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ABSTRACT 

 

Nowadays the numbers of vehicle accidents have increased due to many visual distractions 

such as the driver is making conversation through mobile phone, texting the message, 

dialing a number to call a person, accessing internet service or using extra service on the 

mobile such as navigation system while driving. However, such behavior of the driver can 

be seen in almost all streets of the world. The behavior of using mobile phones while 

driving has a significant negative impact on the driver`s performance and is a major cause 

of accidents. Therefore, to deal with this problem a mobile phone usage preventing system 

is designed and discussed in this paper. This system basically prevents the driver to use the 

mobile phone for conversation while driving. The system activates the light and buzzer to 

inform the driver about a new incoming/outgoing call while driving. If the system detects 

the active mobile phone signal for more than 30s, the system intensify the sound level for 

some time to prevent the driver from listening to the caller and even after that the driver 

doesn’t end the call the system activates the tail light (hazard) of the vehicle after another 

30 seconds and then intensify the vehicle vibration gradually that inclines the driver to park 

the vehicle and then continue the conversation on phone. If the driver connects his/her 

mobile phone with the system via blue tooth, the system automatically sends SMS to the 

caller informing that the driver is driving a vehicle so call after some time, when system 

detects any active mobile signal in and around driver seat while driving. 
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Chapter 1 

INTRODUCTION 

The purpose of this project is to prevent the driver from using a mobile phone while driving. 

This chapter contains the project objectives, limitations of the project and overview of the 

project report. 

1.1 Background of the Project 

In recent years the number of accidents which have occurred due to usage of mobile phones 

while driving has rapidly increased. The drivers know that using communication devices 

while driving is a dangerous action, but still they use these devices while driving and put 

themselves, their families and others at risk. 

Many organizations have started looking into this problem and have made various projects 

to reduce the usage of mobile phones while driving. This project is conducted as one of the 

solution to solve this problem.   

This project aims to develop a car system to reduce the number of accidents which occur 

due to usage of mobile phones while driving and the project has many aims such as: 

1. Reduce number of accidents caused by cell phone.  

2. Decrease the significant costs to society which relate to car accidents. 

3. Save valuable human lives. 

4. Reduce the numbers of deaths due to usage of mobile phone while 

driving. 

5. Make the driver focus on the street and keep a safe distance. 

6. Avoid Road congestion which occurs due to usage mobile phone.  

The idea of the project concentrated on forcing the driver to stop the car while he is talking 

on the mobile phone. The main two parts in the project are mobile phone detector to detect 

when the driver is using a mobile phone and a switch to indicate the movement of the car. 

Generally when the driver receives any call, light and sound will be activated for some 

time to inform the driver about a new incoming call and he has to park his vehicle if he 
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wants to answer the call. If he answer the incoming call while driving, a sound will be 

created for some time to prevent the driver from listening to the caller and if the driver still 

doesn’t end the call then the tail light will switch on for some time and then intensify the 

vehicle vibration gradually that inclines the driver to park the vehicle and then continue the 

conversation on phone. 

The optional part is a mobile application that will automatically send an SMS to the caller 

to call the driver later and the driver should switch this application on when he is driving.  

1.2 Project Objectives 

There are many expected outputs to be produced when the system is ready. The main 

objectives of this project are as follows: 

1. LED and Buzzer will be activated for all incoming calls to inform the driver about 

a new incoming call and he has to park if he wants to answer the call. 

2. The system will send an SMS to the caller when the system detects an incoming 

call while the driver is driving. 

3. A loud sound will be created to prevent the driver from listening to the caller, when 

the driver uses a mobile phone while driving. 

4. The accelerator will stop working after some delay, when the driver uses a mobile 

phone while driving. 

5. The acceleration will work normally when the driver ends the call. 

6. The system will not work when the driver park the car for conversations. 

1.3 Project Limitations 

Creating a new project is not a simple and easy task that anyone can design and implement 

it. There is a possibility that many difficulties will be faced and these difficulties may take 

the project many steps backward, after rushing several steps forward.  

The idea of this project is new, so it will have some limitations such as: 

1. This system cannot prevent the driver from texting while driving. 

2. There is no wireless cutter to cut the Bluetooth connection when the driver uses a 

Bluetooth headphone while driving. 
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3. The accelerator will stop working after some time and if the driver does not park 

the vehicle in a safe place, accidents may occur. 

4. The driver should connect his phone`s Bluetooth to the car`s Bluetooth if he wants 

to use SENDSMS application to send an SMS to the caller. This application may 

make the phone battery run weak. 

These difficulties are not complicated but needs more time to manage and find appropriate 

solutions for them. 

1.4 Overview of the Project Report 

This project contains six chapters and each chapter deals with different sections. The first 

chapter will include the idea of the project, project objectives, limitations and overview of 

the project report. The second chapter will cover the methodology and the literature review 

will be covered in the third chapter. The project management, budget and schedule will be 

mentioned in Chapter Four. Chapter Five will be more technical because it will contain the 

system block diagram as well as a flow chart. It will also contain technical requirements 

like software and hardware requirements, actual circuit diagram and system analysis and 

design. The last chapter will discuss the Conclusion.  

 

 

 

 

 

 

 

 

Chapter 2 
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METHODOLOGY 

The methodology chosen for this project contains five phases that are initiation, planning, 

design, testing and implantation.  

 Methodology is a very important part in the project report because it shows the planning 

of each task and describes how each task is going to be done. 

Figure 2.1 shows the methodology chosen for this project contains five phases that are 

initiation, planning, design, testing and implementation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Methodology 

Before starting the project, many previous projects were searched on the internet and many 

sources were looked at to find new ideas or to improve any prior project. Then an effort 
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was made to think about some real problems in life and find solutions to those problems. 

One of the problems which was found, is using mobile phones while driving.  

 “Muscat:A staggering 10,229 traffic offences involving the use of mobile phones while 

driving were registered last year, the Royal Oman Police (ROP) announced this week. 

Although the use of mobile phones while driving is not among the principal causes of 

dangerous accidents on Oman's road, it is a significant contributor, said authorities. Citing 

studies, the ROP report noted that mobile phone-use – whether involving voice calls, or 

the reading or texting of messages – diminishes the concentration and alertness of the 

driver, thereby endangering the safety of road users.”(Gulf News,2010) 

Based on the above ROP report some solutions to solve this problem were suggested. The 

first suggestion is to reduce the speed of the car immediately when the driver answers any 

incoming call. However, that could be too dangerous and to improve this idea it was 

decided to add some new actions such as make some delay in stopping accelerator and 

make a system in the car that would sync with the driver`s phone and when the driver 

receives any call, the system sends an SMS to the caller to call the driver after some time. 

Collection of information was initially done from different sources such as internet, 

magazines, books, interviews of employees in some engineering companies, etc. It was 

found there was need to learn about some software like UART, Microcontroller, Bluetooth, 

and Visual basic. Then a plan to learn about this software was made before the 

implementation phase.  

 Block diagrams and flow charts were made in the planning phase to make the idea clear 

and to understand the workflow of the system.   

In the designing phase the circuit diagram, required equipment, writing the program 

algorithm and circuit analysis was done first and then combine the software and hardware 

components together. 

 

 

Chapter 3 
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LITERATURE REVIEW/THEORY 

Using mobile phones while driving is a behavior that can be seen in all streets of the world. 

The behavior of using mobile phones has negative impact on the driver`s performance. 

This is the case when texting, dialing a number to call any person, accessing internet 

service, as well as using extra service on the mobile such as navigation system. 

Using the cell phone while driving has rapidly increased in the last six years and every year 

thousands of people die and are injure as a result of using mobile phones behind the wheels. 

“Statistics issued by the Royal Oman Police show 2,840 violations of mobile phone usage 

while driving in the first quarter of 2010 – that’s approximately 30 violations recorded 

every single day of the first three months of the year. A survey conducted by The German 

University of Technology in Oman (GUtech) last year found 50 per cent of drivers in Oman 

talk on mobile phones while at the wheel.”( The week, 2010) 

Many studies assume that using headphone or Bluetooth technology may reduce the impact 

of this problem but according to the interview with Ali Hassan Al Amamari, police officer 

in Qurm, " using of headphone while driving has more effect on the driver`s performance 

because their hands will be free to move and that increases their reaction which will affect 

the vehicle control immediately" 

 

 

 

 

 

 

The boxes in the pictures show how the use of mobile phones while driving affect the 

driver`s visual scanning and attention. Drivers who are texting or talking on the mobile 

phone are not able to see all the objects on both sides of the road whether the right the side 

or left side.   

Figure 3.1.The driver is not using a hand-free 

cell phone. (National Safety Council, 2010) 

 

Figure 3.2 The driver is using a hand-free 

cell phone.(National Safety Council,2010) 
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“Governors Highway Safety Association believes that, when on the road, all drivers should 

not text message, use cell phones or other electronic devices, computers or other distracting 

devices except to report a crash to emergency responders. If a driver must use such devices 

to make a call or report an emergency, the driver should first stop in a parking lot or other 

protected area.”(GHSA, 2013 ) 

Therefore many projects and surveys have been done related to usage of mobile phone 

while driving. These projects have been conducted to reduce the effect of using mobile 

phones behind the wheels. Here are some examples of project that have been done. 

“Sprint’s Drive First Application. Available in third quarter 2011 for Android smart phones 

for $2 per month, Sprint’s exclusive Drive First application disables some of the phone’s 

functionality when a driving situation is detected, locking the driver’s cell phone screen 

and redirecting calls to voice mail, while allowing access to three key contacts and three 

mobile applications, such as GPS navigation or music apps. It also blocks text message 

alerts and auto-responds to the message sender that the driver is currently unavailable. The 

system gives business administrators online access to configure Drive First for employees’ 

mobile devices.”( Automotive Fleet Magazine, 2011) 

Sprint's Drive First Application is an application that used to close the screen of the phone 

while driving and it allow the driver to used only three application. 

 

 

 

 

 

 

This project is completely software that means it is optional and does not force the driver 

to download it in the cellular device and use it.  This application rains the cell battery fast 

because the GPS should be on all the time. The application features may not suit to the 

Figure 3.3 Sprint's Drive First Application. 

(Automotive Fleet Magazine, 2011) 
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driver to use it or to download it and therefore this application may not help to minimize 

the usage of mobile phone while driving.  

This is an excellent application but it has some drawbacks, such as: 

1. It allows the driver to access three key contacts, and this may be somewhat 

dangerous. 

2. Most drivers use their phone while driving to determine their places by the 

navigation system and this application allows them to use this system and 

that may distract their attention while driving. 

Another publication by Caldwell. K has mentioned in telegraph web site, a review of the 

black box that used is to cut off the calls and turn off the radio by using intelligent 

windscreen wipers.  

Black Box is good project work on elimination of all things that would reduce the driver`s 

distraction and increased driver’s attention. Black box (telematics) is working to cut all 

calls coming to the driver`s phone, as it works to turn off the radio. (Caldwell. K ,2014 ) 

In spite of the huge success that the project has achieved it has some drawbacks and the 

main disadvantage that it is implementation requires a high cost. Moreover this project 

prevents the driver from using the mobile phone in an emergency situation, such as an 

accident or some other.  

Quick D has presented a new system to prevent the driver from using mobile phone inside 

the car. The system depends on using a jammer inside the car to block all incoming calls 

or SMS to the driver`s phone and other passengers phone. (Quick D, 2012) 

This project is fairly good, but it contains many disadvantages. The jammer in this case 

will prevent the signal from accessing the driver`s phone and other passenger phones and 

that means they cannot used the mobile phone in emergency situation. 

 Barth S has been talked about a device that is similar to the speed cameras. This device 

can detect if the driver used mobile phone while driving in highway. If the driver used 

mobile phone, the device will take a photo and it will send the information to the system. 

The information then will be processed to see whether the driver was the person how talks 

on the mobile phone or the person how is stay in the second seat. (Barth S, 2015)   

http://www.telegraph.co.uk/journalists/kyle-caldwell/
http://www.telegraph.co.uk/journalists/kyle-caldwell/
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It is high quality system and useful for the society. This system can solve the problem of 

used mobile phone while driving, but it took a long time to be install in different reign 

across the country and the implementation of this project is very complex as well as it 

require expensive component to achieve the desired function.  

ORIGOSafe is another project was made to reduce the mobile phone usage while driving. 

The idea of the project is to make the car work only when the driver inserts his phone in 

the ORIGOSafe otherwise the car will not work. “The device charges the phone and only 

allows a driver to make and receive calls via Bluetooth. The phone can be removed while 

driving, but it will trigger an alarm and alert a system administrator, such as a parent or 

manager. Consequentially, that user will be locked out of the system and unable to start the 

car on a subsequent trip. Only a system administrator will be able to unlock that 

feature."(Dnews ,2013 ) 

The ORIGOSafe is good project may contribute to solve the problem of using mobile 

phone while driving somewhat. The problem is that, the driver may have more than one 

smart phone. In this case the driver will insert one of these mobile phone in the ORIGOSafe 

to switch the car on and he will used other mobile while driving. Therefore there is no 

significance on install this project in the car.  

There are many projects that were made in order to reduce the problems of using a mobile 

phone while driving. But the number of accidents has rises every day due to used mobile 

phone while driving. Therefore this problem should be solved to reduce the effect of used 

mobile phone behind the wheels.  

This project was done to solve the problem of using mobile phone while driving and the 

idea of this project is as follows: 

The idea of the project concentrated on forcing the driver to stop the car while he talking 

on the mobile phone. The main two parts in the project are mobile phone detector to detect 

when the driver is using mobile phone and switch to indicate the movement of the car. 

There are many actions will be performed at different time to prevent the driver from using 

mobile phone while driving. First when the driver received any call sound and light will be 

switch on for some time to inform the driver that, he has new call and he has to stop his 

vehicle if he wants to answer the call. After more time if the mobile phone detector circuit 
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still detect active mobile signal and the car is moving, a loud sound will be created to 

prevent the driver from listening to the caller. Afterward if still the car is moving and driver 

talk on the phone tail light will be switched on for some time because the accelerator will 

stop working and the vehicle speed will be reduced. 

Actually there are two options that can be used to detect mobile phones signal. First option 

is to use mobile phone detector circuit. Mobile phone detector circuit is used to detect an 

active mobile signal and when it will detect any signal, it will send this signal to the 

microcontroller to perform the others operation. The second options is to used an 

application that should be install in the driver phone`s. This application can be made by 

using Android studio or y using Eclipse program. “In the context of computing, Eclipse is 

an integrated development environment (IDE) for developing applications using the Java 

programming language and other programming languages such as C/C++, Python, PERL, 

Ruby etc.’(Eclipse integrated development environment ,`n d`).  

 This application allows the driver to connect his mobile phone with the car`s Bluetooth. 

When the driver receives any call, the application will start sending SMS to the GSM 

modem to perform other function. 

Based on the availability of components, mobile phone detector circuit was chosen for this 

project rather than an Eclipse application.   

Generally when the car is moving and the driver receives any call, signals will be sending 

from mobile phone detector circuit to microcontroller. Then microcontroller will switch 

LED and buzzer to inform the driver about new incoming calls.  If the driver does not 

answer the incoming call, the application in the driver phone will send SMS to the caller 

to call the driver later. If the driver answers the incoming call buzzer will be switch on to 

generate loud sound for few seconds and if the driver still doesn’t end the call after more 

seconds the system will switch the tail light on and the accelerator will stop working until 

the driver end the call or park the car. 

All these functions will be active when using PIC16F887 Microcontroller. It is generally 

used for most applications because of this feature. It is a high quality chip with low cost. It 
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is available in all electronic markets. PIC16F887 used to control various processes at one 

time and it is used to measure different values.   

This project can be improved by used some technology such as image processing 

technology. “Image processing is a method to convert an image into digital form and 

perform some operations on it, in order to get an enhanced image or to extract some useful 

information from it. It is a type of signal dispensation in which input is image, like video 

frame or photograph and output may be image or characteristics associated with that image. 

“(Engineers Garage,2012) 

This process can be used to detect if the driver is using a mobile phone while driving and 

to detect if the car is moving or not rather than used sensor and electronic to detect that 

actions. This technology can reduce the cost of the project as well as increase it is quality.  

 

 

 

 

 

 

 

 

 

 

 

Chapter 4 

BUDGETING AND PROJECT MANAGEMENT 

This chapter includes the cost estimation for all components that will be used to implement 

this project, time planning and the risk management. 
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4.1 Project Budget 

            The following table contains the cost estimation for all tools that will be used to 

build the project circuit. 

 

 

 Mont

h 1 

Mont

h 2 

Mont

h 3 

Mont

h 4 

Mont

h 5 

Mont

h 6 

Mont

h 7 

Cost  

Local Travel and 

Transport Costs. 

Middle east college and 

Surrounds (Al-Hail, and 

Al-Mawalh)  

 

50 

OR 

 

50 

OR 

 

50 

OR 

 

50 

OR 

 

50 

OR 

 

50  

OR 

 

50 

OR 

 

350 

OR 

Use of Institute 

Facilities( function 

generator, ammeter 

,voltmeter  , oscillator, 

LCD)    

40 

OR 

40 

OR 

40 

OR 

40 

OR 

40 

OR 

40 

OR 

40 

OR 

280 

OR 

Hostel  70 

OR 

70 

OR 

70 

OR 

70 

OR 

70 

OR 

70 

OR 

70  

OR 

490 

OR 

Component. 

(LCD, PIC, Buzzer, 

Resisters, wire, relay, 

Battery, Switch, 

Transistor, ...) 

20 

OR 

20 

OR 

20 

OR 

20 

OR 

20 

OR 

30 

OR 

70 

OR 

200 

OR 

Miscellaneous 40 

OR 

40 

OR 

40 

OR 

40 

OR 

40 

OR 

40 

OR 

40 

OR 

280 

OR 

Total   1600 

OR 

Table4.1 project budget 
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4.2 Project Schedule 

Project schedule is template that used to make time line for the project. It is create to 

overview the project tasks with details.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3 Risk Management 

“Risk management is the continuing process to identify, analyze, evaluate, and treat loss 

exposures and monitor risk control and financial resources to mitigate the adverse effects 

of loss” (Marquette University, 2014) Thus the risk management will be used in this project 

Figure 4.1.Project Schedule 

Figure 4.2. Project Gantt chart  
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to define and recognize the risks that may occur in this project as well as manage those 

risks to reduce its impacts.  

The following points are example of the risk that have been faced during the project: 

1. The time required to submit this project was not enough to learn about many 

software programs such as Microcontrollers, visual basic and ext. These programs 

are very important to have enough experience and knowledge about how the project 

will be done 

This risk can be avoided by joining the course of Microcontrollers, visual basic and 

ext before planning the project. By this the time can be utilized for some other task. 

2. Defining the topic for the project is not an easy task because many projects have 

already been done in this area. Also, the project objective requires more knowledge 

to make sure if it is possible to do it or not. 

One of the suggested solutions is to take enough time to think about a new idea for 

the project and search different resources. There is no point in waiting after the idea 

is selected, so it is better to check if it is possible to do or not, as well as checking 

the availability of resources.  

3. The internet is the only source that provides wide information related to any 

electronic project as there are not enough books, magazines, etc that can provide   

this information. This problem can be solved by borrowing some books from any 

college of university as well as order some of these book from the library that 

provides this kind of resources.     

During the testing phase some of the objectives were not been met due to mistake 

in selecting the proper component. One suggestions to avoid this problem is reading 

a lot of the information about the component functions as well as reading the data 

sheet before using it..  

Chapter 5 
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DESIGN AND ANALYSIS 

This chapter content many things such as: system block diagram, flowchart, hardware and 

software requirements, actual circuit diagram and system design and analysis. 

5.1System Initial Design 

5.1.1System Block Diagram  

 

 

 

 

 

 

As shown in Figure 5.1, mobile phone signal detector to detect the mobile phone signal in 

and around the driver seat and output of the limit switch which is connected with the hand 

brake of the vehicle are interfaced with the microcontroller as inputs. LED to indicate 

mobile signal detection, LCD to display time and status of action taken by the system, tail 

light of the vehicle to inform other vehicles for possible hazard, buzzers to create the sound 

upon detection of mobile signal as well as to prevent the driver from listening to the caller 

and injector to produce vibration in the vehicle are connected to the output of the 

microcontroller. In this system, PIC16f887 microcontroller is used because its features suits 

to the system requirement. 

 

 

 

 

Figure 5.1 System block diagram  
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5.1.2 System Flow chart  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2 System flowchart 

 

The flowchart is graphical representation of the system workflow. This flowchart used to 

organize and manage the system output.  The above flowchart shows the overall project 

operations. 
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5.2 Technical Requirements 

5.2.1Hardware components  

 This project can be by use software and hardware component. Here are list of  hardware 

components which will be used it to complete this project: 

1. PIC16f887 

It is small chip work as computer. It has memory, CUP, input and output port. This 

chip used to perform specific purpose such as home application, laptop, industrial 

equipments, Toys and almost all the electronic device. There are various types of 

microcontrollers such as: PIC, Intel 8051, Motorola, Atmel, MIPS and etc. There 

are different types of microcontroller and each type of microcontroller can be used 

depend on the complexity of the application.  

PIC16f887 has 40 pins, 35 of these pins are input and output ports. This chip has 

8K ROM memory and it operate at frequency range between 0-20 MHz.   The 

voltage require to switch this chip is between 2v to 5.5v.   

 

 

 

 

 

 

 

 

IC16f887 consist of many components such as  

1. Oscillator 

2. Input/ output ports  

3. Memory  

4. Timer 

5. Analog to digital converter. 

6. Power supply 

Figure 5.3 .PIC16F887 Microcontroller (MikroElektronika ,n. d) 
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7. Serial communications  

8. CPU                                                                    

9. PWM output steering control 

 

 

 

 

 

 

 

 

 

 

 
Table4.3PIC16F887 Microcontroller (MikroElektronika ,n. d) 

Table4.2. PIC16F887 Microcontroller (MikroElektronika ,n. d) 
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2. LCD  

Liquid crystal display is electronic device that can be used in many different 

applications. It made from liquid crystal and it used to display around one or two line 

depend on the size of LCD. It used in many devices such as fax, clocks, TV receiver, 

etc.  

Table4.4. PIC16F887 Microcontroller (MikroElektronika ,n. d) 
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A16x2 LCD from it is size it used to show 16 characters in each line and there is to two  

Line. This LCD contains 16 pins that are shown in the below LCD shape 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. LM324 

It is a small IC that used as amplifier, oscillator and rectifier. It consists of 14 pins and it 

contains four different amplifiers. Each amplifier contains two inputs and one output. The 

Figure 5.5.A16x2 LCD (Engineers Garage 2012) 

Table5.3lists of Pin description of LCD (Engineers Garage 2012) 
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LM324 require only one input source that is connected to pin 4 and it require one reference 

source that connected to pin 11.  

LM324 specification: 

 It requires 3-32 voltage to work. 

 The minimum power supply current that can be used is 0.8mA.  

 The minimum output current from each amplifier is 10mA.  

 The maximum voltage gain is 100000.  

 The output current from Vcc to output in is between 5mA to 8mA. 

 The typical gain bandwidth product is 1.2MHz. 

 The minimum operating temperature is 0°C where the maximum operating 

temperature is 70°C. 

 The Maximum Dual Supply Voltage is ±16v. 

 The Minimum Dual Supply 

Voltage is ±1.5V. 

Figure 5.7 shows the pins diagram 

of LM324  

 

 

 

 

4. Arduino  

Arduino is a device for making small computers that can be used for several purpose such 

controlling and senescing. It is an open source that has widely used in many applications. 

It is compensation of the software and hard ware part. " Arduino can be used to develop 

interactive objects, taking inputs from a variety of switches or sensors, and controlling a 

variety of lights, motors, and other physical outputs. Arduino projects can be stand-alone, 

or they can communicate with software running on your computer (e.g. Flash, Processing, 

MaxMSP.) The boards can be assembled by hand or purchased preassembled; the open-

Figure 5.7 LM324 pins diagram (Engineers Garage). 

2012) 
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source IDE can be downloaded for free. The Arduino programming language is an 

implementation of Wiring, a similar physical computing platform, which is based on the 

Processing multimedia programming environment. "( Arduino , 2015 ) 

The following are some specifications of the Arduino: 

 It used ATmega328 microcontroller. 

 The Operating Voltage is 5Vand the recommended input voltage is 7-12 V. 

 The DC current for 3.3V Pin is 50 mA and DC Current per I/O Pin is 40 mA. 

 

 

 

 

 

 

6.2.2 Software components   

There are many software programs that will be used to complete this project such as  

1. MiKroEleKtronika  

It is very useful program that used in many electronic devices. This program 

used to test and simulate the code before transfer it the chip. 

Microcontroller will be used in this project to perform the following operation: 

 Join all the circuits to be work as one single circuit. 

 It have clock, so it will be used to make some delay and 

organize the time of each objective. 

2. Eclipse  

“In the context of computing, Eclipse is an integrated development 

environment (IDE) for developing applications using the Java programming 

language and other programming languages such as C/C++, Python, PERL, 

Figure 5.8  Funduino Uno R3 (Wikimedia Commons 2014). 
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Ruby etc.The Eclipse platform which provides the foundation for the Eclipse 

IDE is composed of plug-ins and is designed to be extensible using additional 

plug-ins. Developed using Java, the Eclipse platform can be used to develop 

rich client applications, integrated development environments and other tools. 

Eclipse can be used as an IDE for any programming language for which a plug-

in is available.”(Eclipsedepartment, n. d) 

This program will be used to make an application that will sync the driver`s 

Bluetooth with the car Bluetooth to send SMS to the caller. 

3. ISIS program  

It is application that used for simulation and design electronic circuit. It 

used to test the circuit before the actual connection is done. It widely used 

for connect and design electronic circuit and it used to simulate some 

microcontroller type such as PIC. 

In this project ISIS will be used to simulate the project circuit before the 

actual connection. 

5.3 Schematic Diagram 

 

 

 

 

 

 

 

 

 

 

Figure 5.6 Schematic diagram  

 



24 

 

 

The main component in this circuit is microcontroller chip. The PIC16f887 is widely used 

in many applications. This chip has 40 pins which can be used later to add any new feature 

to this project or to improve it. The mobile phone detector circuit is connected to pin 

number 23 and the limited switch is connected to pin 8. 

 The mobile phone detector circuit is consists of three main parts that are LM324, Arduino 

and PIC 16f628. LM324 is used as amplifier and it consist from 14pins. Pin number 4 is 

connected to VCC and pin number 11 is connected to ground. Antenna is connected to pin 

2 and it is used to catch the mobile phone frequency which then amplified by LM324. The 

amplified signal then is send to the PIC 16f628 which is used to indicate the state of the 

call and give a stable reading to the Arduino. After the PIC 16f628 received signal from 

lm324, it will send the amplified signal to the Arduino. Arduino is used to give a smooth 

reading when there is a call and  the frequency hope from one value to another and then  it   

send the state of signal to PIC 16f887. 

In PIC16f887 pin number 15 is used to switch the LED inside the vehicle to inform the 

driver to park the vehicle on one side to respond to the incoming call and the resistor is 

used to reduce the current passing through the LED. Pin number 19 is used to switch the 

buzzer on inside the car. The buzzer is connected between the collector of the transistor 

and the positive voltage. The transistor is used in this case as a switch. The base of the 

transistor is connected to the chip, whereas the emitter is connected to the ground. When 

there is no power across the base, the transistor acts as an open switch and the buzzer will 

not work because the circuit is incomplete. When there is power across the base, the 

transistor acts as a closed switch and the buzzer will work because circuit is complete 

between VCC and ground. Therefore when the PIC16f887 received any signal from the 

mobile phone detector and sensor, the light and sound will be activated for some time.  

According to the code, after sometime, if the driver still talks on the phone, the signal will 

be sent to the buzzer which is connected to pin number 3 to create a sound for some time 

to prevent the driver from listening to the caller. And if the driver still doesn’t end the call 

then the tail lights which are connected in pin numbers 20, 21, 22 and 27 will be switched 

on for some seconds. Theses light are connected in parallel because when any light get 
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damaged, it will not affect the other light. These lights are connected in series with the 

resistor that is used to reduce the current and this resistor can be connected before or after 

these LED. After that the accelerator which is connected to pin number 2 will stop working. 

Relay is used as an electromagnetic switch and it cannot be connected directly to pin 2 of 

PIC16f887 because relay require50 mA to 100 mA current to work and PIC16f887 only 

produce 25mA. Therefore transistor has been use as driving circuit. When pin 2 of PIC 

16f887 goes high the transistor turn on and it pass the current to relay which then will stop 

the accelerator working,  that will force the driver to park the car and then continue the 

conversation on phone. 
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5.4 System Design & Analysis 

 

 

 

 

 

 

 

The circuit of project systemis connected in ISIS program to be test before the actual 

connection is done. This circuit will not work because there is no code inside the chip and 

when the code will be install inside the chip the circuit will work fine.  

To ensure that the circuit is work finds, it better to be divide in to small circuit and analyze  

each part alone.   

Firstly, Pin number 15 is used to switch the LED on when there is any call. The 

microcontroller requires 5V to be switch on and LED need only 2V. When the 

microcontroller receive signal, 5v will be send to pin number 15 and to reduce this voltage 

resistor should be used.  

It is Known that the voltage require to switch the LED is between 1.9v~2.1v and suit 

current between 10mA to 20mA. 

Therefore the suit resistor can be defined by the following calculation  

Figure5.7 System diagram in ISIS 
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V PIC16f887=5V, V LED=2V, Imin=10mA , Imax=20mA 
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From the calculation the selective resistor should be between 150 ohm and 300 ohm. In 

this circuit it is preferred to select 15mA and the suit resister is 200~220. 

 

(220 ohm is available in market). 

 

 

 

 

 

 Form the above circuit the LED is connecting in series with 220 ohm. The  button is used 

as replacement of microcontroller, when the button is closed that mean the microcontroller 

send 5 voltto pin 15 where this circuit is connected and therefore the LED will switch on.  

The simulation shows that the circuit work fine.  

 

 

 

 

When the button is open that mean the microcontroller send 0 volt to pin 15 therefore the 

LED is off. 
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Figure 5.8 . LED switches on when it is connect to Vcc. 

Figure 5.9. LED switches off when it is connect to Vcc. 
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Secondly, Pins number 20, 21, 22 and 27 are used to switch the tail light of car on when 

there is any call. The microcontroller requires 5V to be switch on and LED need only 2V. 

When the microcontroller receive signal, 5v will be send to these pins to reduce this voltage 

resistor should be used.  
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So thesuit resistor in this case should be between 50 ohm to 100ohm. And it is better to 

choose the maximum (100 ohm) value because of the parallel connections.  

 

 

 

 

Form the above circuit the LED are all connecting in parallel and then it connect in series 

with 100 ohm resistor. The   button is used as replacement of microcontroller, when the 

button is open that mean the microcontroller send 0 volt to pins 20, 21, 22 and 27 where 

this circuit is connected and therefore the LED will switches off. 

 

 

 

 

When the button is close that mean the microcontroller send 0 volt to pins 20, 21, 22 and 

27 where this circuit is connected and therefore the LED will switches on. 

The microcontroller code to switch LED on as follows  
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Figure 5.10 .LED switches off when it is connect to Vcc. 

Figure 5.11 LED switches on when it is connect to Vcc. 
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Thirdly, Pin number 19 is used to active the buzzer when there is any call. The 

microcontroller requires 5V to be switch on and NPN transistor need only 0.7V. When the 

microcontroller receive signal, 5v will be send to pin 19 to reduce this voltage resistor 

should be used.  

Transistor=0.7V 

K
mA

R

I

VV
R

B

B

BEIN
B

1850
5

7.05








 

 

 

 

 

Form the above circuit resister is connecting is series with the transistor NPN. The   button 

is used as replacement of microcontroller, when the button is close that mean the 

microcontroller send 5 volt to pin 19, where this circuit is connected and therefore the 

buzzer  will switches on.  

 

 

 

 

When the button is open that mean the microcontroller send 0 volt to pin 19, where this 

circuit is connected and therefore the buzzer will switches off.  

  

Thirdly, Pin number 2 is used to active the buzzer when there is any call. The 

microcontroller requires 5V to be switch on and NPN transistor need only 0.7V. When the 

microcontroller receive signal, 5v will be send to pin 2 to reduce this voltage resister should 

be used.  

Figure 5.12 . Buzzer switches on when it is connect to Vcc. 

Figure 5.13 Buzzer switches off when it is connect to Vcc. 
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Transistor=0.7V 
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Then the voltage is pass to the relay, the electromagnetic field will be created in the switch 

relay and that make positive voltage drop to the accelerator and stop it. 

 

 

 

 

 

Form the above circuit resister is connecting is series with the transistor NPN. The   button 

is used as replacement of microcontroller, when the button is open that mean the 

microcontroller send 0 volt to pin 2, where this circuit is connected and therefore the 

accelerator will not force to stop.  

 

 

 

 

 

When the button is close that mean the microcontroller send 5volt to pin 2, where this 

circuit is connected and therefore the accelerator will switches on.  

 

 

 

Figure 5.14. Accelerator switches off when it is connect to Vcc. 

Figure 5.15. Accelerator switches on when it is connect to Vcc. 
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Chapter 6 

CONCLUSIONS 

Using cell phone behind the wheel can be considered as distracting because it increases the 

driver chance of make an accident. Therefore using a mobile phone behind the wheel 

should be prohibited, except to make call to involved emergency situation. 

Many organizations have started looking into this problem and have made various projects 

to reduce the usage of mobile phones while driving. This project is conducted as one of the 

solution to solve this problem.   

This project was done to reduce number of accidents caused by cell phone, decrease the 

significant costs to society which relate to car accident, save valuable human lives and 

make the driver focus on the street and keep a safe distance.  

