, it is not 

allowed to return to previous stage or phase.  To revisit a phase, the process needs to start 

over from the initial phase back again. This model is useful when the potential requirements 

are fixed and documented and there are no unclear or ambiguous requirements. The system 

process is understood and is not dynamic (Tutorials Point 2015). 

 

2.2 Spiral 

Spiral model is a mix of waterfall model with high emphasis on risk analysis and process 

of iterative development. It consists of mainly four phases i.e planning, risk analysis, 

engineering and evaluation, and a project goes iteratively through these four phases 

repeatedly known as spirals. This form of model is usually used in large (software) 

projects where requirements are too complicated and need clarity continuously, budget 

constraints are there, and continuous evaluation of risks is crucial. Therefore, in projects 

that are medium to high risk, iterations are carried to rectify the errors detected at every 

phase (Slide Share 2015).  
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2.3 V-model 

V-model is also known as the Verification and Validation model methodology. It is an 

extension of the waterfall model and provides execution of processes in a sequential way. 

In this, the testing stage is associated with each corresponding development phase. It gives 

importance on correctness and performance. Moreover, it is used in small projects where 

budget risk is high. The model is simple, the requirements are properly understood and are 

fixed, also the testing phase starts from early stage. And defects will be found in the early 

stages (Tutorials Point 2015). 

 

Figure 2.1 V – model  (Tutorials Point 2015) 

After going through three types of methodology waterfall, spiral and v model, v model 

suits the best for the project. Waterfall and spiral is usually more suitable for software based 

projects, but in this project both software and hardware is involved. In waterfall and v- 

model the requirements are simple and fixed when compared to spiral. Waterfall model 

does not allow to revisit a previous phase to make changes until it has started back from 

initial phase, but v-model asks to carry out testing from initial phase where if any defects 

occurred could be corrected that time itself. Therefore, this project requires testing from 

initial phase and v-model allows it. The v - model will avoid defects that usually happens 

in downward flow i.e is in latter stages like that of waterfall model. And v- model is 
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preferred over spiral because spiral is for bigger and complicated projects where risk 

analysis is very important. 

There are two phases known as verification phase and validation, joined together by coding 

form V – model.  

• Requirement analysis – in this phase, all the necessary information is gathered 

where firstly the problem definition is understood, different research papers are 

read as a literature review to understand concepts, find gaps, and suggest 

improvements in previous system. Then collecting different datasheets of various 

components to get ideas. 

• System design- In this part, functional block diagram is made, and a flowchart is 

drawn to understand the process of the system. Based on the system design, system 

test plans are made at this phase.   

• Architectural design -At this stage, as the circuit is broken down into functional 

blocks, each block is worked out to identify the technical requirements in terms of 

hardware and software. Based on this design, integration tests could be developed. 

• Module design – at this level after finding the technical requirements of each block 

what other requirements are there to join these blocks. For example, in this project 

signal conditioning is required, voltage regulators are required for proper supply of 

power to the components. Therefore, in this phase detailed internal design is 

specified so that they are compatible with other modules. Also, unit tests are 

developed so that it helps to eliminate maximum errors and faults at early phase 

itself.   

• Coding – All the programming that needs to be done to interface the components 

to the controller comes in this stage. 

• Unit testing – in unit testing, the whole circuit is broken down into small units. And 

for each unit, tests are performed through simulation and experimentally. Basically, 

the unit tests that were planned in the module design are carried out. 

• Integration testing- At this level, all the small units are combined one by one and 

tests are performed. These tests are those planned at architecture design phase to 

check the communication and coexistence of the other modules in the same system. 
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• System testing – The whole system is tested for various scenarios through 

simulation and experimentally. This stage is associated with the system design 

phase because the system test plans were developed at that phase. 

• Acceptance testing – At this part, all the theoretical, simulated and experimented 

results are compared and verified. This stage is associated with requirements 

analysis. It is more about testing the product/system in the user environment. 
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3. LITERATURE REVIEW 
This chapter provides a review of past related projects proposed by different authors. A 

summary of the review is given in a form of table that mentions the approaches or concepts 

adopted, the inconsistencies and improvements. 

3.1 Past related projects 

There are various types and kinds of sun trackers. Initially, sun tracker was implemented 

based on fixed tilt sun tracker where the solar panel is kept fixed at a specified angle 

only. However, this did not serve much power output and efficiency as the sun’s 

trajectory changes throughout the day. Therefore, with time another tracker known as the 

single axis tracker was designed. In this, the system tracks the sun from east to west 

during the day and thereby generates power. 

Two authors developed a single axis tracker where it comprises of two LDR’s as the light 

sensor, an Arduino UNO for the controller and a servo motor to move the panel. In this, 

as the LDR’s experience sunlight on its surface, the analog value is sent to the ADC’s of 

the Arduino UNO respectively. The differences occur at the node voltages of the 

controller and then the servo motor moves the panel towards the LDR experiencing 

higher intensity where the motor is programmed accordingly (Sengupta and Das 2016). It 

is a simple and low-cost design. A good controller is being used by the author as it has 

almost all the features that needs to support a microcontroller. It is seen that usually the 

servo motor turns only in 90° direction and has total of 180° movement only. Servo 

motors cannot provide much torque as a stepper motor. A stepper motor is relatively 

cheaper and can provide better accurate directions. Sadeque and Ahsan designed a similar 

single axis tracker  but in this extra light sensors are eliminated instead only the output of 

a 5W solar panel is used as the sensor, making the panel optimized. The idea of 

eliminating the extra sensors reduces the components. They used ATmega32 as the 

controller with variable reluctance stepper motors. The figure 3.1 shows the mechanical 

setup of their tracker. The panel weighs only 6kg and the torque of the stepper motor 

chosen is 20kg-cm to provide sufficient torque, to take weight of the structure as well as 

to withstand extreme wind conditions ( Sadeque and Ahsan 2014). The common 
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drawback of these two systems is that it cannot be used in different seasons as the sun’s 

inclination changes too, thus adding one more motor for that purpose can make it more 

efficient. 

 

Figure 3.1 Hardware implementation ( Sadeque and Ahsan 2014). 

Another single axis system proposed by Anusha and Reddy is based on the concept of 

Real Time Clock. In this, the microcontroller reads the real time clock and then checks 

with the stored values, when the values found matched, corresponding direction value is 

given to the motor to move the panel. Concept of RTC in sun tracker is that it takes the 

real time clock value and compares with the previously stored values and makes the panel 

move in the respective direction for the matched value (Reddy and Kaurvi 2015). This 

can prove to be efficient system as in case the system fails to work due to any reason and 

when repaired, there is a delay in time and this system with RTC would not just follow 

the stored values but match with the current time too. But not necessarily it will give the 

exact position to the panel as it is not operating actively using the sensor output, it is 

operating only based on fixed control algorithm. 

A study implemented a dual axis solar tracker where the photovoltaic panel rotates in two 

ways to get precise position, to get maximum sunlight intensity fall on the panel. In this 

system, PIC 18452 a low-cost controller is used and 4 LDR’s as light sensors is used to 
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send analog output to the ADC of the micro controller through a voltage divider as a 

simple conditioning circuit. The microcontroller takes the analog value of the LDRs and 

compares within and then sends command to a motor driver L298N where it is a full 

bridge driver and runs the two motors. In this, DC motors provide the directions to the 

panel. Therefore, the control system tracks the sunlight actively. The authors tested the 

efficiency in fixed, single and dual axis solar tracker and it was found that when 

compared with fixed axis, single axis increases the efficiency by 30% and the dual 

tracker by 36% (Ibrahim and Saluos 2016). 

There is another type of dual solar tracker developed where it uses a single motor. It uses 

a cylindrical shaped wood kept on the center of the solar panel with four LDR’s placed 

on the panel close to the cylindrical wood, the concept can is shown in Figure 3.2. Two 

LDR’s are for sensing the light from east to west and the other two from south to north. 

The concept is such that when the panel does not face the sunlight perpendicular, then the 

shadow of the cylinder falls on to one or two of the LDR’s causing the LDR’s to have 

difference in their intensities. But it is been seen that the cylinder placed is not actually of 

a small radius and it covers a portion of the panel, thereby decreasing the efficiency of 

the panel in this method. The prototype does not use any programming or computer 

interface but is only based on electronic circuits which is cost effective. It also uses an 

inverter that provides power to entire system as well as to drive the motor (Wang and 

Liang 2013).  

 

Figure 3.2 Concept of sensing device using LDR’s and cylindrical wood (Wang and 

Liang 2013) 
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Table 3.1 Summary of literature review 

S.no  Title and 

author  

Concepts, approach 

and issues adopted 

Inconsistencies, 

gaps and 

contradictions 

Improvements 

1. Single Axis 

Solar Tracking 

System using 

Microcontroller 

(ATmega328) 

and Servo 

Motor - 

Krishanu Das, 

Maitrayee 

Sengupta 

- Used a good 

controller 

(Arduino UNO) 

that has great 

features to 

support a 

microcontroller. 

- Uses the ADC 

pin of the 

controller to 

send analog 

value received 

from the sensor. 

Adding one 

more motor 

makes the 

system more 

efficient by 

making the 

panel not just 

east to west but 

also north to 

south. 

 

 

Instead of 

servo, a 

stepper motor 

could be used. 

Servo motor 

turns only in 

90° direction 

and has total of 

180° 

movement. 

Stepper motor 

has more 

torque and 

cheaper. 

2. Design and 

implementation 

of a single-axis 

automatic  

Solar tracking 

system -  

Fahmid 

Sadeque,  and 

Md. Q. Ahsan 

- Instead of using 

extra sensor 

components, 

uses the solar 

panel itself as a 

sensor. 

- Chooses 

stepper motor 

torque greater 

than the weight 

of the panel to 

make it 

Only efficient 

during one 

season. The 

sun’s position is 

different in 

summer and 

winter. Thus, 

this single axis 

will not be able 

to track 

accurately. 
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withstand in 

extreme wind 

conditions. 

3. Design and 

Development 

of Real Time 

Clock based 

efficient Solar 

Tracking 

System -  

K. Anusha, 

Mohan Reddy 

- Applies concept 

of Real Time 

Clock. Helpful 

in cases of 

system failure 

where after the 

repair instead 

of the delay 

time, the 

system 

compares with 

stored values 

and matches 

with the current 

time.  

 Based on fixed 

algorithm only. 

It can operate 

actively by 

using the 

sensor output 

to increase 

efficiency. 

4. Dual Axis 

Solar Tracking 

System Using 

Pic 

Microcontroller 

-  

Eyad Ibrahim 

and Wasif Al 

Saluos 

- Dual axis 

tracker uses 

two D.C motors 

for tracking. 

Could be used 

summers as 

well as in 

winters. 

LDR’s have 

been used as 

sensor when 

solar panel itself 

is a sensor. 
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5. Design and 

Implementation 

of a Sun 

Tracker with a 

Dual-Axis 

Single Motor 

for an Optical 

Sensor-Based 

Photovoltaic 

System - 

 

Jing Min 

Wang  and 

Chia Liang Lu 

 The wide 

cylindrical 

wood kept on 

the panel covers 

a portion of the 

panel which 

makes it lose its 

efficiency. 

 

Though cost 

effective as it 

is based on 

electronic 

circuits but 

there are 

chances of 

lower lifespan. 

Having 

programming 

or computer 

interface 

reduces 

components 

also its easier 

to check any 

technical 

issues.  

 

  



 

17 
 

4. BUDGETING AND PROJECT MANAGEMENT 
The below subsections cover the project budget, the work breakdown schedule and the risk 

management involved in the project.  

 Project Budget  

Table 4.1 provides the tentative cost of various components/devices/parts with total 

approximate cost required in the development of this prototype. 

 

Table 4.1 List of Components 

S.no Item Quantity Amount 

(OMR) 

1. Microcontroller -  NodeMCU  1 5.500 

2. Motor driver  L293D 2 0.8 

3. Stepper Motors 2 8 

4. Solar panel 1 3 

5. Battery 1 1.2 

6. Resistors 2 0.2 

7. Voltage regulators 3 0.300 

8. Parts for fabrication of mechanical 

assembly 

1 20 

9. Breadboard and Wires 1 2 

Total cost= 41 OMR    
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 Project Schedule 

The project work schedule is provided in Table 4.2 Each week some tasks were allotted to 

be completed on time. 

Table 4.2 Work Plan I 

 

The work plan for the planning phase is given in Table 4.2. All the tasks were up to date 

but until week 6, when it came to identify the hardware requirements it took longer than 

allotted. This was because designing of circuits task also had to be done at the same time 

and suitable component/part had to be chosen by checking the availability. System design 

and analysis were being done side by side till week 10. Rest of the tasks were performed 

on time. The preparation of report was completed by Week 13. 
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Table 4.3 Work plan II 

 

The work plan for implementation phase is given in Table 4.3. The simulation took about 

six weeks which included unit and integrated tests. The same unit and integrated tests were 

performed for hardware. Then it about six weeks to write the software programs. 

Eventually, systems testing was started in week 9 and followed by critical evaluation and 

discussion on the social, ethical , legal and sustainability aspect of the project was done. 

Last but not the least six weeks were for preparing the final report. 

 

 Risk Management 

For every project there will be at least few risks involved. The different risks and challenges 

involved in this project are, 

1. Technology risk – Firstly, when the hardware components are to be identified, 

countless models are found on the search engine but choosing is a difficult task as 

the availability needs to be checked at the store or else ordered before time so that 

it does not disturbs the work schedule. Another issue is the unfamiliarity of 

programming a NodeMCU, though the concept of writing a program will be mostly 

same but since it’s a new device to be worked on, therefore workshops will be 

attended, and different online sites will be gone through to program NodeMCU .  
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2. Management risk – Cost estimation varies it is not fixed. Sometimes there will be 

a need to change burnt or defected components thus ordering extra ones in advance 

is always better. Another issue is that in this project, generated voltage readings 

have to be noted down using the solar panel system during various times of the day. 

So, it has to kept in an open area where sun’s rays fall on it directly. And if there 

are days of overcast weather it might hamper the flow of the project tasks. Thus, 

such tasks should be tried to be done before time. 

3. Time risk – Poor time management may lead to incompletion of the project on time. 

It is important to be very systematic and meet the timelines for each task. Even 

though time is divided to each task there will be times when one task may get 

prolonged than the allotted time, in such situations it should be made sure that 

enough time is given to next tasks so that everything is balanced at the end. 
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5. DESIGN AND ANALYSIS 
The content of this chapter provides four subsections, system initial design, technical 

requirements, schematic circuit diagram and the design and analysis of the system. 

 System Initial Design   

This subsection includes system block diagram and flowchart that will illustrate the 

working. 

5.1.1 System Block Diagram 

The figure 5.1. shows block diagram of the system where the solar panel generates voltage 

and is stored in a battery through a voltage regulator. 

 

Figure 5.1 Block diagram 

 

Voltage 
regulator 
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The microcontroller, motor drivers and motors take power from this battery for operation. 

The voltage flowing to these three components are regulated using voltage regulator. The 

analog signal from the panel is sent to the ADC pin of the microcontroller through a signal 

conditioning circuit. The microcontroller drives the motors using motor driver. There are 

two motors, one is for moving the panel in east to west direction and the other from north 

to south. The microcontroller is connected to Wi-Fi so that it can access to current time for 

a purpose and send information to the server.  

 

5.1.2 System Flow chart 

6 The figure 5.2 illustrates the process of the system. The mechanism starts with the 

tracker in rest mode. As the solar panel receives sunlight it starts charging the 

battery. Once charged, provides power to the components and they then come in 

operating mode. The microcontroller checks if it is switched to test mode or normal 

mode , so that it knows the panel position and moves the motors accordingly. The 

tracker in normal mode and moves towards west and after sunset it goes back to 

position facing east. Again, the next day, turns north to south to check if the sun’s 

position has changed. And the same procedure continues. The test mode has the same 

procedure only that it operates faster as less delay is given for moving the panel. 
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Figure 5.2 System Flowchart 
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 Technical Requirements  

This subsection includes the hardware and software requirements. 

5.2.1 Hardware requirements  

• A solar panel should produce voltage in the range 12.9V-14V to charge a battery 

of 12V. 

• A signal conditioning circuit must be designed to make the analog value from the 

panel below 3.3V to feed to the ADC of the microcontroller. 

• A microcontroller should provide step pulses to drive the stepper motor using motor 

driver. 

• One stepper motor should provide direction to the panel from east to west  and other 

stepper motor from north to south. 

• A battery of 12V 1.25Ah stores voltage generated from the solar panel using a 

voltage regulator. 

• The battery should power the microcontroller and the two motor drivers using 

voltage regulator. 

• A stepper motor should provide steps of 1.8o to the panel. The torque depends upon 

the weight of the panel. 

• The microcontroller must provide Wi-fi to have access to current time and, to 

control and monitor through an app. RTC can be used as a separate module also to 

have current time. 

 

5.2.2 Software requirements  

• A simulation software to carry out simulation tests. 

• Software programs are required for  

       - reading the voltage of the panel from the ADC 

       - motor control to control two stepper motors. 
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       - to have access to Wi-fi for current time 

       - to provide two modes for running the system i.e. test mode and normal 

working mode. 

• Software for developing an app for monitor and control 

 Schematic Diagram 

As sunlight falls on the solar panel, it generates electricity. This dual axis solar tracker, will 

track the sun throughout the day from morning 6am to evening 6pm. For a total of 12 hours, 

the solar panel experiences different light intensities during different times of the day and 

generate voltage. 

The working operation of the system is such that when the sunlight falls on the panel, the 

generated voltage will be stored in a battery through a voltage regulator. After the battery 

gets completely charged, it will provide the required voltage to different components of the 

system i.e. the microcontroller and the two motor drivers. The voltage that is supplied to 

these components will be regulated using another voltage regulator. The voltage and 

current supplied to the motor driver is in range for the stepper motor to meet its operating 

requirements. Now, that the components meet the operating ratings come into operating 

mode. 

As the microcontroller comes into operating mode, first it checks the input whether the 

system needs to be operated in normal working mode or test mode for demonstration. For 

the normal working mode, the microcontroller gets access to wi-fi first to know the 

current time. It then matches the time with specific steps (time associated with the angle 

for maximum voltage output) that the motor needs to move that are already been defined 

and stored in the controller. Therefore, in the normal working mode, for every hour the 

current time is checked, and accordingly predefined steps are given to the motor drivers 

so that the motors rotate the panel for each hour during the day from morning to evening.  

Test mode is for demonstration purpose only, the same steps are moved by the solar 

panel, the difference is that the delay given is less and not based on hour as for 

demonstration purpose one cannot wait for the whole day to see its operation. 
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Figure 5.3 Schematic diagram 
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Now, for better optimization the panel is used as a light sensor. The ADC pin of the 

NODEMCU senses the analog signal coming from the solar panel through a signal 

conditioning circuit where a voltage divider network is used, to bring down the high 

voltage value to a lower value so that the ADC pin does not get damaged as it can work 

within a value range only. The voltage that is received at the ADC pin can be monitored 

at the serial monitor or on the app to track the voltage levels at different intervals. 

 

 System Design & Analysis 

• Solar panel  

In the circuit, 12V panel is used that produces maximum of 14V.. In order for the 12 V 

battery to be charged it requires at least 13V input voltage. This is because voltage 

always flows from higher to lower level. And for 13V input voltage to be fed for the 

battery, it has to be regulated. The voltage that comes from the solar panel cannot be fed 

to the battery directly as it is varying signal it will damage the battery. Therefore, instead 

of a voltage regulator , a solar charge controller is used. The solar charge controller 

manages the input coming from the panel to the battery. 

 

• Microcontroller  

For microcontroller requirements, an ADC pin is required, eight GPIO pins are required 

for driving two stepper motors, one GPIO pin is used as a switch for test and normal  

working mode. 

Therefore, NodeMCU ESP8266e version1.0 is chosen as it has only one ADC pin which 

is required.  Eight GPIO pins are used, four each for the input of motor drivers. Since, a 

Wifi module is required in the circuit, this NodeMCU has inbuilt Wi-fi chip, thus decreases 

component number. To operate the NodeMCU, 5V and 200mA are the operating ratings. 

And a 5V voltage regulator is required to provide regulated supply to this controller. 
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Figure 5.4.1 Pin diagram of NodeMCU  (IFuture Technology 2018) 

 

• Stepper motor 

Two motors are required for providing steps to the panel. A bipolar stepper motor is chosen 

of the model NEMA 14 SY35ST28-0504A having torque of 1kg-cm. 

There are two types of motors used mainly in solar trackers, servo and stepper motors. Out 

of them stepper motor is chosen as it can rotate full 360o and in steps. The one chosen 

moves 1.8 o per step as the total number of steps revolution is 200. The usual servo motors 

can only rotate upto 180o for angles 0o, 90o and 180o only. 

The weight of the panel is 150gms and in the mechanical setup the weight of panel will be 

on a shaft. The motor will rotate the shaft and the torque required will be lesser. On the 

other hand, considering the heaviness of the setup , the motor should be able to withstand 

the weight of the panel. Therefore, the torque chosen for the motor is 2.8kg-cm. 

 

• Motor driver 

To drive these bipolar stepper motors, suitable motor driver is required. The chosen bipolar 

stepper motor works at 12V and 400mA. So, a motor driver is required that can supply 
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voltage and current in the range required by the motor. Two  L293D’s are chosen as the 

motor driver that can drive two bipolar stepper motors. 

 

Figure 5.4.2 Pin diagram of motor driver (Instructables 2016) 

The ratings of a L293D are 

- Vcc1 – 5 to 7 V 

- Vcc2 - 9 to 36V 

- Maximum input current at Vcc1 10mA  

- Maximum input current at Vcc2 600mA  

For Vcc1 5V is chosen to supply through a regulator because already a voltage regulator 

for 5V is being used. Another 12v voltage regulator for Vcc2 is taken as it is the voltage 

required for the stepper motor. In this, either a voltage regulator could be used, or the load 

connection set at 12V from the solar charge controller could be used. 

 

• Voltage regulator 

Two fixed voltage regulators VR1 and VR2 and VR3 are required for 5V.  

The 5V voltage regulator has to supply 5V with 200mA to the microcontroller and 100uA 

to each Vcc1 of the two motor drivers. therefore, 5V voltage regulator with total of 220mA 

is required. 
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• Battery 

The battery to supply voltage to microcontroller and motor driver, voltage regulators are 

used to provide regulated supply from the battery. The voltage regulators will be connected 

in parallel from the battery point. From the two voltage regulators, 10V one is the highest 

regulator. Therefore, the battery should have at least 11.5V value. And the total current 

required to provide of the regulators is 1.22A .The chosen battery voltage is 12V, 1.25Ah. 

 

• Signal conditioning circuit 

To use the solar panel as a sensor , it will be connected to the ADC pin of the 

microcontroller. The ADC maximum input voltage is 3.3V. thus greater voltage at the 

input will damage the controller. A signal conditioning circuit is used where a voltage 

divider network is used to bring down the highest level of voltage to ADC pin range. 

Considering 3.3V as the maximum input at ADC. 

For voltage divider network 

Considering maximum voltage at ADC, Vout = 3V  

Maximum voltage from solar panel, Vin = 14V 

Let R1 = 10kΩ 

R2=  
����	�	��

�	
�����
 

= 
�	�	�

����	
  

R2 = 2.727kΩ 

Therefore, with these R1 and R2 values the voltage divider will provide 3V for maximum 

of 14V solar panel. 

To perform the simulation, Proteus version 8 will be used. Arduino IDE is required to 

write codes. To have testing mode and working mode, for the two modes a program will 

be written and a switch will be used to change the modes. 
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6. SIMULATION, TESTING AND. 

IMPLEMENTION  

 

6.1 System testing  

6.1.1 Unit testing 

 

6.1.1.1 Test plan I 

In the figure… different test points are marked. These points are checked through 

simulation and hardware to get the desired values. 

 

Figure 6.1 Test points in the circuit 

 

Test point T1 

First test plan, T1 is to test the output of the solar panel. Since it is a 24V solar panel, three 

different values are considered as its output for testing purposes. 
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1)20V ( minimum ) 

2) 24V  

3) 28V as the maximum output it can produce. 

For simulation testing of the solar panel, a D.C source and a potentiometer is used to get 

the variable voltage. To yield the above three voltages from the potentiometer, the 

percentage at which the potentiometer needs to be kept is theoretically calculated as below 

and simulated. 

To achieve the minimum value of 20V from the 28V D.C source source, 

Where 20V of 28V means 

�

�
 x 28 = 20 

x= 
���

��
 = 71.42% 

 

When 24V of 28V means 

�

�
 x 28 = 24 

x= 
����

��
 = 85.71% 

And to show that the solar panel has 28V at its maximum output the potentiometer needs 

to be kept at 100%, since a 28V D.C source is used for the simulation. 
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Input from DC 

source 

(V) 

Potentiometer 

percentage 

Required output 

voltage 

(V) 

Simulated output 

voltage 

(V) 

28 71% 20 19.9 

28 85% 24 23.8 

28 100 28 28 

Table 6.1 

 

Test point T2 

The second test point is at the voltage divider where being fed to the ADC of the 

microcontroller. The ADC of the chosen microcontroller can accept upto 3.3V only 

therefore a voltage divider is been used so that the high voltage coming from the panel does 

not damage the ADC. To be on the safer sider, the maximum input the ADC can accept is 

considered as 3V. 

Considering three voltage values from the panel 20V, 24V and 28V.  

Design calculation  and simulation  

1) When Vin in 20V  

Vout = 
�	
	��

�����
 = 

�	�	�.��

��	�	�.�	�
 = 2.142 V 
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2) When Vin in 24V 

Vout = 
�	
	��

�����
 = 

��	�	�.��

��	�	�.�	�
 = 2.571 V 

 

3) When Vin in 28V 

Vout = 
�	
	��

�����
 = 

��	�	�.��

��	�	�.�	�
 = 3 V 

 

Table 6.2 shows the theoretical , simulated and hardware output for the voltage divider. 

D.C power supply is used as the voltage source for the hardware verification. 

 

Input voltage 

(V) 

Theoretical output 

(V) 

Simulated output 

(V) 

Hardware output 

(V) 

20 2.142 2.14 2.1 

24 2.571 2.57 2.5 

28 3 3 2.9 

Table 6.2 

 

Test point T3 

At this point the output of a 5V voltage regulator is tested to supply regulated 5V for the 

motor driver to work. 
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According to the datasheet of this 7805 IC, it is been mentioned that voltage in the range 

7V to 35V will provide regulated 5V at the output. Different values of input voltage was 

given to this regulator to test the point and checked through hardware and simulation . 

 

Voltage input 

(V) 

Simulated output 

(V) 

Hardware output 

(V) 

6 4.81 4.84 

8 5 5.01 

10 5 5.01 

12 5 5.01 

14 5 5.01 

 

Table 6.3 ….. 

 

Test point T4  

This test point is associated with program where a program needs to be executed that 

controls the motor. This test point is carried out as Test program in section… . moreover, 

the Arduino keeps sending pulses continuously where if a multimeter is used to check the 

voltage at the input pins of the motor driver, it fluctuates 0V and 5V. 

 

6.1.1.2 Test plan II 

In this test plan , the voltage and current readings are taken for a 12V 5W solar panel kept 

on a fixed axis. The reading were taken manually using multimeter at different intervals. 

The angle for the fixed tilt of the solar panel is calculated using the formula; 

Angle tilt = latitude x 0.87  
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Since, Muscat is in northern hemisphere, the panel needs to turn towards south and the 

latitude is 23.58 degrees. 

Therefore, the angle tilt of the panel from the base will be 20.514 degrees and facing 

towards south. The readings in the figure… were taken on 20.3.2019. 

Time Voltage Current 

6:00 11.93 0.31 

7:00 12.86 0.33 

8:00 13.08 0.34 

9:00 13.2 0.34 

10:00 13.25 0.34 

11:00 13.35 0.36 

12:00 14.45 0.35 

1:00 13.65 0.36 

2:00 13.6 0.35 

3:00 13.44 0.36 

4:00 13.35 0.35 

5:00 13.2 0.33 

6:00 10.99 0.27 

 

 

6.1.1.3 Test plan III 

In this test plan, the elevation and the azimuth angle are measured at the point where the 

solar panel is perpendicular to the sun for every hour. With this, the voltage and current 

readings are also taken. For this experiment the 5W solar panel is taken and a small pin 

was attached to the center of the panel to observe the shadow of the pin on the surface 
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until it reaches exactly at the center itself meaning the panel has been aligned 

perpendicularly to the sun. Therefore, as no shadow of the pin falls on the panel only on 

the pin point itself, the respective angles were noted down on 25.3.2019. 

Time(morning 

to evening) 

Elevation 

angle 

(degrees) 

Azimuth 

angle 

(degrees) 

Voltage(V) Current(A) 

6:00 75 (no 

shadow) 

0 11.93 0.31 

7:00 70 5 12.86 0.33 

8:00 55 10 13.08 0.34 

9:00 50 20 13.2 0.34 

10:00 20 30 13.25 0.34 

11:00 15 50 13.35 0.36 

12:00 20 85 14.45 0.35 

1:00 30 130 13.65 0.36 

2:00 40 150 13.6 0.35 

3:00 50 160 13.44 0.36 

4:00 65 170 13.35 0.35 

5:00 80 170 13.2 0.33 

6:00 80(no 

shadow) 

170 10.99 0.27 

 

6.1.1.4 Test plan IV 

In this test plan, the elevation angles and the azimuth angles that were recorded in 

table…. Are converted into steps for the motor to rotate. 
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The stepper motor chosen moves 1.8 degree per step. In total, takes 200 steps to make 

one revolution. Therefore, to know the number of steps to be moved by the motor, the 

given angle should be divided by 1.8 degree. 

Time 

(morning 

to evening) 

Elevation 

angle 

(degrees) 

Steps  Actual 

steps for 

motor  

Azimuth 

angle 

(degrees) 

Steps   Actual 

steps 

for 

motor 

6:00 75 (no 

shadow) 

42 0 0 0 0 

7:00 70 39 3 5 3 3 

8:00 55 31 8 10 6 3 

9:00 50 28 3 20 11 5 

10:00 20 11 17 30 17 6 

11:00 15 8 3 50 28 11 

12:00 20 11 -3 85 47 19 

1:00 30 17 -6 130 72 25 

2:00 40 22 -5 150 83 11 

3:00 50 28 -6 160 89 6 

4:00 65 36 -8 170 94 5 

5:00 80 44 -8 170 94 5 

6:00 80(no 

shadow) 

44 -8 170 94 5 

 

 

6.1.1.5 Test plan V 
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In this test plan, software test programs required for the specific operations are tested.  

Test program  TP 1 - Program for reading analog value through ADC pin 

const int analogInPin=A0; // select the input pin for the panel 

float value =0; 

float sensorvalue; //variable to store the value coming from the sensor 

float R1 = 10000.0; 

float R2 = 1200.0; 

void setup() { 

  // put your setup code here, to run once: 

 Serial.begin(9600); 

  

} 

void loop() { 

  // put your main code here, to run repeatedly: 

 value = analogRead(analogInPin); 

 sensorvalue = value*(3/1023)*((R1 + R2)/R2);  //this formula makes the ADC read 

voltage value from 0V to 28V 

  Serial.print("ADC value= "); 

  Serial.println(value); 

   Serial.print("Voltage reading=  "); 

  Serial.println(sensorvalue); 

  delay(500); 

   

} 



 

40 
 

Test program TP2 – Program for accessing current time through Wi-Fi 

#include <NTPClient.h> 

#include <ESP8266WiFi.h> 

#include <WiFiUdp.h> 

 

const char *ssid     = "eduroam"; 

const char *password = "cupcake_9971"; 

const long utcOffsetInSeconds = 14400; 

// Define NTP Client to get time 

WiFiUDP ntpUDP; 

NTPClient timeClient(ntpUDP, "pool.ntp.org", utcOffsetInSeconds); 

void setup(){ 

  Serial.begin(115200); 

  WiFi.begin(ssid, password); 

  while ( WiFi.status() != WL_CONNECTED ) { 

    delay ( 500 ); 

    Serial.println ( "." ); 

 

  } 

 // Print local IP address and start web server 

  Serial.println(""); 

  Serial.println("WiFi connected."); 

  Serial.println("IP address: "); 

  Serial.println(WiFi.localIP()); 
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  timeClient.begin(); 

} 

void loop() { 

  timeClient.update(); // Initialize a NTPClient to get time 

  Serial.println(timeClient.getFormattedTime()); 

  delay(1000); 

} 

 

Test program TP3 – Program for controlling a stepper motor 

#include <Stepper.h> 

int in1Pin = 5; 

int in2Pin = 4; 

int in3Pin = 0; 

int in4Pin = 2; 

// change this to the number of steps on your motor 

#define STEPS 200  

Stepper motor(STEPS, in1Pin, in2Pin, in3Pin, in4Pin);  

void setup() 

{ 

  pinMode(in1Pin, OUTPUT); 

  pinMode(in2Pin, OUTPUT); 

  pinMode(in3Pin, OUTPUT); 

  pinMode(in4Pin, OUTPUT); 
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  // this line is for Leonardo's, it delays the serial interface 

  // until the terminal window is opened 

  Serial.begin(9600); 

  motor.setSpeed(20); 

} 

void loop() 

{ 

    motor.step(1); 

    delay(500); 

} 

Test program TP4 -  Program for test mode 

#include <Stepper.h> 

  

#define EMpin1 5 

#define EMpin2 4 

#define EMpin3 0 

#define EMpin4 2 

 

// change this to the number of steps on your motor 

#define STEPS 200 

  

Stepper EMmotor(STEPS, EMpin1, EMpin2, EMpin3, EMpin4);  

//Stepper AMmotor(STEPS, AMpin1, AMpin2, AMpin3, AMpin4);  
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 int Elevationstepsequence[]={0 ,3,8,3,17,3,-3,-6,-5,-6,-8,-8,0}; 

     

  void setup() 

{ 

  pinMode(EMpin1, OUTPUT); 

  pinMode(EMpin2, OUTPUT); 

  pinMode(EMpin3, OUTPUT); 

  pinMode(EMpin4, OUTPUT); 

 

  // this line is for Leonardo's, it delays the serial interface 

  // until the terminal window is opened 

      

  Serial.begin(9600); 

  EMmotor.setSpeed(20); 

 

} 

 

void loop() 

{ 

  for(int i=0;i<12;i++) 

  { 

    EMmotor.step(Elevationstepsequence[i]); 

    delay(3000); 
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  }} 

Test program TP5 – Program for normal mode 

#include <Stepper.h> 

#include <NTPClient.h> 

#include <ESP8266WiFi.h> 

#include <WiFiUdp.h> 

  

#define EMpin1 5 

#define EMpin2 4 

#define EMpin3 0 

#define EMpin4 2 

 

const char *ssid     = "eduroam"; 

const char *password = "cupcake_9971"; 

int current_time; 

 

const long utcOffsetInSeconds = 14400; 

// Define NTP Client to get time 

WiFiUDP ntpUDP; 

NTPClient timeClient(ntpUDP, "pool.ntp.org", utcOffsetInSeconds); 

 

// change this to the number of steps on your motor 

#define STEPS 200 
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Stepper EMmotor(STEPS, EMpin1, EMpin2, EMpin3, EMpin4);  

//Stepper AMmotor(STEPS, AMpin1, AMpin2, AMpin3, AMpin4);  

 

 int Elevationstepsequence[]={10 ,-5,-20}; 

   

  void setup() 

{ 

  pinMode(EMpin1, OUTPUT); 

  pinMode(EMpin2, OUTPUT); 

  pinMode(EMpin3, OUTPUT); 

  pinMode(EMpin4, OUTPUT); 

   

  // this line is for Leonardo's, it delays the serial interface 

  // until the terminal window is opened 

      

  Serial.begin(9600); 

  EMmotor.setSpeed(20); 

  Serial.begin(115200); 

 

  WiFi.begin(ssid, password); 

 

  while ( WiFi.status() != WL_CONNECTED ) { 

    delay ( 500 ); 

    Serial.println ( "." ); 
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  } 

 // Print local IP address and start web server 

  Serial.println(""); 

  Serial.println("WiFi connected."); 

  Serial.println("IP address: "); 

  Serial.println(WiFi.localIP()); 

   

  timeClient.begin(); 

 

} 

void loop() 

{ 

   timeClient.update(); // Initialize a NTPClient to get time 

 

  Serial.println(timeClient.getFormattedTime()); 

 current_time=getFormattedTime; 

  delay(1000); 

  if (getFormattedTime==7:20:00) 

  { 

    EMmotor.step(Elevationstepsequence[0]); 

    delay(60000); 

  } 
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    else if  (getFormattedTime==7:25:00) 

    { 

       EMmotor.step(Elevationstepsequence[1]); 

    delay(60000); 

    } 

    else (getFormattedTime==7:30:00) 

     { 

       EMmotor.step(Elevationstepsequence[2]); 

    delay(60000); 

    } 

    

} 
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7. CRITICAL EVALUATION 

When building a solar tracking system, first thing that comes to ones mind is the selection 

of the solar panel , of how much wattage will be required. Initially for the project, four of  

small 12V 5W panels were used in series and parallel combination to give about 20W. But 

due to mechanical constraints in the setup, the motor could not take the weight of the panel 

and rotate. Initially the total weight of the panel was about 580gms, but then only 1 panel 

that gives 12V 5W was used which weighed about 145gms. This panel could give 

maximum of 14V , that is why is it was suitable to charge a 12V battery as always to charge 

the battery , higher voltage value is required to flow to a lower voltage value potential. 

Panels comes in various sizes and weight usually the heavier ones come with a frame, 

therefore in order to have a lighter weight a panel was chosen having no frame on it. 

In order to read the voltage value that the panel received, an analog to digital converter was 

used from the microcontroller for this purpose. the microcontroller only could display the 

value in digital form that is between 0 and 1023. But a formula was used in the program 

that provided the same voltage reading in the display. Another aspect is that , a signal 

conditioning circuit is a must for this as the ADC pin can only receive maximum of 3.3V 

beyond which damages the pin. The voltage that is received is higher than 3.3V always 

therefore a voltage divider is used, choosing the resistances in such way that the expected 

highest voltage is brought to a lower value. Example, in this 12V solar that can maximum 

give 14V, keeping in mind the maximum value, the resistances of the voltage divider are 

calculated. 

Talking about the motor that has been used,there are two types of motors used mainly in 

solar trackers, servo and stepper motors. Out of them stepper motor is chosen as it can 

rotate full 360o and in steps. The one chosen moves 1.8 o per step as the total number of 

steps revolution is 200. The usual servo motors can only rotate upto 180o for angles 0o, 90o 

and 180o only. There are servo motors that have the ability to rotate in smaller angles but 

they are quite expensive. The weight of the panel is about 150gms and in the mechanical 

setup the weight of panel will be on a shaft. The motor will rotate the shaft and the torque 

required will be lesser. On the other hand, considering the heaviness of the setup , the motor 
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should be able to withstand the weight of the panel. Therefore, the torque chosen for the 

motor is 2.8kg-cm. On the other hand stepper motors are quite easy to control through 

programming, by just including the library and adding the number of steps required to be 

rotated makes the job easy. It is only that the angle that is required to be rotated need to be 

converted into form of steps which depends upon the stepper motor where by how much 

does it rotate per step wise. 

For the motor driver, it had to be chosen based on the voltage and current rating of the 

stepper motor chosen. The stepper motor is 12V 400mA and the motor driver L293D 

capacity of voltage is in range and the maximum current it can supply is 600mA to the 

motor. 

Then when selecting NodeMCU as the microntroller, firstly the required pins that are 

needed noted like eight GPIO pins are required for controlling two motors through the 

motor drivers. then an ADC pin is required for reading the analog value. Based on the 

requirements, any microcontroller could be used but  NodeMCU does not just fulfill the 

requirements but also gives has inbuilt Wi-Fi module where no need of extra wi-fi module 

is required to connect to the microcontroller like others. The wi-fi is required for getting 

access to the current time. 

The system needs to supply power to its components itself i.e the microcontroller, the 

motor driver require power for operation. Instead of taking power from the battery and 

using voltage regulators, a solar charge controller is been used. The purpose of the solar 

charge controller is that prevents the battery from overcharging and also provides the 

required voltage for the load. Therefore, the value for the load is set as 12V so that the 

motors could be powered though the motor driver and been connected to the load. For 

powering the nodemcu, the voltage is been also supplied through the load part but a 5V 

voltage regulator is been used. 

 

In order to have two modes for the system operation, one is the normal working mode and 

the other test mode. In the normal working mode, the controller accesses the current time 

and based on the stored values the panel rotates at every hour those many steps. And for 

the test mode, the same steps are used to rotate the panel but the delay components is 
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reduced to few seconds as for demonstration, testing purpose. The switch is used to a GPIO 

where 0 means it is test mode and 1 means it is normal mode. The other aspect is that the 

panel is always in a resting position and we do not know at what angle is been set. It needs 

a reference point so that it marks as the initial or the starting angle of the panel at which it 

starts to rotate. In this, 75 degrees according to the test plan III is marked as the reference 

from where the panel will be moving  in steps. 

In the test plan IV , the angles that were recorded for elevation and azimuth were converted 

into steps. For suppose taking only elevation angles, the difference between the two angles 

were taken as the number of steps to be moved by the motor. So basically it is only few 

steps that the motor needs to make for rotation each time. To note that, both the motors do 

not rotate at the same time, one motor makes the move and after that only the second moves 

steps or else the power consumption will be more if both are been operated at the same 

time and the power in the system will not be sufficient to drive the motors. 

The main purpose of using the ADC is to monitor the voltage values. An was to be 

developed in order monitor the these values and control the system as well. But due to 

improper time management it wasn’t possible. 

In regards to control the stepper motor, firstly a simple program was tested on the motor 

whether the angle that is moved was accurate 1.8 degree. And it was observed that for each 

step it moved 1.8 degree. and completes the rotation. Once the controlling the motor was 

known, test and normal mode programs were developed. For the mechanical setup, it gets 

difficult to withstand a heavier solar panel. If seen in mechanical aspect, the bearing that 

used did not actually rotate the shaft on which the panel was placed. Another issue was 

that, though a stepper motor was used having a good amount of torque but still it could not 

rotate the panel keep it and wasn’t able to withstand. These issues could be due to wrong 

bearing size or quality, improper attachment of the motor and absence of gears used . 

In overall, this system is based on fixed control algorithm. It could be developed to have 

another mode where the solar tracker actively operates by checking the step at which it 

experiences maximum voltage. 
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8. LEGAL, SOCIAL, ETHICAL AND 

SUSTAINABILITY ASPECTS RELATED TO 

THE PROJECT 

It is important to be assure that the project stands compatible on various social aspects. 

This prototype is comfortable to operate by anyone. It is user friendly. This application can 

help the society switch to renewable resource from the conventional one. If this project is 

taken to a higher level where for energy consumption purpose, the cost of the non- 

renewable electricity gets saved for the people as the systems can run solar energy where 

the nature has given in abundance. This prototype has a test mode, so in order to check the 

system if it is working fine or not this mode mode could be used as one does not have to 

wait for the whole day to check if it is working properly or not. this is basically like a one-

time investment project where only a little maintenance may be required that to for solving 

any mechanical setup issue. 

Next aspect to be taken sure of that the proposed system does not violate the legal laws of 

the country or is unethical in anyway and does not pose any harm, threat to the health of 

people around. This prototype does not deal with high voltage level, therefore it is safe. 

Designers and manufacturers are responsible for the system to work safely when it is to 

implement. Once manufactured, they shouldn’t be kept for sale until it is been tested 

several times and different possible scenarios for safety. Also, in this project no illegal 

components are been used that would violate the laws. All are basic components used. And 

since battery is a component to be little careful of , a solar charge controller is used which 

smartly takes care of the battery and does let the battery get damage. 

In regards to sustainability aspect, when implementing the project it was made sure that it 

is nature friendly and does not do any harm to the environment. The system is based on 

solar energy therefore no non-renewable energy is being utilized. The structure is 

lightweight, the mechanical setup madeup of lightweight forex material. The project is 

based on resource efficient design because it aims at taking the voltage at angles where the 

sunlight received will be maximum. Interms of the disposability, as the prototype uses 
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forex material it is a mix of plastic therefore it takes time to degrade. And then the system 

is quite not heavy where it is easy to pack and transport. 
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9. CONCLUSIONS AND RECOMMENDATIONS 

To conclude with this report, a lot of knowledge has been acquired during the preparation 

of this project report. Firstly, the importance of reading different literatures lets one 

understand different concepts and what ideas that could be implemented in one own’s 

project. Then methodology let’s one find what time of project management method should 

be followed to complete a project. It gave an insight of how different methodologies could 

be used for different projects. The breakdown of tasks in the work plan, helps one truly 

understand importance of time management. It is leant that how important it to complete 

task in the allotted time or else it keeps on piling up. Then, to fulfill the different objectives, 

the technical requirements were defined, and the schematic diagram of the circuit was 

drawn. At the end, the work plan that was decided went out as scheduled in the planning 

phase. The implementation phase included testing in hardware and software and making 

the prototype. A lot better could have been done if time was managed properly and focused 

on the important aspects which more time was given in building the prototype setup than 

working on the programming and other interesting aspects. This could have been IOT 

based where a webpage could have been used to monitor the variations as well as control 

the system. Also, an app could have developed to monitor the system readings from any 

place as the system already had wifi accessibility. Therefore, this project can be upgraded 

a lot more. Therefore, some of the objectives of the project aren’t been fulfilled thoroughly 

but this does not stop here, this project will be completed. 

Talking about the recommendations, as already been said a lot could be done to take this 

project to a higher level where a webpage and an app could be used to monitor and control, 

making the system IOT based.  

Then to make the system operate actively in real time or based on active control algorithm 

, the microcontroller will know whether the generated voltage is maximum or not through 

the ADC pin. If the voltage that is received from the panel is not maximum, i.e. the value 

at the ADC pin is less, with this the controller will know that the panel is not at the correct 

angle therefore, it will make required adjustments to find the precise position angle/step 

that is produces greater voltage.During the day, the microcontroller can check the sun’s 
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position after every 15 minutes and align the solar panel accordingly to the angle receiving 

maximum sunlight and go to sleep mode. With this, the panel will stay in the same position 

until another 15 minutes. And then again, the microcontroller will wake up to track the sun 

at its maximum and go back to sleep. Also to check the efficiency of the fixed axis, single 

axis and dual axis solar tracker. 
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ABSTRACT 

 

Cement has a negative impact on humans and the environment together; it contains 

harmful chemicals, over the past decades, many researchers searched for natural 

materials aimed at solutions instead of the proportion of cement to reduce the use of 

cement inside the concrete used for the construction. 

This study aims at trying to use palm tree fibers in concrete as an alternative to specific 

percentages of cement. In addition to adding a certain percentage of Fly ash, this study 

will highlight the change in properties of the concrete after and before the addition of 

palm trees and Fly ash. This project will consist of three samples which are normal and 

the sample contains 0.5 % of the palm fibers, in addition to 0.18 % of the Fly ash, the 

third sample contains 1 % of the palm fiber, in addition to 0.18 % of the Fly ash, all 

additions will be as an alternative to cement. The project will include the tests 

conducted on the samples which are Fresh concrete workability, Concrete density, 

Concrete compressive strength, and Concrete Flexural strength. 

Finally, it is clear from all the tests during this project that 0.5% of the palm tree fiber 

improved the operation properties of the concrete, made the concrete less weight, 

helped design a good concrete and suitable for some applications, and improved the 

tensile strength of the concrete, all this is achieved with the elimination of its 

percentage of cement in the design of the concrete and the disposal of palm trees and 

fly ash, which contributes to the protection of the environment. 
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CHAPTER.1: INTRODUCTION 

 

1.1. BACKGROUND OF THE PROJECT 

 
Civil life is not completed without construction is a basic human life, since the 

discovery of concrete has become the basis of reconstruction is the basis of the field 

of modern constructions, concrete contains several components, which are coarse 

aggregates  and fine aggregates and water and cement is linked to them as a basic 

component, Scientific studies that the cement has serious damage to humans and 

environment together, this project like previous projects trying to shed light on this 

problem on the one hand and on the other hand presents the potential solutions to 

this problem, this project tries to reduce the proportion of cement use in concrete by 

adding natural material, namely palm fiber, in addition to fly ash, in order to reduce 

the proportion of cement in the concrete and from the other hand with the aim of 

contributing to the disposal of palm fibers and fly ash, because it is a problem in 

itself because of the availability of materials in large quantities the environment 

(Abdelmajeed, 2017)  
 

 

1.2. STATEMENT OF PROBLEM 

 
Cement is the most important component of concrete, it connects the concrete 

components of each other, but it has disadvantages to humans and the environment, 

it contains the chemical components collected by many studies on the great harm, so 

here the search for solutions to address this problem.  

Palm trees are one of the most widespread crops in Oman, accounting for 82% of 

Oman's total trees. On the other hand, these types of trees account for 49% of the 

area of agricultural land in Oman. Palm trees annually produce large amounts of 

palm leaves and waste, The Sultanate of Oman occupies the eighth place through the 
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production of dates in the world, the remnants of palm trees is a major challenge to 

Oman, where the palm tree leaves about 20 kg of dry waste, Oman alone produces 

180,000 tons of dry waste annually, Burning these wastes with a view to disposal , 

This is a danger to human health and the environment, applications that are based on 

the use of waste of palm trees better than the disposal of the wrong side of the 

positive and economic as well. 
The Fly ash is considered to be one of the materials produced by some industries. 

Waste is a problem in itself. It has to be solved. It has the ability to improve concrete 

properties. 

This project will try to find a mechanism to solve these three problems and work to 

benefit from them in improving concrete properties. 

 

1.3. OBJECTIVE OF THE PROJECT 

 
 To improve the physical and mechanical properties of concrete by using waste 

material. 

 To reduce the environmental impacts from the used of cement and resulting from 

waste materials.  

 

 

1.4. REPORT STRUCTURE 

 
This project will consist of five parts:  

a)  Introduction. 

b)  Methodology. 

c)  Results and discussion. 

d)  Conclusion with recommendations. 

e)  Reverence. 

f) Appendix. 
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CHAPTER.2: Literature Review 

 

 

2.1. INTRODUCTION  

 

This chapter of the research, will include the means used during this project, in 

addition to the materials and tests conducted during the course of this project, also the 

mix design steps for the samples were examined within the college lab. This part of the 

research will include a detailed explanation of the concrete, the materials that contain 

the water, cement, the coarse aggregates and fine aggregates. It will also mention a 

detailed explanation of the additions that have been added to the concrete.  This chapter 

will also include an explanation of the tests conducted on the samples which are Fresh 

concrete workability, Concrete density, Concrete compressive strength, and Concrete 

Flexural strength. It will also include an explanation of how samples work and how 

long they have been examined. 

 

 

2.2. MATERIAL PROPERTIES 
 

 Concrete: 
 
Concrete is essentially a term that comes from the Latin term "Concretus" and means 

concatenated and compact, There are many historical writings about the ancient Roman 

structures, recalling that the Romans used concrete in the construction of buildings, 

where many scientists stated that the actual use of cement was made in Italy during the 

second century BC, Where the sand was found called "Pozzolana", which was used in 

the production of cement during that era, where the rocks are integrated by this sand by 

the interaction of sand chemically with water and lime to harden a rock-like product, 

the Romans used this mixture in the construction Buildings, bridges and water basins. 
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The temple of the Pantheon was completed in 217 AD and is a model of the Roman 

concrete, which is still strong (Mohammed Ryad, 2015) 

Concrete is a mixture of several materials, the most important of which are: Cement, 

coarse and soft aggregates as well as a little water, Concrete is the most common 

building material used in the construction industry. The concrete components are 

primitive and simple, but after mixing them well and in certain proportions, a strong 

material is created. It is ideal for the construction of the highest buildings, bridges, 

tunnels and water dams. Modern concrete began to be used in the nineteenth century 

AD, in 1820 by the construction of English stone Joseph Aspen, where he obtained the 

invention of cement called cement "Portland”, this is in comparison to Portland Island, 

where natural stone is available. To this day, Portland cement remains the most widely 

used and used in the manufacture and design of modern concrete (Mohammed Ryad, 

2015) 

 

 Water: 

Water is an essential element of the chemical reaction of the concrete. Its importance 

comes from a number of factors, the process of absorbing it through the aggregate used 

in the concrete, in addition to its importance during the process of solidification, and it 

helps in the operation of the concrete, the size of water in the concrete ranges from 15 

to 20% The amount of concrete, a percentage of which is lost during evaporation (A.Al 

Kourd, 2010) 

 

 Aggregate: 
 
The aggregate (60-70%) of the total volume of the concrete, the aggregate in the 

concrete is divided into two coarse aggregate and fine aggregate: The coarse aggregate 

is also known as pebbles. It is nature as gravel or stone is crushed in the crushers. The 

coarse aggregate is in the concrete by 40 to 45%, which is the particle that is greater 

than 1/4". Fine aggregate is usually defined as sand, which can consist of crushed stone 

or natural sand. Sand represents particles smaller than 3/8"; the fine aggregates 

generally represent 30 to 35% of the concrete (A.Al Kourd, 2010) 
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 Cement: 
 
Cement is defined as a bonded material that has cohesive properties and adhesion, which 

helps it to be able to unify the components of the construction and form compact 

assembly. Ordinary Portland cement is one of the most common Portland cement types. 

Cement is defined as a bonded material that has cohesive properties and adhesion, which 

helps it to be able to unify the components of the construction and form compact 

assembly. Ordinary Portland cement is one of the most common Portland cement types. 

This name was named in 1824 by Joseph Espaden because of its similarity in color and 

quality after its hardening, which is similar to the Portland stone. Portland stone is found 

on Portland Island in Dorset, it is a gray-white limestone (Haseeb Jamal, 2017) 

 
 

 

 

Fig. 1: Shown the oxide composition of ordinary Portland cement. 

 
 
 

 
Fig. 2: Shown chemical analysis of ordinary Portland cement. 
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This type of construction is used for general construction purposes and does not require 

special characteristics. Most of the time it is used to build bridges, arches and reinforced 

concrete buildings, it has great resistance to cracking and resists shrinkage, but has less 

resistance to chemical attacks. Portland cement consists of several materials, the most 

important of which are the raw materials namely silica, lime, alumina, and iron oxide. 

Oxides represent 90% cement; figure 1 shows the composition of ordinary Portland 

cement oxide, On the other hand, figure 2 shows a typical chemical analysis of ordinary 

Portland cement (Haseeb Jamal, 2017). 

 
 

 palm fiber: 
 

Natural fibers are present in many trees in nature; the fiber used in this project is palm 

tree fiber. Palm trees are present in the Sultanate of Oman in particular, and in the Gulf 

countries in general, The date palm contains four types of fibers, first in the trunk, 

second in the adhesive fibers in the leg, third in the wood fibers in the trunk, and finally 

in the surface fibers around the trunk, the fibers are obtained after the death of the palms 

or during the trimming process, Palm trees have been used in many industries, as 

mentioned in Pharaonic and Roman history that they were used for making wigs (El-

Shafey, 2011) 

 

 
Fig.3: Shown the palm fiber. 
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 Fly Ash: 

The Romans used volcanic ash to build structures, the Pantheon and aqueducts, as 

volcanic ash has characteristics very similar to fly ash. In 1914 the use of fly ash in 

the form of a Bozolani element was identified. In 1937, the first study of fly ash 

was noted for its use in the production of Portland cement concrete. At present, 

30% of the slanted material is recycled within the United States in the concrete 

process. Fly ash is a chemical component of secondary material. The components 

can vary but all fly ash contains: Aluminum Oxide (Al2O3), Iron (III) Oxide (FeO2), 

Calcium Oxide (CaO) and Silicon Dioxide (SiO2) (Matthew Jones, 2015) 

 

 

Fig.4: Shown steps of manufacture the Flay Ash. 

—  

— One of the most important environmental benefits of fly ash: First, it reduces the use 

of energy in the process of processing virgin materials, the second is based on the 

production of materials from waste materials, and the third when used is the provision 

of virgin materials. Fly ash has several mechanical benefits on concrete, the most 

important of which is: the concrete increases the strength of the concrete, reduces the 
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proportion of water used and increases the workability of the concrete, protects the 

reinforcing steel as it reduces erosion, has the advantage of reducing the permeability 

of the concrete, fly ash also Reducing the moisturizing ratio, at last, increases the 

durability of the concrete in general (Matthew Jones, 2015) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



14 | P a g e 
 

Chapter 3: Methodology 

 

 Mix design 

For the preparation of concrete samples in order to conduct laboratory tests must first 

set up Max Design. 

 

 Mix design specifications: 

1. The Concrete will designed for 40 grades. 

2.  Using OPC. 

3.  5 % defectives. 

4.  K-factor = 1.64 from figure number 5. 

5. Target slump needed (80 mm). 

6.  Type of coarse aggregates used is crushed. 

7.  Total volume of wastage is 30 %. 

 

 
Fig.5: Shown compressive strength (N/mm2). 

For concrete mixes were done:  

1. (NC) Normal concrete. 

2. (FRC 0.5) Fibers reinforced concrete with 18 % fly ash and add Palm Date Fiber 0.5 

%. 

3.  (FRC1) Fibers reinforced concrete with 18 % fly ash and add Palm Date Fiber 1 %. 
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 Calculations of Mix design. 

 

1. (NC) :  

Volume of 6 cubes: 6 × (0.15 × 0.15 × 0.15) = 0.02025 𝑚3 

Volume of one prism (beam): 0.15 × 0.15 × 0.75 = 0.016875 𝑚3 

Total volume of 6 cubes + one prism = 0.02025 + 0.016875 = 0.037125 𝑚3 

Total volume with 30 % wastage = 0.037125 + 0.3 × (0.037125) = 0.048 𝑚3 

Volume retain in sieve # 4 is weighted: 

Total volume of sample taken = 0.048 𝑚3 (48000 ml) 

Weight of sample = 6.391g 

Density = (6.391/0.048) = 133.15 g/𝑚3 

The relative of any material is its density per the density of water, which is equal 1000 

g/𝑚3. 

Relative density of fines = (133.15 /1000) = 0.133 

Since the number of testing sample is equal less than 20 so, Standard deviation = 8 N/𝑚𝑚2, from 

figure number 6. 
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Fig.6: Shown characteristic strength (N/mm2). 

 

Target Strength: 

F (m) = f(c) + K × s = 40 +1.64 × 8 =53.12 Mpa 

According to the type of cement (OPC), w/c = 0.5 and type of aggregates ‘crushed, the strength is 49 

Mpa after 28/ days, from figure number 7. 

 

 

 

 
Fig.7: Shown compressive strength to W/C ratio. 
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Since the target strength is (53.12), w/c is determined to be 0.43, from figure number 8. 

 

 
Fig.8: Shown free-water/ cement ratio. 

 

According to specifications, slump = 80 mm, crushed aggregates size = 20 mm, water content = 225 

Kg/𝑚3, from figure number 9. 

 

 

Fig.9: Shown approximate free water contents Kg/𝐦𝟑. 
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Relative density of 1.53, the weight of concrete for 1 𝑚3 volume is 2190 kg, from figure number 10, 

and then the weight of cement calculated: 

 

 
Fig.10: Shown relative density of combined aggregate. 