The project concentrated on forcing the driver to stop the car while he is talking on the 

mobile phone. Mobile phone detector, SENDSMS application and Microcontroller are the 

main parts in the project. Mobile phone detector is used to detect the mobile signal when 

the driver is using a mobile phone while driving, SENDSMS application is used to send 

SMS to the caller when the driver is driving and Microcontroller is used to perform other 

functions of the project such as switch LED, buzzer and tail lights. 

The expected objectives that have been mentioned previously are matched with the system 

outputs. LED and Buzzer activated for all incoming calls to inform the driver about a new 

incoming call and after answered the incoming call, a loud sound was created to prevent 

the driver from listening to the caller. After some more time the tail light was switched on 

and accelerator was stopped until the driver ended the call or parked his vehicle 
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ABSTRACT  

Computerization in most of the organizations has led to the transformation of physical 

documents in to electronic format however as far as the processes of a business organization are 

concerned most of the establishments lack the implementation and automation. Many processes 

ranging from very simple to very complicated can still be seen done manually in these 

organization and hence these organizations are not yet fully immersed into computers or 

computerization. Organizations often are hesitant in the implementation of information systems 

or process management systems which can lead to automation of simple and complicated 

business processes. Organizations are hesitant because of the ambiguity and unclear outcomes 

for a particular implementation. This project work will provide a guideline for achieving 100% 

automation and computerization in a business organization with a clear understanding of 

achievements of a specific implementation. Moreover, it will provide recommendations for 

carrying out successful implementations with desired outcomes, do‟s and don‟ts for enhancing 

success and utilization of the implementations. Process Management System outline for 

organizational planning and development is a project related to automation of organizational 

processes using latest packaged applications, programming and networking skills. This project 

provides a detailed outline of how an organization can be fully immersed in to utilization of 

computers. 
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INTRODUCTION 

Process management system outline for organizational planning and development is a project 

work which studies the requirements for successfully automating simple and complex manual 

processes in various organizations which are not being automated instead of boom in information 

technology. These manual processes significantly impact the productivity, performance, benefits 

and development of the organizations. Although in the recent past and over the period of last 2 

decades, organizations all over the world have gradually transformed from total manual 

enterprises to almost total automated enterprises with respect to communications, document 

management, process management, accounting, human resources, administration & control and 

archiving & surveillance. However, even a superficial analysis will suggest that there are 

numerous jobs in different organizations which yet to be automated. It is not astonishing that 

even as computerizations has been achieved in almost 95% of the small to medium scale 

organizations however in 80% of these organizations more than 60% of the work is be still being 

done manually. It is therefore essential to explore the ways and possibilities so that organizations 

can easily achieve 100% computerization as manual working significantly affects the 

performance, productivity and benefits of these organizations. This project work studies various 

jobs done in different types of organizations manually and possible way how these can be 

automated.  

Background of the Project 

The evolution of computers over last several decades has brought a revolution in all spheres of 

life bringing startling developments in education, science and technology, automobiles, space 
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research and every small or big area that one can think about. Inclusion of computers and 

computerization of small and large enterprise has resulted in paradigm shift in the way people 

work and do business; it has changed the way a marketing person markets his or her product, an 

educationalist impart education and a construction engineer plans a particular structure. Although 

computerization has yielded a lot and one can say it has not only changed the destiny of many 

individuals however destiny of many of the organizations all over world. However, a lot more 

can be achieved from planned implementation of information and process management systems 

which are an integral part of computerization in all organizations irrespective scale which can 

lead to the transformation of our modern organizations into more productive, efficient, 

transparent and systematic enterprises which are fully immersed in computers.  
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Project Objectives   

The main objectives of this project are: - 

 To collect and study the level of computerization in various organizations. 

 To analyze the data collected using an analysis tool. 

 To propose a framework for organizations to achieve almost complete computerization. 

 Provide some examples which can lead to automation of critical business process in 

different organizations ranging from educational establishments to construction 

companies.  

Project Limitations     

Providing a process management outline suitable for all organizations irrespective of scale, area 

and geographical presence is a very difficult job and the framework may not be suitable for some 

15-20% organizations. As process management outline can be followed for automating various 

jobs in different organizations however some modification may be required depending on a 

specific requirement for a particular organization.     
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METHODOLOGY 

1. Data collection and Analysis  : - This step consists of collecting the data from 

various organizations of different types to analyze the complex business 

processes common in most of the organizations.  

2. Categorization  grouping of process in to groups having different characteristics 

and functions. 

3. Design  the business intelligence plan. this is the set of techniques and tools for 

the transformation of raw data into meaningful and useful information  for business 

analysis purposes. BI technologies are capable of handling large amounts of 

unstructured data to help identify, develop and otherwise create new strategic 

business opportunities. The goal of BI is to allow for the easy interpretation of 

these large volumes of data. Identifying new opportunities and implementing an 

effective strategy based on insights can provide businesses with a competitive 

market advantage and long-term stability.  

4. Conclusion and Result  : - this part will provide a guideline as an output for 
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organizations to automate complex business process with business intelligence 

plane for easy implementation.  

 

Data Collection and Analysis 

A survey with various questions related to the automation of organizations was conducted and as 

many as 100 responses were taken from people belonging to various sectors like Higher 

Education, Construction, Automobile and oil, trading and services, utility service providers, 

small and medium business establishments. The questions which were asked in the survey were 

aimed at understanding average utilization of computers and manual jobs that are being done by 

people with an approximate percentage. There are no responses where people are saying that 

there organization has successfully immersed fully into computerization.  
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Result and Trends 

 

  

 

Respondent 95 of 95 
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Data Analysis Observations 

The main things which were concluded from the survey that was conducted and inputs were 

taken from various professionals in different organizations ranging from educational 

establishments to construction companies and service and manufacturing companies. Most of the 

professionals believe that the current percentage of work that is done manually in their 

organization is very high, on an average it is 60-65 %. Most of them also believe that process 

management systems and information systems should be implemented to cater the IT 

requirements of the organizations and they also believe that there should be some guideline or a 

guide which will provide an idea to the organization on how small but critical business processes 

can be automated. This guide also underlines the benefits for the organizations to convert from 

manual, tedious and time consuming processes to automated and efficient process management.   
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Implementation of process management taking educational institutions as a focus 

 

 

Introduction and Typical requirements of higher education institutions 

Higher education institutions all over world in the past one and half decade have implemented 

information systems and learning management systems to automate critical business processes in 

order to impart education par excellence and at the same time increase productivity, enhance 

student experience and academic progress.  

There are various areas in which educational institutions from last several decades have 

embedded computerization and implementation of information systems and learning 

management systems in order to enhance teaching and learning. Most of the educational 

institutions have implemented learning management systems to efficiently communicate with 

students and effectively manage a collaborative environment pertaining to module information, 

material distribution and conducting various assessments using a learning management system. 

Apart from learning management systems, a typical higher education institution would require an 

information system for handling student enrolments, time table scheduling, class room 

management, room reservations, faculty and module time table, Assessment office or exam 

automation, moderation and review automation, decision support and management, events and 

document management, content management and Human resources management system to 

achieve 100% computerization. However many of these processes and business functions are 

performed manually in almost 90% of the educational institutions. Although implementation of 

learning management system have drastically enhanced the performance educational institutions 
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and have impacted significantly the way people communicate and collaborate in these 

institutions however several critical business process are being performed manually which 

degrades the productivity of these institutions. This has a huge impact as far as research and 

innovation of a particular higher education institution is concerned. The quality and achievement 

of a higher education institution is calculated by the research achievements of a particular 

institution and it becomes mandatory for higher education institutions to involve its faculty and 

novices in to research activities. In the predominant era of communications and information 

technology, it equally is mandatory to efficiently implement modern and innovative ways to 

embed technology into business processes for enhancement and productivity. Below provided 

are the examples of few critical business processes that are not automated in most of the 

educational institutions.  
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Business processes yet to be automated 

Although exam automation in educational institutions has gained a lot popularity in recent past 

and educational institutions all over world have transformed manual examination process into a 

much efficient automated processes however if one analysis critical to the organization, most of 

the exam related things in a typical higher education institution are done manually. It ranges 

from evaluation of scripts to scrutiny and totaling. Moreover moderation and rest of the critical 

exam related work is done manually in most of the organizations. In most of the educational 

institutions all over the world examination marks and generation of results is although 

computerized however does not yield expected benefits as most of the other examination related 

work is manually done. A typical Examination process in Higher Education Institutions is shown 

in the below figure.  

Figure 1(a) provides a clear idea about various significant tasks of a typical examination office 

however most of the higher education institutions only generation of results is automated, rest of 

all the significant and time consuming processes are done manually because most of the 

institutions do not have information systems and infrastructure to automate other processes. 

However a more significant reason for not automating these processes is ignorance and not 

having assessment of benefits that can be gained by the implementation. 
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Figure 1 (a) 
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Solution 

There are lot of resources utilized while conducting examination in a higher education institution 

that includes resources like paper and stationary, printers, Xerox machines and various people in 

different roles to accomplish the job. To holistically automate the entire process of assessment, it 

is recommended to follow the below process and utilize various information systems to automate 

jobs holistically. 

The paper setter can make his papers by using a custom designed application named in this 

project as “paper maker” to format his assessment as per the requirement of an educational 

establishment. Then the assessment is uploaded for the review process in the system that 

provides automatic process flow so that it goes from one reviewer to another as per the 

requirement. The examples of such a system are provided below.  

 

  

Figure 2 (a) 
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The system provides an option so that paper setter can upload the assessment in to the system for 

review process to start. On the right hand side a process workflow is automatically initiated 

which show corresponding approvers. The flow is shown in the next diagram.

 

 

Figure 2 (b) 

 

 

The above diagram shows various people who are involved in the review process. The review 

process can be defined and customized as per the requirements of a particular educational 

establishment. It can be as simple as a single textbox with provisions for providing the comments 

or it can be as complex as the one which is show below in the figure 2(c). 
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Figure 2 (c) 
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The above process is for the moderation of assessments, as far as conducting of examination is 

concerned, the automated system recommends two ways of conducting the exam. 

1. Conventional way by providing answer script. 

2. Enhanced way by providing electronic writing pads to students. 

If an educational institution is conducting the exams through conventional means by using pen 

and paper then automation requires establishment of scanning center which is responsible for 

converting all the scripts into electronic format so that later on these scripts can be evaluated 

electronically by various evaluators from distant locations. There are high speed scanners which 

are used for the scanning center to scan various scripts which may number in thousands and lacs 

in a typical higher education institution.  

 

 

 Figure 3 (a) 
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Figure 3 (b) Auto-page turn book and booklet scanner 

 

 

Figure 3(c) flipping 250 pages per minute 
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These types of scanners have high capability of scanning huge volume of pages and are quite 

suitable for conversion of huge amount of student scripts to an electronic form. The scanning 

center should be a part of assessment office however specifically responsible for conversion of 

paper scripts into electronic scripts so that these can be submitted for evaluation to various 

evaluators. This mechanism apart from having huge benefits of automating entire examination 

process provides flexibility to evaluators to evaluate the scripts from anywhere connecting to the 

home server where web application is hosted.  

 

The second scenario is providing writing pads for students to write answers to the questions 

papers provided to them. Usually the questions are provided on the electronic writing tablets/ pad 

itself to which students can write the answers.  

 

 

Figure 4(a) showing electronic tablet for writing 
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Figure 4 (b) 

 

 

Figure 4(c) 
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Using writing pads or tablets makes it possible to get the response of the students directly in 

electronic form avoiding any efforts and time to covert the paper scripts into electronic format. 

However for an efficient examination system both of these may be utilized depending upon the 

requirements of a specific subject. The scanning center plays an important role for smooth 

functioning of the assessment office and overall automation of processes. It becomes utmost 

necessary to utilize the services of a scanning center in case of huge volume of paper scripts 

which are mostly utilized for long answer type close book assessments. The writing pads or 

tablets can be utilized for short and medium type questions where students are expected to write 

the answer within 50 to 100 words.  

It might seem to be a simple procedure yielding very less however if we analyze it in a deeper 

sense we will realize, conducting examination using these tools or procedures may reduce other 

examination related work e.g. collecting papers, taking attendance, signing on the script and 

other overhead which is there for the conventional way of conducting examination.  

As the scripts are either collected in electronic format or converted to electronic format data is 

fed in to the system which automatically assigns it to respective evaluators, moderators etc. 

Moreover system takes care of various minute processes and sub-process related to examination 

like borderline cases, scrutiny, condone pass etc. These processes related to assessment office 

although may look very simple and small however they result in the wastage of lot of time 

resources of a higher education institution which includes people as well who can otherwise be 

utilized for some other development work, research and innovation.  

The example of a typical system capable of handling these electronic scripts is provided in the 

below sub-section which minutely takes into consideration various requirements of educational 
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establishment viz-a-viz assessment and embeds all those features that are required by a particular 

educational establishment.  

 

Figure 5 (a) 
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Figure 5(b) 
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Figure 5(a) and 5(b) shows the information systems interface where respective scripts which are 

either converted to electronic documents or exist in electronic form from the moment they are 

taken as response from students. This interface allows examinations officers and scanning center 

officers to upload the scripts in to the system which automatically are forwarded to the respective 

evaluators for evaluation and marking. The evaluators receive an auto-generated mail stating that 

there are pending evaluations on their name which they need to finish providing the due date for 

the scripts to be evaluated within. Here one more thing is quite evident that as we move from a 

manual system to complete automated system, various hidden benefits are unleashed which may 

seem small however are significant and hugely contribute towards enhanced productivity of a 

business organization, in this case an educational establishment.   

The evaluators are provided with the electronic pad and pen to evaluate the scripts for which they 

would have received basic training and practice on how to use and utilize the electronic pads and 

pens for evaluation purpose. The figures below show various types of electronic pads and pens 

that can be utilized for the purpose of evaluation.  
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Figure 6 (a) 
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Figure 6 (b) 
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Figure 6 (c) 

 

Figure 6 (a) and 6 (b) are showing small devices which can be used for evaluating the answer 

scripts. Figure 6 (c) shows a bigger device which may be more appropriate as far as evaluation of 

answer scripts is concerned as it provides extra control and flexibility to the evaluator to 
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efficiently mark the scripts. Moreover these devices are not so costly as well; a basic device can 

be procured for a mere 20 RO. However other more featured devices may range from 35-50 RO. 

In a higher education institution even if 50 devices are to be procured, it may incur the 

expenditure of 1700 RO only. The scanning center can as well be established by procuring high 

speed scanners as explained and shown previously. Complete automation of examination 

processes may experience some investment in the beginning for the educational establishment 

however benefits without any doubt are manifold which evidently exceed the expenditures. The 

complete automated process for the examination can be depicted by a diagram which shows step 

wise deployment of automated examination process and different stages and resources 

responsible for handling each stage.  
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Process Management System keeping Construction Company as focus for 

implementation 

 

A typical construction company is responsible for construction of various structures like 

buildings, offices, bridges, roads, interior designing, construction of hotels, hostels and 

auditoriums etc. A medium scale construction company on an average takes some 50-100 

big projects in a year and some 200 small projects per annum. These companies employ 

various project managers, project engineers, site engineers, drafts man, supervisors and 

labors. The teams also include some technical staff for operating various types of 

machinery. Although most of the construction companies are using computers, computer 

networks, Servers, applications software for performing various jobs related to their work 

and to enhance the productivity and benefits of the company.  

The engineers and drafts man are using expensive software for designing the construction 

plan, site maps, interiors, blue prints of the structures. Moreover computer networks are 

utilized in these organizations for variety of purposes e.g. email, VOIP, Finance packages, 

custom designed software for office automation etc. However if we minutely analyze the 

construction companies core business functionality, it is taking a particular construction 

project, marching the resources in such a manner so that projects are finished on time with 

minimum cost and maximum quality. It might look very simple however this process is 

very complex and involves various stages and people dedicatedly working hard. In modern 

times when organization are utilizing the information technology in every field to gain the 

extra stride in this competing world, one cannot keep a blind eye towards the features 

offered by information technology for the construction companies or companies which are 

involved in any kind of project activity. In most of the organization belonging to 
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construction field, it was observed during analysis that most of the office work is 

automated and the communication that happens between the employees of the organization 

is also through latest means of communication which provides seamless connectivity 

between employees at a much lesser cost. However what was astonishing to observe was 

that most of these companies do not use any tools packaged or customized to auto handle 

their projects which are the core of their business functionality. This has led to incredible 

losses to the companies and to the customers as well who could get a better rate for 

accomplishment of a particular project if these project jobs are automated. Various critical 

aspects of the project are the timeline, risks (internal and external), resource allocation, 

material acquisition, forecast, resource availability and cost.  

 

Figure 7 (a) 
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Figure 7 (b) 
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Figure 7 (c) 

When an information system is implemented to handle the projects and project related 

work automatically, it becomes very easy for people associated with the project to work 

enabling them to meet deadlines easily and providing complete control and insights of the 

project aspects that are not possible in a conventional manner. The information system is 

responsible for creating new project jobs, resources allocation so that resources can be 

allocated to a particular project and it will provide status of a specific resource whether it is 

business or free. The information system also gives predictive analysis capabilities so that 

timely decisions can be taken by the project managers to address an issue which otherwise 

may prove to be counterproductive. The system provides complete cost details with 
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various types of risks your project is susceptible to and what the possible mitigation plans 

that can be adapted to get out of these risks. The below figure show the typical project 

management flow in a company. 

 

Figure 8 (a) taken from PSSI (Project Server Support Inc.) 

The above figure shows the standard enterprise project management workflow. This 

workflow shows the utilization various resources at different stages. It also shows 

utilization of project web access and SharePoint for the management of project.  

Process Management Outline 
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The implementation of project management in a construction company can drastically 

improve the productivity of that organization given project managers, engineers and other 

workers complete control of the project in hand. It also enables efficient utilization of 

resources including people involved in project activities.  It also facilitates timely 

completion of jobs which is very critical in construction projects as customers may be 

counting on you for their business to not getting effected.  
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Process Management System keeping Service Company as focus for implementation 

Based on some analysis done on service providing companies like companies which 

organize events of different kinds, taking the responsibility of everything related to an 

event, the following observation were made. 

1. Most of these companies automate their day to today office work by automating 

daily processes like billing, mailing, online requests for services etc.  

2. Web sites for customers to check what kind of services are available from the 

company.  

3. Booking of services on a particular day and choosing their specific requirements 

online.  

4. Payments made by customers online for availing different types services and 

service rates and schemes are also available online.  

However most importantly one thing that is missing in most of the service providing 

enterprise is the events management which is core of the service providing company‟s 

business. There is no information system in most these companies which can take care of 

event handling and effectively engage the resources required to organize a particular event. 

Most of the events in effect are either disorganized or not well organized to the satisfaction 

of customers or people taking part in them. This hugely effects the reputation, customer 

satisfaction and future business of the company in addition of resulting in wastage of 

resources, delay in services and extra expenditure.  

A service providing company should necessarily deploy an information system that would 

take care of the events or events management system. A successful implementation of 

events management system would results in lot of benefits for the company ranging from 

having complete control of the events to management, scheduling, resource allocation, 

intimation, deadlines, timeline providing clear idea etc.  

The events management system provides typically a calendar interface which is segregated 

into days months and years. An event can be included on a specific day with various tasks 

assigned to people related to the said event. Below provided are few examples of events 

management system.  
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Figure 9(a) 
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Figure 9(b) 

Figure 9 (a) shows an add button adjacent to 18
th

 October 2016, by clicking on this add 

button an event can be added by the event manager who is responsible for management of 

overall event. As the add button is clicked a new window pops up asking for information 

related to the event. This information can be customized as per the requirement of a 

specific organization. The interface may ask information like name of the event, venue, 

people involved, and resources required etc. The task allocation can also be done in the 

interface which may be provided separately in addition to the event addition interface. 

Below provided snapshots are showing few more details about a typical events 

management system.  
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Figure 10 (a) Booking an event in events management 

 

 

Figure 10(b) showing information entry for an event to be entered into events management 
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Figure 11(a) showing various tasks of an event assigned to different people with 

timeline 

 

Figure 11 (b) showing different tasks with percentage of completion and people 

responsible 
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The above information system is supposed to manage and organize numerous events for a 

servicing company in a seamless manner taking care of allocated resources, deadlines and 

intimating responsible people appropriately and sending them reminders for the pending 

tasks. The system is likely to handle thousands of events, small and large along with entire 

information of the event including the people participating and their contact details. The 

information system is expected to enhance the productivity of the organization by 40-50% 

as the resources are utilized in a highly efficient manner and people are allocated the jobs 

at perfect time and system provides certain preemptive and preventive capabilities by 

providing a clear picture of how things are moving.  

The events management system if well planned and implemented in a holistic manner can 

really do wanders for the organization which is responsible for organizing events. It 

directly impacts and enhances the customer satisfaction which has long term effects on 

recognition and sales of the organization. Moreover the ultimate output can be achieved 

from employees by providing them the enhanced way of management and communication. 

This in turn will ensure organizational competition between employees and their 

performance can be tracked from the system e.g. how many days it took for facilities 

management to procure a particular device which is required for an event.  

This is one more example of a process management system outline for organizational 

planning and development.   
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Project Budget  

This sub-section provides details of the budget that was utilized for the completion of this 

project.  

 

    

Serial No. Items Quantity Price (Omani 

Riyals) 

1 Hardware Devices, 

Laptop, printer 

1 No‟s Each 1000 

2 Training  500 

3 Travel  200 

4 Software  500 

Total 2200 
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Hardware and Software Requirements 

Different types of Hardware and Software devices were utilized for this project. The 

following hardware devices were used, some of these hardware devices were procured by 

the budget allocated and some of them were utilized from the institute.  

1. Portable Scanner. 

2. Electronic Writing Pad and pen. 

3. Printer Color. 

4. Laptop for working on various Applications and developing information system 

outline (This was done primarily using Virtual Machines).  

5. Temporary Server Space for hosting Web Sites (Where-ever required). 

6. Stationary  

Software used for the project includes but are not limited to the following. 

7. Virtual Machines (VMware). 

8. Project Libra. 

9. Alfresco. 

10. Microsoft SharePoint Server 2013. 

11. Microsoft Project Server.  

12. Microsoft SharePoint Designer. 

13. Microsoft InfoPath 2013. 

14. Survey Monkeys. 
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15. Numbers from Mac. 

CRITICAL EVALUATION 

Process Management System outline for Organizational Planning and development is a 

realistic effort to highlight the shortcoming in information system implementations which 

leads to partial automation of critical business processes. This project work tries to 

establish the fact that even in this age of computerization and communication, all work 

jobs are not automated and in most of the organization still 50-60 % of the work is done 

manually or at least manual assistance is required in every job. Achieving 100% 

computerization realistically or immersing fully in computers is not impossible however 

many organizations realize it to be difficult because of the nature of the job. This research 

project also explores possibilities in different types of organizations to automate the jobs 

which otherwise are thought to be difficult to automate. This leads to improved and 

enhanced communication and management which in turn yields productivity and benefits 

for the organization. The examples provided in the project are versatile in nature as 

different organization ranging from educational establishment to construction companies 

and service providing enterprises are taken in to consideration. Overall project aims are 

met, i.e. to provide a process management outline for organizations, the project provides 

good holistic overview the implementation of process management its impacts on the 

critical business process.  

The requirements of various companies even though belonging to the same field might 

vary from one another. This project report takes into consideration the majority of these 

organizations from a specific category. The project does not provide a specific solution for 

the company which will automate its processes however it provides an outline for 

organizations to think out of box and implement solutions to streamline their business 

processes. The report can be used by organizations as a basic idea that may lead to full 

automation of their business process if thoughtfully, dynamically and systematically 

followed.  
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This project is a mere effort to provide possibility of implementation of information 

systems for business process less thought of in the recent past by organizations. 

CONCLUSIONS AND RECOMMENDATIONS 

In this growing age of communication and computerization, organizations need to keep 

pace with the requirements of market moreover fulfilling the demands of customers is 

undoubtedly mandatory in any field. Organizations in the recent past have successfully 

implemented information systems and communication systems to automate and streamline 

their business process giving them utmost control to their core business processes, however 

it is not done to the extent to which it may be expected and perceived in the current context 

of computerization and automation. Organizations need systematic approach for 

converting manual processes in to automated processes and a guideline in this regard needs 

to be followed. This research work is a mere effort to provide guideline to organizations of 

distinct characteristics. In future this research work can be taken forward by providing a 

consultation for an organization which intends to automate and computerize some of its 

critical business processes which are still done manually. In future a comprehensive guide 

can be developed for organizations of specific nature to systematically convert their 

business processes from manual to automated processes.  

A consultation project although may at a lower scale can be very beneficial for taking this 

research work further and to yield maximum benefits from it. It is also recommended to 

acquire a more versatile analysis getting inputs from 500 people belonging to different 

organizations to more closely understand the needs of modern organizations viz-a-viz 

information technology implementation.  
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Abstract 
 
In the present times, modern cities confront a fatal dilemma consisting in an 
uncertain increase of road accidents, especially in Oman which had faced 
fatal increase in road accidents since 2000 causing almost 10000 deaths and 
more than 110000 injures. Huge efforts are made to avoid the loss of people's 
lives, by identifying the location of accident and sending the ambulance on 
time, which may be delayed due to noticeable problems of traffic jam and rush 
hours. The current project is focused on addressing these issues by means of 
embedded system application. The project entitled " Intelligent system for 
tracking accident using GPS, GSM with smart traffic light and monitoring 
patient system " was implemented to minimize the loss of human life by 
providing the ambulance, an easy way to arrive at the hospitals on time and 
control the traffic light wirelessly, at the same time it is intended to monitor the 
patient vital parameters like heart rate, temperature in the ambulance and 
inform the target hospital to be well prepared to treat him/her. The objective of 
this project has successfully been achieved and verified by simulation, testing 
and implementation of prototype. 

Introduction 
owadays vehicle accidents are always happening more often; and the rescue 
activities are delayed due to the lack of proper information to identify the 
location of accident, heavy traffic to reach the location etc. This makes the 
victim prone to a more fatal and critical situation, so a system is implemented 
here, which can accelerate all these processes, monitor and deliver the 
accident victim to hospital by controlling the ambulance and traffic lights and 
giving the ambulance location of accident by the coordinates of the location 
Background of the Project Due to the recent development of population and 
technology, the vehicles are widely used and are rapidly increasing. 
Consequently road accidents are expected to increase. To save human life 
from the inevitable and deadly accident, the ambulance must find its way 
easily and immediately to the nearest hospital. Intelligent transportation 
system is a dynamical scheme introduced to reduce the traffic jam delay, help 
the emergency vehicle move smoothly from the accident location to the 
hospital, and send the injured person situation to the nurse's phone to take 
immediate action. This system is used to recognize the location of the 
accident through GPS system in the vehicle and easily to reach the location. 
Every second is valuable for the ambulance and someone may lose their life if 
the ambulance arrives late at the hospital. Waiting in the traffic lights is the 
main cause of the ambulance delay. So here another system is implementing 
to control the traffic lights automatically by using a Radio Frequency module 
(RF module). And the ambulance will reach the nearest hospital at the exact 
time to save the human life. Project Objectives The main objective behind this 
project is:-  To design and implement a system within the vehicle with micro-
controller to detect accident  To send the message to the ambulance about 
the location of accident  To make good use of economical and available 
technologies including Xbee chip, GPS and GSM.  To control the traffic light 
on the way to hospital and the accident spot with RF Module to ensure the 
patients reach hospital in time.  To make the respective authority including 
hospital aware of the location of accident, their injured people using GPS and 
GSM.  To determine the condition of the patient inside the ambulance, and 
take the immediate action to treat the patient according to the readings of 
sensors. 
 

Literature Review & Theory Development 
entification of Accident Location by Use of GPS and Possibilities of its 
Application According to (Josef, 16-17 September, 2009,Seoul, Korea) state 



that “ The main key to identify the appraisal to get the shortest way to the 
accident car with right street light is called the exact position of the accident 
spot. The technology that using to apply the imagination as written is using 
GPS offers. This technology used already in some countries in a narrow 
choice. This technology of GPS used in Czech Republic since the mid of 2006 
for the system registration. The whole system is open for the registration of 
accident with its parameter open for only police is 2007. The system 
developed and with end at the end of 2008, the system open for the public 
and all the people enter it. The website states that hundreds of thousands of 
people enter it in the first day only. The system describes the accident type 
with it parameter and takes an action for the accident and according to the 
parameter. The system also makes the report and summaries for the whole 
accident and saves it in the police folder with Car Number. This technology 
has the certain value i.The use of GPS for the accident location identification 
secures ii. The desirable level of accuracy and offers also many possibilities 
how to better use the information on accident parameters collected by traffic 
police. iii. They are going to device it in a nearby, the Czech Republic is the 
first country used this technology. 2 Vehicle Accident Automatic Detection and 
Remote Alarm Device According to (Varsha Goud, 2, July 2012) Varsha Goud 
, V.Padmaja State that “the lives go easier and easier because of the 
development of technology very days or can tell every moment and its 
manufacturer. The initiation of technology has also improved the traffic risks 
and the road chance of accident happens regularly which reasons vassal loss 
of life and property because of no emergency services. The researcher 
catches that the work can deliver an ideal resolution to this draw back. The 
system start by using the sensor with the appropriate distance to use it as 
alarm system for detects the dangerous car driver. The system that done in 
the work is used also the crash sensor to get the information during and after 
the accident happen. The system of the researcher also indicate the light 
status and open it if it is closed for the ambulance or choose the shortest way 
to the ambulance to go through it using XBEE system. 3 Advanced Vehicle 
Security System with Theft control and Accident Notification According to 
(Jadhav et al. 2013) state that “the system that design and implemented can 
be connect to the alarm system of the car so when the car stolen or damaged 
the system send the message to the owner about the status of the car with its 
location. This system content three main component that’s GPS receiver, 
Microcontroller and a GSM Modem. The working principle of the GPS 
Receiver is to identify the car location and the distance between the old and 
new location and update the information after each 2 second from satellites. 
To complete the system the Microcontroller receive the information and make 
the process within 1 second or less to send the information to the owner using 
GSM modern. Also, Microcontroller indicate the speed that the theft work on 
it. This system is very useful for the parent to indicate the location and the 
situation where the car get stolen or not. Other than that the system provide 
with the application that when the owner receive the massage, he can know 
the location that’s good but the additional thing is that the owner can stop the 
on its location. Also, this system can be used in accident situation by adding 
to the Air bag to indicate the situation of the accident. If the accident is very 
dangerous the Air Bag will open and the massage will send to the police as 
well as ambulance indicate the location. When the accident is not dangerous, 
the message will not be sent. 4 Accident Identification Using ARM-7, GPS 
and GSM According to (Aashish Lokhande1, May 9, 2014), he stated that the 
researcher discusses the main technology used in the modern life including 
accident of the car. In these times the car accident becomes the main 
problem for all countries around the world. So, the researcher focuses on this 
problem and comes through the solving of this problem by using the Bump 



sensor and GPS, GSM and ARM processor. This topic of the car indication of 
its location is a very important topic in the embedded system industry. The 
researcher comes to the solution of the police work and worst time by using 
the car tracking project that can be used globally. The project consists of the 
ARM with the number LPC2148 wireless connected to LCD, GPS module and 
GSM modem. This organization will be positioned in drives of car. The 
ARMREST LPC2148 will ballot GPS component in started intermissions and 
sends information of the car location (old & new location) to certain person in 
police station using GSM network. In the accident situation the vibration of the 
accident car is sensed by bump sensor, and automatically the car and its 
mechanical force operate the system to indicate the location using GPS and 
send the message to the certain person by using GSM. 5 Intelligent accident 
identification system using GPS, GSM modem According to (S.SONIKA1, 2, 
February 2014), he states that programmed car accident identification system 
is used to identify the car location of the calamity and simply way to catch car 
accident location. This work is done because the researcher knows that a 
second is very valuable for the procedure of getting the ambulance or police 
to the accident position. In the normal case there is my story of person's death 
due to the late of the ambulance arrival or the police. Because in some 
countries the car accident can get more and more problems other than it 
simply crashes between two cars so the reaching time of the police can detect 
more problems. So time places an important role in this task. This project has 
also the RF Module (XBEE) to control the traffic light. The use of the RF or 
XBEE is to indicate the situation of the traffic light and make the correct 
solution. When the traffic is on the red situation, the XBEE opens the traffic for 
the ambulance and closes the other so the ambulance can reach the hospital 
in the correct and exact time and save the patient's life. The proposal of the 
paper is to find the shortest path by controlling traffic signals in favor of 
ambulance. By this new system, the time lag is reduced by applying the RF 
technologies that controls the traffic signals. The priority of service to the 
ambulance follows the queuing methodologies through server communication. 
This ensures the reduced time lag between the accident spot and hospital. 6 
Automatic accident detection and ambulance rescue with intelligent traffic 
light system (Mr.S.Iyyappan 2013) S. Iyyappan and V. Nandagopal came up 
with a scheme known as ITLS or the intelligent traffic Light system. This 
program would mechanically control the traffic lights in the ambulance route. 
The accident location is identified through vehicle’s sensor systems. What 
makes this scheme innovative is it is fully automated; hence, finding the 
accident location, controlling the traffic lights and reaching the hospital in time 
become efficient. The simulation and testing proved that the ITLS has high 
rate of accuracy with no loss of time. The only setback is it might have some 
delays as GSM messages are in queue based technique 
 

Methodology 
This methodology portrayed the objectives behind the execution of this project 
and a systematic approach to identify each stage of the work and the linkage 
between them to achieve the final result. The top-down approach could be 
used here as a classical approach by which functionality was easily 
visualized, the progress of development was also easily shown and an early 
high-level plan was provided. This plan included initial costs and timings and 
could be used in the planning of project. This approach was the reasonable 
and sensible way of thinking about a project and occasionally the most 
supportive course of making new attempts. It was a milestone where 
decisions makers could pass their decisions to lower levels in the 
administrative structure and system which were under their authority The 
chronological order of the methodology was mentioned as follows to reach a 



good result which the system was designed for; 2.1. Literature survey Studies 
and research regarding any previous projects, similar to this project would 
provide a good understanding about the outcome of the project, project 
limitations; an approximate idea about the project; moreover there would be a 
clear idea about the project planning and define the required output from that 
specific project. 2.2. Identify the specific interest for the requirement From a 
various field of studies and researches for the development of a new 
requirement in the market, identify the specific subject in which the roles, 
purpose and achievements has been evaluated. The scope of work was 
categorized and well-defined to materialize the successful completion. 2.3. 
Define problem statement This defined the specific need of the project, its 
objective and how could be achieved the result by fulfilling the scope. The 
areas which could be improved by the implementation of this project were the 
objective of the project should be specific and focused. Also by what process 
the project would go through and the different stages which were involved to 
achieve the objectives should be come under here. 2.4. Specification of 
Requirement It was necessary to plan the project requirement specification, in 
particular the hardware and software specifications. The hardware 
components including microcontroller, heart beat and temperature sensors, 
GPS and GSM modems, wireless Xbee chips were to be categorized. As for 
the software specification, the software itemized to make simulation of the 
circuit and the program which was used to put the code together for the 
microcontrollers. 2.5. Design The design should include the technical 
requirement, the budget for the proposed work. The full technical requirement 
should come in the schematic diagram which serves as the structure for the 
project. The design was to be verified several times during the designing 
stage to ensure that the final outcome should be as per the requirement. 2.6. 
Simulate, analyze and redesign Once the design/system is ready, the next 
stage was vital part, which is to simulate the circuit to identify the flow based 
on the system design. This would be a proper way to recognize the system 
work and if any fault was discovered, it was redesigned to eliminate the fault 
and to reach the targeted goal. 2.7. Testing:- In this procedure the system 
was successfully tested for any errors in the circuit, for correcting them to 
achieve the constant objectives of this project. It aimed to test the prototype, 
examine the system and accomplish the aims. The project was a great and 
complete success as soon as the aims were reached. 2.8. Implementation 
When the simulation, testing, analysis and redesign had become successfully 
complete, the project would be ready for implementation. In this stage all the 
mechanical, electronic, software implementation and interconnections had to 
be combined to make available the prototype working model. This would be 
the major and crucial stage of the project where we could see the physical 
progress of the project. 
 