 

W/C = 225/c 

Weight of cement = 225/0.43 = 523.26 = 523 kg 

Total aggregates weight determined: 

Weight of aggregates = weight of concrete – weight of cement – weight of water 

                                   = 2190 – 523 – 225 = 1442 kg 

 

Using the analysis sieve size (600 μm) 20%, according to specifications, the fines were placed in area 

1, from figure number 11, the amount of slump is 80 mm, and the ratio of fines to coarse is 52% from 

figure number 12. 
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Fig.11: Shown grading of fine aggregates. 

 

 

  

 

Fig.12: Shown the maximum aggregate size: 20 mm. 
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Weight of fines = 0.52 × 1442 = 749.84 kg 

Weight of coarse = 1442 – 749.84 = 692.16 kg 

Amounts for 0.048 𝑚3 are: 

Weight of cement = 0.048 × 523 = 25.104 kg 

Weight of water = 0.048 × 225 = 10.8 kg 

Weight of fines = 0.048 × 749.84 = 35.99 kg 

Weight of coarse = 0.048 × 692.16 = 33.22 kg 

 

2. (FRC 0.5): 

Weight of fly ash = 0.18 × 25.104 = 4.14 kg 

Weight of fiber = 0.005 × 25.104 = 0.115 kg 

Weight of cement = 25.104 – (4.14 + 0.115) = 18.74 kg  

Weight of water = 0.048 × 225 = 10.8 kg 

Weight of fines = 0.048 × 772.72 = 37.091 kg 

Weight of coarse = 0.048 × 692.16 = 33.22 kg 

3. (FRC1): 

Weight of fly ash = 0.18  ×  22.992= 4.14 kg 

Weight of fiber = 0.01 ×  22.992 = 0.23 kg 

Weight of cement = 22.992 – (4.14 + 0.23) = 18.62 kg  

Weight of water = 0.048 × 225 = 10.8 kg 

Weight of fines = 0.048 × 772.72 = 37.091 kg 

Weight of coarse = 0.048× 692.16 = 33.22 kg 
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Fig.13: Shown Preparation of samples in the laboratory. 

 

 Preparation of samples in the laboratory 

Samples were carried out and tests were conducted within the Middle East College 

Laboratory. Samples were conducted as follows:  

First, six samples of the regular concrete that did not carry any additions in the form of 

a cube, three of them for testing after one week of mixing and three others were 

examined after 28 days of work Mix, in addition to the work of prism of the mixture 

and normal was examined after 28 days. 

Second, six samples were made in the form of a cube of concrete containing 0.5% of 

the natural fibers of the palm trees with the addition of 18% of flax ash. Three cubes 

were examined after one week of mixing and three cubes after 28 days, In addition to 

prism work of the same mixture and was examined after 28 days. 

Third, six samples were prepared in the form of a cube of mixture, 1% of the palm 

fiber was added, 18% of the flax ash was added, three samples were examined after 

one week of concrete work and the remaining three were tested 28 days later, In 

addition to the work of prism of the mixture and was examined after 28 days of work 

samples. 
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3.1. TESTING OF SPECIMENS 

 

 Fresh concrete workability: 

 

The beginning of the twentieth century was the beginning of the concentration of 

concrete manufacturers on the need to control the operation of concrete to be properly 

concrete, and to reach the appropriate strength, has been developed a large number of 

types of concrete tests to determine the feasibility of concrete and the extent of the 

proportion of proportion, but The majority of them have not succeeded. With some 

tests of concrete reel, the test of stagnation remains the best test used in most of the 

world's concrete manufacturing sites to determine the concrete viability of concrete 

(Eric P. Koehler, 2003) 

 

 
Fig.14: Shown the steps of slump test. 

 

Concrete Testing by Stability Test The common method for measuring freshness of a 

concrete is a relatively inexpensive and economical test that measures consistency and 

quickly determines the acceptance or rejection of concrete in the workplace. This 

method has been standardized throughout the world, including in the United States 
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(ASTM C143) and also in European countries (EN 12350-2). The concrete inspection 

device consists of a cone shaped mold with a diameter of 8 inches with a height of 12 

inches; the top diameter is equal to 4 inches. The tester fills the mold by casting fresh 

concrete on three plates, after each stroke, the concrete is filled 25 times by a metal 

rod. After the cone is filled, it is lifted vertically and the change in height is calculated. 

The concrete position is determined by 4 positions, as shown in figure 999999, where 

the concrete is good Called "true slump" (Eric P. Koehler, 2003) 

 

 
Fig.15: Shown the slump test. 

 

 

 Concrete density: 
 

Successful concrete should have durability and compressive strength. On the other 

hand, the concrete density has a significant impact on the mechanical properties of the 

concrete. The high density concrete has a higher strength and has fewer spaces and 

pores. This is due to the smaller spaces In the concrete is less waterproof, so it will be 

less in the process of water absorption in this type of concrete (Shohana Iffat, 2016) 
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Density is defined as the ratio of mass to volume in the quantity of material, and 

represented by the following equation: 𝜌 =  
𝑚

𝑣
. Density is used in many areas of 

application with the aim of assigning specific characteristics of materials, density, 

coupled with other information that can provide some indication of the reasons for 

changes in the characteristics of the product. The determination of the density of 

materials is considered one of the most established procedures in the laboratory 

(Shohana Iffat, 2016) 

 

 
Fig.16: Shown taking the weight of the samples. 

 

 

 Concrete compressive strength: 

Successful concrete is characterized by strength, due to the fact that concrete may be 

exposed to many factors that may affect its validity and strength. The most important 

of these factors is pressure. In addition to humidity and heat, the quality of concrete is 

measured by its resistance to various weather factors and its durability, before 

proceeding with the manufacture of large quantities of concrete should be examined 

after a week of the manufacture of the first sample and be examined after 28 days and 

to be sure of its strength. The concrete sample must be completed after 7 days during 

its inspection of 70%. During the next inspection within 28 days, the concrete shall 

achieve 90% strength ( Kifaya Abadi, 2017) 
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The most important tests to be performed to test the strength of the concrete is to test 

the resistance of the concrete to pressure and measure the tolerance of any pressure 

applied to it, this examination is done through the application of several steps, namely: 

First fill the number of 6 cubes metal by pouring a quantity of fresh concrete. Second, 

it is confirmed that the molds are clean and then painted with oil so that the concrete 

can be extracted easily after 24 hours of molding. Third, fill the metal molds. After 

every three times, the concrete is poured. The concrete is applied 25 times by using a 

metal rod. It is confirmed that the blows are distributed well over the surface of the 

concrete, after pouring the last layer, where it is sure that the surface is suitable for 

writing some data, where the filling date of the mold and the type of concrete are 

written. Fourthly, the molds are filled with concrete for 24 hours in a place far from the 

sun and any vibration and covered with a cloth well, after one day the molds are 

removed where the concrete may be hardened and placed in a water basin, 3 cubes for 

7 days, Date casting and 3 cubes for 28 days. Fifthly, the pressure test shall be applied 

to the cubes immediately after being removed from the water in order to ensure its 

properties to be used in any project, using the device described in figure number 17( 

Kifaya Abadi, 2017) 

 

 

Fig.17: Shown the Concrete compressive strength devices. 
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 Concrete Flexural strength: 
 
 
Is one of the tests carried out in this project, also called bending strength the test begins 

by placing the hardened concrete, which is in the form of a publication in the 

examination device in figure 18, is a process of bending at three points in the 

publication, the flexural force is the highest strain reached by the prism before reaching 

the failure point, it is expressed in the following mathematical equations: Flex = 𝑃 𝐿

𝑏 𝑑2  . 

(AMETEK, 2016) 

 

 

 
Fig.18: Shown the Concrete Flexural strength devices. 
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CHAPTER.4: RESULTS AND DISCUSSION 

 

4.1 INTRODUCTION  
 

     In this study, 3 tests were carried out on the concrete samples; the samples included the 

normal concrete, the concrete which included 0.5% of the fibers Palm trees with 0.18% 

of the fly ash material, and the concrete which included 1% of the fiber palm trees with 

0.18% of the material Fly ash. The first test was done on the concrete, which is fresh 

before hardening and is the test of workability.  Second, the concrete strength test was 

done after 7 days of concrete design and after 28 days for the cubes.  Third, the flexural 

strength test was performed in a prism form 28 days after the mix of concrete, in 

addition to calculating the sample density. 

 

4.2 FRESH  CONCRETE  WORKABILITY 

 

 

Table.1: shown the fresh concrete workability result: 

Type of concrete Lower (cm) Higher (cm) Average (cm) 

Normal 5.5 6 5.75 

Palm fiber 0.5% & 

Fly Ash 18%.  

6.5 7 6.75 

Palm fiber  1 % & 

Fly Ash 18% 

4 4.5 4.25 
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Chart.1: Shown the relationship between workability and fiber addition. 

 

 

 

 
Fig.19: Shown the types of slump. 

 

 

NC 0.50% 1%

5.75
6.75

4.25
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Fig.20: Shown the typical actual slump ranges. 

 

 The first test to be done during this project is to test the working capacity of the 

concrete and the new concrete, meaning after completion of the concrete work, in 

other words before the hardening process, this test was done on the regular concrete 

without additions, and the concrete which included 0.5% of the fibers Palm trees with 

0.18% of the fly ash material, and the concrete, which included 1% of the fiber palm 

trees with 0.18% of the material Fly ash. 

Table 1 shows the results of this test, the normal concrete was a drop of 5.75 cm, 

while the concrete, which included 0.5% of the palm tree fiber with 0.18% of the "Fly 

ash", the drop was 6.75 cm, Concrete, which included 1% of the palm tree fiber with 

0.18% of the "flax ash" and its drop was 4.25 cm. 

It is evident from the results that the amount of the drop in concrete, which included 

0.5% of the palm tree fiber, was the highest, meaning that it is the best concrete of the 

three concrete in terms of operability. 

Chart number 1 shows the relationship between the addition of fiber and palm trees 

and the operability of the three concrete, where it is clear that the concrete, which 

included 0.5% of fiber palm trees had the highest drop. Figure number 19 shows the 

types of landing during the feasibility test. Through this project, it was clear that all 



30 | P a g e 
 

the concrete that was designed was within the true type of landing. Figure number 20 

shows that all mix of concrete are within the required level. 

Finally, it is clear that 0.5% of palm fiber with 0.18% of fly ash is the best ratio for 

adding concrete to improve the operation properties of concrete. 

 

4.3 CONCRETE DENSITY 
 

 

Table.2: Shown the concrete density result: 
Type of 
concrete 

No. Of 
days 

 

No. Cubes Dimensions 
(cm) 

Weights 
(kg) 

Density 
Kg/m 

Mean 
Density 
Kg/m 

 
 
 
Normal 

 
7 days 

1 15.3×15×15 8.300 2411.04  
2383.66 2 15.3×15.3×15.2 8.420 2366.39 

3 15.2×15.2×15.5 8.500 2373.56 
 
28 days 

1 15.3×15×15.1 8.212 2369.68  
2374.43 2 15×15.3×15 8.218 2387.22 

3 15.3×15.2×15.3 8.420 2366.39 
 
 
Palm fiber  
0.5 % & 
Fly Ash  
18%  

 
7 days 

1 15.5×15.10×15.3 8.368 2336.80  
2349.55 2 15.5×15.0×15.0 8.224 2358.14 

3 15.13×15.2×15.4 8.336 2353.72 
 
28 days 

1 15.5×15.0×15.15 7.972 2263.25  
2270.01 2 15.1×15.12×15.3 8.420 2410.42 

3 15.13×15.03×15.3 7.433 2136.36 
 
 
Palm fiber  
1 % & 
Fly Ash  
18% 

 
7 days 

1 15.0×15.2×15.3 8.330 2387.91  
2344.67 2 15.0×15.3×15.25 8.346 2384.66 

3 14.9×15.0×15.1 7.632 2261.43 
 
28 days 

1 15.1×15.8×15.1 7.882 2187.89  
2248.76 2 15.5×15.7×15.0 8.236 2256.28 

3 15.3×15.0×15.6 8.242 2302.11 
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Chart.2: Shown the relationship between curing and concrete density. 

 
 
 

 During this project, the cubed samples were weighed after being removed from the 

water treatment stage after 7 days and after 28 days, in addition to measuring the 

dimensions of the samples, the weight and dimensions were calculated for all the 

samples which included the normal concrete and the concrete which included 0.5% 

Palm tree with fly ash 0.18% and palm fiber, which included 1% of palm tree fiber 

with fly ash 0.18%. 

Table number 2 shows the data on the weight and dimensions of the cubes, after 

which the density was calculated according to the mathematical equation, which 

states that the density is equal to the weight divided by the dimensions, then the 

arithmetic mean is taken for every 3 cubes. It is clear through the results that the 

samples that included the regular concrete and were treated 7 days were the density is 

equal to 2383.66 Kg/m, the normal samples treated 28 days were the density is equal 

to 2374.43 Kg/m, it is clear from this that there is a decrease in concrete density, the 

samples, which included 0.5% fiber of palm fiber, had a density of 2349.55 Kg/m, 

2270.01 Kg/m respectively after processing 7 days and 28 days, also showed a 

decrease in the density of the concrete, the samples, which included 1% of the palm 
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tree fiber, had a density of 2344.67 Kg/m, 2248.76 Kg/m  respectively after 

processing 7 days and 28 days, also showed a decrease in the density of the concrete. 

Chart number 2 shows the relationship between curing and concrete density. 

Finally, comparison of the density of normal samples and the samples containing 

0.5% and the samples containing 1% of the palm tree fiber shows that there is a 

decrease in density, which indicates that the higher the proportion of fiber and fly ash 

in the concrete the less density and became lighter.  

 
 

4.4 CONCRETE COMPRESSIVE STRENGTH 

 

Table.3: Shown the result of concrete compressive strength test: 

Type of concrete No. of days 
 

No. Cubes Compressive 
Strength 
(MPa) 

 

Mean 
Compressive 

Strength 
(MPa) 

 
 
 
 

Normal 

 
7 days 

1 27.189  
26 2 24.205 

3 27.343 
 

28 days 
1 34.555  

36 2 37.838 
3 35.533 

 
Palm fiber  0.5 %  
& Fly Ash  18% 

 
7 days 

1 18.709  
17 2 16.330 

3 14.875 
 

28 days 
1 30.872  

30 2 24.365 
3 33.092 

 
 

Palm fiber  1 %  
& Fly Ash  18% 

 
7 days 

1 16.282  
14 2 12.326 

3 12.972 
 

28 days 
1 24.957  

25 2 22.953 

3 25.827 
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Chart.3: Shown the relationship between curing and concrete compressive strength. 

 

 

 
Fig.21: Shown Grades of concrete. 
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 One of the most important tests carried out during this project was to test the test the 

strength of the concrete compressive. The test was done on cubes with normal concrete 

that did not contain any additives, and on cubes containing concrete, 0.5% palm fiber 

with 0.18% Fly ash, and on the cubes that included the concrete, which contained 1% 

of palm tree fiber in addition to 0.18% of fly ash, and that after 7 days and 28 days 

from the date of preparation of all the concrete. 

Table 3 shows the results of this test from the table showing that the normal concrete 

after treatment 7 days in the water container had a compressive strength of 26 MPa 

after 28 days of treatment for the same concrete, it had a compressive strength of 36 

MPa|; the concrete, which included 0.5% palm fiber with 0.18% of fly ash, after 

treatment for 7 days, had a compressive strength of 17 MPa after 28 days of treatment 

with water it had a compressive strength of 30 MPa; the concrete, which contained 1% 

of palm tree fiber and 0.18% of fly ash, had a compressive strength of 14 MPa after 

treatment for 7 days in the water container after 28 days of treatment it had a 

compressive strength of 25 MPa; the results showed that there was an increase in the 

compressive strength of the concrete, which included 0.5% palm fiber with 0.18% of 

fly ash. 

Chart number 3 shows the relationship between the addition of palm fiber and the 

strength of the compressibility of the concrete. The graph shows the strength of the 

compressive strength of the samples with 0.5% palm fiber and 0.18% of fly ash. 

Figure number 21 shows the uses for each concrete compressive strength level. During 

this project it is clear that the concrete, which had a 0.5% fiber ratio, had compressive 

strength after 28 days, equal to 30 MPa. Figure 21 shows that Concrete can be used in 

Pathways and roadways and is much more weather-resistant and can take heavy road 

traffic. As for the concrete, which contains 1% of palm tree fiber, it has a compressive 

strength of 25 MPa; it can be used in construction in all areas. 

Finally, the results of this test indicate that the addition of palm trees did not add 

compressive strength compared to natural fertilizers without additions, but the concrete 

added to the fiber is good for use in some applications in the field of civil engineering, 

in addition to the concrete added 0.5% of fiber is better compared to concrete with 1% 

fiber added. 
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4.5 CONCRETE FLEXURAL STRENGTH  

 

Table.4: shown result of the concrete flexural strength test: 

Type of concrete Number of days Flexural Strength (Mpa) 

Normal 28 days 11.229 

Palm fiber  0.5 %  & Fly Ash  18% 28 days 11.577 

Palm fiber  1 % & Fly Ash  18% 28 days 10.502 

 

 

 

 

 

 

Chart.4: Shown the relationship between curing and tensile strength. 
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 One of the tests carried out during this project was the concrete flexural strength test, 

which was carried out on the prism molds, which included a standard concrete block, a 

concrete block containing 0.5 % palm fiber, and an addition of 18 % .As a third, a mold 

in the form of prism of concrete added to its 1 % of palm fiber, in addition to the 

addition of 18 %. 

Table number 4 shows the results of this test. It is clear that the mold with normal 

concrete had strength of 11.229 Mpa. The second prism had strength of 11.577 Mpa. 

The third prism produced a force of 10.502 Mpa, It is clear from these results that there 

was increase in the results between the first prism and the second prism, meaning that 

the addition of 0.5 % of the ratio of palm fibers in addition to the strength of tension on 

the concrete, on the other hand prism number 3 has decreased the strength of tensile 

compared with samples number 1 and 2, which mean adding 1 % of the palm fiber 

reduces the tensile strength of the samples. Chart number 4 shows the relationship 

between tensile strength and water treatment for 28 days of prism. 

Finally, the results showed that 0.5 % of the palm tree fiber was the best, adding to the 

tensile strength of prism. 
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CHAPTER.5: CONCLUSION AND RECOMMENDATIONS 

 

 

5.1 CONCLUSIONS 
 

The project was aimed to use palm tree fibers in concrete as an alternative to specific 

percentages of cement, in addition to adding a certain percentage of Fly ash. The 

project was highlighting the change in properties of the concrete after and before the 

addition of palm tree fibers and material of Fly ash. The project was consist of three 

samples which were a normal and the sample contains 0.5 % of the palm fibers with 

0.18 % of the Fly ash, the third sample contains 1 % of the palm fiber with 0.18 % of 

the Fly ash, all additions was as an alternative to cement. The project was included 

the tests conducted on the samples which were Fresh concrete workability, Concrete 

density, Concrete compressive strength, and Concrete Flexural strength. 

It is clear from the tests conducted on the samples during this project: First, 0.5% of 

palm fiber with 0.18% of fly ash is the best ratio for adding concrete to improve the 

operation properties of concrete. Second, comparison of the density of normal 

samples and the samples containing 0.5% and the samples containing 1% of the palm 

tree fiber shows that there is a decrease in density, which indicates that the higher the 

proportion of fiber and fly ash in the concrete the less density and became lighter. 

Thirdly, the addition of palm trees did not add compressive strength compared to 

natural fertilizers without additions, but the concrete added to the fiber is good for use 

in some applications in the field of civil engineering, in addition to the concrete added 

0.5% of fiber is better compared to concrete with 1% fiber added. Fourthly, 0.5 % of 

the palm tree fiber was the best, adding to the tensile strength of prism. 
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Finally, it is clear from all the tests during this project that 0.5% of the palm tree fiber 

improved the operation properties of the concrete, made the concrete less weight, 

helped design a good concrete and suitable for some applications, and improved the 

tensile strength of the concrete, all this is achieved with the elimination of its 

percentage of cement in the design of the concrete and the disposal of palm trees and 

fly ash, which contributes to the protection of the environment. 

 

 

5.2 RECOMMENDATIONS 
 

 
 The best ratio to add palm fiber to the concrete is 0.5%, as it reduces the weight of 

the concrete, improves the operational properties of the concrete, gives a strong 

strength to the concrete, improving the tensile strength of the concrete. 

 An additional quantity of fly ash should be added to increase the compressive 

strength of the concrete. 

 Further studies should be carried out with different additions ratios in order to 

achieve better results in this area. 

 Additional studies should be carried out involving a different mix of several types 

of waste material, with the aim of eliminating many of the accumulated waste in 

the environment. 

 Studies should be continued on this idea and the goal is to eliminate waste by using 

it in concrete design, in order to encourage specialists in the field of civil 

engineering to initiate and benefit from these innovations and ideas. 
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APPENDIX 

 

 
The results of the concrete flexural strength test. 

 

 

 
Test of normal concrete at 28 days. 
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 Test at 28 days of concrete contain 0.5 % palm fiber. 

 

 

 
 Test at 28 days of concrete contain 1 % palm fiber. 
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Abstract  
 

The methods of communication between people are different at the moment, but most of the 

communication methods are via mobile phone this days. Mobile has become a lifestyle in this 

world, there are no people or even children without a mobile phone. There are also different 

ways and methods of communicating people through mobile phones. 

Through this development in mobile communication, we have worked to find a solution to the 

problem of college students.  

College students generally have difficulty finding ideas that help them start working on their 

graduation projects. Therefore, the student searches for a provider who works for him to adopt 

an idea that he works for and assigns to his graduation project. This method takes a lot of time 

from the student and will delay in starting his graduation project. The provider needs students 

to do some free work for him but there are no ways to help him find the student for them. 

This project will work on an application that helps providers publish their ads on projects they 

want them to do. On the other hand, the student searches for the supplier's advertisements for 

the projects. The application allows communication between the student and the provider with 

ease and contributes to the simplification of the task of both parties. 
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1. Introduction: 

1.1 Overview of Project Case: 
Students in colleges and universities generally suffer from the idea of the graduation project. 

Of the requirements of colleges and universities to be selected project or idea to contribute to 

the development of the community and serve the largest number of people. The student in the 

graduation project is looking for suitable ideas for community service and at the same time gets 

the appropriate grades in the graduation project. Where the student searches for companies and 

government institutions on the idea or development of a specific program or the development 

of a site or anything that helps the student in the graduation project and at the same time serves 

these companies and government institutions. Companies, government institutions are also 

looking for people who do some work in different areas of their workStudent always suffers 

from the idea and delay to find, because he must look for a different idea of the rest of the 

students also have a distinct idea, it takes the student a long time to find the appropriate idea 

for the graduation project. The application of this project is to help the students from colleges 

and universities in Oman to obtain ideas for graduation projects and at the same time the work 

serves the governments and private institutions in obtaining work by students. So, the 

application helps companies and government organizations to obtain service by college and 

university students. This service provided by the student to this institution helps him to get 

experience in different area of works. 

 

 

1.2 Problem Definition: 
The problem faced by the student is to search for an idea or development of something specific 

graduate project, which requires that it contributes to the assistance of all people, especially 

students. On the other hand, companies and government agencies have difficulty in finding 

people who help them develop some things or do some special work for them without any 

compensation in order to help and gain experience for students. The solution can be in the work 

of an application that has a direct link between these companies and government institutions 

with the student directly.  
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1.2.1 Existing System: 
The student suffers from the difficulty of communication between the companies and 

government institutions to find a suitable graduation project. The student must bear the 

responsibility to go to these companies and governmental institutions to find a suitable project 

that should be approved by these institutions. At present, there is no way to communicate with 

these companies directly, only through e-mail and telephone. However, these commnuication 

ways, in many cases, are facing neglect and  no repoonse by the responicple party. To deal with 

these diffculties, the student shall go and talk personally with the companies or government 

institutions and highlight the projectt requirements.  

1.2.2 Proposed System: 
The application of this project is to help the students from colleges and universities in Oman 

to obtain ideas for graduation projects and at the same time the work, serves the governments 

and private institutions in obtaining free work by students. So, the application helps companies 

and government organizations to obtain the services provided by students colleges and 

universities. This service provided by the student to these institution helps him to get 

experience in different area of works. There is a re-registration by the companies and 

government institutions that are reliable to ask the things they want the student to help them to 

develop some things or work in a new thing 

1.2 Project Scope: 
 

1.3.1 Aim: 
The aim of this project is to facilitate the process of obtaining ideas or works by certain 

companies or government institutions for student projects and on the other hand to the 

companies and government institutions to obtain free work by students. 

1.3.2 Objective: 
- To achieve more knowledge about creating apps. 
- Serves ministries and the private sector by providing them a channel to 

announce their community projects. 
- Help students get a graduation project and at the same time serve government 

and private institutions  
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Chapter 2: 

2. literature review and Feasibility Analysis 

2.1 Literature review: 
 

2.1.1 Introduction about Photoshop  
Source: whatis.techtarget.com 

Is a program that edits images, you can design images and design graphs through this program. 

This program provides many features to modify images through it where the user can modify 

images more easily, It also uses layers to modify images and install other images with it. These 

layers work as filters and convince, and can change the basic colours through these masks and 

filters also add shade and other effects through these layers. Many people today are using 

Photoshop, such as photographers, video game artists, graphic designers, graphic designers and 

other designers. This program is also available with a monthly fee of between $ 49.99 and $ 

9.99 and is based on the person's choice and requirements. Because the Windows system is 

different from the Mac system. (Whatls.com, 2018) 

These literature review will help me to design some images that I will use for the application.  

2.1.2 Introduction about Illustrator 
Source: www.vectordiary.com 

Is a program to draw vector, this program uses many of the drawings such as illustrations, 

graphs, animations and logos, also uses mathematical equations, and this program can resize 

the image without losing its resolution. It also has many advantages: Resize images without 

loss of precision, contain many clear fonts in many languages, print with high precision also 

illustrations. Also, each program has advantages and disadvantages. This program also contains 

disadvantages such as defects in vector drawings such as, the graphics tend to look flat and 

difficult to produce realistic images. (Soh, 2018) 

These literature review will help me to design some button that I will use for the application to 

add beauty to the design.  
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2.1.3 Introduction about Live Code:  
Source: www.livecode.com 

It is a program through which applications are designed for many systems such as: Windows, 

Mac OS, Linux, ISO and Android. This program contains easy drag and drop and you can 

create your own interface with ease. You can run your application and edit it directly because 

it is a language free from translation. This allows you to gradually add code and develop it 

continuously and test it on the move. (Live Code, 2014) 

This literature review will help to know about this application and it’s for design applications 

and websites. It is easy to use, and will help to compare it with IONIC application to work on 

the application and chose one of this application. 

 

2.1.4 information about Implementation Testing 
Source: www.tutorialspoint.com 

Implementation: is the process of establishing procedures for the formulated plan. The plan 

must be complete and its objective clear before implementation so that it can be implemented 

on a regular basis. The test for each of the procedures outlined in the plan is said to be the 

implementation tests. (tutorialsPoint, 2018) 

These literature review will help me to know some information about implementation testing. 

 

2.1.5 spiral model 
Source: http://istqbexamcertification.com 

This module focuses on risk analysis, it consists of four stages: planning, risk analysis, 

engineering and evaluation. The stages of the project go through these stages repeatedly to 

assess the risks. This model is preferred for large, expensive and complex projects. This model 

combines the characteristics of the prototype and the waterfall model. It was implemented by 

Barry Moehm in 1988. (ISTQB Exam certification, 2017) 

This literature review will help to learn how to form a spiral model. The spiral model is easier 

and more efficient than other models and will be used in the project. 
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2.1.6 Waterfall model: 
Source: searchsoftwarequality.techtarget.com 

The waterfall model is considered as a lifecycle development software system. It is a traditional 

approach to develop the life cycle of systems. This waterfall contains the development stages 

of the project, imagine that a waterfall on a steep cliff slope as soon as the water flows on this 

slope does not have the ability to go back, so is the waterfall model once you finish the stages 

continue development process and you cannot go back again. (Rouse, 2018) 

 This literature review will help to know about waterfall model and learn about it.The reason 

to not use it because the waterfall model can’t go back wane finish steps to solve the problem. 

This will make the design more difficult and take a lots of time.   

 

2.1.7 What is Ionic: 
Source: ionicframework.com 

It is an application developer application and uses HTML5, which targets mixed phone 

applications. Mixed applications are in small sites. These applications work primarily for the 

browser and have access to the basic system layer. It also contains many benefits such as 

support for the basic system and speed of development and others. (Ionic, 2014) 

These literature review will help me to create the application.  
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2.2 Feasibility Study: 
It’s the study of the factors affecting the projects before implementation and interested in the 

feasibility study in the establishment of the proposed project before implementation in a 

practical way. Projects must precede studies that demonstrate the existence of a sufficient 

market in which the production of the project and the execution of the project are carried out. 

There are many types of feasibility: Feasibility, economic feasibility, ethical and legal 

feasibility and operational feasibility to determine if the project can be done easy or not. 

2.3 Type of Feasibility Study: 

       2.3.1 Technical Feasibility: 
The technical feasibility of this project depends on the financial, economic and social studies 

and the full costs of the project and the required things for the completion of the project. The 

project also needs many costs and equipment to prepare the project. This feasibility studies the 

outputs and inputs for this project. Projects also need many programs to design and develop 

them. Since some of device is already exist, the project possible from technical feasibility.  

2.3.1.1 List of Hardware:  

Device  Features  
Samsung note8   Platform: OS android 7.1.1 (Nougat), 

upgradable to Android 8.0 (Oreo). 
Memory: card slot microSD, up to 400 GB 
(use SIM 2 slot) – dual SIM model only 
Internal 128 GM and 6 GB RAM   

HP omen (gaming laptop)  Processor: intel(R) core(TM) i7-6700HQ 
CPU @ 2.60GHz 2.59 GHz  
Installed memory (RAM): 12.0GB (11.9 
GB usable)  
System type: 64-bit Operating System, x64-
based processor 
Screen: 16 inches  
 

LG external Hard Disk  1 TB, for backing up file.  
Desktop HP pavilion 27-a240se  
 
 
 
 
 
 

Processor: 7th generation intel@ core ™ I7 
PROESSOR. 
Installed memory (RAM): 16 GB memory, 
1TB SSHD storg. 
System type: NVIDIA@ GeForce@ 
930OMX (2 GB GDDR5 desiccated)  
Screen: 20 inches  

Table 1List of hardware for Technical feasibility 
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2.3.1.2 List of software:  

Software  feature 

Windows 10 operating system  It’s the last windows update,  

Adobe Illustrator CC 2018   it’s an advanced vector-based software. It’s 

used mathematical constructs to create vector 

graphics. This software will be used to 

design some of button and background for 

the application.     

Adobe Photoshop CC 2018 it’s the great program for modifying already 

created images and graphic like photos. It’s 

the most popular program. This software will 

be used for editing the image for the 

application.  

Microsoft word 2016 It’s word processing program designed to 

help for create high quality documents and 

reports. to write the report for the project.  

Microsoft project 2016  It’s a project management  

Microsoft PowerPoint 2016 It’s a visual and graphical application that is 

primarily used to crate presentations. To 

make the presentation for the project. 

IONIC Application v3 It’s a framework for building mobile 

application using HTML, CSS and 

JavaScript. It’s an open source SDK for 

hybrid mobile application development. This 

is the main application to develop the 

application.   
Table 2 list of software Technical feasibility 

Since these hardware and software are available easily, project is technically feasible.  
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2.3.2 Eeconomic feasibility: 
This project offers many ideas and graduation projects. It is therefore easy for students to get 

these projects through this application without going to the governmental institutions and 

companies to request some of them. This project will reduce the difficulty of students in the 

search for graduate projects that have relevance in supporting government institutions or 

companies from the search of this application without incurring the need to go anywhere. 

2.3.2.1 List of Hardware:  

Device  Cost  

Samsung note8   319 OMR 

HP omen (gaming laptop)  460 OMR 

LG external Hard Disk  30 OMR 

Desktop HP pavilion 27-a240se  800 OMR 

TOTAL: 1609 OMR 
Table 3 List of Hardware Eeconomic feasibility 

The total price of the hardware that will use in this project is: 1609 OMR 

2.3.2.2 List of software: 

Software  Cost 

Windows 10 operating system  57.9 OMR 

Adobe Illustrator CC 2018   7.7 OMR (monthly) 

Adobe Photoshop CC 2018 7.7 OMR (monthly) 

Microsoft word 2016 Free (student version) 

Microsoft project 2016  Free (student version) 

Microsoft PowerPoint 2016 Free (student version) 

IONIC Application v3 Free  

  

TOTAL: 73.3 OMR 
Table 4List of software Eeconomic feasibility 

The total price of the software that will use in this project is: 73.3 OMR 

from these both tables, the expenditure plan is reasonable by the student, and this project is 

economically feasible. 
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 2.3.3 Operational Feasibility: 
Operational feasibility is important in this project. Because the project requires the registration 

of many companies and government institutions officially registered in the application. This 

project will contain information, and information explaining the use of this application to 

introduce the user to the application process and, on the other hand, to promote the application.  

2.3.4 Ethical and Legal Feasibility: 
The legal aspect of this project is very important. All authenticated users by companies and 

government institutions will be all legal and will be under the supervision of the Middle East 

College and will be responsible for the data in the application. No copyrighted content will be 

used in this project and if any content is found, legal proceedings will be taken against those 

who do. This project will be approved by Omani laws. 

2.5 SWOT: 

 SWOT is a strategic analysis tool in several areas such as business management and others. 

SWOT analysis is a very effective way to find out the strengths, weaknesses, opportunities and 

risk of the project.  

 

 

 

 

 

 

 

 

 

  

Figure 1 SWOT Image 
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2.5.1 Strength:  
This project is the first of its kind in offering projects to students and helping them to obtain 

new graduation projects and will also be easy to use for students, companies and government 

institutions. Also, the agreement from the different organization its give the projects more 

strength. 

 

2.5.2 Weaknesses: 

The concerns of this project not to obtain approvals from companies and government 

institutions and that some companies do not put many new projects for students, which leads 

to a lack of projects in the application 

 

2.5.3 Threats: 
That some companies are withdrawing from the application in a surprise and this withdrawal 

makes the student difficult to complete the project and that this application does not reach many 

students. 

 

2.5.4 Opportunities: 

This project will help students get new graduation projects and will also save them time. Also 

now need to go and search for any projects to do gust use the application. In other hand its also 

help the organization to get free work done by student.  
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Chapter 3 

3. Methodology 

3.1 Methodology: 
In this step of the project, I will explain some of the methodologies that help organize the 

project. It is a system that sets guidelines for solving a problem, with components including 

phases, tasks, methods, and tools. There are many methods for methodologies to be presented 

in the best way. And through this chapter, which will contain the analysis of the requirements 

and the first sections of the diagram and the project plan. 

To be a successful project one must follow the appropriate plans and strategies for the success 

of the project. These plans and strategies are the stages to complete the project. There are some 

successful companies using a strategy (SDLC) The System Development Life Cycle to manage 

successful projects. This model will be the model that will be used in this project. 

3.1.1. SDLC Model 
(SDLC) The System Development Life Cycle.This term is commonly recognized by 

developers, refers to the development of a plan describing the life cycle of the program, 

including all stages of development from the drawing of the idea to the end. The purpose of 

such plans is to conceptualize the different stages of programming to ensure that the program 

will achieve the purpose and that the method applied is the best way.  Visualization of the life 

cycle facilitates early prediction of errors and allows developers to focus on the quality of the 

application and the time required to implement the program, as well as the cost involved.  

The life cycle of the program includes the following stages: 

1. Requirement  

2. Analysis  

3. Design  

4. Specification  

5. Implementation  

6. Testing  

7. Deployment  

8. Maintenance  
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3.1.2 Spiral Model: 

 

 

 

 

 

                                                              Figure 2 Spiral Model 

 

                       Figure 3 Spiral Model 

 

Spiral Model is the most appropriate step to complete the project successfully, because this 

step is analysing the cycle of the software system. The idea of this model is a cycle, where this 

model consists of a set of cycles, and each course covers a range of project phases. 

 The elements of each cycle are chosen according to the importance of the project, starting with 

the first and then the samples are prepared for these requirements to verify their validity, and 

then move to the design stage and then the next stage until the end of this part. 

In the second session, the elements of this cycle will be determined, and they will be linked to 

all previous products. This cycle will continue until the project is completed in full. 

Steps to implement Spiral Model: 

1. Taking requirements (Requirements) 

2. Analysis of part of the problem (Analysis). 

3. Introducing problem solutions (Design  ( . 

4. Ensuring )Specification  (  

5. Implementation of the design (Implementation). 

6. Perform a test (Testing). 

7. Deployment of this part of the program (Deployment). 

8. Maintenance of errors that appear in it (Maintenance). 
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3.1.3 Rationale for Choosing this Methodology:  
One of the main reasons for choosing the spiral model for this project is that the main 

requirements of the project, which were known in the first courses, will be tested well in each 

course. This model is also compatible with the nature of work, especially in the stage of 

collecting requirements because this model begins with the most important and then moves to 

the most detailed. It also accepts change and modification because it provides a better 

opportunity to understand details and can add any change in future cycles. So, this model will 

be the best to complete the project in the best possible way. 

 

3.2 Project Plan:  
The project plan is the main step of project management in terms of division of labour and 

work schedule of the project to clearly divide tasks, this is a requirement in working to reach 

the objectives of the elements of the project. This step helps to show the relationships between 

work and other tasks and determines the time for each task in the project. 

 

3.2.1 Work Breakdown Structure:  
The work breakdown structure is to considers the challenge in the project and contributes to 

the organization of work and to determine the time of each task in this project. From this point 

you can specify the project time and the tasks required to complete it. This step helps greatly 

in the accuracy of the violation of the project on time. 

 

3.2.2 Task List  
In this step, the project tasks are divided into a separate sub-task format where it is possible to 

estimate and allocate appropriate resources. 
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3.2.2.1 Planning: 

Task Mode Task Name Duration Start Finish Predecessors 

Auto 
Scheduled 

Project 
Planning 

75 days Mon 3/5/18 Sun 6/17/18  

Manually 
Scheduled    Introduction  10 days Mon 3/5/18 Sun 3/18/18  

Auto 
Scheduled 

      Overview of 
Project Case  2 days Mon 3/5/18 Tue 3/6/18  

Auto 
Scheduled 

      Problem 
Definition  2 days Wed 3/7/18 Thu 3/8/18 2 

Auto 
Scheduled 

      Existing 
system  

1 day Sun 3/11/18 Sun 3/11/18 3 

Auto 
Scheduled 

      Proposed 
system  

2 days Mon 3/12/18 Tue 3/13/18 4 

Auto 
Scheduled 

      Project Scope  1 day Wed 3/14/18 Wed 3/14/18 5 

Auto 
Scheduled 

      Aim  1 day Thu 3/15/18 Thu 3/15/18 6 

Auto 
Scheduled 

      Objectives  1 day Sun 3/18/18 Sun 3/18/18 7 

Auto 
Scheduled 

   Literature 
Review  19 days Mon 3/19/18 Thu 4/12/18 8 

Auto 
Scheduled 

      Literature 
Review  4 days Mon 3/19/18 Thu 3/22/18  

Auto 
Scheduled 

      Feasibility 
Analysis  3 days Sun 3/25/18 Tue 3/27/18 10 

Auto 
Scheduled 

      Types of 
Feasibility 
Analysis  

1 day Wed 3/28/18 Wed 3/28/18 11 

Auto 
Scheduled 

      Technical 
Feasibility  

2 days Thu 3/29/18 Sun 4/1/18 12 

Auto 
Scheduled 

      Economic 
Feasibility  

2 days Mon 4/2/18 Tue 4/3/18 13 

Auto 
Scheduled 

      Operational 
Feasibility  

2 days Wed 4/4/18 Thu 4/5/18 14 

Auto 
Scheduled 

      Ethical & 
Legal Feasibility  

2 days Sun 4/8/18 Mon 4/9/18 15 

Auto 
Scheduled 

      SWOT 
Analysis  3 days Tue 4/10/18 Thu 4/12/18 16 

Auto 
Scheduled    Methodology  46 days Sun 4/15/18 Sun 6/17/18 17 

Auto 
Scheduled       Methodology  4 days Sun 4/15/18 Wed 4/18/18  
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Auto 
Scheduled 

      Project Plan  1 day Thu 4/19/18 Thu 4/19/18 19 

Auto 
Scheduled 

      Work 
Breakdown 
Structure  

1 day Sun 4/22/18 Sun 4/22/18 20 

Auto 
Scheduled 

      Task List  2 days Mon 4/23/18 Tue 4/24/18 21 

Auto 
Scheduled       Gantt Chart  1 day Wed 4/25/18 Wed 4/25/18 22 

Auto 
Scheduled 

      Network 
Diagram  1 day Thu 4/26/18 Thu 4/26/18 23 

Auto 
Scheduled 

      Critical Path 
Analysis  1 day Sun 4/29/18 Sun 4/29/18 24 

Auto 
Scheduled 

      
Communication 
Plan  

1 day Mon 4/30/18 Mon 4/30/18 25 

Auto 
Scheduled 

      Acceptance 
Plan  

1 day Tue 5/1/18 Tue 5/1/18 26 

Auto 
Scheduled 

      Resource Plan  2 days Wed 5/2/18 Thu 5/3/18 27 

Auto 
Scheduled 

      Hardware 
Requirements for 
design  

2 days Sun 5/6/18 Mon 5/7/18 28 

Auto 
Scheduled 

      Software 
Requirements for 
design  

2 days Tue 5/8/18 Wed 5/9/18 29 

Auto 
Scheduled 

      Risk 
Management Plan  2 days Thu 5/10/18 Sun 5/13/18 30 

Auto 
Scheduled 

      Block Diagram 
of the System  

2 days Mon 5/14/18 Tue 5/15/18 31 

Auto 
Scheduled 

      Requirement 
Analysis  

2 days Wed 5/16/18 Thu 5/17/18 32 

Auto 
Scheduled 

      Data 
Collection  

1 day Sun 5/20/18 Sun 5/20/18 33 

Auto 
Scheduled 

      Questionnaire  2 days Mon 5/21/18 Tue 5/22/18 34 

Auto 
Scheduled 

      Interview  1 day Wed 5/23/18 Wed 5/23/18 35 

Auto 
Scheduled 

      Data Analysis  1 day Thu 5/24/18 Thu 5/24/18 36 

Auto 
Scheduled 

      External 
Interface 
Requirements  

2 days Sun 5/27/18 Mon 5/28/18 37 
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Table 5 planning table 

3.2.2.2 Implementation:  

Task 
Mode 

Task Name Duration Start Finish Predecessors 

Auto 
Scheduled 

implementation 75 days Sun 10/7/18 Thu 1/17/19  

Auto 
Scheduled 

   Documentation 16 days Sun 10/7/18 Sun 10/28/18  

Auto 
Scheduled 

      Requirement 3 days Sun 10/7/18 Tue 10/9/18  

Auto 
Scheduled 

      user Requirement  4 days 
Wed 
10/10/18 

Mon 
10/15/18 

2 

Auto 
Scheduled 

      system Requirements  3 days Tue 10/16/18 Thu 10/18/18 3 

Auto 
Scheduled 

      Functional 3 days Sun 10/21/18 Tue 10/23/18 4 

Auto 
Scheduled 

      Non-Functional  3 days 
Wed 
10/24/18 

Sun 10/28/18 5 

Auto 
Scheduled 

   Design  13 days 
Mon 
10/29/18 

Wed 
11/14/18 

6 

Auto 
Scheduled 

      Database  3 days 
Mon 
10/29/18 

Wed 
10/31/18 

 

Auto 
Scheduled 

      Server 3 days Thu 11/1/18 Mon 11/5/18 8 

Auto 
Scheduled 

      Client  4 days Tue 11/6/18 Sun 11/11/18 9 

Auto 
Scheduled 

      web page  3 days 
Mon 
11/12/18 

Wed 
11/14/18 

10 

Auto 
Scheduled 

      Maintainability 
Requirements  2 days Tue 5/29/18 Wed 5/30/18 38 

Auto 
Scheduled 

      Usability 
Requirements  2 days Thu 5/31/18 Sun 6/3/18 39 

Auto 
Scheduled 

      Initial Block 
Diagram  1 day Mon 6/4/18 Mon 6/4/18 40 

Auto 
Scheduled       Flowchart  3 days Wed 6/6/18 Thu 6/7/18 41 

Auto 
Scheduled 

      Use Case 
Diagram  3days Tue 6/12/18 Wed 6/13/18 42 

Auto 
Scheduled 

      Screen 
Prototypes  

3 days Thu 6/14/18 Sun 6/17/18 43 
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Auto 
Scheduled 

   Implementation 19 days Thu 11/15/18 Tue 12/11/18 11 

Auto 
Scheduled 

      Prototype  4 days Thu 11/15/18 Tue 11/20/18  

Auto 
Scheduled 

      Database  6 days 
Wed 
11/21/18 

Wed 
11/28/18 

13 

Auto 
Scheduled 

      server 3 days Thu 11/29/18 Mon 12/3/18 14 

Auto 
Scheduled 

      client  3 days Tue 12/4/18 Thu 12/6/18 15 

Auto 
Scheduled 

      web page  3 days Sun 12/9/18 Tue 12/11/18 16 

Auto 
Scheduled 

   Testing 10 days 
Wed 
12/12/18 

Tue 12/25/18 17 

Auto 
Scheduled 

       Database server  3 days 
Wed 
12/12/18 

Sun 12/16/18  

Auto 
Scheduled 

      client  3 days 
Mon 
12/17/18 

Wed 
12/19/18 

19 

Auto 
Scheduled 

      web page  4 days Thu 12/20/18 Tue 12/25/18 20 

Auto 
Scheduled 

   Report 17 days 
Wed 
12/26/18 

Thu 1/17/19 21 

Auto 
Scheduled 

      progress report 3 days 
Wed 
12/26/18 

Sun 12/30/18  

Auto 
Scheduled 

      technical report 4 days 
Mon 
12/31/18 

Thu 1/3/19 23 

Auto 
Scheduled 

      Final report 6 days Sun 1/6/19 Sun 1/13/19 24 

Auto 
Scheduled 

      Poster 4 days Mon 1/14/19 Thu 1/17/19 25 

Table 6 implementation table 
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3.2.3 Gantt Chart 
3.2.3.1 Gantt Chart for planning: 

 

 

 

 

 

 

 

 

                        Figure 4 Gantt Chart for planning 1 

 

 

 

 

 

 

 

 

 

                        Figure 5 Gantt Chart for planning 2 

 

 

 

 

 

 

 

 

                    

                         Figure 6 Gantt Chart for planning 3 
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3.2.3.2 Gantt Chart for implementation: 

 

 

 

 

 

 

 

 
                  Figure 7 Gantt Chart for implementation 1 

 

 

 

 

 

 

 

 

 

 Figure 8 Gantt Chart for implementation2 

3.2.4 Network Diagram 
3.2.4.1 Network Digaram for planning:  

 

 

 

 

 

 

  

                             Figure 9 Network Digaram for planning 1 
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                             Figure 10 Network Diagram for planning 2 

 

 

 

 

 

 

 

 

 

                    Figure 11 Network Diagram for planning 3 

 

 

 

 

 

 

 

 

 

                       Figure 12 Network Diagram for planning 4 
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                            Figure 13 Network Diagram for planning 5 

 

 

                               Figure 14 Network Diagram for planning 6 

 

                                 Figure 15 Network Diagram for planning 7 
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                  Figure 16 Network Diagram for planning 8 

 

3.2.4.2 Network Digaram for implementation:  

 

 
                  Figure 17 Network Diagram for implementation1 

 

                        Figure 18 Network Diagram for implementation2 
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                             Figure 19 Network Diagram for implementation3 

 

 
                               Figure 20 Network Diagram for implementation4 

 

 

              Figure 21 Network Diagram for implementation5 
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3.2.5 Critical Path Analysis 
This step in the project is to identify the activities needed to complete the task, and to 
determine the time necessary to complete each activity and the relationships between the 
activities. This step is important to finalize this project.  

3.2.5.1 Critical Path Analysis for planning: 

 

                                            Figure 22 Critical Path Analysis for planning1 

 

                                   Figure 23Critical Path Analysis for planning2 
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                                     Figure 24 Critical Path Analysis for planning3 

 

3.2.5.2 Critical Path Analysis for Implementation: 

 

            Figure 25 Critical Path Analysis for Implementation1 
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                                            Figure 26 Critical Path Analysis for Implementation2 

 

                     Figure 27 Critical Path Analysis for Implementation3 
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3.2.6 Communication Plan  

Communicating in general contributes to maintaining the project mission. 

General speaking, in projects the manager is responsible for directing all the 

project so that the director has the aspects of the communication plan. The 

communication plan allows the project owner to maintain control of the project 

and to secure the information needed to complete the project. The project includes 

several ways to communicate these types of e-mail, telephone calls and meetings. 

communicate with Frequency of 

communication 

mode of 

communication 

Discussion points   

Teachers   two days a week  Phone  
 Email 
 face to 

face  

 To discuss 
the project 

 project issue  
 for the week 

diaries.  
Supervisor   two days a week  phone  

 email  
 face to 

face 
 SIS 

 by submit 
week dairies 

 any issue on 
the project 
  

Other   some time when 
finish stage.  

 Face to 
face 

 Testing  
 Suggestion  

Table 7 Communication Plan table 

3.2.7 Acceptance Plan  

Work in the project must be very accurate. Because the work must be done well and meet all 

the requirements that the user needs. Also do all the requirements of the project without 

problems or mistakes. The project must be completed on time. 

Project Description: 

This project helps in helping students to find projects that graduate easily and on the other hand 

helps companies and government institutions to find free work by students. This application 

will build a fast link between the providers and the students, making it easier for the student 

and provider to do this task. 
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Admission Plan: 

 Working to communicate with companies and government institutions to identify the 

application. 

 Include all academic disciplines from the Middle East College. 

 Test application by students and provider. 

 Design the application in the best possible way. 

 Finish the last step on time. 

3.2.8 Resource Plan  
In this step of the project, the resource plan needed by the project is expanded to include the 

hardware and software needed to complete the project. These software and hardware determine 

the strength and quality of the project. 

3.2.8.1 Hardware Requirements for design  

Device  Features  

Samsung note8   Platform: OS android 7.1.1 (Nougat), 
upgradable to Android 8.0 (Oreo). 
Memory: card slot microSD, up to 400 GB 
(use SIM 2 slot) – dual SIM model only 
Internal 128 GM and 6 GB RAM   

HP omen (gaming laptop)  Processor: intel(R) core(TM) i7-6700HQ 
CPU @ 2.60GHz 2.59 GHz  
Installed memory (RAM): 12.0GB (11.9 
GB usable)  
System type: 64-bit Operating System, x64-
based processor 
Screen: 16 inches  
 

LG external Hard Disk  1 TB, for backing up file.  
Desktop HP pavilion 27-a240se  Processor: 7th generation intel@ core ™ I7 

PROESSOR. 
Installed memory (RAM): 16 GB memory, 
1TB SSHD storg. 
System type: NVIDIA@ GeForce@ 
930OMX (2 GB GDDR5 desiccated)  
Screen: 20 inches  

Table 8 1 Hardware Requirements for design 
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3.2.8.2 Software Requirements for design  

Software  feature 

Windows 10 operating system  It’s the last windows update,  

Adobe Illustrator CC 2018   it’s an advanced vector-based software. It’s used 

mathematical constructs to create vector graphics. 

This software will be used to design some of button 

and background for the application.     

Adobe Photoshop CC 2018 it’s the great program for modifying already created 

images and graphic like photos. It’s the most 

popular program. This software will be used for 

editing the image for the application.  

Microsoft word 2016 It’s word processing program designed to help to 

create high quality documents and reports.  

Microsoft project 2016  It’s a project management  

Microsoft PowerPoint 2016 It’s a visual and graphical application that is 

primarily used to crate presentations. To make the 

presentation for the project. 

IONIC Application v3 It’s a framework for building mobile application 

using HTML, CSS and JavaScript. It’s an open 

source SDK for hybrid mobile application 

development. This is the main application to 

develop the application.   
Table 9 Software Requirements for design 

3.2.9 Risk Management 
In this project, it is necessary to set some potential risks that may affect the project. The risk in 

projects is that an unexpected event or an uncertain circumstance may occur which results in a 

negative or positive impact on the project objective. Project managers should study and assess 

these potential risks that may occur during the project implementation phase and try to find 

solutions to these risks before they occur. 

This project is based on the following table of risks that can be expected to be faced by the 

project and its impact on the project. This table discusses potential risks and plans to protect 

the project. 



36 | P a g e  
 

3.2.9.1 Internal  

Risk type Details  impact  Mitigation plan 

Management Risk  Lack of resources  High  Provide the necessary resources 

before starting the project and 

deal with reliable people to 

provide these resources 

Time Risk  Don’t complete the 

work in the time. 

Medium   Time must be regulated and 

develop the necessary plan to 

implement the project in a 

timely manner 

Recourse  Difficulty to get the 

recourse. 

High  Search about the recourse 

through internet and ask the 

people. 
Table 10 Risk Management(Internal) 

 

 

3.2.9.2 External  

Risk type Details  Impact   Mitigation plan  

Weather  Bad weather Medium  Search about the weather 

before start. 

Holiday  Official holiday  High  Must be compensated 

work hours 
Table 11 Risk Management(External) 
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3.2.10 Block Diagram of the System   
Block diagrams are used to show the structure of the application in a hierarchy form. which can easily 

describe from top to the bottom, how the user will start and where will they end, it shows the pages and 

options that each pages include.  

3.2.10.1 Student Block diagram:  

3.2.10.2 Company Block diagram  
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This diagram shows the structure of the user interface and what functions can a user perform 

in terms of the application usage, from top, a user can login, and if new, can sign up. After 

login there are many options to assess like organisation, contact us, about us, my profile, 

request and home, a user can logout anytime they want. The organisation has organisation 

names, and information is displayed on clicking them. The request page has chats option. The 

home page has all the specialisations in their related fields. As seen in the block diagram. The 

application interface has two more pages or options for the organisation like add project, and 

my projects. 

3.3 Requirement Analysis  
All data required for this project must be analysed and collected. This is a very important 

condition and this condition can be in the form of personal information and data. 

3.3.1 Data Collection  
An interview and a questionnaire are conducted, after which the data is collected to obtain 

information and data on the sources required for this project. 

3.3.1.1 Questionnaire  

1. Do you think the students having difficulty with getting ideas for their 

graduation projects? 

 Strongly agree 

 Agree 

 Not agree 

 No comment 

2. Do you think the application will help students to get idea for their graduation 

projects in real time? 

 Strongly agree 

 Agree 

 Not agree 

 No comment 



39 | P a g e  
 

3. Are you among the students who are having difficulty in getting a graduation 

project? 

 Yes 

 No 

4. Do you think that getting a real time and good graduation projects in this days 

have become a hindrance to students especially from companies? 

 Strongly agree 

 Agree 

 Not agree 

 No comment 

5. Do you support this application? 

 Yes 

 No 

3.3.1.2 Interview  

Mr Vikas (faculty at middle east college) 

This application will help many students to find ideas and projects to graduate and will also 

help to have a link between students, government and companies in helping them in projects 

and application serves both and facilitate the task for them. It will also contribute to the 

development of the student's abilities in terms of working in various projects that are relevant 

in the service of the community by helping companies and government institutions. Mr. Vikas 

said that this application will greatly contribute to helping students find ideas in graduation 

projects and shorten the time for them in terms of communicating with the sponsor for their 

project. And must work with the project seriously to be successful and effective. 
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Mr. Mustafa said al-Farsi (General Manager of Information Technology at Omantel.) 

The application will contribute to work on some of the projects needed by the company, and 

the application will be a link between the company and students to ask for help from them. The 

idea of application is very nice, and we wanted to have an application like this because we need 

some work to have some help from the students to see their experience and creativity. Mr. 

Mustafa said the completion of this project successfully will be a beautiful transfer in the field 

of communication companies with students and take some help from them. 

Alhajaj al-Balochi (student at middle east college from multimedia specialization) 

The idea of this application helps us a lot as students in finding projects. And the application 

includes more than a specialty, and this is considered a wonderful thing to help most students 

in the college. We have worked with companies or government institutions to improve our 

project and it is difficult for us to even find the approval of Clint, the application will make it 

easier for us to do so. Alhajaj said that this application would be very effective and would be a 

great move for students to help them find graduation projects and would be happy to finish this 

project as soon as possible, to take benefit of the application. 

3.3.2 Data Analysis  
Data analysis is the process of evaluating data. These analyses are used in the study of each 

component of the research data, and this analysis is the first step of the many steps that must 

be completed when doing in the research experiment. These data are collected from many 

sources and are reviewed and then analysed form a type of conclusion. 

 

 

 

 

 

Figure 28 Data Analysis 1 

This graph shows that 60% of students agree with the question. And 30% of student strongly 

agree with the question.  
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Figure 29 Data Analysis 2 

 

This graph shows that 54.5% of students agree with the question. And 36.4% of student 

strongly agree with the question.  

 

 

 

 

 

 

 

 

 

 

Figure 30 Data Analysis 3 

 

This graph shows that 69.7% of students their answer is yes with the question. And 30.3% of 

student their answer is no with the question. 
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Figure 31 Data Analysis 4 

 

This graph shows that 69.7% of students agree with the question. And 21.2% of student 

strongly agree with the question.  

 

 

 

 

 

  

 

Figure 32 Data Analysis 5 

This graph shows that 97% of students their answer is yes with the question. And rest of student 

their answer is no with the question.  
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3.3.3 External Interface Requirements: 
User interface: 

The user interface is the area where the user interacts with the application. This application 

contains many buttons that the user needs to navigate to other pages and going back. This 

application also contains the logo of companies and institutions that will be involved in the 

application. 

Software requirement: 

Through the requirements of the program you must solve the problems and achieve the goal 

and goal in the project is to work on the project successfully and make sure all-round 

application works successfully. 

Communication requirement: 

Through the requirements of communication, the application will be used through the mobile 

phone, will be easy to use and the user must be connected to the social network to be able to 

use the application easy.  

Functional requirement: 

This application is designed to be easy to use on users. The user is required to enter his / her 

data to use the application. These requirements must be made for the application to be safe and 

reliable. There is no difficulty in using the application. 

Behaviour requirement:  

This application consists of a list of specialties. Through this list the student can choose the 

specialization to find the appropriate project also enables the provider to update and introduce 

new topics for students in various disciplines. The student may also submit a meeting to the 

provider in case the student wishes to work on the project that suits him. Also the provider can 

approve the meeting or not. 

User characteristic: 

The user attributes in this application it enables the user to learn about how to use the 

application through the button how to use the application. The button how the application 

works contributes greatly to learning how to use it and makes it easier for the user. Ease of use 
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of the application is one of the advantages of beauty in these projects and makes it easier for 

everyone. 

Performance requirement: 

Workload: 

At this point the application will be tested in all respects to ensure that the application works 

successfully. The application will be distributed to some students and providers and will be 

used to ensure the quality of the application. 