Data Collection and Data Analysis 
n figure 1; when an accident happens, the push button which is located in the 
car airbag will be on and give an input signal to microcontroller for additional 
processing, as the microcontroller receives the input to check the effect of 
accident, and the microcontroller initiates the GPS which follows the location 
in term of latitude and longitude, activates the GSM chip and sends a warning 
message showing the plate number of the vehicle and its owner's name to the 
emergency department in hospital. In figure 2&3; the ambulance has the 
latitude and the longitude of the accident location in order to head for it. In 
case there is a signal light in the way of ambulance, the driver has a remote 
control system which contains an Xbee chip transmitter connecting wirelessly 
with another Xbee chip receiver in the traffic light system. When the 
ambulance comes closer to the traffic light, its driver controls the traffic light 



according the four buttons installed in the remote control system ambulance, 
each button refers to a specific direction of the street which leads to the 
accident spot, when the driver presses a specific button, the microcontroller 
gives the instruction to Xbee of transmitter to sent data to the Xbee of receiver 
to make the traffic light green in specific street. In Figure 4; when the 
ambulance reaches the accident spot, the patient is carried into it, his 
temperatures and heart beats are measured and monitored by sensors. The 
sensors signals will be given to the microcontroller which will carry forward 
these signals as instructions to the Bluetooth modem. Consequently the 
Bluetooth modem will be connected wirelessly to the mobile application of the 
nurse inside the ambulance so that she can monitored the patient parameters 
like temperature and heart beat and take the specific action according to the 
results of these sensors. 5.2 Hardware and Software Requirements The 
project can be accomplished if some requirements in terms of specifications 
are listed to help the user who implements the system find out and its needs 
as per the materials required for hardware or software. The materials prove to 
be valid because it is vital enough for a needful process for complementing 
the function and purpose of system. The systems key functions should 
incorporate the tracking accident, smart traffic light and monitoring patient 
system. Different sensors, GPS, GSM, Bluetooth modems and Xbee chips 
are required to perform the functions of system. When these components 
work, they give readings as an input signal to the microcontroller so the data 
are consequently processed and responses for the input given to it are 
provided. To obtain the foregoing information, the six key components are 
needed, namely the GPS, GSM, Bluetooth modem, Xbee chip, heart beat and 
temperature sensor. The data taken from these components are given to a 
microcontroller which is expected to control up to three main components for 
this purpose the particular microcontroller is selected because it is not hard to 
use and the features can be reprogrammed. The microcontroller must 
understand the supplied signal, so it ought to be programmed with a code to 
perform the microcontroller functions regarding the input signal it received. 
The microcontroller can be coded by using particular software. The system 
was also simulated via software so that the components function could be 
tested. Both the foregoing requirements and some extra hardware materials 
were important for the system to be effective. System Design & Analysis 
Hardware part:- The system is designed by many components; each 
component has a reason for being chosen First part is the microcontroller, in 
the vehicle system the PIC18F45K22 is used because this type of 
microcontroller consists of two UART, each UART includes TX and RX ports, 
and in the vehicle system there are two components used: GPS and GSM, 
each one of them includes TX and RX ports, while in smart traffic light 
system, the PIC16F628A is used for transmitter, because this type of 
microcontroller consist of only one UART and less number of I/O pins 
according to our requirement, and in transmitter there is only one main 
component: Xbee chip, include TX and RX ports. While in the traffic light 
PIC18F887 is used because this type of microcontroller consists of only one 
UART and in the traffic light there is only Xbee chip used for receiving data, 
include TX and RX ports. Finally in monitoring patient system PIC18F887 is 
used because this type of microcontroller consists of only one UART and 
monitoring patient system these is only Bluetooth modem used for 
transmitting data, includes TX and RX ports. Second part is Xbee chip, this 
type of Xbee chip is selected in this system design because it enhances RF 
line-of-sight distances reaching 1 miles, can be accessible in one point that is 
connected to different points of ownerships configuration, and its Sensitivity of 
Receiver -100 dBm. Third part is heart beat sensor, this type of sensor is 
used in this project because it examines simply and measures the heart 



function on the basis of the psycho-physiological signal criteria used to muster 
the practical system. The amount of the blood in the finger changes with 
respect to time by using the principles of LED. The microcontroller is given 
with the digital pulses by calculating the heart beat rate, by this formula: - 
Beats per minute = 60 × f When f is stand for pulse frequency. Fifth part is the 
temperature sensor; this type of sensor is selected in the design for the 
following reasons; it has an output voltage of linear proportion to the degree of 
temperature, the user does not need to subtract a large constant voltage from 
its output to get convenient Centi- grade scaling; it also has low output 
impedance, it has very low self-heating, less than 0.1°C in still air. The 
following equation is used to convert the output voltage to temperature: - 
Temperature °C = V_out × (100 °C/V) For example V_out is 1V then the 
temperature is 100 °C So the O/P voltage varies linearly with the temperature 
Sixth part is GPS modem NEO-7M, the reason why this type is chosen in this 
system because the high Sensitivity for tracking which is -162 dBm , 
navigation and acquisition in cold start (27s), while in hot start (1s) There is 
capacitor is used in monitoring patient system connected to the VDD of the 
microcontroller to filter out the ripples causes according to battery get low. In 
the transmitter of the smart traffic light, each push button is connected to 10K 
pull down resistor, the use of this resistor in case of the push button was not 
pressed, and the basis to have a "low" value of pull-down resistor is to make 
certain the PIC configures the line as low when it should be low. So the value 
is known by whatever might wrongly pull the line-up such as leakage from the 
input pin on the PIC. There should be a worst-case specification on this 
leakage current (perhaps 1uA or 2uA). You must guarantee that the resistor 
can keep logic low under these situations. Software part:- Programming micro 
controller requires initial declaration of inputs as well as the outputs, '0' is 
referred to the output and '1' is referred to the input and before that we should 
write (tris). An example of that trisa=0 means all pins of (port a) are set as 
output, while trisb=1 means all pins of (port b) are set to be inputs. In addition, 
if we want to switch on and off any particular pin in the PIC, we should write 
this instruction porta=1 which means all pins of (port a) are switched on, and 
porta=0 means all the pins of port a is switched off, as well as we can 
switched on and off many pins in the same port by this instruction 
porta=%11100000 which means pins from A0 to A4 are off and pins from A5 
to A7 are on 
 

Discussion and Conclusion 
Critical Reflection The first technical problem is connected with shaking the 
vehicle because of going on an unpaved road or a person shakes it 
accidentally, the vibration sensor, a part of its system, starts to work and warn 
about an accident that may not happen at all. To solve this problem, the 
vibration sensor is replaced with a push button switch located in the airbag 
and connected with the vehicle system. Whenever a serious accident 
happens, the airbag comes out and press the push button which sends a 
message to the emergency department. The second technical problem may 
happen if the network fails in the patient monitoring system in particular GSM 
modem used for sending the sensors outcome reading to a phone number. 
This problem leads to lack of signal in certain area so it becomes hard for the 
sensors to send any messages. The problem is solved by replacing the GSM 
modem with Bluetooth modem that communicates wirelessly with mobile 
phone of the nursing team to take immediate actions for the patient and show 
the result on android application. The third problem lies in the power supply 
because all the batteries available in the market are 9 volts each and almost 
all the system components work with 5 volt, so the problem is solved by using 
9 volt battery with each part of the system and using the voltage regulator to 



control the voltage passed to the main components. Not only did this project 
raise my practical knowledge, it also helps me improve my programming skills 
and I become more familiar with the ISIS Proteus software and micro basic as 
well. Due to lack of time it could not achieve the following points which 
recommend any searcher to bear in mind. The project could have been done 
better if I had had enough time to do it. When an accident happens, the 
vehicle system will send the location of the accident to the nearest ambulance 
by (control unit) which identifies the nearest ambulance to the accident 
location and sent the location to it to reduce the time for saving the injured 
people CONCLUSIONS AND RECOMMENDATIONS Saving people’s lives is 
of paramount importance. This is the premise behind this project. Lives can 
be protected and time efficiency is a key to their safety. This project was not 
only done as an academic requirement but it has a greater purpose. This 
project draws one’s attention on the essence to save victims of car accidents 
as soon as possible by identifying the accident location and sending an SMS 
about the location to the ambulance driver's phone number who can control 
the traffic lights in case of the traffic jam. When the patients are taken from 
the accident spot to the hospital, their heart beat and temperature are 
monitored by specific sensors as previously mentioned. The planned system 
integrates three generally used technologies specifically, Global System for 
Mobile (GSM), global positioning system (GPS) and Xbee technology. This 
indeed is a simple, methodical, and not costly yet very efficient way in 
transmitting essential information to the ambulance driver. Furthermore other 
data on patient's case is carried forward to nurse phone from the sensors 
inside the ambulance. In this project the budget for each stage has been 
planned and managed. Any project has some risks to face so solutions for 
these challenges have been identified to solve these risks. It is a well-planned 
project to meet a specific requirement including the hardware (Microcontroller, 
heart beat and temperature sensors, GPS and GSM modems, wireless Xbee 
chips) and software specification itemized to make simulation of the circuit 
and the program used to put the code together for the microcontrollers. Its 
design is verified many times to ensure that the final outcome should be as 
per the requirement. The key plan behind any project is project schedule; 
once the project schedule is reviewed with respect to the actual work it is able 
to identify the project progress as per the planning. All the aspects of the 
project from start to end will be covered in the sequential order. Due to lack of 
time, the following point, which is recommended to any future researchers to 
bear in mind, could be achieved. The project could have been done better if 
there had been ample time to do it. First point to develop this project was 
done by interfacing a camera with a microcontroller in taking pictures for the 
accident area and making the tracking easier, secondly by adding more 
sensors to the monitoring patient system like blood pressure sensor. This 
project has gone a long way. It still has some areas for modification and 
improvement. From just sheer curiosity, innovation and commitment, a noble 
product has been created. This brings to a point that everyone has an access 
to knowledge. No one has the monopoly to knowledge as it only requires 
dedication and passion to seek for it. 
 

 



Design and implementation of a computer assisted tool to classify the taxonomy in Satellite 
Imagery 

Dhanalakshmi Venugopal 

 

pace images are pictures of the earth taken from an earth orbital space. These image are a 

remotely sensed image, remote sensing is a technology that deals with science of obtaining 

information about an object.  Commonly remote sensing is referred to the collection and 

analysis of data regarding the earth using electromagnetic sensors, which are operated from 

the space borne platform. Space image classification includes Segmentation and taxonomy 

classification steps.  In this proposed project, the space image segmentation and taxonomy 

classification will be done using k-means and back propagation algorithm. 

  

Socio economic benefits to Oman: 

Sultanate of Oman is progressing in an intellectual way in all aspects.  However, the 

information technology is very much limited.  In this regard, more efforts are to be taken to 

strengthen this field.  As an attempt, this proposed project paves a way to throw light and 

gives more confidence in exploring R & D projects 

Satellite image processing is to be strengthened for more advanced applications in the near 

future in telecommunication and other related areas, which enhances the economic benefits 

to Oman by means of implementing our own needs without consultancy. 

With these in the background, the objectives of the present investigation are: 

 To achieve diverse pattern in satellite imagery. 

 To provide an effective segmentation and taxonomy classification tool for satellite imagery.  

 In order to better explain the structure of this work, the preliminary information about the 

space Image and Remote Sensing will also be discussed. 

 

    Segmentation and Classification processes are very important techniques to segment the 

similar patterns in remote sensing images. 

    The goal of segmentation is to simplify and change the representation of an image into a 

more meaningful representation for easier analysis. Image segmentation is typically used to 

locate objects and boundaries (lines, curves, etc.) in images. More precisely, image 

segmentation is the process of assigning a label to every pixel in an image such that pixels 

with the same label share certain visual characteristics. 

     The result of image segmentation will be a set of segments that collectively cover the 

entire image, or a set of contours extracted from the image. Each of the pixels in a region will 

be similar with respect to some characteristic or computed property, such as color, intensity, 

or texture to allow it, zoom the pixel areas based upon the user criteria. This particular 

portion will be allowed for different types of classifiers process to get better accuracy.  

       In order to effectively segment and classify space images, two algorithms based on 

clustering and neural network are chosen. The details of the algorithm are as follows: 

K-MEANS AND BACK PROPAGATION ALGORITHMS 

  k – Means Algorithm 



    This algorithm starts with some clusters of pixels in the feature space, each of them 

defined by its center. The first step consists in allocating each pixel to the nearest cluster. In 

the second step the new centers are computed with the new clusters. These two steps are 

repeated until convergence. The basic step of k-means clustering is simple. In the beginning 

determine number of clusters K and assume the centroid or center of these clusters. Take 

any random objects as the initial centroids or the first K objects in sequence can also serve 

as the initial centroids. 

Iterate until stable (= no object move group) 

a) Determine the centroid coordinate. 

b) Determine the distance of each Object to the centroids. 

c) Group the object based on minimum distance. 

    The experimentation was done on the images downloaded from 

www.imageprocessing.com. After implementation of K – mean, the results of ‘segmentation 

and classification’ are stored and then same images are given to the neural network 

classifier for further study. 

Back Propagation Algorithm using Artificial Neural Network 

    The back propagation algorithm is a generalization of the least mean square algorithm that 

modifies network weights to minimize the mean squared error between the desired and 

actual outputs of the network. Back propagation uses supervised learning in which the 

network is trained using data for which inputs as well as desired outputs are known. Once 

trained, the network weights are frozen and can be used to compute output values for new 

input samples. 

Time Line  
 
 

Time Line  

- 

Total span = 1 year 

1. Literature review  - 1st -4th month 

2.Planning and Implementation of system - 4th to 8th month 

3. Analysis and observation -7th to 8th month 

4. Discussion of findings - 8th to 10th month 

5. Report and presentations - 10th to 12th month 
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ABSTRACT 
 
Establishing a data centre with virtualization using open source, this project will provide a 

solution for a data centre that will use less resources and cost less. This will reduce the use 

of physical servers by implementing multi virtual servers in a single physical server. Server 

and storage virtualization is done by using open source. The most important point in this 

project is that the servers will provide load balancing, scalability and availability. 

In addition, it’s very important to keep the server works constantly so in this project having 

backup servers is necessary. Simplifying communication between users by implementing 

mail and instant messaging servers. All the points above are discussed deeply in the report. 

 
 

Introduction 
 

Designing a data centre with virtualization is done for many reasons. Nowadays all the 

organizations, like schools and hospitals require networks to communicate with each 

other inside the campus. The use of servers has been increased for different proposes 

in different areas. So in order to reduce the use of these resources we need to reduce 

the use of the physical devices by virtualization. Virtualization is not a new technology 

but it will greatly decrease the usage of power. Using open source will reduce the 

overall cost of the project so it can be implemented in any areas avoiding the high cost 

of the operating systems. Furthermore, in order to simplify the communication between 

the users over the network we need to implement a mail and instant messaging servers 

in the data centre. 

 

The main objective of this project is to establish a data centre with virtualization using 

an open source. This dissertation provides a solution to prevent the wasting of 



resources. This will reduce the use of physical servers by implementing multi virtual 

servers in a single physical server. The high use of servers requires money, cooling and 

power. Moreover, the high use of power will badly affect the ozone layer. So in order 

to reduce the harmful effects of the high use of power in the environment, using 

virtualization is a good solution. Server and storage virtualization is done by using an 

open source. The most important achievement in this project is that the servers provide 

load balancing, scalability, availability and manageability. In order to provide an easy 

communication in any organization that this project will be implemented in, we need 

to implement a mail and instant messaging systems on the servers. 

A study on data centers in Oman will be done by distributing a questionnaire to 

different organization in Oman to measure how is data centers and are they using the 

new technologies or no, Furthermore, to know weather they are using open source 

operating system or no.  

 

 

Literature Review & Theory Development 
 

1. Data Centre 
 
1.1 Data Centre  
 
Data centre is a centralized repository, either logical or physical. It is used to store, manage 

and spread data and information in any organization. Data centre is a space where 

organizations keep and operate the entire ICT infrastructure that supports their business. 

The servers and storage equipment run the application and services the organization needs. 

In addition, it stores the information and data of all the users in the organization. In some 

organizations, it may only be a simple rack that contains their equipment or it may be a 

room. Actually it depends on the scale of the organization operation. (Interxion, n.d.)      

 
1.2 Specifying data centre tier level: 
 

Planning for establishing a data centre offers a less opportunity for errors and 

oversights. First identification of the requirements and preferences should be 

considered. After that the specification is generated according to the requirements. 

Choosing a data centre represent a major decision since it impacts in other decisions 



projects including location, fire detection, security system and others. The major 

classification in data centres is tiers standard. There are four tiers numbered from 1 

to 4. Each tier provides a level of availability for the data centre. Tier 1 is non-

redundant capacity component that will guarantee 99.67% availability. Tier 2 is tier 

1 with redundant capacity components guarantee 99.74% availability. Tier 3 is tier 

1 and tier 2 with dual-powered equipment and multiple uplinks. Tier 4 is the 

combination of all tiers and all the components are fully fault tolerance and 

guarantee 99.9% availability.  (Avelar, 2007).  

Providing a data centre with tier 4 is an accurate decision but this will cost high. In 

this project tier 2 classifications will be provided; 99.67 availability is a very good.  

 

2.Virtualization: 
 
2.1 Server virtualization 
 
Server virtualization is the method of having multiple operating systems that could be run 

in a single device. The virtual machine monitor (VMM) is used to achieve the separation 

by inserting it between the operating system and the hardware (Friedman et al., 2011). 

Server virtualization is masking the server resources, including the number of processors 

and operating systems from the users. The server administrator implements a software 

application that divides one physical server into multiple isolated virtual servers. There are 

three approaches of server virtualization: Virtual machine model, Paravirtual machine 

model, and virtualization at the operating system level (Rouse, 2009). 

Virtual machine model is based on the guest paradigm. Each guest works on a virtual 

imitation of the hardware layer. Furthermore, it allows the guest operating system to run 

without modification. It also allows the administrator to create guests that use different 

operating systems. The guest does not run on the real hardware. However it requires a real 

computing resource from the host so it use a hypervisor to coordinate with the CPU.   Para 

virtual machine model is based on the guest paradigm and also uses VMM. In this model 

the VMM modifies the guest operating system code. This modification is called porting. 

Porting supports VMM so it can be utilized from the privileged system. In addition, Para 



virtual machine runs multiple operating systems such as virtual machine model. 

Virtualization at the OS level model is different; it is not based on the guest paradigm. 

In this model the host runs a single OS kernel and export OS functionality to each guest. 

The guest must use the same OS. In this model all the binaries and libraries on the physical 

server can be shared, allowing the OS level to host thousands of guest at the same time 

(Rouse, 2009). 

2.2 Server virtualization features: 
 

- Reduction in the number of servers  

By consolidation, the number of physical servers will be reduced. This feature will 

bring many benefits such as it will reduce the floor space, power use and cooling.  

- Reduction in the total cost 

Server virtualization will reduce the cost of the devices, maintenance, power and 

air condition. In addition, because the server is managed by staff in the organization 

now a single administrator can manage it, so the cost of the operation management 

will be reduced. 

- Improved availability and business continuity 

 One of the beneficial features in virtualization that is not available in physical 

server environment is live migration.  The virtual servers can be migrated to another 

physical server without shutting them down. Thus it will not impact on the end user.  

(NEC, n.d.) 

 

3.1 Open Source Hypervisors: 
 
3.1.1 KVM 
 

It is a full virtualization hypervisor that can run both windows and Linux guest that 

is developed by Red hat. KVM consist of a loadable kernel module that provides a 

core virtualization infrastructure and a processer specific module.  Each virtual 

machine has it own virtualized hardware: a network card, disk and graphics card, 

etc. KVM is simpler than Xen that is another hypervisor type (Turnbull et al., 2009). 

 



 
 
 
3.1.2 Xen: 
 

It is a virtual machine monitor that allows different guests to run on it. It’s an open 

source virtualization platform. It can run both Windows and Linux guests but the 

preference is for Linux. “A Xen system is structured with the Xen hypervisor as the 

lowest and most privileged layer “ (Chierici&Veraldi, 2010). The operating system 

guest runs above this layer. The Xen can achieve a high performance. (Chierici & 

Veraldi, 2010) 

3.1.3 OpenVZ: 
 

It is a Linux-based operating system. It creates a multi secure and an isolated Linux 

container on a single server. Each container works separately as a standalone. 

OpenVZ can only run Linux operating system such as Centos, Fedora, Gentoo, and 

Debian. The one disadvantage of OpenVZ is that users cannot make any 

modification in the kernel. However the OpenVZ is faster than Xen and KVM 

because it doesn't have an overhead of the true hypervisor. So if the organization 

wants an affordable, faster and a VPS solution the OpenVZ it is suitable for 

it. (Linux, 2014) 

Xen hypervisor will be implemented in this project. The reason of choosing Xen is because 

it’s a bare metal hypervisor. Bare metal hypervisor use less resource than the hosted 

hypervisor. OpenVZ and KVM are both hosted hypervisors. Furthermore, they’re not 

suitable to be implemented in large networks. Because of that Xen will be used in this 

project. In addition, Xen supports Linux and Microsoft guests to be run on it. 

 

4. Load Balancing: 
 
It is to divide the amount of work that one server does to multiple servers so the work is 

done in good performance with less time (Rouse, 2005). 



“Load Balancing is the method for workload distribution across computing resources, thus 

aiming to optimize the resource usage, producing a maximized throughput, minimal 

response time and to avoid overload of any of the resources.” (Raj, 2013). 

 

The server virtualization in this project will offer the load balancing by connecting multi 

servers together that provides the same services so instead of one server works there is two 

working together to provide this load balancing. Furthermore the switches can be 

connected by multiple links together as one logical link. This task also provides load 

balancing and fault tolerance. It manages the VLAN traffic in a better performance.  

 

5. Fault Tolerance: 
 
Fault tolerance describe if there is a failure in one device or components the backup of it 

will work instead immediately without loss of services. In the hardware fault tolerance can 

be done by duplexing each hardware (Rouse, 2005). 

It’s an attribute of systems and architecture that allows completing the work in case of 

failure in any component. Fault tolerance for example in servers is achieved by duplicating 

the network cards, hard drives and power supplies. In addition, fault tolerance is achieved 

by deploying two of each component such as: two servers, two firewalls, two Internet 

connection, two switches and so on. This reduces fault probability over the network 

(MacVittie, 2010). 

Fault tolerance in this project will be done by duplexing each server. Each server operating 

system will have a backup in another physical server. Furthermore, the server’s backup 

will not be installed in the same physical server. There will be backup physical servers and 

backup operating system of the servers installed on.  

 

6. Storage virtualization:  
 
Partitioning the file system into separate partition is storage virtualization. The need of 

storage virtualization: “Storage Virtualization" is used to indicate the operation of 

dividing the available storage space Into “Virtual Volumes" without regard to the physical 

layout or topology of the actual storage elements (E.g. Disk Drives, RAID sub-systems 

etc.)” The virtual volumes are used by the operating system such as single physical disks. 



It allows managing a large amount of storage in a central location. The fast growth of the 

storage capacity and enterprise installation will require more storage; storage virtualization 

will enable the addition of the storage.  This goal can be achieved by storage virtualization. 

The virtual volume can be created, modified and deleted; it also can be extended depending 

on the available storage. (Raidtec Corporation, n.d.) 

 
 

7. The Hierarchical network design: 
 
It is a model design provided by cisco it would reduce the complex problem of the network 

design into smaller and more manageable. This design contains some levels each level 

provides a different operation. It helps the IT designer to optimize software and hardware 

to perform specific roles. The levels are divided according to the three layers in the 

hierarchical design: Access layer, Distribution layer and the core layer. Here each layer 

functions are well defined. This helps the administrator to add, remove and replace any 

pieces in the network easily. The hierarchical design provides more flexible, manageable 

and scalable network to the data center.  

Core Layer: Provides a very high-speed transmission of traffic over the network. 

This layer must not include those functions that effects on the speed of transmitting 

such as: filtering, access list checking, data encryption and address translation.  

Distribution layer: It is located between the access and core layer and helps in 

differentiate the core layer from the reset of the network. This layer does the 

filtering so here the access list is configured and also the inter routing for the VLAN 

communication propose. This layer is also defined as the policy define layer that 

handles routing updates, VLAN communication, route summaries and address 

aggregation.  

Access layer: This layer applies as a front door to the network. It connects the end 

user device to the network. Here the access list is designed according to the users 

connected to it. Here the VLANs is configured and also could give the access point 

to the network. 

 (Cisco, 2003) 



Modular network design: This design is used to divide the hierarchal layers to modular 

areas. Each area has different physical or logical connectivity. This provides flexibility 

to the network design. Each area is called a block. The first block is the server farm 

block; this contains the servers that serve the network. Management block is the block 

that locates the management tools such as the policy management tool.  Enterprise edge 

block is the service provider to the external resources (CCNA Discovery Learning 

Guide, n.d.). 

 

In this project this design will be used though there is no users or even a specified network 

but it will help in connecting the data centre in the future. if the project is implemented 

somewhere. According to the scalability the design offers it’s easy to add a new distribution 

layer and connect it to the core so the whole network will be connected to each other. 

Switch block is the block that is connected to the end user. Core block is the backbone of 

all the blocks; all the blocks are connected to it.  

 
Methodology 
 
PPDIOO: It stands for: Prepare, Plan, Design, Implement, Operate, and Optimize. It is 

developed by cisco that defines as a continuous cycle required for the network. 

In this project PPDIOO methodology will be used to lower the cost of the network owner. 

Analyzing all the requirements from the begging will also provide business agility. 

Furthermore, It will provide a faster respond to the new business technologies. In addition, 

PPIDOO will improve availability, stopping the work during the project will effect on the 

overall cost. The PPIDOO step will make the work goes sequent. Here are the 6 steps of 

the PPDIOO methodology.  

 Prepare: involves the determination of the requirements of the organization, make a 

network strategy; identify the technologies and a high-level architecture. Furthermore 

it is to create finical justification by studying the business requirement. What have been 

prepared in this project is a full information about the data centre and what are the new 

technologies implemented on it. Going with virtualization using open source is 

explained in detail in chapter 1. Furthermore full information about the technology has 

been written in the lecturer review. 



 Plan: this include identify the initial network requirements to based on the goals and 

the attachment and the users requirements and so on. The step of planning includes a 

description of the place and the evaluation of any existing network to know if the 

environment will support the proposed system. Planning will help in managing the 

tasks, responsibilities and resource required to implement changes in the network. The 

plan should align with the project scope, cost and resources. In this project the planning 

is started from the feasibility study. Gathering the project requirements either physical 

devices or software’s all will be discussed later. 

 Design: The requirements found from the planning are done as a network design. The 

network design is a detailed design that contain the business and technical requirement 

and must be reliable, available, scalable and performance. The network design is the 

basic thing before implementation.  

Implement: the network is build or if there is any additional components depending on 

the design specification. This step is an important step to analyses all the requirements 

to be easy to understand. Specifying the place of the servers and the other elements is 

very necessary.  

 Operate: Is the final test for the design if it’s appropriate. Operation includes the 

maintaining the network health day-by-day. Monitor the fault detection, correction and 

performance. It’s necessary to operate if the design suitable to be implemented or not. 

This will avoid any issues in the future.  

 Optimize: Is to identify and resolve any issues before it effect on the organization 

work. Reactive when finding any issue is so important in management. In optimization 

we can redesign the network if there are many problems occur to the network. 

 

Data Collection and Data Analysis 
 
A study on data centers in Oman is done. The questionnaire is distributed for different 

organization, private and government organization.  

First, Rating the performance of the data center (1-10) 57.1% has rated the performance 

8, 14.3% rated it 10, 14.3% rated 7 and 14.3% has rated it 5. 

 



Data centers are classified to four tiers as mentioned in the lecturer review, 57.1% of the 

organizations classified their data centre tier3, 28.6% as tier2 and 14.3 % as tier4. 

 

The place of the data centre is very important to avoid some risks like floods and 

earthquakes. So placing the data centre in the right floor is important. 28.6% of the 

organizations are placing their data centre in the third floor, 28.6% other such as the 

ground floor, 28.6% in the first floor and 14.3% in the second floor. 

 

The administrator should measure the data centre performance continuously to see 

weather they need some improvement in the data centre or not, 57.1% administrators 

over Oman are measuring the performance 42.9% aren’t measuring the performance.  

 

Green Data centre is considers by using less power and less space to help the 

environment to be green. Most of the organization here in Oman is neutrally considering 

their data centre as a green data centre and 14.3% are not very considered.  

 

Most of the organizations are using Windows in their servers and 42.9% of the 

organizations are using windows and Linux. 

 

85.7 of the organizations are using virtualization in the servers, 50% of these 

organizations are using VMware Esxi hypervisor, 33.3% are using hyper-v from 

windows and the 16.7% has selected other and some mentioned that are using open stack. 

 

In the Internet connection some organization didn't answer, they don't have an Internet 

connection because of their confidential information. 66.7% are using leased line as the 

main connection and 33.3 are using ADSL.  

The backup connection 50% are using ADSL and 25% MBPL and 50& leased line. 

 

Storage virtualization is important to utilize all the storage in the data centre, 71.4% are 

not using storage virtualization and 28.6% are using it.  

 



 

 
Discussion & Conclusion 
 
Implementing this project over organization will help in reducing the high use of energy 

all over the environment. Furthermore, this project helps small organization to have a 

good data centre with high advantages in a lower cost. Virtualization with open source 

helps the organization to be able to manage the growth of the network without any issues. 

This project is developed for any organization that needs a very good IT infrastructure. In 

addition, this project could be improved to be in higher level. The vision of this project is 

to provide an IT infrastructure that will use a very lower power all over the world. In 

addition, adding a cloud infrastructure in future to this project to simplify for users 

accessing their data in any time in any place. 

 

Establishing a data centre with virtualization using open source will provide a high 

availability, reliability, scalability IT infrastructure with load balancing and fault 

tolerance. Establishing a data centre with the use of open source to provide a lower cost 

for the overall operating system. Furthermore, enhance security in the data centre is an 

important task. First, using DMZ will provide an extra layer of security. The external 

users are allowed to access the services that are available in the DMZ only without 

accessing the internal servers. In addition, configuring port security in the access switches 

is to improve the security. Also PFSense firewall software is configured to give 

permission and filter the traffic. At the end this provide a plan to connect the network to 

the WAN by two connection the main one is leased line that will provide the actual 

bandwidth and the other one is the ADSL that will as a standby. 
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ABSTRACT  

 

To find a parking slot college especially during the morning hours and evening hours is 

too difficult for students. The difficulty increases due to not having any idea where the 

available parking spaces may be at that time. That's why students waste their time in 

searching for a vacant parking space in the college campus and that is a daily concern for 

most of student. In addition the main goals of the system are reduce the traffic congestion 

caused due to searching for parking, decrease the air pollution and energy consumption. 

This paper presents in depth account of the smart parking system initial design using 

android application that allows students to effectively find the vacant parking slot. An 

android application developed as a part of the system will periodically provide parking 

status by sensing vacant parking space through an ultrasonic sensor deployed in the 

parking space.  Students can download the apps from the market of android mobile and 

access this application. Furthermore this application provides the parking place along 

with the status of that parking whether, it's full or empty. 
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1. INTRODUCTION 

This chapter presents a short introduction of the project which includes the background, 

project objectives, with main limitations that will occur while doing this report and also 

will see in this chapter a basic over view of the overall report. 

 Background of the Project 

These days the government of Oman has attempted to open numerous buildings such as 

shops, malls, cinemas, colleges and universities which have a direct impact on the 

economy in different parts of Oman’s regions. These buildings are becoming 

overcrowded so you can't find vacant parking easily; and you end up searching futilely 

for a parking space. However, many applications are developed in our mobile phone to 

make human life easy and fast. This system appears in our mobile as android applications 

to serve people to find their vacant parking easily. On the other hand the most anticipated 

advantage from this system is the saving of time and ease of finding vacant parking 

spaces. Managing parking will help a lot to ensure the student easily park and leave the 

campus. However, It is expected that this system will play an important role in college 

campus in term of time management.There are different things to deliver by this project 

like detecting the vacant parking and transmitting this information on student phone, and 

also removing useless traffic in the parking zone. While planning this project, the first 

thing that come to mind, is why such a system is needed? It is important as project 

manager to get a clear understanding about why this project is implementing. . Therefore 

it is necessary to know the needs of student in order to come up at the end with a 

successful project. The below information gives the different needs of this system: 

1. Place vacancy. 

2. Reduce traffic congestion. 

3.  Arrangement in parking zone. 
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 Project Objectives  

In this smart parking system application objectives are divided in to two main categories:  

General objective 

 Enable drivers to detect and reserve vacant parking through 

mobile application. 

Specific objective 

 Detect the vacant parking. 

 Send the information of vacant parking to the base station 

(Receiver) 

 Update the information of vacant parking on mobile 

application. 

 Project Limitations 

Any application that we have in our mobile phone which updates the system or service 

should be connected to the internet for updating coordination of the system.  

1. Some student can't access this application because they do not have internet 

connection.  

2. Improper parking (if a driver has parked his/her car in two parking spaces, it may 

show in the system that this parking is occupied and not available for use).  

 Overview of the Project Report 

This report includes six chapters and each chapter has to present different aspect of the 

development and implementing of parking system. The first chapter talks about the basic 

introduction and the background of the project. Also it will discuss the different 

limitations that this project has. In addition the second chapter will include the 

methodology of the project. The third chapter will discuss the literature review and theory 

of the system. The fourth will contain budget with project management. Moreover fifth 

chapter block diagram with analysis of smart parking system. On the other hand will 
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discuss the testing in details, simulation in ISIS and will show also the prototype of the 

circuit. Also there is another chapter that will focus on the performance and final result 

that match the objective of overall project. Moreover to understand how this project done 

with different challenges related to the project there is another chapter that include the 

legal, social and ethical aspects that are  discuss in details. The end of this report will 

close with the conclusion. 
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2. METHODOLOGY 

Lot of research was undertaken through reading articles and exploring some videos about 

smart parking .It was found that many students, doctors, teachers and engineers  have 

published several articles and documents regarding this topic such as Parking 

Spaces/community Places, Smart Parking System (SPS) Architecture Using Ultrasonic 

Detector and Wireless Based Smart Parking System Using Zigbee, Smart Parking System 

Using Wireless Sensor Network, Smart Parking: An Application of optical Wireless 

Sensor Network and An Intelligent Car Park Management System Based On Wireless 

Sensor Network, So this was the review which lead me to choose this topic for project.  

After to search deeply for any information and concentrate on the gap in research in this 

area to frame the problem.  

Now the step that remained was to start designing the system by collecting some 

background, information and reading more about the problem. As parking has become a 

very big problem in our college campus, to reduce the time wasted by students and staff 

to find vacant parking and decrease the chance of entering in to an unauthorized slot 

which can lead to traffic congestion.   

Through reading different articles and papers related to this project it was found that there 

are some blanks or drawbacks that appeared in each article which were not complete 

solution to the problem. So the next step was to find a radical solution for the parking 

problems. There is a need to establish a mobile application that can easily be uploaded in 

a student's phone. To ensure this, the next step after finding a proper solution for this 

problem, was to design a system using multiple software programs. Before the end stage 

simulation had to be done to easily figure out the errors. In planning stage two main parts 

of the system there. Firstly the hardware part and second, the software part of whole 

system, that was combined using ISIS in order to get the final result.  

Then before finalizing the system the last stage decided whether the system would work 

or go in the other direction. This is a compulsory step in any problem after simulation so 

as to implement in a proto type section so that  can be had a full vision on how it will be 

in real time in the next step. Evaluation of the success of the project cannot be done 

immediately unless testing and execution of the system is done. If everything goes right 
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there is no need of repeating the testing again because the objective will be achieved at 

the end 
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3. LITERATURE REVIEW/THEORY 

 

In TABIB report that was publish years back he justify the parking problem in our days 

life using ultrasonic sensor to detect any obstacle behind the vehicle while backing and 

then transmit these information to some software. Ultrasonic sensor was the major part on 

this project, while testing the system there are multi errors occur because the difficulty of 

ultrasonic sensor sensitivity but the entire project get successfully. 

This report was very helpful to identify the parking problem very well. Moreover this 

research include software along with hardware part to manage the obstacle in parking slot 

that lead me to modify and develop this ideas to solve the main problem which is 

difficulty to find parking slot.   

"To reduce the traffic searching for parking, we suggest a reservation based system, 

where drivers make reservations through the parking management system. If a driver 

makes the reservation successfully, it guarantees an available parking space for him, and 

the driver can park at the reserved space without searching. The reservation-based system 

allows drivers to select the most convenient parking space under their budget 

constraints." (He, p. N.D) 

According to the above article they mention the solution for parking spot in order to 

reduce traffic congestion which is reservation based system. They also describe in details 

how the system work, driver can attempt to the system easily by entering their personal 

login ID and chose the convince parking with price under each one. Moreover the 

parking the system navigate the driver to the parking space and no one else can access 

that parking. 
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In the above figure the overall description of the reservation system: 

 

 

If this system is implemented in our campus most of student will disagree since it need 

money and no one else can attempt that parking. So from this system it's possible to 

develop and modify the idea to become convinces for each student. That’s by design 

application for android phone without reservation and buying money just they can access 

the application by their login ID of college. 

"Every working day, students and staff members spend usually a lot of time just to find 

an available car parking lot. This is not only a time-consuming and energy-wasteful 

process but it may also cause car traffic jams. With the intelligent cloud-based car 

parking service proposed here, an efficient utilization of available car parking facilities 

could be achieved within a ‘smart university’ environment. One way to achieve this is to 

have each car parking lot equipped with a sensor which is able to sense the presence of a 

car in it. An information station (InfoStation), operating in the car parking area, 

periodically collects and aggregates the car presence information from all sensors 

deployed in the area, e.g., by means of Wi-Fi, ZigBee, or other short-range wireless 

technology. In the case of paid car parks, optional parking meters could operate between 

the InfoStation and the sensors. When the occupation status of a car parking lot is 

changed, information about this is pushed by the InfoStation to the car parking 

Figure 3.1 Reservation Systems (TABIB, 2008, p. 

692) 
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Information Centre (InfoCentre) in the cloud via the university Intranet." (Zhanlin Ji, 

2014) 

This paper is tied close to my ideas, they mention that there are sensor in each parking lot 

to sense the presence of vehicle in it then send this data to information station as the 

figure above show (Info Station) collection of data is done by Wi-Fi,ZigBee at the end 

the information is pushed in the university internet. 

 

In this article they stop on uploading the data on web brose in order to modify and add 

something to solve the parking problem in our college as student this led me to think for 

something easy and convince for student. All  known that android application  is play big 

role in our daily life regarding to that, ideas of reading the information from web brose 

using android application is easier for student along staff member to pick parking before 

they reach the college.  

" A research by Grazioli et al discusses the complete framework of having a smart phone 

based user interface for parking management systems and the advantages resulting from 

it. These researchers made an attempt to implement a complete system consisting of web 

applications for parking management staff and web or smart phone based applications for 

users. It also provides a way for parking controllers to manage the parked vehicles and 

help them in revenue collection and enforcement. Functions such as enabling users to 

monitor their parking activity by keeping them informed about the parking duration, 

utilization of algorithms such as Ray casting algorithm along with GPS precision, 

integration with apps such as Google maps & Foursquare and also enabling users to 

participate in crowdsourcing activities are some of its strong suits. Examples of existing 

solutions: Parking Mate: Smartphone based application. It displays the nearby parking 

Figure 3.2 Info Station (Zhanlin Ji, 2014, p. 7) 
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facilities and their rates. It does not show any information about availability of spaces." 

(Deshpande, 2014) 

This study discuss system management of parking for Georgia Tech, Deshpande study 

the parking system for Georgia Tech from all the aspect. He include in details the overall 

working system and he support that by different picture and graph. The main purpose of 

having this study is to establish parking system to enable visitor and local people to easy 

find parking slot. Moreover this study was focusing spicily for handicap parking slot. In 

addition this study describes the ideas of having android application for mapping park in 

the city and helps the handicap without showing the availability slot. Here is one satellite 

map picture show the parking for visitor and also park slot for handicap in different color. 

"To cope with the ever growing problem of traffic management and parking management 

this paper proposes an advance solution for managing and monitoring free parking space 

and automated guidance for user to park the car. It aims at implementing smarter and 

better parking guidance mechanism which reduces significantly vehicle travel time and 

parking time. In this system all the Infrared sensor nodes (IR sensor) sense the status of 

the car space and accordingly transfer the information to the AVR controller. 

Accordingly AVR sensor sense the status of car parking space and displays the 

information on the LED screen for the user, thereby reducing the time for the driver to 

find vacant empty space and almost reduce the chances of entering into the unusual space 

which might lead into the traffic jam. Keywords - AVR controller, Central processor 

Infrared Sensor (IR sensor),Display unit(DU) ,Wireless Sensor Networks (WSN)" 

(Choudhri, 2012) 

As they mention that this system is used to manage and gives solution to the parking 

problem. This system focus on detecting the vacant parking slot by using infrared sensor 

called IR sensor to sense the status of each parking and AVR controller which used to 

receive the information from the sensors. And at the end the status of the parking will be 

available to the user on an LED screen.  
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Fig 3.3 show the working of IR sensor while the entering of the car in to the slots of the 

parking at this state the IR sensor will send signal to the AVR controller after that 

configuration is done by the controller the information will be send to the LED screen to 

glow the UPA (Un Parking Available) and if there is no car in the parking space the LED 

screen will glow NPA (No Parking Available). 

Through reading this system which is good to use in our fast life but there is some 

drawback such as; if the driver park his car in two slot both UPA and NPA will glow in 

the Screen.  

 

 

 

 

 

 

 

 

 

 

 

Fig 3.3: IR sensor detection. Fig 3.4: LED screen. 
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4. BUDGETING AND PROJECT MANAGEMENT 

 

This chapter shows how the overall management of the project is done and the 

approximate budget required for the project.  

 Project Budget  

Any project has two main important factors time and cost of project, whether it is for an 

individual or a group. Thereby figuring out how much the project cost and how to 

continue managing the cost once the project is launched is the biggest challenge during 

the start of any project. On the other hand, if you start any new ideas you should put a 

common strategy while planning for the budget such as; plan for anything going wrong, 

identify any sudden change occurring during planning and implementing also and do not 

forget to plan for the contingency plan in case something goes a bit higher than planned. 

In order to come up with the final project there are different tools and equipment's that 

are required to complete this system. 

 

Item Type Quantity  Cost (RO) 

Ultrasonic HC-SR04(3meter) 2 8.000RO 

Microcontroller  PIC16F887 1 3.500 RO 

LCD LM016L(16×2) 1 4.000RO 

URT(FTDI) - 4 2.000RO 

Raspberry pi    23.000OR 

PCB  1 2.000RO 

Router   1 13.000RO 

LED(Light emitting diode ) - 4 0.050RO 

Resistor 10k,1.5k,1.6K,3.3K,5K 1 0.400 RO 

Total 55.950 RO 

 

Table 4.1 Budget 
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 Project Schedule 

In this section of the budget chapter the schedule plan for the entire project has been 

done using MS project as shown in the Gant chart on the right side of the schedule 

plan.  

 

 

The entire plan has been done successfully without any delayed only challenge that 

faced during some stages.   

 

 

 

 

Figure 4.1 Project schedule & Gant chart 
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 Risk Management 

“Risk identification identifies and classifies the types of risk which could be affecting 

the project. There are various type of risk for example management risk, resource 

risk, timing risk and external risk” (Washington, N.D).  

 Topic Risk  

At the beginning of week 1 to week 4, the topic for each student should be 

decided. Searching for the topic was difficult because the topic should satisfy the 

recommendation of new ideas that can serve the community and that is why 

choosing the title is considered a big risk. From week 1 to 4 searching for a 

suitable topic was over, along with consultation with the advisor. The chosen 

topic should not have been presented to the department earlier.  

 Risk mitigation: In order to mitigate this risk there are different solutions that 

must be used to overcome this risk. The first solution to avoid choosing a topic 

that has been chosen earlier is to search for topics that are related to your field, at 

the beginning of the semester. Another solution is to identify or set several topics 

that qualify according to the department's needs. In case any topic is not accepted 

you can easily shift to the next one.        

 Time Risk 

Timing risk arises in any project especially for students. As a student it is hard to 

manage the time for each subject since the syllabus for each of the 5 modules is 

different and assessment for all are in same week. Because of that time for 

searching and completing the report with circuit diagram is delayed. Therefore 

there are delays in submitting some tasks. Moreover, as the semester comes to an 

end the delays and pressure increases. Timing risk has a huge impact on the 

progress of the whole report.   

Risk mitigation: For coming up with suitable solutions regarding time risk, there 

are some steps that can be followed by a student or project manager in case of a 

big project. Planning for any project is important in order to set the time that each 

task needs and if there is any delay or unexpected case happens you can easily 

identify another time for each task that is appropriate for the schedule plan. 
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 Programing Risk 

This kind of risk appears in implementation stage where the actual programing is 

done. However, it is expected to have some difficulty in placing the correct code 

for the circuit and the action that is done. Coming across some errors while 

programming the circuit is the biggest challenge in not being able to the complete 

the right code of the hardware circuit. Moreover another risk faced during the 

programing is of the ultrasonic sensor whose code may not match the size of this 

type of sensor and it needs some equation and testing in the actual parking zone.  

Risk mitigation: Planning to attend workshops on how to program the hardware 

circuit in order to find a solution and avoid the risk of not being able to come up 

with the right program. Even where the program is correct, there may be some 

change that has to be done in the hardware part like placing the correct port in 

code that will affect the execution of the program. In addition to mitigating the 

problem with ultrasonic sensor code there are some researches and previous 

projects that introduce how to program this type of sensor. 
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CHAPTER 5 

  5. DESIGN AND ANALYSIS 

In order to present the system diagram with flow chart this chapter will goes in details to 

describe the hardware and software equipment.  

5.1System Initial Design 

5.1.1System Block Diagram 

      This system diagram preefly shows the entier function of smart parking system in     

our campus. It began when the car ar moving toward the parking space the ultrasonic 

sense the car so it will be ON. 

 

 

 

 

 

 

 

 

 

After the destion be taken  in the microcontroller done the data will be showen in LCD 

screean and it used in case any error occure in part of androied application. The next 

stage is sending data to rasperry pi by using  serial famial and mail port for commenect 

the PIC with rasperry. After the information is uploded to the webbrowser, finally the 

android application will read the data base from the web browser  and show that parkin 1 

Figure 5.1 Circuit block diagram. 
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is full. And via versa if the there is no car at the parking slot.  The diagram represent the 

inpute for microcontroller PIC which is ultrasonic sensor and LCD screen as output. The 

data or signal that coming out of PIC will transmmited to raspberry pi . This raspberry 

should be connect to local network by router network and data will  be uploded in the 

webbrowser. To read this datad there is on way which is SQL. SQL is the short cut of 

Structured Query Language which is used to design the layout of the parking in the 

webbrowser , preefly the mobile application will read the format once the latest 

information is retrived. 

5.1.2System Flow chart 

By using Microsoft Visio program to design the flow chart of the overall system. 

 

Start

Read from sensor and write to database

While True

Display on Application 

Parking Full

Yes

 Display on Application  

Parking Empty
No

Configure 

microcontroller pin

 

 

 

Figure 5.2 System Flowcharts for Android Application 
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Start

While True

Display on Application 

Parking Full

Yes

 Display on Application  

Parking Empty
No

View parking status

Read from data base

 

  

 

 

By contrast, three flow chart figures illustrate the flow of the entire work of the project.  

Sensing the presence of a car after microcontroller sends a signal to allow the sensor to 

detect the parking slot and if there is any echo comes will be return back to the 

microcontroller. Configuration will be done in microcontroller by which data will be 

uploaded to the raspberry pi. And the application will show the state of parking slot either 

full or empty. 

 

 

 

Figure 5.3 System Flowcharts for Android Application 
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5.2 Technical Requirements  

 

5.2.1 Hardware components 

Here are the lists of major components that are used for completing the smart parking 

system along with their technical details.  

 Ultrasonic sensor ,HC-SR04(3meter): 

It's used sonar for measuring the distance of any object and obstacle like what 

dolphin and bate do. It provide high accuracy along with no connected rang of 

detection also offer stable reading to use package. Moreover the range of HC-

SR04 ultrasonic can reach to 3mm and the structure of the sensor includes 

transmitter, control circuit and receiver. Ultrasonic as picture shows it consist of 

four pins (Vcc, Trig, Echo, GND). 

Here is the basic principle of work: 

The below diagram shows the overall 

working of ultrasonic  

For example you  

Apply short10µS pulse to the trigger input to start sensing and then the module as 

diagram show will send 8cycle immediately of ultrasonic at 40kHz that result in 

raising Echo. Echo is the distance of object that has pulse width and rang in 

proportion. You can calculate the range by using the below formula.   

2

)/340(,,(
.

SMofsoundvolocitytimehighlevel
rangeThe


  

"Features: 

 Power Supply :+5V DC 

 Quiescent Current : <2mA 

 Working Currnt: 15mA 

 Effectual Angle: <15° 

 Ranging Distance : 2cm – 400 cm/1" - 13ft 

 Resolution : 0.3 cm 

 µS/58 for centimeter 

or µS/148 for inches.     

Figure 5.4 Ultrasonic sensors (S, 2013, p. 2) 



19 

 

 Measuring Angle: 30 degree 

 Trigger Input Pulse width: 10uS 

 Dimension: 45mm x 20mm x 15mm." (S, 2013) 

 Microcontroller (PIC16F887) 

 

Microcontroller PIC it’s the short cut of Programmable Interface Controllers and 

also defines as programmed electronic circuit that can carry out infinite task. 

Microcontrollers are programmed to be control production line, timer and more 

they can be found in most electronic device like computer, mobile phone and 

much more in fact almost any electron device microcontroller are found. 

Moreover PIC16F887 is the least product from microchip, there are different 

feature that all modern microcontroller have and here is some:High qualityLow 

priceUsed in wide range of applicationAvailability  

In addtion PIC16F887 consist of 40 pins and the below table showes each pins 

with the description 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 5.5 PIC16F887  (MikroElektronika, 2015,p.1) 
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Table 5.1 PIC pins description1 (MikroElektronika, 2015) 

 

Table 5.3 PIC pins description1 (MikroElektronika, 2015) 
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 LCD-LM016L: 

Is the short cut of (Liquid Crystal Display) screen and also can be define as 

electronic display device. The commonly used in various electron devices and 

very basic is LCD display of 16x2. 

This type of LCDs is economical; because it can be easily programmable also it 

has no limitation of display any one of these special, animation and event custom 

characters. Moreover a 16x2 LCD screen means it can display 16 characters per 2 

lines and displayed each character in 5x7 pixel matrix.  

This picture shows the pin names  

  

 

 

 

 

 

 

Figure 5.6 LCD pins Name (EngineersGarage, 2012, p. 1) 

Table 5.3 PIC pins description1 (MikroElektronika, 2015) 
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o Pins discretion  

 

 

 

 

 

 

 

 

 Raspberry pi 

"The Raspberry Pi LPC1114 I/O Processor Board is an expansion board for the 

Raspberry Pi, containing an LPC1114 ARM Cortex-M0 microcontroller. The 

LPC1114 microcontroller connects to the SPI, I2C, and UART ports on the 

Raspberry Pi expansion header and to 8 GPIO signals on the terminal block. 

The LPC1114 microcontroller is capable of very fast interrupt and GPIO signal 

manipulation, making it suitable for a variety of applications, such as infrared 

remote control protocols. Such protocols typically have stringent timing 

requirements and would otherwise be impossible to implement with the Raspberry 

Pi alone. 

The LPC1114 microcontroller also offers a great deal of flexibility. The GPIO 

signals brought out from the LPC1114 to the terminal block may be configured 

under software control for a variety of functions, such as A/D (Analog to Digital) 

inputs, PWM (Pulse Width Modulation) outputs, and GPIO (General Purpose 

Input Output) signals." (Munts, 2013) 

Table 5.4 LCD pins description (EngineersGarage, 2012) 
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 The porous of using Raspberry pi is to make an interface between the hardware 

and software with the help of UART port of the system.The below picture shows 

Raspberry Pi LPC1114: 

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to describe the pins with function the table below present Raspberry Pi 

description: 

 

  

 

 

 

 

 

 

 

 

Figure 5.7 Raspberry Pi LPC1114 (Munts, 2013, p.6) 

Table5.5 Raspberry pins description (Munts, 2013) 
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 Router 

The router is a device that connects network devices together to the internet. The 

router also creates a local network for all the devices to see each other through 

wireless or an Ethernet connection. Whenever any device is connected to the 

router it is able to connect to the other device in the same local network. 

Therefore, they can send data between each other without having an internet 

connection at all. The project will use the local network that is provided by the 

router in order to connect the raspberry pi with the mobile phones so they can 

exchange data.    

 Ethernet Network 

The Ethernet Network wire is a medium that is used to connect network device 

together. It is used in this project to connect the raspberry pi with the wireless 

router. That’s because the raspberry pi cannot connect to the router through a 

wireless connection. Therefore this wire is used in this case.   
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5.2.2Software components  

Here are the description of various programs that used during planning period and 

implementation with their features.  

 Microcontroller  basic PIC software: 

This software program stander for (Programmable Intelligent Computer) which is 

manufactured by Microchip also some time can define as Peripheral Interface 

controller. This software is popular among people work in electronic because PIC 

come in different "flavors", each of them with different capabilities and 

components. Any electronic project can be connected and constructed with 

microcontroller." PICAXE microcontrollers are pre-programmed with an 

interpreter similar to the BASIC Stamp but using internal EEPROM instead, thus 

reducing cost. This also allows downloads to be made with a simple serial 

connection which eliminates the need for a PIC programmer. PICAXE is 

programmed using an RS-232 serial cable or a USB cable which connects a 

computer to the download circuit, which normally uses a 3.5 mm jack and two 

resistors." (PICAXE Software, N.D) 

 

"Feature 

 Source code colour syntax highlighting 

 Auto indentation 

 Syntax check and program download 

 Code explorer to shown variable, label and constant values 

 Full on screen simulation with animated chips and line by line 

code highlighting 

 Simulation breakpoints by line number and variable value 

 Debug and serial terminal windows 

 AXE027 download cable testing and port identification tools 

 Various testing tools such as the analogue calibration wizard 

 Various code generation wizards (pwmout, tune, RTC setting, 

etc.)." (PICAXE Software, N.D) 

http://en.wikipedia.org/wiki/Interpreter_%28computing%29
http://en.wikipedia.org/wiki/BASIC_Stamp
http://en.wikipedia.org/wiki/Programmer_%28hardware%29
http://en.wikipedia.org/wiki/Personal_computer
http://en.wikipedia.org/wiki/TRS_connector
http://en.wikipedia.org/wiki/Resistors
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 ISIS 

It called Proteus ISIS which is contains everything engineering needs in order to 

develop, test and essentially prototype. And this software allows engineering 

change their circuit more quickly, also empowering them to reduce time taken to 

design circuit, flexibility for making hardware changes. Feature of Proteus it has 

"unique nature of schematic based microcontroller simulation with Proteus 

facilitates rapid, flexible and parallel development of both the system 

hardware and the system firmware." (Shbair, N.D) 

 

 Node JS 

The application that is used is called NodeJS.  NodeJS is a modern web server 

that uses JavaScript to process information, and then it sends the html page back 

the requesting browser. It contains many API and modules that help the 

developer's succeed in their development without having to rewrite codes again. 

Node JS was chosen for this project because it is lightweight for the raspberry pi 

and contains modules for reading from a serial port. The main benefit of using 

Node JS is because of its support of the new Socket.IO technology which sends 

real-time updates to the browser document without having to refresh the web 

page. Therefore, it makes the perfect choice for the project.  

 Android Studio  

It is a development environment for creating android App. Typically this software 

is supported by Google Inc. Therefore, it is the first choice when developing 

android application. The two basic languages that are used Java for processing 

and XML for designing the user interfaces. Both of them are easy to learn. 

Feature that this software deliver to the designer: 

 Flexibility on building the system. 

 It has code templates that help user to build command on the app. 

 Drag and drop editor for easy design the layout. 
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 Java 

Java is an easy and modern programming language.it is used in creating Android 

applications. This is because Java is very popular and suitable for the most of the 

developers when they move from another language. 

 XML 

Is a markup language that is mainly used to create structures that are human 

readable except in XML. It became very popular nowadays and it has been chosen 

for designing android applications interface. The developers will not require a lot 

of time in order to create a structure in XML. 
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5.3Schematic Diagram 

The below diagram represent the initial design of smart parking system and also this 

section will goes in deep to discuss the logical working of the circuit. The explanation of 

the circuit will have two main sections, firstly when the car is available in the slot also 

how it appears in android application. And the second stage when parking not used or 

empty      

                               

  

 

 

 

 

 

 

 

 

 

 

This circuit shows two ultrasonic in two parkin space the sensor in each parking    

determain whether the parking slot is occupied or not.If car moving tword parking 1 and 

the other parking is not used. The sensor will detect the parking 1 which occuieped by the 

car and the signal will transmited to the micrcontroller pic which is  work on 5 volte 

depend on the manfacture of the company that preduced this chip. Next stage to show the 

output of micrcontrolar using LCD. It used in case any error occure in part of androied 

application and if the security want to see the state of parking in parking slot while the 

androide apps is not working.  After the configration is done in microcontroller the data 

Figure 5.7 Schematic Diagram 
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will be travel using serial femal and male port to raspberry pi. In the raspeery pi the data 

that are coming from microcontroller to this exponantiol board which are the suitable 

interface that link the data to webrose and then uploded it on webbroser or web server. 

This server or web page include this data base to display this data base using java script. 

Finaly the androide application that is done using androied studio with Java and XML 

languges will read this information along with disply statues of each parking either full or 

empty.Using Raspberry pi with this particular sensor the updating of the statues of 

parking slot will be exsit immediately. 

In general student can easily download this application which is design in form of 

displaying the statues or mode of the parking.  
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5.4System Design & Analysis 

Along with above section this part is continues of explaining each component with justify 

why they are used in this particular circuit.  

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to analysis this diagram, firstly justification of each part should be mention along 

with explain the purpose of using it. At the beginning the major part of this circuit is 

microcontroller which is PIC16F887 , this chip is the least chip on microchip and provide 

goods for the circuit. Moreover this chip has 40 pins and each pin is act for special 

purpose as it mention in hardware requirement. Additionally this chip mainly work on 5 

volt and in some case the circuit equipment require more voltage external device is added 

which is Crystal in order to prevent damage to this chip. As the above simulation of the 

circuit is shows the connection of LCD (Liquid Crystal Display) screen along with 

resistor 1kΩ. The resistor of 1k Ω that is connected through pins 5 of LCD is permanent 

from the manufactory company Micro Electronic in order to control the current and the 

Figure 5.9 System Design & Analysis 
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voltage for LCD display. Additionally the connection of LCD screen pins is fixed also 

that both pin 1 and pin 5 with GND.  

In addition there are two ultrasonic with same type which is HC-SR04. This ultrasonic as 

the data sheet mention it works with 5 volt and current 15mA. Additionally main purpose 

of ultrasonic in this system is to convert the electric energy that coming from object into 

acoustic energy and vice versa. The main principle of ultrasonic that when the systems 

switch ON microcontroller will send Trigg signal to the trigger input of the ultrasonic. 

Then the input of ultrasonic which is trigger will transmit ultrasound wave in order to 

detect the object on the parking space. The wave will return after being reflected by 

object surface. Next is the output of ultrasonic Echo will receive this wave and feed it to 

the microcontroller. 

Female and male cables are connecting from the PIC controller for purpose of make a 

communication path for sending the information or data to raspberry pi. Raspberry pi as 

transmit the signal to the web browser because this board is a great interface between 

hardware to software data along the web browser.  

The android par depend on the information that are transmitted and uploaded to web 

browser since it just design using android studio with Java and XML for reading the data 

base on web browser. The purpose of choosing this type of program and language 

because they are can easy implement with hardware part along they easy to work on.     

The specialty of this ultrasonic that is provides very short 2cm to 4m long detection range 

with high accuracy. This sensor transmits an ultrasonic wave that produces an output 

pulse which corresponds to the time given for the burst echo to return back to the sensor. 

The echo pulse width with distance to target can be measured easily by using below 

formal 
2

)/340(,,(
.

SMofsoundvolocitytimehighlevel
rangeThe


 or Echo distance (Ed) = Echo 

speed (Ev)*Echo time (Et) . 
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To calculate the distance that each sensor is detects using the following formal. The 

below calculation is for sensor 1 and the range of detection each ultrasonic for assumed 

to be 600 m meter for s. And the both timer low (TMR1L) and timer high (TMR1H) of 

microcontroller will be working after an echo signal return from the first sensor. 

Therefore the next calculation is to measure the distance after measuring the duration of 

signal return in parking1. 

duration_us = ((TMR1H<<8) + TMR1L) ' Retain TMR1 value = ON pulse 

        dist = duration_us * 1.70147 

        dist = duration_us * 0.172414  ' 1/(58/10) 

        distance1   = dist '- 10 

Same calculation will be measuring the duration then the distance of detection in parking 

two using the second sensor after the echo signal return. 

duration_us = ((TMR1H<<8) + TMR1L) ' Retain TMR1 value = ON pulse 

        'dist = duration_us * 1.70147 

        dist = duration_us * 0.172414  ' 1/(58/10) mm 

        distance2   = dist '- 10 

 Code description  

There are three main codes for the overall system; First code has been done to 

configure the hardware part by the help of MikroBasic program, second code 

analysis the software part in raspberry pi using Node JS and the last code will 

describe the functionality of mobile apps using the android studio. 

 

Figure 5.9 Ultra Sonic Trigger and Echo Pulse.  
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dim LCD_RS as sbit at RB4_bit 

dim LCD_EN as sbit at RB5_bit 

dim LCD_D4 as sbit at RB0_bit 

dim LCD_D5 as sbit at RB1_bit 

dim LCD_D6 as sbit at RB2_bit 

dim LCD_D7 as sbit at RB3_bit 

 

dim LCD_RS_Direction as sbit at TRISB4_bit 

dim LCD_EN_Direction as sbit at TRISB5_bit 

dim LCD_D4_Direction as sbit at TRISB0_bit 

dim LCD_D5_Direction as sbit at TRISB1_bit 

dim LCD_D6_Direction as sbit at TRISB2_bit 

dim LCD_D7_Direction as sbit at TRISB4_bit 

 

In the above 12 line of the code, is the description of the LCD display to the 

microcontroller pins which are connected to the microcontroller RB section. 

 

dim     duration_us as word 

        dist_temp   as double 

        distance1   as word   

        distance2   as word 

        length_mm   as char[5]  

 

The character that is written above is the declaration of both ultrasonic sensors for 

measuring the distance. 

 

Measure_Distance1() 

            If (portc.1= 0) AND (distance1 > 600)  then   'P1 

                 Lcd_Out(2, 1, "Empty")   

                 portd.1=0 

                 UART1_Write_Text("P1 Empty.") 

                 UART1_Write(0x0D) 

                 Delay_ms(200) 

            Else 

                 Lcd_Out(2,1,"FULL ") 

                 portd.1=1 

                 UART1_Write_Text("P1 FULL.") 

                 UART1_Write(0x0D) 

                 Delay_ms(200) 

            End if 
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In the above code the first step is to clear out all the character like distance, duration and 

distance tem. The sensor will detect the object if the distance 1>600 that’s mean there is 

no car and will write empty in the LCD_out for the first parking. The same data will be 

sending to the raspberry pi using UART1_Write_Text("P1 Empty."). Else of the first 

condition it will show UART1_Write_Text("P1 FULL.") and sending it to the raspberry 

pi. Same code will be used to sense  and transfer data in parking two with slight different 

in the port and pins that is connected to the microcontroller. 

The below code is the description of configure the raspberry pi using NodeJs. 

   

 

 

 

 

 

 

 

 

The code above reads the serial port data then updates an array that contains the parking 

name and the state. 

 

The code below sends the list that is updated to the website that is loaded using socket.io 

technology.  

function requestQueue() { 

    // Send the list to all the clients every 500 ms. 

    io.sockets.emit('broadcast', JSON.stringify(parking)); 

    setTimeout(function () { requestQueue() }, 500); 

} 
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On the website part, the socket.io client reads the updated list and changes the data in the 

HTML document. 

var socket = io(); 

socket.on('broadcast', function (data) { 

    var parking = JSON.parse(data); 

    var updated = false; 

 

    for (var i = 0; i < parking.length; i++) { 

        updated = false; 

        $("#parks tr#entry").each(function (index) { 

            if($(this).find("td#name").text() == parking[i].name) 

{ 

                $(this).find("td#state").text(parking[i].state); 

                $(this).attr("class", parking[i].state);  

                updated = true; 

            } 

        }); 

    } 

}); 

 

The code below will display the information in HTML Table. It will loop on the states 

and gets their states to be displayed in the webpage. This document is in ejs, the 

javascript will be processed in the server and then be sent to the requesting browser. 