Response time: 

This application will contain a lot of designs and images that will help the application capacity. 

And these designs need some time to get their response. 

3.3.4 Maintainability Requirements  
Maintenance in the project is one of the most important things that the owner of the project 

must pay attention to because the maintenance of the project is considered a major issue in all 

projects. There should be a backup copy of everything related to the project and a backup 

memory should be stored to be a reference when a project failure occurs, and some data is 

deleted.  

On the other hand, there must be strict procedures in terms of data entry by users and make 

security precautions for viruses that may disrupt the system and its disruption. A backup server 

should also be used to avoid a sudden occurrence so that there is a backup of the project. 

These things contribute to making the project successful in terms of maintenance. 

No Session type  Details  

1 Workshop  Information about application and how to use the 

application.  

2 Poster  Information about the application.  

3 Brochure  Promotion for the application. 

4 Workshop  How to change the data in this application.  
Figure 33 Maintainability Requirements table 

3.3.5 Usability Requirements  
This application can be used by mobile phone. This application requires the user to download 

it from the Android App Store and install it. The user must be connected to the social network 
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to use this application. This application is considered as a communication between the student 

and the provider in that the student can obtain the ideas of the graduation projects and the 

provider obtains free work by the student. The student chooses the appropriate idea for him, 

which was developed by the provider. The student then makes a meeting invitation through the 

application between Student and provider. After that, the time and location are determined by 

the provider. 

3.4 Initial Diagram  

3.4.1 Flowchart  
 

 

 

 

 

 

 

 

 

 

 

Figure 34 Flowchart diagram 

 

First, the student and provider registers in the application. If the password and user name are 

correct, will go to the home page. If the student has registered, will go to the student’s page. If 

the provider has registered, will go to the providers page. They can also exit the application. 
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3.4.4 Use Case Diagram:  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 35 Use Case Diagram 

Actor:  

Admin, Student, Provider. 

Admin: He can register in the application and can also change all the data in the application 

and develop the application 

Student: The student can register in the application and apply for project when you choose the 

apply for project will you get two things such as, provider reject or applying for meeting. The 

student also can see the list of projects.  

 Provider:  The provider can register in the application also, he can add project for student and 

he can see the list project applied by student and request meeting for student and approve 

project for student.   
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3.4.5 ER Diagram:  

 

 

The graph shows the application's working system, which consists of several entity such as 

company, Projects, request and student.  Starting with companies that will put projects to 

students where each student can request more than one project in one company, but the 

company can accept one student in the project, also one company contains more than one 

project, also more than one student can request one project but in the end the company selects 

only one student for the project. 
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3.4.5 Screen Prototypes  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         Figure 36 the login page                                                                              Figure 37 the home page 
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Figure 38 specialization page 

 
 

 

 

 

 

 

 

 



50 | P a g e  
 

Chapter 4: 
 

This chapter contains many important points to completing this project. These points are design 

principle HCI of the application, interface design for the application, element of UI used on the 

application, DB connectivity, navigation and control design of the application and finally the 

complete application design.  

 

4.1 Design principle /HCI aspect: 

In the beginning and before the design of the application there must be a preliminary plan to 

study the application, where the application must be effective for users to be compatible, where 

there are theories must be the project contains to be good use, including theory “TEN 

HORISTECH”. The application targets students of the Middle East College. The design of this 

application was on several programs including Photoshop and illustrator So that the images are 

clear and of high quality. The application also contains a logo that indicates the content of the 

application and all the colours and designs used to apply a consistent, simple and indicative 

content. 

 

 Flexibility and efficiency of use: 

All application users and non-application users can use the application easily and flexibly 

because it contains easy content, and everyone can use the application because it is easy to use, 

and all pages are understandable. 

 

 Aesthetic and minimalist design: 

The application does not contain anything that is not linked to the content in all the designs 

used, such as images and logo in the application suitable for students also all the information 

in the application related to the content. 

 

 Visibility of system status: 
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The application will send all alerts to users as they will keep students informed of all new things 

that will new appear in the program, also through alerts that appear to students in the program 

to avoid mistakes. 

 

 Match between system and real world:  

All terms used in the application are easy for users and understandable, also the content of the 

application is easy, where the application can be used easily and also the student will interact 

with this application. 

 

 Consistency and standards:  

In this application, the user does not need to ask whether the words mean the same thing, or 

the meaning is different. The application uses the meanings, words and actions appropriate to 

the user, and nothing will be difficult for the user. 

 

4.2 Interface design (layout): 

By designing this application, the plan lies in making the application suitable for all users. After 

looking at the phones used by the user for the app, there are two operators: 

 Android 

 IOS 

The application design to fit for both operators so everyone can use it. 
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4.2.1 Application profile page:  

 

First and second pages are a welcome page for the user, where through the design shows the 

purpose of the application, and a detailed explanation of the application to know the user about 

how the application works. The image used on this page is designed by adobe illustrator 

program. The illustration tells the user how to register and use the application. These simple 

designs were used to be understood by all. These colours were chosen to be non-harmful to the 

eye also give a beautiful view of the application. 

Third page, the user can register in the application and enjoy all the features of the application 

or the user can enter anonymously to look at the content of the application. 

There are two buttons on this page: 

 The first button registers the user in the application.  

 The second button inserts the user anonymously to browse the application only. 

The page design is very simple to be easy to register in the application and easy to use. The 

images also play a large role in facilitating the user's task to use the application. This page was 

designed using the Illustrator and the same colours were used for the application logo. 
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4.2.2 User profile page: 

 

This page is a user page. Registered users can put all their information, contact number and e-

mail through this page. This page is about the face of a person registered in the application in 

order to be viewed by the companies and government institutions for the request for work 

project subtracted from them.   There are two options on the page where you can communicate 

directly with the person.  Also, the user can change the image any time he wants.  

4.2.3 The logo of the application: 

 

 

 

 

 

 

 

The logo is designed by Adobe Illustrator. The idea of the logo is the expression of the name 

of the application where the name of the application means the project locator, where the icon 
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was drawn on the sites and recognized by everyone, and within this icon there is a drawing 

indicating the projects. Below the logo is the name of the application to indicate the name. 

The colours of the logo were selected after studying the colours that make the eye more 

comfortable. The colours used are suitable for people who have colour blindness, as the 

application contributes to the care of people with special needs. The colours used in the logo 

are the same colours in the entire application. Black, yellow, white, blue, and dark red appear 

in some buttons to give us beautiful and distinctive colours to identify the application. 

 

4.3 Elements of (UI): 

         4.3.1 User profile page: 

 

 

This is the user page. The user page has four basic buttons: 

1. call number button: 

By clicking on it, you can directly call the user's number and contact him by phone. This button 

facilitates the number transfer and communication process 
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2. email button: 

With this button, you can send an email directly to the user and by clicking on it, the e-mail is 

opened directly. This button makes it easy to write an e-mail and move it to the e-mail page. 

3. menu button: 

Through this button, the user can choose which page he wants to move to, and also, he can 

refer to the main menu. 

4. Image button: 

Through this button the user can edit and chose the profile image.  

4.3.2 The menu: 

 

This menu contains many buttons. All of these buttons are the main directory of all the pages 

in the application. The menu button is available on all application pages so that the user can 

navigate the other pages. The list change by application login. When the student enters, some 

of the buttons disappear, such as adding a project and projects, because these things are for 

companies and government institutions login only. Also, when entering the student via email, 

the button displays (my profile) where the user can make some adjustments in the file. 
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4.3.3 Request page:  

 

 

 

 

 

 

 

 

 

 

 

This page contains 4 basic buttons: 

 Cancel the apply, this button is available to the student only 

 Chat button, this button is available to the organization and the student. 

 Finally, when entering the organization account, the student data is displayed with two 

buttons, the direct contact button with the student and the user's personal email button. 
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4.4 DB connectivity: 
 

The application needs a database to store a lot of information, which is the information of 

students that are stored in the database. The companies that will join the application must have 

their information in the database also in order for the application to send students and 

companies information and store them in the database. We used the Firebase to store all the 

information. 

        4.4.1 main page: 

 

 

 

 

 

 

 

 

 

 

 

 

This is the main page of the program that will store all the information that the application will 

need. The database contains many pages, which are companies, project, requests and users. 

Where all the information that will be send in the application will be stored, as well as all the 

information that companies will send. 
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        4.4.2 Companies page: 

 

 

This page is a company page that will be displayed in the application for student, this page 

contains many companies such as Awasr, Airpot, Omantel, Alhosni, Beah, Haya, Mohe, 

Omanoil, Ooredoo, Rop, tourism, tree. All these companies need information like address, bio, 

email, image, name, phone number, uid and webpage. So that the student knows what the 

company is and how to communicate with it. All this information will appear in the application 

for students to be able to identify the company and register it. 
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        4.4.3 User page: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page is the student page, where the application requires a database so that it can store the 

information that students will register for new projects, so we linked the student page to the 

database to store all the information. The information that the database will store is bio, college, 

email, gender, img, major, name, phone number, spec, uid and user type. 
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4.5 Navigation and control:  
4.5.1 Company navigation:  

• The navigation of interface for the users/students/aspiring project seekers: 

The navigation for this application is very simple, on every page thee is an option to go back 

by pressing the back button or icon, and even a log out of option from the very first page, the 

user from the interface can log-in and if not registered sign-up, both the options have database 

connectivity, after successful log-in, the user is on the home page or main page, where there is 

programmes options like Postgraduate programmes, business management programmes, 

science and technology programmes and engineering/UG engineering programmes, on clicking 

on any of the desired programmes option the user can access the related programmes projects. 

On the left side there are more options like Organisations, Requests, My Profile, About Us and 

Contact Us options available, on clicking the Organisations options, many organisation names 

show up, like Awasr, Omantel etc., on clicking on the organisation names the user is taken on 

their respective page which contain the organisation information’s and links etc.,  please be 

noted that the request and My Profile page have database connectivity, and the request page 

have chat option, which enables chatting with the company. 
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4.5.2 Student navigation: 

 

The navigation for the Company/app Admin: 

• The navigation for the Application admin is similar to the normal users interface 

navigation, but with a few more added features which are exclusive for the admin only, 

like Add new projects or my projects, both the pages and features contain database 

connectivity, and help the admin add new projects and from the My projects option 

view all the projects which are made available on the application for the users. Which 

can be edited or deleted or viewed for any updates related to them.  

• The user can easily navigate through the options to find the desired results and also 

provides easy navigations to the previous page by back button or the logout button 

respectively. 
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4.6 complete application design:  

interface page:  

these three pages are contact small information of the application by using victor. Also, is 
contain the login and sign up button. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is the sign-up 
page, the user cane 
but all his information 
and sign up. 

This is the log in page, 
user can login by his 
college email.  

This is the home page, 
from this page the 
user cane sees all the 
major, also cane click 
to the menu.  



63 | P a g e  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

This is the menu on the 
application (navigation), 
from this menu the user 
cane go any wear on the 
application. 

This is the about us 
page, this page give a 
small information about 
the application. 

This is the contact us 
page, from this page 
the user can contact to 
us if there are any 
echoes or need to 
help. 

This is the organization 
page, from this page the 
user can search for his 
project by shoos his 
Specializations.  
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This is the organization profile; each 
organization has a profile with 
information and phone number and email 
and the website of it. 

This is the add new project page, this 
page for the organization only to add 
new projects.  

This is the add new 
projects page, this page 
only for organization to 
add new projects on the 
application. 

This is the messages 
page, the user and the 
organization can make 
chat to discuss the 
projects. 
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This is the request 
page, when the user 
make request it shone 
all in requests page.  

This is the projects 
page, from this page 
the user can look for a 
project.  

This is my projects page, 
from this page the user 
and the organization can 
see all the projects that 
shoos it,  

This is the user profile 
page, the user can edit 
his profile and edit the 
image.  
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Chapter 5 

5.1 Coding: 

login page:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This code shows how the application works if the user logs in to the application. There are two users to 

apply: companies, government institutions and students. Students register through the application, and 

companies register through the programmer. 

 

 

 

constructor(public afAuth: AngularFireAuth, public db: 
AngularFireDatabase ) { 
 
        afAuth.authState.subscribe(user => { 
            this.user = user; 
            if (this.authenticated){ 
 
                this.db.object('users/' + this.id).subscribe((user) => { 
                    if (user.user_type === 'student'){ 
                        this.user_type = 'student'; 
                    } else { 
                        this.user_type = 'company'; 
                    } 
                }); 
 
            } else { 
                this.user_type = 'company'; 
            } 
        }); 
 
         
    } 
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projects page:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This code shows us how the application works if the student enters the project page. All project 

data are presented by calling them from the database after the organization has registered all 

the project data through the application. 

 

 

<div text-center> 

      <h3>{{company.name}}</h3> 

    </div> 

   

    <ion-card> 

        <ion-list> 

          <div padding> 

            <div padding-top> 

              <h3>Project Name</h3> 

              <p>{{item.name}}</p><br> 

              <h3>Project Description</h3> 

              <p>{{item.desc}}</p><br> 

              <h3>Project Major</h3> 

              <p>{{item.major_name}}</p><br> 

              <h3>Project Specilization</h3> 

              <p>{{item.spec_name}}</p><br> 

            </div> 

          </div> 

        </ion-list> 

         

    </ion-card> 

 

   

  </ion-content> 
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organization profile page:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This code shows how the application works on the organization's page. The programmer 

records all the company data through the database and from there it is called on this page, so 

that the student can see the information of the organization and give the student the opportunity 

to call, visit web page of the company and email them. 

 

 

<div padding-top> 
                <h6>Address</h6> 
                <p>{{item.address}}</p> 
        </div> 
    </div> 
    <ion-card> 
        <h3>Contact</h3> 
        <ion-list> 
            <button ion-item (click)="call()"> 
                <ion-icon name="call" item-left></ion-icon> Phone 
            </button 
            <button ion-item (click)="sendEmail()"> 
                <ion-icon name="mail" item-left></ion-icon> Email 
            </button> 
            <button ion-item (click)="openPage()"> 
                <ion-icon name="globe" item-left></ion-icon> Webpage 
            </button> 
        </ion-list> 
    </ion-card> 
</ion-content> 
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5.2 Testing: 

In this step of the project, the application will be tested at different stages to ensure that the 

application works in all respects. As well as writing some of the nots to be modified in the 

application and get people's impression of the application. Through this step in the project, the 

application will undergo into four basic tests: alpha testing, beta testing, focus group testing 

and Intranet Testing. Through these practical tests, application defects (if there are defects) will 

be detected and will be avoided and repaired before the project deadline immediately. 

The first steps to test are the internal testing, where the application will pass the internal tests 

throughout the work period, to ensure that the application work successfully. After completing 

this stage, it moves to the external testing. This step of the testing consists of three types: 

 Alpha Testing: At this stage of the test, the application will be completely incomplete 

and will be tested by close friends and will be evaluated. 

 Focus group testing: At this stage of the test, the application will be tested by a group 

of students and use it as available to them in fact, the application will be evaluated by 

them. 

 Beta Testing: At this stage of the test, the application will be submitted to all students 

and some government companies and institutions to test the application's efficiency and 

how to use it and write their impression on the application. 

All these tests were done to improve the quality of the application and give the user the full 

application without any defects. 

   5.2.1 Internal testing: 

The external evaluation in this application is done by testing the application. The application 

test will be through my studies. Jacob Nelson and the 10 Heartsick. 

The test includes all content of the application. And the most important things is the design. 

the design has been changed more than once and to be suitable for all users. And when we say 

all the users, we focus a lot on people with special needs through the colours used in the 

application and at the same time the application has a beautiful appearance. One of the issues 

that is also problematic in the application is the database. Where the database plays a major 

role in this application. Because all government institutions and companies are registered first 

in the database so as to be authenticated first. After this step, you can use the application. All 
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this must be an excellent database and easy to use without any complications. After a long 

search was found the best database for this application. fair base, it’s a Realtime database. 

In the end, this project does not require as much money as it requires a lot of fatigue in trying 

to include the largest number of companies and government institutions in order to serve the 

student and at the same time serve them. 

Alpha testing: 

In the alpha test, the application is tested by some people to take a look at the application and 

see if there are some flaws that need some change in it. and get some form of constructive 

feedback to adjust the direction in which this application gets developed. 

Test method include: 

 Technical test 

 Functional test 

 Operational test 

 

 

 

 

 

 

 

 

 

 

 

First user tests the application is Dr Ram. He writes some note in technical of the application. 

he gives a note that the application needs a back button to take the user back from the page. 

Also, he writes if there is an option to organization to download the projects as PDF file.  
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The seconde alpah testing: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The second user test the application is Mr Karan. write some note in functional of the 

application. he give a note that the application needs to add a button on projects page for the 

organization to delete the projects if they won’t. 
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Focus group testing:  

In the focus group testing. This testing came after applying the modification and change from 

the alpha testing. The test done by group of students to test the application. this application 

directed towards for student that way the group test done by student and see if there are some 

flaws that need some change in it. and get some form of constructive feedback to adjust the 

direction in which this application gets developed.  

Test method include: 

 Technical test 

 Functional test 

 Operational test 

 

 

 

 

 

 

 

 

 

 

 

 

 

First group test the application was test it by Hajar and Ishraq. they write some note in technical 

of the application. they give a note that the application needs to have a contact us page to give 

help and to take a feed bale from the user of the application.  
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the sconde foucs grorp testing: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The second group test the application was test it by Abdul Majeed and Abdelhamid. they write 

some note in functional of the application. they give a note that the application needs to make 

the validation for the phone number interring integer. 
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 Beta testing: 

When the application finishes the alpha test and the focus group test, All observations made in 

the test are modified. this is the testing for the application it’s a beta testing. Through this 

testing the application is open to all user to test, the application is ready to use with all design. 

The beta testing gives to the application the privilege to do the last small modification and 

fixes.  

Test method include: 

 Technical test 

 Functional test 

 Operational test 

 

 

 

 

 

 

 

 

 

 

 

 

 

First beta test, the application was test it by Mustafa al-Farsi (Omantel manager of ITSD). He 

writes some note in technical of the application. they give a note that the application needs to 

have button to delete the projects for the organization user.  
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5.3 Deployment: 

Through this point you will be familiar with the steps of application deployment, as this is one 

of the most important steps of any project and not just this project. The application must be 

promoted and deployed to reach as many people as possible. 

Through this application and through the plan that was drawn up for the deployment of this 

application, will be in the first phase of the application to public institutions and companies to 

learn about how the application works and how to use it, because the point of application and 

the strength depends on the inclusion of the largest possible number of companies and 

Government institutions in the application, in order to download the largest number of projects 

so that the student can choose his project. 

After the companies and institutions are targeted and their approval and inclusion in the 

application will begin the second camp, which is the definition of students on the application. 

The target of the student will be through some advertisements, for example: the online status 

of the College of the Middle East and the corridors of the College. The final step in the work 

of a meeting with the heads of specializations in the college, to familiarize them with the 

application and then the teacher to identify the application to the student and take advantage of 

it. 

All that a student needs to use this app is a mobile phone that was Android or iPhone. The 

application works on both triggers. 

5.4 Critical evaluation: 

The project is an application which helps in finding the projects which are added by the app 

admin in the application after receiving from the client companies or organisations, only after 

their authorization the projects are added, the application is legal, and authentic. The project 

makes it easier for the companies to upload the projects and also for the students who are 

looking for a specific topic for their projects. The beneficial thing is that the students can not 

only find a project of their specific specialisation because the application has various categories 

of projects, some are electronic, some are mechanical etc. The student can not only find a 

project required by the companies, but after successful completion, they have a high chance of 

getting hired by that specific organisation, which will indirectly affect the Omani as well Expat 

students to get hired with a merit. This App will also help the organisations find a specific and 

required skilled individuals they are looking for. 
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The application does not only have a strong concept for the use, but also have an easy to use 

interface so that even a beginner user of this application will not find it difficult to use the 

application. The risk factors can be students doing same projects again and again, and also if 

an project idea is initiated by the student and later they find it on the application, this can 

confuse or dishearten the students, but still they can help the students if they are already using 

the application, that whether the project is already been done or not. The future enhancement 

that can linked with the application is that more and more projects can be added while covering 

more specialisations, so that all the students specialisations can be covered, so that the 

application can reach more and more students, in fact all the students. The projects which are 

been completed can be updated on the application, so that others not repeat the same project 

again. Hence the project proves to be an authentic application, and aspires to help the students, 

organisations and the government indirectly, improving the society with more technological 

use, which enhances the society usability of the application. This application will act as an 

opportunity provider. 

5.5 Social, ethical and legal issues: 

Social issues: 

It is important to note the social factors when implementing this project, as it is associated with 

the understanding to benefit the people who are part of the society, indeed. And this project 

should be analysed to know what can be impact of this project, is it positive or negative. The 

social norms that play a role a major role in our culture. And to know the feasibility of the 

project, in terms of social factors. Is the project creating any social issues, or can it be subjected 

to any issue related to the social wellbeing of the society. Is the project benefitting the culture 

or are people finding it an issue which requires addressing, will the project on implementing 

be easy to use, and adopt pertaining the social factors?, or will it require explanation and 

training for the adopters of this technology. 

My project is free from social issues, and in fact helps the society to find the required projects, 

there two main stakeholders involved in this project, my project is to create and implement an 

application which makes it easy to find the required or related projects by the students as per 

the specialisation or the field of interest, and they can undertake the selected project for their 

diploma/bachelor/master graduations, the projects listed on the application is by the companies, 

who are another important stakeholders and of course are part of the society. The application 

is helpful for the students and the companies as well, as because of this the companies can hire 
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the interested candidate, who have fulfilled their project needs and hire them for the job just 

after the completion of the project. 

Hence this project is free from social prohibitions and is in fact encouraging the society to 

collaborate to a better life and living standards, helping everyone involved and benefiting each 

other. And is more of a society helper. 

Legal Issues: 

It is important to note the legality of the project is it under the rules of the law implemented by 

the country or not? Is the project aiding anything unlawful to the society? Or will the project 

require legal authority’s involvement? , is the project against the law. 

The project is completely legal and is in fact advised by the government bodies like TRC, the 

scientific research council of Oman, to implemented it, as they have funded the project, because 

the project is completely legal and helping the major developing and society shaping 

organisations like colleges and university students, who will benefit from the implementation 

for this project, and the companies too can easily list the projects on the application, which can 

be easily viewed by the categories within. 

It is sure yet that the project is legally advisable and has nothing against the law which can be 

an issue or an obstacle for the project, on the other side, it is a helpful project is completely 

within its legal and lawful boundaries, serving the students to undertake projects and improve 

innovation. 

Ethics or ethical issues: 

Now the Ethical part should be taken into consideration, as it is related to the idea or the 

perception of the developers and also the users, the discussion of the issues related to the ethics 

should be taken into consideration relating the project, which is a project locator and is a helpful 

tool to facilitate the students to get the required projects which can help them undertake them 

while also implementing innovations in it, and leave a mark in the market, to get the notice by 

the market entities and the clients for which they consider doing it, this should be the perception 

of the students relating to this project, and the perception of the other stakeholders which are 

linked and are an important part of the project should be to gather deserving candidates who 

have bought innovations on the projects undertaken by them and executed successfully, and 

hire them. The ethics of the society should also be considered, and the perception of the society 

must be relating to this project to make use of the opportunities provided by this application 
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and make a difference in the job hiring’s in the country. Therefore the project must be termed 

as an ethically sensible project. And then should be taken into consideration in terms of its 

operational usability. As the ethics of the stakeholders involved are completely taken into 

consideration and taken care of. 

The approval and consideration taken by the TRC (the research council of Oman) is a proof of 

successfully supporting the ethics of the Government organisations as well, and has 

successfully executed the hiring of the ethical standard as a whole. And therefor no ethical 

issues were faced or will be faced by the implementation of the project as no ethical backdrops 

were faced during the planning and discussion phase. From an Ethical point of view the project 

is a success. 
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Chapter 6 

6. conclusion & recommendation for future features  

6.1 recommendation for future features: 

In this project, and through all the experiments we have done to complete and download it at 

best. There must be some points that we need to work in the future, to satisfy users and 

customers (companies and government institutions). Through the studies we have done and the 

students' suggestions and their admiration for the application, we have had to develop some of 

the things that are after graduation for the student and the job. The application provides ideas 

for projects that help the student, and, on the other hand, there are businesses that benefit 

companies free of charge. 

In conclusion, I have learned a lot through my work for this project of different skills in 

communicating with providers and students to take some information from them and learned 

time management and how to organize reports to the success the project. 

Plan in the future in application development: 

 Work to include as many as possible in the application of companies first and from 

there government institutions to be a strong reference to the student to search for 

projects. 

 Work on developing the application search system to include the search for jobs that 

companies, and government institutions offer. This step will change a lot of application 

methodology, as the application will use all job seekers. This step will contribute to 

attracting the largest number of users of the application. 

 Work on adding a box for those seeking training opportunities offered by companies to 

students. To make it easier for students to seek training opportunities. 
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6.2 the strengths of the project 

In this project we are very keen to have the strengths, help in the success of the application. 

And the most important things that we have to do: 

 Collect all that is needed for the student and the job seeker in one application. 

 Easy to use application and use the latest methods. 

 This application is the first of its kind, so it will greatly help for the student as well as 

companies and government institutions. 

 

6.3  acquired knowledge and experience: 

Through this project. Many experiences have been gained in terms of designing mobile 

applications, how they work and how to program them. As well as how the application that 

contributes to community service, and how to promote small projects and people know them. 

All this to develop a person's abilities for the future. 

 
\ 
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Image based Smart 3D Crack Detection in RC structures using 
Triboluminescence Technology 

 

Abstract 
 

The main objective of this innovative research study is to develop a Supervisory 

Control and Data Acquisition system over IoT communication using Triboluminescence 

Technology with Raspberry Pi 3 module device and to engage this device in the Smart 

3D Crack Detection (CD) of the RC structure system to prevent crack occurs. Crack 

farming in RC structure is based on the soil environment is one of the major issues in 

terms of both economic and safety aspect.  The Smart 3D Crack Detection technique is a 

Triboluminescence Technology used to control the RC structure crack. The controlled 

system is impressed on the surface of the RC structure of the wall for polarized in the 

direction and also it maintained a crack free potential. At the same time, in order to 

monitor the crack performance, the polarized potential is monitored at the intervals 

along the wall pathway. Nowadays, the term Internet of Things (IoT) is expected to turn 

out to be a most promising paradigm shift in terms of technological growth and 

communication changes in recent years. Machine-to-machine and machine-to-human 

communication technology emerge rapidly with IoT, it allows physical objects and users 

to interact with each other over the internet anywhere any time over a common 



platform. As this technological paradigm shift continues to grow, it also changes the 

functionality of the devices that are being attached over internet communication. This 

gives an opportunity to the field of embedded systems for innovating new things over 

the internet and for further development of communication and control over the 

internet. The main components of this research study are built on IoT based SCADA 

system and IoT based crack monitoring system using Raspberry Pi 3 and implemented to 

control the wall crack and also to monitor the level of crack on the structure. 

 

 

 

 



 

 

Civil structure has been the driving force from the time when Oman establish 

commercial production in modern and wide infrastructure, including electrical services, 

public education, roads, and medical services.  

 Rationale of the Research 

RC structure is a combined approach to the engineering, supply and life cycle 

optimization of wall properties, custom-made to meet the growing needs of midstream 

operators globally. With a significant increase in demand for RC infrastructure, 

maximizing efficiency and driving down costs have become more relevant. Today’s 

operators must contend with a host of emerging challenges as well, effectively 

managing large amounts of data, cybersecurity threats and tightening legislation. 

Problem Definition 

 

RC structure show a very important role all over the world. From the effects of 

external and internal crack , wall infrastructure must be protected. The crack protection 



required for walls is recommended by NACE standards MR01-76, RP200, and RP572. RC 

structure wall is endangered by crack actions and above the ground level walls are 

exposed to atmospheric crack . Unprotected wall shows a positive charge and also it 

transfers material by means of electrons to the negative charge material, which is in a 

surrounding electrolyte medium [4]. Moisture present in the soils and other media helps 

current flow to support the electron transfer. To control the crack actions, walls are 

protected with anticorrosive coating provisions and complement with smart 3D crack 

detection systems that are applied to the wall. The pipe coating behaves an effective 

“insulation barrier” in contrast to the crack medium but must be tough enough to 

sustain its operating temperatures to be unaffected to the soil, and tolerate physical 

handling. Walls are ensuring the safety of persons and reliability of service and 

economically cost-effective [3].  

Objectives of the Research Study 

 

Based on the previous history, [3][5] Smart 3D Crack  data has been collected in 

the wall field manually which is needed for the compliance and operational purposes as 

required. At the same time, the wall maintenance team have given training to their 



technical members to handle various needed data and in order to record and report the 

data, data management schemes are implemented. It extends to the enhancement of 

the wall networks, the measurement scale of this monitoring activity has enhanced the 

wall life for so many years. Considering these factors and with enormous stress on all 

establishments to maximize their productivity and decrease the cost, they considered 

data gathering through the manual process which is increasingly observed as a poor 

operation and utilization of manpower resources. So by implementing remote 

monitoring system, it ensures continuous effectiveness CD by identifying the difference 

in received signal and reporting problems immediately when they occur, which in turn 

extends the lifetime of a wall for efficient operating performance. In developed 

countries like USA and UK, it has been revealed to be more economical, with less than 

two years of time for typical payback. At the same time, it increases reliable and secure. 

Furthermore, it may help establishments to progress their ecological performance. 

 

 

 Scope of the Study 

 



Generally, the Smart 3D Crack Detection (CD) systems techniques are the 

fundamental phenomena to wall routing integrity and maintenance management that 

are extensively used during transmission under intermediate pressure of walls 

distribution in civil industries [3][5]. In order to meet the terms with the regulations of 

safety and security standards, repetitive measurements of different CD levels are 

needed. The remote monitoring system of CD is a new innovation that systematizes the 

data collection process and provides the technical operators with a hands-on 

observation system. In order to confirm that the exact level of CD is applied over the 

surface of the wall, this system monitors the current and the output voltage received 

from the transformer. Also, the AC voltage supplied to the monitored frequently so that 

it prevents the power outages and can be reported instantly.  

Proposed System 

 

Supervisory Control and Data Acquisition systems were employed for the control 

and monitoring of the wall operations by use of that provide thousands of data to wall 

controllers and operators.  



In this research project study, an attempt is made to develop a device with the 

expertise of SCADA based on remote monitoring system with the innovative technology 

of IoT based platform. 

 

 

 

 

 

 

 

 

 

 

LITERATURE REVIEW 

Introduction IoT 

 



Evaluation of digital electronics and communication technology arise a newer 

area in the field of the internet for data sharing between machines to machine. Internet 

of Things are moving up which is flourishing as a universal network, where everything is 

coupled to the Internet [5]. IoT is constantly surfacing a most important exploration 

theme. In this field, dreams are endless which have made it on the edge of redesigning 

the existing system of the internet into a reformed and unified account. Many more 

devices using internet services are growing day by day, having all of them linked by 

wired or wireless provides a prevailing base of data at our fingertips. A cutting-edge 

technology is enabling interaction between intelligent machines in the IoT [1][6]. 

However, a technology constituting the IoT was already employed in the year of 1982 

for connected coke machine to the internet which accesses the condition of the drinks 

in cold and other parameters [7][8]. 

 

Globally, IoT signifies a common theory for the capability of network sources to 

monitor and gather information around the world. These data are shared via the 

Internet where it can be analyzed and employed for various applications. The IoT device 

is consists of intelligent machines intermingling and communicating with other 

machines, items, environments, and structures [13]. Nowadays every human is 



connected with each other by lots of communication method. Among the most common 

communication protocol is the internet and we can say the internet connect peoples 

around the world [23][33]. 

 

In cloud network architecture, there are numerous ways to interconnect cloud 

network and its devices that need to be connected together. To appreciate the 

development of cloud network architecture related to our research study in the area of 

Crack  control of buried walls [20]. 

 

Before the development of radio links in network communication, the simplest 

form of wired cloud network was evolved in the late 1970s and 1980s [13][16]. This 

network integrates sensors and a processor which is employed to organize the data that 

are to be sent to the cloud storage over the wired network. The entire technology was 

an Ethernet based connection that connects to the wired Internet network service. The 

main application of the this wired network is, in some places due to geographical in 

nature it’s very difficult to construct wired Internet network and at the same time, the 

installed processor does not have the choice to modify or to update the programming 

operations of the connected sensor. 



 

In the early 1980s, there is a major change in the wireless network 

communication, cellular network through mobile phone began to develop its technology 

for data communication [14][6]. Thus the early developed cellular networks were widely 

used in the initial radio link network for networking sensors to the cloud network. At the 

same time the major disadvantage is, since the sensors are not wireless it needs a wired 

connection to the mobile phone which in turn connects to the cellular network tower; 

and the uplink part of the transmitter needs a minimum quantity of electric power to 

send the signal to the tower; also the mobile phone user needs to pay the service 

charge to the mobile network service provider for utilizing their network service [18][21].  

 

Many regulatory acts were established worldwide to release several license-free 

radio bands, two of such free bands are at the range of between 902 to 928 MHz and 

2400 to 2483 MHz, which are the frequencies mostly used in the IEEE standard  of 

802.15.4  which generated in 2003 for wireless communication [28][9].   

 

Thus by using these free band ranges gives an opportunity for more changes in 

wireless network communication that uses these free bands through different network 

https://www.quora.com/Why-is-2-4GHz-chosen-as-the-unlicensed-frequency-that-is-now-used-in-ubiquitous-wireless-technologies-such-as-WiFi-Bluetooth-Zigbee-Why-not-1-4Ghz-or-something-else
https://www.quora.com/Why-is-2-4GHz-chosen-as-the-unlicensed-frequency-that-is-now-used-in-ubiquitous-wireless-technologies-such-as-WiFi-Bluetooth-Zigbee-Why-not-1-4Ghz-or-something-else
http://electronicdesign.com/what-s-difference-between/what-s-difference-between-ieee-802154-and-zigbee-wireless
http://electronicdesign.com/what-s-difference-between/what-s-difference-between-ieee-802154-and-zigbee-wireless


topologies [29], using one such topology in the name of mesh many small low-power 

radio antennas are linked to each other to communicate from remote sensors data to a 

common collection point which can be accessed to the common cloud. In this way the 

conception of wide-area network usage was established by using sensors that are 

connected to very low-power radio frequencies as shown in Figure 4. 

 

The existing popular technology so called Wireless Fidelity (Wi-Fi) emerges in the 

internet market as it changes the internet world into ease of use communication, the 

license free bands 2400-2483 MHz band and 5130 to 5835 MHz are the unique 

frequency bands used in the wireless routers as IEEE 802.11 Wi-Fi standard released in 

the year 1997[9][15]. These frequencies are used predominantly in all wireless access 

points, which spread across everywhere in the current internet world. Major application 

users of these wireless routers are an educational institution, industry, homes, and 

businesses and also in public meeting places. 

 

  At the same time, custom built network design routers in the name of 

preprogrammed routers are used in large industries and in corporate communication 

infrastructures. Today’s internet world is mainly depending on these kinds of routers to 

http://www.purplewifi.net/history-wifi/


connect mobile devices to the cloud network. In fact, most of the applications running in 

the smartphones are coupled to the cloud mainly via Wi-Fi routers and at the other end, 

the same router is linked to the cloud network with the Ethernet cable [26][30]. At the 

places where routers are unable to implement then the mobile phone networks are 

used to the cloud through the cellular network system. 

 

Recently, Wi-Fi enabled phones in the name of smartphones that are capable of 

connecting remote sensors that can connect directly to the cloud network. Using these 

technologies, all the small wireless sensors with some low power Wi-Fi network radio 

frequencies that can be used within the range of a Wi-Fi router and it can be connected 

to the Internet. 

 

This research study employs the sensor that is connected through Wi-Fi Router 

to Cloud connection for both SCADA system for CD and also CD monitoring system. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

METHODOLOGY 

 

 Crack is a normal phenomenon concerning the deterioration from metallic to 

compound state. Crack cannot be completely stopped on the other hand it can be 

controlled to a greater degree [24]. 

 

Crack is an electrochemical reaction of metal by with its environment. Some of 

the paradigms of the crack  are the reddish brown rust occurring on a steel surface, 

tarnishing copper and silver, white product formation on zinc, etc. Similarly, non-

metallic materials are also subjected to deterioration like swelling of plastics, 

decompose of wood, erosion of granite or leaching away of Portland cement. However, 

degradation of these materials is not considered in the classification of Crack. 

 



RC structure 

The crack is classified into different form due to an environmental condition. 

They are uniform crack, pitting crack, stress crack and cracking, etc. The Soil is a more 

corrosive environment when the moisture and oxygen were present. Also, soil contains 

chloride, sulfate, carbonate that are corrosive ions accelerate the crack of the metals.    

 

 Crack  will occur on the anodic area of the metal and electron released from the Fe 

atom go to the crack area of the metal surface and combine with moisture/water and 

oxygen form hydroxyl ions(OH-). Fe2+ ions at the anodic site combine with hydroxyl ion 

to form iron hydroxide which further reacts with oxygen to form iron oxide Fe3O4  [24]. 

 

Prevention of RC structure Crack   

 

RC structure crack can be prevented by nullifying the anodic or crack area or to 

isolate these areas in contact with an electrolyte, soil. All organic coatings are very high 

resistance hence coating is act as a main crack measures for a wall. In case of a wall 

buried in soil is subject to crack due to a wet environment, coating the wall act as a 



physical barrier and isolate it from this corrosive environment [4]. However, coating 

undergoes defect due to mechanical damage while in transporting or during installation 

at site, degradation due to aging, etc.  As no coating system is defect free, additional 

protection scheme is necessary for avoiding RC structure crack. The other method is 

called Smart 3D crack which nullifies the potential difference between an anodic and 

crack region on the same metal surface of wall and makes the entire metal become 

cathode. 

 

Fundamentals  

Smart 3D Crack Detection technique is one of the more economical and effective 

ways of mitigating wall crack of RC structure. Our study reveals that the formation of 

crack takes place on the wall surface is due to the presence of micro level galvanic cells 

on the similar metallic surface [4][12]. This identifies that there are areas with dissimilar 

electrode potentials.  As a result of this study, we have identified some areas are 

positive with respect to the others which can be considered negative towards crack.  

 



Thus we identified that if crack is formed due to the difference in metal 

potentials, the possibility is also there to elude crack forming by eliminating them in the 

form of attaining a uniform potential. This mechanism is obtained by Smart 3D crack 

and in this method, the metal that needs to be protected is made completely a cathode 

by implementing an auxiliary electrode reaction which itself can function as an electron 

source or in other terms can also be used by forming an impress current from an 

external D.C. device. Voltage and current requirements are depending on a number of 

causes including the soil resistivity and coating efficiency or properties.   

 

Under these conditions, the seat of crack or oxidation (anode) is shifted to the 

auxiliary electrode and the entire structure to be protected becomes the cathode, the 

site of the reduction reaction.  

 Requirement Analysis on IoT-SCADA system 

The sensors namely Cu/CuSO4 was engaged for measuring the polarized 

potential voltage of pipe under CD envisaged condition. The solid state relay device was 

installed between positive terminal DC power supply and ICCP anode (Graphite anode) 

device.  



 

 

IoT-SCADA System-Schematic Diagram 

 

 

 



HARDWARE SYSTEM 

 

In this project, there were two hardware systems namely IoT-SCADA and IoT-

CDM were developed for Smart 3D crack  control and Smart 3D crack  monitoring 

system.  

Hardware Selection 

A large variety of IoT boards are available on the market and all differing greatly 

between one another. The conducted hardware examination focused on several 

characteristics, such as possibility of a dynamic configuration, power consumption, 

available storage, memory size, and types and numbers of connections for peripherals. 

The following devices were examined: Nordic Semiconductor. The comparison of the 

boards and the features required in the project is presented in Table, STM Nucleo 

L476RG [10], Arduino UNO and Pro Mini, and Raspberry PI 3[25].  It was determined 

that only Raspberry PI 3 could accomplish the fundamental functionality of the system 

designed in the project. 

 



 

 

 

 

 

Table 1: Comparison of the Boards and the Features 

 

Raspberry Pi 3 

 

Model B Raspberry Pi 3 processor is ARMv8 with 1GB RAM and has Quad Core 

Broadcom BCM2837 64-bit ARMv8 processor operating at the rate of 1.2GHz. It has 

BCM43143 WiFi onboard chip for wireless communication without additional 



peripherals. Also, RPi 3 has an onboard Bluetooth Low Energy (BLE) for excellent IoT 

solution [27][10]. The Pi 3 starts booting when power is applied and it has no separate 

power button. In order to power off the RPi 3, shut down the system through software 

control and then remove power. Figure shows Raspberry Pi 3 board. RPi has serial 

communication interface such as the UART, I2C, SPI interface, 27 GPIO, 3.3 and 5V 

sources through onboard 40-pin GPIO header. 

 



 

Figure : Raspberry Pi 3 Board Details 

 Support device 

 

A support device is an analog to digital converter having a minimum of 4 channel 

for the measurement of analog voltage.  This expansion board offers an eight channel 

24bits high precision ADC with the help of ADS1256 and a two channel 16 bit high 



precision DAC – DAC8532. Figure shows the AD/DA Expansion Board compatible with 

Raspberry Pi. 

 

Figure: AD/DA High-Precision Expansion Board 

 Raspberry-Pi3 Expansion Board Features: 

  

ADS1256 - 24bit high-precision ADC (8 channel single ended or 4 channel variance inputs) 

@ 30ksps sample rate 

DAC8532 - 2ch 16bit high-precision DAC 

Pin-headers for connecting analog signal 



Pin out companionable for easy to connect different analog sensor modules 

I/O connection via screw terminals, for interfacing analog/digital signal 

 

IoT based SCADA System 

 

The SCADA-CD system that has automatic control system consists of three 

modules, they are: 

 The Remote Terminal Unit [RTU] or Control Unit 

 Monitoring Unit 

 The Communication Network system 

 

 

 The Remote Terminal Unit 

 

The main function unit of the RTU consists of many components; they are 

microprocessor unit, memory module, buffer element, decoder, clock component, an 

analog to digital converter (ADC) unit and a communication unit with a transceiver 



suitable for data communication. The below Figure shows the block diagram of the 

typical SCADA system for CD. 

 

 

Figure : RTU Control Unit Block Diagram 

The function of the CPU is to execute the program that is stored in the memory 

unit and creates the suitable signals to their input and output ports.  The function of an 

ADC module is to convert the analog voltage of the sensor output and it stores in the 

memory module. The CPU calculates the difference between the measured sensor data 

and a pre-defined set voltage, based on the result the clock pulse with a necessary duty 

cycle is generated at the output port as shown in the figure. Figure shows the wave form 

of the generated control signal.  

 

The output signal is fed with pulses of energy to the phase controlled CD rectifier 

device. At the same time, the filter component placed at the output section of the 



circuit cleans up these pulses quite well when the duty cycle (on time) is high. At the 

same time however, when the duty cycle is low, the filter cannot do a good job of 

cleaning up the pulses into a pure DC voltage. As a result, it generates a high amount of 

AC voltage (or ripple) superimposed on the desired DC output. This high value of AC 

generated creates an instability in the feedback control system and as a result, this type 

of rectifier cannot properly control current and voltage at low output values. Also, for 

this reason, this type of rectifier cannot be used for accurate off potential control at low 

output levels. By the definition of CD system criteria, the control system is activated 

based on a true polarized potential of the wall with free of IR- drop voltage. Thus the IR 

drop error arises from the resistance of the electrolyte across the reference electrode 

bottom contact area and buried metallic structure/wall. It is a voltage granted due to 

the flow of (ionic) current through this electrolyte process. At the same time, the IR drop 

error can be eliminated by interrupting the current instantaneously during a 

measurement of sensor data generated by the sensor device. 

 

As shown in the output module block diagram Fig. 4.6, the SCR device is replaced 

with a solid state relay (SSR). Solid state relay is an optoisolator which comprises of light 

emitting diode operating in infra-red wavelength and light sensitive device like LDR. 



Both components are assembled in a single enclosure. The optoisolator electrically 

isolates the control signal from the output signal.  

.  

Figure : Output Module of RTU Block diagram 

 

The SCADA device was designed over the Raspberry Pi3 module which is 

integrated with the ADS1256 system, the 8ch, and 24bit high-precision ADC, 30ksps 

sampling rate, interfaced through SPI protocol as shown in Figure. The Raspberry Pi 3 

consists of Broadcom BCM2837 system inbuilt on a chip (SoC), which includes a quad-



core ARM Cortex-A53 at the rate of 1.4 GHz 64-bit processor component with shared L2 

cache buffer of 512 KB.  It uses an SD-Card as a primary storage gadget for both booting 

and storage device. Also it has a 40-pin GPIO pin out for interfacing the peripheral 

components connection. The basic operating system of the device provides Raspbian 

Linux OS and Arch Linux ARM distributions as main operating system of the whole 

device. In addition, it has as a prominent attribute with dual-band IEEE standard of 

802.11 b/g/n/a of WiFi, Bluetooth 4.2, and Gigabit Ethernet network module.  

 

 

https://en.wikipedia.org/wiki/Bluetooth_4.2
https://en.wikipedia.org/wiki/1000BASE-T


 

Figure : IoT-SCADA system (Raspberry Pi3 module which is integrated with ADS1256 system) 

 

The Sensors namely Cu/CuSO4 was engaged for measuring the polarized 

potential voltage of pipe under CD envisaged condition. The solid state relay device was 

installed between positive terminal DC power supply and ICCP anode (Graphite anode) 

device. The impressed current IoT-SCADA system schematic diagram is shown in Figure. 



 

Figure : CD IoT-SCADA Proposed System  

 

IoT based SCADA obtained by the wall potential from Cu/CuSO4 sensor 

components and it controls the current output received from the dc power supply 

through the SSR. Further the SCADA measures the voltage between wall to the anode, 

current out from the power supply using shunt resistance device connected in series 

and it stores the data temporarily in a file inside the SD-card. The Wi-Fi module present 

in the raspberry pi device sends the stored data file to the Dropbox cloud connection 

through the GPRS wireless modem component.  



 

IoT based CDM  

The CDM is the raspberry pi monitoring station device installed along the surface 

of the wall route at a distance of every 500m interval. The main function of the device is 

to measure pipe potential with the help of permanent Cu/CuSO4 sensor component and 

uploaded the data periodically to the IoT based cloud storage network [1]. 

 

 

Figure: CD IoT SCADA 



SOFTWARE DEVELOPMENT 

Operating System 

Raspberry Pi OS is the called Raspbian that is a version of GNU/Linux, designed 

particularly to work well with the Raspberry Pi. The recommended Linux distribution 

Raspbian, comes bundled with many programming languages and IDEs. Python is one of 

the most accepted languages in the computer programming and has been used for 

more than two decades [7][19]. The newer version of the Raspbian OS includes with 

both Python 3.3 and Python 2.x tools. Python 3.6 is the current edition of the Python 

programming language and is also suggested by the Raspberry Pi Foundation [17][27]. 

 

Dropbox Account (Cloud) 

To create APP on Dropbox account the following step should be follows: 



 

 



 

Configure the Add-On 

 

In a different tab go to the Forms > Settings > Dropbox page of your sites 

WordPress admin. 

Enter the App Key from the Dropbox control panel for your app. 

Enter the App Secret from the Dropbox control panel for your app. 



Click the Click here to authenticate with Dropbox button. 

 

Software for IOT-SCADA 

In order to control the AD/DA board and solid state relay WiringPi component 

should be installed on Raspberry Pi. It is a group of functions for accessing the Raspberry 

Pi GPIO for numerous languages. The WiringPi is a C library at core; however it’s 

accessible to C, Q, C++ and Python languages as shown in Figure.   

 

Software for IOT-CDM 

Generally, to measure the analog voltage in ADC, initialization of ADC function 

should be called that will configure channel, reference voltage etc. Flowchart of the 

software programme for IoT-SCADA and IoT-CDM is illustrated in Figures respectively.  

Rectifier Voltage, current and pipe to soil potential were measured from the AD0, AD1, 

and AD2 channel. The channel value obtained from the Cu/CuO4 sensor estimate the 

ton time. GPIO21 I/O pin was configured as an output port which activates the solid 

state relay. The Pipe potential was measured during the off condition of the SSR that will 

eliminate IR-drop error.  



 

 

Figure: Flow chart of IoT-SCADA 



 

Figure: Flow chart of IoT-CDM 



Critical Evaluation  

This research study insights the unprotected walls that are susceptible to crack  

by nature, at the same time it educates an awareness that crack  can deteriorate the RC 

structural integrity which are mainly deployed in the civil- industry of Sultanate of Oman. 

The significance of the research is to prevent the formation of crack  in the RC structure  

that has the impending to cause a major disastrous happening in the atmosphere  that 

not only cost millions of dollars in damages but also it leads to human lives at risk as RC 

structure walls are traveling through human existing.  Based on our research study, a 

prototype model of IoT based SCADA was designed for impressed current smart 3D 

crack  of the RC structure and is described in detail about how to prevent and monitor 

crack formation . IoT based CDM monitoring system is used for continues monitoring of 

the potential at every test station and it can be viewed at anywhere using IoT. Hope our 

research study contributes a significant impact on the civil and industry to prevent crack 

for our Nation. 

 

 



Social, Ethical and Regal Issues 

Civil serves as the lifeline of worldwide demand in many industries based on 

their needs. Working in civil and industries is a social and technical intricate issue. As we 

understand that safety and protection is the vital need for any beings, business, 

communities and the government has the main responsibility to stimulate and shield 

every human and constitutional rights, keeping this in our commitment to act in a 

consistent manner with the laws of countries and applicable international standards, we 

promote this project study. 

In order to obtain the civil and energy resources of our country, we need to 

consider the activities of local communities to recognize and build trust with society 

needs without causing any irreversible damage to the environment. By facilitating the 

transfer of knowledge and Technology we can minimize the risk to protect the 

environment and to maximize the value of Oman’s natural resources. 



 

RESULTS & DISCUSSION 

Based on the study, the designed IoT based SCADA system was implemented on 

a test bed of a wall segment. Hence the control voltage was set at -900 mV in the RTU 

system. A Titanium Substrate Insoluble Anode (TSIA) was engaged to impress the 

current in the order of 110mA. Two test stations were installed at both the ends of the 

wall in which IoT based SCADA was installed at one end and IoT based CDM was 

installed on the other end.  At the interval of every 5 seconds, the collected data in the 

form of the file was uploaded to the Dropbox cloud through TP-Link wireless modem 

device. 

The snapshot of the uploaded the file lists in the Dropbox account. The name of the file 

was automatically generated using current system date and time in the form of string 

format as “yy mm dd: mm: ss.csv”.  



Smart 3D Crack Data on Dropbox Cloud 

 

 

Figure: Uploaded Files in the Dropbox Cloud - Snapshot view 1 

 

Figure: Dropbox Cloud- Snapshot View 2 

 



Each and every file contains the information such as test station number, location, and 

the potential along with the time stamp was uploaded to the Dropbox cloud [2].  The 

monitoring team members have the rights to download the file from Dropbox by using 

the authentication with the login username and password for further analysis as shown 

in Figures. 

 

This research study enlightens an awareness to the civil and  industry to prevent  

the formation of crack  in the RC structure  and civil structures that have the impending 

to cause a major disastrous happening that not only cost millions of dollars in damages 

but also it leads to human lives at risk. The prototype model of IoT based SCADA 

designed based on our research study for Smart 3D Crack  in the RC structure wall was 

described in detail about how to prevent and monitor crack . The Hardware system 

designed based on our study was developed using a raspberry pi module system. Also, 

solid state relay was engaged as a current controller that operated in clock pulse with 

modulation. IoT based CDM monitoring system is used for continues monitoring of the 

structure at every test station. All the data measured at the respective test stations 

were uploaded to Dropbox cloud and it can be viewed at anywhere using secured 



password login. Hope our research study contributes a significant impact on the civil and 

industry to prevent crack. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 



REFERENCES 

 
 
[1] Alessandro Bassi et al. “Enabling Things to Talk: Designing IoT solutions with the IoT 

Architectural Reference Model” Springer Open. 2013. 2. IoT. 

 

[2] B.B.P. Rao, P.Saluia,”Cloud computing for Internet of Things & sensing based 

applications,” in Sensing Technology (ICST), 2012 6th International Conference, IEEE. 

 

[3] Smart 3D Crack Detection, Theory and Practixe, eds by Ashworth V and Googan CG, 

Ellis Horwood, New Yeark, 1993 

 

[4] CD Remote Monitoring Based on Wireless Sensor Network by Mohammed Zeki Al-

Faiz et al. Wireless Sensor Networks, 2012, 4, 226-233,  

 

[5] Criteria for Smart 3D Crack Detection The Journal of Crack detection and Science 

Engineering, Vol 3,2001 by Grant T Gibson and David Scantlebur 

 

 [6] Debasis Bandyopadhyay, Jaydip Sen,”Internet of Things - Applications and 

Challenges in Technology and Standardization” in Wireless Personal Communications, 

Volume 58, Issue 1, pp. 49-69 

 

[7]Designing the Internet of Things by Adrian McEwen, Hakim Cassimally, 2016 

 

[8] De-Li Yang, Feng Liu and Yi-Duo Liang,”A Survey of the Internet of Things”, in 

International Conference on E-Business Intelligence (ICEBI), 2010  

 

[9] E. M. Tapia, S. S. Intille, and K. Larson,”Portable wireless sensors for object usage 

sensing in the home: Challenges and practicalities,” in Proceedings of the European 

https://uk.linkedin.com/pub/hakim-cassimally/1/4a5/414


Ambient Intelligence Conference. vol. LNCS 4794 Berlin Heidelberg: Springer-Verlag 

2007 

 

[10] Guicheng Shen and Bingwu Liu,”The visions, technologies, applications and security 

issues of Internet of Things,” in E -Business and E -Government (ICEE), 2011, pp. 1-4  

 

[11] Handbook of SCADA Systems for the Civil and Industry by R.I. Williams, 1991 

 

[12] Harald Sundmaeker, Patrick Guillemin, Peter Friess, Sylvie Woelffl,”Vision and 

challenges for realising the Internet of Things,” Publications Office of the European 

Union, 2010 

 

[13] H.D. Ma,”Internet of things: Objectives and scientific challenge,” in Journal of 

Computer Science and Technology, 2011, pp. 919-924  

 

[14] Hui Suo, Jiafu Wan, Caifeng Zou, Jianqi Liu,”Security in the Internet of Things: A 

Review,” in Computer Science and Electronics Engineering (ICCSEE), 2012, pp. 648-651  

 

[15] H. Zhang, L. Zhu,”Internet of Things: Key technology, architecture and challenging 

problems”, in Computer Science and Automation Engineering (CSAE), 2011, Volume: 4, 

pp. 507-512 

 

[16] Internet of Things – From Research and Innovation to Market Deployment 

http://internet-of-things 

research.eu/pdf/IoTFrom%20Research%20and%20Innovation%20to%20Market%20Depl

oyment_IERC_Cluster_eBook_978-87-93102-95-8 

  

[17] Introduction - Raspberry Pi tutorial - Python Programming Tutorials -

https://pythonprogramming.net/introduction-raspberry-pi-tutorials 

https://www.amazon.com/R.I.-Williams/e/B001K89STU/ref=dp_byline_cont_book_1


 

 [18] Jian An, Xiao-Lin Gui, Xin He, ”Study on the Architecture and Key Technologies for 

Internet of Things,” in Advances in Biomedical Engineering, Vol.11, IERI-2012, pp. 329-

335  

 

[19] Lan Li,”Study of Security Architecture in the Internet of Things,” in Measurement, 

Information and Control (MIC), 2012, Volume: 1, pp. 374-377  

 

[20] L.Atzori, A.Iera, G. Morabito,”The Internet of Things: A survey,” in Computer 

Networks - Science Direct 

 

[21] L.G. Guo, Y.R. Huang, J. Cai, L.G. QU, ”Investigation of Architecture, Key Technology 

and Application Strategy for the Internet of Things,” in Cross Strait Quad-Regional Radio 

Science and Wireless Technology Conference (CSQRWC), 2011, Volume: 2, pp. 1196-

1199  

 

[22] Ling-yuan Zeng, ”A Security Framework for Internet of Things Based on 4G 

Communication,” in Computer Science and Network Technology (ICCSNT), 2012, pp. 

1715-1718 

 

[23] Miao Wu, Ting-lie Lu, Fei-Yang Ling, ling Sun, Hui-Ying Du, ”Research on the 

architecture of Internet of things,” in Advanced Computer Theory and Engineering 

(ICACTE), 2010, pp. 484-487 

 

[24] Principles of Crack detection Engineering and Crack detection Control by Zaki 

Ahmad ISBN: 9780750659246, 2006. 

 

[25] Python Raspberry Pi   Documentation, 

https://www.raspberrypi.org/documentation/usage/python 



 

[26] Rafiullah Khan, Sarmad Ullah Khan, Rifaqat Zaheer and Shahid Khan, ”Future 

Internet: The Internet of Things Architecture, Possible Applications and Key Challenges,” 

in Proceedings of Frontiers of Information Technology (FIT), 2012, pp. 257-260  

 

[27] Raspberry Pi — Teach, Learn, and Make with Raspberry Pi 

https://www.raspberrypi.org 

 

[28] R. Roman, C. ALcaraz, J.Lopez, N. Sklavos, ”Key Management Systems for Sensor 

Networks in the Context of the Internet of Things,”Computers & Electrical Engineering, 

Volume: 37, Issue: 2, 2011, pp. 147-159  

 

[29] Sohraby, K., Minoli, D., Znati, T. ”Wireless sensor networks: technology, protocols, 

and applications”, John Wiley and Sons, 2007 ISBN 978-0-471-74300-2, pp. 15-18  

 

[30] ”The Internet of Things,” ITU Report, Nov 2005 [19] Wang Chen, ”AN IBE BASED 

SECURITY SCHEME OF INTERNET OF THINGS,” in Cloud Computing and Intelligent 

Systems (CCIS), 2012, pp. 1046, 1049  

 

[31] The Internet of Things: How the Next Evolution of the Internet Is Changing 

https://www.cisco.com/c/dam/en_us/about/ac79/docs/innov/IoT_IBSG_0411.2015 

 

[32] Xu Cheng, Minghui Zhang, Fuquan Sun, ”Architecture of internet of things and its 

key technology integration based-on RFID,” in Fifth International Symposium on 

Computational Intelligence and Design, pp. 294-297, 2012  

 

[33] Ying Zhang,”Technology Framework of the Internet of THings and Its Application,” 

in Electrical and Control Engineering (ICECE), 2011, pp. 4109-4112 



  

A PROJECT REPORT 

ON 

(EXPERIMENTAL STUDY ON LIGHT WEIGHT MORTAR BLOCKS BY 

USING THERMOCOL AND MESH) 

 By:  

AHLAM SAID AL RASBI (15F14264) 

YAQEEN SAUD AL QASSABI (15F14026) 

Guided by: 

Mr. Sachin Kuckian 

A project report submitted in partial fulfillment of the requirements 

For the award of 

(UNDER GRADUATE RESEARCH GRANT)  

Civil Engineering Department 

 
Middle East College 

Knowledge Oasis Muscat, Oman 

  



  

 

 

 

ACKNOWLEGEMENT 

We would like to express our special thanks of gratitude to our lecture Mr. Sachin Kuckian  who 

helped us a lot in find good topic with new idea in this project as well as our technical lab guiders 

Mr. yasser and Ms. Ahood who helped us in lab experiments and giving us many information 

about machines used to write about it in details. And let us don’t forget Dr. Radhika L. Sankara 

Narayanan from academic center for her help in this project. Secondly we would like to thank our 

parents and friends for who helped us a lot for finishing this project within the limited time.  

THANKS AGAIN TO ALL WHO HELPED US IN THIS PROJECT.  



  

ABSTRACT: 

Building blocks are experiencing many innovations and changes due to the development of 

construction techniques at present address many of the construction problems. The concrete 

mixture is usually made of cement, fine aggregates, coarse aggregate and water, but in some cases, 

it can be dispensed with coarse aggregate. In this study, lightweight blocks were designed using 

many materials, so that the Thermocol and Mesh were used in mortar mixtures. Thermocol is 

another name for expanded polystyrene (ESP), ESP is a lightweight and solid thermal product, 

usually white granules made from expanded polystyrene granules. This project aims to design a 

mix of precast solid blocks with and without thermocol blocks, to periorm and to compare the 

compressive and flexural strength properties of the normal block and Thermocol blocks with mesh, 

and to perform heat insulation test on with normal and thermocol blocks. In this study lightweight 

blocks were manufactured by covering the Thermocol with a mesh using three different sizes of 

mesh. Several tests were carried out to study the properties of lightweight blocks which are 

compressive strength, fixture strength, heat insulation, moisture content and density test. The 

results of the experiment showed decreased pressure strength and flexural force in the thermocol 

blocks with a decrease in density compared to normal blocks. Also, the presence of Thermocol in 

the blocks gives cooling effect, and the water observation of the thermocol blocks is more than 

normal blocks. 
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1.0. Introduction 

1.1. Lightweight concrete: 

Lightweight concrete is concrete which has a lower weight than the concrete which made of 

crushed stone, coarse aggregate or gravel (CivilBlog.Org, 2018). 

The ordinary concrete is extremely heavy. Its density is about 2300kg/m^3. The ordinary concrete 

is not much appropriate for floor filling work. If the ordinary concrete used, it will add extremely 

to the dead weight of the building structure. The density of the aggregate can be reduced by using 

a suitable aggregate. This lightweight concrete will lead to reducing the dead weight on the 

structure and also providing better insulation for heat and sound. Although the strength of 

lightweight concrete is low compared to ordinary concrete, it is appropriate for earthquake-proof 

structure because it has less weight. 

The lightweight aggregate concrete is produced by using different types of lightweight aggregate. 

This lightweight aggregate found from natural materials (such pumice of volcanic), from the 

natural raw materials treated with heat (such slate, shale or clay), and manufacture lightweight 

aggregate concrete from industrial byproducts (such fly ash) and Treatment lightweight concrete 

from industrial byproduct (The Constructor, 2018). 

There are a lot of advantages of the lightweight concrete. The following are the most important 

advantages of it: 

1. Reducing the dead load of the wet concrete are allowing poured un-supported for long 

period. This will save labor and circle time on each floor. 

2. It will reduce the dead load, reduce the cost of handling and haulage and the building rate 

will be faster. 

3. Lightweight concrete has low accessibility of the heat. 

 

 

1.2. Thermocol: 
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Thermocol is a brand name, it is another name for polystyrene. In 1951, researchers at a German 

company (BASF) succeeded in restructuring the chemical bonding of polystyrene (an industrial 

petroleum product). Polystyrene is now manufactured in a simple process. By using steam and air, 

thermal plastic granules are expanded so that the expanded granules become larger but remain very 

light. (Corrosionpedia, 2018) 

Thermocol is not environmentally friendly, it does not decompose for hundreds of years, which is 

resistant to photolysis. 

1.2.1. Expanded polystyrene (EPS): 

Expanded polystyrene (EPS) is a lightweight and solid thermal product, usually white granules 

made from expanded polystyrene granules. Due to its light weight, it is used in packaging and 

construction industries, characterized by strong thermal insulation. It is also used as an insulating 

product, because it reduces the effects of moisture and water vapor. (Corrosionpedia, 2018) 

1.2.2. Manufacturing of Expanded polystyrene (EPS) 

Expanded polystyrene (EPS) is manufactured by the polymerization process, so that it is derived 

from ethylene and benzene. The polymerization process produces translucent spherical beads of 

polystyrene. Then added the Hydrocarbon and is usually made of pentane gas. (Expanded 

Polystyrene Australia, 2018) 

 

1.2.3. The process of producing Expanded polystyrene (EPS) is in three stages: 

1. Pre-expansion: 

Hydrocarbons added to polystyrene (usually from the pentane) starts to boil and the 

polystyrene granules expand to 40-50 times the original volume. 

2. Conditioning: 

After the expansion process, expanded polystyrene beads are subject to maturing period until 

they reach a balanced temperature and pressure. 

3. Molding:  
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Expanded polystyrene granules are placed within a mold and heated again by steam. So that the 

granules will expand further and fill the blanks in the mold and fit together. (Expanded 

Polystyrene Australia, 2018) 

 

1.2.4. The Properties of Expanded polystyrene (EPS): 

EPS is one of the most popular materials for more than half a century due to its performance, the 

technical versatility and effectiveness of the cost. The EPS is used in most of the daily applications. 

There are a lot of properties of the ESP which make it suitable for many daily applications. The 

following are the most properties of EPS (Expanded Polystyrene Australia, 2018): 

1. Lightweight: 

The expanded polystyrene has a lightweight because it approximately contains 98% of air. 

That is helpful for packaging because it will not add a lots weight to the total weight, so the 

transportation cost will be less. 

2. Moisture Resistance: 

Expanded polystyrene is characterized by closed cells where it does not allow the absorption 

of water easily. In the wet conditions, there will not be strength losing which make it perfect 

for cool chain production. The EPS is a moisture resistant material so, the elevated hygiene 

requirements have been met. The moisture-resistant makes the EPS suitable for the use in the 

marina buoys and fishing floats. Even if it is saturated in the water for a long period, it will 

keep its size, shape, physical aspect and structure. But little changes may occur in their thermal 

performance. 

3. Thermal Efficiency:  

Due to its high thermal efficiency, it can be used to encapsulate sensitive products which are 

sensitive to the changing in the temperature to maintain its temperature. The product that 

packaged with EPS can be kept for long periods at a higher temperature or under surroundings 

conditions. Also, it can be protected from the surprising changes in temperature which may 

occur during transport through different climatic areas. 
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4. Shock Absorption:  

One of the most important properties of the EPS is that it is good for shock absorption so, it 

will be useful for the packaging for an extensive domain of products such as computers, 

electronic devices and chemicals. 

5. Easily used:  

EPS is the simplest install materials on site in the building and construction work. It is usually 

supplied in sheet form but can also be shaped into large blocks or shapes. 

6. Safe and Hygienic: 

The EPS is inert chemical and non-toxic. So, it will not allow the Bacteria and Fungi to grow 

on it. 

7. Waterproof: 

The EPS is an insoluble and hygroscopic material. 

8. Low Carbon Impacts: 

It is a clean industrialization technique. That means the minimum input of energy and water 

without waste production. 

9. Economic: 

It has low cost and proven solution due to high-efficiency manufacturing and localized 

production unit. 
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1.2.5. The uses of Expanded polystyrene (EPS): 
❖ Expanded polystyrene is used as thermal insulation panels in packaging products and in 

construction facilities.  

❖ Expanded polystyrene used in buildings as a strong thermal insulation so that it keeps the heat 

of the building (remains cool). It is a lightweight sheet that can be easily fixed on the wall or 

floor.  

❖ Expanded polystyrene use as sound insulation that will improve sound insulation of the house, 

so it will reduce impact noise level. 

❖ Due to the ability of expanded polystyrene to absorb and isolate shocks, and minimize or 

prevent the damage of the product during transport, it is used to cushion electronic goods and 

packaging. Can be formed as a solid piece around the goods such as microwave, or as small 

pieces to fill the gaps around the product. 

❖ Expanded polystyrene foam is also used for insulation in walls, ceilings and floor insulation.  

❖ Expanded polystyrene used to make protective crash helmets for sports personnel. 

 

1.2.6. Disposal and environmental issues: 

Thermocol consists of a thermal compound called polystyrene, which is produced by styrene or 

phenylthin polymerization. Its chemical properties are similar to polyethylene. The municipality 

faces a major problem in the disposal of Thermocol. Although some companies are recycling it, 

most polystyrene around the world still dumped in landfills sites. Also, its response to bacterial 

degradation in soil is very slow. In addition, toxic gases are released when burned, which can cause 

respiratory problems when inhaled. Therefore Thermocol is considering harmful material to the 

environment. (The Times of India, 2018) 

Thermocol is non-biodegradable, it needs hundreds or even thousands of years to decompose even 

when it is disposed of in landfills sites. Also, Thermocolcan be transported by wind because of its 

lightweight, it will spread in the streets and areas, eaten by animals. Which will cause the problem 

of suffocation and intestinal obstruction. Also, humans may consume these animals as food and 

be part of the food chain. 
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Also, Thermocolcan be transported to the seas and oceans and consumed by marine animals as its 

food. This will affect human health when consuming these fish. Polystyrene is classified as 

carcinogenic to humans. (Rubio, 2018) 

 

1.2.7. Expanded polystyrene (EPS) recycling: 

Expanded polystyrene recycling is very necessary to protect the 

environment. One of the reasons why polystyrene recycling is uncommon 

is the high cost associated with waste transport due to the ratio of size to 

weight. One truckload has a small weight of polystyrene. Transport costs 

can be significantly reduced by reducing the volume of waste, preferably 

at the point of origin, prior to transfer to recycling facilities. Using piston, 

compressors and capacitors. (Rubio, 2018) 

❖ Piston: 

Hydraulic presses are used to compress EPS residues, and the compression process is either 

vertical (from the top) or horizontally (on both sides), and the resulting packages are bonded 

or kept together to facilitate handling and transport. 

❖ Compressors: 

Used to reduce EPS without heat, EPS wastes are divided into chips. It is then hydraulically 

compressed into blocks or blocks using lime or screw, achieving a decrease in volume up to 

98%. 

 

 

 

❖ Thermal condensation: 
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Using heat, the EPS is dissolved and the gases trapped inside are Release, then cooled in molds. 

This process achieves the largest rate of integration and reduction of volume for most hydraulic 

compressors. 

 

 

Figure 25 the recycle of Expanded polystyrene. 

 

1.2.8. Thermocol in Oman: 

Thermocol is available in several companies in Oman, such as MutrahInsofoam Co. which is the 

leading manufacturer of Expanded Polystyrene (EPS) in the Sultanate of Oman. Also, thermocol 

available in Steel Panel L.L.C, this company manufactures insulated sandwich panels, thermocol 

sheet and construction systems with high quality conforming to international standards. In 

addition, it can be obtained from in Al Khaleej insulation Co. L.L.C, Fair Deal, and Yousuf Steel 

LLC.  
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1.3. Chicken mesh: 

Chicken wire mesh / poultry netting / Hexagonal wire mesh, is a mesh of wire made up of metal 

filaments that are woven together. Often used for making fences. Chicken Mesh can be used as the 

material for base or as a foundation, before pouring concrete or mortar. Where it is used in 

construction for many purposes such as stone crushing industries and cement industries, as a matrix 

to hold plaster and cement and others. The chicken mesh is characterized as resistant to corrosion 

and rust, and does not react with alkalis and acids. In addition, it has a high tensile strength. Many 

metals are used for the manufacture of this mesh like galvanized iron with hexagonal gaps, 

stainless steel and more (Rizhao, 2014). 

 

General types of chicken mesh: 

1.3.1. PVC coated hexagonal wire netting for insulation walls: 

This type of mesh is widely used in the manufacture of hexagonal wire 

mesh. The purpose of this type is to guide and control water or flood. In 

addition, it protects the soil and prevents the breaking of stones. Also, it 

can be used as a material in concrete walls and this type characterized 

as corrosion resistant. There are several applications for this type such 

as using in construction reinforcement, plant protection, insulated net 

wall, stone cage and poultry fence (Anon, 2018). 

 

1.3.2. Low-carbon Steel Wire Chicken Netting Hexagonal Wire Netting:  

This type is widely used in several fields because of its inherent characteristics. This type of 

meshes is easy to use. It is also called big type a hexagonal mesh. This type of mesh is made of 

low carbon steel wire, this wire is characterized by high quality and thus helps to maintain net 

Figure 26 PVC coated 

hexagonal wire netting 

for insulation walls 
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tensile strength. Moreover, there are many applications for this type where 

wire mesh is used in walls thermal insulation and stationary buildings. 

This type is anti-freeze. It is therefore used as a protection for landscapes 

and residential places. In engineering, it is used as support and protection 

for construction, seawall, roads, bridges, etc (Chickenwirenetting.com, 

2018). 

 

1.3.3. Mild Steel Hexagonal Wire Mesh, Further Galvanized or 

Vinyl PVC Coated: 

Is a mesh of twisted six-wire wires often used as fence of 

poultry wires or industrial pipes wrapping. This type can 

be supplied through mild steel mesh with the addition of 

electro galvanizing, PVC coated coating or hot zinc 

coating. This type is characterized by flat surface and firm 

structure. This type is widely used as a pipes wrapping 

material in chemical and petroleum industries, using in 

construction and residential windows. In addition, it is 

used as fence for fish pools, fence for zoos and as fence for poultry cage (Mildsteelmesh.com, 

2018). 

 

1.3.4. Galvanized or PVC-coated hexagonal chicken wire mesh:  

This type of material is made of high quality stainless steel wire, low 

carbon steel wire and PVC-coated wire. This type is characterized it 

is resistance to oxidation and corrosion. There are many applications 

for this type such as in constructions, chemical industry, oil, food 

processing industry and garden production (Sure-green.com, 2018). 

1.3.5. Hexagonal Wire Netting Galvanized Chicken Wire Mesh: 

Figure 27 Low-carbon 

Steel Wire Chicken 

Netting Hexagonal Wire 

Netting. 

Figure 28 Mild Steel Hexagonal Wire 

Mesh, Further Galvanized or Vinyl 

PVC Coated. 

Figure 29 Galvanized or 

PVC-coated hexagonal 

chicken wire mesh 
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This type of material is made of high quality low carton steel wire, 

galvanized iron wire and other materials. There are many 

characteristics that characterize this type as it is rust resistant, corrosion 

and oxidation. In addition, it has a good tensile strength, flat surface 

and uniform mesh size, easy to cut, handle and low cost 

(Hexwiremesh.com, 2018). 

 

1.3.6. Hot Dipped Galvanized Hexagonal Chicken Wire Mesh 

Netting: 

This type of material is made of high quality low carbon wire. There 

are many characteristics that characterize this type such as 

oxidation resistance and corrosion resistance. In addition, it has a 

good tensile strength, isolation wall and keeping materials in the 

mesh container. Also, can be using for Chicken wire mesh or bird 

cages (Chickenwire.cn, 2018). 

 

1.3.7. High Quality Aluminum Alloy Hexagonal Wire 

Mesh:  

This type is used for structural purposes, thermal insulation, 

plaster in construction, protection of windows, cables, protection 

for underground pipes and other. This type is resistant to 

oxidation, corrosion and rust. Also, easy to handle and cut (Sx-

wiremesh.com, 2018). 

 

Figure 30 Hexagonal 

Wire Netting Galvanized 

Chicken Wire Mesh 

Figure 31 Hot Dipped 

Galvanized Hexagonal 

Chicken Wire Mesh Netting 

Figure 32 High Quality 

Aluminum Alloy Hexagonal 

Wire Mesh 
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1.3.8. Hexagonal Wire Netting for Decoration Building Material:  

This type of mesh is characterized as economical, has high tolerance, and 

good permeability to prevent static liquid. In addition, transport costs can 

be saved because they are easy to fold (Global Sources, 2018). 

 

1.3.9. Mesh in Oman 

 

The meshes are available in Oman in many companies and shops. The best company for selling 

meshes in Oman is Bahwan Steel and Trading Company [BST]. It considered as the best 

companies for steel in Oman because it provides the products has good quality such as steel, 

mesh and non-steel products. Meshes can be purchased online for example from Alibaba.com or 

from building materials shops also. The meshes used in this study have been purchased from 

building materials shop which located in Al Maabilah. Three different sizes of meshes have been 

purchased. The following table shows the details of the meshes used in the study. 

 

 

 

 

Table 1 Specifications of mesh. 

 

 

 

 

1.4. Objectives: 

Type of mesh Diameter of wire mesh 

(mm) 

opening of the square 

wire mesh (mm) 

M1 1 20×20 

M2 0.5 3.7×3.7 

M3 0.45 2×2 

Figure 33 Hexagonal Wire 

Netting for Decoration 

Building Material. 
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1. To design a mix of precast solid blocks with and without thermocol blocks 

2. To perform and to compare the compressive and flexural strength properties of the normal 

block and thermocol blocks with mesh.  

3. To perform heat insulation test on with normal and thermocol blocks 
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CHAPTER 2 

Literature Review  
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2.0. Literature Review 
2.1. Experimental Study on Light Weight Concrete by Partial Replacement of 

Cement and Fine Aggregate with Fly Ash and Thermocol 
According to Roopa, N et al (2017). Building structures depend on concrete, which plays a vital 

role in construction. Ordinary concrete is a mixture of cement, coarse aggregate, fine aggregates 

and water. The process of extracting fine aggregates and moving to long distances is a waste of 

time and money. The issue of extracting fine aggregates from rivers has also become a serious 

issue affecting the environment, leading to floods or diversion of river water. It is also considered 

as a resource that runs out quickly. To overcome this problem, it needs an alternative to fine 

aggregates. In this study, Thermocol was used as a partial replacement of fine aggregates and the 

use of fly ash as a partial replacement of cement. Thermocol is an expanded polystyrene, usually 

white and made of pre-stretched polystyrene beads. Thermal insulators are good, so they are often 

used as heat insulating materials. The objective of this study is to study concrete properties when 

replacing a fraction of the fine aggregates by fraction of Thermocol and replacing a fraction of the 

cement by a fraction of the fly ash and comparing them with the normal concrete. It’s found that 

the strength of the concrete its increase when cement was replaced with fly ash and fine aggregates 

with Thermocol compared to the normal concrete. The concrete workability was also changed in 

terms of slump cone and compaction factor. The Compaction factor was slightly changed when 

the fly ash was increased. The slump cone also changed when the fine aggregate was replaced with 

Thermocol.  

 

2.2. PROPERTIES OF HARDENED CONCRETE BRICKS CONTAINING 

EXPANDED POLYSTYRENE BEADS 

According to Ismail et al. (2003). Building technology is currently developing significantly, 

where the concrete undergoing many changes and innovations to deal with many of the building 

challenges. So that lightweight concrete is designed using many materials, and the most common 

of these materials are fly ash and slag. This project aims to produce lightweight concrete using 

expanded polystyrene beads. Expanded polystyrene is a polystyrene beads that are heated by 

steam, which makes it expand. The reason for the choice of polystyrene because of its properties 



  

21 | P a g e  
 

as a lightweight material and good absorption of energy, also have the property of thermal 

insulation and acoustic insulation. In this study a laboratory experiment was conducted, so that 

cement, sand and water were mixed, and Polystyrene was added in proportions as part of sand 

replacement. This mix consists of 1 part cement, 1 part sand, 2 parts Expanded Polystyrene beads 

and 0.4 water-cement ratios. Some concrete properties were studied, among them compressive 

strength, water absorption, drying shrinkage and wet expansion of the polystyrene concrete bricks. 

It was found that there was a direct relationship between the expanded polystyrene content in the 

mixture and the weight and density of the sample. So that the presence of expanded polystyrene 

beads it makes the samples with low weight and low density. Also, compaction by rodding or 

vibration is ineffective because of the light weight of the mixture. The strength obtained in 

mixtures with expanded polystyrene beads is low, due to the weakness of the polystyrene beads in 

compression and also because the expanded polystyrene beads do not react chemically with the 

mixture. Also, it was found that the mixture, which contains a larger content of expanded 

polystyrene beads, has a greater ability to absorb water.  

 

2.3. Experimental study of lightweight expanded polystyrene aggregate 

concrete containing silica fume and polypropylene fibers 

According to Chen, Liu and Chen, (2010). Demand for lightweight concrete is currently 

increasing in modern construction projects, such as long bridge projects, high buildings and marine 

structures. The lightweight concrete is used because of its less density. The lightweight concrete 

can be manufactured by replacing part or all of the aggregate with lightweight components. There 

are two types of components: natural components (pumice, diatomite and volcanic cinder) and 

industrial components (perlite, clay, sintered fly ash and expanded shale). The objective of this 

study was to study the properties of lightweight expanded polystyrene concrete in terms of 

compressive strength, absorption and shrinkage of the EPS concrete. In this study, an experiment 

was conducted to develop lightweight concrete by replacing the coarse aggregate with a part of 

expanded polystyrene beads. The size of the expanded polystyrene beads was 1.0, 2.5, 6.5 mm. 

Expanded polystyrene is a polystyrene that is heated by steam, making it expand. The results 

showed that there was a link between the expanded polystyrene beads and the cement paste, where 
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the compressive strength of the concrete was increased, also the absorption and shrinkage of the 

EPS concrete was improved.  

 

2.4. A Study on use of Reinforced Thermocol Panels as an Alternate Building 

Material 

According to Pradeepa.Set al, (2016). At present, polystyrene or thermocol is widely use as filler 

material in structural members. As many studies have shown, thermocol have high bending 

stiffness and low density, that to reduce flexion and compressive strength. When a structural frame 

is designed, construction materials are considered, where thermocol are considered one of 

materials that have a high capacity to withstand external forces. In this study, Thermocol were 

used in building houses to obtain strength, where it is done by filling a block with concrete. The 

purpose of these houses is to make them effective, in terms of energy efficient and increase the 

strength of the concrete block and maintain the temperature of the house by the use of thermocol. 

The objective of this study is to demonstrate that when using reinforced thermocol as an alternate 

building material, can be achieve a quick, easy and inexpensive construction method. To test the 

strength of the thermocol and its lightweight, many materials were used to conduct experiments: 

mortar, thermocol and mesh, where the thermocol covering it with mesh, then covering it with 

mortar. It was found that when thermocol are used, the physical cost of construction is less than 

the traditional stones made of bricks.  
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2.5. Polystyrene Lightweight Concrete (Polyconcrete) 

According to Kuhail, Z. et al, (2001). One of the basic features of lightweight concrete is 

porosity, which may lead to low specific gravity. In concrete construction, self-weight is the bulk 

of the load on the structure. In addition, when using this type of concrete, it will improve handling 

and construction techniques. The aim of this study is to find an alternative to normal concrete, so 

that they are lightweight. In this study, the properties of lightweight concrete consisting of 

polystyrene, cement, sand and water were identified. All these components are then mixed to get 

lightweight concrete. The results show that this combination is highly reliable because it provides 

a great strength of up to 200 kg / cm2 with low density. Also, lightweight concrete increases 

productivity and reduces the cost of molds and steel. In addition, lightweight concrete offers better 

thermal insulation than regular concrete, as the scientific range of lightweight concrete ranges from 

300 to 1850 km / m3. 

 

2.6. Lightweight Concrete Using EPS 

According to Mandlik, A et al, (2013). Expanded polystyrene(EPS) is lightweight and is used in 

many engineering applications such as reducing settlement below embankments, vibration and 

acoustic damping, and reducing lateral pressure on substructures and other. Polystyrene is 

characterized as a good thermal insulation with compression strength and stiffness. To produce 

lightweight structural concrete, polystyrene waste is used as a lightweight aggregate. The main 

objective of this study is to design lightweight concrete and have high compressive strength, so 

that it can be used for the purpose of construction. Through replacing partially coarse aggregates 

in the reference mixtures with chemically coated polystyrene granules, polystyrene concrete is 

produced. The results obtained are that the cost of regular concrete is greater than the cost of 

polystyrene concrete. In addition, increasing the amount of polystyrene in concrete mixtures will 

reduce the tensile strength and pressure of the concrete. The study showed that lightweight 

polystyrene concrete can be used as alternative materials in construction. It can be used in 

nonstructural applications such as partition walls, wall panels and others.  
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2.7. An Experimental Study on Strength Properties of Concrete Modified With 

Light Weight Styrofoam Aggregate and Some Other Pozzolonic Materials 

&Nano Sio2. 

According to Reddy, Kumar and Desai, (2017). Nowadays, the speed of urban expansion is 

increasing dramatically, and thus residential areas are increasing. Also, the world is witnessing a 

decrease in energy resources, so it is very necessary to modify the housing design and construction 

techniques used to reduce cost and CO2 emissions as well as to achieve the concept of 

sustainability and energy conservation. Therefore, there is a need to focus on traditional building 

materials and research on the best materials and be friendly to the environment.  

The artificial lightweight aggregates are a new applicable source as a building material such as 

expanded polystyrene (EPS), Thermocol or Styrofoam. By increasing apprehension of the over-

exploitation of natural resources, the industrial lightweight aggregate which is resulting from 

environmental waste is a new source that is applicable to the aggregate structure. 

Due to the pollutions resulting from Portland cement where it constitutes 7% of CO2 emissions 

and the excessive uses of limestone and it is a natural source, it is very necessary to find an 

alternative for the cement such as the manufacturing wastes (for example Fly ash, Silica Fume, 

Slag). 

This study aims to study the execution of the Styrofoam (packing materials) as a lightweight 

aggregate and to study its capacity to decrease dead load without immolating much the strength. 

In this study, a laboratory test has been conducted for a lightweight concrete by replacing the 

natural aggregate about 100% with Styrofoam bits over with replacing 11% of the cement by equal 

proportions with Slag, Silica and fly ash and differing proportions of Nano-Silicon dioxide at 1, 

0.5,1 and 1.5% on 11% of Cement to studying the tensile strength, compressive strength, flexural 

strength in-plane shear strength in a mode-II fraction.  

The strength should be around 26.6 N/mm2 of M20 concrete. From the experiment, the 

compressive strength of the cube rises to 13 N/mm2 at 0.5% and this is the optimum and by 

increasing the percentage of the Nano SiO2 reaches 0.5% with 11% pozzolanic materials exchange 
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the cement, the flexural strength and Young's modulus increases. And when the Nano SiO2 

increases both values are decreases. 

 

2.8. EXPERIMENTAL STUDY ON ARTIFICIAL LIGHTWEIGHT 

AGGREGATE USING POLYSTYRENE 

According to (Banarase1 and D. Jakate, (2014). Because of the extravagant uses of the coarse 

aggregate, the lightweight concrete which produced from the manufacturing waste is an applicable 

source of the structural lightweight aggregate materials. The use of PLCA (the polystyrene 

lightweight coarse aggregate) concrete helps to decrease the structure self-weight and eliminates 

the waste of polystyrene also it helps to keep the natural resources.  

This study aims to study the thermal insulates and the mechanical properties which are the 

compressive, tensile and flexural strength of the polystyrene concrete. 

In this study, a laboratory test has been conducted for a lightweight concrete made of polystyrene 

aggregates with a level of strength of with a power level of 7 to 19.1 MPa and corresponding 

density of 15.24 kN / m3 to 24.18 kN / m3 to examine the mixing ratio, density and the mechanical 

properties such as compressive strength, flexural strength and tensile strength. Variables of 

material involve the size and compound volume of cement, natural sand and total polystyrene 

content. The effect of concrete density on compressive strength, tensile strength, tensile strength 

and operability have been studying. Other studies have been carried out on the flexural conduct of 

polystyrene concrete beam. Concrete strength at 20 MPa for every beam. 

The results of the experiments show the mechanical properties which are the compressive, tensile 

and flexural strength of the polystyrene concrete decreased with the reducing in density. Also, it 

shows that the concrete thermal insulates at a minimum percentage substituted of natural aggregate 

with PLCA (polystyrene lightweight coarse aggregate). 
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2.9. Mechanical and thermal properties of lightweight concretes with 

vermiculite and EPS using air-entraining agent 

According to Schackow et al., (2014). The industry of construction is considered as the largest 

industrial consumer to the raw materials. It is very necessary to find an alternative for the raw 

materials to reduce its uses to have a sustainable future. Recycling of materials, reduction of 

construction waste during construction and its life cycle and recycling the demolition materials are 

some techniques to reduce the usage of raw materials.  The EPS (expanded polystyrene) can be 

recycled and using it as a gravel on concrete for lightweight concrete. This study aims to contrast 

between the thermal and mechanical properties of the lightweight aggregate concrete by using two 

types of lightweight aggregate which are Vermiculite and Expanded Polystyrene (EPS) and using 

the entering air factor and Superplasticizer admixture. On this study, the results statistical analysis 

of density and compressive strength have been used. The components of the complete total design 

22 were: lightweight aggregates amount (55% and 65%) and the air-blocking agent magnitude 

(0.5% and 1.0%). The final results show three different results which are the air-entraining agent 

addition make the lightweight concrete even less weight but has less resistance. The second result 

is that the lightweight vermiculite concrete has less strength and heavier than the EPS lightweight 

concrete. The last result is that the EPS lightweight concrete has higher thermal conductivity than 

vermiculite. The best lightweight aggregate content was 55%. 

 

2.10. Lightweight concrete 

According to Er. Arvind Singh Gaur, Er. Vikas Kummar, and Er. R.P. Singh (2017). 

Lightweight concrete, lightweight concrete prepared using thermocol beans the coarse aggregate 

is replaced by thermocol beans, so a lot of weight is reduced due to coarse aggregate and weight 

is reduced more than 50%. The methodology is article research, case study, and experimental study 

such as compressive strength for 7 days and 28 days. The result is the lightweight concrete is 

suitable to be used as non-load bearing walls as compressive strength is 30% less than recommend. 

There is different in value of compressive strength in 7 days and 28 days result’s, that’s mean if 

it’s stayed in water for more time it’s will get more strength value. At the end, thermal insulation 

by lightweight concrete may reduce consumption of electricity for both cooling as well as heating 
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hence reducing the CO2 emission. The conclusion, the strength of aerated lightweight is little 

higher. This resulted in increment of voids of throughout the sample caused by the foam.   

 

2.11. Cellular lightweight concrete using fly ash 

According to P.S. Bhandari, and Dr. K.M. Tajine (2014). Cellular lightweight concrete using 

fly ash. The aim of this experimental study is to identify the performance of cellular lightweight 

concrete in term of density and compressive strength. The methodology is case study and 

experimental study such as density and compressive strength for 7 days and 28 days. The result is 

the compressive strength for cellular lightweight concrete is low for lower density mixture. The 

increments of voids throughout the sample caused by foam in the mixture lower the density. As a 

result compressive strength also decreases with the increment of those voids. Compressive strength 

of 53 grade cement is slightly higher than 43 grade cement, but as strength increases its density 

also increases. The conclusion is the cellular lightweight concrete is acceptable from framed 

structure. Cellular lightweight concrete also can be suitable for earthquake areas.  

 

2.12. Structural behavior of lightweight concrete with conventional concrete 

According to Omkar S. Gangatire, and Yogesh R. Suryawanshi (2016). Structural behavior of 

lightweight concrete with conventional concrete. The main objective of this report is to study and 

analysis of lightweight concrete with conventional concrete. The methodology is article research, 

case study, and experimental study such as density test, compressive strength test, and water 

absorption test, all these tests for 7 days and 28 days. The result is, for compressive strength test 

the stress is increasing with increasing the numbers of days in water and with increasing the 

percentage of fly ash and kemilite, but in density the percentage of density is decreasing with 

increasing the percentage of kemilite, at the end the percentage of water absorption is increasing 

with increasing the numbers of days in water also and with increasing the percentage of fly ash 

and kemilite. The conclusion is the total cost saving for 1 m3 of lightweight concrete is reduced 

with compared to conventional concrete, this should lead to increased utilization of lightweight 
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concrete for reduction of dead load, faster building rate in construction and lessen haulage and 

handling costs.  

 

2.13. Factors influencing the compressive strength of fly ash based 

geopolymer concrete 

Djwantoro Hadjiito et. Al (2004) in this study, the case of fly ash in geopolymer concrete was 

studied according to several factors. The tests conducted on the fly ash were the study of the 

variables that occur on the fly ash when increasing pressure, temperature and water content. The 

development of geopolymer concrete is an important step in obtaining environmentally friendly 

buildings. The author summarized the results of the tests that the pressure strength of the 

geological concrete does not change over time and when processing the geopolymer concrete at a 

higher temperature and a longer period will increase the strength of the bearing of the 

compressive strength.  

 

2.14. Experimental study on light weight concrete by partial replacement of 

fine aggregate using fly and adding thermocol 

Dr. G. Elangovan (2015) has presented experimental study on light weight concrete to find 

replacement to naturel river sand to avoid posing environmental degradation that result of used 

naturel river sand. This experimental study on light weight concrete to partial substitute of sand 

(fine aggregate) by using thermocol and fly ash. The work in this experiment was divided to two 

phases, the first phases include workability test and another phases strength test. It was found 

from the result of the experimental the concrete which mix with 0.3% of thermocol and 40% fly 

ash has yielded superior workability and compressive strength. From this experimental study 

demonstrated that fly ash can be used to be partial replacement of fine aggregate in the concrete 

and makes the concrete eco-friendly concrete and economical. 

 

2.15. Experimental Study on Lightweight Aggregate Concrete 
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T.Divy Bharana (2016), showed in has report the lightweight concrete was tested in terms 

of durability, thermal insulation and sound. Tests were carried out. In compressive strength 

test, the pressure strength of the concrete was less than the normal concrete. Therefore, 

lightweight concrete can be used in places where the strength is low. So, it can be used for 

acoustic structures. 
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CHAPTER 3 

METHODOLOGY 
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3.0. Methodology 
3.1. Introduction:  

The mechanical structure consists of fabric. These materials area unit referred to as engineering 

materials or building materials or building materials. Technicians ought to apprehend the 

characteristics of those materials. Varied materials and varied characteristics admire water 

resistance, strength, durability, temperature resistance, appearance, porosity, etc. area unit needed 

for the building's operational conditions. Before ultimately choosing the chosen one artefact. 

 

3.2.  Introduction of materials:  

Artifacts square measure any material used for producing operations. Clay, rock, sand, some 

current substances akin to wood, even the branches and leaves won't build the building. 

Presentation materials, some semi-synthetic things mistreatment units, some don't seem to be by 

artificial means artificial. The assembly of building materials has been allotted in several countries 

for several years and also the use of those materials is sometimes divided into carpentry, insulation, 

plumbing and specialized trade akin to roofing. They provide not solely homes however 

additionally habitats and structures. 

 

3.2.1. Cement:  

The most common and important component in any construction building or site or any 

construction project is cement and the most common type of cement is Portland cement, it is the 

basic consist for concrete such as mortar, beams, and columns, etc. Its texture is a powder (fine 

powder) and its color is grey, grey is the most one is used in any construction procedures and there 

is many different colors for the cement such as white and its available for different mixture. There 

is many types of Portland cement and popular one is ordinary Portland cement (OPC).   

 

Ingredient Content% 
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CaO(Lime) 66-67 

SiO2(Silica) 17-25 

Al2O3(Alumina) 3-8 

Fe2O3(Iron Oxide) 0.5-6 

MgO(Magnesia) 0.1-4 

Alkalies   0.4-1.3 

Sulphur  1-3 

Table 2 Cement components.  

 

3.2.2. Water:  

Water is the most important component in the concrete which is used for mixture casting of 

concrete and for carrying also, water is important for process of cement hydration which its effect 

on concrete strength. The quality of water also is important for the concrete more quality more 

strength and the opposite and anything is effecting in water quality its will effect in concrete setting 

the initial setting and the final setting. The density of water is equal 1000 kg/m3. According to EN 

1008:2002 its considers the setting time should not be less than 1 hour and the final setting timing 

not more than 12 hour. This time will give us the target strength or the best strength around 90 per 

cent. And more.  

 

3.2.3. W/C ratio water-cement ratio: 

The ratio is the value of water to value of cement and this mean or called water-cement ratio it’s 

used in mixing concrete. Its effect in workability of concrete because it’s depending on water-

cement ratio on the concrete mix. However, water-cement have rang we can use it also from 0.45 

to 0.65, depending to this rang there is advantages such as decreasing of W/C ratio in concrete the 

resistance of weathering will increase the strength and reducing the shrinking and cracking and 

low permeability.   

3.2.4. Aggregate: 
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Aggregate is a granular material, such as sand, gravel, crushed stone, crushed hydraulic-cement 

concrete, or iron blast-furnace slag, used with a hydraulic cementing medium to produce either 

concrete or mortar. There is two types of aggregate fine aggregate and coarse aggregate, these two 

types used in any construction project, but in this project we will use only fine aggregate to reduce 

the weight for blocks and beams. 

 

3.2.4.1 Purpose & the aim & Uses of Aggregates 

In concrete, A mixture is employed for its economy issue, to scale back any cracks and most 

significantly to supply strength to the structure. Inroads and railway ballast, it's wont to facilitate 

distribute the load and assist in groundwater running off the road. will increase the degree of 

concrete, therefore reduces the value, offer dimensional stability, Influence hardness, abrasion 

resistance, modulus of elasticity and alternative properties of concrete to create it additional sturdy, 

and robust and cheaper. 

 

3.2.4.2 Fine mixture: 

Those particles passing the 9.5 millimeters (3/8 in.) sieve, nearly entirely passing the 4.75 mm 

(No. 4) sieve and preponderantly preserved on the seventy-five µm (No. 200) sieve area unit 

referred to them as a fine mixture. For magnified workability and for the economy as mirrored by 

use of less cement, the fine mixture ought to have a rounded form. The aim of the fine mixture is 

to fill the voids within the coarse mixture and to act as a workability agent.  
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3.2.5 Thermocol: 

Thermocol is a good resister of cold and heat but since it is a petroleum 

product it dissolves in any solvent of petroleum. The advantages of 

thermocol is fire resistance, rigid, lightweight, and sound and acoustic 

insulation. The standard density for any thermocol is equal 8-50 Kgs/m3 

and the standard thickness is from 5mm to 1350mm, all of these numbers 

is standard for any thermocol but every company can use its values. 

Types of thermocol is thermocol sheets, thermocol sheets, versatile 

thermocol sheets, thermocol blocks, thermocol packaging sheets, 

thermocol sheets, rigid packaging sheets, and thermocol block that are 

well-known for prime performance and utility. Thermocol size in this 

project is 10*13*32 in blocks and 10*10*70 in beams.  

 

3.2.6 Mesh: 

The aim from using mesh in this project with 

thermocol is to give the thermocol more strength 

or more ability to accept more load on solid 

blocks and beams. We used three types of mesh 

large, medium, and small. These three types used 

mean the distance between each line is different 

and the diameter also is different and the ability 

for each one is different, mean each mesh have 

specific value to accept load after that its will damaged. Mesh will cover the thermocol from all 

sides and put both of them in the middle in the solid blocks and beams.  

 

 

Figure 34 Thermocol. 

Figure 35 covering the Thermocol by Mesh. 
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3.2.7. Boxes  

12 wooden boxes were made by the carpenter. These boxes 

have been used to make the solid blocks. The size of these 

boxes was (40×19×19cm). These boxes have been fixed by the 

Screws. When the blocks dry, the boxes are disassembled with 

a screwdriver to remove the screws to extract the solid blocks. 

 

3.3  Mix design: 

The design for blocks and beams in our project is same the normal design from industrial 

companies with same standard. The mixture need to fine aggregate and water-cement ratio around 

0.45. No chemical admixture used in this project, because the main aim to reduce the weight, cost, 

and eco concrete. At the end, the insulation material is thermocol with specific size and shape for 

specific job.  

3.3.4  Mix design calculations: 

• Normal Blocks without thermocol: 

𝑣𝑜𝑙𝑢𝑚𝑒 = (40 × 19 × 19) × 6 × 10−6 = 0.086 𝑚3 

𝑤𝑒𝑖𝑔ℎ𝑡 = 1500 × 0.086 = 129 𝑘𝑔 

𝑤𝑎𝑠𝑡 20% (129 × 1.2) = 154.8 𝑘𝑔 

1:4 

𝑊𝑐 =  
1

5
× 154.8 = 30.96 𝑘𝑔 

𝑊𝑠 =  
4

5
× 154.8 = 123.84 𝑘𝑔 

𝑊𝑤
𝑐⁄ = 0.45 × 30.96 = 13.92 𝑘𝑔 = 13.92𝐿 ≈ 14𝐿 

• Normal beams without thermocol: 

Figure 36 The boxes used. 
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𝑣𝑜𝑙𝑢𝑚𝑒 = (75 × 15 × 15) × 1 × 10−6 = 0.0168 𝑚3 

𝑤𝑒𝑖𝑔ℎ𝑡 = 1500 × 0.0168 = 25.2 𝑘𝑔 

𝑤𝑎𝑠𝑡 20% (25.2 × 1.2) = 30.24 𝑘𝑔 

1:4 

𝑊𝑐 =  
1

5
× 30.24 = 6.04 𝑘𝑔 

𝑊𝑠 =  
4

5
× 30.24 = 24.192 𝑘𝑔 

𝑊𝑤
𝑐⁄ = 0.45 × 6.04 = 2.7 𝑘𝑔 = 2.7𝐿 ≈ 3𝐿 

 

• Total quantity: 

𝑊𝑐 =  30.96 + 6.04 = 37𝑘𝑔 

𝑊𝑠 =  123.84 + 24.192 = 148 𝑘𝑔 

𝑊𝑤
𝑐⁄ = 14 + 3 = 17𝐿 

 

• Blocks contain thermocol and mesh: 

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑏𝑜𝑥 = (40 × 19 × 19) × 6 × 10−6 = 0.086 𝑚3 

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑡ℎ𝑒𝑟𝑚𝑜𝑐𝑜𝑙 = (32 × 13 × 10) × 6 × 10−6 = 0.024 𝑚3 

𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 = 0.086 −  0.024 = 0.062 𝑚3 

𝑤𝑒𝑖𝑔ℎ𝑡 = 1500 × 0.062 = 93 𝑘𝑔 

𝑤𝑎𝑠𝑡 20% (93 × 1.2) = 111.6 𝑘𝑔 

1:4 

𝑊𝑐 =  
1

5
× 111.6 = 22.32 𝑘𝑔 
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𝑊𝑠 =  
4

5
× 111.6 = 89.28 𝑘𝑔 

𝑊𝑤
𝑐⁄ = 0.45 × 22.32 = 10.04 𝑘𝑔 = 10.04𝐿 ≈ 10𝐿 

• Beams contain thermocol and mesh: 

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑏𝑒𝑎𝑚 𝑏𝑜𝑥 = (75 × 15 × 15) × 3 × 10−6 = 0.051 𝑚3 

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑡ℎ𝑒𝑟𝑚𝑜𝑐𝑜𝑙 = (70 × 10 × 10) × 3 × 10−6 = 0.021 𝑚3 

𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 = 0.051 −  0.021 = 0.03 𝑚3 

𝑤𝑒𝑖𝑔ℎ𝑡 = 1500 × 0.03 = 45 𝑘𝑔 

𝑤𝑎𝑠𝑡 20% (45 × 1.2) = 54 𝑘𝑔 

1:4 

𝑊𝑐 =  
1

5
× 54 = 10.8 𝑘𝑔 

𝑊𝑠 =  
4

5
× 54 = 43.2 𝑘𝑔 

𝑊𝑤
𝑐⁄ = 0.45 × 10.8 = 4.86 𝑘𝑔 = 4.86𝐿 ≈ 5𝐿 

 

• Total quantity: 

𝑊𝑐 =  22.32 + 10.08 = 33.12𝑘𝑔 

𝑊𝑠 =  89.28 + 43.2 = 132.48 𝑘𝑔 

𝑊𝑤
𝑐⁄ = 10 + 5 = 15𝐿 

3.4 Test or experiment used in this project: 

Introduction: 
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The aim from all tests to study the properties of lightweight blocks which are compressive strength, 

fixture strength, heat insulation, moisture content and density test. And we will discuss these 

experiments as following:  

3.4.4 Compressive strength:  

The objective from the compressive strength is to find the 

compressive strength of the blocks to determine the total 

load is acceptable before any actions happen like cracks 

or damages. Also blocks strength depends in many factors, 

includes cement strength, the percentage of water-cement 

ratio, and the quality of materials used. It’s determined by 

cubes test or cylinders test. The compressive strength 

(compressive concrete) is measured after leaving the 

mixture in water for specific time like 7 days, 14 days, and 

28 days.  

Frist, all the materials are needed in these experimental studies have been prepared perfectly and 

in good quality to get the outcome target. After, we had put the all materials needed in mixer such 

as cement, fine aggregate, and water to mix it very well. We filled the homogenous mixture in 

boxes and beams molds. The test specimens have been stored for 24 hr. Then take it off the molds 

and put some of the blocks and beams in water for 7 days and others for 14 days. After 7 days we 

extracted some of blocks and beams and test them in the Universal testing machine. Also we 

prepared remain blocks after 14 days to do the same test. 

 

3.4.5 Flexural content test. 

Figure 37 the universal testing 
machine (compressive strength 

machine). 
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The main objective to determine the Flexural 

Strength of beams, that comes into play once a 

road block with inadequate sub-grade support is 

subjected to wheel masses and / or there square 

measure volume changes thanks to temperature / 

shrinking. 

 

 

Flexural check machine– The bed of the testing 

machine shall be supplied with 2 steel rollers, 38 

millimeter in diameter, on that the specimen is 

to be supported, and these rollers shall be 

therefore mounted that the space from center to 

center is 60 cm for 15.0 cm specimens or forty 

cm for 10.0 cm specimens. The load shall be 

applied through 2 similar rollers mounted at the 

third points of the supporting span that's, spaced 

at 20 or 13.3 cm center to center. The load shall be divided equally between the 2 loading rollers, 

and every one rollers shall be mounted in such a fashion that the load is applied axially and while 

not subjecting the specimen to any torsional stresses or restraints. 

  

Figure 39 Flexural strength testing machine. 

Figure 38 flexural strength test 
arrangement. 
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3.4.6 Heat insulation test: 

The aim from this test is to determine the time is 

taken to pass through the blocks with specific 

temperature. Heat transfer test is depending on 

many factors such as quality of materials are used 

for mixture, percentage of water-cement ratio, and 

type if insulation material are used. Also the other 

aim is to reduce the values of temperature to get eco-

blocks and friendly with our environmental. We 

used in this project the insulation material is 

thermocol to reduce the percentage of temperature and also the cost, type of thermocol is thermocol 

sheets with specific dimensions.  

At the beginning, we prepared the mixture perfectly and put the thermocol in the middle and cover 

it with the mixture and let it dry for 24 hr. and put it in water for 7 days and 14 days. After 7 days 

take off the normal blocks and block contain thermocol and let it dry from water and take it and 

start the test by putting a wire and two different sides and start taking the first reading of T1 and 

T2 after 3 min, then wait for other 3 min and take the next reading for normal blocks after that do 

the same steps for block which contain thermocol and mesh. At the end do same steps for both 

blocks after 14 days to compare it with previous result.  

T1: NEAR TO THE LIGHT.  

T2: AWAY FROM THE LIGHT.  

 

  

Figure 40 Heat insulation testing machine. 
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3.4.7 Density test. 

This means that the density of any solid, liquid or gas 

will be found by dividing its mass in kilograms by its 

volume in cube-shaped meters. Density will be found 

exploitation the equation: The unit for density is 

metric weight unit m. The density of water is or so a 

thousand metric weight unit m-3 and air is or so 1.3 

kg/m.  

The steps for this test is take off the blocks and beams and let them dry good, after that take them 

and weight them and record the values. And in beginning we already had the diminution, so we 

had applied in the rule put the weight divided by the volume of block or beam. At the end we had 

got the density value. 

 

3.4.8 Moisture content test.  

The aim from this test is to determine the percentage 

of water in blocks and beams in three different faces 

to take the average. Percentage of water-cement 

ratio, quality of materials used and the time for each 

block stayed in water effect in percentage of water 

in solid blocks by permeability of block in the 

beginning and after stayed in water after some days 

also effected by the distance between pores in 

blocks its able to let water enter inside the block and change the properties of blocks. Ate the end, 

this machine is working by measuring the vapor rate on the concrete by using anhydrous of calcium 

chloride.  

First we had the steps to get perfectly mixture to get good result, after that we had the same steps 

also for each blocks and beams by putting them in water for 7 days and for 14 days, because the 

number of days will effect in blocks. So, we had taken off the blocks from water and let it dry for 

Figure 41 weighting the blocks and beams 

Figure 42 Moisture testing machine 
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some time to get right result not high result because of water and not low because totally dry, after 

that put the moisture meter in three different faces on these blocks and get the reading when it’s 

come in red lines. At the end, calculate the average.  
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CHAPTER 4 

RESULTS AND DISCUSSION   
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4. Results and discussion:  

Table 3: The results of the normal blocks and the Thermocol blocks after 7 days. 

After 14 days 

Blocks Weight 

(Kg) 

Compressive 

strength 

(Mpa) 

Heat insulation (C°) Moisture content % 

(average) 

T1 T2 29.4 

Normal 

block 

34.130 13.932 34.8 24.5 

36 24.5 

37.5 24.9 

TM1 20.201 3.33 ----- ----- 40.9 

TM2 20.210 3.717 34.5 17.5 39.27 

35.8 17 

37.3 16.8 

TM3 21.848 5.06 ----- ----- 39.3 

Table 4: The results of the normal blocks and the Thermocol blocks after 14 days. 

Beams After 14 days 

After 7 days 

Blocks  Weight 

(Kg) 

Compressive 

strength 

(Mpa) 

Heat insulation (C°) Moisture content % 

(average) T1 T2 

Normal 

block 

35.056 7.683 35.9 24.6 26.57 

37.7 24.6 

38.5 24.3 

TM1 20.698 1.591 ----- ----- 42.7 

TM2 20.776 2.266 35.4 17.8 41.47 

37.5 18.2 

38.5 17.1 

TM3 21.050 3.077 ----- ----- 41.27 
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Beams Weight 

(Kg) 

Flexural strength test. (Mpa) 

 

Moisture 

content % 

(average) 

 

Normal beam 38.076 3.082 36.76 

TM1 beam 28.012 2.04 42 

TM2 beam 28.590 2.152 41 

TM3 beam 29.766 3.12 41 

Table 5: The results of the normal beams and the Thermocol beams after 14 days. 

TM1: Block contain Thermocol and mesh (M1). 

TM2: Block contain Thermocol and mesh (M2). 

TM3: Block contain Thermocol and mesh (M3). 

 

 

 

 

 

 

 

4.1. Compressive strength test. 
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Figure 43 compressive strength. 

This graph shows the results of compressive strength test after 7 and 14 days between the normal 

block and the block contain Thermocol using a different type of mesh (TM).  According to the 

results shown in the graphs, it is clear that the compressive strength of the normal block is 

greater than the compressive strength of the blocks containing the thermocol. Also, the 

Thermocol blocks have different compressive strength depending on the mesh used in it. The 

TM3 which contains the narrow Mesh have more compressive strength. While, the TM1 which 

contains the widest Mesh, have less compressive strength compare it with the TM2, TM3 blocks 

and normal block.  So, the distance between the mesh it affects the strength of the blocks. The 

block which contains a mesh with the widest space between the wire mesh has less strength 

compare it with the block which contains the narrow space between the wire mesh.  

As it shows from the results, blocks with thermocol it’s not good in compressive strength, so it’s 

not good in carry on the load. But it can use in interior walls for example the walls of bathroom 

which call as “partition walls” it will not carry the load it is just to divided the rooms, for this 

purpose can go for thermocol blocks rather than going for normal blocks “solid blocks”. 

The minimum compressive strength for solid blocks at 28 days is about 5.5 N/mm2 to 11 

N/mm2, according to the Oman compressive strength standards. Where it is supposed to obtain 

normal TM1 TM2 TM3
compressive strength after 7 days 7.683 1.591 2.266 3.077
compressive strength after 14days 13.932 3.33 3.717 5.06
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results similar to the standards of force after 28 days. We tested the compressive strength of the 

blocks. The first test for 7 days and the second test for 14 days, we noticed that the value 

increases. But we did not do the third test for 28 days, but we expect the compressive strength to 

increase by (7.5 N/mm2), so we have achieved to the Oman compressive strength standards. 

  

 

4.2 Flexural strength test.  

 

 

Figure 44 Flexural strength test. 

This graph shows the results of flexural strength test after 14 days between the normal beams and 

the beams contain Thermocol using a different type of mesh (TM). As it shows in the graph the 

Thermocol beams have different strength depending on the mesh used in it. The TM1 which 

contains the widest Mesh, have less strength compare it with the normal beam. TM2 which have 

Mesh with a medium distance between the wire mesh, have more strength than the TM1 beam. 

While the TM3 which contains the narrow Mesh, have more strength compare it with the TM1, 

TM2 beams and normal beam.  

As it is shown from the results the distance between the mesh it affects the strength of the beam. 

The beam which contains a mesh with the narrow space between the wire mesh has more 
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strength than the beam which contains the widest Mesh. Because, when the distance between 

wire mesh is less, the cohesion of the mortar particles with the wire mesh increases. 

In addition, the beam containing the Mesh has more strength than the normal beam.  This is 

because the concrete is strong in compression and weak in tension. To overcome this problem, it 

need help in resisting tensile stress caused by bending forces of applied loads that may lead to 

cracking and eventual failure. The concrete will be compressed in the upper layers (shortening), 

and the bottom layer of the concrete will be tensioned (extended). When the load increases, 

cracks will occur in the lower face and will eventually fail because the concrete is weak in tensile 

strength. By using the mesh (reinforcement), the concrete will be strong in both tensions and 

compression because the steel grate tension strength: it bending without breaking. (Collins, 

2018)  

  



  

49 | P a g e  
 

4.3 Heat insulation test.  

 

 

Figure 45 Heat insulation after 7 days 

T1: NEAR TO THE LIGHT.  

T2: AWAY FROM THE LIGHT.  

This graph shows the results of the heat resistance test after 7 days, showing the difference 

between the normal block and the block which contains a Thermocol. As it shows from the graph 

the temperature T2 in the normal block its remain the same after 9 minutes (24.3 C°), while in 

the block which contains a Thermocol the temperature T2 increased in the first 6 minutes to 18.2 

C°, while after 9 minutes it starts to reduce from 18.2 C° to 17.1 C°, which is less than initial 

temperature of 17.8 C°. 
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Figure 46 Heat insulation after 14 days. 

This graph shows the results of the heat resistance test after 14 days, showing the difference 

between the normal block and the block which contains a Thermocol. As it shows from the graph 

the temperature T2 in the normal block its rose a bit  after 9 minutes (24.9 C°), while in the block 

which contains a Thermocol the temperature T2 reduce from 17.5 C° to 16.8 C° after 9 minutes, 

which is less than initial temperature of 17.8 C°. This gives the indoor cooling effect. 

The advantage behind the use of Thermocol in the blocks is to prevent thermal energy from 

passing into the building or from leaking out. This contributes to a stable and comfortable 

internal environment, as well as reducing the cost of air conditioning, both in terms of reducing 

the size of the air conditioning and cooling units necessary, or in terms of low cost of energy in 

the work of units. In practical terms in the Gulf area environment, thermal insulation 

(Thermocol) remains the best solution to reduce any increase in the heat along the building or 

facility structure, which moves from external temperature to artificially maintained interior 

conditions and comfort. In this context, the structure of Thermocol helps insulate thermal energy 

transit corridors from one side to another, making them an excellent insulating material for all 

types of buildings, installations and commercial facilities.  

4.4 Density Test.  
• Density of the blocks after 7 days: 
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Blocks Volume = 19×10−2×19×10−2×40×10−2 

           =0.01444𝑚3 

➢ Normal block: 

Density=𝑤𝑒𝑖𝑔ℎ𝑡 

𝑣𝑜𝑙𝑢𝑚𝑒 
  

           = 35.056 

0.01444
  

           =2.43×103 kg/𝑚3 

➢ Tm1 block: 

Density=𝑤𝑒𝑖𝑔ℎ𝑡 

𝑣𝑜𝑙𝑢𝑚𝑒 
  

           = 20.698 

0.01444
  

           =1.433×103 kg/𝑚3 

➢ Tm2 block: 

Density=𝑤𝑒𝑖𝑔ℎ𝑡 

𝑣𝑜𝑙𝑢𝑚𝑒 
  

           = 20.776 

0.01444
  

           =1.439×103 kg/𝑚3 

➢ Tm3 block: 

Density=𝑤𝑒𝑖𝑔ℎ𝑡 

𝑣𝑜𝑙𝑢𝑚𝑒 
  

           = 21.050 

0.01444
  

           =1.458×103 kg/𝑚3 

 

• Density of the blocks after 14 days: 

Blocks Volume = 19×10−2×19×10−2×40×10−2 
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           =0.01444𝑚3 

➢ Normal block: 

Density=𝑤𝑒𝑖𝑔ℎ𝑡 

𝑣𝑜𝑙𝑢𝑚𝑒 
  

           = 34.130 

0.01444
  

           =2.36×103 kg/𝑚3 

➢ Tm1 block: 

Density=𝑤𝑒𝑖𝑔ℎ𝑡 

𝑣𝑜𝑙𝑢𝑚𝑒 
  

           = 20.201 

0.01444
  

           =1.392×103 kg/𝑚3 

➢ Tm2 block: 

Density=𝑤𝑒𝑖𝑔ℎ𝑡 

𝑣𝑜𝑙𝑢𝑚𝑒 
  

           = 20.210 

0.01444
  

           =1.399×103 kg/𝑚3 

➢ Tm3 block: 

Density=𝑤𝑒𝑖𝑔ℎ𝑡 

𝑣𝑜𝑙𝑢𝑚𝑒 
  

           = 21.848 

0.01444
  

           =1.513×103 kg/𝑚3 

 

• Density of the beams after 14 days: 

Beams Volume = 15×10−2×15×10−2×75×10−2 

       =0.0169𝑚3 
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➢ Normal beam: 

Density=𝑤𝑒𝑖𝑔ℎ𝑡 

𝑣𝑜𝑙𝑢𝑚𝑒 
  

           = 38.076

0.0169
  

           =2.253×103 kg/𝑚3 

➢ Tm1 beam: 

Density=𝑤𝑒𝑖𝑔ℎ𝑡 

𝑣𝑜𝑙𝑢𝑚𝑒 
  

           = 28.012 

0.0169
  

           =1.658×103 kg/𝑚3 

➢ Tm2 beam: 

Density=𝑤𝑒𝑖𝑔ℎ𝑡 

𝑣𝑜𝑙𝑢𝑚𝑒 
  

           = 28.590

0.0169
  

           =1.692×103 kg/𝑚3 

➢ Tm3 beam: 

Density=𝑤𝑒𝑖𝑔ℎ𝑡 

𝑣𝑜𝑙𝑢𝑚𝑒 
  

           = 29.766 

0.0169
  

           =1.761×103 kg/𝑚3 

 

Density of blocks and beams: 
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Figure 47 Density of blocks and beams. 