<table id="parks" class="table table-striped"> 

 

    <thead> 

        <tr> 

            <th>Parking</th> 

            <th>Status</th> 

        </tr> 

    </thead> 

 

    <tbody> 

        <% 

        for (var i = 0; i < parking.length; i++) { 

        %> 

            <tr id="entry" class="<%= parking[i].state %>"> 

                <td id="name"><%= parking[i].name %></td> 

                <td id="state"><%= parking[i].state %></td> 

             </tr> 

        <% 

        } 

        %> 
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    </tbody> 

</table> 

 

In the below code is for the Android application using Android studio with help of both 

Java and XML languages. 

The code below is the layout of the main page. It has only one button with a car parking 

background: 

<RelativeLayout xmlns:android="http://schemas.android.com/apk/res/android" 

    xmlns:tools="http://schemas.android.com/tools" 

    android:layout_width="match_parent" 

    android:layout_height="match_parent" 

    android:paddingLeft="@dimen/activity_horizontal_margin" 

    android:paddingRight="@dimen/activity_horizontal_margin" 

    android:background="@drawable/parking" 

    android:paddingTop="@dimen/activity_vertical_margin" 

    android:paddingBottom="@dimen/activity_vertical_margin" 

    tools:context=".MainActivity"> 

 

    <Button 

        android:layout_width="wrap_content" 

        android:layout_height="wrap_content" 

        android:text="View Parking Status" 

        android:id="@+id/btnParking" 

        android:layout_centerVertical="true" 

        android:layout_centerHorizontal="true" /> 

 

</RelativeLayout> 

 

The code below launches the embedded browser page where the browser will load the url 

of the web page that is hosted on the raspberry pi 

Button viewParking = (Button) findViewById(R.id.btnParking); 
viewParking.setOnClickListener(new View.OnClickListener() { 
    @Override 
    public void onClick(View v) { 
        Intent startWeb = new Intent(MainActivity.this, WebActivity.class); 
        startActivity(startWeb); 
    } 
}); 



37 

 

 

Embedded web browser design layout where it contains only 1 browser that fills the 

whole screen. 

<RelativeLayout xmlns:android="http://schemas.android.com/apk/res/android" 
    xmlns:tools="http://schemas.android.com/tools" android:layout_width="match_parent" 
    android:layout_height="match_parent" 
    tools:context="mec.moza.carparking.WebActivity"> 
 
 
    <WebView 
        android:layout_width="fill_parent" 
        android:layout_height="fill_parent" 
        android:id="@+id/webView" /> 
</RelativeLayout> 

 

 

When the web browser activity is loaded, the web browser will load the static URL of the 

web page that is hosted on the raspberry pi.  Therefore, the raspberry pi will then return 

the web page that contains the parking status. 

 
@Override 
protected void onCreate(Bundle savedInstanceState) { 
    super.onCreate(savedInstanceState); 
    setContentView(R.layout.activity_web); 
 
    WebView browser = (WebView) findViewById(R.id.webView); 
    browser.setWebViewClient(new WebViewClient()); 
    browser.getSettings().setJavaScriptEnabled(true); 
 
    browser.loadUrl("http://192.168.1.2/"); 
} 
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6. SIMULATION, TESTING AND 

IMPLEMENTATION  

 System Simulation 

The system is simulated using the Proteus ISIS software as shown in Fig6.1.Ssystem is 

relies on existing of ultrasonic in the parking spaces. This sensor will sense the presence 

of the car and will send echo signal to the microcontroller back after detection. 

Microcontroller, will send this information by the Tx pins to the raspberry pi. Data will 

be loaded to the raspberry pi, this board it make good interference between the hard ware 

and software part. Information then will be updated to the web browser where the apps 

can read the statues of the parking. 

 

 

 

 

 

 

 

 

 

 

The figure illustrates the LCD, which display the number of the parking with the statues 

of each. As it shown that parking 1 is empty there is no vehicle and parking 2 showing 

full cause that sensor detect an object in the parking slot. Here is the figure that shows the 

statues of parking1 and parking2. 

 

Figure 6.1: System Simulation  
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The same information will be send to the raspberry pi as Fig 6.3 show. 

 

 

 

 

 

 

 

 

 

 

 

 

As it mention this information is transfer from the microcontroller by the pins Tx. Tx 

transmit that parking 1 is empty while the second parking is full. The information from 

the raspberry pi will be updated using the Node JS to the web browser. After that this 

information will be visible to the student in the mobile apps. 

   

Figure 6.2: Parking Statue in LCD display.  

 

 

Figure 6.3: Parking Statue in raspberry pi (virtual terminal).  
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 System Testing  

At this stage of the project all the actual work will be shown here. In the testing section 

the hardware and software are implemented together in order to show the functionality of 

the entire system. In the below figure the hardware circuit in the breadboard are 

connected.  

   

 

 

 

 

 

 

 

 

The sensors are connected properly to the microcontroller to sense any object in front at 

the range of 600m meter. The below figure demonstrate the detection of the parking and 

displaying it on the screen. By using the raspberry pi and router the system successfully 

detect the status of each parking slot. 

 

  

 

 

 

 

 

Figure 6.4: System Testing.  

 

 

Figure 6.4: System testing in bread board. 
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In the below picture there is nothing in front of the two sensors so it shows that both are 

empty in the display as well as the application in the mobile phone. 

To view the status of the two parking you should upload this app in your mobile phone. 

As the previous status of detection in hardware section the apps will show the same thing. 

That both parking are showing empty in the below figure. 

   

 

 

 

 

 

 

 

 

 

The other statues that can be occur using this app is both parking full. Fig 6.7 show that 

both parking one and parking 2 are full  which they are depend on the detection of the 

sensor in this case. Both ultrasonic are detecting an object so it shows the status full for 

both of them. 

 

 

  

 

Figure 6.5: Parking viewing in the Apps 

 

 

Figure 6.7: parking full in the Apps. 

 

 

Figure 6.6: parking empty status in the Apps. 
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The last possible statues that this apps can show is one of the parking empty and other is 

full as it shown in the below figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.8: parking1 full and parking 2 empty in the Apps. 
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 System Implementation/Prototyping 

Finally is the step of implementing the entire circuit in real time parking after finishing 

the PCB. As the figure show that sensor are placed in the parking for detection the 

availability of each of them.  Router and raspberry pi are connecting together which are 

placed near the parking spot.  

 

 

 

 

 

 

 

 

 

Both the slot is showing full in the above figure. 

 

 

 

 

 

 

 

                  Figure 6.9: Real time implementation 

 

Figure 6.9: Real time implementation 
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7. CRITICAL EVALUATION 

As already mention in chapter one several objective which all of these objective have 

been achieved. There are different objective first one is Eenable drivers to detect and 

reserve vacant parking through mobile application which is achieved by the designing the 

mobile apps and placing the sensor in the parking zone. The second objective which is 

typically the specific one detecting the vacant parking. This was achieved by using 

ultrasonic that successfully doing it function of detection the vacant spot. And send this 

information to the base station which is defined as the web browser to updating the 

statues of the two parking in the mobile apps. At the end all the objective is achieved this 

is appear by the performance result of the entire system. 

There are different past related project have been discussed in literature review/theory. 

Some of thesis project was the initial step to achieve the goals of the system. As it 

mention on the reservation paper for parking they used mobile phone to park and pays. In 

addition the other paper was just focusing on the park managing using sensor which is 

not support second objective of updating the statues of parking in mobile apps. Moreover 

the theory part having some draw back like they was using IR sensor to sense the slot of 

the parking and this IR is too sensitive to the light of the sun. The paper was discussed 

include some benefit to the system and some drawback that lack the project to get to the 

endline. 

In order to reach the final system, there is some technical problem that faced each 

student. Here are some of the technical issues: 

1. The microcontroller pins was damage and need to be replaced. 

2. LCD was also not working because there the Rs pin is not connecting to 

the port of microcontroller. 

3. The LCD pins was not indicating the right pins of the microcontroller so 

as the program buildup. Some error occurred because of that.   

4. The microcontroller does not work without crystal so; the circuit couldn’t 

give the function. 
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5. To connect raspberry pi there is two resistors which was missing so the 

transferring function from microcontroller disable. 

6.     One of the most technical problems that faced during the testing stage is 

that the mobile apps work on short range because of the static IP needed to 

perform the function of viewing in wide range.  

7. One of the ultrasonic is not working from the begging, so at the testing the 

detection of parking 1 was ok but the problem was in the second sensor 

which was all the time is empty even though the place is occupied. 

8. The apps were disabled in testing because the router is not providing local 

network.   

 Any project to reach the stage of success it should go through some challenges. There is      

some of the challenge that the system gone through till it reaches the aim of the system. 

1. The first challenge is that choosing between the Arduino and pic to 

implement and start work on the project.   

2. Choosing pic is the big challenges cause there is no background of 

programing such IC. 

3. Another big challenge that appear during designing stage is 

programing HD screen in  order to display the view of parking slot 

to the student in front of the parking zone.  

4. The software part was also considered as a big challenge because 

of the difficult software program needed to design the mobile apps 

such as Java and XML. 

5. The hardware and software was separated and there is no such easy 

solution to make the software part together.  

6. Raspberry pi is a new technology and the challenge was with the 

programing this board to transfer the data to the web browser. 

All the problems and challenges that face each student should be overcome to get the 

desired function of the project. The success of each person on order to reach the goals is 

to standup and think of some proper and easy solution to overcome the technical problem 

and challenges during the initialization, planning, designing, testing and implementing in 
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real time. The following points are an overcome of the technical problems and solution to 

lead the project to work successfully. 

1.   In order to overcome the damage of the microcontroller, there is some tools that 

used to fix the pins that is dent. 

2. As the LCD was not working there is slight easy solution is connecting the Rs pin 

whit Rb in microcontroller. 

3. In the initial part of LCD or declaration on the program codes so the pins was 

connected to Ra pins of microcontroller and it should be replaced to the Rb pins 

to match the codes with the circuit diagram.  

4. As the microcontroller having internal crystal but in the case of using raspberry pi 

it need such crystal of 4000 Hz along two main capacitor that which make the 

microcontroller work. 

5. Searching on the internet and finding 2 resistors which make the raspberry pi 

work they are 1.6K ohms and 3.3K ohms.  

6. Using the router to provide local network to the application and the viewing the 

statues of the parking. 

7. Define the problem that one of the ultrasonic is damage and replaced with new 

on. 

8. In testing the router was disabling so it need for refreshing and switching off to 

return back on providing the network. 
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8. LEGAL, SOCIAL AND ETHICAL ASPECTS 

RELATED TO THE PROJECT 

 

Parking system for MEC building has tacked attention from both college and 

communities. It can be deployed in numerous kinds of environment to detect vacant slots. 

In this chapter there are different branches to take care of it ethical, social, and legal.  

Increasingly needs for smart parking has been increase due to the different challenge of 

parking management. Therefore there are different research papers and studies that had 

been discuss in literature review which focused on compression between what had been 

done earlier with the slight modification of the new one. As the ethical aspect of writing 

that to cite the entire quotes sentence and paragraph properly in reference page for saving 

the rights of the writer.  

The aim of any project is to encourage the economic along with development in different 

part of society. There are certain benefits that this system can deliver to the society the 

simplicity and easy to implement with low cost for detecting the parking. Smart parking 

system will stems the congestion and motor vehicle pollution. Actually this system will 

eliminate driver frustration and fatigue. Furthermore it will open up avenues for such 

improvement in future come which will be very helpful to the society. The purpose of 

this system is to monitoring and sharing parking availability information that will reflect 

positively to the society. Parking system has many positive impacts on the campus of our 

college and this will be reflected back on the entire society. In the side of positive impact, 

the system's affect is the immense reduction of congestion. If every user had to park their 

vehicles very easily by using this system the congestion that comes from the parking will 

disappear. Therefore this reduction will be much more enjoyable to the user among the 

entire communities.   

Main issue that this system is having lack of flexibility because of the wide number of 

sensor needed for each parking and it will be costly. This can negatively effect to the 

development of parking in communities. As student it has become very important to be 

aware of the legal aspect associated with our project. Unfortunately sometime this legal 
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aspect it defines as a big challenge to continues the aim of project. In this report, the 

challenge of implement the system in real time has been raised due to legal aspect.  

As the test stage done, there is some missing appear during this stage in application part 

specially that's because the function of the android apps is work in short range. To 

increase the range there is something called Static IP and forwarding it's kind of 

password to communicate to the wireless of our college that’s will make the apps work in 

wide range in the campus. But this command is not allowed for student for the purpose of 

security and privacy needs. In this case to overcome this problem router is used to make 

this apps work in wider range of parking space.   
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9. CONCLUSIONS AND RECOMMENDATIONS 

 

At the end parking system can alleviate the college traffic congestion that caused by 

student during the searching for parking. During the planning section there is various 

achievements happen like learn new software and program language also faced new 

equipment that are suitable for achieving the goal of the project. Additionally, 

exploring some new program to create android application was such a delight.     

Using the historical occupancy information from several article, videos and journal 

parking system was developed. This report shows that parking system is utilized for 

monitoring and sharing parking space availability information using android 

application.  

In the initial stage there were different task should done during four weeks like 

choosing title and after that writing the proposal. Then after this stage of choosing 

topic, planning for the system is more difficult but thanks Alallah the planning going 

on the right direction. Design the system is the middle stage of the entire report, In 

this stage there is some limitation that faced us like new program and equipment but 

that is not big deal with searching in internet and asking expert in that field make this 

stage easy at the end. Last two stages are in progress from this semester till next 

semester of implementing and hope to be completing them on time line of the 

schedule plan.     

At the end, through research smart parking problem arise in each days so from this 

report I hope that the given solution especially for student to be convinces and reduce 

amount of problem in college campus. 

One of the most future enhancement or suggestion is to add function of navigation to 

the park application. This functionality will provide the place of the vacant slot. In 

addition the navigation function requires precise localization API which is based on 

GPS, Wi-Fi, expensive hardware component (Wireless sensor). Parking navigation 

function will be useful when the user know where the vacant with direction. Another 

future enhancement is potting camera in place of ultrasonic which detect the vacant 

place based on image processing technique. Moreover another suggestion to improve 
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this system by adding a bottom called time reservation in application section that 

show the time for poking this vacant slot and easily each user can select the suitable 

time for reservation. If the student want to be in that place for long time or shorter. 
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APPENDIX A 

Data sheet of (LCD16x2) 
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Data sheet of Microcontroller PIC16F887 
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Data sheet of raspberry pi  
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Code of the overall project 

program MyProject 

 

dim LCD_RS as sbit at RB4_bit 

dim LCD_EN as sbit at RB5_bit 

dim LCD_D4 as sbit at RB0_bit 

dim LCD_D5 as sbit at RB1_bit 

dim LCD_D6 as sbit at RB2_bit 

dim LCD_D7 as sbit at RB3_bit 

 

dim LCD_RS_Direction as sbit at TRISB4_bit 

dim LCD_EN_Direction as sbit at TRISB5_bit 

dim LCD_D4_Direction as sbit at TRISB0_bit 

dim LCD_D5_Direction as sbit at TRISB1_bit 

dim LCD_D6_Direction as sbit at TRISB2_bit 

dim LCD_D7_Direction as sbit at TRISB4_bit 

 

' Ultrasonic Declarations section 

dim     duration_us as word 

        dist_temp   as double 

        distance1   as word 

        distance2   as word 

        length_mm   as char[5] 
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    '   Set-up the PIC 

    sub procedure InitMain() 

        'OPTION_REG = 0x80                     ' No pull-up on PortB 

        INTCON  = 0x00                        ' No INT 

        CCP1CON = 0x00                        ' No CCP1 

        CCP2CON = 0x00                        ' No CCP2 

 

        ANSEL      =  0 

        ANSELH     =  0 

        'TRISA      =  %00000110 

        'TRISC      =  %00001111 

        'TRISD      =  %00000000 

 

 

        'TRISA   = 0x3F 

        'TRISB   = %01000000     '0x01   ' B0 to B5 for LCD, B7=trig, B6=echo 

        'TRISC   = 0xFF 

        'TRISD   = 0x00 

        'TRISE   = 0x00 

 

 

        trisb   = 0 

        trisc.1 = 1      ' Switch Input for Parking 1 

        trisc.2 = 1      ' Swtich Input for Parking 2 
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        trisd = %00010001 

        ' D0 - P1 Echo -> 1 

        ' D3 - P1 Trig -> 0 

        ' D4 - P2 Echo -> 1 

        ' D5 - P2 Trig -> 0 

 

    end sub 

 

 

    Sub Procedure Measure_Distance1() 

        PORTD.3 = 1                    ' Trigger P1 for 10usec 

        delay_us(10) 

        PORTD.3 = 0 

 

        while PORTD.0 = 0              ' Waiting for P1 echo 

            nop 

        wend 

 

        TMR1L    = 0                   ' Clear the TMR1L value 

        TMR1H    = 0                   ' Clear the TMR1H value 

        T1CON    = 0x01                ' Enable TMR1 

 

        while PORTD.0 = 1         ' While P1 echo received, let TMR1 count 
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            nop 

        wend 

         

        T1CON = 0x00                   ' TMR1 OFF 

         

        duration_us = ((TMR1H<<8) + TMR1L) ' Retain TMR1 value = ON pulse 

        'dist_temp   = duration_us * 1.70147 

        dist_temp   = duration_us * 0.172414  ' 1/(58/10) 

        distance1   = dist_temp '- 10 

 

        WordToStr(distance1, length_mm) 

        ltrim(length_mm) 

        Lcd_Out(1,4,"     ")          ' Write text in 2nd row 

        Lcd_Out(1,4,length_mm)         ' Write text in 2nd row 

 

        delay_ms(100) 

         

    End Sub 

     

    Sub Procedure Measure_Distance2() 

        PORTD.5 = 1                    ' Trigger P2 for 10usec 

        delay_us(10) 

        PORTD.5 = 0 
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        while PORTD.4 = 0              ' Waiting for P2 echo 

            nop 

        wend 

 

        TMR1L    = 0                   ' Clear the TMR1L value 

        TMR1H    = 0                   ' Clear the TMR1H value 

        T1CON    = 0x01                ' Enable TMR1 

 

        while PORTD.4 = 1         ' While P2 echo received, let TMR1 count 

            nop 

        wend 

 

        T1CON = 0x00                   ' TMR1 OFF 

         

        duration_us = ((TMR1H<<8) + TMR1L) ' Retain TMR1 value = ON pulse 

        'dist_temp   = duration_us * 1.70147 

        dist_temp   = duration_us * 0.172414  ' 1/(58/10) mm 

        distance2   = dist_temp '- 10 

 

        WordToStr(distance2, length_mm) 

        ltrim(length_mm) 

        Lcd_Out(1,12,"     ")           ' Write text in 2nd row 

        Lcd_Out(1,12,length_mm)         ' Write text in 2nd row 
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        delay_ms(100) 

         

    End Sub 

 

    Sub Procedure Wipe() 

       dim j as byte 

       for j = 0 to 4 

           length_mm[j] = "" 

       next j 

    End Sub 

 

 main: 

'       Main program 

      InitMain() 

       

      portc = 0 

      portd.1 = 0 

      portd.2 = 0 

       

      duration_us = 0 

      distance1   = 0 

      distance2   = 0 

      dist_temp   = 0 
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      Lcd_Init()                         '    Initialize Lcd 

      Lcd_Cmd(_LCD_CLEAR)                '    Clear display 

      Lcd_Cmd(_LCD_CURSOR_OFF)           '   Cursor off 

      Lcd_Out(1, 1, "P1-     P2-     ")  '    Write message text in first row 

      delay_ms(200) 

 

      UART1_Init(9600) 

      Delay_ms(200) 

 

      LP: 

            Wipe() 

            duration_us = 0 

            distance1   = 0 

            dist_temp   = 0 

 

            Measure_Distance1() 

            If (portc.1= 0) AND (distance1 > 600)  then   'P1 

                 Lcd_Out(2, 1, "Empty")  '    Write message text in second row 

                 portd.1=0 

                 UART1_Write_Text("P1 Empty.") 

                 UART1_Write(0x0D) 

                 Delay_ms(200) 

            Else 

                 Lcd_Out(2,1,"FULL ") 
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                 portd.1=1 

                 UART1_Write_Text("P1 FULL.") 

                 UART1_Write(0x0D) 

                 Delay_ms(200) 

            End if 

 

            Wipe() 

            duration_us = 0 

            distance2   = 0 

            dist_temp   = 0 

             

            Measure_Distance2() 

            If (portc.2= 0) AND (distance2 > 600) then       'P2 

                 Lcd_Out(2, 12, "Empty")   '  Write message text in second row 12 

                 portd.2=0 

                 UART1_Write_Text("P2 Empty.") 

                 UART1_Write(0x0D) 

                 Delay_ms(200) 

            else 

                 Lcd_Out(2,12, "FULL ") 

                 portd.2=1 

                 UART1_Write_Text("P2 FULL.") 

                 UART1_Write(0x0D) 

                 Delay_ms(200) 
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            end if 

             

      goto LP 

end. 
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Abstract 

Municipal solid waste disposed in to landfill sites decomposes under anaerobic conditions and 

produces gases which contain 30 – 40 % of CO2 and 50 – 60 % of CH4. Methane has the potential 

of causing global warming 25 times more than CO2. Therefore, if allowed to emit in to the 

atmosphere cause degradation of environment experienced worldwide which is a serious problem. 

Thus, this research aims to assess in quantitative terms, the total municipal solid waste generated 

from 1971 to 2011 in Oman then to predict the increase in the rate of its generation until 2030, it 

also estimates methane emissions from total municipal solid waste for each year in the period from 

1971 – 2030 in Oman by using the IPCC default method. In the end this research suggests useful 

ways of utilizing methane emissions from 2016 – 2030 by assessing possible economic and 

environmental benefits if methane emissions from 2016 – 2030 are captured. This research predicts 

that total municipal solid waste generation in Oman will increase from 141.5 Gg in 1971 to 3089 

Gg in the year 2030 which will ultimately increase the methane emissions from 4 Gg in 1971 to 

85 Gg in the year 2030. To minimize the effects of methane emissions on environment, these 

emissions over the years 2016 – 2030 can be captured and can attract total revenue of OMR 127.75 

million from carbon reduction and OMR 111.8 million from electricity generation. 
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Chapter 1                            Introduction 

This project includes the estimation of Methane produced in Oman in the past and future through 

solid waste. In order to estimate methane emissions, total municipal solid waste of Oman was 

estimated by developing information on per capita waste generation of past and future years of 

Oman and with the help of data on population for past years population for future years were 

predicted. All this data was then utilized to find methane emission of each year using the IPCC 

Default Method. This project suggests two useful ways of utilizing methane emissions which not 

only reduces damage to the environment but also attracts revenue such as carbon reduction and 

electricity generation. It also assesses how much electricity can be generated, how many carbon 

credits can be gained each year if methane emissions are utilized in Oman and calculates their 

possible revenue. 

It took hundreds of thousands of years for the world population to grow to 1 billion, and in just 

another 200 years or so it grew sevenfold. In 2011, the global population reached the 7 billion 

mark, and it is projected to climb to over 9 billion by 2050 (United Nations Population Fund, 

2014). With this rapid growth of population there is an increase in demand as well which stresses 

out the environment for satisfying these demands. Increase in the number of human beings and 

their activities means a lot of waste moreover solid waste is going to be generated. Many people 

do not realize that solid waste also impacts climate change. The manufacture, distribution, and use 

of products—as well as the disposal of the resulting waste—all result in emissions of atmospheric 

gases called “greenhouse gases” that affect the Earth’s climate. When organic waste decomposes 

in landfills and uncontrolled dumps, it produces methane, one of the major greenhouse gases 

contributing to climate change. (United States Environmental Protection Agency, 2002) 

1.1 Background 

Solid waste is anything which is being discarded and is of no use anymore such as demolition, 

household garbage, waste water sludge, construction waste, abandoned vehicles and garbage 

dumps. Compared to other nations, the United States has a record of generating waste at an 

alarming rate.  Home to only 4% of the global population, they are responsible for more than 30% 

of the planet’s total waste generation (Toxics Action Center, 2012). The dangerous part of solid 

waste is the greenhouse gases emitting from it such as carbon dioxide and methane. Carbon dioxide 
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is the gas that gets most associated with the global warming, whereas Methane gas also plays an 

important role as it damages the atmosphere 25 times more than carbon di oxide. Methane gas is 

produced from all sorts of sources including wetlands, coal mines and garbage dumps.  

Methane gas is dangerous because it causes global warming and damages the environment. 

Methane emissions are far more dangerous than carbon emissions as they are 25 times more potent. 

They absorb the heat produced by sun effectively and keep the atmosphere warm. According to 

the chief Scientist of EDF, Steve Hamburg it is stated that “By emitting just a little bit of methane, 

mankind is greatly accelerating the rate of climatic change.” (Environmental Defense Fund, 2015). 

Therefore in order to minimize this damage to the environment, this report discusses the ways and 

methods to minimize the methane emissions in Sultanate of Oman emitting from the solid waste. 

At the present situation there is no data and information available regarding the total solid waste 

generation in Oman and the amount of methane emitting from this solid waste. The goal of this 

report is to calculate all the data concerning methane emission from solid waste so it can be used 

in a useful way in future and in further studies.  

The speed in which cities are expanding is mind boggling it is basically taking place due to 

urbanization. So it leads to the increase in communities which would mean a lot of unwanted stuff 

and household items will be thrown or kept outside which is the most popular way of getting rid 

of anything. What people don’t understand is that keeping it outside or burning unwanted items 

won’t solve the problem it will only invite bigger worries for next generation. With so much 

industrialization going on it also produces so much of unwanted material during manufacture 

processes which is stored or accumulated. So many countries do not have any plan for solid waste 

and other countries having dumping sites which are not up to the mark. This leads to burning and 

disposing of waste in poor dumping sites putting the whole environment and other human beings 

in danger. A huge amount of municipal solid waste is organic and when sent to unqualified landfills 

it rots underneath anaerobic conditions which means in absence of oxygen producing methane gas. 

Methane is a part of greenhouse gases which is very dangerous as it traps heat and play a significant 

role in climate change. If this municipal solid waste treated rightly it can be used as a growing 

media for plants. (Full Cycle, 2009) 

1.2 Problem Statement  
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1.2.1 Lack of availability of data on waste generation of Oman 

Oman is still a country undergoing development so it is very hard to get the desired data or some 

particular information. There is no concrete data available related to waste generation in Oman 

which shows how important it is to work on this issue as soon as possible, plus the local 

municipalities should be regularly aware of the solid waste generation rates in Oman, so that they 

can take decisions to carry out the processes of recycling and minimizing the waste. So this setback 

can cause problems when groups of people or any concern authority comes in to study the situation 

of solid waste generation in Oman. 

1.2.2 Emission of CH4 from solid waste in Oman 

Every day 4000 tons of solid waste is disposed in the Sultanate of Oman including all regions. 

Situation in Oman up to 2012 there was no engineering landfill and only few semi engineered 

landfills were present with 370 dump sites. With no proper treatment of municipal solid waste it 

only encourages emission of CH4 in huge amount which is dangerous for both the human living 

around and the environment. Therefore in order to reduce emissions the methane emitted from the 

solid waste should be known so for that reason it is necessary to know the amount of methane 

being produced from the solid waste in Oman. If the amount of methane is known then the 

government and municipalities of Oman can plan to reduce methane emissions and utilize it to get 

benefits from these emissions. (Bio Energy Consult, 2015) 

1.3 Objectives 

The main aims and objectives of this project report are:  

 To calculate the amount of domestic waste generation in Oman (1971 - 2030) 

 To quantify total Methane generation from domestic waste over the years 1971 - 2030.  

 To determine the economic & environmental benefits of capturing methane generated in 

Oman.  

In order to complete these objectives a lot of research papers and books were studied to meet the 

objectives. Important information regarding Oman and conditions of landfill disposal sites 

(SWDS) in the country was received from Oman Environmental services holding company (be'ah). 
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Secondly all this information and data gathered will help concerned authorities and individuals to 

understand the trends of solid waste generation and methane emissions in Oman and will help 

them to highlight how dangerous this waste generation could get if not treated well. This can also 

be used to show the government that the emission of Methane can actually be useful in generating 

electricity and attracting revenue. 
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2.1 Introduction 

The following chapter discusses the solid waste of Sultanate of Oman. Solid waste is considered 

the third important pollution after air and water pollution. Solid waste is considered as the materials 

that come up from the waste household items and human activities which are usually thrown away 

as useless or unwanted items. It also consists of highly mixed mass of discarded materials from 

the urban community and homogenous accumulation of agricultural, industrial and several mining 

wastes. The collection, generation, disposal and recycling processes of solid waste and IPCC 

models for calculating methane emissions are also discussed.  

2.2 Sources of solid wastes: sources of solid waste in a community usually have bearing 

on the land use and zoning. The following sources have been found to be most useful and adequate 

while considering solid waste: residential, commercial, institutional, construction, municipal 

wastes, treatment plant sites, industrial and agricultural (Srinivasan 2012). 

 

Figure 2.1 shows the sources of solid waste 

2.3 Characteristics of solid waste 

Characteristics of solid waste include composition, quantities and specific weight. 
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2.3.1 Composition: adjustments can be made on many factors depending upon time of the 

year, habits such as education and economic status of people, number and time of commercial and 

industrial operations and location.  

2.3.2 Quantities: various estimates have been made for the quantity of solid waste generated 

and collected per person per day. The quantity of municipal solid waste collected is estimated to 

be 6 lb/capita/day, in which about 3.5 lb is residential.  

2.3.3 Specific Weight: the volume occupied by solid waste under a given set of conditions is 

of importance as it is the number, size and type of solid waste containers, collection vehicles and 

transfer stations (Srinivasan 2012). 

2.4 Disposal of Solid waste 

The ideal solution to the problem of disposal and processing of the municipal wastes can be 

economically, energetically and environmentally recovered and reused. There are several types of 

solid wastes an industry may have to deal with, such as sludge which originate from water 

treatment along with them there are particulates and slugs also; many of these are composed of 

various minerals though their chemical composition and form may vary significantly. Some of the 

ways of disposal of solid wastes are:  

 

 

 

 

 

 

2.4.1 Sanitary landfills: Sanitary landfills are the ones in which wastes are deposited, spread 

into layers, compacted and covered daily. There are two basic methods by which this is done; the 

methods are area and trench. Area landfills are suitable where land depression exists such as 

Figure 2.2 shows the disposal of solid waste 
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canyons or valleys. The waste is simply spread, compacted, covered and then compacted again 

until the area is filled. While in the case of trench landfill, the trench is first cut into the ground 

and then the spreading, compacting sequence is carried on. This method is suitable for flat or 

slightly rolling land if the water table is low enough and the trench can be carried out.  

2.4.2 Disposal of toxic substances: secured landfills, those which can produce no toxic 

leachate are available in locations that can dispose of toxic wastes. These landfills are located in 

thick, natural clay deposits or specially designed liners or leachate collection system (Srinivasan 

2012). 

2.5 Collection of solid waste 

Where solid waste is temporarily stored on the premises between collections, an adequate number 

of suitable containers should be provided. 

2.5.1 Low Rise Residential Area: To a large extent, the type of container used for the 

collection of residential solid waste will depend on the type of collection service provided and 

whether source separation of wastes is employed. Large containers located in enclosed areas are 

most commonly used for low and medium rise apartments.  

2.5.2 High Rise Apartments: In the case of high rise buildings such as 7 storeys or more 

the common method used for the collection of solid waste involves waste being picked up from 

various floors and taken to the basement to the service area by personnel of building 

maintenance or wastes are taken to basement or service area by tenants.  

2.5.3 Commercial and Institutional: Bulk containers or solid waste bins are recommended 

in situations where large volumes of solid wastes are generated such as hotels, restaurants, 

apartment houses, shopping centers and commercial places. Containers should be kept on a 

leveled, hard cleanable surface in a lighted open area (Srinivasan 2012). 

2.6 Solid waste of Sultanate of Oman 

Sultanate of Oman is an Arab country located at the south east corner of Arabian Peninsula. It is 

located 23 60° North and 58 55° East coordinates. Oman’s main city and capital is Muscat. Modern 
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residential, commercial and industrial developments have spread beyond its old capital limits; into 

surrounding satellite townships connected with highways and modern utilities. Most of the 

development are new and are founded on the newly found wealth of oil. As of the 1970s, the 

situation started to change severely within the city, as the case in other parts of the Sultanate. The 

country witnessed tremendous economic development including industrialization, urban sprawl 

and commercial activities. The total population of Oman is 3.623 million according to the 2013 

statistics. Oman shares its border with United Arab Emirates in North – West, Saudi Arabia in the 

West and Yemen in the South – West. (The Encyclopedia of Earth, Oman, 2007) 

The administrative division of Oman contains eleven governorates such as: 

 Ad Dakhiliyah 

 Ad Dhahira 

 Al Batinah North 

 Al Batinah South 

 Al Buraimi 

 Al Wusta 

 Ash Sharqiyah North 

 Ash Sharqiyah South 

 Dhofar  

 Muscat 

 Musandam      (Wikipedia, 2015)  

Oman has witnessed a steady development and an express population increases within last twenty 

years. The increases in population also changed the lifestyle of the inhabitants and traditional 

systems of managing solid waste. Therefore the current system for waste management has become 

insufficient and is causing adverse effects in the environment. Sultanate is now entering in a phase 

of revolution in the industrial and economical growth by introducing sources of income other than 

oil. Due to this progress the size and type of waste generated and environmental impacts are also 

increased. This vast increase has forced Oman to develop and introduce new plans to match this 

growing development. The Omani government ensures to continue in making policies related to 

health, protection of the environment and welfare of its citizens through the requirements and 

identification of the problems. (UNEP, N.D.)   
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2.7 Waste management 

The regulation of managing municipal solid waste in Oman was issued by a ministerial decree 

number 17/93 stating that it is "any solid or sub solid matter that does not cause harm to the 

environment or human health if treated in the proper scientific ways" (UNEP, N.D.) 