The above graph shows the density of different types of blocks. The density of the normal block 

was greater than the blocks contain thermocol and different sizes of meshes. All the blocks had 

the same volume but the reason for getting less density on the blocks with thermocol and mesh is 

that they have a lower weight than the normal block. From this formula (Density=𝑤𝑒𝑖𝑔ℎ𝑡 

𝑣𝑜𝑙𝑢𝑚𝑒 
 ), the 

relation between the density and the weight is directly proportional.  

From the results of the blocks which contain thermocol and mesh, it is clear that the greater the 

distance between the wires mesh the less density.  where the blocks which contain mesh has 

narrow spaces between the wire mesh (TM3) have more density compared with the blocks which 

contain mesh with medium spaces between the wire mesh and blocks contain mesh of big spaces 

between the wire mesh. 
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Table 6: The Omani standard for the weights and the densities of the normal and lightweight 

solid blocks. 
 

weight after 7days (Kg) weight after 14 days 

(Kg) 

normal 35.056 34.13 

TM1 20.698 20.102 

TM2 20.776 20.21 

TM3 21.05 21.848 

Table7: The weights of normal and lightweight blocks used on the study. 

Table 6 above shows the Omani standard for the weights and the densities of the normal and 

lightweight solid blocks.  

Generally, the weights of our blocks (both normal and lightweight blocks) were near to the 

Omani standards. Where the weights of the normal blocks which we have made were 35.056kg 

and 34.130kg and the standard weight of the normal block is 32kg thus, note that they are 

relative to each other. 
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Furthermore, the standard weight of the lightweight blocks is around 18-20kg and the weight of 

the lightweight blocks we have made which contain Thermocol and mesh also were very close to 

the standard. Table 7 displays the weights of the blocks which contain Thermocol and mesh. The 

weight of our blocks is identical to the standard. So, the density also is identical to the standard 

where Density=𝑤𝑒𝑖𝑔ℎ𝑡 

𝑣𝑜𝑙𝑢𝑚𝑒 
. 

After comparing the weights and densities of our blocks to the Omani standards of the solid 

blocks we can say that we have achieved the standard weights and densities according to Omani 

standards. 
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Figure 48 The relationship between the weight and density of the beams. 

This graph shows the relationship between the weight and density of the normal beam and beams 

contain Thermocol and mesh (TM). The weight and density of the concrete is the first indicator 

whether the material can be considered in the lightweight materials category (Ismail et al. 2003). 

As it shows in the graph the TM1, TM2 and TM3 beams samples have a lower density than the 

normal beam density. It was found from the results that there is a direct relationship between the 

concrete content of the thermocol and the weight and density of the samples. So that the 

lightweight property of the thermocol contributes to the low weight and low density of the 

concrete. 
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4.5. Moisture content test.  

 

Figure 49 Moisture content of the blocks and beams. 

The graph above shows the moisture content of normal blocks and blocks which contain 

different sizes of meshes after both 7 and 14 days. From the results we got, the normal blocks 

have less moisture content compared to the blocks with thermocol and mesh. The blocks which 

contain thermocol and mesh have a different moisture content. it depends on the mesh. The 

blocks which contain mesh with large wire mesh space have more moisture content. For 

example, the moisture content of the TM3 blocks (which contain mesh has narrow wire mesh 

space) is less than the moisture content of the TM1 blocks (which contain mesh has large wire 

mesh space). The time when blocks stay in water affects the moisture content. Where through the 

results shown on the graph, we note that the normal blocks that stayed in water duration of 14 

days have a moisture content more compared to blocks that stayed in the water for 7 days. 

While the blocks contain thermocol and mesh, the blocks which stayed 14 days in water, have a 

less moisture content compared to blocks that stayed 7 days in the water. 
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CHAPTER 5 

CONCLUSION 
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5. Conclusion. 
This report dealt with the experiments carried out on two different types of blocks which are 

the normal blocks and blocks containing thermocol and the mesh of different sizes and also 

the report contained on the test of two different types of beams, which are normal beam and 

beam containing thermocol and mesh, the tests were carried out after 7 and 14 days. 

Through the results contained in the report proved through the compressive strength test the 

blocks that contain a smaller mesh stronger than those that have a wider mesh, because in 

narrow mesh the distance between the particles is smaller, which is difficult to break, but 

when compared to those blocks containing On the narrow mesh and the thermocol with the 

normal blocks, the normal blocks were stronger. 

Therefore, it is recommended to use blocks containing the thermocol and the grid in the 

internal walls of the house because it is weaker than it is an external wall bears the weight of 

the house and in the case of the use of an external wall is preferred to place supports on the 

edges of blocks 

 In the test of strength to flex after 14 days on normal beams and packages containing 

thermocol and mesh, the results were contrary to the results that appeared in the compression 

strength test. The results were as follows. Beams containing thermocol and mesh were more 

bear pressure than normal beams. The normal beams should therefore be placed with 

supports such as mesh. 

Through all the results presented in the report, the following can be drawn 

The blocks are strong and light weight compared to normal blocks and ideal in reducing the 

temperature in the building as thermocol are a heat insulating material and therefore is a 

solution of the appropriate solutions to reduce the use of energy and cooling sources in the 

building and make the buildings more sustainable when compared it with normal blocks it 

used less of time to build and less Cost, which is environmentally friendly and has a density 

less than the normal blocks and has less absorption of water from the normal blocks, which 

makes them less moisture and earns the ability to live for a greater extent. 

 

6. Appendix:  
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Appendix1: The meshes used. 

 

  

Appendix2: The lightweight blocks after the compressive strength test. 
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Appendix3: The materials used. 

 

  

Appendix4: The group members while working. 

 

Appendix 5: beam contain mesh and Thermocol. 
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Appendix 6: beam contain mesh and Thermocol after flexural strength test. 

 

 

Appendix 7: Normal beam after flexural strength test. 
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Appendix 8: The difference between the normal beam and the beam contain mesh and 

Thermocol after flexural strength test. 
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Appendix 9: Covering the thermocol with mesh. 

 

 

Appendix 10: Mortar mix. 
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Appendix 11: Oiling the boxes. 

 

 

Appendix 12: Tamping the mortar mix to reduce the voids. 

 

 

Appendix 13: Beams. 
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Appendix 14: Blocks. 

 

Appendix 15: beams. 
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Smart and Sustainable Water Management Network System for Buried Pipelines by 

using IoT Hubs in Smart Cities  

ABSTRACT 

In Sultanate of Oman the majority of population is from capital city and are expected to 

increase in future due to smart city development. With this increasing population and 

smart life style the utilization of water resources are also in increasing phase. At the 

same time managing water resources infrastructure and its pipeline network in the 

cities has become a major concern due to leakage in water pipeline network which 

interrupts the water supply in the cities. Pipeline network plays a major role in 

transporting water resources to the entire city. At present the buried pipelines are 

monitored at key points using manual process by involving more manpower resources. 

In order to monitor the buried pipeline network remotely, this research study gives an 

innovative attempt by implementing Underground Wireless Sensor Networks (UWSN) 

and to monitor the entire buried pipeline network through Internet of Things (IoT). 

Water is the most precious and valuable for all the human beings but, now a days water 

supply systems are facing problem in real time operation this is because less amount of 

water in resources due to less rain fall. Population is increasing day by day with increase 

in population urban residential areas have increased because of this reasons water has 

become a crucial problem which affects the problem of water distribution, water 

conservation, water consumption and also the quality of water.so, there is need of 

proper monitoring and controlling system.  In this project, we have focused on real time 

monitoring of water supply in IOT platform. Water supply can be done with continuous 



water level monitoring so the proper distribution can be done with available amount of 

water in tanks, the water flow monitoring, whole pipeline monitoring. Internet of things 

is nothing but the network of physical objects embedded with electronics, sensors, 

software, and network connectivity. It is going to use different sensors for monitoring 

the system here the measured values from sensors can be processed by controller. 

Sensor Data monitored and can be viewed on central server using cloud computing with 

unique IP address. Motivation of this project is the smart city concept as different cities 

are working on this project.  

Keywords: Internet of Things, Underground Wireless Sensor Networks, Pipeline Network, 

Smart City, Water supply system, level sensor, Pressure sensor, chlorine detection 

sensor, water flow sensor, Internet of things, Raspberry pi, cloud computing  

  

 

 

 

 

 

 

 

 

 

 



 
 

INTRODUCTION 

 

The basic and most vital need of all living beings in this earth is water. Such a valuable 

water resources in Sultanate of Oman is in huge demand due to arid region by nature and 

the rainfall is also limited, every year the average rainfall in Oman is also getting very 

less. In order to conserve water and to protect water resources, since 1989, the 

government had implemented many laws and regulations as part of water protection and 

optimum utilization. At the same time, as part of smart city development in the country 

capital and due to industrial revolution and urbanization an increase in population at 

cities are facing the demand of water resources as part of their daily life and also it’s 

increasing day by day.  

The major water resources in the country is supplied from the conventional water 

resources and the other from non-conventional water resources in the form of pipeline 

network. While supplying the water through pipeline network it is in need to monitor and 

manage the buried pipeline network to avoid water leakage. 

As part of the smart city development, managing the buried pipeline network has been an 

attractive research study for researchers in recent trends. This research study attempts an 

innovative technology based on Internet of Technology (IoT) using wireless sensors to 



 
 

monitor the buried pipeline networks in real-time environment for protecting water 

leakage. 

 

THE SIGNIFICANCE OF THE STUDY 

In line with the technological development and advances in digital technology, the main 

objective of this proposed research study is to design a system using IoT based 

Underground Wireless Sensor Networks to detect the leakage of water in the buried 

pipeline network in order to prevent wastage of water and to monitor the network 

remotely as part of smart infrastructures. 

REVIEW OF LITERATURE 

 

Monitoring leakage in water pipelines and its negative impacts due to leakage is very 

significant to monitor in order to avoid to physical losses of water. The traditional and 

physical monitoring system of water pipeline needs more manpower resources. In line 

with the technological development according to a world's leading research and advisory 

company (Gartner.com), “8.4 billion things connected over IoT in use worldwide in 2017, 

which was increased to 31 percent comparing to 2016, and also it was expected to reach 

the level of around 20.4 billion connected things by 2020”. But the concepts of IoT 



 
 

model based sensors are reported rarely in water pipeline related projects. In order to 

accommodate future services and to propose new communication architecture, which was 

identified as a gap in this project and gives an opportunity for implementing IoT based 

monitoring system for further development in this project. 

 

 

PROPOSED SYSTEM 

When compared to ground surface wireless network, The transmission range in the form 

of Radio Frequency (RF) underground wireless network is significantly low in range due 

to buried surface, so the communication between the adjacent nodes is limited in distance 

which needs more sensors to be placed to cover the distance and it leads to an impact in 

the change in the topology of the buried network.  

 

Communication System Components 

 

The suitable sensor for the underground pipeline should be considered as non-offensive to the 

pipeline, low in power consumption and easy to implement. The main role of the 

underground sensors placed adjacent at a communication distance is to gather the surface 



 
 

data and transfer it to the master node. The components involved in this transmissions are 

Sensors, Power management, data gathering unit, processing unit, transmission unit 

comprises as Micro Controller Unit (MCU) and is responsible for the function of the sensor 

nodes. The main feature of this MCU is to consume ultra-low power during idle mode and 

low power during transmission mode which leads to increase the self-life of the battery. 

 

System Design 

 

The main factor in monitoring the water pipeline is to measure the internal water pressure 

of the pipeline, leakages can potentially alter the normal water pressure inside the 

pipeline and hence monitoring the water pressure can hypothetically help to identify the 

leakage. To monitor the water pressure we have introduce the Underground Wireless 

Sensor Networks. The concept of implementing Underground Wireless Sensor Networks 

based on maser nodes is to reduce the communication distance between adjacent sensors. In 

our proposed research work we have introduced a master node between adjacent 

communication sensors. The master node acts as an interface between the underground 

sensors and the internet cloud. The nearby sensors under the ground will communicate to the 

master node which is placed at a distance close to the communication sensors. The master 

node receives the signals from various nearby sensors and it forwards to the internet 



 
 

infrastructure communication network to the internet cloud in the form of real time data. The 

data stored in the cloud infrastructure is then accessed by number of end user devices with 

the help of internet cloud communication infrastructure as shown in the figure-1. 

 

 

Figure-1: Implementing Master Node between underground sensors. 

 

RESULTS 

 

The prototype of the design using the said block diagram was successfully deployed using the 

underground wireless sensor networks for monitoring the pipeline. The wireless sensors 

detects the pressure rate at constant intervals and sends to the master node which in turn it 

forwards the data to the internet cloud and it was accessed through end devices. Using this 



 
 

prototype model water leakage in the underground pipeline can be detected and monitored 

remotely. 

 

 

CONCLUSION 

 

As part of smart city development, maintaining the underground water pipeline network and 

identifying the leakage in the pipeline using smart sensor networks are feasible to manage 

with Internet of Things and also its easy to monitor continuously from anywhere in the 

country. Hope this research study gives an insight for further development as part of smart 

city projects to monitor the underground pipeline network. 
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Abstract 

 

This project focuses on secondary protein structure prediction. It presents research on            

existing traditional methodology for converting protein sequences to secondary protein          

structures. This report lays emphasis on the problems faced by structural biologists and             

computational biologists in terms of research and drug discovery. So as a computational             

biologist, the aim is to perform silico experiments to carry out the research and analysis               

with comparison to existing algorithms, determine the best algorithm between CNN and            

RNN and lastly, use optimizers to improve efficiency and accuracy to provide better             

results. This report comprises of various important aspects of this project such as the              

project scope, the feasibility study conducted to access its viability, various diagrams to             

provide a visual depiction of the system and lastly, various methodologies and tools for              

gathering data and carrying out research. 
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Chapter 1- Introduction 

 

Rationale of the project 

Protein secondary structure prediction is an important milestone in the process of            
attempting to predicting protein’s tertiary structure and its functionality. This thesis aims            
to explore the computational method of protein structure prediction using artificial neural            
networks. As a frame of reference, two of the most reliable neural networks, convolution              
neural network and recurrent neural networks have been demonstrated. In addition to this,             
certain optimizers have been highlighted that are used to optimize the efficiency of these              
algorithms. This study presents in depth evaluation of traditional experiments against           
computational experiments, comparison between two neural networks and lastly,         
accuracy analysis between these two models. 

Overview of the project case 

1.0 Introduction 

Deoxyribonucleic acid also known as DNA is the blueprints of instructions an organism             
needs to develop, live and reproduce. DNA is made up of molecules called nucleotides.              
Each nucleotide comprises of three groups, namely phosphate, sugar and nitrogen base.            
There are four types of nitrogen bases, namely adenine, thymine, guanine and cytosine.             
The DNA instructions/genetic code are derived from the order of these nitrogen bases.             
Another type of nucleic acid is ribonucleic acid also known as RNA. DNA is transcribed               
into RNA that further works as a messenger and translates genes into amino acids which               
are the building blocks of protein. RNA provides the precise order of linking amino acids               
to produce a specific protein.  
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Figure 1. DNA to Protein (Deep fold,2019) 

1.1 Protein 

Proteins are large, complex molecules that are the building blocks of life. Proteins are              

made up of a chain of 20 amino acids [A,R,N,D,C,Q,E,G,H,I,L,K,M,F,P,S,T,W,Y,V].          

Amino acids are classified into three groups, essential amino acids, non essential amino             

acids and conditional amino acids. . Each and every protein sequence varies in length,              

some of the sequences tend to be simple and short while others tend of be made up of                  

thousands of amino acid monomers.  

1.1.1 Structures of proteins 

There are four levels of protein structures, namely primary, secondary, tertiary and            

quaternary. Primary structure of protein refers to a sequence of amino acids. In secondary              

protein structure, the sequence of amino acids folds up in different shapes as a result of                

hydrogen bonding of the peptide backbone. In tertiary protein structures, the coiled            

strands of amino acids folds and loops over multiple times and results in a three               

dimensional complex structure or a polypeptide. Lastly, quaternary structure is made up            

of several polypeptide chains grouped together.  
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1.1.2 Functions of proteins 

Proteins are responsible for various operations in human body such as breaking down             
food and turning them into energy, repairing tissues, fighting viruses, transmitting signals            
to coordinate biological processes, providing structural support to cells and transporting           
molecules are some of its functions in a human body. Proteins are complex molecules              
that spontaneously fold inside and outside of the body based on interaction between             
amino acid and different environment. There are numerous diseases that appear as a             
result of miss folded proteins. 
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Figure 3. Diseases caused due to miss folding of protein (Deep fold,2019) 

 

1.1.3 Existing problems in protein structure prediction 

The function of a protein can only be determined by analyzing its three dimensional              
structure. DNA only contains information about the sequence of amino acids forming a             
long chain. In other words, it does not provide the information about how these chains               
will fold into a three dimensional structure. This complication is known as the protein              
folding problem. Scientists have found this problem challenging for decades for how to             
figure out the 3D structure of a protein solely from its genetic sequence. A protein’s               
biological function can only be identified through its three dimensional structure. In other             
words, functionality can be identified through the arrangement of catalytic residues in an             
active site or by in depth insight of protein structure which allows creation of hypothesis               
about how to engineer it, mutate it and control it.  

1.1.4 Existing traditional/spectroscopic methods for protein structure prediction 

Scientists have been using various scientific methods to determine the three dimensional            
structure of protein from its primary structure using Cryo electron microscopy ,Nuclear            
magnetic resonance, X-ray crystallography. 

1. Cryo electron microscopy:  

Cryo-electron Microscopy follows several steps for protein structure determination. First          
of all protein is placed in a very thin layer of liquid and then set to freeze. Then an                   
electron gun shoots electrons at the speed of light, passing through the sample. Then a               
specially designed high –tech camera captures the electrons to form an image. The             
computer algorithm sorts the images and finds the pictures of the protein in the same               
orientation. Then it builds the composite, a high resolution three-dimensional picture of a             
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protein. 

However, all of these experimental procedures follow a set of process before they achieve              
the expected outcome. In addition to this, these experiments require high end machinery ,              
extremely something skills and a lot of time therefore to overcome these problems, the              
scientist are now opting for artificial intelligence to solve the protein folding problems             
computationally(Stewart 2016). 

2) Nuclear magnetic resonance: 

NMR relies on the behavioral property of atom’s nucleus. There are several steps to be               
followed during NMR such as sample preparation, measurement interpretation, and then           
structure calculation and validation. Nuclear Magnetic resonance uses the atom’s          
nucleus’s property of spinning in the magnetic field as a source of angular momentum              
inherent to nuclei and other subatomic particles. Spin angular momentum provides a            
nucleus with a magnetic moment. The nuclei atoms absorb frequencies of radio signals             
on the basis of the environment of atoms within the protein. The absorption signals of               
different nuclei may be perturbed by adjacent nuclei. The distance between the nuclei is              
determined when the nucleus is placed in a magnetic field with discrete pattern of energy               
levels. These distances in turn can be used to determine the overall structure of the               
protein (Milton H Werner, 2019) 

3) X-ray crystallography: 

X-ray crystallography is one of the traditional techniques used to investigate and            
determine the three dimensional structure of protein. There are three components in an             
X-ray crystallographic analysis are protein crystal, source of x-rays, and a detector.            
Sample preparation refers to purification and crystallization of protein. Proteins are           
crystallized through numerous attempts while keeping various factors in mind such as ph,             
temperature and solvent. It takes several days to produce crystals large enough to use.              
Diffraction experiment refers to diffraction data collection and structural analysis refers           
to calculation of electron density and model building. Each and every crystal contains             
tons of identical molecules at which the crystallographers aim high-powered x-rays. Each            
atom in the sample scatters x-rays and the strengths of scattering is proportional to the               
number of electrons in the atom so each atom can eventually be identified (Carroni, M.,               
& Saibil, 2016). The scattered x-ray are recorded in the form of diffraction spots on the                
detector owing to the interference effect. The results of all diffracted rays are fed into the                
system which uses mathematical computations to calculate the position of atoms in the             
crystallized molecule. This allows scientist to capture how the crystal scatters and            
diffracts in three dimensions which results in three-dimensional image of the molecule.            
X-ray crystallography is a time consuming method as it requires trial and error until a               
suitable combination of factors is achieved (intro-review, 2019).  
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1.1.5 Drawbacks of traditional methods 

However, each of these methods is time intensive process where lots of trial and errors               

are involved. These experiments often require years and thousands of dollars to            

determine the structure. The rapidly dropping cost of genetic sequencing has           

increased the amount of available genetic data. Research shows an intensive gap            

between the discovered sequence and discovered structures. But on the other           

hand, due to large amount of genetic sequential data availability, the scientists are             

now turning towards AI for training on the existing data for determining            

structures computationally. Considering the existing research, the computational        

prediction of three-dimensional structures of protein has proved out to be quite            

beneficial in various fields of biomedicine such as drug screening and drug            

discovery. The ability to predict proteins shape allows better diagnose of the            

diseases caused by miss-folding proteins. It opens new potentials in drug           

discovery. It allows scientists to create much more effective cures for diseases            

more efficiently which would improve quality of life of thousands of patients.            

According to research, the functionality of protein is not limited to curing diseases             

but it can also be used to construct various different biomaterials.  

1.1.6 Problem statement 

Following are the problems faced by structural biologist in today’s era, 

● Protein structure prediction refers to conversion of protein sequence into          

three-dimensional protein structures. One of the challenges faced during protein          

structure prediction is with the accuracy of the analysis of the protein structure. 

● The enzymatic engineering for generating the sequence of amino acid is a            

relatively time consuming and a costly procedure. Therefore it is not feasible in             

terms of time and resources involved. Another way to carry out the generation of              

sequence is to engineer it computationally. However, most algorithms fail to           

provide high accuracy predictions. 
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● New protein sequences are discovered at a drastic rate whereas the rate of protein              

structure identification is very low which is causing a tremendous increase in the             

gap. 

1.2 Project scope 

1.2.1 Aim 

The aim of this project is to understand the existing traditional methods for determining              

protein structures and computational methods, analyze existing algorithms and lastly,          

select the best one and optimize its performance and efficiency. 

1.2.2 Objective 

Following are the objectives of this project, 

● To conduct a silico based research to address a protein structure prediction            

problems face by structural biologists. 

● To understand the application of artificial intelligence in pharmaceutical research          

areas. 

● To understand and adapt to appropriate software development methodology for          

this project. 

● To computationally convert Protein sequence into secondary protein structure. 

● To determine efficient protein structure prediction neural network and optimize          

its efficiency in terms of accuracy. 

1.2.3 Goals 

● The researcher will determine an algorithm for predicting the secondary protein           

structure from pre-defined protein sequence. 

● The researcher will open source the thesis under a licensed repository for            

interested community to utilize, study and modify. 
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● The research will be converted into a research article which will be submitted for              

publication in reputable journals.  

1.2.4 Benefits 

● Acceleration of drug discovery. 

● The use of an algorithm in the design of novel enzymes for addressing problems              

related of biodegradable items such as plastic.  

● The rate of discovering new protein sequences is currently very high, adapting to             

computational methodology will allow identification of potential structures from         

those protein sequences at a higher rate allowing bridging the gap.  

● The computational screening of drug compounds will assist in identifying the           

possible ways to optimize a compound. 

● For identifying which binding site to target. 

●  For predicting the function of a protein 

● For figuring out the mechanism by which a protein functions, and how to              

engineer and mutate to control or alter a protein’s function. 

● It can help in interpreting experimental data. For instance, a programmatically           

produced structure can help determine an accurate experimental structure         

(Maxfield 2018).  
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CHAPTER 2 LITERATURE REVIEW 

 

2.1 Literature Review 

A literature review refers to a method for searching and evaluating available literature on              

the target or chosen topic area. There are certain objective for conducting a literature              

review such as surveying and analyzing the literature in the chosen area of study,              

synthesizing the information in the literature into a summary format and lastly,            

identifying existing gaps in the existing research and future possibilities. For this project,             

the area of research revolves around using the principles of deep learning models for              

depriving protein structures from protein sequences. Therefore the research articles focus           

on various deep learning architectures, the preferred tool for training the model, the             

experiments and existing research on conversion of protein sequence to protein structure            

and lastly, methodology used for carrying out this research project. 

1. The rise of deep learning in drug discovery 

This paper introduces the rise supervised and unsupervised methodologies of deep           

learning used for drug discovery. Deep learning is a branch of machine learning that uses               

artificial neural networks for learning data representation. It is widely used for computer             

games, computer recognition, image recognition and speech recognition. In addition to           

this, deep learning has proved out to be an extremely successful tool for mining              

large-scale chemistry data helping to solve the problems for drug discovery. Various            

architectures such as convolutional neural networks, recurrent neural networks and feed           

forward networks have been discussed.  

The architecture of an artificial neural network comprises of three layers, namely, input             

layer, hidden layer and an output layer. The input is taken through input layer, it is                

transformed in the hidden layer and lastly, the output values are calculated and generated              

at output nodes. There are four types of neural networks introduced in this article, namely               
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deep neural network, convolutional neural network, recurrent neural networks and auto           

encoder. The deep neural network comprises of several hidden layers and each layer             

comprises of hundreds of nonlinear processing units. Convolution neural network is a            

combination of convolution layer and sub sampling layer. Convolution neural network is            

widely used for image recognition and it has outperformed all other algorithms. In             

recurrent neural networks, the neurons are connected in the same hidden layer forming a              

cycle. It takes sequential data as input features. It is widely used for time dependent tasks.                

Furthermore, various applications of deep learning have been discussed with regards to            

compound property and activity prediction, in predicting reactions and retrosynthetic          

analysis, in prediction of Ligand-protein interactions and lastly, in biological imaging           

analysis (Chen et al. 2018).  

This research article has been very informative and beneficial in the process of             

understanding the role of deep learning in drug discovery. As this project revolves around              

protein structure prediction, it was essential to understand machine learning algorithms           

perform with image recognition. In addition to this, it focuses on how deep learning can               

be utilized in pharmaceutical areas and works beyond bioactivity predictions and address            

diverse problems in drug discovery. Moreover, this research paper clearly explains the            

functionality of various neural networks, giving a clear understanding of how procedures            

take place in a neural network. As this research revolves around designing an algorithm              

therefore it is essential to understand the existing baseline architectures that can be used              

as per necessity.  

2. Generating and designing DNA with deep generative models 

This paper lays emphasis on the importance of deep learning for developing new             

generative methods for creating synthetic data with customized structure and properties.           

The applications of generative models include generative adversarial networks,         

variational auto encoders, deep auto regressive models, generative design procedures          

such as style transfer and activation maximization. Generative tools are suitable for            

simulating data inexpensively, exploring space if possible for data configuration,          
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customizing generated data for specific structure and properties, for inventing novels and            

for unseen configurations. This paper further scale down to deep generative models for             

DNA sequences. A DNA sequence comprises of discrete sequence of characters. Deep            

learning can be used for generating various use-cases for generating tools in genomics.             

There are three methods for creating DNA sequence, GAN based deep generative            

network, method for designing sequence with customized properties and lastly, join           

method which consist of combining the first two methods together. The generative design             

of DNA has two categories, generative modeling and generative optimization. In           

generative models, it will parameterize the data, encode it and produce samples of             

synthetic data. The core purpose of generative model is to capture the underlying or              

hidden structure of any given data. The Generative Adversarial network consists of two             

steps, first of all the generator converts data into synthetic data and the discriminator,              

distinguishes generated data from real data. The discriminator’s output is adapted to an             

arbitrary score and an optimization penalty is introduced to bind the discriminator’s            

gradients, making the model more stable and easier to train. In this work, we use a                

WGAN. Furthermore, in generative optimization, it modifies the data and converts it into             

synthetic data which comprises of desired properties. Activation maximization of data           

and joint method are the two methods for generative optimization. Activation           

maximization gives us a continuous relaxation of one sequence vectors by adding a             

simple unstructured latent variable z. Once the optimization has been completed, we can             

interpret the derived distributions as discrete sequences by taking the argmax at each             

position. Whereas in joint method, the joint architecture requires two components: a            

generator G which transforms latent codes z into synthetic data and a predictor P,              

mapping data x to the corresponding target attributes t = P(x). The two modules are               

‘plugged’ back-to-back, so that they form a concatenated transformation. The joint           

method, the goal is still the same as activation maximization: tune data to have desired               

properties. Through this process, synthetic data is generated at the junction between the             

generator and the predictor which manifests the current attribute value. There are various             

experiments conducted for validating the process of DNA designing, motif matching and            
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protein binding. The experiments indicate that the generative tools learn and adapt to             

structures from the sequences of DNA and further utilize them for designing new             

sequences of DNA with required properties. But there were several considerable           

drawbacks such as the motif match would appear twice in the same generated sequence.              

Lastly, it has been noticed that machine-generated and real data are consistently            

indistinguishable. In natural language, the gap between generated and authentic data is            

even wider therefore various researches are being carried out in the area(Delong,2017). 

This research article was used to grab general understanding of models and experiments             

carried out on those models, such as joint model, variational Autoencoders, recurrent            

neural networks and deep auto aggressive models. In addition to this, it proposes several              

datasets that can be used for training and testing the model. 

 

3. Next Step Conditioned Deep Convolutional Neural Networks Improve Protein         

Secondary Structure Prediction 

 

This research revolves around how protein sequence determines a protein’s structural and            

functional properties. Protein based interactions are widely used for controlling          

various functions such as driving the immune system, regulating breathing,          

controlling aging, determining energy usage or drug response. All of these           

functionalities depend upon identification of protein structure. The protein         

structure is dependent upon amino acid sequence and interaction in between           

amino acid residue. One of the major reasons for opting for computational tools is              

to mitigate the cost and time involved in experimental determination of protein            

structure. According to this research, the neural network architectures have          

managed to demonstrate improvement in the performance on eight-class         

secondary structure problem. For conducting the experiment, two publically         

available datasets from Protein Data Bank archive. Each protein is represented as            

12 
 



a sequence of amino acids, padded if necessary by no sequence tokens to a              

sequence length of 700 residues. Several different architectures have been          

evaluated such as fully connected model, convolutional model and chained model           

with next step conditioning. In addition to this, each model is trained and             

validated on randomly sampled subsets. All the models were implemented using           

an open source library Tensor Flow. A randomly selected 50 protein sequences            

where each protein sequence has a length of approximately 214 amino acids            

resides. These models were trained using Tensor Flow’s cross-entropy loss and           

ADAM optimizer. Upon experimentation, researchers were able to introduce a          

new technique for protein sequence prediction problems which consist of          

development of a multi scale and residual convolutional model followed by           

incorporation of sequential model by adding next step conditioning structure          

label. This technique has outperformed previously stated models and depicted          

improved results. Lastly, the model could be further used for several other            

sequence problems such as solvent accessibility or backbone angle predictions or           

time-series prediction problems (Busia and Jaitly 2017). 

This paper works as the baseline for the current research. This paper was extremely              

informative in terms of understanding the basic terminologies and concepts. This           

paper clearly explained the difference between primary and secondary protein          

structure, the importance of secondary protein structure in determining a protein’s           

functionality. In addition to this, this paper helped in understanding the difference            

between three state structure and eight state structure. Lastly, the experiment           

conducted in this research paper is the highest accuracy level that has been             

achieved till date which is 70.3 % with a single model. 

4. Protein Secondary Structure Prediction using deep convolutional neural fields 

This research article is based on one of the most critical problems faced by computational               

biologist which is the accuracy of protein structure prediction from protein           

sequence. The accuracy of the analysis and prediction of protein structure and            
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function relies upon accuracy of prediction of secondary structure. Protein          

secondary structure refers to local conformation of the polypeptide backbone of           

proteins. There are two states of protein secondary structure namely, alpha helix            

and beta-strand. There are various algorithms to predict three state secondary           

structures and to predict 8 state secondary structures. The classification of state            

secondary structure comprises of the first three states for Helix, the next two types              

for strand and lastly, the next three types for coil. One of the major differences               

between three state secondary structures and eight state secondary structures is           

that eight state secondary structure provides in depth local structure information.           

Neural networks have been widely used to predict secondary structures. Some of            

the methods are bidirectional recurrent neural network, probabilistic graphical         

model, support vector, hidden markov model and PSIRED. PSIRED takes a           

sequence as an input and it has successfully obtained 80 % accuracy for three              

state secondary structure predictions. This paper introduces another method         

namely, deep convolutional Neural fields to address both, three state and eight            

state predictions. DeepCNF comprises of several hidden layers, several neurons          

on each layer, and a window size for each layer. In this paper the researchers have                

compared this method against previously stated methods. According to the          

research, Deep Convolutional Neural Field places input features on the visible           

layer and considers the secondary structure labels as hidden states. It directly            

calculated the conditional probability of secondary structure labels instead of          

using sampling, and most importantly, it proves a greater accuracy factor than the             

previous stated methodologies. Upon conducting test on five publicly available          

datasets, comparing DeepCNF using several programs such as SSpro,         

RaptorX-SS8, PSIRED and SPINE-X, analyzing the accuracy of secondary         

structures Predictions against set performance metrics, DeepCNF has been proved          

to give remarkable accuracy, higher than all other stated methods (Wang et al.             

2016). 

This research article explains the functionality of DeepCNF for protein structure           
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prediction. 

5. druGAN: An Advanced Generative Adversial Autoencoder Model for de Novo          

Generation of new Molecules with Desired Molecular Properties in Silico 

Deep generative adversarial networks are the emerging technology in drug discovery and            

biomarker. According to researchers, the productivity of pharmaceutical research and          

production is declining, mostly as the result of poor discovery process which uses a large               

amount of compounds to identify potential leads for preclinical development. However           

silico based approaches has shown an exceptional improvement in various areas such as             

biomarker development, drug discovery, predicting clinical trial outcomes and generation          

of new molecules to a set of defined parameters. Silico based approach comprises of              

utilizing deep learning models for generating reliable results, it is a time and cost              

effective method. Deep learning methodologies can be divided into two types, supervised            

and unsupervised methods. For this research, two most popular models have been chosen,             

namely, variational auto-encoder and generative adversarial network. In this paper, the           

researchers have compared the analysis of these two models with the model they             

previously used for pharmaceutical research for anticancer agents. In that paper, they            

featured adversarial auto encoder to identify and generate new compounds however it            

was trained on relatively small dataset. In this paper, the researchers have compared             

adversarial auto-encoder with variational auto-encoder and generative adversarial        

network for molecular feature extraction in large dataset for adjustability in generating            

molecular fingerprints, capacity of processing large dataset and for pertaining          

unsupervised data for regression model efficiently. Upon experimentation, the results          

suggested that adversarial auto-encoder portrays significant enhancement in capacity and          

efficiency of development of the new molecules with specific anticancer properties using            

the deep generative models (Kadurin et al. 2017). 

This paper was reviewed because of their in depth explanation of various deep learning              

models and their benefits in terms of cost reduction and time scale for efficient screening,               

biomarker development, drug discovery, predicting clinical trials outcomes and         
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generating new molecules to a set defined parameters. This paper briefly explains the             

differences two architectures which helps in understanding the functionality of different           

existing models. 

 

6. Protein Structure Analysis and prediction 

One of the most important biological processes is protein. They are responsible for             

catalyzing and regulating biochemical reactions, transporting molecules. The biological         

function of a protein is dependent upon is structure. According to research, proteins that              

perform similar functions tend to show a great degree of structural homology.  

 

Protein comprises of a chain of sequences of 20 amino acids. The length of each               

sequence varies from one another. The amino acids chained together forms the primary             

structure of protein. And the combination of alpha-helices, beta-sheets and coils form            

the secondary structure of protein. 

As for secondary structure, t he alpha helices are easily identifiable, beta sheet is               

relatively straight and flat region in the sequences and lastly, random coils are segments              

of non repetitive structure. one of the ways of determining the actual three dimensional              

structure is processed through X-ray crystallography or nuclear magnetic resonance          

techniques however they are both time consuming, costly and complex process.           

Determining the primary structure of a protein is relatively easier. However depriving            

the tertiary structure from the primary structure is a complex issue. Therefore this paper              

introduces neural networks to determine tertiary structure from primary structure.          

Neural networks can learn and understand the patterns occurring in large data sets. The              

goal of neural network is to understand predict the distance between the atoms in a               

protein backbone and the amino acid sequence. According to this research, in order to              

achieve the desired result, the network must be trained well on the protein structure              

information. 

 

First of all, this paper explains protein structures in depth; it explains the composition of               
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protein followed by its different levels of structures. In addition to this, it explains the               

importance of primary and secondary protein structure prediction for predicting tertiary           

protein structure and its importance in terms of its usefulness and functionalities. As             

this research revolves around protein structure prediction, it is essential to gain the             

background knowledge of the topic (Fairchild et al. n.d.). 

7) Develop a Research proposal: Writing the proposal- Data collection          

instrumentation 

This article describes the procedure that needs to be undertaken for investigating a             

research problem, for evaluating its validity and reliability. This article focuses on two             

key aspects, the importance of how the data is generated and how is it analyzed.               

According to the author, the methodology must consist of detailed steps of methods used              

for obtaining the data as it affects the findings and how the findings have been               

interpreted. The methodology must be appropriate for ensuring fulfillment of all the aims             

of the study. Lastly, the methodology must be detailed enough for other researchers to              

adopt and utilize as per necessity. () defines research methodology as a medium for              

defining the nature of the research, the procedure, how to measure progress, and what              

constitutes success. In addition to this, this paper also defines various data collection             

methods. According to ((Research Methodology And Design 2018), the purpose of the           

research can be categorized into four categories, namely, exploratory, description,          

analytical and predictive. Next, the research process comprises of two categories of data             

collection methods, primary research and secondary research. In addition to this, data            

collection processes can either quantitative data or qualitative data. The article lays great             

emphasis on the usage, approach, techniques, expected responses and outcomes of           

quantitative and qualitative data collection approach. 

 

This article has been very informative for understanding the importance of collecting            

data. In addition to this, it has explained various tools and techniques for efficient data               

collection. Needless to say, effective data collection and analysis is essential otherwise            
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the results may not be interpreted accurately which may result in shallow or weak              

hypothesis. 

 

8) Beginners guide for research methodology 

(Ranjit,2018) defines research methodology as an organized and systematic procedure for           

solving a problem. The steps defined for carrying out an efficient research are             

formulating the research problem, development of working hypothesis, preparing the          

research design, collection of data, and lastly, execution of the project. Formulation of the              

project refers to selecting an area of interest and digging in deep to find an unsolved or                 

unresolved problem. Once the problem has been identified then next step is extensive             

literature survey. This step is essential to gain in depth knowledge of the chosen topic,               

followed by understanding the work that has been done in the field so far. Once literature                

survey has been conducted, the next step is to write hypothesis to lay ground work to                

build on top of it. In other words, hypothesis marks the boundaries and delimits the area                

of research. Next phase is to prepare the research design which comprises of choosing the               

medium of data collection, feasibility of the project in terms of resources, finance and              

schedule. In other words, research design serves as the research plan in long run. Then               

the researcher focusing on collection the information and data through primary and            

secondary resources and lastly, works on the implementation. 

 

This article was referred for understand the core value of methodology in just on-going              

endeavor. The research methodology provides the researcher with the direction to move            

in and setting milestones to measuring progress. There are various different types of             

methodologies. This article explained an ideal methodology for a silico research.           

Therefore the research methodology opted for this study has been extracted from this             

article. 
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Chapter 3: Methodology 

 
3.1 Methodology 

Research methodology is a systematic way of solving a problem refers to the process              

collecting information and data using various techniques such as publication research,           

interviews and surveys. These methods help the researcher collect samples, data and            

solution to a problem. 

 

Following is the graphical depiction of research methodology. 

 

 
Figure4. Research methodology (Beginners guide for research methodology,2018)  

 

1. Formulating the research problem: 

First of all, the researcher has to formulate the research problem. In order to formulate the                

research problem, the researcher has to select the general area of interest of subject. Next               

the researcher has to formulate the general topic into a specific research problem. One of               

the most efficient ways to understand and devise a research problem is by examining all               

the literature to get acquainted with the topic followed by brainstorming session with             

colleagues.  
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For this study, the researcher had decided to work with computational biology. Various             

bioinformatics related literature was thoroughly studied to understand the importance          

various interdisciplinary studies. Upon studying various papers and understanding the          

research pattern, the researchers shortlisted various problematic areas such as protein           

docking, protein mutation, conversion of protein sequence into protein docking and           

speeding up the procedure of converting cellulose into glucose. Then the researcher had             

several brainstorming sessions to identify the most extensive research gap and formulate            

a research problem based on the gap. Upon discussion we analyzed that the conversion of               

protein sequence to protein structure is one of the most important process for structural              

biologist and till this date, they suffer due to extensive cost and time required for it. The                 

researchers came across the articles where computational biologists have devised          

algorithms to predict computationally but the models are constantly being trained for            

better accuracy. Therefore the researchers’ team decided to work on an algorithm for             

predicting protein’s secondary structure. 

 

1. Extensive literature survey: 

After identifying the gap, the researchers formulated the problem. The gap identified by             

the researchers was lack of reliable computational algorithms for protein structure           

predictions therefore they formulated their synopsis around this gap. Once the gap was             

identified and the problem statement was formulated, the researcher decided to pen down             

the synopsis for this topic. The researcher conducted an extensive literature survey related             

to the research problem. For this project, various research papers and published            

bibliographies have been used. The most important or baseline literature has been            

reviewed for literature review.  

 

2. Development of working hypotheses:  

After extensively studying the literature review, the researcher prepares a working           

hypothesis. A hypothesis is a baseline for a group of facts or phenomena, accepted for              

further verification. By defining hypothesis, the research delimits the area of research and            
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stays on the track. Hypothesis can be derived from the objectives in seeking the solution               

or by examining the existing records and data. 

The researchers focused on the problems faced by structural biologist in the process of              

protein structure prediction, the rising interest of computational biologist in this field, the             

objectives that can be achieved through computational predictions, the existing research           

content in terms of existing algorithms and their functionalities. So upon studying            

literature review, the researchers found out that computational biologists have had great            

success with primary protein prediction for q3 state however, the engineers are still             

struggling with accuracy levels with secondary structure prediction. Therefore the          

researchers decided to work different algorithms to optimize them for higher accuracy. 

 

4) Preparing the research design:  

It is the conceptual framework within which the research would be carried out. Before              

preparing the research design, it is essential to take objectives of the research study,              

means of obtaining the information, tools for collecting the data, time allocation and cost              

involved for the research in consideration. A well-planned research design serves as a             

blueprint for the researcher even before the actual work has started. This helps the              

researcher in deciding his course of action during various stages of the research, hence              

saving time and resources. 

  

After designing the research problem, the researcher decided to devise a plan for ensuring              

proper implementation of the project, First of all, the researcher conducted an extensive             

feasibility study in terms of cost, resources, ethics and schedule. After analyzing each one              

of the constraints, the researcher decided to create a work break down structure to create a                

timeline to compare their work against. Towards the end of this phase, the researchers              

had a clear idea on the resources they need and the time maximum time they have for                 

each phase. 

 

5) Collecting the data: 
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Next step is to collect the data. The data can be collected through interviews,              

questionnaires, desk research using existing literature. For this project, interviews and           

existing literature have been the two main methods of collecting data. The researchers             

studied various literatures that belonged to the same genre. They focused on the similar              

researches that have been carried out to analyze the maximum accuracy that has been              

achieved so they can devise a model for more efficiency than the previously existing              

ones. In addition to this, the researcher interviewed various faculty members from            

Biotechnology department of Sultan Qaboos University for an in depth understanding of            

this problem. 

 

6)  Execution of the project: 

Once the research gap has been identified, the problem statement has been devised, the              

research design has been prepared and the sample or data has been collected. The              

researcher is then prepared to use their previously gained knowledge for experimenting,            

analyzing and devising the solution for the research problem.  

For this project, the researcher intends to use two neural networks to design models and               

train the data on them. In addition to this, the research intends to study the optimizers and                 

evaluate and moderate them for producing better accuracy. Next, the researchers           

identified all the resources required for this research and lastly, created a work break              

down structure for reasonable allocation of time for carrying out the research smoothly             

and for keeping track of time against each milestone. 

 

For this project’s implementation, the two phases experiment methodology and algorithm           

design will be executed simultaneously. The models will be designed and trained and             

testing for accuracy check, if the results are not up to standards, the researchers will go                

back to algorithm design phase, redesign and develop and test. This cycle will run in a                

loop until the researchers achieve the optimum accuracy possible. 

 

8) Interpret and report 
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Once the researcher has achieved the favorable outcome, the researcher will document            

the research problem followed by proposed methodology and solution for educational           

purposes, for professional usage and for continuation of this research.  

 

 

 

 

. 

 
 

 

Chapter 4: Computational Algorithms 

4.1 Neural networks 

Neural networks are non-linear hypothesis sets that are widely used in deep learning. The              
structure is modeled by neuronal structure of human brain. Neural networks are usually             
organized in layers. There are three layers, the input layer, hidden layer and the output               
layer. Patterns are given to the network through input layer. The patterns later interact              
with hidden layer where the processing takes place. The hidden layer usually comprises             
of no. of neurons/nodes in hidden layers, activation function, learning rate and            
momentum and lastly, iterations & desired error level. And lastly, the output layer gives              
the results achieved(Santos 2019). 

 

Figure 10. Neural Network (Challenges in deep learning,2019) 
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4.1.1 Real neuron vs Artificial neuron: 

A biological neuron comprises of three units dendrites, soma and axon. Dendrites serve             
as input layers. . The information flows from the dendrites to the soma where it is                
processed. The axon is an output wire that sends signals to other neurons. The neurons               
communicate with each other by sending electrical impulses via their axons to the             
synapse of other neurons. 

 

 

Figure 11. Neuron structure(The neuron,2019) 

 

In artificial neural network, the first layer is referred as the input layer which is the only                 
layer exposed to external signals in the form of set of elements or input(x1,x2…xn) .The               
input layer transmits the signals to the second layer called hidden layer, the hidden layer               
extracts relevant features or patterns from the received signals where the activation            
function is applied using a set of weight(w1,w2…wn) and bias(b). The results achieved             
after processing is directed to the final layer which is the output later of the network                
represented by z  (Natural Vs Artificial Neural Networks – Becoming Human: Artificial            
Intelligence Magazine 2019). 
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Figure 12. Artificial neural network(AI,2019) 

4.1 Existing neural networks 

There are various different neural networks such as convolution neural network, recurrent            
neural network, deep feed forward, Auto encoder. In this report, two neural networks             
considered and experimented with are convolution neural network and recurrent neural           
network. 

 
4.1.1 Convolution neural network  

CNN is one of the existing neural networks which use a variation of multilayer              
perceptions. A CNN consists of an input, multiple hidden layers and an output later. The               
hidden layer comprises of convolution layers such as the activation function, pooling            
layers, fully connected layers and normalization layers. In CNN, convolution operation is            
applied to the in input and the result is passed on to the next layer. Pooling refers to                  
combining the outputs of neuron clusters in one neuron at one layer. Convolution layer is               
a sequential model where the output of one layer is the input of next layer. The input area                  
of a neuron is called its receptive field. The receptive area gets smaller than the previous               
layer in convolution neural network. Each neuron in a neural network computes an output              
value by applying some function to the input values coming from the receptive field in               
the previous layer. The function that is applied to the input values is specified by a vector                 
of weights and a bias. Fully connected layer connects all the neurons in one layer to every                 
neuron in the other layer and provides the output.  

 
 

 

Figure 13. Convolutional neural network (towards data science,2019) 
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4.1.2 Recurrent neural network 

Recurrent neural network, also known as RNN has all the connections between the nodes              
forming a directed graph along a sequence. Each node has a time-varying real-valued             
activation. In other words, every synapse has a customized real value weight. In RNN,              
first of all the input values are fed into the input nodes. Next step is to compute hidden                  
node activations using net input from input nodes and from the nodes in the context layer.                
Next step is to compute output node activations and new weight values using the back               
propagation algorithm and lastly, copy new hidden node weights to the context layer. 

 

Figure 14. Recurrent neural network (Towards Data Science,2019) 

 
 
 
 
 

Chapter 5 – Development & Evaluation 

In this chapter, various essential aspects for experiments as well as the snippets of              
experiments have been described and demonstrated. This chapter briefly explains the           
dataset used for training and testing the algorithm, the framework used for this             
experiment, a user manual for system specification, preliminaries for better understanding           
of the experiments, workbench for this project, code snippets of the algorithm followed             
by prediction accuracy and evaluation. 

5.1 Dataset  
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The dataset used for training and testing the algorithms in this paper is CB513 dataset .               
This is the standard global dataset widely used for protein secondary structure prediction.             
The dataset is divided into three parts. 70% of the data is denoted for training the                
algorithm and the rest 30 % data is used for testing and validation. Following is the                
division of the dataset. 

Training [0,5430] 
Testing [5435,5690] 
Validation [5690,5926] 

Table 10. Dataset 

It’s a preprocessed data in NumPy format, in other words (N protein x K features) matrix.                
There are 57 features in total. Following is the division of features 

[0,22] Amino acid residues 
[22,31] Secondary structure labels 
[31-33] N- & C- terminals 
[33-35] Relative and absolute solvent accessibility 
[35-57] Sequence profile 

Table11. Dataset division 
Note that [22,31) and [33,35) are hidden during the testing phase. 
 

5.2 Framework used 

Several machine learning libraries have been used simultaneously during experimentation          
such as TensorFlow, TensorBoard, Keras, NumPy, Pandas, matplotlib and Skitlearn.  

1. NumPy  
NumPy stands for Numerical Python. It is the foundational package for scientific            

computing in Python. NumPy is extremely useful for linear algebra operations,           
fast and efficient multidimensional arrays for storing and manipulating data, and           
most importantly it serves as a primary container for data to be passed between              
algorithms with regards to data analysis. 

2. Pandas 
This library provides rich data structures and functions allowing easy and fast methods             

for working with structured data. 
3. Matplotlib 

Matplotlib is a library used for illustrating plots and visualizing data. 
4. Scikitlearn 
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Scikit-learn is a library in Python that provides many unsupervised and supervised           
learning algorithms. It provides various functionalities such as regression (linear          
& logistic), classification, clustering and preprocessing. 

5. Tensorflow 
TensorFlow is a Python-friendly open source library for numerical computation that           

makes machine learning faster and easier 
6. Tensorboard 

Tensorboard is used to create and visualize scalars, image, graphs and histograms 
7. Keras 

Keras  is an open source neural network library written in Python. It runs on top of               
TensorFlow and is designed for fast computation with deep neural networks. 

 
 

5.3 Preliminaries 

Every neural network comprises of several parameters or layers such as number of nodes              
in hidden layers, epochs, batch size, L1 & L2 norm regularization, dropout, optimizers             
and number of hidden layers. 

1. Number of nodes in hidden layers 

Number of hidden layer refers to the layers where processing takes place however there is               
no specific rule for determining the number of hidden layers. 

2.  Batch size 

Batch size indicates the total number of training data presented to neural network at a               
time. It is essential to divide the data in to batches as the entire dataset cannot be given to                   
the network all together. 

3. Epochs 

Epochs refer to forward and backward propagation through the entire dataset in a neural              
network. The number of epoch is directly proportional to the number of times the weights               
are changed in the neural network. It is essential to have more than one epoch as the                 
network is trained using gradient descent which is an iterative process where iteration             
refers to the number of batches required to complete one epoch. 

 
4.  L1 & L2 norm regularization  

Regularization is a technique that helps in reducing over fitting and reducing variance in              
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the network by penalizing for complexity. Certain complexities in the models denote            
allow the models to generalize well. Therefore adding regularization in the model trains             
the model to fit the training data efficiently to generalize better to the unseen data. L1                
Regularization refers to adding a term to the loss function (loss+x) for large weights. L2               
regularization, the term being added to the loss is the sum of the squared norm of the                 
weight matrices multiplied by a constant. The constant here refers to denoted by ƛ              
divided by 2 m where m is the number of inputs. ƛ refers to the regularization parameter                 
that needs to be tested and tuned in order to achieve optimized results. (Differences              
Between L1 And L2 As Loss Function And Regularization 2019) 

 
(Figure 15. Semantics 2019) 

Where n= the number of layers 
W[j] = the weight matrices of the Jth layer. 
m= the number of inputs 
ƛ = the regularization parameter 
(Regularization In A Neural Network Explained 2019) 
 
5. Dropout  
Dropout refers to a technique in which random nodes are dropped during training. In              

other words, the dropped nodes will not be considered in the next layer and no               
weights will be applied to them in backward propagation. 

 
6. Optimizers  
Optimizers are used to analyze and evaluate the weight parameters to minimize the             

loss function in order to achieve better accuracy (Introduction To Optimizers |           
Algorithmia Blog 2019) 

7. Number of hidden layers. 
Number of hidden layers may vary from one algorithm to another however there is no               

steady rule to determine the ideal number of hidden layers. 
 

5.4 Workbench 

All the experiments were conducted using NVIDIA gpu. The in depth details have been              
attached in the appendix below. 
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5.5 Experiment 

In this section, the details of the experiment conducted have been provided. The             
experiment was conducted to analyze and evaluate CCN and RNN for optimal efficiency.             
There are various optimization parameters however for this experiment the two           
parameters taken into consideration were the batch size and no. of epochs. 

 

Convolution neural network 

The first experiment was conducted on a CNN model for protein structure prediction.             
Following is the screenshot of the model for CNN.  

 

 

 

Figure16. code 
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Figure17. code 

 

 

1) First experiment 

First experiment was conducted with 3 hidden layers, relu activation function, with a             
batch size of 64 and 100 epochs. Following are the results of first experiment. 
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Figure17. testing 

 

Upon training and testing the algorithm, the results achieved were  

Loss  0.8655 
Accuracy 0.6869 
Mean_absolute_error 0.1029 
 

Then the parameters were slightly tweaked to compare the accuracy and evaluate the             
results to determine ideal batch size and epochs for this model. 

2) Second experiment 

Second experiment was conducted with 3 hidden layers, relu activation function, with a             
batch size of 48 and 48 epochs. Following are the results of first experiment. 
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Figure18. testing 

 

Upon training and testing the algorithm, the results achieved were  

Loss  0.8632 
Accuracy 0.6869 
Mean_absolute_error 0.1028 
 

3) Third experiment 

The third experiment was conducted with 3 hidden layers, Relu activation function, with             
a batch size of 64 and 35 epochs. Following are the results of third experiment. 

 

Figure18. testing 

Upon training and testing the algorithm, the results achieved were  
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Loss  0.7839 
Accuracy 0.7137 
Mean_absolute_error 0.0921 
 
 
Graphical representation of comparison between three experiments conducted using         

convolution neural network 
 
Accuracy Graph for model 1 

 

Figure19. Graphical illustration 

 
 
Accuracy graph for model 2 and 3 
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Figure20. Graphical illustration 

Flowchart diagram depicting the input, hidden and output layer 
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Summary of experiments 
 

Batch size  Epochs Result 
64 100 0.6869 
48 48 0.6897 
64 35 0.7145 

Table11. CNN results 

Recurrent Neural Network 

The second experiment was conducted on a RNN model for protein structure prediction.             
Following is the screenshot of the model for RNN. 

 

Figure20. code 

 

1) First experiment 

First experiment was conducted with 3 hidden layers, relu activation function, with a             
batch size of 64 and 100 epochs. Following are the results of first experiment. 

Following are the results for this model. 
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Figure21. testing 

Then the parameters were slightly tweaked to compare the accuracy and evaluate the             
results for determine ideal batch size and epochs for this model. 

2) Second experiment 

First experiment was conducted with 3 hidden layers, relu activation function, with a             
batch size of 48 and 48 epochs. Following are the results of first experiment. 

39 
 



 

Figure21. testing 

3) Third experiment 

Third experiment was conducted with 3 hidden layers, relu activation function, with a             
batch size of 64 and 20 epochs. Following are the results of first experiment. 
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Figure22. testing 

Summary of experiments 

Batch size  Epochs Result 
64 100 0.5794 
48 48 0.588 
64 20 0.5556 

Table 12. RNN results 

Graph prediction 
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Figure22. Graph 

5.6 Prediction accuracy analysis 

Convolution model and recurrent neural network were both trained and tested using three             
hidden layer and three different combinations of batches and epochs were fed and tested              
and then their accuracy, loss function and mean_absolute_error were measured where           
accuracy refers to the percentage of accurate results. Loss function refers to the amount              
of data lost during training and lastly mean_absolute_error refers to difference between            
two continuous variables. Upon training and testing, the results received demonstrate that            
the higher number of epochs allow better training of data thus providing better results. In               
addition to this, the CNN model determines better prediction on cb513 database. 

5.7 Deployment 
 

The algorithm is deployed on a testing machine running in a virtual environment, as it               

helps in isolating multiple Python environments and also it packs all the necessary             

dependencies into a separate folder. 

5.8 Critical Evaluation 

 
The researcher chose to conduct a research in the field on bioinformatics, on proteomics              
data in particular. The aim of the research was to first of all analyze and criticize the                 
existing neural networks and identify the most efficient one and further optimize its             
accuracy and efficiency to achieve better results. There in this report, the researcher has              
first of all describe the nature of research with aims and goals, followed by an in depth                 
literature review of existing neural networks and algorithms. Then the research has            
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evaluated various neural networks and lastly, worked and modified Neural Network to            
optimize its efficiency. One of the goals of the researcher was to publish the paper               
however, due to delay in attaining the funding and purchasing the components, the             
researcher could not complete the study as per the schedule to submit the paper for               
journal publication in time however the researcher has been working on the paper and it’ll               
soon be sent to renown journals for publication.  
 
 
5.9 Social, Ethical, and Legal Issues 
 
Bioinformatics is an interdisciplinary field that uses computational tool to understand and            
utilize biological data. In this study for protein secondary structure prediction, the            
researchers are using computational genomics for analysis. 

It has several benefits to the society as computational prediction of protein sequences             
exposes and improves quality based medication. The data for this research is used on              
protein secondary structure; it is one step closer to genetic data analysis from a              
biomedical standpoint. Rajeb etal(2014) suggest that Oman is known to have a high             
number of genetic disorders. This type of research can speed up the drug discovery              
processes of these disorders it allows in depth study of molecular medicine, production of              
customized medicine, gene therapy, drug development, antibiotic resistance, waste         
cleanup, alternative energy sources, crop improvement and improve nutritional quality          
which means protein structure prediction does not only improve drug discovery but it             
also enhances the quality of human life and leads to sustainability. [Lappidus 2005] and              
thus will have proof out to be very beneficial to the society.  

Understanding the structure of protein, how it folds and mutates will allow scientists to              
aid cure for diseases that result from miss folding of protein in human body. Diseases like                
cancer and Alzheimer result from miss folding of protein and an efficient cure is yet to be                 
discovered. Through rapid computational structure prediction, the biotechnologist will be          
able to better understand the miss folded proteins and how to mutate them and aid the                
diseases which will result in better health and life for a massive number of patients. 

In addition to this, computational genomic allows testing and experimentation with           
plants, animal and bacteria. Using selective breeding strategies, there have been           
agricultural developments and the food quality or sustainability of crops has been            
optimized. For instance, scientists have “genetically engineered frost-resistant plants with          
a gene from a cold water fish” [Key et al. 2016] . 