With the growth of population, urbanization and development in Oman, the disposal of Municipal 

Solid Waste (MSW) has increased immensely. Solid waste is produced and disposed off every day 

around the world. Solid waste refers to the waste that is caused because of minerals extraction, 

agriculture, industry and municipalities, whereas; municipal waste is the waste that is produced 

from commercial, households, institutional settings trash and garbage. In the time period of 1971 

Oman had 1 small hospital, no sea ports and just few guests house in the capital, While in 2010 

Oman had 58 government hospitals and 145 health centers, over 812 factories and 3 major sea 

ports. Due to the increase in the industry and economy, Oman faced an increase in the amount of 

the solid waste. In Oman the ministry of local municipalities and environment carries out the 

environmental impacts and monitoring the environmental affairs departments. Some of the 

important regulations and affairs these ministries cover are as follows:  

 Recirculation of treated waste waters 

 Management of dangerous wastes 

 Management of municipal of solid wastes. 

 Radioactive wastes 

 Emissions to the environment  

The above discussed regulations are responsible for the management of solid wastes in Oman 

and handling and placing them. (UNEP, N.D.) 

 

 

2.8 Generation 

Oman has one of the highest amounts of waste generated per capita, around 1.6 kg per day. Oman 

consists of 60% food waste, 12% plastics, 10% glass, 9% metal and 8% paper of the total solid 

waste. (Oxford Business Group). Oman produces more than 1.7 tons of solid waste each other. 
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The average per capita waste generation is more than 1.5 kg per day, which is equivalent to about 

4700 tons of municipal waste every day. (EcoMena, 2015) 

Currently the waste management sector in Oman is in evolution stage. The operations for the 

management of solid waste (industrial and municipal) are performed by the municipalities. No 

government owned hazardous waste treatment facilities exist in Oman. Therefore according to the 

Recommendations of the Draft National Solid Waste Management Strategy Report (former 

Ministry of National Economy), The Oman Environmental Services Holding Company (be’ah) 

S.A.O.C (OESH-CO) was officially established in July 2007 and later on according to the Royal 

Decree (46/2009) be’ah was officially entitled to take over the full responsibility of waste 

management in Oman. (Oman Environmental Services Holding Company, 2010) 

 The matter of solid waste in Oman consists of:  

a) Household wastes: These household wastes consist of commercial, industrial and 

agricultural wastes, wreckage from construction or demolition process, junk iron including 

old car frames, Dry mud resulting from wastewater treatment plants for houses, factories 

and farmlands waste water, ashes resulting from the burning of the poisonous materials.  

b) Medical Wastes: Disposing medical wastes in the same dumpsite where all other waste is 

disposed is officially illegal. The reason is that medical waste is not separated from normal 

waste and is disposed at the same landfill or dumpsite therefore special landfills for this 

purpose should be introduced. (UNEP, N.D.)  

2.8.1 The Oman Environmental Services Holding Company (be’ah):  

OESHCO is officially responsible for all the waste management sectors including waste collection, 

separation, transportation, recycling, land filling and handling of all the hazardous and non – 

hazardous waste within Sultanate of Oman. The main aim of this organization is “moving Oman 

to zero waste, by providing safe, efficient and most economical environmental services in 

innovative ways”.   

The Oman Environmental Services Holding Company (be’ah) was established in 2009 and started 

its operation in 2012. Be’ah Started building infrastructures in Sultanate of Oman in 2012. The 

future plans of Be’ah are to establish 10 engineered landfills in Oman, one in each state of Oman. 
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When the company came into being there were no methods to control the solid waste so their most 

aim was to introduce some methods to control the solid waste and that could only be done by 

building engineered landfills in Oman. (T. A. Al Amri, 26.05.15) 

They follow Lansink’s Ladder principle for waste management which is as follows:  

 Prevention  

 Design for prevention and design for beneficial use  

 Product Recycling (re-use) 

 Material Recycling  

 Recovery for use as fuel  

 Disposal by incineration  

 Disposal to landfill 

Therefore from the above principles it can be observed that the solid waste in Oman is operated 

through these principles and the solid waste undergoes certain processes before being disposed to 

landfills. (Oman Environmental Services Holding Company, 2010) 

2.9 Collection 

Waste collection is the collection of solid waste from point of production (residential, industrial 

commercial, institutional) to the point of treatment or disposal. The Sultanate of Oman is totally 

aware of the reality and the problems related to managing the waste and their environmental 

effects. The sultanate of Oman is divided into eight areas, each composing of states. Each state 

handles the responsibility of collecting and disposing its waste and providing the suitable places 

for dumping the waste. Up to 2012 Oman only had no engineered landfill rest were semi 

engineered and dumpsites. There are around 370 dumpsites in Oman. (T. A. Al Amri, 26.05.15). 

There can be one dumpsite for more than one state, depending on the topographic nature of the 

area. The ways of collecting solid waste in Oman is by placing garbage bins by the municipality 

at different intervals within the residential and industrial area and a dump car collecting all the 

waste from the garbage bins and then disposing off all the solid waste to the preferred landfills or 

dump site of the particular area. There are garbage bins placed at all the residential areas at 

particular fixed distances and near the basement area of every building, the garbage collected 
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within the building are disposed in the garbage bins by the people living in that particular area or 

building. (UNEP, N.D.) 

Rather than that the Municipality of Oman has assigned labor to the residential and industrial areas 

with brushes and garbage bags to collect waste and garbage from the roads and other areas in order 

to maintain cleanliness, later on the waste from the garbage bags is disposed to the garbage cans 

or dump sites.  

Instead of this be’ah is continuously working hand in hand with the government of Oman in 

establishing engineered landfills, transfer systems and collection systems. Their focus is also 

shifting on installing waste reduction and recycling plants.  

 

 

 

 

 

 

 

 

 

 

 

2.10 Disposal 

Most of the solid waste dumpsites in Oman are located far away from the residential areas. Some 

of the dumpsites are located on the valleys where waste water is also disposed and at the same 

Figure 2.3 shows a garbage can 
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place is solid waste is also disposed, thus damage is caused to the ground water and to the air 

environment at the same time. Furthermore, there are no suitable mechanisms to accumulate and 

compact the waste in different layers to prevent internal combustion. (UNEP, N.D.) 

First landfill in Oman Al – Tahwa landfill was constructed by regional municipalities in Oman and 

was located in Sur. This landfill had minimum protection and no leachate collection system. The 

depth was about 4 meters of this landfill. This landfill required an operator to operate the functions 

performed in it. (T. A. Al Amri, 26.05.15) 

Oman has only one engineered landfill that is located in the capital city and still uses open dump 

sites in the interior regions. There are over 370 open dump site scattered over the country, the 

government is working to rehabilitate and close most of the open dump site and replace them with 

engineered landfills. In addition, there are numerous unauthorized dumpsites in Oman where all 

sorts of wastes are recklessly dumped. Burning of the waste is a common practice in some of the 

locations, which leads to air pollution and the accumulation of heavy metals. Moreover, using 

pesticides in those sites represents another burden. (Al kindi, K., N.D.) 

Currently in Oman there are no other treatment facilities, and therefore dumping waste into the 

landfill is the only and ultimate way to dispose solid waste. No other disposal processes are 

practiced. Solid waste management scenario in Oman is marked by lack of disposal facilities. Solid 

waste, industrial waste, e-wastes etc are directly to the landfills that are scattered across the 

country. (Al kindi, K., N.D.) 

The problem of solid waste needs to be addressed; environmentally and in an engineered ways. 

The existing landfill is reaching to their full capacity so quickly especially with the economically 

growth in Muscat. Hence, a strategic plan for a proper management of solid waste in Muscat region 

is required with different treatment facilities. (Al kindi, K., N.D.) 

Al Multaqa (Al Amerat) landfill is the first engineered landfill in Oman and was constructed in the 

time period of 2006 to 2009 and it is located in the capital city Muscat, the first cell started to 

operate early 2011 with collaboration with a German company renowned for operations of 

landfills. The capacity of this landfill is 76,048 square meters. (T. A. Al Amri, 26.05.15) 
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The total landfill site, spreads over an area of 9.1 hectares, consists of 5 cells with a total capacity 

of 10 million m3 of solid waste, the landfill is expected to operate for another 15 years. Each cell 

has 16 shafts to take care of leachate. All the shafts are interconnected in order to facilitate 

movement of leachate to the leachate pump. (Al kindi, K., N.D.) 

The average amount of waste dumped into Al Multaqa landfill is 19, 00 tone in 2013. The total 

amount of waste in 1st cell up to January 2014 in tones is 670,000. The amount of solid waste 

received by the landfill exceeded the expectation and hence the landfill is going to reach its full 

capacity before the estimated time. (Al kindi, K., N.D.) 

2.11 Recycling 

Dealing with waste materials is one of the global problems which everyone is facing. Countries 

like Oman which is still developing lags way behind the recycling sector. The ugly truth is Middle 

Eastern countries including Oman produce the highest number of waste compared to rest of the 

world. The alarming point is increasing population; industrialization and migration are all making 

it worse and if this situation is not dealt properly it can be very dangerous for the community. 

There was primitive recycling done in Oman. People on their own used to pick up wastes and 

recycle them. Right now there is no proper source of recycling in Oman. Unfortunately there is no 

major recognized recycling movement in Oman happening at the moment. If you really go deep 

and search there are only few small scale campaigns happening. This is an alarming situation and 

Omani government is giving some attention to this matter otherwise it could get worse. 

International and Private Organizations must be considered in this matter because a whole new 

industry can be built upon this waste management and recycling. Thousands of jobs can be created 

and environment friendly energy can be produced. (T. A. Al Amri, 26.05.15) 

Official statistics show that consumers in Oman buy over 400,000 containers of water, juice, soft 

drinks and milk, in various sizes on a daily basis. They are all destined for the landfills in various 

parts of the country. (Times of Oman, 2015)  

40 companies now collect their own paper waste and ESO facilitates the collection to be sent for 

recycling. Paper recycling bins have been placed in 16 private and 6 public schools. Plastic bottle 

recycling bins have been placed around the Muscat area in partnership with Masafi and National 
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Mineral Water. Please note bottles should be empty and crushed before being placed in the bins 

Awareness raising materials have been printed and will be distributed with all National Mineral 

Water products. (ESO Project Recycling, 2006)  

Project partners Masafi, National Mineral Water, Amiantit Oman, Al Saari LLC, Public & Private 

Schools, Embassies, and Businesses project sponsor Oman Tourism Development Company 

SAOC. (ESO Project Recycling, 2006)        

 

 

 

 

 

 

 

 

2.12 Future Planning 

The state-owned Oman Environment Services Holding Company, now known as Be'ah, which is 

responsible for waste management projects in Oman, has recently started the tendering process for 

important projects. Be'ah has launched its waste management strategy and has awarded numerous 

tenders, while a host of other tenders are under evaluation or bidding phase. Be'ah has invited 

tenders from specialised companies for engineered landfils, material recovery facilites, transfer 

stations and waste management services in the upcoming Special Economic Zone at Duqm 

(SEZAD), among others. Among the top priorities is that development of Barka engineered landfill 

as the existing Barka waste disposal site, which serve entire wilayat and other neighbouring 

wilayats in south Batinah governorate, is plagued by environmental and public health issues. 

(EcoMena, 2015)  

Figure 2.4 shows recycling process 
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Including two engineered landfills in Oman, now the government is looking forward to build 

around 10 engineered landfills, each in one state respectively. The recent landfills were constructed 

using asphalt, and were of very old designs but the landfills under construction now are being 

constructed by using United steel and designs are latest, composite lining system, leachate 

collection system and leakage detection system are also introduced in the upcoming landfills. The 

geology, soil and all the conditions are kept in mind in order to eliminate the pollutants that pollute 

ground water while the construction of these landfills. Most of the landfills in Sohar, Sur, Al 

Buraimi, Barka and Al Duqum are in construction process and will start their operation soon. (Al 

Amri T. A., 26.05.15) 

Moreover, the Ministry of Local Municipalities and Environment is about to launch a project 

including a study and a survey for all the spots of solid waste in Oman in its attempt to put into 

practice a plan for surveying non-hazardous solid waste. The aim of this project also includes 

identifying and developing a computer-based database and preparing a draft for environmental 

codes related to the non-hazardous solid waste. Along with this there is a tendency for 

transformation to mechanical treatment plants to recycle the waste. There are quiet many 

upcoming projects for the recycling and reusing the resources such as, the project of producing 

rubber powder and melting iron from used car tires. This project in itself is very helpful for the 

environment since it offers a safe handling of the used tires, which represent a burden to the 

dumpsites. Residues of aluminum factories and iron, copper and plastic junk are collected and 

recycled by various companies. Used Motor oil is also recycled in a factory in the city of Sohar 

and some of companies recycle empty bottles. Furthermore, farmers make use of sawdust in 

chicken houses, which is then used as organic fertilizers and in the governorate of Dhofar some 

companies gather feces of herds and use them as an organic fertilizer. The leftovers of fish are also 

utilized as to produce fish oil and powder which are being used as fertilizers and slaughter house 

waste which is used for tannery for manufacturing leather. (UNEP, N.D.) 

 

It is necessary to know the rate of total waste generated within a country as the generation of solid 

waste causes a lot of problems which includes the emissions of methane gas which has adverse 

effects on the environment. Therefore it is important to know the total waste generation rates of a 

country so that plans and steps can be taken to reduce or minimize this damage. Such as:   
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Abushammala et al. (2010) estimated the annual waste generation using Bogner and Matthews 

(2003) model in Malaysia from 1981 to 2006 depending on annual energy consumption available 

and predicted annual waste generation from 2007 to 2030. This research found the increase in the 

rate of about 5 million tonnes in annual waste generation from 1981 - 2006 and further predicted 

that this increase in rate of annual waste generation can exceed to about 11 million tonnes until 

2030.  (Abushammala et al. 2010) 

According to Manju Rawat and AL. Ramanathan (2011) the total MSW generated in India in the 

year 1997 was 50 million tons which enormously increased to 90 million tons by the year 2011. 

This shows that there is an increasing trend in the generation of MSW because of the increase in 

the population. Therefore in this research it is stated that the generation of the MSW in India by 

the year 2041 is expected to increase by about 250 million tons. (Rawat et al. 2011) 

2.13 IPCC Models for calculating Methane Emissions 

Some amount of municipal solid waste generated in a country undergoes treatment and recycling 

process, whereas the rest is disposed to solid waste disposal sites. This disposed solid waste 

contains organic components which when degrades produce gases like methane and carbon 

dioxide. Emissions of these gases can cause environmental problems if allowed to stay in the 

atmosphere, but if these gases are captured and utilized can give benefit in different ways. In order 

to know how beneficial these gases like methane can be, first step is to estimate the total amount 

of methane produced in a country. Therefore, IPCC provided a set of methodologies that can be 

used to estimate methane emissions depending on the available information. These methodologies 

are based on the First Order Decay (FOD) method which assumes that the organic component in 

waste that can degrade decays slowly throughout a few decades, during which CH4 and CO2 are 

formed. If the conditions in a solid waste disposal site are constant than the production rate of CH4 

depends only on the amount of carbon left in the waste. This is the reason behind the highest CH4 

production rates in the first few years after deposition of waste, which decreases gradually as the 

degradable carbon in the waste is consumed by the bacteria responsible for the decay. (IPCC 

chapter 3, 1996) 

The production of CH4 and CO2 from degradable organic compounds (degradable organic carbon 

DOC) is carried out by chain of reactions and parallel reactions. A full model is likely to be very 
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complex and vary with the conditions in the SWDS. However, this has been widely accepted that 

the approximation of overall decay process can be carried out by first order kinetics after a number 

of field and laboratory observations on methane generation data. Therefore, for the estimation of 

methane emissions from solid waste disposal sites (SWDS), FOD model has been adopted as the 

base for estimations by IPCC. (IPCC chapter 3, 1996) 

There are three tier methods present in IPCC FOD for the estimation of CH4 emissions from solid 

waste disposal sites. Depending on the available information one tier is chosen for estimation of 

CH4.  

2.13.1 Tier 1: 

IPCC default method for the estimation of CH4 lies in this tier. Tier 1 based on IPCC FOD 

estimates methane emissions using mainly default parameters and default activity data. (IPCC 

chapter 3, 1996) 

Tier 1 default method depends on the assumption that all probable CH4 is released the same year 

when the waste is generated and disposed. The default method will give a sensible yearly estimate 

of original emissions if the composition and amount of waste dumped have been slowly fluctuating 

and constant over a period of couple of decades; however the IPCC default method will not deliver 

a correct trend if the composition and amount of solid waste generated and deposited in solid waste 

disposal sites is rapidly varying. (IPCC chapter 5, 1996) 

Kumar et al. (2004) with the aim of estimating methane emissions in India from 1980 to 1999 used 

IPCC default method (Tier 1), and found that between the years 1980 and 1999, on average 382 

Gg of CH4 emitted from MSW generated in India (Kumat et al. 2004). Another researcher, Qing 

Xian et al. (2007) also used IPCC default method (Tier 1) to estimate the methane emissions from 

MSW generated in China in the year 2004, and estimated that about 2,621 Gg of CH4 was emitted 

from China in 2004 (Qing Xian et al. 2007). 

2.13.2 Tier 2: 

Default parameters and IPCC FOD method is used in Tier 2, but country-specific data with good 

quality on current and historical waste deposited at (SWDS) is required. Historical data for 10 or 
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more years on waste disposal should be centered on surveys and country-specific stats. Data 

including the amounts of waste disposed at SWDS is also needed. (IPCC chapter 3, 1996) 

A time dependent emission profile is produced by the FOD method which helps reflect the right 

pattern of degradation process over time. If possible it is great to use FOD method as it designs 

the trend of emissions perfectly and to use this method it requires data of past as well as of present 

day which includes the composition, quantities of waste generated and disposal practices of quite 

a few decades. If waste management practices significantly change or in case of unavailability of 

such data than it is best to estimate past data. (IPCC chapter 5, 1996) 

Abushammala et al. (2011) carried out a research on Malaysia to estimate methane emissions from 

MSW generated in 2009 using IPCC 1996 FOD model, and estimated that in 2009 approximately 

319 Gg of methane emitted from the solid waste generated in Malaysia (Abushammala et al. 2011). 

While Chiemchaisri et al. (2007) completed a research and stated that the total amount of methane 

generated in 2007 from the solid waste in Thailand is about 115.5 Gg/year by using IPCC 1996 

FOD model (Chiemchaisri et al. 2007). 

2.13.3 Tier 3: 

Methods in tier 3 are centred upon country-specific good quality activity data and the use of either 

measurement consequential country specific data, or FOD method with nationally developed key 

parameters. Country-specific methods which are equal or higher in quality if compared to the 

above defined FOD-based Tier 3 method may be used by inventory compiler. Half-life, DOC 

content in waste and the DOC fraction which decays DOCF and (LO) methane generation potential 

all these should be included in key parameters as they can be based on measurements. (IPCC 

chapter 3, 1996) 

National scenario is the key behind choosing a good practice method. Following is the decision 

tree of CH4 emissions starting from solid waste disposal sites and illustrating the process of 

choosing among methods. 
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Figure 2.5 shows the decision tree for choosing methods for the estimation of methane 

 

2.14 Default Method (Tier 1) 

The simplest method to estimate the methane emissions from landfills among the available ones 

is the default methodology which is based on mass balance approach. This method comprises of 

estimating the solid waste content which is degradable organic carbon (DOC). This is the organic 

carbon which is available for biochemical decomposition and this estimate is used in calculating 

the CH4 amount produced by the waste. (IPCC chapter 6, 1996)  Bingemer and Crutzen (1987) 

established this method and it is being used as the default method to estimate methane emissions 

from solid disposal sites in the Revised IPCC (1996). (Kumar et al. 2004) 

Methane emissions (Gg/yr) = (MSWT x MSWF x MCF x DOC x DOCF x F x 16/12 - R) x (1-

OX) 

Where,  

MSWT = total MSW generated (Gg/yr)  

MSWF = fraction of MSW disposed to solid waste disposal sites  
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MCF = methane correction factor (fraction)  

DOC = degradable organic carbon (fraction)  

DOCF = fraction DOC dissimilated  

F = fraction of CH4 in landfill gas (default is 0.5)  

R = recovered CH4 (Gg/yr)  

OX = oxidation factor (fraction - default is 0) (IPCC chapter 6, 1996) 

2.14.1 Total MSW generated (MSWT): 

Population of the country and Annual MSW generation (kg per capita) if multiplied will result in 

the total MSW. MSW components may differ from country to country these differences can play 

a vital role in estimate of emissions, DOC content of every waste stream might vary and hence a 

different methane generation potential. Generally following waste streams should be included by 

countries in their total MSW generated estimation. 

1. Market/commercial waste  

2. Garden/Yard waste 

3. Household waste 

2.14.2 Fraction of MSW disposed (MSWF):  

The fraction of municipal solid waste disposed at solid waste disposal sites (SWDS) is known as 

MSWF. National estimates of total waste disposal may be available in many countries. Data 

comprising of information on national level is always preferred, given that the data collection 

method is documented by inventory agencies including the type of survey undertaken and the 

number of sites surveyed. Inventory agencies can always use the default assumptions by IPCC 

guidelines if national data is not available. Finally if there is no default value as well then inventory 

agencies can use expert judgment in case of estimating these parameters by taking values of similar 

countries with parallel conditions. In order to estimate parameters inventory agencies can compare 

elements like type and volume of industry, geography, national income and population density. 

(IPCC chapter 5, 1996) 
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2.14.3 Methane Correction Factor (MCF): 

Depending on the depth available at landfills and method of disposal methane correction factor is 

chosen ranging from 0.4 – 1 provided by IPCC guidelines (Kumar et al. 2004). MCF explains the 

fact that for a given amount of waste, unmanaged solid waste disposal sites generate less amount 

of CH4 compared to the managed SWDS. This is because in the top layer of unmanaged SWDS 

the aerobically decomposition of large portion of waste occurs. (IPCC chapter 6, 1996) 

Table 2.1: Shows the different values of MCF provided by IPCC guidelines depending on the depth and 

condition of landfill site 

 

2.14.4 Degradable Organic Carbon (DOC): 

It is the organic carbon which is available for biochemical decomposition and is expressed as Gg 

C per Gg waste. Based upon waste composition it can be calculated with a weighted average of 

carbon content of different components of waste stream.  DOC is estimated using default carbon 

content values following equation as presented in the IPCC guidelines. (IPCC chapter 5, 1996) 

DOC = (0.4 • A) + (0.17 • B) + (0.15 • C) + (0.3 • D) 

Where:  

A = Fraction of MSW that is paper and textiles  

B = Fraction of MSW that is garden waste, park waste or other non-food organic putrescibles  

C = Fraction of MSW that is food waste  

D = Fraction of MSW that is wood  
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In the IPCC guidelines default carbon content values for these fractions can be found. It is preferred 

to use national values if data is available else they can be obtained by simply performing waste 

generation studies taking samples of different SWDS inside the country. (IPCC chapter 5, 1996) 

2.14.5 Fraction of degradable organic carbon dissimilated (DOCF): 

Fraction of degradable organic carbon that converts to landfill gas is known as fraction of DOC 

dissimilated (DOCF). Estimation of degraded and released carbon from SWDS relies on a 

theoretical model that differs only with the temperature in anaerobic zone of landfill: (IPCC 

chapter 6, 1996) 

DOCF = 0.014T + 0.28  

Where, T = temperature  

This theoretical model yields a figure of 0.77 dissimilated DOC, if one assumes that the 

temperature remains constant about 35 degree C in the anaerobic zone of SWDS, irrespective of 

surrounding environment temperature. It is the default value of DOCF provided by IPCC 

Guidelines. (IPCC chapter 6, 1996) 

2.14.6 Fraction of CH4 in landfill gas (F): 

Landfill gas consists mainly of CH4 and carbon dioxide (CO2) and F is the fraction of CH4 present 

in landfill gas. As the default value provided by IPCC 1996 guideline value of F fraction is usually 

taken 0.5, it can differ between 0.4 and 0.6 depending upon factors which also consist of waste 

composition e.g. cellulose and carbohydrates.  (IPCC chapter 5, 1996) 

 

 

2.14.7 Recovered CH4 (R): 

It is the amount of CH4 produced at SWDS later recovered and burned in an energy recovery 

device and flare. Countries which do not recover LFG their default value for methane recovery is 

zero. This default value should only be changed if stats on methane recovery in proper reference 
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documents are available. The volume of gas which is recovered should not be stated as landfill gas 

but as CH4 only, because landfill gas is a combination of many gases in which there is a small 

portion of CH4 as well. It is in appropriate to use undocumented estimations of recovered landfill 

gas because such estimations tend to overestimate the amount of recovery.  (IPCC chapter 5, 1996) 

2.14.8 Oxidation Factor (OX): 

It subjects to the CH4 which gets oxidized present in the top layer of cover material and waste 

mass where oxygen exists. It is vital to recognize the oxidation which may reduce the quantity of 

CH4 produced, because the default methodology depends on an estimate of CH4 generation. 

No oxidation takes place if the oxidation factor is zero and if oxidation factor is 1 then 100% of 

CH4 is oxidized. Studies demonstrate that unmanaged dump sites have lower oxidation results 

than sanitary landfills. For example, sites with well-aerated and thick material may vary ominously 

in oxidation factor from sites which are not covered or where CH4 can easily escape through. 

Default oxidation factor value in IPCC guidelines is zero. (IPCC chapter 5, 1996) 

Presently, many countries which are industrialized with well managed SWDS use 0.1 oxidation 

factor, and is considered to be a reasonable assumption based on available stats. Countries which 

are still in developing phase with less extravagant management practices mostly use oxidation 

value closer to zero. Use of 0.1 oxidation value for well controlled landfills is justified. Use of 

oxidation value different than zero should only be done when it is clearly documented and 

referenced. (IPCC chapter 5, 1996) 

Table 1.2 shows the values of oxidation factor provided by IPCC guidelines in different conditions of landfill 

sites [1] 
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2.15 Economic and environmental benefits of methane 

Capturing and utilizing methane as a useful resource is a benefit but exposing methane in the open 

environment causes several adverse effects to the environment. Such as methane is an important 

agent in depleting the ozone layer and causes global warming if not captured. Therefore if methane 

is being captured and utilized it is not only beneficial for the environment but it has several 

economic benefits also. With the aim to assess economic benefits of methane emitted in Malaysia 

in the year 2010 Johari et al. (2012) calculated that around 85,992,984 US$ revenue from carbon 

credits can be attracted if the emitted CH4 from the MSW is captured and recovered, similarly if 

the captured amount of CH4 is being utilized to generate electricity then about 190,000,000 US$ 

revenue can be attracted in Malaysia in the year 2010. (Johari et al. 2012). While another researcher 

Zomarano et al. (2007) estimated that if all the landfill gases that are emitted by an urban waste 

landfill in southern Spain are captured and utilized then about 4,500,000 KWh of electricity can 

be produced (Zamorano et al. 2007). 

The other researches done on the calculation of MSW and methane emissions adopted some 

methodology and calculations in order to complete their objectives. Therefore the methodology 

used for the completion of this project with the purpose of calculating the MSW, Methane 

emissions and the environmental and economic benefits of methane are discussed in the next 

chapter.  

 

Chapter 3                         Methodology 

3.1 Introduction 

The following chapter explains and discusses the methods and steps involved in achieving the 

objectives of the research. The way of using different methodologies and formulas to produce 

statistics on solid waste, population and Methane produced from the solid waste in Sultanate of 

Oman from 1971 till 2030 are discussed in this chapter. It also states the benefits of utilizing 

methane and way of estimating possible benefits from the statistics obtained on methane emissions 

from 1971 – 2030 in Oman. 
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3.2 Estimation of Total waste generation 1971-2030 

Estimation of total waste generation of Oman requires data on population and annual per capita 

waste generation, but information on these two parameters from 1971 – 2030 were not available. 

Therefore, in order to estimate total waste generation of Oman, data on energy consumption per 

capita kg coal equivalent and population from 1971 – 2011 was collected from World Bank source 

to develop information on solid waste and population from 1971 – 2030. This objective is achieved 

in following steps: 

 Calculation of waste generation per capita from 1971 to 2011 using Bogner and Matthews 

(2003) model. 

 Prediction of per capita waste generation from 2012 to 2030 by using previous data. 

 Prediction of population until from 2012 to 2030 by using the data collected for previous 

years. 

 Calculation of MSWT from 1971 to 2030.   

3.2.1 Calculation of waste generation per capita from 1971 to 2011 

J. Bogner and E. Matthews prepared linear regression models using global solid waste data from 

1975–1995 to determine solid waste generation rates. These linear regression models are known 

as Bogner and Matthews (2003) models and are used to estimate waste generation per capita based 

on energy consumption per capita (Bogner et al. 2003). Bogner and Matthews (2003) have two 

linear regression models: one is for developed countries with per capita energy consumption higher 

than 1500 kg cool equivalent per year, whereas the other is for developing countries with per capita 

energy consumption less than 1500 kg cool equivalent per year (Abushammala et al. 2010). This 

is a reasonable and consistent methodology for countries, whether developed or developing, where 

no data on solid waste is available (Bogner et al. 2003). Therefore, in order to produce the 

unavailable data of MSW generation in Oman this study used Bogner and Matthews (2003) 

models. 

The energy consumption data from 1971 – 2011 collected from World Bank source was entered 

into Bogner and Matthews (2003) models prepared for developed and developing countries to 

estimate the annual per capita waste generation from 1971 – 2011.  

Bogner and Matthews (2003) Models: 

http://scialert.net/fulltext/?doi=jas.2010.1603.1609&org=11#545216_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=developing+countries
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1. For developed countries: 

Y = 0.0295x + 176.36 

           Where, 

            x = energy consumption per capita kg coal equivalent 

2. For developing countries: 

Y = 0.2211x + 35.524 

           Where, 

            x = energy consumption per capita kg coal equivalent 

Results obtained from these models were compared with available data of annual per capita waste 

generation for the years 2004, 2009 and 2010 provided by The Report: Oman 2012 Oxford 

Business Group. The reason of comparing results obtained from both models and available data 

was to select a model which fits best and result in a minimum error value. This comparison was 

carried out by using Root Mean Square Error (RMS) formula.  

 

 

Root Mean Square Error (RMS) Formula: 

𝑅𝑀𝑆𝐸 = √
∑ (𝑓(𝑥𝑖) − 𝑦𝑖)2
𝑛
𝑖=1

𝑛
 

Finally, based on the results obtained from RMSE formula a linear regression model fitted the 

estimated annual per capita waste generation data from 1971 till 2011. 

3.2.2 Prediction of per capita waste generation (2012 – 2030)   

Waste generation calculated from the best fitted model from 1971 to 2011 was then extrapolated 

using exponential formula to predict the per capita annual waste generation from 2012 till 2030. 
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The exponential formula was used because it fitted best to the past years data with correlation 

coefficient (R2) value of 0.94. 

Exponential Formula: 

Y = 9E-20e0.0249x 

Where, 

x = year 

In this way waste generation kg per capita of Oman from 1971 to 2030 was estimated.  

3.2.3 Prediction of Population (2012 – 2030)  

Later on for the prediction of population from 2012 – 2030, annual population of Oman from 1971 

to 2011 was extrapolated using linear formula to get population of Oman from 2012 to 2030 

(World Bank, 2015). The linear formula was used because it fitted best to the past years data with 

correlation coefficient (R2) value of 0.9865. 

Linear Formula: 

Y = 0.0537x – 105.18 

Where, 

x = year 

3.2.4 Calculations of MSWT (1971 – 2030) 

As mentioned earlier, in order to estimate total municipal solid waste of Oman, data on population 

and annual per capita solid waste is required. Therefore the produced data on population and annual 

per capita solid waste of Oman from 1971 – 2030 was used to estimate total municipal solid waste 

generation of Oman (later used in IPCC Default method for estimation of methane emissions). 

Total municipal solid waste (MSWT) was calculated by multiplying population with annual per 

capita solid waste generated (kg per capita) (IPCC Chapter 6, 1996). 

MSWT = Population x Annual per capita solid waste generated 

3.3 Methane Emissions using IPCC Default Method 
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IPCC default method was developed by Bingemer and Crutzen (1987) and is presented as the 

default method to estimate methane emissions from solid waste disposal sites, in the Revised IPCC 

(1996) guidelines (Kumar et al. 2004). Bingemer and Crutzen (1987) divided the world into four 

economic regions and assigned them with different DOC values depending on the waste generated.  

It the easiest method to estimate methane emissions as it requires less data and can be modified 

depending on the available data of a country. This method was first presented by IPCC guidelines 

as IPCC default method, later on this method got modified and was provided in Revised IPCC 

(1996) guidelines (IPCC Chapter 6, 1996). 

The methane emission from solid waste disposal sites in Oman from 1971 to 2030 has been 

estimated by the default methodology. The reason behind using default method is the lack of 

availability of country specific key parameters and good quality activity data (IPCC Chapter 3, 

1996).  

3.3.1 IPCC Default Method: 

Methane emissions (Gg/yr) = (MSWT x MSWF x MCF x DOC x DOCF x F x 16/12 - R) x (1-

OX) 

Where,  

MSWT = total MSW generated (Gg/yr)  

MSWF = fraction of MSW disposed to solid waste disposal sites  

MCF = methane correction factor (fraction)  

DOC = degradable organic carbon (fraction)  

DOCF = fraction DOC dissimilated  

F = fraction of CH4 in landfill gas (default is 0.5)  

R = recovered CH4 (Gg/yr)  

OX = oxidation factor (fraction - default is 0) 
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Total municipal solid waste (MSWT) of Oman from 1971 – 2030 was calculated by multiplying 

annual per capita waste generated (kg per capita) with population. The fraction of MSW that is 

disposed to landfills is known as MSWF and its value is 0.84 provided by Oman Environmental 

Services Holding Co. SAOC – be’ah (T. A. Al Amri, 26.05.15). 

Methane correction factor MCF default values range between 0.4 and 1.0, depending on the depth 

of landfill and method of disposal a value is chosen from this range. Oman Environmental Services 

Holding Co. SAOC – be’ah provided the information regarding the conditions of landfills in Oman 

according to which the depth of landfills in Oman is 4 meter and most of them are unmanaged (T. 

A. Al Amri, 26.05.15). IPCC document indicates the value of 0.4 if most of the landfills under 

consideration are unmanaged and their depth is less than 5 meter, hence used for computation in 

this study. 

Degradable organic carbon (DOC) content depends on the composition of waste and is considered 

essential in calculating methane generation. DOC content can be computed by following equation: 

(IPCC Chapter 6, 1996) (Abushammala et al. 2010) 

DOC = (0.4 • A) + (0.17 • B) + (0.15 • C) + (0.3 • D) 

Where, 

A = Fraction of MSW that is paper and textiles  

B = Fraction of MSW that is garden waste, park waste or other non-food organic putrescibles  

C = Fraction of MSW that is food waste  

D = Fraction of MSW that is wood   

In order to calculate DOC content, percentage composition by weight of waste in Oman was 

required. Palanivel et al. (2014) provided the waste composition of Oman in research paper 

according to which A = 0.25, B = 0.05, C = 0.33 and D = 0.016, when applied in above mentioned 

equation 0.16414 of DOC content was obtained (Palanivel et al. 2014). 

A portion of DOC that is converted to landfill gas (LFG) is known as fraction of DOC dissimilated 

(DOCF). The value of DOCF can be estimated by a theoretical model which varies only with the 
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temperature of anaerobic zone at landfill site. The theoretical model is given below: (IPCC Chapter 

6, 1996) 

DOCF = 0.014T + 0.28          

Where, T is the waste temperature (C), the value of DOCF is computed as 0.77 with an assumption 

that 35 degree C is a constant temperature of the anaerobic zone at landfill and hence adopted. In 

IPCC 1996 guidelines the fraction of methane (F) in LFG is 0.5 as default value. R is the CH4 

recovered value, as recovery of CH4 is not adopted in Oman therefore its value is zero. OX is the 

oxidation factor which reflects the amount of methane that is oxidized in the material covering the 

waste or soil where oxygen is present. IPCC 1996 guidelines provided zero as the default value of 

oxidation factor.  

After applying all these parameters in IPCC default method methane emissions for each year were 

estimated.  

3.4 Environmental and Economic Benefits of Estimated Methane 

Landfill gases produced from solid waste disposed on landfill sites also contains a fraction of 

methane. The release of methane gas into the atmosphere can cause adverse impacts to the 

environment as it is associated with global warming and also contributes in ozone layer depletion, 

but apart from its implications on environment, economic and environmental benefits can also be 

drawn by capturing and positive utilization of methane. 

In order to assess the possible economic benefits of utilizing methane produced in Oman from 

landfill sites, equivalent CO2 emissions and equivalent electricity generation was estimated. If 

these estimated emissions in Oman are utilized in positive way then their contribution to 

environmental degradation experienced globally can also be reduced.   

3.4.1 Equivalent CO2 emissions & Revenue 

Equivalent CO2 emissions were estimated by multiplying methane emissions (estimated using 

IPCC default method) by 25 because methane has about 25 times global warming potential than 

CO2. 
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Equivalent CO2 emissions (Tons) = Methane emissions (Tons) x 25 

Also if methane emissions are captured and used in renewable energy projects, they will attract 

revenue from carbon credit due to carbon reduction. The revenue from the reduction of estimated 

carbon emissions was calculated by multiplying equivalent CO2 emissions by 13.2 US Dollar, as 

international price of one CO2 equivalent is 13.2 US Dollar (Johari et al. 2012). 

Revenue from carbon credits (US Dollar) = Equivalent CO2 emissions (Tons) x 13.2 US Dollar 

Equivalent CO2 emissions estimated from 2016 – 2030 in Oman are about 25,171,104 tons; these 

emissions if left in the atmosphere will contribute in environmental degradation but their 

contribution can be reduced or eliminated by capturing them. 

3.4.2 Equivalent electricity generation & Revenue 

Based on the methane calorific value i.e. 55530 KJ per Kg of methane and gas engine efficiency 

of 40% equivalent electricity generation was estimated (Johari et al. 2012). 

Equivalent electricity generation (KJ) = Methane emissions (Kg) x 55530 (KJ/Kg) x 0.4  

According to the estimations about 22,364,000,000,000 KJ (1KJ = 0. 0.000277778 KWh) of 

electricity can be produced from methane emissions in Oman from 2016 – 2030. Methane 

emissions in Oman can attract revenue if utilized to produce electricity. Therefore, based on 

average price calculated for per KWh from OMR 0.024/KWh (in summer) and OMR 0.012/KWh 

(in winter) revenue from equivalent electricity generation was calculated (Oman Chamber of 

Commerce and Industry, 2010). 
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Chapter 4                   Results & Discussions 

4.1 Introduction 

The following chapter explains and discusses the results by analysing and comparing them with 

researches on other countries. The tables and graphs of the statistics of the annual waste generation, 

population and methane produced from the solid waste in Sultanate of Oman from 1971 – 2030 

are discussed in this chapter. This chapter shows the use of Bogner and Mathews (2003) model 

prepared for developed and developing countries and IPCC default method for estimating per 

capita waste generation and methane emissions respectively. In the end it also suggests different 



34 
 

ways of utilizing methane produced in Oman and assess its possible economic and environmental 

benefits.  

4.2 Estimation of Total Waste Generation 1971-2030 

Estimation of total waste generation requires data on population and waste generation per capita, 

which when multiplied with each other gives total waste generation. As due to the lack of 

availability of data on these two parameters this research started with the first step of calculating 

waste generation from 1971-2030 by the assistance of energy consumption per capita kg coal 

equivalent. The available data on population was from 1971 to 2011, therefore extrapolation 

method was adopted to get data until 2030. 

4.2.1 Data Collection: 

This heading shows the building up of data on per capita waste generation from 1971 – 2011 by 

using Bogner and Matthews (2003) model and later predicting from 2012 – 2030. It also shows 

the prediction of population from 2012 – 2030. 

 

 

 

 

 

Calculation of per capita waste generation (1971 – 2011)  

Table 4.1: Shows the calculated per capita solid waste generation of Oman from 1971 – 2011 by 

using Bogner and Matthews (2003) model. 

Year Per Capita Energy 
Consumption (x) 

(kg coal 
equivalent) 

Population 
(Million) 

Per Capita Solid Waste 
Generation 

(developing countries) 
(Y=0.2211x + 35.524) 

Per Capita Solid Waste 
Generation 

(developed countries) 
(Y=0.0295x + 176.36) 
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(kg) (kg) 

1971 429.8056 0.7489  130.554 189.03 

1972 159.111 0.7763 70.7 181.05 

1973 169.945 0.8069 73.099 181.37 

1974 251.368 0.8419 91.1 183.78 

1975 384.564 0.8820 120.55 187.7 

1976 578.252 0.9274 163.376 193.42 

1977 1081.58 0.9777 274.66 208.27 

1978 763.84 1.0328 204.4 198.89 

1979 1096.56 1.0918 277.97 208.71 

1980 1414.433 1.1544 348.255 218.09 

1981 1140.217 1.2205 287.63 209.996 

1982 1635.868 1.2898 397.2 224.62 

1983 1428.151 1.3606 351.288 218.49 

1984 2231.45 1.4307 528.898 242.19 

1985 2000.04 1.4984  477.7 235.36 

1986 1806.595 1.5621 434.96 229.65 

1987 2003.6484 1.6221 478.5 235.47 

1988 1865.908 1.6811 448.1 231.4 

1989 2089.686 1.743 497.55 238 

1990 3309.04 1.8101 767.2 273.98 

1991 4399.91 1.885 1008.34 306.16 

1992 3937.503 1.9656 906.1 292.52 

1993 4107.918 2.0439 943.78 297.54 

1994 3998.563 2.1092 919.6 294.32 

1995 4017.69 2.1546 923.8 294.88 

1996 4084.814 2.176 938.68 296.86 

1997 4385.258 2.1777 1005.2 305.73 

1998 4437.272 2.1711 1016.6 307.26 

1999 4604.179 2.1723 1053.5 312.18 

2000 5234.929 2.1925 1192.97 330.79 

2001 5339.711 2.239 1216.13 333.88 

2002 5424.0308 2.3084  1234.78 336.37 

2003 5557.198 2.3891 1264.2 340.297 

2004 5534.1802 2.464 1259.1 339.62 

2005 6064.337 2.5223 1376.35 355.26 

2006 8438.364 2.5549 1901.2 425.29 

2007 9716.122 2.5697 2183.76 462.99 

2008 10226.84 2.5935 2296.68 478.05 

2009 9746.141 2.6632 2190.396 463.87 

2010 11732.735 2.8028 2629.63 522.48 

2011 11865.93 3.0248  2659.08 526.4 
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The above data shows the annual per capita waste generation of Oman (Table 4.1), estimated by 

entering the energy consumption data in Bogner and Mathews (2003) models prepared for 

developed and developing countries. The energy consumption data was provided by World Bank 

from 1971 until 2011. The annual waste generation resulted from Bogner and Matthews (2003) 

models and per capita waste generation data collected from The Report: Oman 2012 Oxford 

Business Group for the years 2004, 2009 and 2010, shown in graph 4.1. 

 

Graph 4.1: Shows the estimation of annual waste generation (kg per capita) in green line by 

using Bogner and Matthews (2003) model prepared for developing countries which estimates 

waste generation (per capita) from energy consumption (per capita). Whereas purple line shows 

the estimated annual waste generation (kg per capita) from Bogner and Matthews (2003) model 

prepared for developed countries which estimates waste generation (per capita) from energy 

consumption (per capita). The blue colour scatter points represent annual waste generation per 

capita for the years 2004. 2009 and 2010 available from The Report: Oman 2012 Oxford Business 

Group. 

Oman is among the countries which comes in the list of developing countries, however when the 

annual per capita waste generation data provided by The Report: Oman 2012 Oxford Business 

Group was compared with the annual per capita waste generation estimated using models prepared 

for developed and developing countries, it was found that the data provided by The Report: Oman 

2012 Oxford Business Group are relatively close to estimations from model prepared for 

developed countries (Graph 4.1) (Oxford Business Group, 2012). This was due the annual per 
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http://scialert.net/fulltext/?doi=jas.2010.1603.1609&org=11#545216_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=developing+countries
http://scialert.net/fulltext/?doi=jas.2010.1603.1609&org=11#545216_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=developing+countries
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=developing+countries
http://scialert.net/fulltext/?doi=jas.2010.1603.1609&org=11#f2
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capita energy consumption which is higher than 1500 kg cool equivalent per year in Oman, and 

this is the case in developed countries which have annual per capita energy consumptions higher 

than 1500 kg cool equivalent per year (Abushammala et al., 2010). The Root Mean Square Error 

(RMS) between the annual per capita waste generation estimated by the models prepared for 

developed and developing countries and the data collected from The Report: Oman 2012 Oxford 

Business Group for 2004, 2009 and 2010 was estimated based on Equation (Oxford Business 

Group, 2012): 

𝑅𝑀𝑆𝐸 = √
∑ (𝑓(𝑥𝑖) − 𝑦𝑖)2
𝑛
𝑖=1

𝑛
 

n=3 (because three points are allocated in the graph) 

RMSE (developed countries)= Sqrt [(255.5-339.62)^2+(504-463.87)^2+ (584-522.48)^2]/3 

                                                 = Sqrt (7076.2 + 1610.4 + 3784.7)/3  

                                                 = Sqrt (12471.3)/3 = 37.2 kg waste per capita 

RMSE (developing countries)= Sqrt[(255.5-1259.1)^2+(504-2190.4)^2+(584- 2629.6)^2]/3 

                                                   = Sqrt (1007212.96 + 2843944.96 + 4184479.4)/3 

                                                   = Sqrt (8035637.3)/3 = 944.9 kg waste per capita 

The results obtained from RMS formula shows that the model prepared for developed countries 

had RMS equal 37.2 kg waste per capita, whereas the model prepared for developing countries had 

RMS equal 944.9 kg waste per capita. It is clear from the results that the model prepared for 

developed countries fitted the data collected from The Report: Oman 2012 Oxford Business Group 

with less RMS value as compared to the RMS value obtained for the model prepared for 

developing countries (Oxford Business Group, 2012). On the basis of the RMS results the model 

prepared for developed countries was chosen and used in this study to estimate annual waste 

generation in Oman from 1971 till 2011 depending on annual energy consumption available.  

Prediction of per capita waste generation (2012 – 2030) 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=developing+countries
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=developing+countries
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=developing+countries
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Table 4.2: Shows the per capita solid waste generation of Oman calculated from Bogner and 

Matthews (2003) model prepared for developed countries. 

 Year  Per Capita Solid Waste Generation 
(developed countries) 
(Y=0.0295x + 176.36) 

(kg) 
1971 189.03 

1972 181.05 

1973 181.37 

1974 183.78 

1975 187.7 

1976 193.42 

1977 208.27 

1978 198.89 

1979 208.71 

1980 218.09 

1981 209.996 

1982 224.62 

1983 218.49 

1984 242.19 

1985 235.36 

1986 229.65 

1987 235.47 

1988 231.4 

1989 238 

1990 273.98 

1991 306.16 

1992 292.52 

1993 297.54 

1994 294.32 

1995 294.88 

1996 296.86 

1997 305.73 

1998 307.26 

1999 312.18 

2000 330.79 

2001 333.88 

2002 336.37 

2003 340.297 

2004 339.62 

2005 355.26 

2006 425.29 

2007 462.99 

2008 478.05 
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2009 463.87 

2010 522.48 

2011 526.4 

 

The Bogner and Matthews (2003) model prepared for developed countries was chosen for Oman 

as the annual per capita waste generation data produced from this model resulted in less error 

(Table 4.2). In order to predict the annual per capita waste generation from the year 2012 till 2030, 

this data was plotted in a graph and fitted to an exponential regression model with correlation 

coefficient (R2) 0.94 (Graph 4.2). 

 

Graph 4.2: Shows the exponential prediction model. The data in this graph is the result shown in 

purple line in graph 4.1, and was used in order to predict future waste generation of Oman using 

exponential regression model. 

 Extrapolation 

Table 4.3: Shows the predicted per capita solid waste generation of Oman from 2012 – 2030 using 

exponential prediction model. 

Year Per Capita Solid Waste Generation 
(developed countries) 
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(Y=0.0295x + 176.36) 
(kg) 

2012 515.0803 

2013 528.0668 

2014 541.3807 

2015 555.0303 

2016 569.0241 

2017 583.3706 

2018 598.0789 

2019 613.158 

2020 628.6173 

2021 644.4664 

2022 660.7151 

2023 677.3734 

2024 694.4518 

2025 711.9607 

2026 729.9111 

2027 748.314 

2028 767.181 

2029 786.5236 

2030 806.3539 

 

The above table shows the annual waste generation from 2012 to 2030 estimated by using the data 

of previous years shown in table 4.2. Exponential regression model fitted the previous data on 

annual waste generation, therefore used for estimation of future years. In order to predict the annual 

waste generation, years were entered in exponential regression model. 
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Graph 4.3: shows the estimation of annual waste generations from 1971-2030, by annual energy 

consumption (1971-2011) and the annual waste generation in Oman resulting from Bogner and 

Matthews (2003) model for developed country and from the model shown in Graph 4.2 (2012-

2030).  

Above results on waste generation per capita of Oman from 1971 – 2030 shows an increasing trend 

in the solid waste generation rate of Oman (Graph 4.3). This is because of the increase in the 

population of Oman over the years, as population increases automatically waste generation 

increases.  

Prediction of Population (2012 – 2030) 

Table 4.4: Shows the data on population of Oman from 1971 – 2011 collected from World Bank. 

Year Population 
(Million) 

1971 0.7489 

1972 0.7763 

1973 0.8069 

1974 0.8419 

1975 0.882 

1976 0.9274 
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1977 0.9777 

1978 1.0328 

1979 1.0918 

1980 1.1544 

1981 1.2205 

1982 1.2898 

1983 1.3606 

1984 1.4307 

1985 1.4984 

1986 1.5621 

1987 1.6221 

1988 1.6811 

1989 1.743 

1990 1.8101 

1991 1.885 

1992 1.9656 

1993 2.0439 

1994 2.1092 

1995 2.1546 

1996 2.176 

1997 2.1777 

1998 2.1711 

1999 2.1723 

2000 2.1925 

2001 2.239 

2002 2.3084 

2003 2.3891 

2004 2.464 

2005 2.5223 

2006 2.5549 

2007 2.5697 

2008 2.5935 

2009 2.6632 

2010 2.8028 

2011 3.0248 

 

The above data shows the population of Oman from 1971 – 2011 (Table 4.4). This data is obtained 

from the World Bank source. Since our objective is to calculate the waste generation of Oman 

from 1971 – 2030, therefore in order to obtain the population of Oman from 2012 – 2030 

extrapolation of the population from 1971 – 2011 was done. The data on population from 1971 – 

2011 was plotted in a graph and fitted to a linear regression model with correlation coefficient (R2) 

0.9865 (Graph 4.4).  
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Graph 4.4: Shows the linear prediction model. The data in this graph is the population of Oman 

from 1971 to 2011 which is collected from World Bank source, and was used in order to predict 

future population of Oman using linear regression model. 

Graph 4.4 was plotted in order to find a model which fits the available data of population for 

previous years which then used for predicting the future population. As it can be seen that linear 

regression model fitted the available data, hence used for prediction. 

 Extrapolation 

Table 4.5: Shows the predicted population of Oman from 2012 – 2030 using linear regression 

model. 

Year Population 
(Million) 

2012 2.8644 

2013 2.9181 

2014 2.9718 

2015 3.0255 

2016 3.0792 

2017 3.1329 

2018 3.1866 

2019 3.2403 

2020 3.294 

2021 3.3477 

y = 0.0537x - 105.18
R² = 0.9865
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2022 3.4014 

2023 3.4551 

2024 3.5088 

2025 3.5625 

2026 3.6162 

2027 3.6699 

2028 3.7236 

2029 3.7773 

2030 3.831 

 

 

Graph 4.5: shows the estimation of population from 2012-2030 by the previous available data 

on population of Oman from 1971 – 2011 collected from World Bank source and from the model 

shown in Graph 4.4. 

After extrapolating the population of Oman from 2012 – 2030 using linear regression model an 

increasing trend in the population is observed and thus the population of Oman from 2012 – 

2030 is achieved.  

4.2.2 Calculation of Total Waste Generation 

The first objective of this study was to predict total waste generation of Oman from 1971 -2030. 

Therefore this research started building up data on population and annual waste generation per 

capita with the assistance of available data on energy consumption and population from 1971-
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2011. Steps in predicting data on these two parameters and results can be seen in methodology and 

data collection part respectively. 

Once population and annual waste generation per capita were obtained, they were simply 

multiplied with each other in order to achieve main objective of predicting total waste generation 

from 1971 to 2030 as shown in table.  

 

Table 4.6: Shows the calculated total municipal solid waste of Oman from 1971 – 2030 using 

population and per capita solid waste generation. 

Year Population  

(Million) 

 

Per Capita Solid Waste 

Generation 

(developed countries) 

(Y=0.0295x + 176.36) 

(kg) 

 

MSWT  

(kg) 

 

MSWT  

(Gg/yr) 

 

1971 0.7489 189.03 141564567 141.5646 

1972 0.7763 181.05 140549115 140.5491 

1973 0.8069 181.37 146347453 146.3475 

1974 0.8419 183.78 154724382 154.7244 

1975 0.882 187.7 165551400 165.5514 

1976 0.9274 193.42 179377708 179.3777 

1977 0.9777 208.27 203625579 203.6256 

1978 1.0328 198.89 205413592 205.4136 

1979 1.0918 208.71 227869578 227.8696 

1980 1.1544 218.09 251763096 251.7631 

1981 1.2205 209.996 256300118 256.3001 

1982 1.2898 224.62 289714876 289.7149 

1983 1.3606 218.49 297277494 297.2775 

1984 1.4307 242.19 346501233 346.5012 

1985 1.4984 235.36 352663424 352.6634 

1986 1.5621 229.65 358736265 358.7363 

1987 1.6221 235.47 381955887 381.9559 

1988 1.6811 231.4 389006540 389.0065 

1989 1.743 238 414834000 414.834 

1990 1.8101 273.98 495931198 495.9312 

1991 1.885 306.16 577111600 577.1116 

1992 1.9656 292.52 574977312 574.9773 

1993 2.0439 297.54 608142006 608.142 
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1994 2.1092 294.32 620779744 620.7797 

1995 2.1546 294.88 635348448 635.3484 

1996 2.176 296.86 645967360 645.9674 

1997 2.1777 305.73 665788221 665.7882 

1998 2.1711 307.26 667092186 667.0922 

1999 2.1723 312.18 678148614 678.1486 

2000 2.1925 330.79 725257075 725.2571 

2001 2.239 333.88 747557320 747.5573 

2002 2.3084 336.37 776476508 776.4765 

2003 2.3891 340.297 813003563 813.0036 

2004 2.464 339.62 836823680 836.8237 

2005 2.5223 355.26 896072298 896.0723 

2006 2.5549 425.29 1087000000 1086.573 

2007 2.5697 462.99 1190000000 1189.745 

2008 2.5935 478.05 1240000000 1239.823 

2009 2.6632 463.87 1235000000 1235.379 

2010 2.8028 522.48 1464000000 1464.407 

2011 3.0248 526.4 1592000000 1592.255 

2012 2.8644 515.0803 1475000000 1475.396 

2013 2.9181 528.0668 1541000000 1540.952 

2014 2.9718 541.3807 1609000000 1608.875 

2015 3.0255 555.0303 1679000000 1679.244 

2016 3.0792 569.0241 1752000000 1752.139 

2017 3.1329 583.3706 1828000000 1827.642 

2018 3.1866 598.0789 1906000000 1905.838 

2019 3.2403 613.158 1987000000 1986.816 

2020 3.294 628.6173 2071000000 2070.665 

2021 3.3477 644.4664 2157000000 2157.48 

2022 3.4014 660.7151 2247000000 2247.356 

2023 3.4551 677.3734 2340000000 2340.393 

2024 3.5088 694.4518 2437000000 2436.692 

2025 3.5625 711.9607 2536000000 2536.36 

2026 3.6162 729.9111 2640000000 2639.505 

2027 3.6699 748.314 2746000000 2746.238 

2028 3.7236 767.181 2857000000 2856.675 

2029 3.7773 786.5236 2971000000 2970.936 

2030 3.831 806.3539 3089000000 3089.142 
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Results obtained on total waste generation of Oman from 1971 – 2030 shows an increasing trend 

with the increase in population (Table 4.6). Increase in population elevates the generation rate of 

total municipal solid waste. Therefore, it can be seen in table 4.6 that increase in the total municipal 

solid waste in Oman results from the increase in population over the years. 

 

 

4.2.3 Comparison of annual waste generation of Oman with South – East Asia 

countries 

On comparing annual waste generation in Malaysia and Oman in 2010, it was found that the annual 

waste generation in Malaysia in 2010 ranges between 8 – 11 million tons (Abushammala et al. 

2010), whereas in Oman annual waste generation was approximately 1.5 million tons which makes 

15.8 % of Malaysian annual waste generation of 2010. A big difference of 84.2 %  is observed in 

the annual waste generation of Oman and Malaysia, the reason behind this difference is the 

population of Oman (2.8 million) which is 9.9 % of total Malaysian population of 2010 that is 

28.28 million (World Bank, 2015). As discussed above annual waste generation increases with the 

rise in population, therefore difference in the population of Oman and Malaysia justifies the 

difference in their annual waste generation. 

The same way on comparing annual waste generation of Oman from 1981 – 2024 with Malaysia, 

higher annual waste generation rates were observed in Malaysia. The increase in annual waste 

generation rate in Oman from 1981 – 2024 is 2.15 million tons which makes 13.8 % of total 

increase in annual waste generation rate of Malaysia that is 15.5 million tons (Abushammala et al. 

2010). As mentioned above the reason for high annual waste generations in Malaysia is their 

greater population as compared to Oman. 

The annual waste generation in India in the year 1997 was about 48 million tons (Rawat et al. 

2011), whereas in Oman it was 0.7 million tons which makes 1.5% of the total annual waste 

generation in India in the year 1997. Major difference of about 98.5% in the annual waste 

generation of Oman and India is due to the difference in their population. In 1997 the population 

of Oman was 2 million which makes only 0.2% of the population of India that is 990.5 million 
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(World Bank, 2015). Therefore, greater population in India causes higher annual waste generation 

as compared to Oman.  

The rate of increase in the annual waste generation of Oman from 1997 – 2030 was about 2.3 

million tons which makes 2% of the total increase in the rate of annual waste generation in India 

that is approximately 112 million tons (Rawat et al. 2011). As the rate of increase in population in 

India is high as compared to Oman therefore rate of increase in annual waste generation is also 

higher. 

The rate of increase in the annual waste generation of Oman from 1993 – 2002 was 0.2 million 

tons which makes 6.7% of the total increase in the rate of annual waste generation of Thailand that 

is 3 million tons (Chiemchaisri et al., 2007). Reason behind this difference is the increase in the 

rate of population of Oman from 1993 – 2002 which makes 5% of the total increase in the rate of 

population of Thailand that is 5.1 million (World Bank, 2015). As annual waste generation depends 

on population therefore Thailand with higher increase in the rate of population as compared to 

Oman has higher annual waste generation rates. 

Table 4.7: Shows the MSWT and rate of increase of MSWT over the years of Oman and some 

South – East Asia countries. 

 

4.3 Methane Emissions using IPCC Default Method 

Table 4.8: Shows the calculated methane emissions from 1971 – 2030 in Oman using IPCC default 

method. 

Years MSWT 

(Gg/yr) 

MSWF MCF DOC DOCF F R OX Methane 

Emissions 

(Gg/yr) 

1971 141.5646 0.84 0.4 0.16414 0.77 0.5 0 0 4.007815657 

Years 2010 1981 – 2024 1997 1997 – 2030 1993 - 2002 Reference 

 

MSWT 

Million 

Tons 

Oman 1.5 2.15 0.7 2.3 0.2 Current Project 

Malaysia 8 – 11 15.5 - - - Abushammala et al. 2010 

India - - 48 112 - Rawat et al. 2011 

Thailand - - - - 3 Chiemchaisri et al., 2007 
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1972 140.5491 0.84 0.4 0.16414 0.77 0.5 0 0 3.97906733 

1973 146.3475 0.84 0.4 0.16414 0.77 0.5 0 0 4.143223307 

1974 154.7244 0.84 0.4 0.16414 0.77 0.5 0 0 4.380381431 

1975 165.5514 0.84 0.4 0.16414 0.77 0.5 0 0 4.6869037 

1976 179.3777 0.84 0.4 0.16414 0.77 0.5 0 0 5.07833847 

1977 203.6256 0.84 0.4 0.16414 0.77 0.5 0 0 5.764816726 

1978 205.4136 0.84 0.4 0.16414 0.77 0.5 0 0 5.815436924 

1979 227.8696 0.84 0.4 0.16414 0.77 0.5 0 0 6.451185362 

1980 251.7631 0.84 0.4 0.16414 0.77 0.5 0 0 7.127631577 

1981 256.3001 0.84 0.4 0.16414 0.77 0.5 0 0 7.256078604 

1982 289.7149 0.84 0.4 0.16414 0.77 0.5 0 0 8.20207938 

1983 297.2775 0.84 0.4 0.16414 0.77 0.5 0 0 8.416183654 

1984 346.5012 0.84 0.4 0.16414 0.77 0.5 0 0 9.809750392 

1985 352.6634 0.84 0.4 0.16414 0.77 0.5 0 0 9.984207363 

1986 358.7363 0.84 0.4 0.16414 0.77 0.5 0 0 10.15613476 

1987 381.9559 0.84 0.4 0.16414 0.77 0.5 0 0 10.81350239 

1988 389.0065 0.84 0.4 0.16414 0.77 0.5 0 0 11.01311249 

1989 414.834 0.84 0.4 0.16414 0.77 0.5 0 0 11.74431028 

1990 495.9312 0.84 0.4 0.16414 0.77 0.5 0 0 14.04024229 

1991 577.1116 0.84 0.4 0.16414 0.77 0.5 0 0 16.33852987 

1992 574.9773 0.84 0.4 0.16414 0.77 0.5 0 0 16.27810632 

1993 608.142 0.84 0.4 0.16414 0.77 0.5 0 0 17.21702757 

1994 620.7797 0.84 0.4 0.16414 0.77 0.5 0 0 17.57481289 

1995 635.3484 0.84 0.4 0.16414 0.77 0.5 0 0 17.98726554 

1996 645.9674 0.84 0.4 0.16414 0.77 0.5 0 0 18.28789614 

1997 665.7882 0.84 0.4 0.16414 0.77 0.5 0 0 18.84904191 

1998 667.0922 0.84 0.4 0.16414 0.77 0.5 0 0 18.88595829 

1999 678.1486 0.84 0.4 0.16414 0.77 0.5 0 0 19.19897535 

2000 725.2571 0.84 0.4 0.16414 0.77 0.5 0 0 20.53265674 

2001 747.5573 0.84 0.4 0.16414 0.77 0.5 0 0 21.16399601 

2002 776.4765 0.84 0.4 0.16414 0.77 0.5 0 0 21.9827233 

2003 813.0036 0.84 0.4 0.16414 0.77 0.5 0 0 23.0168359 

2004 836.8237 0.84 0.4 0.16414 0.77 0.5 0 0 23.69120407 

2005 896.0723 0.84 0.4 0.16414 0.77 0.5 0 0 25.36858383 

2006 1086.573 0.84 0.4 0.16414 0.77 0.5 0 0 30.76183582 

2007 1189.745 0.84 0.4 0.16414 0.77 0.5 0 0 33.68272411 

2008 1239.823 0.84 0.4 0.16414 0.77 0.5 0 0 35.1004551 

2009 1235.379 0.84 0.4 0.16414 0.77 0.5 0 0 34.97463903 

2010 1464.407 0.84 0.4 0.16414 0.77 0.5 0 0 41.45863052 

2011 1592.255 0.84 0.4 0.16414 0.77 0.5 0 0 45.07811193 
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2012 1475.396 0.84 0.4 0.16414 0.77 0.5 0 0 41.76974054 

2013 1540.952 0.84 0.4 0.16414 0.77 0.5 0 0 43.62567976 

2014 1608.875 0.84 0.4 0.16414 0.77 0.5 0 0 45.54865112 

2015 1679.244 0.84 0.4 0.16414 0.77 0.5 0 0 47.54085877 

2016 1752.139 0.84 0.4 0.16414 0.77 0.5 0 0 49.60457479 

2017 1827.642 0.84 0.4 0.16414 0.77 0.5 0 0 51.74212295 

2018 1905.838 0.84 0.4 0.16414 0.77 0.5 0 0 53.95593283 

2019 1986.816 0.84 0.4 0.16414 0.77 0.5 0 0 56.24848017 

2020 2070.665 0.84 0.4 0.16414 0.77 0.5 0 0 58.62233276 

2021 2157.48 0.84 0.4 0.16414 0.77 0.5 0 0 61.0801345 

2022 2247.356 0.84 0.4 0.16414 0.77 0.5 0 0 63.62460693 

2023 2340.393 0.84 0.4 0.16414 0.77 0.5 0 0 66.25855073 

2024 2436.692 0.84 0.4 0.16414 0.77 0.5 0 0 68.98487709 

2025 2536.36 0.84 0.4 0.16414 0.77 0.5 0 0 71.80655095 

2026 2639.505 0.84 0.4 0.16414 0.77 0.5 0 0 74.72666193 

2027 2746.238 0.84 0.4 0.16414 0.77 0.5 0 0 77.74836654 

2028 2856.675 0.84 0.4 0.16414 0.77 0.5 0 0 80.87495142 

2029 2970.936 0.84 0.4 0.16414 0.77 0.5 0 0 84.10976307 

2030 3089.142 0.84 0.4 0.16414 0.77 0.5 0 0 87.456283 

 

 

Graph 4.6: Shows the increasing trend of Methane emissions in Oman from 1971 – 2030. 
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The above result shows the increasing trend of methane emissions with the increase in population 

and total municipal solid waste in Oman over the years (Table 4.7). Methane emission depends on 

the population and total municipal solid waste, because as population increases it elevates the total 

municipal solid wastes which in turn cause higher methane emissions. Total municipal solid waste 

contain organic components which when degrade produces methane emissions, hence increase in 

solid waste means increase in organic component and degradation of more organic component 

produces higher methane emissions. Therefore, increasing trend of methane emissions observed 

in Oman from 1971 – 2030 results from the increase in population over the years which 

automatically increase total municipal solid waste. 

4.3.1 Comparison of methane emissions in Oman with some Asian countries 

Abushammala et al. (2011) estimated methane emissions in Malaysia in the year 2009. On 

comparing methane emissions of Oman and Malaysia in 2009, it can be seen that approximately 

35 Gg of methane was emitted in Oman which makes 11% of the total methane emitted in Malaysia 

in 2009 that is 319 Gg (Abushammala et al. 2011). This comparison shows a major difference of 

about 89% between the methane emissions in Oman and Malaysia. The reason behind the 

difference is the population of Oman which is 9.5% of the total population of Malaysia in 2009 

that is 27.79 million (World Bank, 2015). As it is known that methane emissions depends on 

population and total waste generation, therefore a big difference of 90.5% in the population of 

Oman and Malaysia is the main reason in causing higher methane emissions in Malaysia. 