Computation modification for genetics allows scientist to study and develop crops and            
plants for “recombinant medicines and industrial products, such as monoclonal          
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antibodies, vaccines, plastics and bio fuels” [Key et al. 2016].  

Where there are numerous numbers of benefits and advantages to protein structure            
prediction, there could be several ethical and legal concerns with regards to regards to              
privacy. A person could potentially be identified through his or her genetic data in a               
bioinformatics computer system. [Marturano,2016]. Therefore it is essential to maintain          
autonomy of every individual sample donor’s identity. 

In addition to this, another concern raised by researcher is that given the fact that               
computation genomics allows to potentially fix defects and aid diseases, but their effect             
in long run are still uncertain and discovered(Faye,2014). In other words, there’s no proof              
whether the engineering treatment or medication would fix the problems once and for all              
or if it could later result in long term side effects. Therefore the researchers suggest that                
the drug production needs to be implemented under rigorous safety testing before they             
get released for public to use. [Marturano 2016]. 

Currently, the concept of bioinformatics and genomic investigation has been a part of             
huge controversy where people see it from ethical perspective as it has potential health              
benefits to society but at the same time, it is considered to have an unethical aspect with                 
regards to it being invasive and threatening to individual privacy and rights [Marturano             
2016] [Howard et al. 2013].  It raises concerns about the use and potential abuse of such                
information in terms of discrimination, stigmatization, and potential medical harm          
(Biomedicine et al. 2019). 

There are various conditions researchers must take care of when it comes to data              
collection, Consent must be taken by the sample donors, and they data must be protected               
and maintained confidential. 

Considering the pros and cons of this study, where there are benefits with respect to               
economic factors and medical point of view, there are certain disadvantages with regards             
to naturalness of plants and animals, environmental and consumer health, and ethical            
concerns of privacy. . A person could potentially be identified through his or her genetic               
data in a bioinformatics computer system. [Marturano,2016]. Therefore it is essential to            
maintain autonomy of every individual sample donor’s identity.(ucms,2019) 
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Chapter 6: Conclusions and Recommendations for Future 

Work 
 
 
 
6.1 Recommendation for future work 
 
In this project, various neural networks have been highlighted and discussed with            
references to their algorithm. The most efficient algorithm has been determined and it’s             
been modified for better efficiency and more accurate results. In other words, this project              
provides an in depth analysis of secondary protein structure prediction using various            
neural networks followed by various tricks and techniques to modify the algorithms to             
optimize their efficiency. However, this is the first step in this research. The second step               
would be to identify various techniques and approaches to design a new neural network,              
devise an algorithm to outperform existing algorithms. Moreover, work in depth with            
hidden layers and optimizers to test and explore undiscovered formulae for determining            
the parameters. The third step would be to prepare a research paper for journal              
publication and lastly, outsource the research work for future research and educational            
purposes.  
 
 
6.2 Strengths of the project 
 
There are various strengths of this project as it’s a descriptive research project, it provides               
an in- depth view of the topic with complex structure analysis and evaluation. This              
project will later be converted into a research paper in order to contribute to the field of                 
computational biology. A research is a tool for building knowledge and facilitating            
learners therefore this research based project lays ground work for researchers to study             
and further build their work on top of it. All in all, the researcher believes bioinformatics                
tools for efficient research will have significant implications in life sciences and            
betterment of human lives. 
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Appendix 1. Princeton dataset 
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Study and implementation of automating plant 

growing in a cabinet using a hydroponic 

technique 

CHAPTER 1: INTRODUCTION 

1.1 OVERVIEW OF PROJECT CASE 

The project chosen is individual and does not relate to any organization. It’s about 

developing a cabinet, hardware and software for an automated planting solution using 

a hydroponic technique instead of the traditional farming using soil. 

 

Hydroponics decreases the time to harvest a crop, crops become healthier, requires less 

space to plant more and is efficient in its technique. It has become more popular and is 

being implemented in many countries whether for personal or commercial uses. 

 

On the other hand, having an automated plant growing solution minimizes the risks of 

forgetting or uncertainties. Such example is having a bad weather, the need to travel or 

if you simply forget. 

 

The reason for undergoing this project is to be able to grow healthy vegetables & fruits 

quickly and at a cheap cost while having it automated and also to make it available to 

the public, whether at a small or big scale. 

 

Another reason is to signify and solve the issue of the traditional planting, which is time 

consuming, affected by the weather/season conditions, requires many resources, labor 

and large size lands; use of fertilizers and harvested crops isn’t as fresh or healthy. The 

hydroponic technique and the automation system will tackle all of those aspects as well 

as support in awareness of the public. 
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1.2 PROBLEM DEFINITION 

There are several existing products that are somehow similar; having the same cabinet 

shape, automated planting or the ability to control and view dashboard information. 

Reviews and statements state that those existing system do the job as described, except 

for various minor issues from different users. Issues include connectivity to the device, 

mechanical problems, crop related such as pests or low yield etc. As for the problems 

that might be faced with this project, a list is illustrated below: 

 

Design limitation: Inability to grow many crops in the cabinet, or being unable to 

customize the crop design structure.  

 

Wide price ranges: The pricing on the device from other vendors varies based on the 

features provided, size of the cabinet, quality of build etc. To own a full featured, good 

quality and size device it would be very costly. To develop a similar featured or 

enhanced device, price might increase drastically. 

 

Farming recipe: Excluding all technical factors, the farming recipe which includes 

day/night hour timing, watering schedule, pH nutrient level etc. will decide how well 

the final harvested crop is. 

 

Temperature regulation: Due to hot or any unpredicted weather event, regulating the 

temperature might be challenging, especially since a massive change in temperature 

will be required. 

 

Incompatibility: Hardware and software incompatibilities might occur, especially 

since many different electronic devices will be used. 

1.3 PROJECT SCOPE 

The project is all about building an automated cabinet that grows plants using the 

hydroponic nutrient film technique; therefore it combines hardware, software and 

creativity under one roof. 
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The project will also be accompanied by a local web application that will display the 

current states of the cabinet & devices, as well as \give instructions to be done. The 

application can be controlled via secure shell connection to the device (raspberry pi) 

from anywhere in the world, and by visiting the IP address or hostname using any 

device in the same network. Instructions will be given to the user in the documentation. 

 

Firstly, a sketch and design of the device must be made, with its hardware and technical 

details; this is to help study the required items and quantity. In parallel, the software 

aspect of the project is researched as per the hardware requirements.  

 

The cabinet will be built in a specialized aluminum shop and the electronic parts are 

bought locally and ordered from abroad. Growing materials are bought from abroad as 

well, due to unavailability of the hydroponic items locally. 

 

Once the device is built, hardware fitted and software installed, testing will be done 

with plants to examine all aspects of functionalities. On the other hand, the same 

number of plants will be examined using the traditional method of soil; this is to 

compare the results for both hydroponic and soil techniques. 

 

Furthermore in the software aspect, the automation software is a web application that 

will run on the raspberry pi using Nginx. HTML5 will be used for the frontend along 

with AJAX, Bootstrap, JS and CSS. PHP will be used for the backend and MySQL as 

the database, accessible via the administration tool phpMyAdmin. Controls, stats, insert 

recipe and much more functions will be available.  

 

A cron job which is a unix system scheduling utility software will be used to trigger 

certain PHP files to take certain actions such as store statistics data and check for new 

jobs to do. Also as part of monitoring, a webcam with night vision feature shall be 

installed. 

1.4 PROJECT AIMS, GOALS AND OBJECTIVES 

AIMS 

 To be able to plant, grow and harvest the crops indoors successfully 
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 Clean and healthy harvested crops due to the stable environment and hydroponic 

technique 

 To become time efficient as compared to the traditional method of planting 

 To use space efficiently, by being able to plant as much possible in a specific 

area 

 Have a fully automated planting solution, with minor human interaction needed 

 To master the recipe of growing different types of plants 

 Become implementable as a small and big scale 

 Support in educating the public by making the device open-source software and 

open-source hardware 

 To be very customizable to the end user 

 Efficient in using resources 

GOALS 

 Harvest a crop from a fully closed automated cabinet 

 Increase harvest by 20% 

 Decrease harvest time by 20% 

 Limit human interaction with the device to maintenance works 

 Plant a minimum of 6 crops per cabinet 

 Cost of creating an automated cabinet should not exceed 250 OMR 

 Master receipts of growing plants by researching each individually. For this 

project it will be lettuce 

 Reduce water usage by 60% 

OBJECTIVES 

 Cabinet case built tough and reliable 

 Easy connectivity locally and abroad 

 Reliable web application 

 Implement as small and big scale 

 Maximize harvest & efficiency and minimize time & resources 

 Install sensors and electrical components successfully without any conflicts 

 Smooth connectivity to the device and triggered actions should respond quickly 
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 Easy to relocate and move device 

1.5 PROPOSED TECHNOLOGY 

The proposed technology can be categorized in 2 sections, hardware and software 

aspects of the project.  

HARDWARE 

The hardware aspect is the device as a whole, excluding the web application software 

only. Firstly, a prototype using wood will be created for research and development; the 

final product will be made of aluminum. The device will consist of 3 sections; top, 

middle and bottom. 

TOP 

 Seedling nursery 

 Light timing is automated 

 Watering must be done manually 

 Ventilation fan controlled manually 

MIDDLE 

 Hydroponic nutrient film technique system 

 Light timing and irrigation is automated 

 Control circulation fan 

 Detect temperature and humidity values 

 Day & night vision camera monitoring 

 Lock to secure cabinet 

BOTTOM 

 Water pump inside the nutrient reservoir to feed the plants 

 Water level sensor monitors the nutrient reservoir level 

 Air stone inside the reservoir for better oxygen circulation 

 Raspberry pi, relay module and electrical wiring  
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The top section handles the germination process which is the growth of a seed to a 

seedling, and only light is automated in this section. Once a seedling is matured, it is 

moved to the center section where it is ready to grow. The seedling is placed in one of 

the 3 UPVC pipes properly using a growing netted pot and rock wool. In this section 

the lights, irrigation, fan, temperature and camera are automated and controlled. 

Nutrient water flows from the bottom section up to the center section via tubes that 

irrigate the plants by using the force of gravity due to its incline. The nutrient is captured 

from the other side of the tube and is cycled back to the reservoir. 

 

All the electronics will be connected to the relay switch module and an electrical outlet; 

the electrical outlet is used to allow one 220V AC connection to power the device while 

the relay switch will also be connected to the raspberry pi via the GPIO pins to control 

the flow of current (On / Off) of each individual hardware. 

SOFTWARE 

In the software aspect of the project, it all relies on the raspberry pi because it’s the web 

server with the application. Raspbian is the OS used; a Debian-based operating system. 

APT will be used to download the required software / libraries. 

 

The first step is to install Nginx, PHP, MySQL and phpMyAdmin to create the local 

host web server. AdminLTE is an open source administration template that will be used 

as the applications GUI because it contains a modern look, easy to modify the codes 

due to its complete documentation, fully responsive and contains all frontend styling 

options. 

 

The GPIO pins on the microcontroller will be used to control the hardware / electrical 

components using a web browser. PHP will be used as the backend language, and most 

importantly a dedicated library will be used to allow the GPIO pin controls to be done 

using PHP, such as PiPHP/GPIO which can be found on GitHub. A webcam PHP 

library is also used to allow live feed via web browser 

 

A cron job will be scheduled based on the recipe the user inserts in order to automate 

the crop they’re growing in the UNIX system which will work as a trigger to launch a 
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PHP script that will trigger the GPIO pins to switch on or off. Moreover, all data flows 

and trigger actions are recorded separately in a history page for future reference.  

1.6 STAKEHOLDERS 

Stakeholders are individuals or groups that have an influence to the project, and vice 

versa. There are two types of stakeholders as examined below: 

INTERNAL 

Internal stakeholders exist within the project and have a direct influence at it. They also 

play a key role on its outcomes, such as: 

 Owner. 

 Instructor. 

 Teachers/advisors. 

 Parents. 

EXTERNAL 

External stakeholders are not directly influenced by the project, but instead they’re 

influenced by how it performs. Very useful feedbacks and information can be obtained 

from this segment: 

 Customers. 

 Friends & Family. 

 Colleagues. 

 Society. 

 Suppliers. 

1.7 COST 

The cost of the project is directly influenced and proportional to the number of crops 

available for growing. The below costing is based on 4 growing pots and a seedling 

nursery section. 
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Finalizing the required items accurately is highly required to avoid risks, also because 

there are no recurring expenses; except for the nutrients and some other maintenance 

items which is normal. 

 

# SECTION TOTAL COST (OMR) 

1 ELECTRONICS 93.500 

2 PLANTING 51.000 

3 STRUCTURAL 102.600 

4 OPERATIONAL 160.000 

TOTAL 407.100 

1.8 DURATION 

The duration of the project will mostly be spent on research and development of the 

cabinet. Therefore time in other fields must be spent lower but efficiently to allow 

maximum duration for R&D. 

 

Starting date will be on the 1st of April 2018 and the projected ending date is 31st of 

December 2018. Therefore a total of 9 months. 
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CHAPTER 2: LITERATURE REVIEW & FEASIBILITY 

ANALYSIS 

2.1 LITERATURE REVIEWS 

REVIEW 1 

 Cabinet case built tough and reliable 

Growing plants usually requires a stable and consistent environment for a specific 

period of time, therefore the growing cabinet will have to be built with specific 

specifications as to have a long-life and maintain its performance otherwise the plants 

could suffer as a result. To achieve this, the cabinet has to be built from specific 

materials and metals that completely isolates the inside environment from the external 

environment. This will allow the different components of the device to control the 

internal environment as required for optimum growth conditions. 

A long-life strong but flexible material for this device would be an aluminum body that 

is tough and reliable, in addition the aluminum body could be molded into the required 

shape. 

 Dumont, D., Deschamps, A. and Brechet, Y., 2003. On the relationship between 

microstructure, strength and toughness in AA7050 aluminum alloy. Materials 

Science and Engineering: A, 356(1-2), pp.326-336 

 Chen, Y.L., Liu, B., Huang, Y. and Hwang, K.C., 2011. Fracture toughness of 

carbon nanotube-reinforced metal-and ceramic-matrix composites. Journal of 

Nanomaterials, 2011, p.17 

REVIEW 2 

 Easy connectivity locally and aboard 

For the device to be considered practically automated, then the web-based interface 

should be able to connect to the components of the device seamlessly and from any 

location. This will be achieved through a well-written PHP based software that will 

connect wirelessly to the Raspberry Pi in the device.  
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The web based application will be simple and straight forward, and will allow 

continuous access to the device, this will result in an seamless connectivity with the 

device from any location. 

 Sepe Jr, R., Electro Standards Labs, 2004. Remote web-based control. U.S. 

Patent 6,792,321. 

 Raymond Jr, N.S., SEPE RAYMOND, 2001. Remote web-based control. U.S. 

Patent Application 09/796,678 

REVIEW 3 

 Reliable web application 

To build a reliable web application, the programing language used should be suitable 

for the requirements of the device to be able to properly translate commands from the 

web application into actions in the device itself. PHP presents a perfect fit for this 

project as the strong and consistent structuring construct of PHP based on objects and 

object-orientated programming which allows for a flexible programming language. 

Another feature of the PHP is the existing library for GPIO function that allows for a 

seamless interaction with the Raspberry Pi system. 

As for the database system, then MySQL is considered one of the best options given 

that it has existed for a long period now and has proved its consistency and this will 

help in achieving the aim of building a reliable web application. 

 Kuhlman, D., 2009. A python book: Beginning python, advanced python, and 

python exercises (pp. 1-227). Dave Kuhlman. 

 Welling, L. and Thomson, L., 2003. PHP and MySQL Web development. Sams 

Publishing. 

 Rehman, R.U., 2003. Intrusion detection systems with Snort: advanced IDS 

techniques using Snort, Apache, MySQL, PHP, and ACID. Prentice Hall 

Professional. 

REVIEW 4 

 Grow as small and big scale 

To achieve the object of scalability and size then this will depend on various 

components of the project such as the growing technique. For this project the growing 

technique will be hydroponic based and will leverage the ‘nutrient film technique’ 
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which is considered one of the most efficient techniques for both small and large scale 

production. The nutrient film technique employs a non-stop cycle motion of nutrient 

filled water that keeps circulating through the roots of the plants and therefore 

eliminates the need for soil.  

 

The technique is considered efficient as it uses a closed cycle of water therefore the 

water is used to its maximum potential and any waste loss is minimized. This technique 

could be replicated in either a small scale or large scale due to its flexibility and 

simplicity. Based on the required scale, a customized NFT hydroponic system could be 

built. 

 Cooper, A., 1979. The ABC of NFT. Nutrient film technique. Grower Books. 

 Al-Maskri, A.H.M.E.D., Al-Kharusi, L., Al-Miqbali, H. and Khan, M.M., 2010. 

Effects of salinity stress on growth of lettuce (Lactuca sativa) under closed-

recycle nutrient film technique. Int. J. Agric. Biol, 12(3), pp.377-380. 

REVIEW 5 

 Maximize harvest & efficiency and minimize time & resources 

The traditional form of growing and harvesting is now considered as an inefficient 

mode of growing due to the fact that it requires a lot of resources and attention in order 

to reach the harvest result. New alternative methods of growing have only started to 

develop and attract attention and that is due to the supply shortages faced in some areas 

which is a result of drought occurring, diseasing spreading, and malnutrition. To 

maximize the harvest, hydroponic techniques allow for a more prudent approach in 

which less space is taken and less water is required to harvest the same amount of crop 

in the traditional form. 

NFT hydroponic technique will allow the crops to grow in shorter span of time due to 

the fact that the plant gets all the required resources in time and is not under the mercy 

of the natural weather in any season. 

 Soares, H.R., Silva, Ê.F.D.F., Silva, G.F.D., Pedrosa, E.M., Rolim, M.M. and 

Santos, A.N., 2015. Lettuce growth and water consumption in NFT hydroponic 

system using brackish water. Revista Brasileira de Engenharia Agrícola e 

Ambiental, 19(7), pp.636-642. 
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 Graves, C.J., 1983. The nutrient film technique. Horticultural Reviews, Volume 

5, pp.1-44. 

 Charvat, J., 2003. Project management methodologies: selecting, implementing, 

and supporting methodologies and processes for projects. John Wiley & Sons. 

REVIEW 6 

 Install sensors and electrical components successfully without any conflicts 

For the device to work appropriately and without any hiccups, then the different sensors 

have to operate as planned. To achieve that the hardware components such as the PH 

reader and water sensors have to be positioned strategically as to not disrupt or interrupt 

the flow of the water but still manage to get an accurate reading of the different data. 

Additionally the lighting has to be programmed to operate in the exact times the plants 

requires it to do so and at the correct levels of brightness as to maximize the harvest 

and successfully integrate with the complete system. 

 Thenkuzhali, M. and Krithiga, B., Monitoring the PH and TDS Range of Water 

using Raspberry Pi. 

 Darin, R.J., 2013. Hydroponic plant growing system. U.S. Patent 8,443,546. 

 Vandre, W., 2011. Fluorescent lights for plant growth. Cooperative Extension 

Service, University of Alaska Fairbanks. 

REVIEW 7 

 Smooth connectivity to the device and triggered actions should respond quickly 

Response time is considered important in any process as the different response options 

available vary vastly between each other. For this project the delay time has to be 

minimal as the grow conditioning can change anytime suddenly and therefore the 

response time and connectivity of the device and any command given has to be instant. 

To achieve the system has to be decluttered and simplified as much as possible as this 

will reduce the stress on the software processing of the device. Another way of 

achieving a quick response to commands is that to have the programming scripts 

running constantly in a script testing the algorithms and behaving accordingly. 

 Nalawade, S.H., Verma, N.K. and Rathod, R.N., Web Based Home Automation 

using IoT. 
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 Maksimović, M., Vujović, V., Davidović, N., Milošević, V. and Perišić, B., 

2014. Raspberry Pi as Internet of things hardware: performances and 

constraints. design issues, 3, p.8. 

2.2 FEASIBILITY STUDY 

2.2.1 ECONOMICAL 

ELECTRONICS COSTS 

# ITEM PRICE QUANTITY TOTAL 

1 Raspberry pi 3 B+ + case 28.000 1 28.000 

2 Water pump 9.000 1 9.000 

3 Air pump 3.000 1 3.000 

4 DHT 11 sensor 5.000 1 5.000 

5 Grow light 1.000 2 2.000 

6 Circulation fan 3.000 1 3.000 

7 8 channel relay board module 5.000 1 5.000 

8 Night vision camera 10.000 1 10.000 

9 SD card 16GB 7.000 1 7.000 

10 Ventilation fans 5.000 1 5.000 

11 Breadboard 1.500 1 1.500 

12 3 pole switch 1.000 1 1.000 

13 Water sensor 5.000 1 5.000 

14 Philips electrical extension 13A 9.000 1 9.000 

TOTAL  93.500 

PLANTING COSTS 

# ITEM PRICE QUANTITY TOTAL 

1 Grow tray 2.000 1 2.000 

2 Grow pot 2.000 4 8.000 

3 Potassium nutrient 25.000 3L 25.000 

4 Rock wool 8.000 40 cubes 8.000 

5 Clay pebbles 3.000 5L 3.000 
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6 pH test strip 5.000 1 box 5.000 

TOTAL  51.000 

STRUCTURAL COSTS 

# ITEM PRICE QUANTITY TOTAL 

1 Air stone 1.000 1 1.000 

2 PU tube 10x6 5mm 0.900 2 meter 1.800 

3 PU tube 6x4mm 0.700 1 meter 0.700 

4 Switch key 0.500 1 0.500 

5 Union cross 1.000 2 2.000 

6 Union straight 1.000 1 1.000 

7 Nutrient reservoir 5L 1.000 1 1.800 

8 UPVC pipe 2.5” 1.300 2 meter 2.600 

9 Electrical wires 0.200 6 meters 1.2 

10 Aluminum case + lock 65.000 1 65.000 

11 Wood prototype structure 20.000 1 20.000 

12 Rolling wheels 1.000 4 4.000 

13 Electrical joint 0.500 2 1.000 

TOTAL  102.600 

OPERATIONAL COSTS 

# ITEM PRICE DURATION TOTAL 

1 Transportation 20.000 3 months 60.000 

2 Labor 100.000 6 months 100.000 

TOTAL  160.000 

2.2.2 TECHNICAL 

Project is within the current technology that’s available to the consumer market, and 

also does exist in the same purpose to an extent. 

HARDWARE REQUIREMENT 

# ITEM PRICE AVAILABLE 
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1 Raspberry pi 3 B+ 28.000 Yes 

2 Water pump 9.000 Yes 

3 Air pump 3.000 Yes 

4 DHT 11 sensor 5.000 Ordered 

5 Fluorescent tube lights 15.000 Ordered 

6 Circulation fan 3.000 No 

7 8 channel relay board module 5.000 Ordered 

8 Night vision camera 10.000 Ordered 

9 SD card 16GB 7.000 Yes 

12 Ventilation fans 10.000 No 

13 Breadboard 1.500 Yes 

14 3 pole switch 1.000 Yes 

15 Water sensor 5.000 No 

16 Philips electrical extension 13A 9.000 No 

SOFTWARE REQUIREMENT 

# ITEM PRICE AVAILABLE 

1 Nginx web server Open source Yes 

2 AdminLTE template Open source Yes 

3 php-gpio Open source Yes 

4 phpMyAdmin Open source Yes 

5 Sublime text Open source Yes 

6 Raspbian OS Open source Yes 

7 MySQL Open source Yes 

8 AdafruitDHT Open source Yes 

2.2.3 ETHICAL 

The ethical assessment of the project highlights the legal requirements or basically laws 

of different aspects, this assessment also connects with the individual’s morals and 

principles.  
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Data privacy: Customers details must be kept private by storing only the required 

information and encrypting them. No spyware, backdoor or any way of surveillance or 

data gathering is installed. 

 

Copyright issues: Pirated and non-genuine products are not used. Open source material 

is used with its developer’s notes intact. 

 

Reliable build: Device is built reliable and long living; excluding unpredictable events. 

No method of cheating the customer is applied whatsoever. 

 

Continuous support: Device owners can always contact the developers for support 

and questions. 

2.2.4 OPERATIONAL 

The operational feasibility assessment of the project focuses on the operational aspects 

of the project, assessing how the product will operate and how does the project aim to 

fit in the current environment and solve an existing operational issue. 

 

Productivity: In terms of productivity assessment of the device, the current device 

aims to produce crops at a much quicker pace compared leading to higher efficiency 

and more crops grown at a similar time-period to traditional harvesting. 

 

Usability: The usability assesses how the device would operate and function, and the 

level of human interaction it requires. The device development will include several 

testing phases where the usability of the product will be tested with random volunteers 

to obtain an independent review of the user-friendly aspect of the device and its 

usability. 

 

Reliability: The device will have to be reliable for a long-period of time in order to 

replace the current traditional methods. Reliability will be tested during production and 

aluminum casings will be used in order to ensure longevity of the device. Further tests 

will be carried out to test the reliability of the device compared to traditional methods. 
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Delay: System delays in executing functions such as switching relay switch on/off and 

delay in web cam live feed. 

 

Device operation: Might be considered to require a basic and general set of IT skills to 

start it up, although documentation will provide entire tutorial. 

 

Low harvest: Even if the harvested crop is high in average, but might not be enough 

for the consumer’s needs. 

 

Scheduler crashes: System crashes or any type of errors leading to scheduler to stop 

will disrupt the entire device.  

2.2.5 SWOT 

 

INTERNAL 

 

STRENGTH 

 Cheap to deploy 

 Automated process of farming 

 Simple and lightweight web application 

 User friendly and modern web design 

 Can be accessed from any device locally or 

remotely 

 Devices hardware and software can be easily 

modified and customized 

 

INTERNAL 

 

WEAKNESS 

 Components may stop functioning at any time 

 Unforeseen costs 

 R&D may cost a lot in the long term 

 

EXTERNAL 

 

OPPORTUNITIES 

 Relatively new market 

 Can be implemented as a big scale 

 

EXTERNAL 

 

THREATS 

 Huge pre-established firms  

 Increase in competitors 

 Vulnerable to hacks 

 Easy to replicate 
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2.2.6 SCHEDULING 

For implementing the project, there are many phases and tasks that must be undergone, 

which consist of: 

 Web application design and interface 

 Production of cabinet and hardware device installation 

 Creating the database 

 Backend coding of the application for all functions and database 

 Integration between software coding and hardware control 

 

Within all the mentioned points above, each phase will need testing and troubleshooting 

for bugs and errors.  
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CHAPTER 3: METHODOLOGY 

3.1 METHODOLOGY ANALYSIS 

PROJECT MANAGEMENT METHODOLOGIES 

PRINCE2: An effective project management methodology established in 1989 by the 

UK government. It focuses on controlling the project thoroughly. By starting each stage 

after a well-structured plan is set and end the project by filling the gaps.  

 

It consists of 7 principles: must have a business justification, learn from every stage, 

clearly define roles and responsibilities, plan work in stages and board members 

exception management. 

 

It also consists of 7 roles that support meeting the requirements and standards of the 

project: customer, user, supplier, project manager, project team, team manager and 

administrator. 

 

Waterfall: A set of defined sequential processes that aim to tackle each task 

individually, based on previous planning and goal setting, as well as allocated resources 

and timeframe given. Each task must start and end on the given date to avoid domino 

effect delays. Moreover, once a task has been completed, going back can’t be done 

unless by starting from the top once all the tasks are completed. 

 

The 6 waterfall methodology phases are: requirement gathering, system design, 

implementation, testing, delivery and maintenance. 

 

Scrum: Considered more of a framework and set of principles instead of an actual 

methodology. It comes under the agile project management methodology as a software 

delivery manager. It aims to provide working functionalities of the product frequently 

by prioritizing the tasks required and divide them into many portions. Those tasks 

progress in iterations that are named sprints; which at each sprint end noticeable 

deliveries is produced systematically. 
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SYSTEM DEVELOPMENT METHODOLOGIES 

DSDM: DSDM stands for Dynamic System Development Method. A methodology 

with a vast history, first released in 1994 and used to have the backbone of RAD, 

therefore it was aimed for software development, as it also followed the Agile software 

development approach. Later on, it evolved into a framework that can be implemented 

to non-IT projects as well; by becoming an iterative and incremental approach, which 

still clinches to the Agile approach. 

 

The methodology highly focuses on the user’s continuous involvement in the project, 

as well as clearly defining the time, cost and functionalities of the project. This is proven 

by its phases which are: 

 Feasibility and foundations 

 Exploration 

 Engineering 

 Incremental deployment 

 

Major advantages of DSDM is that its emphasis on the needs by answering 4 main 

questions; must have, should have, could have, won’t have. It also relies on delivering 

the final product on time and collaborate work. 

 

Rapid Application Development: RAD relies on Rapid Development Languages to 

speed up the development process significantly; this may include several techniques as 

well such as using open-source software, prototyping and testing, frameworks and using 

suitable languages such as Python, Go, PHP, Node.js. 

 

The major advantage of RAD is its short development timeframe. This also leads to a 

crucial disadvantage; such as human errors and poorly designed or coded.  

 

Waterfall: Also known as the ‘traditional’ methodology. It relies on setting a well-

defined set of objectives, goals and plan for each task, with fixed starting and ending 

date. The next task does not start unless the previous is completed. Moreover, there is 

no returning back once a task has been done. 

 



21 
 

The traditional method advantages is that it minimizes the room for error by ensuring a 

well plan is made, as well as the ability to deliver the product on time. The inability to 

return back to a task is its main disadvantage because if a task needs editing or addition, 

it can’t be done until all tasks are completed. 

3.2 PROJECT METHODOLOGY 

PROJECT MANAGEMENT METHODOLOGY 

This methodology will enable the project to have a clear vision during its entire process 

on what and how to complete a task. Starting from the structural aspect up to the 

planting aspect, with capability to iterate between the projects aspects. 

 

Roles and responsibilities of key players in the project is defined as illustrated in the 

WBS. Finally, a clear cost plan is created with support of the PRINCE2 method that 

demonstrates the resources and requirements to allocate as a general and in each task. 

SYSTEM DEVELOPMENT METHODOLOGY 

DSDM is the selected methodology to 

approach the project mainly because it’s 

a complete framework for delivering 

projects as well as its capability of 

iteration and incrimination as displayed 

in the image. 

 

The methodology isn’t restricted to 

software development which is exactly 

why it’s compatible for my project. 

 

DSDM phases: 

 

Feasibility & foundations: Pre-project phase. A thorough feasibility study which 

includes cost and time is examined in parallel with the main blocks of the project. 
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Exploration: To research and explore the needs of the project, this involves 

communication and collaboration with the users. 

 

Engineering: Refers to the actual work of the project, which in the case of my project 

involved software development, hardware, electrical work, cabinet design etc. 

 

Incremental deployment: In this phase iteration and incrimination is possible to any 

phase in order to fix issues. Finally, once the project is done it’s considered as post-

project. 

 

Finally, as the DSDM phases demonstrate, project is held based on a fixed time and 

cost which is a massive advantage because this ensures a quality product, while the 

iterations and incrimination allows a stable foundation that the project will be based on.   

3.3 PROJECT PLAN 

3.3.1 WBS 

Task 

# 

Task Name Duration Start Finish Predece

ssors 

Resource 

Names 

1 Research hardware & 

software requirements 

10 days Sun 

01/04/18 

Thu 

12/04/18 

 
 Project 

Manager 

2 Research device 

functions & web 

application requirements 

10 days Sun 

01/04/18 

Thu 

12/04/18 

 
 Project 

Manager 

3 Design prototype sketch 

& research requirements 

20 days Sun 

01/04/18 

Thu 

26/04/18 

 
 Project 

Manager 

4 Study findings, 

brainstorm & set new 

plans & goals 

7 days Fri 

27/04/18 

Mon 

07/05/18 

1,2,3  Project 

Manager 

5 Build device prototype 24 days Tue 

08/05/18 

Fri 

08/06/18 

4  Carpenter 

 Project 

Manager 
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6 Purchase available 

required items locally 

10 days Tue 

08/05/18 

Mon 

21/05/18 

 
 Project 

Manager 

7 Begin initial assembling 

of device 

3 days Tue 

22/05/18 

Thu 

24/05/18 

6  Electrician 

 Programmer 

 Project 

Manager 

8 Brainstorm, rearrange 

plans & reset new goals 

3 days Fri 

25/05/18 

Tue 

29/05/18 

7  Project 

Manager 

9 Conduct questionnaire 2 days Wed 

30/05/18 

Thu 

31/05/18 

 
 Project 

Manager 

10 Conduct interview 2 days Wed 

30/05/18 

Thu 

31/05/18 

 
 Project 

Manager 

11 Setup raspberry pi with 

fresh OS 

1 day Fri 

01/06/18 

Fri 

01/06/18 

 
 Programmer 

12 Order required items 

from abroad 

2 days Fri 

01/06/18 

Mon 

04/06/18 

 
 Project 

Manager 

13 Sketch and brainstorm 

web application required 

fields and functions 

10 days Mon 

04/06/18 

Fri 

15/06/18 

 
 Programmer 

14 Conduct intensive online 

research on essential 

device topics 

4 days Mon 

11/06/18 

Thu 

14/06/18 

 
 Project 

Manager 

15 Install required software 

& libraries on raspberry 

pi 

2 days Fri 

15/06/18 

Mon 

18/06/18 

11,14  Programmer 

16 Initial design of web 

application template 

10 days Tue 

19/06/18 

Mon 

02/07/18 

15  Programmer 

17 Initial design of database 5 days Tue 

19/06/18 

Mon 

25/06/18 

15  Programmer 

18 Brainstorm, rearrange 

plans & reset new goals 

3 days Tue 

03/07/18 

Thu 

05/07/18 

17,16  Project 

Manager 
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19 Make final 

enhancements & 

changes on device until 

shipment arrives 

7 days Fri 

06/07/18 

Sun 

15/07/18 

18  Carpenter 

 Electrician 

 Programmer 

20 Improve initial template 

- dashboard page 

5 days Tue 

10/07/18 

Sun 

15/07/18 

16  Programmer 

21 Improve initial database 

- tables and attributes 

5 days Tue 

10/07/18 

Sun 

15/07/18 

17  Programmer 

22 Begin initial coding - 

login script integration 

4 days Sun 

15/07/18 

Wed 

18/07/18 

 
 Programmer 

23 Shipment arrives - 

Electrical & hardware 

setup 

7 days Thu 

19/07/18 

Fri 

27/07/18 

22  Electrician 

 Programmer 

24 Brainstorm, rearrange 

plans & reset new goals 

3 days Sat 

28/07/18 

Tue 

31/07/18 

23  Project 

Manager 

25 Enhance prototype 

structure and fix all 

devices 

3 days Sat 

28/07/18 

Tue 

31/07/18 

 
 Electrician 

26 Final draft of web 

application template 

6 days Sat 

28/07/18 

Fri 

03/08/18 

 
 Programmer 

27 Final draft of database 

structure 

6 days Sat 

28/07/18 

Fri 

03/08/18 

 
 Programmer 

28 2nd draft of coding - 

begin hardware and 

software integration 

testing  

14 days Wed 

01/08/18 

Mon 

20/08/18 

 
 Electrician 

 Programmer 

29 Brainstorm, rearrange 

plans & reset new goals 

3 days Tue 

21/08/18 

Thu 

23/08/18 

28  Project 

Manager 

30 Finalize device structure 

and layout 

3 days Fri 

24/08/18 

Tue 

28/08/18 

29  Electrician 

31 Create aluminum cabinet 7 days Wed 

29/08/18 

Thu 

06/09/18 

30  Aluminum 

worker 
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32 Finalize web application 

template 

20 days Wed 

29/08/18 

Tue 

25/09/18 

 
 Programmer 

33 Finalize database 

structure 

10 days Wed 

29/08/18 

Tue 

11/09/18 

 
 Programmer 

34 Finalize web application 

'Dashboard' - hardware 

and software integration  

40 days Wed 

29/08/18 

Tue 

23/10/18 

 
 Electrician 

 Programmer 

35 Plant grow testing and 

comparison 

66 days Mon 

01/10/18 

Mon 

31/12/18 

 
 Project 

Manager 

36 Begin web application 

and hardware testing 

45 days Mon 

01/10/18 

Fri 

30/11/18 

 
 Electrician 

 Programmer 

 Project 

Manager 

37 Brainstorm, rearrange 

plans & reset new goals 

5 days Thu 

01/11/18 

Wed 

07/11/18 

 
 Project 

Manager 
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3.3.2 GANTT CHART 
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3.3.3 NETWORK DIAGRAM 
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3.3.4 COMMUNICATION PLAN 

WHAT WHEN WHO HOW RESPONSIBLE 

Newsletter Monthly Device owners Email Developer team 

Support N/A Device owners Email 

Telephone 

Developer team 

Project updates N/A Project advisor Email 

Telephone 

Meeting 

Developer team 

3.3.5 ACCEPTANCE PLAN 

PROCEDURE EXPECTED RESULT RESULT 

Login using correct credentials via 

device in same network 

Directed to dashboard  

Login using incorrect credentials Display error message only  

Switch lights on and off manually 

and automatically 

Light turns on and off with a latency 

delay of 2 seconds maximum 

 

Fans turn on and off manually and 

automatically  

Fans turn on and off with a latency 

delay of 2 seconds maximum 

 

Display temperature, humidity water 

level values 

Accurate sensor values displayed on 

the dashboard 

 

Change password Display success message and 

password is changed 

 

Open door and use lock Door slides smoothly and lock works  

Switch pump on and off manually 

and automatically 

Pump turns on and off with a latency 

delay of 2 seconds maximum 

 

Increase nutrient in reservoir Water level sensor value should 

increase 

 

Observe if water flow cycle is from 

the reservoir to the pipes and back to 

the reservoir 

Nutrient flow is correct, not obstructed 

and no leakage 
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3.3.6 RESOURCE PLAN 

LABOURS 

TYPE TASK SOURCE QUANTITY HOURS 

Programmer Code web application 

Handle the electrical 

circuit 

Internal 1 800 

Aluminum 

smelter 

Create cabinet External 2 24 

Carpenter Support in creating 

prototype 

External 1 6 

MATERIALS 

TYPE USE QUANTITY 

Wood Create cabinet prototype N/A 

Aluminum Create final cabinet design N/A 

Stationary For various writing and printing reasons N/A 

Nails For wood work 1 box 

EQUIPMENTS 

TYPE USE QUANTITY 

Mobile phone Remote connection testing 1 

Laptop Web application and database 

creation and coding 

1 

Desktop computer Remote connection testing 1 

Ethernet cable Network and internet access 1 

Tool box For various mechanical work 1 

Machinery  Electric dill 

 Wood, steel & plastic cutting 

N/A 
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3.3.7 RISK MANAGEMENT PLAN 

IMPACT OCCURANC

E 

TYPE RISK MITIGATION JUSTIFICATION 

High Low Technica

l 

Power 

failure 

 Install UPS 

and 

shutdown 

device 

properly 

Sudden shutdowns 

may lead to 

damaged devices 

Low Low Technica

l 

Internet 

failure 

 Get access to 

internet 

urgently 

 Restart 

router / 

modem, if 

still doesn’t 

work change 

Ethernet 

cables, last 

resort 

contact ISP 

Unable to access the 

device remotely 

High Low Technica

l 

Water 

flooding 

 Install water 

sensors to 

detect 

flooding, or 

use the 

webcam to 

view 

 Make a 

drainage 

system to 

flood water 

May lead to a short 

circuit and damage 

the devices 
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Medium Medium Technica

l  

Sensor 

failure 

 Have extra 

sensors and 

change 

faulty 

Readings won’t be 

correct and 

therefore affect 

other aspects 

High Low Technica

l 

Water 

pump 

failure 

 Purchase a 

high quality 

and efficient 

water pump, 

and have a 

second water 

pump as 

standby 

Plant will suffer 

lack of nutrients and 

eventually die 

Medium Medium Health Bugs/ins

ects 

 Fight back 

using pest 

control 

substances, 

or as per how 

the condition 

is 

Plant diseases and 

sickness which 

harms the crops 

High Low Technica

l 

Software 

crashes 

 Have a 

second SD 

card ready 

with 

duplicate 

image 

 Store data in 

cloud 

Data loss and 

interruption of 

growing process 

Medium Low Operatio

nal & 

resource 

Items not 

arriving 

in time or 

runs out 

of stock 

 Check other 

suppliers for 

stock 

availability 

and delivery 

duration 

Stock purchase and 

shipping duration 

can’t be predicted, 

as well as 

influenced by many 
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 Always 

purchase 

extra items 

factors such as bad 

weather etc. 

High Medium Technica

l & 

hydropon

ic 

Plants 

roots 

become 

too big 

and 

block 

nutrient 

flow  

 Remove 

plant safely 

and purchase 

a bigger 

UPVC pipe 

Roots reflect the 

condition of the 

plant, the more and 

bigger the healthier, 

which is an 

important aim 

High High Human Human 

error 

 Can be any 

issue or 

problem and 

may occur at 

anytime 

Humans are far 

from not making 

mistakes, especially 

when tired, stressed 

etc. 

3.4 REQUIREMENT SPECIFICATION 

3.4.1 DATA COLLECTION METHOD 

Questionnaire: A questionnaire will be carried out on a population sample to better 

understand the users understanding of the agriculture environment as well as gauge the 

population’s interest for an automated growing cabinet.  

 

The questionnaire will allow for a better understanding of market requirements and how 

best to develop the automated growing cabinet. The questionnaire will aim to target a 

population sample of 25 people and will include easy and simple questions that will 

require the questionnaire takers to select an answer from a selected range of answers. 

 

Interview: The interview will be with Ali Al Amri an investment expert at a 

government based investment fund in Oman. The purpose of this interview is to 

understand the commercial aspects of the project and the possibility of turning the 

project into a commercial business. 
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Internet: Several internet sources will be used to collect and provide data for the project 

and these will include: 

 www.youtube.com 

Youtube will be used to gather videos on the different stages of plant growing and 

different requirements of each stage. Youtube is considered a very good source of 

information as it provides visual explanation of the process rather than textual data. 

 www.github.com  

Information in Github will be leveraged in the development of the software aspect of 

the product, as well as provide information on the hardware aspect. Github is an open-

source community that will allow issues related to the project to be answered by 

industry specialist and technical programmers. 

3.4.2 DATA ANALYSIS 

Based on the data collected using the methods outlined in 3.3.1 we arrive at the 

following analysis: 

  

From the sample of population that undertook the questionnaire, there are many people 

interested in an automated growing cabinet even though not all of them currently do 

actually grow their own crops. This evident by that fact that 76% of the sample would 

consider getting an automated growing cabinet while only 64% currently care about 

growing at home. 

 

Yes
76%

No
24%

Interest in Automated Growing Cabinet

Yes
64%

No
36%

Grow plants in personal residence

http://www.youtube.com/
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When asked about the main diffuclties they face to grow there own crops and plants, 

the majority of the sample highlighted the difficulty they see in procuring the right 

resources such as having the correct growing base whether its soil or hydropic to issues 

such as having the approperiate nutriets to grow the plants. 

 

In addition 60% of the population sample underscored the fact that different plants and 

crops require different areas to grow as the plants size could range from a couple of 

cm’s to as huge as several meters squared.  

 

In terms of knowledge requirement and time consumption, they achieved below 50% 

which means the population sample are aware of the time consumption in growing your 

own plant since the plant will take anywhere from 1 month to 3 month to harvest whilst 

also requiring the attention of the grower throughout this period. As for the knowledge 

part many of the questionnaire-takers highlighted the fact that technology such as the 

interenet now allows us to quickly research and learn about any issues that could arise 

during the growing period. 

0% 10% 20% 30% 40% 50% 60% 70% 80%

Land Issue

Time Consuming

Knowledge and Skills required

Resources availability

Others

Main difficulties faced by growers
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The questionnaire also aimed to better understand the requirements of future potential 

users of the automated growing cabinet, and to that end the results showed that most of 

the users at an approval rate of 68% would like to be able to customize their cabinet so 

that it fits their needs, they highlighted the fact that an open-source coding and 

accessible hardware would allow the cabinet to be improved and enhanced in terms of 

it performance and capabilities without being limited to a static cabinet that only has a 

specific range of capabilities. 

 

The population sample where divided between two types of interfaces mainly, the 

majority of the sample preferred to have remote access to their growing cabinet through 

a web-based interface, whilst a good number of the sample preferred to have the cabinet 

fully automated without the need for human interaction. 

3.4.3 EXTERNAL INTERFACE REQUIREMENTS 

USER INTERFACE 

 Bootstrap driven interface with modern icons and navigation 

 One page web application named ‘dashboard’ that will include live cam features, 

live data feed and controls, manage recipes, display current job statistics and all 

previous jobs and start a job either from a predefined recipe or new. 

14

4

7

Type of interaction with 
growing cabinet

Web-Based Cabinet panel Automated cabinet

Yes
68%

No
32%

Ability to develop and 
personalize the technology
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  Live cam feature is available for the user to view a live feed inside the cabinet with 

support of night vision. Recording and screen shot options are available with a click 

of a button and will be accessible in a dedicated folder. 

 Live data feed from the sensors and whether device is on or off feature, as well as 

the ability to control the devices. 

 A recipes section allows the user to add new recipes, edit and delete. Moreover, a 

job can be started either by choosing a predefined recipe or start a new one. 

Confirmation is required to complete action. All features display as pop-ups to 

eliminate usage of extra pages. 

 Current job statistics feature is only visible when there is a job running. It display 

hourly statistics and contains an option to stop the job. 

 A data table containing all the jobs done with extra information available via 

infographics   

HARDWARE INTERFACE 

 Raspberry pi 3 B+ connected to a 8 channel relay switch and devices to control 

using the GPIO pins 

 Relay switch will work as a middle man between the 220V wall socket and the 

raspberry pi, it will allow the flow of current for the device to work 

 Commands to the relay switch are sent using a PHP library to control the GPIO 

pins, the GUI will make this process much easier 

 Web cam is connected via its 12pin designated port on the raspberry pi. Accessible 

via an open-source script 

 Water level, temperature and humidity sensors are connected to the raspberry pi and 

send live data to the dashboard 

SOFTWARE INTERFACE 

NAME VERSION 

PHP 7.2.0 

MySQL 5.7.22 

phpMyAdmin 4.7.0 

Php-gpio library N/A 
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Webcam library N/A 

AdminLTE 2.4 

Raspbian OS 

Kernel 

April 2018 

4.14 

Nginx 1.15.8 

COMMUNICATION INTERFACE 

 Web application system is available via any web browser by pointing to 

http://localhost or IP address 127.0.0.1 

 Web application available within network via web server network IP address or host 

name 

 Communication between hardware and software is done using the GPIO pins which 

transmits a signal of either 1 or 0 

 Web server can accessed remotely using VNC software and a secure SSH session, 

both clients must have a high internet speed 

 Trigger communication is done using the Unix system (Raspbian OS) by triggering 

a defined PHP script to perform GPIO triggers based on current event 

 Web application will contain many error and success message notification 

techniques based on user action 

3.4.4 FUNCTIONAL REQUIREMENTS 

TOP SECTION 

 Switch light off & on 

 Switch fan off & on 

MIDDLE SECTION 

 Switch light off & on 

 Switch circulation fan off & on 

 Regulate temperature using the ventilation fans 

 Monitor the plant day and night via the night vision camera 

 Detect humidity and temperature values 

http://localhost/


39 
 

BOTTOM SECTION 

 Pump nutrient water to middle section 

 Device should also act as a web server 

 Monitor nutrient water level in reservoir 

 Produce circulation air in reservoir using air pump and air stone 

 Relay switch handles switching the connected devices on and off 

USER 

 Load predefined recipe or create a new one 

 Add, edit and delete recipes 

 Add, edit and delete users 

 Allow secured remote desktop connection 

 Display live cam, live data sensor feed, devices status and manual control 

 Record and screen shot from live cam 

 View jobs done details using infographics and containing delete feature only 

 Stop current job running using a button 

 Change current password 

WEB APPLICATION 

 Display sensor data correctly 

 All pages are working with no errors 

 Once a job ends data from the running_job table is emptied 

 Jobs are sent to cron with no errors and correct actions are taken 

3.4.5 USERS REQUIREMENTS 

REQUIREMENTS 

 Interface will be modern looked with support of data tables, dropdowns, tips 

section, user inputs, forms etc. 

 All devices connected to the raspberry pi via GPIO will switch on and off within 

1 second of command 
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 Solid documentation containing all hardware and software aspects shall be 

written and illustrated with pictures 

 Choose preferred recipe settings; light & irrigation timing and temp & pump 

control 

 Only one job can be started at a time, i.e. recipe details 

STAKEHOLDERS 

TYPE SKILLS ABLE TO 

Normal Basic and general IT skills  Use all the features of the device 

with the documentations support 

Beginner  Programming 

 Electricity 

 Hardware & Network 

 Use all the features 

 Minor changes to web 

application and electrical setup 

 Add and remove hardware 

Expert  Programming 

 Electricity 

 Hardware & Network 

 Use all the features 

 Extreme changes to web 

application and electrical setup 

 Add and remove hardware easily 

Farmer Knowledge in farming only  Use all the features of the device 

with the documentations support 

 Make adjustments to nutrient 

and growing technique 

Hacker  Great programming 

knowledge 

 Extensive hardware and 

networking skills 

 Quick and creative 

learner in new fields 

related to IT 

 Turn it into a multifunctional 

device to do other actions 

 Control the device completely 

and freely able to change 

anything 

Student  Depends on school grade  Use all the features 

 Good starting point learner into 

software and hardware 
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3.4.6 PERFORMANCE REQUIREMENTS 

 Ethernet is given as an option to use instead of wireless 

 SSH is used for a secure connection between devices 

 Response time of web application actions such as forms, error messages etc. 

should not exceed 1 second locally and 3 seconds remotely  

 Workload of system is extremely high; can handle massive job actions 

 Highly scalable and configurable, size of device and be increased and features 

added with single improved control 

 Available 24/7 as a device and a web server 

3.4.7 DESIGN CONSTRAINTS  

TIME 

 Time must be used efficiently mainly to allow more time for R&D which will 

only happen if a solid prototype if done. Also to allocate time for plant growing 

and comparisons 

 Shipping period can be unpredicted due to it being influenced by many factors 

BUDGET 

 Budget will be allocated based on priority which is by following the work 

schedule. 

 Compare and get several quotations to pick the most convenient price and 

standard of quality at once 

SAFETY 

 Many electrical materials used which may lead to excess heat and an explosion, 

fire or meltdown 

STYLE 

 Small in size minimizing the capability to produce more 

 Very basic and simple, it being a black aluminum cabinet 
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SENSORY DESIGN 

 Bad odor might be produced 

 Emergency sound (beeps) must be installed 

 No convenient way for an impaired person to use the device 

 Might be a bit noisy due to pump, water flow, fans 

INTEGRATION 

 Relay switch will be almost full and therefore can’t connect further devices 

COMPLIANCE 

 Electrical wiring will be done in a safe manner that does not cause any harm 

 Comply with latest web standards such as HTML, CSS, PHP 

 Only genuine and open-source products will be used with keeping the owners 

copyright notice intact 

HARDWARE LIMITATIONS 

 Raspberry pi will need upgrade and updates 

 Skills are required to modify the hardware setup 

3.4.8 MAINTAINABILITY REQUIREMENTS 

 Source code will be clearly commented and well structured  

 Documentation shall be solid and include all aspects 

 Size of the device is convenient and portable 

 Inside fitting can be easily removed and disassembled 

 Keep stock of useable items such as extra carbon filters, nutrients, growing 

mediums, cleaning kits etc. 

 Contact developer team for immediate support and questions  

3.4.9 USABILITY REQUIREMENTS 

 Not plug and play (future aim) but easy to setup within 2 mins with support of 

provided documentation 
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 User has full access to software and hardware to customize and personalize. 

Requires programming, hardware and electrical knowledge 

 HTML5 responsive design 

 Bootstrap modern interface 

 Minimal web pages for functions 

 Errors and messages should be displayed clearly and understandable 

 1 main switch to switch the device on and off 

3.4.10 DATABASE REQUIREMENTS 

There are 6 tables within the database, some work standalone and others interact with 

other tables to share information. The tables needed are: 

 data_sheet: This will store crop growing details and specifications that the user 

will manage to keep a record of the optimum growing recipe. Managing will 

include inserting, updating and deleting of information 

 Hardware: A record of all the hardware devices connected with relevant static 

information such as the GPIO pin number, URL to PHP file that controls the 

device etc. moreover a dynamic attribute; hardware_status that changes based 

on the current device status 

 History: Inserting of all actions taken on the devices for reference and to keep 

track 

 Recipes: Insert, update and delete recipe details that includes hardware timing 

control, as well as general information about the recipe. Recipes with the same 

name and crop type are populated under one recipe 

 running_job: A temporary table to store the current running job selected, which 

is based on the information in the recipes table. Once a job is canceled or 

completed the table is emptied 

 Users: Update action can only be done since there is only 1 user that controls 

the system 

3.4.11 SECURITY REQUIREMENTS 

 To connect to the raspberry pi remotely a SSH (Secure Shell) session must be 

created. This allows an encrypted remote communication between the two 

devices 
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 The users password is hashed and salted , therefore even if the password gets 

leaked to stolen it can’t be decrypted or read as plain text 

 Cabinet is secured with a lock to avoid physical breach 

3.5 INITIAL DESIGN 

3.5.1 DRAFT & PROTOTYPE 

 

 

 

 

 

 

 



45 
 

 

 

 

 

 

 

 

 



46 
 

3.5.2 USE-CASE DIAGRAM 

 

3.5.3 CONTEXT DIAGRAM 
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3.5.4 DFD LEVEL 0 DIAGRAM 

 

 

 

 

 

 

 

 

 

 



48 
 

3.5.5 FLOWCHART DIAGRAM 
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3.5.6 ERD DIAGRAM 
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CHAPTER 4: DESIGN 

4.1 ELECTRICAL DIAGRAM 
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4.2 CLASS DIAGRAM 

4.3 USE CASE DIAGRAM 
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4.4 ER DIAGRAM 
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4.5 CONTEXT DIAGRAM 
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4.6 CONTEXT LEVEL 0 DIAGRAM 

 

4.7 DATA DICTIONARY 

data_sheet table 

Field name Data 

type 

Field 

length 

Constraint Description Example 

ds_id Int 11 Primary 

key, auto 

increment 

Auto 

increment of 

integer 

6 

Ds_crop varchar 32 - Type of crop Lettuce 

Ds_phase Varchar 32 - Crop phase Seedling 

Ds_morning_duration Varchar 32 - Light hours 

needed 

>12 



56 
 

Ds_morning_temp Varchar 32 - Suitable 

temperature 

at morning 

10 - 21 

Ds_night_duration Varchar 32 - Night hours 

needed 

<12 

Ds_night_temp Varchar 32 - Suitable 

temperature 

at night 

10 – 21 

Ds_soil_ph Varchar 16 - Suitable soil 

pH 

5.5 – 6.5 

Ds_nutrient_ph Varchar 16 - Suitable 

nutrient pH 

5.5 – 6.5 

Ds_nutrient_temp Varchar 16 - Suitable 

nutrient 

temperature 

20 

Ds_watering_duration Varchar 32 - Watering 

duration 

needed 

Soaked / 

<2 weeks 

Ds_nutrient_specs varchar 32 - Suitable 

nutrient 

specifications 

N-P-K 

(7-9-5) 

hardware table 

Field name Data 

type 

Field 

lengt

h 

Constrai

nt 

Descripti

on 

Example 

Hardware_id Int 32 Primary 

key, Auto 

increment 

Auto 

increment 

of integer 

2 

Hardware_nam

e 

varcha

r 

64 - Name of 

hardware 

device 

Grow light 
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Hardware_statu

s 

Varch

ar 

16 - Current 

status of 

device 

ON 

Hardware_pin Varch

ar 

16 - Connected 

to which 

GPIO pin 

GPIO20 

Hardware_sym

bol 

Varch

ar 

32 - To display 

html icon 

Lightbulb 

Hardware_on Varch

ar 

64 - URL to 

PHP file 

that 

handles 

event 

/tasks/grow_light_on.

php 

Hardware_off varcha

r 

64 - URL to 

PHP file 

that 

handles 

event 

/tasks/grow_light_off.

php 

history table 

Field name Data 

type 

Field 

length 

Constraint Description Example 

History_id int 11 Primary 

key, Auto 

increment 

Auto 

increment 

of integer 

3 

Recipe_name varchar 64 - Name of 

recipe 

Tomato test 

Recipe_crop Varchar 64 - Type of 

crop 

Growing 

Recipe_hardware Varchar 64 - Hardware 

device that 

has been 

triggered 

Water pump 
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Recipe_action Varchar 32 - Type of 

action done 

OFF 

Recipe_time Varchar 64 - What time 

the trigger 

has been 

done / 

should be 

done 

12:05 

Recipe_day Varchar 32 - What day 

the trigger 

has been 

done / 

should be 

done 

* 

Recipe_date Datetime - - Current 

time 

 

Job_status Varchar 32 - Current job 

status 

COMPLETED 

Job_done varchar 32 - How the job 

was done 

MANUAL 

recipes table 

Field name Data 

type 

Field 

lengt

h 

Constrai

nt 

Descripti

on 

Example 

Recipe_id Int 11 Primary 

key, 

Auto 

incremen

t 

Auto 

increment 

of integer 

7 

Recipe_name varcha

r 

64 - Name of 

recipe 

Lettuce test 1 
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Recipe_crop Varch

ar 

64 - Type of 

crop 

Lettuce 

Recipe_hardw

are 

Varch

ar 

64 - Hardware 

device 

that will 

been 

triggered 

LIGHTS 

Recipe_action Varch

ar 

32 - Type of 

action 

will be 

done 

ON 

Recipe_minut

e 

Varch

ar 

32 - Time in 

minute 

when the 

job will 

be 

triggered 

45 

Recipe_hour Varch

ar 

32 - Time in 

hours 

when the 

job will 

be 

triggered 

15 

Recipe_day Varch

ar 

32 - Which 

day of the 

month the 

job will 

be 

triggered 

* 

Recipe_month Varch

ar 

32 - Which 

month of 

the year 

the job 

* 
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will be 

triggered 

Recipe_week Varch

ar 

32 - Which 

days of 

the week 

the job 

will be 

triggered 

WED 

Recipe_task varcha

r 

64 - CLI task 

to execute 

Sudo php 

/var/www/html/tasks/ligh

ts_on top >/dev/null 

2>&1 

running_job table 

Field name Data 

type 

Field 

length 

Constraint Description Example 

Job_id Int 11 Primary 

key, Auto 

increment 

Auto 

increment 

of integer 

2 

Recipe_name varchar 64 - Name of 

recipe 

Spinach 

Recipe_crop Varchar 64 - Type of 

crop 

Mature 

Recipe_hardware Varchar 64 - Hardware 

device that 

will been 

triggered 

Circulation 

fan 

Recipe_action Varchar 32 - Type of 

action will 

be done 

OFF 

Recipe_time Varchar 64 - What time 

the trigger 

11:59 
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should be 

done 

Recipe_day varchar 32 - What day 

the trigger 

should be 

done 

MON 

users table 

Field 

name 

Data 

type 

Field 

length 

Constraint Description Example 

User_id Int 11 Primary 

key, Auto 

increment 

Auto 

increment of 

integer 

1 

User_nam

e 

varcha

r 

64 Unique Username of 

user 

Qusai 

User_pass

word_hash 

Varch

ar 

255 - Hashed 

password of 

user 

$1$O3JMY.Tw$AdL

nLjQ/5jXF9.MTp3gH

v/ 

User_emai

l 

varcha

r 

64 Unique Users email 

address 

qrahbi@gmail.com 
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4.8 WEB APPLICATION DESIGN 
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4.10 DATABASE DESIGN 
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CHAPTER 5: DEVELOPMENT & EVALUATION 

5.1 CODING 

Login class (Login.php) 

A class file that handles the login, logout and update of user. Also runs a function to 

check whether the user is logged in or not, this function is later on used to authenticate 

the users session. 
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Panel class (Panel.php) 

The main class to run all functions of the system which are: view, add, edit and delete 

of recipes and to start, cancel and complete a job. 
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Cron class (crontab.php) 

This class file is an open source script written by Ryan Faerman. It provides the ability 

to control the cron utility software via a web page. Minor modifications have been made 

because it wasn’t completely compatible with the web application I was developing and 

the raspberry pi default cron user. 
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Cron adder (AddCron.php) 

This file is also contains codes from the original author Ryan Faerman, massive changes 

have been made to integrate the execution of recipes and also to store information into 

the database. 

DHT11 sensor (AdafruitDHT.py) 

An open source script written by Tony DiCola, but the copyright goes to Adafruit 

Industries. This script is written in python and reads the data given by the humidity and 

temperature sensor. 
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Database connection (db.php) 

A simple file that contains all the parameters to connect to the database, along with the 

connection variables. 

Login page redirector (index.php) 

A one page file that handles the login, logout and authentication of user. Based on the 

if statement query, the correct file is included and displayed to the user. 
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Other pages redirector (panel.php) 

A one page file that handles the remaining pages viewing and authentication. If user is 

authenticated, based on the ‘p’ parameter value the correct page is included for viewing, 

else a page not found error is displayed. 

 

 

 

 

 

 

 

 

 

 

 

Error 

page (404.php) 

This page is displayed statically if the user visits a page that does not exist, whether 

purposely or not.  
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Data 

sheets page (data_sheet.php) 

All data from the table ‘data_sheet’ is retrieved and displayed with the capability to 

add, edit and delete. 

 

 

 

Device 

information page (device_info.php) 

All data from the table ‘hardware’ is retrieved and displayed. 
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History page (history.php) 

All data from the table ‘history’ is retrieved and displayed. The user is able to filter and 

search using the table. 

 

 

Job page (job.php) 

Recipes are retrieved and populated in a dropdown menu, once a user selects a recipe a 

job can be started. Jobs can also be canceled or completed. The running jobs are 

retrieved from the table ‘running_job’ and displayed in a table. 
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Dashboard page (logged_in.php) 

The dashboard or main page allows the user to trigger the hardware devices on and off 

manually. It also displays the sensor data and current device status. 
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Login page (not_logged_in.php) 

A simple login page. 

 

 

Recipes page (recipes.php) 

The recipes page displays all the recipes being populated if the recipe name and crop 

are the same. It also allows the user to add, edit or delete a recipe. 
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Universal 

header (header.php) 

A one page or universal file of the web applications navigation header. This technique 

is used because it maximizes efficiency by changing a single file instead of several in 

the case of any updates are required.  

 

 

 

 

 

 

 

 

 

Universal footer 

(footer.php) 
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Universal html header (html_header.php) 

 

Add recipe (modal_add_recipe.php) 

A modal or a dropdown page is extremely helpful because it helps decrease the number 

of pages and page redirections. This modal is for adding a new recipe. 
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Cancel job (modal_cancel_job.php) 

A modal to cancel a job by confirming the action to be taken. 

 

 

 

 

 

 

 

Delete recipe (modal_delete_recipe.php) 

A modal to delete a recipe by confirming the action to be taken. 

 

 

 

 

 

Edit recipe 

(modal_edit_recipe.php) 

A modal to edit a recipe by displaying all the actions related to the recipe in a single 

modal. It also allows for single recipe action deletion.  
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User settings 

(modal_settings.php) 

A modal to update the users settings. 
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View recipe (modal_view_recipe.php) 

 

 

 

 

 

 

 

 

 

Water pump control (ON) 

The coding for all of the below is the same except for the parameters and values the 

correspond to the hardware itself. 

 

 

 

 

 

A connection is 

made to the database in order to insert history data into the history table as well as to 

update the current hardware status. 

 

 

 

 

This is used to trigger the hardware devices manually. A CLI command is executed 

using PHP to trigger another file (image below). It also insert history data and redirects 

to the home page if the action is done. 
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This is used to trigger the hardware deives automatically. The gpio library is required 

and class is called to execute the trigger using the gpio pin number and the correct 

command parameter. 

Water pump control (OFF) 

 

 

 

Air pump control (ON) 
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Air pump control (OFF) 

 

 

 
 

Grow light control (ON) 
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Grow light control (OFF) 

 

 
 

 

Seedling light control (ON) 
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Seedling light control (OFF) 

 

 

 
 

Circulation fan control (ON) 
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Circulation fan control (OFF) 

 

 

 

Ventilation fan control (ON) 
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Ventilation fan control (OFF) 

 

 

 
 

 

5.2 TESTING & EVALUATION 

Testing and evaluation the project is the most necessary phase as it determines how 

well the project is currently and mainly highlights the issues and errors that need to be 

fixed. 

5.2.1 LOCAL TESTING 

Local testing has been done using a laptop, desktop computer and a mobile device 

connected to the same network as the raspberry pi. Connection was successful using all 

the devices mentioned by visiting the network IP address of the device. 

 

All functions worked smoothly with no delays and errors, connection to database was 

also successful. As for the design, it changed to suit the device viewing it, this occurs 

because the web design is responsive. 

5.2.2 EXTERNAL TESTING 

As for the external testing, the web application and control of hardware devices was 

done using the raspberry pi directly as well as remotely via VNC, the remote connection 
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was successful using a mobile phone (Samsung S9 running Android version 8.0.0), a 

laptop (MacBook Air 2011 running Elementary OS 5.0 Juno) and a desktop computer 

(Dell Optiplex 960 running Windows 7). 

 

Therefore as per the testing done, the web application displayed its ability to run locally 

as well as remotely using all kinds of electronic devices via VNC with no issues. 

5.2.3 TEST PLAN 

ID Activity Procedure Expected result Test result 

1 Login Enter username and 

password 

If correct login, else 

show error message 

PASS 

2 Add new recipe 

with same recipe 

name and crop 

Enter all recipe 

information required 

To be added into DB 

and populated as one 

recipe 

PASS 

3 Update user 

settings 

Choose whether to 

update username, 

email or password 

Updates username, 

email or password 

individually 

PASS 

4 Manually control 

devices from 

dashboard 

Click on any of the 

device buttons 

To switch on or off the 

device and display 

current device status 

PASS 

5 All triggers of 

devices are stored 

in the history 

Manually or 

automatically trigger 

devices using all 

possible ways 

Records saved in the 

history table 

PASS 

6 Add, update or 

delete data sheet 

Add data sheet 

details and click add, 

or edit the data and 

click edit or simply 

delete 

To complete the add, 

edit or delete procedure 

successfully with 

changes to DB table 

PASS 
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ID Activity Procedure Expected result Test result 

7 Logout Click on the logout 

button 

To logout and destroy 

session and not able to 

view any pages 

PASS 

 

 

 

 

 

 

 

 

 

5.2.4 TEST CASE 

Test case 1 
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5.3 DEPLOYMENT (UPDATE) 

Things gathered to develop and things needed to run the project 

 

In order to develop this project there are many aspects to it from hardware to software, 

most of them are required to be integrated to work together. Firstly the brains of the 
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project is the microcontroller; a raspberry pi 3 model b is used to run the web application 

and control the hardware devices. Secondly, a 8 channel relay module is crucial since 

the GPIO pins are connected to it from the microcontroller and all the electrical wirings. 

Thirdly, the hardware devices that automate the growing process which are: fans, 

pumps and lights. 

 

When it comes to the software deployment, everything depends on PHP, mysql python 

and cron. PHP is the backend development language that the web application runs on, 

as well as to execute bash commands and manage cron. Python is used to read data 

from the sensors and forward it to the web application, which then is handled by PHP. 

Moreover, all of this couldn’t be done if it wasn’t for the neat design by HTML5 and 

CSS. 

 

Another important aspect is the cabinet itself, as it was designed to germinate seedling 

on the top partition, store all the components at the bottom partition and do the growing 

process at the middle partition. Since the growing process is done using the hydroponic 

technique, a very important deployment measure is to have the growing platform on a 

slope and not a flat surface, this is to allow the nutrient to pour back into the reservoir. 

 

Integrating all of this and putting it together creates a simple yet functioning automated 

growing device that can be controlled using any device whether a mobile phone, laptop 

or desktop computer, either locally or even remotely.  

 

A straightforward step-by-step tutorial to deploy the project is as follows: 

 

Step 1: Connect the electricity wire located behind the device and raspberry to any 

outlet and connect the raspberry pi to a screen (the screen requirement is used in the 

first time installation). 

 

Step 2: To connect to the raspberry pi again next time without using the screen, you 

can enter the local IP address of the pi on any device (preferable if the IP is static) which 

allows you to visit it locally. To connect remotely open the VNC software, signup and 

download the software on the other devices you wish to connect from. 
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Step 3: Before logging in the system and starting a job, make sure the reservoir isn’t 

empty and that the seedlings are located on the growing pot. 

 

Step 4: On first login, make sure you change the default password and update your 

email address. 

 

Step 5: Log in to the web application and add a recipe based on the crop you’re growing. 

You may also use the data sheet for further information or store your own findings. 

 

Step 6: Once a recipe is created, start the job and sit back. Click cancel to stop the job 

or complete once the job is done. 

 

Step 7: All other features on the web application can be used to monitor and control the 

process. 

 

If a user has enough knowledge, any aspect of the project whether software or hardware 

can be changed and improved. 

5.4 CRITICAL EVALUATION 

OBJECTIVES ACHIEVED 

 Cabinet case built tough and reliable 

 Easy connectivity locally and abroad 

 Reliable web application 

 Implement as small and big scale 

 Install sensors and electrical components successfully without any conflicts 

 Smooth connectivity to the device and triggered actions should respond quickly 

OBJECTIVES NOT ACHIEVED 

 Easy to relocate and move device 

 Issues with the camera 



99 
 

OBJECTIVES NOT TESTED ACCURATELY 

 Maximize harvest & efficiency and minimize time & resources due to time 

constraints to properly test growing crops 

 

Finally, I’m glad that the device and web application worked as they we’re supposed to 

except for some minor issues that don’t affect the entire project as a whole. This is 

understandable cause of the time constraint faced; therefore it can be tackled and fixed 

with time. 

5.5 SOCIAL, ETHICAL & LEGAL ISSUES 

SOCIAL 

The project has a massive social benefit mainly that it doesn’t target a particular 

segment; instead it targets several such as commercial farmers, home growers, 

hardware & software fanatics, DIY makers etc. therefore its impact and development 

would become extensive and helpful. 

 

This also leads to a humanitarian benefit in a sense that people would be able to grow 

all types of crops easily and in any weather circumstances, moreover it will lead to a 

massive save in water efficiency as well as yielding much healthier crops. 

ETHICAL 

The web application system is designed to be secure to a reasonable extent, by requiring 

a username and password in order to login and passwords are hashed in the database, 

while also securing the database with a password. No other private or confidential 

information is required to be able to access the system. 

 

The microcontroller used (Raspberry Pi) can also be secured with a password at login 

in order to add another barrier. Also, since it runs on a Debian based operating system 

which is Unix-like, the level of security may confidentially be much securer than other 

operating systems mainly because it’s open source and being maintained by a vast 

community of white hat hackers. While connecting to the raspberry pi is done via VNC 

which uses SSH, a relatively secure shell remote session.  
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LEGAL 

The project does not infringement any copyright issues nor does it violate any patents 

within Oman and abroad. The entire project is created, developed and maintained 

locally by its vendor, although 3rd party scripts or software are used, all of them are 

open source and free to use software, and the original owners copyright and credits is 

always displayed in the source code and not removed. 

 

It also does not violate any laws or regulations set such as eavesdropping or the steal of 

information, instead it aims to be as ethical and legal as possible, while aiming to serve 

the public and humanity.  
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CHAPTER 6: CONCLUSION & RECOMMENDATIONS 

6.1 CONCLUSION 

The project implemented has always been one of many projects I’ve wanted to tackle; 

finally having the chance to do so with great supervision and support has been an 

extraordinary experience. With all the college requirements with other modules and 

personal work leaded me to focus very much on time management, sacrifice & prioritize 

and think out of the box to solve problems. 

 

I strongly believe that my project; hydroponics and automation are very crucial and 

necessary and will certainly showcase that in the coming years, although it already has 

set its fingerprint in a sort. Personally, I’d still continue to develop and enhance this 

project especially since there is a great potential for it to create an impact. 

 

Finally, I would like to state that the project has been awarded FURAP and has been 

funded by TRC, a very big boost and encouragement to keep on developing my project. 

6.2 RECOMMENDATIONS 

The project can be enhanced furthermore to become much more automatic and provide 

much more, some recommendations are listed below: 

 Main switch key behind the cabinet: To provide extra electrical safety. 

 Solar panel: This will become very handy if the device is placed outdoors and 

implemented at a large scale. 

 Expandable and partitioned cabinet: To allow longer crops not face any 

height restrictions as well as partitioned cabinet for easy transportation and 

installation. 

 Increase the number of users: Many users can log in to the system, while being 

monitored and managed by a single administrator. 

 UPS: To ensure there is no sudden power outage that could affect the process. 

 Install more sensors: Monitor the device furthermore. 
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 Host the web application online: Although this may lead to a security issue, it 

will allow easier access to the device and web application. Therefore strict 

security measures must be taken into account first. 

 Sophisticated climate control: Install hardware devices that can manipulate 

the weather conditions accurately. 

 Extra reservoir: Instead of manually adding nutrient, an automated mechanism 

can be done to add nutrient whenever is required. 

 Adjustable and automated slope & light height: The slope where the actual 

growing happens can be adjustable to several degrees for optimum research and 

growing, as well as the light to be adjustable based on height. Another step 

forward is to automate this process. 

6.3 KNOWLEDGE & EXPERIENCE 

This project has been on my mind for a long time ago; including others. Although it 

isn’t entirely within the scope of my specialization, I’ve learned massively about 

electronics in general while using the raspberry pi extensively, as well as electricity as 

whole due to the wirings that were needed to be made; never worked with 220V+. 

 

I also got the chance to work gain experience from open source projects, especially due 

to the extensive researches I’ve been doing, which keeps on stunning me because of the 

communities and the contributions they make.  

 

I’ve also increased my knowledge with PHP and MySQL much more, and I can 

confidently say that I’ve learned way more in frontend developing due to the work I’ve 

been doing with HTML5 and CSS. With a minor knowledge in python, CLI and cron. 

 

Finally, although I’ve faced many challenges and obstacles with the project, I can 

certainly say that I’m proud of it and confident of what I have created, more importantly 

I’m sure and willing to keep on developing it and enhance it because there is much 

more to it. 
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Abstract 

Oman faces the problem of water scarcity owing to the lack of rainfall which results in lower 

annual replenishment rates in contrast to the consumption rates. This creates a deficit between 

replenishment and demand which the country accommodates by using its groundwater reserves. 

These conditions places Oman under the sector defined as being water scare, and require effective 

water management. Ablution water is a potential greywater source in Oman as it is discharged in 

huge amount from mosques. The ablution water is usually less contaminated which makes it a 

feasible option to be reused with just little treatment at source. Therefore, this study assessed the 

quality of ablution greywater in Oman and designed a sustainable multimedia (sand and activated 

carbon) filter for its treatment. Utilization of coconut shell based activated carbon for filtration, 

especially in Oman, provides an inexpensive option due to its easy production process and the 

huge availability of coconut shell waste in Dhofar region which is otherwise dumped. The quality 

of ablution greywater in terms of pH, BOD5, TDS, NO3, Cl, Na, Mg, K, Ca, SO4
-2, and E.coli was 

acceptable for reuse as per the Omani standards, however the TSS and turbidity exceeded the 

permissible limits. After comparing the quality of ablution greywater with the past studies in 

Oman, this study concluded that the characteristics of greywater significantly change with time 

and, therefore it is necessary to continuously monitor the quality of greywater and update treatment 

systems with time. The designed multimedia filter adequately removed TSS, turbidity, K, BOD5, 

Na, and Cl by up to 96, 96, 61, 50, 24, and 23%, respectively. Whereas, the concentration of NO3, 

SO4
-2 and Mg significantly increased by up to 69, 92, and 99%, respectively. The percent increase 

in the concentration of NO3, SO4
-2 and Mg reduced with time. The treatment efficiency fluctuated 

with time concerning TDS and Ca. Concentration of water quality parameters were far below the 

maximum permissible limits set by Omani standards for reuse of wastewater for irrigation and 

toilet flushing. As per WHO and USEPA guidelines, treated ablution greywater quality in this 

study is also suitable for irrigation of fruit trees, fodder crops, and ornamentals. Lastly, this study 

concluded that the designed treatment system could save 63 m3 of water monthly at MEC mosque, 

and can provide a yearly financial benefit of 519.14 OMR (approximately 1348.48 USD). 
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Chapter 1: Introduction 

The most common and main problem of 21st century is of water scarcity which is faced by many 

countries worldwide. In 43 countries a total of 700 million people suffer from water shortage 

problem today. According to the estimates of UN, 1.8 billion people by 2025 will be living in 

regions with complete water scarcity (United Nations, 2014). Water is essential for the sustenance 

of living things, environment and human life. This world contains adequate amount of fresh water 

sources which are drying out as a result of several climate and environmental impacts. Moreover, 

rapid growth in urbanization and population has made the situation even worse. Due to the problem 

of water shortage various health problems and pollution has also increased (Zaied, 2017).   

The increase in the growth of population, water scarcity problem and the pollution of water sources 

could act as a path towards world war. In order to tackle this issue, increased attention has been 

brought to the concepts of recycling and reusing water. Recycling and reusing of water is a vital 

step towards the conservation of water and clean environment. One of the alternate way to reduce 

water stress, ensure availability of water and to reduce the cost of water supply is recycling and 

reusing of greywater. The popularity of recycling and reusing greywater has increased and is now 

adopted as a sustainable option in different parts of the world (Zaied, 2017).  

In arid and semi-arid region most of the countries face the problems of water scarcity, prolong 

drought and increased demand of water. Muslim countries, especially Middle East countries, 

located in this region produce huge amount of greywater from ablution activity in the mosque. 

Ablution water is basically the water used by worshippers in performing wudhu (washing certain 

body parts) before praying. The ablution water is usually less contaminated and with little 

treatments at source it can be reused. In Saudi Arabia and Yemen, the practice of recycling and 

reuse of ablution water at mosque is becoming increasingly common. Whereas, the water rich 

countries gives less consideration to the reuse of ablution water due to their water security from 

rainfall. However, Oman faces the problem of water scarcity owing to the lack of rainfall which 

results in lower annual replenishment rates in contrast to the consumption rates. This situation 

raised the importance of water conservation in Oman (Mohamed et al., 2016). Like other Middle 

Eastern countries, Oman also produces huge amount of greywater from ablution activity. 

According to Prathapar et al. (2006), 1000–1500 L/day of ablution greywater is produced from a 
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medium sized mosque in Middle Eastern countries. It is estimated that if 13,000 mosques present 

in Oman produce ablution greywater at the same rate, then daily around 19,500 m3 of ablution 

greywater is produced which is directly discharged into drainage channels without treatment. 

Recycle and reuse of ablution water in Oman could result in huge amount of water and cost savings 

as it is less contaminated water which can be treated at source with simple treatment (Suratkon et 

al., 2014; Mohamed et al., 2016). 

This research aims to design a sustainable ablution water recycling system (sand and activated 

carbon filter) for treatment and reuse of ablution water in Oman. This report discuss in detail about 

the performance of simple and low cost treatment of ablution water. The recycled ablution water 

is meant to be used for toilet flushing and irrigation purposes.   

1.1 Background  

1.1.1 Study area: 

Sultanate of Oman is present at the Southeast corner of Arabian Peninsula, and is located at 23 60⁰ 

North and 58 55⁰ East. High day time temperatures of generally more than 30℃ and in summers 

above 40℃ are observed in Oman. Oman receives low and highly variable mean annual rainfall, 

ranging from more than 350 mm in Dhofar and mountainous area of Northern Oman to 100 mm 

in the foothills, and become even less than 50 mm in the interior desert and at the coast.  Moreover, 

potential evapotranspiration range from 1,660 mm/yr on the Salalah plain to 2,200 mm/yr in the 

interior (United Nations, 2015).  

1.1.2 Water problems in Sultanate of Oman: 

Oman falls under the arid and semi-arid region and has very scarce water resources as it receives 

low and highly variable rainfall. Oman’s main water resource is groundwater. The estimates show 

that the net annual natural replenishment of groundwater is around 1260 million cubic meters 

(MCM). Whereas, the total water demand in Oman is about 1650 MCM and 90% of which is used 

for agriculture. This shows a deficit of 390 MCM which the country accommodates by using 

groundwater reserves, consequently reducing the water tables which leads to seawater intrusions 

and salinization in Al Batinah coast, on which 60% of Oman’s agriculture rely. The fundamental 
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reason behind the overexploitation of groundwater resources is the perception to meet all water 

demands by freshwater, be it for drinking or gardening. This perception of water management 

needs to be changed and country should start focusing on providing sufficient amount of water 

with acceptable quality. In other words, Oman needs to identify alternative sources of water so as 

to reduce pressure on freshwater reserves (Ahmed et al., 2005). Non-renewable water reserves in 

Oman are not fully assessed, that could be used as strategic reserves or be locally developed for 

strategic purpose. Oman’s consumption of indigenous water is 25% more than the currently 

available renewable resources, desalination and treated wastewater (United Nations, 2015).  

Due to the rapid growth in population and advancement in several industries, Oman witnessed an 

annual growth of 9.5% in water consumption which also increased the demand for water 

conservation technology (Oman Water & Wastewater, 2018). In the next twenty years, the demand 

for water in Oman is expected to increase by more than 50%, and thus an effective water 

management and conservation strategy is required (United Nations, 2015).  

1.2 Purpose of the Study  

The purpose of this study is to design, construct and operate a sustainable low-cost multimedia 

filter for treating ablution greywater in Oman, and to investigate its efficiency. This study promotes 

the use of local and sustainable materials so as to reduce the cost of the system i.e. production of 

activated carbon from coconut shell waste which is present in huge amounts in the Dhofar region 

in Oman not only saves money but also becomes a way of utilizing waste. The study also 

determines the quality of ablution greywater in Middle East College (MEC) mosque in Oman and 

observes the change in the characteristics of ablution greywater with time by comparing with 

previous studies on quality of ablution water in Oman. Furthermore, the study discusses the capital 

and operational and maintenance costs involved in setting up the designed filter, and potential 

water and cost savings by recycling ablution greywater from the designed system in MEC mosque.  

1.3 Scope of the Study  

One of the main objective of “The National Water Resource Management Master Plan” is to 

enhance the wastewater reuse for the conservation of fresh water resources in Oman. Currently, 

most of the greywater (including ablution water) is presently transferred to the government owned 
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sewage treatment plants. The water treated in these plants is used for irrigating road pavement 

gardens and public parks. However, certain greywater sources like ablution water are lightly 

contaminated and can be treated with a simple treatment instead of treating them through expensive 

treatment plants. Therefore, the challenge of reusing greywater is to capture, store, treat and supply 

to the users in a cost effective manner. Hence, this study investigated the efficiency, cost and water 

saving potential of the designed treatment system.   

1.4 Objective  

The goal of this research was to investigate the efficiency of the designed treatment system for 

improving the quality of ablution greywater in Oman for its reuse in irrigation and toilet flushing, 

and determine its water conservation potential and financial benefits. This study will help bridge 

the knowledge gap and minimize challenges for reuse of greywater in Oman. The objectives of the 

study are as follows: 

 To determine the quality ablution greywater from MEC mosque in Oman. 

 To analyze the change in the quality of ablution greywater in Oman over the years by 

comparing with previous studies.  

 To investigate the filter’s removal efficiencies for several water quality parameters. 

 To discuss the capital, operational and maintenance cost of the treatment system. 

 To determine the water saving potential and financial benefit of the treatment system. 

1.5 Expected Outcomes of the Study 

The expected outcomes of the study are as follows: 

 Characteristics of ablution greywater in Oman, and the identification of water quality 

parameters that are not in compliance to wastewater reuse standards in Oman. 

 Rate of ablution greywater generation in MEC mosque in Oman. 

 Change in the quality of ablution greywater over the years in Oman. 

 Performance of the designed low-cost multimedia filter in improving the quality of ablution 

greywater.  

 Cost of the treatment system, its water saving potential and financial benefit. 
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1.6 Thesis Layout 

This thesis consists of five chapters. Chapter 1 discusses the introduction and background as well 

as the purpose, scope, objectives and expected outcomes of the study. Chapter 2 presents an in 

depth knowledge on ablution ritual, characteristics and reuse of ablution greywater, international 

and local guidelines on reuse of wastewater, activated carbon’s production and characteristics. 

Chapter 3 outlines the methodology adopted in the study. Chapter 4 discusses the characteristics 

of ablution greywater alongside previous studies and wastewater reuse standards, efficiency of the 

treatment system, cost of the treatment, water saving potential and financial benefit of treating 

ablution greywater. Finally, Chapter 5 comprises of conclusion.  
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Chapter 2: Literature Review 

2.1 Greywater 

The wastewater generated from residential usage is called as greywater except for the water 

originating from toilets and kitchen. The municipal and residential wastewater comprises of black 

and greywater. The wastewater originating from kitchen and toilet is categorized as black water 

which generally contains phosphorus, nitrogen, hormones, pharmaceutical residues and pathogens. 

Whereas, the water originating from laundry, wash basin, shower and ablution is called as 

greywater. Greywater is about 75% of the total wastewater generated (El-Ashkar, 2015). 

As compared to municipal wastewater, greywater is lightly polluted as it contains less nutrients 

and organic matter. This is because of the absence of toilet papers, feces and urine in greywater. 

However, xenobiotic organic compounds (XOCs) that originate from household chemical products 

(like detergents, soaps and cosmetics) may be present in greywater. The quality of greywater is 

dependent on the lifestyle of people and the products they use, which makes its quality highly 

variable. Presence of microbiological and chemical contaminants may encourage the growth of 

microbes in the greywater. Higher concentrations of organics and physical pollutants are found in 

greywater generated for laundry and kitchen as compared to other sources of greywater. The reuse 

of greywater without disinfection involves a pathogenic risk as Escherichia coli and fecal enterocci 

bacteria are present in shower, bath and washbasin greywater (El-Ashkar, 2015). 

2.1.1 Applications of Greywater: 

As the greywater is less contaminated it can be reused for non-potable water applications such as 

toilet flushing and irrigation. Toilet flushing and irrigation are the most common applications of 

greywater. However, other uses includes car, clothes and window washing, and recharge of 

groundwater as well as lakes and ponds, fire protection, recreational impoundments, pavement 

cleansing and construction. Basically, reuse of greywater in places where direct human contact 

does not occur may be considered (El-Ashkar, 2015). 

Because the temperature of greywater is usually warm, presence of nutrient can encourage the 

growth of organisms during storage. The reduction in organic matter, suspended solid and 
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pathogens are seen as the main goal of recycling and reusing greywater. The demand of chlorine 

and the potential of microbial growth in toilet cisterns and distribution systems decreases by 

removing organics from greywater. The untreated greywater from laundry is also found to be 

unsuitable for irrigation due to the excessive accumulation of sodium. Whereas, the use of 

untreated greywater in toilet cisterns may stain toilet bowls, transport pathogens and cause odors. 

The concerns with the reuse of greywater involve the risks to public health owing to the exposure 

to pathogens and the risk of polluting soils and incoming water from the presence of numerous 

pollutants. Previous studies conducted in the United States shows an increase in the concentrations 

of surfactant and sodium in soil after using treated greywater for irrigation, though the 

concentrations were not in the high range for soil quality and plant growth (El-Ashkar, 2015). 

The quality of greywater during storage also change with time. The re-growth of bacteria can be 

promoted by the long residence times which in turn may degrade the quality of greywater (El-

Ashkar, 2015). The increase in the growth of total fecal coliform during the first 48 hours of storing 

untreated greywater was reported by Rose et al. (1991). Likewise, rapid growth in the total and 

fecal coliform was observed by Dixon et al. (2000) in the first few hours in the dominant processes. 

Whereas, Li et al. (2009) suggested that in order to reuse greywater for toilet flushing the storage 

time should be less than 48 hours and the residual chlorine of more than 1 mg/l should be present 

in treated greywater.  

2.1.2 Potential Benefits of Reusing Greywater: 

The potential benefits of reusing greywater are as follows (Ahmed et al., 2005):  

1. Results in water savings, and promote water conservation and sustainability. 

2. Reduce monthly water cost. 

3. Also provides application specific benefits, such as cars washed and crops grown by 

irrigating with treated greywater. 

4. Reduce the amount of wastewater/sewage generations, consequently reducing the sewage 

treatment cost.  

5. Offers an alternative solution to large-scale centrally managed infrastructures by reducing 

the incoming wastewater. 
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2.2 Ablution Process 

Ablution ritual involves washing of certain parts of the body by using clean water. Muslims are 

required to perform ablution before prayers (Al Mamun et al., 2014). Usually ablution activity 

takes up several minutes, and performing it at a running water facility results in the wastage of 

significant amount of water as at each step of the ritual only a handful of water is collected and 

used (Suratkon et al., 2014). Therefore, when the ablution ritual is performed in mosques, 

especially during Friday prayers, considerable amount of ablution greywater is produced 

(Prathapar et al., 2004; Suratkon et al., 2014).  

The description of ablution process is given below to show that the process involves little source 

of water pollution. The steps of ablution process are as follows (Manan et al., 2006; Al Mamun et 

al., 2014): 

1. Firstly to aim that the ritual is for the sake of worship and purity, and start by saying 

“Bismillah” (by the name of Allah – the Only Creator).  

2. Then wash both hands three time up to the wrists (starting with the right hand first). 

3. With water rinse out the mouth thrice (preferably after a brush).  

4. Three times sniff water into the nostrils of the nose to clean them.  

5. With both hands wash whole face three times, from top of the forehead to the bottom of 

the chin and from ear to ear.  

6. Wash the right arm thrice up to the far end of the elbow, repeat the procedure for the left 

arm as well.  

7. Wipe the whole head or any part of it once with wet hands. 

8. With wet forefingers wipe the inner side of the ears and then the outer sides with the wet 

thumbs. 

9. Starting with the right foot wash both feet thrice up to the ankles.  
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Figure 1: Shows the steps involved in ablution ritual. 

These days mosques have taps to supply water for ablution. While performing the ablution people 

rarely close the taps as their hands are busy washing the body parts. This is because after collecting 

water in the palm at each step of the ablution ritual closing tap before cleaning the body part is not 

that convenient. Consequently, half of the water from taps without any contamination flows 

directly to the drainage channel. This type of wastage of water can be avoided by using water from 

a container or pail (Al Mamun et al., 2014). The Islamic historical records show that Prophet 

Mohammad peace be upon him (PBUH) used one “Mudd” of water to perform ablution [Hadith 

from Bukhari and Muslim] which is equivalent to about 0.544 L of water (Al Mamun et al., 2014; 

Zaied, 2017). This shows how concerned he (PBUH) was about the conservation of water during 

ablution. The use of access water unnecessarily while performing ablution is also discouraged, 

even if abundant amount water is available (Hadith from Ibn Majah) (Al Mamun et al., 2014). 

Presently, Muslims consume a lot of water to perform ablutions which has also been indicated in 

previous studies. Abu Rozaiza (2002a) concluded that per person uses 3 – 7 L of water at a time 

by measuring the quantity of water in nearly 40 mosques and in the two holy mosques. In another 

study, Abu Rozaiza (2002b) found out that in some mosques, schools and governmental buildings 

the average quantity of water used for ablution by a person is between 2.5–4.5 L. But he also 

concluded that in two holy Harams this amount increases to 5 L and in Hajj days it increases to 6–

7.5 L in A’rafah and Muzdalifah. Mohamed Ben-Ghalbon, in his project entitled “the Islamic 

bathroom”, estimated the average amount of water used by an average Muslim during ablution 

ritual as 10 L in the Middle East and the Gulf region (Zaied, 2017).  
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2.3 Recycle and Reuse of Ablution Water  

2.3.1 Quality of Ablution Water: 

The pressure to conserve water supplies has increased over the years due to the scarcity of 

freshwater resources for urban usages (Al-Zu’bi, 2015; Al Mamun et al., 2014). Consequently, 

countries like Singapore, Australia and Middle East countries with limited water resources have 

started reusing treated wastewater for various purposes (Al Mamun et al., 2014). The wastewater 

produced in mosques from ablution activity is less contaminated and is way better than industrial 

or municipal wastewater. More than 13,000 mosques present in Oman discharge the greywater 

produced from ablution activity directly into drainage channels, which combine with residential 

or commercial wastewater streams. Ablution greywater is relatively clean and has no soap and 

solid impurities, and only small amounts of microorganisms are present from gargling. Therefore, 

separating ablution greywater at its source and channeling it through basic treatment can recycle 

greywater which can be reused for non-portable water application (Suratkon et al. 2014). This way 

large volume of wastewater can be reduced that otherwise has to be collected and treated through 

expensive treatment systems when a basic cheap treatment at source can do the job (Al-Zu’bi et 

al., 2015).  

Previous studies also support the fact that ablution greywater has less nutrients, pathogens and 

organic content as compared to domestic greywater originating from bathing, washing and cooking 

(Alharbi et al., 2019b; Mohamed et al., 2016; Suratkon et al., 2014). According to Abu Rozaiza 

(2002b), Al-Wabel (2011) and Mohamed et al. (2016), the ablution greywater has neutral pH 

(6.92–7.10) with wide variation in BOD (20–40 mg/L), COD (50–70 mg/L), turbidity (10–30 

NTU), TSS (5–146 mg/L) and E-coil (100–1000 CFU/100mL). The quality of ablution greywater 

clearly indicates that only a simple treatment is required to recycle and reuse it for landscaping, 

car washing, toilet flushing, irrigation, etc. (Alharbi et al., 2019b; Al Mamun et al., 2014; Suratkon 

et al., 2014).  

2.3.2 Previous Studies on Recycling of Ablution Water: 

Earlier studies show that several attempts to recycle ablution water has been made in Saudi Arabia. 

Abu Rizaiza (2002) developed a plumbing system to collect, filter and disinfect ablution greywater 
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in Saudi Arabia and to reuse it for toilet flushing or irrigation purposes. However, he recommended 

to establish this system in one school, mosque and office building to determine efficiency of the 

designed system. Similarly, to reuse ablution greywater for toilet flushing or irrigation purposes, 

Al Wabel (2011) combined conventional sand filter, activated charcoal and UV filter for Othman 

bin Affan mosque in Riyadh, Saudi Arabia. He concluded that the recycled water can be used for 

irrigation purposes and toilet flushing as the chemical composition of the recycled ablution water 

was close to that of tap water with safe microbial content. Moreover, he also concluded that 30–

40% of freshwater can be saved which is used for toilet flushing and landscape irrigation. Alharbi 

et al. (2019b) performed alum coagulation and activated carbon adsorption tests to determine the 

removal efficiency of turbidity, BOD and COD to assess the recycling potential of ablution water. 

He concluded that quality of treated ablution water was suitable for unrestricted irrigation, 

firefighting and toilet flushing. This research also found the combination of alum coagulation and 

activated carbon adsorption as economically feasible and effective option for treating ablution 

water. Alharbi et al. (2019a) also constructed a system of ceramic filter, activated carbon filter and 

chlorine dispenser to recycle ablution water. The study concluded that system’s estimated cost of 

0.7-1.0 US$/m3 was significantly less than the cost of municipality water (1.71 US$/m3) in Saudi 

Arabia, and the treated ablution water’s quality was found to be suitable for toilet flushing and 

irrigation as per Saudi Arabia’s wastewater reuse standards.  

Similar efforts to reuse ablution water in Malaysia were reported by Manan et al. (2006), Al 

Mamun et al. (2014), Mohamed et al. (2016), Rahman et al. (2016), and Suratkon et al. (2014). 

Manan et al. (2006) used water cascade analysis (WCA) technique to perform a study on Sultan 

Ismail mosque at the Universiti Teknologi Malaysia, and predicted 65.1% savings of freshwater 

and 51.5% savings of wastewater by including reuse in the system. Al Mamun et al. (2014) 

constructed a lab-scale sand filtration system to recycle ablution water from IIUM Masjid in 

Malaysia, and concluded that the treated water can be used for landscaping and flushing of toilets. 

Surantkon et al. (2014) designed a SmartWUDHU’ system to recycle ablution water in a university 

mosque in Malaysia; the system included fine wire mesh, fibre filter, sedimentation and 

chlorination. He found that the treated water was in compliance with the drinking water quality 

standards of Malaysia. Similarly, Rahman et al. (2016) designed a ReWudhuk system for 

university mosque, and found that the quality of treated ablution greywater comply with drinking 

water quality standards of Malaysia, and was better than the typical tap water quality. He also 
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concluded that the designed system is feasible to construct from both Islamic prospective and 

engineering aspect. Furthermore, Mohamed et al. (2016) designed a conventional water filter of 

sand and gravel to treat ablution water from a mosque in Malaysia, and concluded that pollutants 

were reduced after recycling ablution water. He also found that conventional water filter is capable 

to reduce water consumption by 41.73% and if treated ablution water is used for toilet flushing 

and irrigation then the water consumption could further reduce up to 50.83%.  

In Yemen, Al-Mughalles et al. (2012) collected ablution greywater samples from two mosques in 

capital Sana’a to assess the quality of ablution greywater. The study determined that the chemical 

and physical properties (NO3
-, NH3, PO4

-, and TSS) conform to the standards for reuse of water in 

irrigation. However, the biological and microbial qualities (BOD5, COD, and F.C) of ablution 

greywater were found to be higher than the acceptable limits for agriculture irrigation. Therefore, 

he concluded that the treatment system for ablution water should be designed to focus more on 

biological and microbial qualities of water instead of physical and chemical qualities if the purpose 

of reuse is agriculture irrigation.   

Al-Zu’bi et al. (2015) used modified bioreactor with re-circulated vertical flow to treat ablution 

greywater and reuse it for irrigating of landscape in Al-Balqa’ Applied University in Jordan. He 

found that the water quality parameters of the treated ablution greywater were in compliance with 

the acceptable limits of the Jordanian standards. The concentration of nitrate was found to be 

increased after the treatment, however was much lower than the maximum allowable limit; and 

the concentration of nitrate was also suitable for irrigation of fodder crops, ornamental, and fruit 

trees as per the guidelines of WHO. He concluded that the modified treatment system had higher 

removal efficiencies as compared to the previously used systems in Jordan. 

In Oman, Prathapar et al. (2004) analyzed the quality of ablution greywater generated from two 

mosques in terms of pH, dissolved oxygen, turbidity, electrical conductivity, COD, E.coli, BOD5, 

total carbon, total dissolved solids, and total suspended solids. He found that the pH, TDS and E.C. 

of ablution greywater collected from both mosques conform to the water quality standards for 

irrigation purposes. However, the concentration of COD, E.coli, Coliform and BOD5 exceeds the 

permissible limits and require treatment before reuse (Table 1).  
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Table 1: Quality of ablution greywater at SQU and Al Hail South mosque (Prathapar et al., 2004). 

Parameter Unit SQU Al Hail South Standard 

A3 

Standard 

B4 

Acceptable 

n Mean S.D. n Mean S.D. 

pH  17 7.10 0.24 14 7 1.39 6-9 6-9 Y 

E.C. µS cm-1 17 219 34 14 240 52 2000 2700 Y 

BOD5 mg/l  17 61 22 14 58 38 15 20 N 

COD mg/l 11 163 60 7 158 104 150 200 N 

Coliform N/100 

ml 

16 3522 3115 9 3378 5832 200 1000 N 

TSS mg/l 17 25 22  34 15 15 30 N 

TDS mg/l 17 120 19  132 28 1500 2000  

E. Coli. N/100

ml 

16 110 214 11 15 40    

Turbidity NTU 17 34 17 14 51 36    

D.O. mg/l 17 5.63 1.43 14 4.81 1.88    

TC mg/l  11 67 37 7 67 30    

A3: Fruits & Vegetables likely to be eaten raw. Areas with public access. 

B4: Fruits and Vegetables likely to be cooked and eaten. Areas with no public access. 

Prathapar et al. (2006) also attempted to treat ablution greywater by designing Wudhu Water 

Works (WWW) system at Al Hail mosque in Oman. The system involved slow sand filtration 

system followed by aeration and chlorination. He found that the pH of treated ablution greywater 

did not change significantly, however significant increase was observed in TDS and E.C. due to 

the use of beach sand in the filter. The salt remained in sand even though it was washed before 

use. However, the E.C. of the treated ablution water (approximately 300 µS cm-1) was below the 

acceptable limit for irrigation. He determined that the concentration of turbidity, TSS and COD 

significantly reduced, and no significant change was observed in the concentration of heavy 

metals. On the other hand, chlorination was successful in removing the biological contaminants. 

Moreover, he concluded that a significant increase was seen in the concentrations of Ca, Na, Mg, 

carbonates, sulphates and chlorides owing to the type of sand used in the filter (Table 2).  
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Table 2: Quality of ablution water before and after treatment at Al Hail mosque (Prathapar et al., 
2006). 

Parameter Unit Untreated Treated P of t test 

Mean S.D. Mean S.D. 

pH  7.20 0.16 7.39 0.28 0.1036 

E.C. µS cm-1 221 12.47 294 32 0.0001 

TDS mg/l 121 6.86 162 17.8 0.0000 

TSS mg/l 9.39 8.20 3.69 2.17 0.019 

Turbidity NTU 12.6 4.20 6.03 0.68 0.0003 

COD mg/l 51.47 12.8 34.53 8.5 0.008 

D.O. mg/l 1.32 0.39 3.81 0.74 0.0000 

CO3
- mg/l 0.13 0.05 0.24 0.16 0.0203 

Na mg/l 9.54 1.80 17.79 10.15 0.0579 

Mg mg/l 0.39 0.05 1.74 0.86 0.0005 

Ca mg/l 19.13 1.50 25.99 2.55 0.0001 

K mg/l 4.76 0.39 4.58 0.41 0.5373 

Fluoride mg/l 0.50 0.07 0.54 0.14 0.4735 

Chloride mg/l 11.46 3.14 15.71 3.79 0.0285 

SO4 mg/l 10.79 8.27 4.78 3.71 0.0899 

Cu µ g/l 41.41 25.25 18.42 18.06 0.0563 

Pb µ g/l 28.81 1.78 17.51 1.79 0.1191 

Coliform MPN/100 

ml 

>200  Nil   

E. Coli MPN/100 

ml 

>200  Nil   

 

On comparing the data reported by Ahmed et al. (2003), Jamrah et al. (2004) and Prathapar et al. 

(2004) with the Omani guidelines for reusing treated wastewater, Prathapar et al. (2005) concluded 

that the quality of greywater in Oman varies between sources, and with time, and needs to be 

treated before reuse. Therefore, it is very necessary to assess the quality of ablution greywater in 

Oman and to design a treatment system as no recent study has been conducted.  
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2.4 International and Local Wastewater Reuse Guidelines  

2.4.1 Wastewater Reuse Guidelines in Oman: 

The guidelines for the quality of wastewater to reuse are established depending on the 

epidemiological and repetitive scientific findings. This helps in making risk management decisions 

for conservation of environment and the protection of public health. Over the last three decades, 

significant work has been done to evaluate the emerging risks from the reuse of wastewater and to 

develop ways to remove or minimize the risks. Environmental Protection Agency (EPA) and 

World Health Organization (WHO) have developed many reports that review and summarize the 

research and experience from all over the world to establish sensible and practical guidelines for 

reuse of wastewater.  Once the regulations are established for wastewater reuse, countries consider 

their national strategies and priorities. Countries usually pay attention to their hygienic practices, 

economic, cultural, technical, social, and political limitations and characteristics (Sultan Qaboos 

University, 2012). 

Like many developing countries, fundamental institutional measures, setting and guidelines lack 

in Sultanate of Oman which otherwise would assist in implementing proper projects for wastewater 

reuse. The first ever regulations on the reuse and discharge of wastewater in Sultanate of Oman 

were introduced in 1986. According to Oman’s Ministry of Regional Municipality and 

Environment (1993), one main law exists that addresses the standards for reuse and discharge of 

treated wastewater. The law outlines the quality required to discharge treated wastewater into the 

environment or to reuse for different types of irrigation in Sultanate of Oman (Sultan Qaboos 

University, 2012). The standards for the reuse of wastewater for agriculture and irrigation are set 

out by MD 145/1993, which provides bases for design of permanent or temporary treatment plants, 

and other applicable uses. Table 3 and 4 shows the maximum allowable concentration for various 

pollutants in the treated wastewater as specified by MD 145/1993 (Duqm, 2018; Sultan Qaboos 

University, 2012; World Health Organization, 2006).  
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Table 3: Standards for wastewater as per RD 115/2001 and MD 145/1993 in Oman (Duqm, 2018; 

World Health Organization, 2006). 

Matter Maximum Allowable Limits (mg/l) 

A-1 (see Table 4) A-2 (see Table 4) 

Biochemical oxygen demand 

(5 days @ 20℃) 

15 20 

Chemical oxygen demand 150 200 

Suspended solid 15 30 

Total dissolved solids 1500 2000 

Electrical conductivity 

(µs/cm) 

2000 2700 

Sodium absorption ratio 10 10 

pH (within range) 6-9 6-9 

Aluminium (as Al) 5 5 

Arsenic (as As) 0.1 0.1 

Barium (as Ba) 1 2 

Beryllium (as Be) 0.1 0.3 

Boron (as B) 0.5 0.5 

Cadmium (as Cd) 0.01 0.01 

Chloride (as Cl) 650 650 

Chromium (total as Cr) 0.05 0.05 

Cobalt (as Co) 0.05 0.05 

Copper (as Cu) 0.5 1 

Cyanide (as Cn) 0.05 0.1 

Fluoride (as F) 1 2 

Iron (total as Fe) 1 5 

Lead (as Pb) 0.1 0.2 

Lithium (as Li) 0.07 0.07 

Magnesium (as Mg) 150 150 

Manganese (as Mn) 0.1 0.5 
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Mercury (as Hg) 0.001 0.001 

Molybdenum (as Mo) 0.01 0.05 

Nickel (as Ni) 0.1 0.1 

Nitrogen: Ammonical (as N) 5 10 

Nitrogen: Nitrate (as NO3) 50 50 

Nitrogen: Organic 5 10 

Oil and Grease (total 

extractable) 

0.5 0.5 

Phenols (total) 0.001 0.002 

Phosphorus (total as P) 30 30 

Selenium (as Se) 0.02 0.02 

Silver (as Ag) 0.1 0.1 

Sodium (as Na) 200 300 

Sulphide (as S) 0.1 0.1 

Sulphate (SO4) 400 400 

Vanadium (as V) 0.1 0.1 

Zinc (as Zn) 5 5 

Faecal Coliform Bacteria (per 

100 ml) 

200 1000 

Viable Nematode Ova (per 

litre) 

< 1 < 1 

 

Table 4: Standards for reuse of wastewater depending on the area of application as per RD 
115/2001 and MD 145/1993 in Oman (Duqm, 2018). 

 A-1 A-2 

Grass and ornamental areas 

Public Parks 

Areas with no public access Areas and lakes accessed by 

the public 
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Crops 

Vegetables and fruits likely to 

be eaten raw within two weeks 

of irrigation 

Vegetables to be cooked or 

processed. 

Fruits if not irrigated within 

two weeks of cropping. 

Fodder cereal and seed crops. 

Aquifer re-charge All aquifer recharge controlled and monitored by the Ministry 

Methods of irrigation Spray or any other method of aerial irrigation not permitted in 

areas with public access unless with timing control.   

Any other re-use applications Subject to prior approval 

 

2.4.2 International Standards on Reuse of Wastewater: 

The acceptable concentrations of water quality parameters required to reuse wastewater in 

agriculture sector are defined in guidelines, criteria and standards. These thresholds for water 

quality parameters are finalized after conducting scientific examinations on water suitability for 

certain purposes. Organization and countries recommends standards and guidelines to reuse 

wastewater in safe manner for agriculture purposes. The guidelines and standards set by WHO and 

USEPA are presented in Table 5 and Table 6 (Jeong et al., 2016). 

Table 5: WHO and USEPA standards for the reuse of wastewater in agriculture (Jeong et al., 
2016). 

Parameters  WHO Guidelines1 USEPA 

Coliform (/100 ml) Unrestricted E. coli (cfu) ≤ 

1000 
Food crops 

ND FC 

(median) 

Restricted E. coli (cfu) ≤ 

10,000 

Processed 

food crops 

FC (cfu) ≤ 

200 (median) 

Turbidity (NTU) 

– (a) 

Food crops 
≤ 2 

(average) 

Processed 

food crops 
– 

Suspended Solids (mg/l) – Food crops – 
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Processed 

food crops 
TSS ≤ 30 

BOD (mg/l) 

– 

Food crops ≤ 10 

Processed 

food crops 
≤ 30 

Intestinal nematodes (No./l) ≤ 1 – 

pH – 6.0–9.0 

ND = not detected; FC = fecal coliform; TSS = total suspended solids. 1 The most stringent 

verification monitoring level, which refer to what has previously been referred to as effluent 

guideline levels, for each irrigation type and arithmetic mean value. (a) No recommendation. 

Table 6: WHO minimum recommendations of microbial performance targets for reuse of 
wastewater in agriculture (Jeong et al., 2016). 

Type of Irrigation E.coli (cfu/100ml) 

(Arithmetic Mean) 

Helminth Eggs (No./l) 

(Arithmetic Mean) 

Unrestricted 1 

Root crops (a) ≤ 103  

Leaf crops (b) ≤ 104 ≤ 1 

Drip irrigation, low growing crops ≤ 103  

Drip irrigation, high growing crops (c) ≤ 105 – (d) 

Restricted 2 

Labor-intensive, high-contact agriculture ≤ 104 ≤ 1 

Highly mechanized agriculture ≤ 105 ≤ 1 

Pathogen removal in a septic tank ≤ 106 ≤ 1 
1 Use the treated wastewater for growing crops that are eaten raw. 2 Use the treated wastewater for 

growing crops that are not eaten raw. (a) Crops that may be eaten uncooked. (b) Vegetables eaten 

uncooked such as lettuce and cabbage. (c) Crops such as fruit trees and olives. (d) No 

recommendation. 



20 
 

2.5 Activated Carbon 

Activated carbon (AC) is a porous and heterogeneous material which adsorbs high quantities of 

contaminants from water. Its structure comprises of crystallites with random orientation, which 

are bonded with tetragonal carbon cross links. The pores are present in the voids and distance 

between the crystallites. The capability of AC to adsorb high quantities of contaminants depends 

on its large surface area and porous structure (Chen, 2015).   

As per IUPAC (International Union of Pure and Applied Chemistry), the pores in AC are 

categorized as micropores (pores < 20Å), mesopores (pores from 20Å–500Å), and macropores 

(pores > 500Å). The micropores provides AC a large surface area and the capability to adsorb 

smaller molecules. Whereas, macropores contribute less to adsorption due to less specific surface 

area, but are crucial for molecular access to micropore regions (Chen, 2015).   

The chemical nature of AC depends on the material used and the process of activation for its 

production. Usually, 5-20% by weight of AC consist of non-carbon elements, with surface bound 

oxygen and metal being the main components. The functional groups containing surface oxygen 

occur at the edges and crosslinks of crystallites, making the edge atoms approximately 20 times 

more reactive than carbon’s basal plane. The hydroxyl, carboxylic, quinone and lactone groups 

exist on the surface of AC (Chen, 2015).  

In the 1920s, the AC was initially used for controlling the taste and odor in drinking water 

treatment. In addition to the taste and odor control, AC has also been commonly used for the 

removal of organic compounds of health concern since the implementation of the Safe Drinking 

Water Act. Activated carbon can be produced by several carbonaceous raw materials, such as 

coconut shell, coal, sawdust, peat, hardwoods etc. The AC is prepared from these raw material and 

activated either by a chemical agent (e.g. phosphoric acid) or stream of activating gas (e.g. CO2). 

The pore structure of AC depends on the raw material used, type of activating agent, time and 

temperature of the activation process (Chen, 2015).  

The AC used in this study was produced from coconut shell waste. Coconut shell activated carbon 

is not only capable of removing suspended solids, turbidity, iron, total organic carbon wide range 

of pesticides but also BOD and COD, whereas sand’s contribution towards the removal of BOD 

and COD is negligible (Ratnoji and Singh, 2014). Moreover, the production of high amount of 
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coconut shell waste in the Dhofar region in Oman, makes coconut shell based AC a cheaper and 

sustainable material for filtration in Oman as waste could be utilized that would otherwise be 

dumped (Joaquin et al., 2015). 

2.5.1 Production of Activated Carbon: 

Chemical activation process is commonly used for the production of AC as it is easier and require 

less time and low temperature. Therefore, the AC used in this study has been produced using the 

same process. This process basically activates the carbon using activating chemical solutions, such 

calcium chloride, zinc chloride and sodium chloride (Joaquin et al., 2015). 

The coconut shell waste is first cleaned with tap water to eradicate dirt and sand present in it. Then 

the washed shells are dried in sun for 2-5 days and later on crushed to reduce the size. The smaller 

pieces are carbonized for 15 mins at 400℃ and then activated at 500℃ using ZnCl2 for two to 

three hours. The sample is then brought out of the muffle furnace and cooled in a desiccator. It is 

then washed several times with distilled water until the desired pH range is attained. The product 

is then dried for 24 hours in an oven at 105℃ (Bernard et al., 2013).  

2.5.2 Properties of Activated Carbon: 

The properties of activated carbon used in this study are given in Table 7: 

Table 7: Physical and chemical properties of activated carbon. 

Physical Properties Chemical Properties 

Appearance: Dark grey/black  Type: Charcoal 

Size: 1x3 mm Solubility: Negligible 

Specific Gravity: 0.22-0.32  (water, oil) pH: 4.0-6.0 

Pour Point: 2150℃ Microtox: Not applicable 

Flash Point: Not flammable  
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Chapter 3: Methodology 

3.1 Study Location 

The study was conducted at the mosque located in the campus of MEC, connecting academic and 

administrative buildings and hostels. There are total four places for performing ablution, two for 

females and two for males. The ablution water is discharged directly through drainage pipes into 

the sewage system where it mixes with municipal wastewater. As Oman is facing water challenges, 

it would be good to conserve the water resources by recycling and reusing ablution greywater for 

various non-portable application in the campus.  

3.2 Ablution Greywater Sampling 

Raw ablution greywater was collected from the areas assigned to perform ablution ritual and was 

immediately transferred to the storage tank connected to the filter for treatment. While collecting 

it was ensured that the ablution greywater was not mixed with the greywater from other sources. 

Samples of ablution greywater before and after treatment were collected in a high density 

polyethylene bottle for chemical analysis and in a sterile sample bottle for microbiological testing, 

as shown in Figure 2, which were stored at 4℃ before laboratory analysis. During the filtration 

period, five before and after treatment samples were collected, one each day, to investigate the 

quality of treated ablution water and efficiency of the system.  

 

Figure 2: Before and after treatment samples of ablution greywater. 



23 
 

3.3 Treatment Unit 

The treatment system involved a multimedia filter consisting of silica sand and activated carbon 

(extracted from coconut shell), as illustrated in Figure 3. Silica sand and activated carbon were 

purchased from Amar Sayeed Abdullah Trading LLC and Stability Line Trading LLC, 

respectively.  

 

Figure 3: Multimedia filter 

The multimedia filter was used to remove pollutants and improve the quality of ablution greywater 

so as to reuse it for toilet flushing or irrigation purposes. A cylindrical shaped filter made of fibre 

reinforced plastic (FRP) was adopted in this study with the height of 1.37 m and diameter of 0.25 

m. In the experimental setup, a storage tank filled with ablution greywater was connected with the 

filter (Figure 4). A pump connected to the effluent tube of storage tank pushed ablution greywater 

to the filtration tank to perform filtration. Filtration was carried out at a flow rate of 0.125 m3/h for 

7 days.  
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Figure 4: Ablution water treatment unit. 

3.4 Analytical Methods 

Different lab test were performed at the Global Laboratories and Testing LLC to analyze the 

quality of ablution greywater before and after treatment and to investigate the efficiency of the 

treatment system. Table 8 shows the standard methods for the examination of water and 

wastewater that were used in this study to perform the analysis: 

Table 8: Standard Methods for the Examination of Water and Wastewater prescribed by American 
Public Health Association (APHA). 

Tests Test Methods 

pH APHA 4500 H+ 

Turbidity APHA 2130 B 

Total Dissolved Solids dried @ 180℃ (TDS) APHA 2540 C 
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Total Suspended Solids (TSS) APHA 2540 D 

Biological Oxygen Demand (BOD5) APHA 5210 B 

Chlorides (Cl) APHA 4500 Cl B 

Calcium (Ca) APHA 3500 Ca B 

Magnesium (Mg) APHA 3500 Mg B 

Nitrate (NO3) APHA 4500 NO3 B 

Sodium (Na) APHA 3500 Na B 

Potassium (K) APHA 3500 K B 

Total Sulphates (SO4
-2)  APHA 4500 SO4

-2 E 

E.coli APHA 9222 D 
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Chapter 4: Results & Discussions 

4.1 Variation in the Quality of Ablution Greywater with Time 

The quality of greywater varies between sources and with time, and needs to be treated before 

reuse. Prathapar et al. (2005) compared the data from previous studies with the Omani guidelines 

for reusing treated wastewater and reported that the quality of greywater not only varies with the 

source of generation but also with time. The last study conducted on the quality of ablution 

greywater in Oman was by Prathapar et al. (2006), and since then no further studies on the quality 

and treatment of ablution water are reported.  

The water quality parameters of ablution greywater collected from MEC mosque are presented in 

Table 9; moreover, these results are compared with the quality of ablution greywater reported by 

Prathapar et al. (2004) and Prathapar et al. (2006) in Oman. On comparing a significant increase 

is observed in the concentration of total dissolved solids (TDS), chlorides (Cl) and sodium (Na) 

from 2004/2005 to 2019.  The highest concentration of TDS was reported in 2004 with 132 mg/l 

which considerably rose to 536.8 mg/l in 2019. Similarly, an increase of 199.5 mg/l and 126.5 

mg/l can be seen in the concentrations of Cl and Na from 2005 to 2019, respectively.  However, a 

significant decline from 58-61 mg/l to 1.35 mg/l is observed in the concentration of biological 

oxygen demand (BOD5). Turbidity also reduced from 12.6-51 NTU in 2004/2005 to 5.06 NTU in 

2019. Moreover, E.coli bacteria was totally absent in the current samples when a concentration 

ranging from 110 MPN/100 ml to greater than 200 MPN/100 ml was found in the ablution 

greywater in the years 2004 and 2005. These results depicts that the quality of ablution greywater 

significantly changed with time, hence supporting the fact presented by Prathapar et al. (2005) on 

the variation of greywater’s quality with time. Therefore, it is considered important to monitor the 

quality of ablution greywater and update the treatment systems with time. 

Table 9: Comparison of ablution greywater quality from the current study with previous studies. 

Year 2004 2004 2005 2019 

Parameter Unit SQU Al Hail South Al Hail South MEC 

Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

pH  7.10 0.24 7 1.39 7.20 0.16 7.39 0.08 
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BOD5 mg/l  61 22 58 38 - - 1.35 0.27 

TSS mg/l 25 22 34 15 9.39 8.20 35.5 16 

TDS mg/l 120 19 132 28 121 6.86 536.8 51.7 

Turbidity NTU 34 17 51 36 12.6 4.20 5.06 2.24 

Cl mg/l - - - - 11.46 3.14 211 20.4 

Ca mg/l - - - - 19.13 1.50 23.38 10.5 

Mg mg/l - - - - 0.39 0.05 2.8 2.21 

Na mg/l - - - - 9.54 1.80 136 14.9 

K mg/l - - - - 4.76 0.39 15.9 4.6 

SO4
-2  mg/l - - - - 10.79 8.27 6 1.86 

E. Coli. 

- 

110 

MPN 

/100 ml 

214 15 

MPN/100 

ml 

40 >200 

MPN/100 

ml 

- 

Absent 

CFU/100

ml 

- 

 

4.2 Quality of Raw Ablution Greywater 

Ablution greywater samples were collected daily from mosque located at the MEC campus during 

summer 2019, for a period of 5 days. The quality of ablution water was analyzed in terms of pH, 

BOD5, TSS, TDS, turbidity, NO3, Cl, Na, Mg, K, Ca, SO4
-2, and E.coli. The data on the quality of 

ablution water as opposed to the permissible concentration level for all parameters based on Omani 

guidelines is presented in Table 10. The comparison of results on the quality of ablution water at 

MEC mosque with the Omani standards for reuse of wastewater shows that pH, BOD5, TDS, NO3, 

Cl, Na, Mg, K, Ca, SO4
-2, and E.coli of the generated ablution water are under the permissible 

limits and can be used for irrigation and toilet flushing. But, the concentration of TSS exceeded 

the allowable limits provided by standard A1 and A2.  

The Omani standard for reuse of wastewater set by MD 145/1993 does not define the permissible 

limit for turbidity. Similarly, many countries do not have a standard for turbidity and define limit 

for TSS only. However, it is very important to define maximum allowable limit for turbidity as it 

can have a negative influence on the performance of irrigation facility, and can reduce soil’s 

hydraulic conductivity which leads to the contamination of soil surface through surface flow. 
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Therefore, a maximum allowable limit of 2 NTU or 5 NTU set by US EPA and Saudi Standards 

respectively, can be adopted for reuse of treated greywater for irrigation purposes (Jeong et al., 

2016). Consequently, as per the standards, it can be concluded that the quality of ablution water in 

terms of TSS and turbidity is not acceptable for reuse and require treatment before reuse.  

In 2005, when Prathapar et al. (2006) determined the characteristics of ablution water from Al Hail 

South mosque in Oman, he found the quality of ablution water in terms pH, COD, EC, TSS and 

TDS acceptable for reuse; however, the concentration of BOD5, Coliform and E.coli exceeded the 

permissible limits. In current study, the E.coli was totally absent in the ablution water, BOD5 was 

way below the acceptable limit and TSS exceeded the permissible limits, hence showing a totally 

opposite scenario as compared to the quality of ablution water back in 2005 in Oman. This also 

implies that the considerations for designing a treatment system changes with time as the quality 

of ablution water varies significantly.   

Table 10: Comparison of ablution greywater quality with Omani standards as per RD 115/2001 

and MD 145/1993 in Oman. 

Parameter Unit MEC Standard A1 Standard A2 Acceptable 

Mean S.D. 

pH  7.39 0.08 6-9 6-9 Yes 

BOD5 mg/l  1.35 0.27 15 20 Yes 

TSS mg/l 35.5 16 15 30 No 

TDS mg/l 536.8 51.7 1500 2000 Yes 

Cl mg/l 211 20.4 650 650 Yes 

NO3 mg/l 1.24 0.42 50 50 Yes 

Mg mg/l 2.8 2.21 150 150 Yes 

Na mg/l 136 14.9 200 300 Yes 

SO4
-2  mg/l 6 1.86 400 400 Yes 

Ca mg/l 23.38 10.5 NA NA  

K mg/l 15.9 4.6 NA NA  

Turbidity NTU 5.06 2.24 NA NA  
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E. Coli. 

- 

Absent 

CFU/100

ml 

- 

NA NA  

 

4.3 Quality of Treated Ablution Water 

Samples were also collected after treatment for a period of 5 days to evaluate the water quality of 

treated ablution water. Same water quality parameter, mentioned in previous heading, were 

assessed to examine the water quality. Results on the water quality of both untreated and treated 

ablution water are given in Table 11. The concentration of turbidity and TSS in ablution greywater 

was higher than the maximum permissible limits, however after treatment the average value of 

TSS and turbidity reduced to 2.86 mg/l and 1.48 NTU respectively, which are acceptable for 

irrigation and toilet flushing purposes. Other parameters which were acceptable even before 

treatment such as, BOD5, TDS, Cl, Na and K also reduced after treatment. Moreover, the 

concentration of Cl significantly reduced from 211 mg/l to 170.6 mg/l after treatment.  The E.coli 

bacteria was absent in ablution water before and after the treatment.  

After treatment the concentration of Mg, Ca, NO3 and SO4
-2 increased. Despite increasing, the 

concentration of these chemical contaminants remained well below the maximum permissible 

levels. Furthermore, pH of the ablution water also increased after treatment and slightly surpassed 

the Omani standard threshold for irrigation. The possible reason for the increase in the pH could 

be the use of coconut shell activated carbon, as the initial effluent produced from most activated 

carbon products is greater than 7. The initial spike in pH is believed to be due to the formation of 

positively charged sites on carbon during the activation process. These sites exchange anions with 

the influent water and raise the pH (Brown, 2015). This can be seen as the concentration of Cl 

(anion) also reduced after treatment. Fosso-Kankeu et al. (2017) and Mallongi et al. (2017) also 

reported increase in pH level of the water after treatment by activated carbon media. However, this 

problem can be solved by controlled oxidation of activated carbon surface which stabilize the 

effluent pH by preventing ion exchange phenomenon (Brown, 2015).  Even though the average 

pH of treated ablution water just exceeded the permissible limit by 0.1, it is necessary to adjust the 

pH before reusing it for irrigation and toilet flushing. Overall, the treated ablution greywater was 

found to be in compliance with the allowable limits of Omani wastewater reuse standards for 
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irrigation and toilet flushing. Moreover, as per WHO and USEPA guidelines, treated ablution 

greywater quality in this study is suitable for irrigation of fruit trees, fodder crops, and ornamentals. 

Table 11: Quality of ablution water before and after treatment. 

Parameter Unit Untreated Treated Standard 

A1 

Standard 

A2 

Acceptable 

Mean S.D. Mean S.D. 

pH  7.39 0.08 9.1 0.314 6-9 6-9 Yes* 

BOD5 mg/l  1.35 0.27 0.74 0.134 15 20 Yes 

TSS mg/l 35.5 16 2.86 1.29 15 30 Yes 

TDS mg/l 536.8 51.7 520 20.9 1500 2000 Yes 

Cl mg/l 211 20.4 170.6 14.6 650 650 Yes 

NO3 mg/l 1.24 0.42 2.84 0.93 50 50 Yes 

Mg mg/l 2.8 2.21 19.88 17.32 150 150 Yes 

Na mg/l 136 14.9 108.8 10.26 200 300 Yes 

SO4
-2  mg/l 6 1.86 33.56 23.36 400 400 Yes 

Ca mg/l 23.38 10.5 28.32 8.52 NA NA  

K mg/l 15.9 4.6 9.46 4.38 NA NA  

Turbidity NTU 5.06 2.24 1.48 0.85 NA NA  

E. Coli. CFU

/100

ml 

Absent - Absent - NA NA 

 

* pH adjustment is necessary  

4.4 Efficiency of Treatment Unit 

The concentration of chemical contaminants in untreated and treated ablution water, and the 

removal efficiency of the treatment system are presented in Figures 5–7. The multimedia filter 

adequately removed TSS, turbidity, K, BOD5, Na, and Cl by up to 96, 96, 61, 50, 24, and 23%, 

respectively (Figures 5(a), (b), and (d), 6 (b)–(d)). The removal efficiency of these parameters 

varied slightly with time except for Cl, Na, and K. The removal efficiency of Cl and Na dropped 

to almost 10% on 1 July; on the other hand removal efficiency for K significantly increased from 

19% on 30 June to 61% on 1 July and then slightly varied with time.  
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The filter achieved the removal efficiency of up to 14% for TDS, which then slightly fluctuated 

until 2 July before the concentration increased on 3 July by up to 8% (Figure 5(c)). Similarly, the 

change in the concentration of Ca in treated water fluctuated considerably with time; the filter 

removed the concentration up to 8% at one point and also increased the concentration of Ca by up 

to 44% (Figure 6(a)).  

 

Figure 5: The concentration of TSS, turbidity, TDS and BOD5 in untreated and treated ablution 

water, and the removal efficiency of the treatment unit. 
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Figure 6: The concentration of Ca, Cl, K and Na in untreated and treated ablution water, and the 

removal efficiency of the treatment unit. 

The concentration of SO4
-2 and Mg significantly increased by up to 92% and 99%, respectively. 

The percent increase in the concentration of SO4
-2 and Mg started reducing with time, however on 

2 July the concentration of SO4
-2 considerably increased again (Figure 7 (b) and (c)). The 

concentration of NO3 increased after treatment, but the percent increase in the concentration also 

started reducing with time (Figure 7 (d)). Al-Zu’bi et al. (2015) and Parthapar et al. (2006) also 

reported increase in the concentration of Na, Mg, Ca, carbonates, sulphates, chlorides and nitrate 

after treating ablution greywater. The possible reason for the increase in the concentration of Mg, 

SO4
-2 and NO3 could be the ion exchange phenomenon that occur in activated carbon, which 

resulted in the reduction of high quantities of Cl and increase in SO4
-2 and NO3, and decrease in 

the concentration of Na with the increase in Mg after treatment. Moreover, the pH of ablution 

water increased after treatment. The efficiency for pH slightly increased at first then remained 

steady with time (Figure 7 (a)).  
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Figure 7: The concentration of Mg, SO4
2-, NO3 and pH in untreated and treated ablution water, 

and the removal efficiency of the treatment unit. 

Usually the efficiency of greywater treatment system is assessed by their removal efficiencies of 

chemical and microbial contaminants that are of environmental and health concerns, and whether 

the treated greywater’s quality is in compliance with local and/or international standards. The 

multimedia filter used in this study proved to be efficient in treating ablution greywater produced 

at MEC mosque. Despite being decreased (TSS, turbidity, K, BOD5, Na, and Cl) or increased (SO4
-

2, NO3, and Mg) or fluctuated (Ca and TDS), the concentration of chemical contaminants in treated 

ablution water remained far below the acceptable limits set by Omani standards for reuse of 

wastewater. However, the pH slightly exceeded the permissible limit and, therefore needs to be 

adjusted before reusing the treated water for irrigation and toilet flushing purposes. 
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4.5 Cost of Treatment Unit, Water Saving Potential & Financial Benefit 

4.5.1 Cost of Treatment Unit: 

The adoption of potential technology for treating greywater is based on its technical, social and 

economic feasibility. In Oman, most of the greywater (including ablution water) is presently 

transferred to the government owned sewage treatment plants. The water treated in these plants is 

used for irrigating road pavement gardens and public parks. The financial viability of small-scale 

treatment units to reuse water must be clear in order to set them up. It is easy to close nutrient and 

water loops using small-scale treatment units, hence improving the sustainability of sanitation 

systems. These systems also offers an alternative solution to large-scale centrally managed 

infrastructures. Adopting them reduce the incoming water and amount of sewage generated which 

in turn saves money by decreasing the cost of sewage treatment plant. However, greywater 

treatment system also requires extra capital investment, operational and maintenance expenses, 

thus an effective treatment system based on the quality and quantity of greywater must be designed 

and adopted which is also financially feasible (Prathapar et al., 2006).  

The greywater systems that are available commercially are very expensive considering the 

condition at MEC mosque. The quality of ablution greywater indicates that a simple treatment is 

required to reuse the greywater for irrigation and toilet flushing purposes. Consequently, a low 

cost treatment system has been designed, constructed and operated in this study depending on the 

quality and quantity of the ablution greywater produced.  

The capital cost and operation and maintenance cost of the treatment system are presented in Table 

12. The total cost of setting up the filter is 309 OMR (approximately 803 USD) which is much less 

than the commercially available greywater treatment systems, as the approximate cost of treatment 

system with similar capacity (3 m3/d) is 9000 USD (Prathapar et al. 2006). The reason behind the 

low cost is the way the treatment system is designed and constructed. The treatment system is 

specifically designed for the ablution greywater at MEC mosque, targeting the quality and quantity 

of ablution water produced. Moreover, the use of locally available materials such as sand, activated 

carbon and water storage tanks further reduced the cost of treatment system.  



35 
 

Table 12: Capital, operational and maintenance cost of treatment unit. 

Items Estimated Cost (OMR) 

Capital Cost 

Fabrication of filter, plumbing & labor 120 

Filter material 45 

Two water pump 64 

Two water storage tank 80 

Total capital cost 309 

Operational & Maintenance Cost 

Electricity per year 20 

Maintenance per year 60 

Total O&M cost 80 

 
4.5.2 Water Savings & Financial Benefits: 

Usually the amount of water saving resulted by using a greywater treatment system are not equal 

to the amount of greywater collected or treated, rather they are equal to the amount of water savings 

achieved by the user. For example, in a shower to toilet greywater treatment system at a house, 

mostly the volume of greywater produced from shower is way more than the volume of water used 

for flushing toilet. This useful example makes it quite clear that the water savings basically relates 

to the amount of water saved, not the volume of greywater treated (Gauley, 2017). However, this 

study intends to use the treated greywater for toilet flushing and irrigation at MEC College where 

more than 5000 student study, hence huge amount of water goes into toilet flushing. Therefore, 

this study calculates the water savings as the amount of greywater treated, because it is assumed 

as per the observation that treated greywater produced will be completely reused daily.  

The quantity of ablution greywater generated at the MEC mosque was estimated by monitoring 

the quantity of water used by per person per ablution and the number of worshippers per week 

(Suratkon et al., 2014). The average quantity of water required by a person for performing a single 

ablution was found to be 6 litres by monitoring a number of worshippers at the mosque at several 

prayer times in a day. Whereas, the number of worshippers vary from a small number to several 

hundred in a day based on the working and lecture schedules at the college. As the college is closed 
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on Friday and Saturday, therefore no worshippers arrives on these days. Similarly, as the college 

open at 7 am the mosque is empty at the fajr time. The survey outcome on the number of 

worshippers for a week is summarized in Table 13.    

Table 13: Number of worshipper per week at MEC mosque. 

Days Prayer times Total 

Zuhar Asar Magrib Isha 

Sunday 180 200 110 60 550 

Monday 200 210 95 55 560 

Tuesday 180 210 100 60 550 

Wednesday 210 190 90 55 545 

Thursday 140 160 70 50 420 

Total worshippers for a week 2,625 

Based on the information obtained from the survey (Table 13), the ablution greywater produced 

for the whole month is estimated as: 

Number of worshippers per week x 4 weeks x volume of ablution water used by per person  

= (2625 persons/week) x (4 weeks) x (6 litres/person) 

= 63,000 litres  

= 63 m3/month 

= 16642.8 gallons/month 

Therefore, on average 2.863 m3 of ablution greywater is produced per day at the MEC mosque. As 

the ablution greywater is less contaminated, it is a waste to discharge the greywater instead of 

recycling it. Recycling ablution greywater at each mosque can bring immense long-term water 

conservation benefits and cost savings, especially when the freshwater reserves are depleting. The 

financial benefit for the designed filter is calculated as follows (Gauley, 2017): 

(Volume of water saving x Volumetric water rate) – O&M cost/year 

= [(16642.8 x 12) x (0.003)] – 80  

= 599.14 – 80 

= 519.14 OMR/year 
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* According to Public Authority of Electricity and Water (PAEW) (2017), the price for one gallon 

of water in Oman is 0.003 baisa for commercial business. 

Therefore, it can be seen that the designed treatment system for MEC mosque can save 63 m3 of 

water per month and can also provide financial benefit by saving 519.14 OMR (approximately 

1348.48 USD) yearly. As in the next twenty years, the demand for water in Oman is expected to 

increase by more than 50%, and thus an effective water management and conservation strategy is 

required. In this situation, implementing this system in 13,000 mosques present in Oman can save 

huge amount of water and cost. This will also be a huge step towards reducing the deficit of 390 

MCM between replenishment and consumption which the country accommodates by 

overexploiting groundwater reserves. With the increase in water scarcity, overloading of sewage 

plants and more stringent environmental regulations, it is very important to justify the economic 

feasibility of a technology to promote greywater reuse. Therefore, a careful detailed analysis of 

the technology, as presented in this study, must be conducted to prove the economic viability of 

these systems. 
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Chapter 5: Conclusion 

Ablution greywater being less contaminated provides an alternative source of water for irrigation 

and toilet flushing purposes. Instead of discharging ablution greywater in to the municipal sewage 

system in Oman, treating it at source with a simple system will not only conserves water but will 

also save the cost of treating the greywater in expensive treatment systems. Moreover, the huge 

availability of coconut shell waste in Dhofar region makes the availability of coconut shell based 

activated carbon easier and cheaper in Oman. In this study, the quality of ablution greywater was 

monitored in Oman on daily basis for a period of 5 days, and a sustainable multimedia (sand and 

activated carbon) filter for its treatment was designed.  

Results show that the quality of ablution greywater in terms of pH, BOD5, TDS, NO3, Cl, Na, Mg, 

K, Ca, SO4
-2, and E.coli was acceptable for reuse as per the Omani standards, however the TSS 

and turbidity exceeded the permissible limits. After comparing the quality of ablution greywater 

with the past studies in Oman, this study concluded that the characteristics of ablution greywater 

significantly change with time and, therefore it is necessary to continuously monitor the quality of 

greywater and update treatment systems with time.  

The water quality analyses show that the designed treatment system was effective in treating 

ablution greywater in Oman for irrigation and toilet flushing purposes. The concentration of 

chemical contaminants in treated ablution water remained far below the acceptable limits set by 

Omani standards for reuse of wastewater. However, the pH slightly exceeded the permissible limit 

and, therefore needs to be adjusted before reusing the treated water for irrigation and toilet flushing 

purposes. Furthermore, as per WHO and USEPA guidelines, treated ablution greywater quality in 

this study is suitable for irrigation of fruit trees, fodder crops, and ornamentals. Lastly, this study 

concluded that the designed treatment system could save 63 m3 of water monthly at MEC mosque, 

and can provide a yearly financial benefit of 519.14 OMR (approximately 1348.48 USD). 
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ABSTRACT 

 
 
 The purpose of this project is to develop a hardware model for Automated Diabetic Retinopathy Screening 

System to classify the Diabetic Retinopathy at an early stage using Deep Learning Convolutional Neural 

Networks (CNN) algorithm. Initially Matlab has been used to classify the DR and later deep learning 

algorithm Imagenet CNN model has been used because of its capacity to outperform other algorithms 

with high accuracy for diagnosis. Since the Deep Learning algorithms require huge volume of data to 

learn the pattern, the publically available KAGGLE dataset has been used to train and validate the model. 

The output of the model has been given into the hardware component Raspberry pi to classify the Diabetic 

Retinopathy.  KAGGLE dataset consist of 35126 images with a majority of images from normal category. 

90% of the images from this dataset has been used for training and 10% of images has been used for 

validation. The model has been achieved a training accuracy of 99.87, training loss of 0.0033, validation 

accuracy of 95.34 and validation loss of 0.1012. The output received from the trained CNN model has 

been given as an input into hardware component Raspberry pi 3, having operating system Raspbian, 

centos, fedora, ubuntu mate, window 10. It has CPU of 1.2 GHz 64/32 bit quad core ARM cortex-A53. 

Memory is 1 GB LPDDR2 RAM at 900 MHz also having micro SDHC slot. Flask app was used to have 

a web application framework and it is installed in raspberry pi. 43 images were selected for testing of 

different levels of DR. The probability value of each image was calculated for the classification of the 

images. The system has been tested for different types of classifications and achieved an accuracy of 

86.6% - No DR, Mild 62.5%, moderate 66.6%, severe 57.1% and PDR with 42.8%. This system would 

reduce the time, effort and cost incurred for the diagnosis and classification of diabetic retinopathy. The 

extended version of the hardware output of this project even could be installed like an ATM machines. 

The accuracy also can be improved by training the system with more number of images.   

 

 

 

 

 

 

 



v  

TABLE OF CONTENT 

DECLARATION ............................................................................................................................. ii 

ACKNOWLEDGMENT................................................................................................................. iii 

ABSTRACT .................................................................................................................................... iv  

1. INTRODUCTION .............................................................................................................. 6 

2. LITERATURE REVIEW/ THEORY  ............................................................................... 8 

3. DATASET ……………………………………………………………………………….10 

4. DESIGN AND  IMPLEMENTATION WITH RESULT ................................................ 11 

4.1 MATLAB 

4.2 CNN 

4.3 HARDWARE IMPLEMENTATION IN RASPBERRY PIE 

5.  CRITICAL EVALUATION ............................................................................................ 21 

6. LEGAL, SOCIAL, ETHICAL AND SUSTAINABILITY ASPECTS …………….…...22 

7. FUTURE WORK ………………………………………………………………………..…24 

8. CONCLUSION ................................................................................................................ 24 

  PUBLICATIONS ……………………………………………………………………….25 

              REFERENCES  …………………………………………………………………………26 

 APPENDIX  ………………………………………………………………………..                    



6  

 

1. INTRODUCTION 
 

The modern life pattern have changed the routine lifestyle of people of Oman. Due to Lack of physical 

activity, poor dietary choices, lack of sleep, excessive use of digital devices are some of the parameters 

which affects the internal body functionality and this might cause the development of diabetes and other 

chronic diseases. Diabetes can lead to many other complications like kidney failure, Nerve damage, 

cardiovascular disease etc., and diabetic retinopathy is one among them [1]. Worldwide ophthalmologists 

are challenged by the quick increase in the prevalence of diabetes.  

 

Diabetic Retinopathy is a progressive ocular disease which affects the retinal blood vessels of light 

sensitive tissue. It generally affects the diabetic patients with high range of blood level glucose. The 

disease advance from mild to severe diabetic retinopathy. It is generally asymptotic in nature, if not 

diagnosed and treated in the early stage it can even lead to blindness. If diagnosed at the early stage, it is 

possible to prevent the blindness [2].   

 

Most of the people are not aware about the diabetic impairments, especially in the rural areas, due to lack 

of awareness or accessibility for health services. So, it is very much required to have Automatic Diabetic 

Retinopathy screening system to identify the patients who need referral to an ophthalmologist for further 

treatment to reduce the risk of progression towards blindness. This automatic screening system could be 

able to handle by an optometrist to check for the presence of diabetic retinopathy. This would reduce the 

time of Ophthalmologist 

 

1.1 Background of Project: 

The rationale of proposing this project is that, at present there is no automated mass screening system 

available in Oman to detect Diabetic retinopathy. Ophthalmologist use bio-microscopes or dilation method 

to evaluate the anterior segment of eyes with the help of +90 D lens and examine the retina for diabetic 

retinopathy changes.  

 

The proposed system is intended to implement an automated diabetic retinopathy screening system using 

deep learning algorithms to classify the level of diabetic retinopathy. Once they are diagnosed the presence 

of diabetic retinopathy through this automated system, they would be advised to have a consultation with 

an ophthalmologist for further treatment. This screening process would not only reduce the time, effort 

and cost incurred for the diagnosis of diabetic retinopathy but also life threatening blindness. 
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1.2 Project Objectives: 

 The objectives of this proposal are:  

 
1. Analyze on the existing research algorithms to know the current level of sensitivity and 

specificity for providing better accuracy for detection of diabetic retinopathy. 
 

2. Develop an Automated Diabetic Retinopathy Screening System to diagnose the Diabetic 
Retinopathy stage through deep learning algorithms using publically available databases and by 
collecting the real time data from various hospitals of Oman 

 
3. Develop a hardware model for the detection of Diabetic retinopathy using Raspberry pi to 

improve the accuracy by collecting the real time data from various hospitals of Oman as well as 
through publically available databases. 

 
4. Compare the sensitivity and specificity with existing algorithms. 

 
5. To reduce the blindness through early detection of diabetic retinopathy which works on the 

principle –prevention is better than cure. 
 

6. Conduct screening mechanism and direct the patient to ophthalmologist for further treatment. 
 

7. Reduce the time taken by an ophthalmologist to screen for the diabetic retinopathy. 
 

8. Reduce the cost and effort for screening the diabetic retinopathy for the people of Oman 
 

9. Reduce the possibility of surgery and cure the disease through oral medicine if detected at an 
early stage. 
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2. LITERATURE REVIEW/ THEORY 

 
Diabetes mellitus is one of the most challenging challenges in the world for the 21st century and it’s a 

chronic and complex disease that affects a large number of people. Diabetes is a chronic disorder that 

causes the body to be unable to use energy from its food sources because of lack of the insulin hormone 

that is responsible for enhancing the ability of cells to absorb glucose to produce energy. Symptoms of 

diabetes begin to appear and develop gradually in diabetes patients such as frequent urination, weight 

loss, nausea and vomiting, excessive thirst and appetite, and slow healing wounds. 

 

Diabetic retinopathy can be categorized into two main types which are non-proliferative retinopathy 

(NPDR) and proliferative retinopathy (PDR). The most common type is NPDR and is caused by fluid 

leakage to the retina or clogged blood vessels, whereas the second type is caused by the abnormal growth 

of new blood vessels and bleeding or rupture [3].  

 

Artificial intelligence (AI) is one of modern technique that would act as a useful and auxiliary technical 

for diabetic retinopathy screening and providing diagnostic support but cannot replace the role of 

physicians in clinical diagnosis [4]. Li et al. [5] conclude in their study that AI based DLA can be used 

with high accuracy to detect DR in retinal images. They state also that artificial intelligence technology 

has an ability to increase the efficiency of screening diabetic retinopathy. 

 

Deep learning (DL) is a bourgeoning technology of machine learning that occurred in 2000s and has 

revolutionized the AI world. DL method is a leading technology with many potential applications in 

ophthalmology [6]. 

 

Gardner et al [7] used a CNN in their work to detect the features of DR in retinal images. The model was 

trained on 147 images that impacted by diabetes and 32 normal retinal images. They were able to detect 

diabetic retinopathy with a sensitivity of 88.4% and a specificity of 83.5%. 

 

Hazim Johari et al [8] used Alexnet deep learning neural network on retinal images for DR detection by 

using availability public MESSIDOR database. They demonstrated that Alexnet layers is the perfect layer 

for deep learning. Their project achieved accuracy of 99.3% for training and 88.3% for the testing set.   

 

Raspberry pi is used for image quality enhancement of retinal images [30]. Raspberry pi based system 

can be considered as a low cost standalone system capable of performing predefined task effectively. 
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Imayan and Chinnusamy proposed support vector machine based approach to classify fundus images to 

normal or presence abnormalities (microaneurysm, hemorrhage or exudates).with Raspberry pi [31]. 

  

 Table 1 gives detailed description of various studies conducted in diabetic retinopathy with sensitivity 

and specificity. 

Table 1: Analysis of existing algorithms with sensitivity and specificity 
S.No Authors Year Dataset Method Sensitivity Specificity Accuracy 

1 N. Chakrabarty [9] 2019 High Resolution Fundus (HRF) 

Image Database 

CNN 100% - 100% 

2 D. Hemanth [10] 2019 MESSIDOR CNN 94% 98% 97% 

3 Leeza et.al [12] 2019 - SVM,CNN 95.92% 98.90% - 

4 R. Sahoo [13] 2019 STARE,DRIVE,DIARETDB1,DI

ARETDB0 

Wavelet  95.87% 96.2% 95.72% 

5 Z. Li et al [5] 2018 Real Images CNN 92.5% 98.5% - 

6 B. Hijazi [14] 2018 Messidor-2 CNN 99.0% 87% - 

7 M. Hazim Johari [8] 2018 Messidor Alexnet CNN - - Training 

99.3%,Test 

– 88.3% 

8 N. Ramachandran [18] 2017 Otago database and Messidor 

international database 

DL 84.6% 79.7%  

9 K. Xu [19] 2017 Kaggle DL - - 94.5% 

10 S. Sayed [20] 2017 Real Images SVM,PNN - - 90% -SVM 

80%-PNN 

11 A. Rakhlin [21] 2017 Kaggle CNN 99% 71% - 

12 M. Bhaskaranand [22] 2016 EYEPACS  90% 63.2%  

13 M. Abràmoff [23] 2016 Messidor-2 DL Enhanced 

Algorithm 

96.8% 87%  

14 Chandrakumar T [16] 2016 KAGGLE,DRIVE,STARE DCNN - - 94 

15 H. Pratt [24] 2016 KAGGLE CNN 95%  75 

16 V. Gulshan [25] 2016 EYEPACS,MESSIDOR DNN 97.5% 93.9%  

17 K. Kansal [26] 2016 HEI-MED Hybrid 98.7% 93.4%  
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3. DATASET 

 Data collection is one of the most important stages of building a successful project. We have used the   

following publicly available dataset to train and test the network.  

  
3.1 Kaggle dataset   
 
Kaggle.com is the largest online community in the world for machine learning engineers which owned by 

Google LLC. and it has thousands of publicly available datasets that are free to download.   

 

In this work, we have used the largest publically available database of diabetic retinopathy with a large 

set of   retinal images taken under a variety of imaging conditions on a scale of 0 to 4 sponsored by the 

California Healthcare Foundation. A left and right field is provided for every subject. Images are labeled 

with a unique id as well as either left or right (e.g. 1_left.jpeg is the left eye of patient id 1). The dataset 

contains various modalities of images like artifacts, out of focus, too bright, and too dark images. The 

csv file available along with trained images with a classification of 0-4 according to the stages of DR. 

Table 2 gives the detailed information about the different types of images available and the number of 

images available in Kaggle DR Dataset. Kaggle dataset has the 73.84% of normal images (ie) No DR, 

26.16% from DR category with different level as mentioned in the table 2.  

 

The below table and figure 1 gives the detailed information about the different types of images available 

in Kaggle which have been used to build this model. 

Table 2:  Publically avail be dataset – Kaggle 

DR Grade Grade Name Total Images 

0 Normal 25810 

1 Mild NPDR 2443 

2 Moderate NPDR 5292 

3 Severe NPDR 873 

4 Proliferative DR 708 

    
Figure 1 – Graphical representation of Kaggle Dataset 

 
Kaggle: Diabetic Retinopathy detection. https://www.kaggle.com/c/diabetic retinopathy-detection, (2015) 

https://www.kaggle.com/c/diabetic
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4. DESIGN AND  IMPLEMENTATION WITH RESULT 
 

4.1 Preliminary implementation – DR detection using Matlab 

4.1.1 Dataset 

In this work, two image databases have been used namely STARE and DRIVE. The former 

database comprises the quantity of over 20 retinal fundus images, out of that 10 of the images are 

having pathological cases. A digital camera named TopCon TRV-50 is used for capturing the 

image at the field view of 350. The captured images should be with 700 x 605 pixel dimensions 

with 24 bits. The images in STARE are segmented manually where the pixels are named as non-

vessel or vessel by two observers. The second observer has labelled the thin vessels, whereas the 

images labelled by first observer are considered to be the ground truth data and further taken for 

performance evaluation. This database doesn’t have ROI masks.  
 

The DRIVE database comprises of 40 retinal images where seven of them are different. A digital 

camera named Canon CR5 3CCD non mydriatic is used for capturing the images at the field view 

of 450. The pixel dimensions would be 768 x 584 pixels along with 24 bits. Here, the images have 

been categorized as training and testing parts. Each of the part has 20 images where these images 

have the respective ROI region masks. The primary stage of every image processing is getting 

input, which can be termed as image acquisition stage. It is the process of digitizing and storing 

the required image. 

 

 4.1.2 Implementation 

Due to the wide scalable nature of the data sets and large number of image sources, these images 

are often considered as the artifacts which are not diagnostically applicable. In order to maintain 

the difficulties of these image variations and to standardize the image, image preprocessing step 

has to be followed. Initially, the images’ pixel values should be scaled to the value in the range of 

0 to 1. Then these scaled images are downsized to a standardized resolution of 512 x 512 pixel 

dimensions. This can be done by cropping the inner circle of the retina and placing it into a square. 

As scaling resizes the digital image, it is considered to be the remarkable process in image 

processing technology. Upon considering the vector based graphical images, the basic image should 

be resized using the geometrical alterations, without compromising the quality of the image. When 

considering Raster graphical image, a robust fresh image should be generated with lower or higher 

quantity of pixels. If the number of pixels are scaled down, then the image might lose its quality. 
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Thus the scaling of image is important in maintaining the image quality. It will enable the image 

segmentation by segmenting the retinal disorders of the given set of images. 

Figure 2 details about the steps involved for the detection of DR. 
 

 
Figure 2 – Block diagram for the detection of DR using Matlab 

   4.1.3 Result 

The performance of the proposed method has been evaluated using various performance 

measures namely accuracy, sensitivity, specificity. These measures can be expressed 

mathematically as follows,  

   Sensitivity = TP / TP + FN           (1)  

Specificity = TN / TN + FP           (2)  

Accuracy   = TP + TN / TP + TN + FP + FN      (3)  

The performance evaluation of the proposed methodology has been recorded and represented in 

table 1.  
Table 3. Approximation of Accuracy for Hemorrhage 

Statistical measures Values 
Included test number 50 
Max 9 
Min 4 
Mean 7.1 
Median 7 
Mode 8 
Std Dev 1.4 

 
 

About 70% of detection accuracy was observed for hemorrhage in testing phase. 

Another test conducted was based on correlation results for a test case is shown in Table 4. 
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Table 4. Correlation Analysis  

  Micro aneurysm Exudates Hemorrhage Optical 
Disk  

Micro 
aneurysm 

1 0.502538 0.394738 0.594011 

Exudates 0.502538 1 0.286269 0.63674 
Hemorrhage 0.394738 0.286269 1 0.446716 
Optical Disk  0.594011 0.63674 0.446716 1 

 

Correlation analysis shows high correlation to corresponding category from a test image. The test 

images with correlation coefficient was tested with the software and results are compared with the 

assistance of an ophthalmologist. The accuracy of detecting NPDR and PDR was found to be 80%.  

4.2  Classification of DR using Convolutional Neural Network(CNN) 

4.2.1 Building CNN Model – Imagenet 

 

Figure 3 – Flow diagram for the Classification of DR using CNN 

Convolutional Neural Network (CNN) is a popular architecture used for image classification in 

Deep learning. CNN has chosen because it recognize patterns available from a pixel images with 

visual patterns directly from pixel images with minimal preprocessing. ImageNet CNN used in 

this project has got 5 convolutional layer, 1 global average pooling layer, one dropout layer, and 

one dense layer.  The feature extraction has been done using the convolutional neural network 

and classification is done with fully connected and softmax layers.  Figure 3 shows the block 

diagram of the proposed model. 

To build this model, the convolutional layers were stacked first that extract features from input 

images and then followed by pooling layers to reduce the dimensionality of each feature map to 

keep only the significant features. To avoid overfitting, the Dropout layer is also included. Flatting 

layer then added which connected to the fully connected-layer. Flatten layer create a single long 
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feature vector in order to input it to the next layer “Fully Connected-Layer”. Fully Connected-

Layer followed by dense layers with dropouts to perform the classification based on extracted 

features by convolutional layers. 

4.2.2 Training    

Figure 4 shows the general structural of ImageNet model used for this project.  

 

Figure 4 – Flow diagram for the Classification of DR using CNN 

 

For training the network, the dataset was portioned into 90:10 for training and validation 

respectively. The model followed simple workflow. Since it is a four-class classification problem, 

the model used ‘categorical cross entropy’ as loss function and also used ‘Adam optimizer’ to 

train the network. The model was run for 100 epochs with a batch size of 5.  

 

Convolution layer - This layer applies the convolution operation on an image with a defined stride 

and padding. 

Pooling layer - This layer is used for reducing the dimensionality of feature maps by defining a 

mask and an operation to be performed, then moving the mask on the whole image according to 

the stride defined. No weights are learnt in this layer. 

Fully Connected layer - Traditional neural layers, used at the end stem of the neural network. 

Used rarely these days due to the staggering amount of parameters it uses. 

Dropout layer - Used for reducing over-fitting. It randomly turns off some neurons at each pass 

during the training. 

Batch Normalization - Normalizes the output values thus reducing computation time. Also 

introduces regularization effect.  

 

Figure 5 depicts the training and validation accuracy obtained using CNN model training. Figure 

6 shows the training accuracy of 99.87, training loss of 0.0033 and validation accuracy of 95.34, 

validation loss of 0.1012 using CNN.  
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Figure 5 – Training and validation accuracy using CNN   Figure 6 – Training and validation Loss using CNN 

 

 

4.2.3 Classification  

The last stage is classification or make predication using the trained network. Once the model is 

saved, it is loaded to make predictions. The test image has to be given as an input into the trained 

model to classify the DR. Since the dataset consists of more no DR images, the model is initially 

trained into 2 categories – one with no DR and other with all the remaining categories like Mild, 

Moderate, Sever and PDR. The images are classified into different categories depending upon the 

probabilities calculated.  

4.2.4 Result 

The results obtained from the model is shown in the following figure for different classifications. 

There are some images misclassified as normal because the number of images available for all 

the classifications are not equal. So the classification is initially separated into normal and   

another into second classification (remaining all categories). Based on the probability values the 

second category has been classified into mild, moderate, severe and proliferative.  

Figure 7,8 and 9 shows the input test image and its  corresponding classified output obtained from 

CNN 
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Figure 7: Input Mild Image and classified result   Figure 8: Input Moderate image and classified result 

 
Figure 9: Input Severe image and classified result 

This study accomplishes DL algorithms to detect and classify diabetic retinopathy. Imagenet 

Convolution neural network is mainly applied to mine the deep information of multi-layer network 

in the process of DR detection and classification. Experimental results shows that model have 

obtained very good performance during training. Testing also achieved good results with some 

misclassification due to the unavailability of more images in all categories. 

   Figure 9 shows the sensitivity and specificity of 644 images. 

 
 Figure 9: Confusion matrix of CNN 
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4.3 HARDWARE IMPLEMENTATION IN RASPBERRY PI 
4.3.1 System Design: 

The proposed work is the implementation in CNN and the hardware model for the detection of 

Diabetic retinopathy using Raspberry Pi was developed. 
 

       4.3.2 Imagenet CNN architecture 

Advantages of ImageNet CNN architecture over normal neural network is the neurons are 

arranged in 3 dimensions (Width, Height and Depth). It consists of input layer, conv layer, RELU 

layer and pooling layer, dropout layer and dense layer. Input layer holds the input pixels of three 

colors RGB. Conv layer calculate the output values with the input pixel and their weights. 

Activation function to retain the volume of the pixel. Depending of the type of pooling function 

selected it down sample the value. 5 layers of convolution layers were done for the proposed 

work. The model was then compiled. This was implemented and explained in section 4.2. 

 

The hardware to classify the DR was implemented in Raspberry pi 3 B.  It’s executed in Windows 

10 having operating system Raspbian. It has CPU of 1.2 GHz 64/32 bit quad core ARM cortex-

A53. Memory is 1 GB LPDDR2 RAM at 900 MHz also having micro SDHC slot. 

 

       4.3.3 Implementation steps 

The steps followed for the work is given below 

1. Formatting SD card 

2. Downloading Raspian buster to Raspberry Pi 

3. Download Disk imager 

4. Installation of packages 

5. CNN architecture code running in Raspberry Pi 

6. Test images given to verify the classification. 

      4.3.4 Installation of packages 

Keras 2.2.2 and tensorflow 1.113.2, imutils,opencv were installed in raspberry pi 3 using pip 

install. Python version 3.7 is used for implementing the work [19]. Inorder to install the opencv 

papckage in raspberry pi, the   packages need to be updated and upgraded followed by installing 

OS libraries. For testing, the packages numpy, cv2, matplotlib are imported. 

Supporting libraries to install for opencv; [20] 

 sudo apt-get update && sudo apt-get upgrade 

 sudo apt-get install build-essential cmake pkg-config 
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 sudo apt-get install libjpeg-dev libtiff5-dev libjasper-dev libpng12-dev 

 sudo apt-get install libavcodec-dev libavformat-dev libswscale-dev libv4l-dev 

 sudo apt-get install libxvidcore-dev libx264-dev 

 sudo apt-get install libgtk2.0-dev libgtk-3-dev 

 sudo apt-get install libatlas-base-dev gfortran 

 

      4.3.5 Training and Validation 

The trained model architecture and model weights are then loaded. Parameters of the Images 

set. For this proposed work the dimension of the image was preprocessed as 224*224*3.[21] 

The Imagent CNN architecture was used. The  GUI of DR classification system in Raspberry pi 

is shown in Figure 10.  

 
Figure 10.  ImageNet Convolutional Neural Network 

 

The layers of the ImageNet is built on which are depth wise separable filters. The depth wise 

layer used starts from 32 to 1024. Table 5 shows the parameters used for the training and 

validation phase. 90% of the total image is used for training and 10% used for validation. 100 

Epochs were set for training and 92% of accuracy was obtained at the end of training. 
 

TABLE 5:  PARAMETERS USED FOR TRAINING 

Parameters Function 

Activation SoftMax 

Pooling Global Average Pooling 

Epoch 100 

 

Prediction was then done for all the testing data once the training was done. The set of data from 

model. Predict function was used to calculate the probability. Depending on the value of the 

probability the level of DR is classified. 

Flask app was used for this proposed work to have a web application framework. This was 

installed in raspberry pi using pip install command. 
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For testing 43 images were selected of different levels of DR. Each image undergo the 

preprocessing step of resizing. The probability value of each image was calculated and the 

classified image detail is displayed on the screen. GUI was developed for an easy use of 

identification of the classified image.  

Figure 11 represents the classified image of the Mild and Proliferative category. 

 
Figure 11: Classified result of Mild and Proliferative categories respectively 

Figure 12 represents the output of the detection system for the severe and moderate category 

respectively 

 
Figure 12: Classified result of Severe and Moderate categories respectively 

  

Depending on the value of the probability the level of DR is classified. Table III represents the 

probability values for the different levels of DR. 

The range of probability values fixed for different categories of DR are listed in Table 6.  
TABLE 6:  PARAMETERS USED FOR TRAINING 

Level Probability 
Values % 

No DR 0-50 
Mild 51-65 
Moderate 66-80 
Severe 81-90 
Proliferative >90 
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4.3.6 Performance Evaluation 

To test the DR category, the probability of the input image is calculated, and the level of the DR 

is classified using the above table. 

Performance of the proposed work for 43 test images of different levels are appended in Table 7 

 

    TABLE 7:  PERFORMANCE EVALUATION 

Level Number of 
images 

Accurately 
classified 

Accuracy% 

No DR 15 13 86.6% 
Mild 8 5 62.5% 
Moderate 6 4 66.6% 
Severe 7 4 57.1% 
Proliferative 7 3 42.8% 

 

From the table 7, it is noticed that the accuracy% of No DR is high when compared to other 

level because more training images are available on NO DR category as mentioned in Table 2.   
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5.  CRITICAL EVALUATION 
 

A preliminary study was conducted in MATLAB using statistical method to classify the DR and NO DR 

cases. This analysis largely depend on the accuracy of the detection of Micro aneurysm, Exudates, 

Haemorrhage and Optical Disk. But the method is insufficient to classify the level of DR due to the 

complexity of image features under various disease categories.  

 

Images available in KAGGLE are used in CNN architecture an improved algorithm to classify 5 different 

categories of DR. Imagenet CNN consists of input layer, conv layer, RELU layer and pooling layer, 

dropout layer and dense layer. The computing power requirement of CNN to train the network with large 

dataset was a challenge to arrive at reliable model. The computing extensive scheme require 

approximately 100 Hrs for an x 64 base processor with 32GB RAM. 

 

KAGGLE has large number of data sets for NoDR cases, but availability of other DR categories in data 

bases is another stumbling block during the training phase of network. Another issue with publically 

available data sets is the resolution and illumination levels of the image. More sophisticated camera and 

image acquiring setup is required to create an improved dataset. 
 

Due to the pandemic situation, the team could not conduct screening mechanism as well as the acquiring 

of images belonging to different DR types in Oman to improve the data base. Once the training phase 

completed, the model can be saved to test new images. After the training phase the system model can be 

saved as a model in an SD card with attached to Raspberry pi –B board.  This model was run in Raspberry 

pi 3, having operating system Raspbian,  windows 10. It has CPU of 1.2 GHz 64/32 bit quad core ARM 

cortex-A53. Memory is 1 GB LPDDR2 RAM at 900 MHz also having micro SDHC slot. 

   

This makes a low cost system possible and add to the usefulness of the system. Particularly Raspberry pi 

based systems with trained model can be made available at different health clinics to make screening of 

DR easy and inexpensive. The cloud based design of Raspbian OS was done in the system 

implementation using a GUI developed in flask application. Development of cloud based system can be 

considered as a future expansion scheme. 
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6.  LEGAL, SOCIAL, ETHICAL AND SUSTAINABILITY ASPECTS   

  This section describes about the legal, social, ethical and sustainability aspects related to this project. 

6.1 Legal aspects: 

 This project has been implemented using the open source softwares like python, tensor flow using the 

publically available Kaggle dataset. Proper acknowledgement has been provided where ever required. 

Due to the pandemic situation, the screening mechanism as well as the acquiring of images from different 

hospitals of Oman datasets could not be completed.  Since being a publically available datasets has been 

used the there is no concern on the patient privacy aspects. So there is no violation of legal aspects in this 

project.  

  

6.2 Social aspects: 

Patients with vision threatening issues due to diabetic retinopathy may have some social and emotional 

stress. Due to the stress there may have some negative impact on the diabetes control this might increase 

the progression of DR. This system would help the screening of diabetic retinopathy for a large sample 

of images with less time and cost. 

 

 6.3 Ethical aspects: 

This project followed the ethical rules by acknowledging all the sources taken, related to literature 

information as well as the images.  The results shown in this project is verified with a doctor.   

 

6.4 Sustainability aspects: 

Sustainability is one of the most important aspects ever because the project has been developed more 

accurately and easily. It is important for any project to have this aspect. This project is the classification 

of DR using CNN and Raspberry Pi. 

 

The sustainability aspects of this project focus on the following points: 

1. The materials used for this projects are open source software as well as the Raspberry pi hardware 

component that can be plugged into TV, mouse and a keyboard.   

2. The cost and time factor involved in this project is very encouraging. Being an open source 

software the cost factor is not involved and also a variety of tools are available for Deep Learning. The 

cost of the Raspberry pi is very affordable and it is portable. So, it is ideal for any open source integration 

of hardware projects with less effort. This hardware component is compatible with different operating 
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systems like Raspbian, Linux, windows etc. It is also possible to connect onto a TV screen using HDMI 

port and audio port. 

3. The time taken to classify the image is minimal, so it is possible to implement for mass screening 

environment. 

4. It is an noninvasive mechanism to screen the DR 
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7. FUTURE WORK 
 

System can be tested with more number of images of different classifications to improve the accuracy 

achieved. Need to collect the Oman dataset to train and test the system. The accuracy can be improved 

further by training the system with more number of images with different classifications for a geographical 

area. Extend version of this can be used like an ATM machine and install in various parts of the Oman 

especially in rural areas to help the rural people to detect diabetic retinopathy at an early stage.  

 

8. CONCLUSION 

 

This project presented an early detection and classification of DR using the fundus retinal images through 

ImageNet CNN algorithm. The model created through the training of ImageNet has been used as an input 

into the Raspberry Pi for the implantation of hardware component of the early detection and classification 

of DR.  ImageNet used in this project consists of input layer, conv layer, RELU layer and pooling layer, 

dropout layer and dense layer. The model has been trained for 100 epochs with a batch size of 5.  The 

trained model received an accuracy of 86.6% - No DR, Mild -62.5%, Moderate -66.6%, Severe 57.1% 

and PDR with 42.8% using Kaggle dataset.   
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APPENDIX 

 ImageNet code 
  # Importing libraries 
 

import pandas as pd 
import numpy as np 
import os 
import cv2 
import tensorflow 
from tensorflow.keras.layers import Dense, Dropout 
from tensorflow.keras.optimizers import Adam 
from tensorflow.keras.preprocessing.image import ImageDataGenerator 
from tensorflow.keras.metrics import categorical_crossentropy 
from tensorflow.keras.models import Model 
from tensorflow.keras.callbacks import EarlyStopping, ReduceLROnPlateau, ModelCheckpoint, CSVLogger 
from tensorflow.keras.metrics import categorical_accuracy, top_k_categorical_accuracy 
from sklearn.utils import shuffle 
from sklearn.metrics import confusion_matrix 
from sklearn.model_selection import train_test_split 
from sklearn.metrics import classification_report 
from IPython.display import display 
import matplotlib.pyplot as plt 
 
# setting image params 
height = 224 
width = 224 
channels = 3 
 
# loading CSV data 
df_train = pd.read_csv('./input/train.csv') 
print("Shape of the dataset : ",df_train.shape) 
 
# train_dir 
train_dir = os.path.join(base_dir, 'train_dir') 
if not os.path.isdir(train_dir): 
    print("Creating train_dir") 
    os.mkdir(train_dir) 
 
a_0 = os.path.join(train_dir, 'a_0') 
if not os.path.isdir(a_0): 
    print("Creating a_0") 
    os.mkdir(a_0) 
b_1 = os.path.join(train_dir, 'b_1') 
if not os.path.isdir(b_1): 
    print("Creating b_1") 
    os.mkdir(b_1) 
 
# val_dir 
val_dir = os.path.join(base_dir, 'val_dir') 
if not os.path.isdir(val_dir): 
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    print("Creating val_dir") 
    os.mkdir(val_dir) 
a_0 = os.path.join(val_dir, 'a_0') 
if not os.path.isdir(a_0): 
    print("Creating a_0") 
    os.mkdir(a_0) 
b_1 = os.path.join(val_dir, 'b_1') 
if not os.path.isdir(b_1): 
    print("Creating b_1") 
    os.mkdir(b_1) 
 
# Transfer the Images into the Folders 
df_data.drop_duplicates(subset='file_name',inplace=True) 
df_data.set_index('file_name', inplace=True) 
 
train_list = list(df_train['file_name']) 
 
for i,fname in enumerate(train_list): 
    if i % 500 == 0: 
        print("%d images loaded"%i) 
     
    label = df_data.loc[fname, 'binary_target'] 
    try: 
        if label == 0: 
            sub_folder = 'a_0' 
            src = os.path.join('./input/train_images/', fname) 
            dst = os.path.join(train_dir, sub_folder, fname) 
     
            image = cv2.imread(src) 
            image = cv2.resize(image, (height, width)) 
            cv2.imwrite(dst, image) 
     
print() 
print("Total number of 0 label training images :", len(os.listdir('dataDir/train_dir/a_0'))) 
print("Total number of 1 label training images :", len(os.listdir('dataDir/train_dir/b_1'))) 
 
val_list = list(df_val['file_name']) 
for j, fname in enumerate(val_list): 
    if j % 500 == 0: 
        print("%d images loaded"%j) 
    label = df_data.loc[fname, 'binary_target'] 
    try: 
        if label == 0: 
            sub_folder = 'a_0' 
            src = os.path.join('./input/train_images', fname) 
            dst = os.path.join(val_dir, sub_folder, fname) 
     
            image = cv2.imread(src) 
            image = cv2.resize(image, (height, width)) 
            cv2.imwrite(dst, image) 
     
        if label == 1: 
            sub_folder = 'b_1' 
            src = os.path.join('./input/train_images', fname) 
            dst = os.path.join(val_dir, sub_folder, fname) 
     
            image = cv2.imread(src) 
            image = cv2.resize(image, (height, width)) 
            cv2.imwrite(dst, image) 
 
    except Exception as e: 
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        print(e) 
        pass 
print() 
print("Total number of 0 label validation images :", len(os.listdir('dataDir/val_dir/a_0'))) 
print("Total number of 1 label validation images :", len(os.listdir('dataDir/val_dir/b_1'))) 
print() 
 
# Set Up the Generators 
train_path = 'dataDir/train_dir' 
val_path = 'dataDir/val_dir' 
 
num_train_samples = len(df_train) 
num_val_samples = len(df_val) 
train_batch_size = 5 
val_batch_size = 5 
 
train_steps = np.ceil(num_train_samples / train_batch_size) 
val_steps = np.ceil(num_val_samples / val_batch_size) 
 
datagen=ImageDataGenerator(preprocessing_function= tensorflow.keras.applications.mobilenet.preprocess_input) 
train_gen= datagen.flow_from_directory(train_path, target_size=(height,width), batch_size=train_batch_size) 
 
val_gen = datagen.flow_from_directory(val_path, target_size=(height,width), batch_size=val_batch_size) 
 
# defining model 
model = model_DR() 
model.summary() 
 
print() 
print("Total number of layers in Model :", len(model.layers)) 
 
x = model.layers[-6].output 
x = Dropout(0.25)(x) 
predictions = Dense(2, activation='softmax')(x) 
models = Model(inputs=model.input, outputs=predictions) 
 
models.summary() 
 
for layer in models.layers[:-23]: 
    layer.trainable = False 
 
class_weights={ 
    0: 1.0, # Class 0 
    1: 1.0, # Class 1 
} 
 
# Train the Model 
models.compile(Adam(lr=0.01), loss='categorical_crossentropy', metrics=[categorical_accuracy]) 
 
checkpoint = ModelCheckpoint("model.h5", monitor='val_categorical_accuracy', verbose=1, save_best_only=True, 
mode='max') 
 
reduce_lr = ReduceLROnPlateau(monitor='val_categorical_accuracy', factor=0.5, patience=2, verbose=1, 
mode='max', 
                              min_lr=0.00001) 
 
early_stopper = EarlyStopping(monitor="val_categorical_accuracy", mode="max", patience=7) 
 
csv_logger = CSVLogger(filename='training_log.csv', separator=',', append=False) 
 
callbacks_list = [checkpoint, reduce_lr, early_stopper, csv_logger] 
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# Get the best epoch from the training log 
df = pd.read_csv('training_log.csv') 
 
best_acc = df['val_categorical_accuracy'].max() 
 
# display the row with the best accuracy 
print() 
display(df[df['val_categorical_accuracy'] == best_acc]) 
 
# Evaluate the model 
models.load_weights('model.h5') 
_, accuracy = models.evaluate_generator(test_gen, steps=len(df_val)) 
print('Accuracy :', accuracy) 
 
# Plot the Training Curves 
acc = history.history['categorical_accuracy'] 
val_acc = history.history['val_categorical_accuracy'] 
loss = history.history['loss'] 
val_loss = history.history['val_loss'] 
 
epochs = range(1, len(acc) + 1) 
 
plt.plot(epochs, loss, 'g', label='Training loss') 
# Confusion Matrix 
predictions = models.predict_generator(test_gen, steps=len(df_val), verbose=1) 
cm = confusion_matrix(test_gen.classes, predictions.argmax(axis=1)) 
plot_confusion_matrix(cm, ['0', '1']) 
 
# Classification Report 
y_pred = np.argmax(predictions, axis=1) 
y_true = test_gen.classes 
 
report = classification_report(y_true, y_pred, target_names=['0', '1']) 
print(report) 

 SampleTesting Code 

import numpy as np 
import matplotlib.pyplot as plt 
import cv2 
from tensorflow.keras.models import model_from_json 
import imutils 
# loading model 
model_architecture = 'CNN_Model.json' 
model_weights = 'model.h5' 
model = model_from_json(open(model_architecture).read()) 
model.load_weights(model_weights) 
# model.summary() # uncomment if you want to see the model structure 
# setting image params 
height = 224 
width = 224 
channels = 3 
path = r'C:\Users\JayaKumari\Desktop\newvessel.png' 
image = cv2.imread(path) 
#image = cv2.imread('E:\Kaggle_dataset\final\input\test_images\448c1f328542.png') 



32  

image = cv2.resize(image, (height, width)) 
results = model.predict(np.expand_dims(image, axis=0),verbose=1)[0] 
print('D-Retinopathy : {}%'.format(round(results[1]*100,2))) 

print('Normal : {}% '.format(round(results[0]*100,2))) 
text = cv2.putText(output, out, (10, 25),  cv2.FONT_HERSHEY_SIMPLEX, 0.7, color, 2) 
cv2.putText(output, "Level: {}".format(level), (10, 65),  cv2.FONT_HERSHEY_SIMPLEX, 0.7, (255, 255, 255), 2) 
plt.figure(num='Result') 
plt.title("Predicted results") 
plt.axis('off') 
plt.imshow(output) 

plt.show() 

 
Raspberry pi code 
 
 
from flask import Flask, request, render_template 
from werkzeug.utils import secure_filename 
from prediction import DR 
import cv2 
app = Flask(__name__) 
 
 
@app.route("/", methods=["POST", "GET"]) 
def predict(): 
    dr = DR() 
    if request.method == 'GET': 
        return render_template('index.html') 
    elif request.method == "POST": 
        if "button" in request.form: 
            if request.form['button'] == "Capture": 
                cam = cv2.VideoCapture(0) 
                while True: 
                    ret, frame = cam.read() 
                    org = frame.copy() 
                    cv2.putText(frame, "Press 'Esc' to close or 'c' to capture.", (10, 60), 
cv2.FONT_HERSHEY_SIMPLEX, 1, 

                                (0, 0, 255), 2) 
                    cv2.imshow("Image Capturing System", frame) 
                    if not ret: 
                        break 
                    k = cv2.waitKey(1) 
                    if k % 256 == 27: 
                        break 
                    elif k % 256 == 99: 
                        cv2.imwrite("testImage.jpg", org) 
                        break 
                cam.release() 
                cv2.destroyAllWindows() 
                name, score = dr.prediction("testImage.jpg") 
                kwargs = {'name': name, 'score': score} 
                return render_template('index2.html', **kwargs) 
        else: 
            image = request.files.get('imgup') 
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            image.save('./' + secure_filename(image.filename)) 
            img = image.filename 
            name, score = dr.prediction(img) 
            kwargs = {'name': name, 'score': score} 
            return render_template('index2.html', **kwargs) 
 
 
if __name__ == '__main__': 
    app.run() 
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