When comparing population and methane emissions of Malaysia with Oman in 2009, it was 

concluded that total population of Malaysia is 90.5% greater than Oman, and methane emissions 

in Malaysia are 89% greater than Oman. But methane emissions varies with the population, 

therefore the percentage of methane emitted and population in Malaysia should be same on 

comparison with Oman. In Malaysia recovery of methane is adopted and presence of landfill sites 

provides a soil cover for oxidation of methane generated which decreases the amount of methane 

emitted (Abushammala et al. 2011), whereas in Oman recovery of methane is not adopted and no 

oxidation occurs due to the presence of more open dump sites and lack of availability of sanitary 

landfill sites which provides cover for oxidation process to occur. This might be the reason of 1.5% 

difference in percentage of population and methane emissions of Malaysia in contrast with Oman 

in 2009. 
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Kumar et al. (2004) estimated that from 1980 – 1999 in India the rate of increase in emission of 

CH4 was about 239 Gg. On comparing the rate of increase in the emission of CH4 in Oman from 

1980 – 1999 with India, it was found that the rate of increase in the emissions in Oman (12.07 Gg) 

makes about 5% of the total increase in rate of emissions in India that is 239 Gg (Kumar et al., 

2004). The reason behind such a big difference of 95% in the increase in rate of methane emissions 

in Oman and India is their increase in the rate of population from 1980 – 1999. On comparing the 

increase in the rate of population from 1980 – 1999 in Oman and India, it was found that Oman 

makes only 0.3% of the total increase in the rate of population of India that is 326 million (World 

Bank, 2015). Therefore, the difference in the increase in the rate of population of Oman and India 

justifies the difference in the increase in their rate of methane emissions from 1980 – 1999. 

Methane emissions of Oman in the year 2004 were compared with China, because methane 

emissions in China were estimated for the year 2004 by Qingxian et al. (2007). On comparison it 

was found that methane emissions in Oman (23.69 Gg) in 2004 makes about 0.9% of total methane 

emissions in China that is 2,261 Gg (Qingxian et al. 2007). Therefore, a major difference of about 

99.1% was observed in methane emissions of both countries in the year 2004. Reason behind this 

difference is the population of Oman which makes only 0.2% of the total population of China that 

is 1.296 billion (World Bank, 2015). Therefore, it is clear that higher methane emissions in China 

are due to their greater population in contrast with Oman. 

As it is known that the methane emissions varies with the population therefore the percentage of 

methane emissions and population of China in contrast with Oman should be the same. However 

a small difference of about 0.7% was observed in percentage of methane emissions and population 

of China which is due to recovery of methane that is adopted in China and is not adopted in Oman. 

Chiemchaisri et al. (2007) estimated that about 121 Gg of methane emissions were generated in 

Thailand in the year 2005, and when compared with Oman it was found that methane emissions in 

Oman (25.4 Gg) makes 21% of this estimated methane emissions in Thailand. Difference observed 

in the methane emissions of Oman and Thailand in 2005 is about 79% (Chiemchaisri et al., 2007), 

caused due to the difference in population of both countries. Population in Thailand in contrast 

with Oman is very high, and Oman makes only 4% of the total population of Thailand that is 65.56 

million (World Bank, 2015). 
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The difference between the percentage of methane emissions and population of Thailand on 

comparison with Oman is due to the recovery of generated methane which reduces the amount of 

methane emitted; however in Oman methane is not recovered. This might be the reason of 17% 

difference in the percentage of methane emissions and population of Thailand. 

 

Table 4.9: Shows the methane emissions and rate of increase of methane emissions over the years 

of Oman and some Asian countries 

 

4.4 Environmental and Economic Benefits of Estimated Methane 

Economic and environmental benefits from methane emissions can be drawn if captured and 

utilized in a positive way. Capturing of methane from atmosphere cause carbon reduction which 

attracts revenue, apart from carbon reduction captured methane can also be used to produce 

electricity which attracts revenue as well. After estimating methane emissions in Oman this 

research also provides the possible economic and environmental benefits that can be drawn from 

emissions. As it is not possible to get benefits from methane emitted in past years therefore, 

methane emissions from 2016 to 2030 were taken under consideration to assess total economic 

and environmental benefits.  

 

 

 

 

Years 2009 1980 – 1999 2004 2005 Reference 

 

Methane 

emissions 

Gg/yr 

Oman 35 12.07 23.69 25.4 Current Project 

Malaysia 319 - - - Abushammala et al. 2011 

India - 239 - - Kumar et al., 2004 

China   2,261 - Qingxian et al. 2007 

Thailand - - - 121 Chiemchaisri et al., 2007 
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Table 4.10: Shows the estimated equivalent CO2 emissions and its revenue, also estimated 

equivalent electricity generation and its revenue in Oman from 2016 – 2030. 

Years Estimated 
Methane 
Emissions 
(Tonnes) 

 

Equivalent CO2 
Emissions 
(Tonnes) 

 

Revenue from 
Carbon Credits 

(OMR) 
 

Equivalent 
Electricity 

Generation 
(KWh) 

 

Revenue from 
Electricity Sale 

(OMR) 
 

2016 49,605 1,240,114 6,294,076 3.06x10
8

 5,509,088 

2017 51,742 1,293,553 6,565,299 3.2 x10
8

 5,746,484 

2018 53,956 1,348,898 6,846,198 3.3 x10
8

 5,992,350 

2019 56,248 1,406,212 7,137,088 3.5 x10
8

 6,246,961 

2020 58,622 1,465,558 7,438,294 3.6 x10
8

 6,510,601 

2021 61,080 1,527,003 7,750,152 3.8 x10
8

 6,783,565 

2022 63,624 1,590,615 8,073,009 3.9 x10
8

 7,066,155 

2023 66,259 1,656,464 8,407,216 4.1 x10
8

 7,358,680 

2024 68,985 1,724,622 8,753,146 4.3 x10
8

 7,661,467 

2025 71,807 1,795,164 9,111,174 4.4 x10
8

 7,974,842 

2026 74,727 1,868,167 9,481,692 4.6 x10
8

 8,299,149 

2027 77,748 1,943,709 9,865,102 4.8 x10
8

 8,634,741 

2028 80,875 2,021,874 10,261,818 5 x10
8

 8,981,979 

2029 84,109.8 2,102,744 10,672,267 5.2 x10
8

 9,341,237 

2030 87,456 2,186,407 11,096,890 5.4 x10
8

 9,712,902 

 

Results obtained on electricity generation and equivalent CO2 emissions from 2016 – 2030 in 

Oman show an increasing trend with the increase in methane emissions. If more methane is 

generated than more equivalent CO2 emissions will occur, and also increase in amount of methane 

increases the amount of production of electricity. The above table shows that a total of about 

25,171,104 tons of equivalent CO2 can be emitted from 2016 – 2030, and if captured than a total 

revenue of about OMR 127.75 million can be attracted from these emissions. Methane emissions 

from 2016 – 2030 if used to produce electricity then a total of about 6,212,233,499 KWh of 

electricity can be generated, and if sold then revenue of about OMR 111.8 million can be attracted. 
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Methane emissions from 2016 – 2030 in Oman if utilized as suggested above then apart from 

economic benefits, contribution of 25,171,104 tons of carbon to environmental degradation can 

also be reduced. 

 

Chapter 5                          Conclusion   

The well-built economic growth and urbanization rates in the last decade in Sultanate of Oman 

have pushed the issue of solid waste management to the front position of environmental challenges 

which the country must contend if it is to continue on the course to industrialization. The objectives 

discussed in this research project are discussed below: 

The initial aim of this research project is attained by calculating the total solid waste generation of 

Sultanate of Oman from 1971 – 2030. The estimation of total municipal solid waste generation is 

obtained by using population and per capita solid waste generation of Oman. Bogners and 

Mathews (2003) model estimates the per capita solid waste generation by using per capita energy 

consumption kg coal equivalent of Oman. The data of per capita waste generation of developed 

country is used since it is close to the existing annual waste generation per capita values which 

later on were multiplied by population to calculate MSWT of Oman. The MSWT of Oman in the 

year 1971 was 141.56 Gg/year which enormously increased to 1464.41 Gg/year by the year 2010 

and is expected to increase by 3089.142 Gg/year till the year 2030. Therefore it can be concluded 

that an increasing trend in the total solid waste generation of Oman is observed with respect to the 

population of Oman over the years. The total solid waste generation of Oman is also discussed and 

compared with the solid waste generation of Malaysia, India and Thailand. The difference in the 

generation of solid waste of Oman and these countries is mainly due to the difference in population.  

Methane emissions from the municipal solid waste disposed at landfill sites in Oman over the years 

1971 – 2030 is estimated. The total amount of Methane emitted is obtained by using and applying 

IPCC Default method. From the calculations obtained it can be seen that total 4.01 Gg/year 

Methane was emitted in the year 1971 which enormously increased to 41.46 Gg/year in the year 

2010, and it is expected to increase by 87.46 Gg/year by the year 2030. Therefore it can be 

concluded that an increasing trend in Methane emissions in Oman with respect to the population 
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and total municipal waste of Oman over the years is observed due to the increasing degradation of 

organic components.  The methane emissions of Oman are also compared with Malaysia, India, 

Thailand and China, the reason behind vast difference in the emissions emitted from methane is 

also due to the large difference in population of Oman as compared with these countries.  

Environmental and economic benefits of Methane estimated from the years 2016 – 2030 are also 

assessed. Methane damages the environment as it is associated with global warming and ozone 

layer depletion. Therefore the environmental benefits of capturing methane are that it reduces the 

damage to the environment and ozone layer depletion while the economic benefits are that Carbon 

reduction can be done, which leads to revenue attraction by gaining carbon credits and the captured 

methane can also be used to generate electricity. Therefore, equivalent CO2 and equivalent 

electricity generation from the estimated methane emissions were calculated and also possible 

revenue from both has been assessed. Hence it can be concluded that in the year 2016 estimated 

methane emissions are 49,604.57 tons which is equal to 1,240,114 tons of equivalent CO2 if 

reduced can attract revenue of 6.3 million OMR and apart from carbon reduction this methane 

emission can produce equivalent electricity of 306060441.7 KWh which can gain revenue of 5.5 

million OMR, and it is expected to increase to 87,456 tons, 2186407 of CO2 equivalent and can 

attract 11 million OMR revenue from carbon credits, 539,605,679 KWh of equivalent electricity 

which can attract revenue of  9.7 million OMR respectively till the year 2030.  

 5.1 Recommendations  

1. Prediction of solid waste generation could be improved by using different modeling 

techniques such as neural network models or SPSS software, whereas the prediction of 

solid waste done in this project is by Bogner and Mathews (2003) model.  

2. It is preferable to use First Order Decay (FOD) model instead of IPCC Default method, 

because FOD method produces a time dependent emission profile which helps reflect the 

right pattern of degradation process over time.  
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ABSTRACT  

Protein disorders including neurodegenerative diseases such as Alzheimer’s disease (AD) 

are characterized by loss of neurons in the brain which results in progressive decline in 

memory. This owes to protein aggregation or misfolding resulting due to the deposition of 

insoluble plaques known as amyloid. A collection of bio-physio-chemical (BPC) 

characteristics of amino acids constituting proteins are proved to be supportive in studying 

protein macroscopic properties like aggregation and folding. It has been verified that the 

identification of underlying principles caused by the deposition of amyloid plaques, based 

on BPC properties is fundamental in designing therapeutic targets against amyloid-related 

disorders including AD. Several databases have been developed to organize the wealth of 

knowledge that has been gathered over the years about BPC properties. In fact, the BPC 

properties identified in vitro and in vivo are distributed across databases in diverse formats. 

Moreover, as the volume of biological data including protein sequences and their 

characteristics is huge, data analytics in Bioinformatics become critically in need. 

Consequently, how to store, manage, mine, and visualize the required data and their 

correlations with disease is clearly a challenge to the research community. This research 

work focuses on implementing an online web tool for mining the relevant details of BPC 

properties constituted in a nut shell in a single format as well as their association with 

protein disorders that fills the lacuna in extracting knowledge from various sources 

scattered around the web. 
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1. INTRODUCTION 

It is a fact that most of today’s healthcare problems require a multidisciplinary approach to 

yield innovative solutions. In recent years, in particular, the research in bioinformatics has 

dramatically intensified. This field of research applies engineering principles to life 

science. In addition, there has been an explosive growth of biological data generated by the 

scientific community in the recent years. This deluge of data has, in turn, led to the 

necessity of computerized systems for storing, organizing and indexing the multifaceted 

data, and there is pressure for sophisticated tools to analyze the data. 

 

1.1 Background of the Project 

Protein disorders including neurodegenerative diseases such as Alzheimer’s disease (AD) 

are characterized by loss of neurons in the brain which results in progressive decline in 

memory [Subash et al., 2014]. Today the association between amyloidogenic protein fibrils 

and amyloid protein diseases such as AD has been established [Essa, 2011]. In such cases, 

proteins aggregate into specific fibrous structures to form insoluble plaques known as 

amyloid leading to progressive neuronal degeneration and death. 

A collection of bio-physio-chemical (BPC) characteristics of amino acids are proved to be 

supportive in studying protein macroscopic properties like aggregation, performing 

comparison among sequences or understanding conservation of functionally significant 

fragments in a peptide family. These properties have been proved to be useful in studying 

protein sequence profiles, folding and function. It has been verified that the identification 

of underlying principles caused by the deposition of amyloid plaques, based on BPC 

properties is fundamental in designing therapeutic targets against amyloid-related disorders 

including AD.  

Several databases have been developed [Kawashima and Kanehisa, 2008; Mathura and 

Kolippakkam, 2005; www.expasy.org] to organize the wealth of knowledge that has been 

gathered over the years about BPC properties. In fact, the BPC properties identified in vitro 

and in vivo are distributed across the databases. Moreover, as the volume of biological data 
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including protein sequences and their characteristics is huge, data analytics in 

Bioinformatics become critically in need. Consequently, how to store, manage, mine, and 

visualize the required data and their correlations with disease is clearly a challenge to the 

research community. This research work focuses on implementing an online web tool for 

mining the relevant details of BPC properties constituted in a nut shell as well as their 

association with protein disorders that fills the lacuna in extracting the knowledge from 

various sources scattered around the web in multiple formats. 

 

1.2 Project significance     

Multidisciplinary approach in research is of paramount importance that can offer sufficient, 

relevant and enough solutions to all issues including healthcare problems. Recently, 

bioinformatics research has increased to its zenith that employs principles of engineering 

to molecular biology in life science. 

Bioinformatics is an approach towards the solution of scientific problems through which 

advanced computational techniques are utilized to decipher the languages of biology. The 

technological advances in the field of computers empowered researchers in collecting and 

analyzing enormous volume of data to a scale previously impossible. The impact of this 

advancement is now felt in biological sciences [Nair, 2014]. The application of proteomics 

in investigating neurological diseases initiated a few years ago. Currently, several million 

people around the world are afflicted by devastating and incurable protein disorders 

including neurodegenerative diseases such as Alzheimer’s disease (AD) which affects the 

thinking and memory. Researchers have strengthened their efforts to explore methods in 

delaying, curing or even inhibiting the onset and development of such diseases after 

identifying the crucial prerequisites to bring down or completely inhibit from the 

occurrence of a health care disaster globally. However, no effective treatment has been 

designed yet in spite of the devastating situations that affect the brain. 

Over the past few years, this phenomenon has fascinated the interest of researchers from 

diverse areas, which led to active and multi-disciplinary research. A major promise to 

revolutionize the progression of early disease diagnosis, drug design and development is 
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by the usage of computers to save, process, examine and simulate voluminous molecular 

information. It is a fact that the field of big data analytics in bioinformatics suggests a way 

to provide reliable solutions to meaningful queries from a molecular biology point of view. 

The potential applications of research in amyloidogenic protein regions include 

Improvement of recombinant proteins' solubility, Development of peptide-based 

biomaterials, and Design and development of anti-amyloid agents and related drugs. These 

applications require the knowledge of bio-physio-chemical (BPC) characteristics of amino 

acids comprising a protein. It has been well recognized that one of the vital factors that 

influence the discovery of drugs to inhibit or cure amyloid illnesses owes to the 

determination of the BPC principles underlying amyloid deposition [Pastor et al., 2005]. 

Owing to the constraints of searching BPC features from various sources, it is highly 

desirable to develop an online web mining tool which aids biotechnology researchers to 

mine property details of interest associated with protein disorders in an efficient manner. 

Since publicly accessible web-servers represent the future direction for developing 

practically more useful miners, a user-friendly web interface is proposed to be developed 

for the researcher community to mine the details relevant to BPC properties of amino acids 

related to protein disorders. This makes it much easier for a researcher to get the results 

pertaining to a BPC property and their correlation with protein disorders which are 

scattered in diverse sources. Moreover, from a practical point of view, this tool will be 

useful for assistance in wet lab to save time, money and resources in laboratory research. 

Moreover, this webserver allows users with limited or no programming background to 

perform these analyses on large data compendia.   

 

1.2.1   Socio economic benefits to Oman 

Currently, Sultanate of Oman has around 5,000 to 6,000 cases of AD and the count would 

be much more as people hesitate to disclose about it [report, 2014]. The number of AD 

patients is expected to further increase in the future. There had been several works related 

to AD published by researchers of various organizations and higher education institutions 

in Sultanate of Oman. In fact, most of the related research is directed towards in vitro study 

that helps to reduce the progression of AD [Subash et al., 2014; Essa, 2011]. However, it 
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is a fact that BPC properties of amino acids are valuable to determine protein sequence 

features in an in silico prediction of amyloid fibrils: a major cause of neuronal death in AD. 

Therefore, an efficient way of extracting those BPC properties with their particulars is 

equally significant which in turn will be vital in efforts directed towards the development 

of new drugs against AD. 

This project does not require much investment. In fact, the online web mining tool will 

assist biotechnologists working towards the design and development of therapeutic targets, 

in Sultanate of Oman, with a reduced cost, time and effort, in retrieving the BPC properties 

associated with protein disorders and their characteristics. Moreover, the tool will aid the 

computational biologists who design in silico predictions of motif fibril forming patterns 

in protein sequences that utilize sequence based features. 

 

1.3 Project Objectives   

Following are the objectives framed to meet the goal of the research. 

 

 To gather all specifics related to BPC properties of amino acids from multiple 

sources 

 To prepare the relevant facts of BPC properties associated with protein disorders 

 To design a database to store multi-parametric details associated with BPC 

characteristics 

 To design a user friendly front end application to search and view the particulars of 

BPC property of interest by diverse specifics associated with the property as  well 

the disorders 

 To develop an online webserver to mine the facts of BPC properties and their 

association with protein disorders 
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2. LITERATURE REVIEW and FEASIBILITY 

ANALYSIS 

It has been well established that the study of protein sequence profiling, protein folding / 

misfolding and protein function are characterized by the bio-physio-chemical properties of 

amino acids. There are several dedicated databases available that store details associated 

with these properties.  

Proteins are made up of amino acids. There are 20 naturally occurring amino acids. A 

central carbon atom, a carboxyl group, an amino group, and a side chain make up an amino 

acid. The side chain determines the type of amino acid. These amino acids are joined by 

peptide bonds. Each amino acid is usually represented by a letter in English alphabet that 

corresponds to the primary structure of a protein. 

Each of the 20 amino acids has multiple BPC properties. These properties identified in vivo 

and in vitro are responsible for the diversity of protein structure as well as function. 

Moreover, studies have shown that there is strong association of BPC properties with 

serious protein disorders. Therefore, knowledge about BPC properties will aid in the 

discovery of drugs against those diseases. However these characteristics are scattered 

across several databases in the web. AAIndex [2] database and APDbase [1] database are 

two such dedicated databases that store the profiles of BPC properties. Swiss Expasy 

Server also provides a few BPC properties where some of them intersect with AAIndex 

and/or APDbase. The following sections discuss the detailing of the databases and their 

organization of information in the web. 

2.1   AA Index  

AAIndex1 is one of the sections in AA Index database. It contains a collection of published 

amino acid indices. Each entry of AAindex1 comprises the definition, the reference 

information, a list of interrelated entries based on the correlation coefficient and the actual 

data. There are 437 properties available in this database. It’s access can be retrieved through 

http://www.genome.ad.jp/aaindex/ 

http://www.genome.ad.jp/aaindex/
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In a sample of BPC property in AAIndex1, the first and second rows give the accession 

number and a simple description of the BPC property. The third and fourth rows show the 

LITDB (Literature Database) compiled and maintained by the Protein Research 

Foundation, Osaka) entry number, PMID (Pubmed ID) number and the author name of the 

property. The next two rows list the publication for the property and its source. The seventh 

row reveals other highly correlated indices and the last row illustrates the AAindex values. 

The names of properties are indicated by the character D, their accession nos. by H, journal 

publication by J, title of the publication by T, author list by A and LIT/PMID by R. The 

numerical values of each amino acid begin with character I.  

Advantages of AA index database include 

• Facilitate the process of determining the required property quickly without having 

to search in all ranks of the database tables.  

• The establishment of several BPC properties with sufficient information. 

• Speedy and efficient retrieval hence, saves the time of the researcher. 

Disadvantages of AA index database include 

• Increased number and length of fields. 

• Requires large space. 

• Contains redundant data. 

• No Graphical user interface 

 

2.2   APDbase 

APDbase (Amino acid physio-chemical properties Data base) is a dataset of 242 physico-

chemical properties of amino acids. Properties with insufficient data and least significant 

indices with respect to the study of protein structure, function and sequence are omitted in 

APDbase. Of the 246 entries in APDbase, the last 29 entries (except MAXF760101 

Normalized frequency of alpha-helix with description index 226 in APDbase) correspond 
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to ProtScale in Swiss Expasy [3] which are not endowed with ID or Accession Number 

and the remaining 216 properties are from AAindex database. 

       This database provides a Graphical User Interface to query the properties. It can be 

queried using the name of the BPC property or pre-assigned database index number 

provided by the implementers of the database. APDbase contains references for each BPC 

property and enables deposition of new property with values so that it could be included in 

the database after verification. Its access can be retrieved at 

http://www.rfdn.org/bioinfo/APDbase.php 

Advantages of APDbase include 

• User friendly web interface.  

• More speedy and efficient retrieval hence, saves the time of the researcher. 

Disadvantages of AA index database include 

• Can be accessed only online 

• Limited properties   

 

2.2 Feasibility Analysis 

 Feasibility Analysis provides a detailed analysis of the proposed project in order to help 

support the decision-making process. 

The aims of feasibility studies are to discover the strengths and weaknesses of design and 

development of an online web mining tool for big data analytics in bioinformatics. This 

also helps to discover the opportunities, threats in the environment and resources required 

to implement the project. The development of this tool will help the researchers to extract 

the BPC properties very efficiently. 

http://www.rfdn.org/bioinfo/APDbase.php
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2.2.1 SWOT analysis 

SWOT analysis is one type of situation analysis, used to determine and classify internal 

factors (strengths and weaknesses) and external factors (opportunities and threats). 

Strength: It is the ability of the use of resources as a basis for the development of 

competitive advantage. 

Weakness: The absence of strength may be viewed as weakness. 

Opportunities: It is the discovery of new opportunities to make a profit and growth when 

analyzing the external environmental factors. 

Threat: External environment that will damage to the objective. 

 

 
Strengths 

 

 Not need to get approval from senior management. 

 We have strong support by The Research Council of Oman. 

 Low operating costs, so ability to provide good service to 

customers 

Weaknesses 

 

 You cannot rely on cash flow in the early stages. 

 The lack of high-efficiency expertise in the design of the project. 

Opportunities 

 

 Labor sector continues to expand with the presence of many future 

opportunities for success. 

 Encourage the government to such new business. 

 The presence of competitors is a few in new techniques. 

Threat 

 

 Developments in technology change which affect our ability to 

adapt. 

Table 2.1 SWOT analysis 

2.2.2 Business objective 

This project deals with the design and development of an online web mining tool for big 

data analytics in bioinformatics to be deployed for the researchers to mine the BPC 

property details of their interests in an efficient way. 

Application of information technology aspects in life science would facilitate assembling 

relevant details of bio-physio-chemical (BPC) properties by consolidation of data from 

various web sources and storage in to one database. Developing this tool in the form of a 

website means the use of the system globally. 
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So, this website helps the researchers to find the BPC properties with details in a faster 

way. The details of BPC properties are Property names, Accession No., Author list, Journal 

publication, Title of the publication and the numerical values of each amino acid.  

 

2.2.3 Technical feasibility 

Technical feasibility is the first step of the study after determining the quality of the project. 

After collecting some information about the proposed system implementation, a proposal 

is submitted to Research Council of Oman (TRC) since TRC encourages new research that 

provides benefit for society and the world in general. 

Collating information scattered in multiple sources in diverse formats to a single database 

is found to be technically feasible from an Information Technology perspective.   

2.2.4 Cost benefit analysis 

The expected total cost of the project, compared with the total expected benefits for the 

ability to identify and implement the project. Analysis of the costs and benefits include 

three parts: 

 Identify all potential costs during project implementation. 

 Recording all the expected benefits. 

 Subtract all the specific costs of the expected benefits to determine the final 

benefits. 

2.2.5 Operational feasibility 

Operational feasibility is the ability to benefit, support and perform the necessary tasks of 

a system. A webserver is intended to be developed utilizing PHP for the front end 

application and Oracle for the database. It is found that the research is operationally 

feasible. 

The user can interact with the system without registering their details in the website. 

Researcher can select any type of database needed for searching the details of BPC 

properties from ABPCBase (The Amino acid Bio-Physio-Chemical properties Database) 

and those related to protein disorders from APPDBase (The Amino acid Properties Protein 

Disorder Database). 



10 

 

3. METHODOLOGY  

The research problem is addressed first by investigating how the domain data (BPC 

properties) can be gathered and prepared by carefully removing the redundant information 

in AAIndex database [Kawashima and Kanehisa, 2008], APDbase [Mathura and 

Kolippakkam, 2005] and Swiss Expasy [www.expasy.org]. These databases comprise 544, 

246 and 28 properties associated with each of the 20 amino acids respectively. Secondly, 

design the database by creating tables with necessary key constraints for each BPC 

property. This forms the back end of the application. This is achieved by the Oracle 

database software. In addition, the association between BPC properties and protein 

disorders gathered from multiple sources is linked. 

The third step is to design a user friendly front end application. The search interface will 

be implemented in PHP. Subsequently, the database will be connected to the front end 

application. The database can be queried using several criteria associated with the BPC 

properties. Finally, an online web tool is proposed to be deployed for the researchers to 

mine the BPC property details of their interests in an efficient way. 

 

3.1   Software methodology 

Methodology is the theoretical analysis used to complete the project. The methodology will 

also help to reduce the risks and increase the chances of success of the project. So, there 

are different methodologies identified to implement the project design and development of 

an online web mining tool for big data analytics in bioinformatics such as Waterfall model 

and Dynamic System Development Method (DSDM). 

3.1.1 Waterfall model 

Waterfall model is most popular because it is very simple to understand and use. The phases 

of this model include: 

 Requirement Gathering and analysis: In this stage all requirements and data required 

and important to form the system are collected. 

 System Design: Designing the database helpful in defining overall system structure, 

hardware and system requirements. The design is done by creating tables with 
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necessary key constraints for each BPC property. In addition, a user friendly front end 

application connected to the database is also designed. 

 Implementation: In this stage a tool is developed to be able to collect BPC Properties 

and removing excess and redundant information in the databases namely AAIndex 

database, APDbase and Swiss Expasy. His phase also includes the ability to connect 

the database to the front end application usig a visual studio tool. 

 Testing: In this phase, the system is tested to find errors and fix  if any. 

 Deployment of system: This phase involves the deployment of the system through an 

online web tool that helps the researchers to mine the BPC property details of their 

interests in an efficient way. 

 Maintenance: There must be a constant maintenance to ensure that the system will 

continue to perform the functions required. 

3.1.2 DSDM (Dynamic System Development Method) 

DSDM project includes seven stages and accredited by several basic techniques such as: 

 Pre-Project: At this stage, the initial approval or decision to start the project is taken. 

Also, this stage involves feasibility study and business study. So, we prepare a research 

proposal to The Research Council of Oman (TRC). The proposal explains the 

background of project, the rationale of this project and also explains the benefits of 

implementing the system. 

o Feasibility Study: Analysis and evaluation based on feasibility is very significant to 

know if it is feasible to take up this project. The feasibility studies of design and 

development of an online web mining tool for big data analytics in bioinformatics have 

been carried out to discover the strengths and weaknesses. This also helps to discover 

the opportunities, threats in the environment and resources required to implement the 

project. 

o Business Study: This involves the study of commercial stage of the project by 

identifying the business requirements such as selecting the interested parties, selecting 

the best work plan and so on. 

The application of this project using information technology tool aspects in life science 

facilitate assembling relevant details of BPC properties by consolidating data from 
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various web sources and storage in to one database. Developing a tool through a 

website implies the use of the system globally. 

 Functional Model: In this stage, functional prototypes of the system are made and get 

it reviewed from the users for determining the clear requirements of the system. To 

build this prototype, the following steps such as investigate, smoothing and establish 

are carried out. 

 Design & Build: In this stage, software is designed and developed to suit the operational 

environment for the user. 

 Implement/Deploy/Maintain: In the last phase, the documentation for learning and 

understanding of how to use the system in the operational environment is prepared, and 

also give user approval to use this system. 

 Post-Project – Maintenance: After the system is created, the maintenance is important. 

So, the maintenance is done in a cycle same as that used to develop the system. 
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4. BUDGETING AND PROJECT MANAGEMENT 

4.1 Project Budget  

An amount of OMR 800 has been proposed for Training (OMR 500), Stationary (OMR 

100), and Travelling (OMR 200). However an amount of OMR 600 has been granted from 

TRC.  An amount of OMR 500 has been utilized for training course of web development 

with PHP in 'Polyglot Institute', Oman. An amount of OMR 100 had been utilized for 

purchasing stationery items. 

4.2 Project plan 

Project plan is a road map to achieve success using schedules such as Gantt charts. It helps 

to track progress of the project by placing a sign or signal on the business that has been 

made and helps to keep the team focus on the ultimate goal. Project plan also has the ability 

to conduct post-implementation review. 

4.2.1 Work Breakdown Structure (WBS) 

Work breakdown structure is to organize the work on the project and it’s very important to 

work out before the start of the project because, it helps to determine the project's budget, 

determine the time for each section of the project and also to identify potential risks in the 

project. 

Week ID Description Predecessor Duration 

 

30 1 Design and development of an online web mining tool 

for big data analytics in bioinformatics 

 

  225 

5-7 2 Prepare introduction of chapter one   21 

2.1 Overview of Project Case / Business case   7 

2.2 Problem definition 2.1 6 
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2.3 Project Scope 2.2 8 

8-9 3 Literature Review & Feasibility Analysis of chapter 

two 

2 25 

3.1 Literature review 2 12 

3.2 Feasibility Analysis 3.1 13 

10-12 4 Methodology of chapter three 3 42 

4.1 Methodology 3 5 

4.2 Project plan 4.1 9 

4.3 Requirement Analysis 4.2 9 

4.4 Logical or Conceptual design 4.3 18 

Implementation will be started in Jan 

3-7 7 Chapter four: Physical design 4 60 

7.1 Database Design 4 35 

7.2 Designing and implementing security 7.1 25 

8-12 8 Chapter five: Development and Evaluation 7 60 

8.1 Coding with screenshots  7 32 

8.2 Testing / Evaluation 8.1 10 

8.3 Deployment 8.2 10 

8.4 Critical Evaluation 8.3 3 

8.5 Social, Ethical, and Legal Issues 8.4 5 

13 9 Conclusions and recommendations for future work 8 5 

9.1 Write conclusions and some recommendations 8 5 

14-15 10 Final Project Report Discussions 9 5 
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10.1 Prepare poster 1 6 

Table 4.1 Work Breakdown Structure (WBS) 

4.2.2 Gantt chart 

Gantt chart is a blueprint for the management of the project, the different activities with 

the specified time for each activity during the period of implementation of the project is 

displayed. 

During the implementation of the project (Design and development of an online web 

mining tool for big data analytics in bioinformatics) the Gantt chart appears on the left side 

the names of the list or activities to be implemented. While the right side shows the period 

of time for each activity. Also, Gantt chart shows the start day of the project (7 September 

2015) and the completion day of the project (7 July 2016). 

 

Task Mode Task Name Duration Start Finish Predecessors 

Manually 
Scheduled 

Task Name  Duration  Start  Finish   

Manually 
Scheduled 

Design and development of an 
online web mining tool for big 

data analytics in bioinformatics  
225 days 

Mon 
9/7/15 

Thu 7/7/16  

Manually 
Scheduled 

Prepare introduction of chapter 
one  

21 days 
Mon 

9/7/15 
Fri 10/2/15  

Auto 
Scheduled 

Overview of Project Case / 
Business case  

7 days 
Mon 

9/7/15 
Tue 

9/15/15 
 

Auto 
Scheduled 

Problem definition  6 days 
Wed 

9/16/15 
Wed 

9/23/15 
4 

Auto 
Scheduled 

Project Scope  8 days 
Thu 

9/24/15 
Fri 10/2/15 5 

Manually 
Scheduled 

Literature Review & Feasibility 
Analysis of chapter two  

25 days 
Mon 

10/5/15 
Thu 

11/5/15 
3 

Auto 
Scheduled 

Literature review  12 days 
Mon 

10/5/15 
Mon 

10/19/15 
3 

Auto 
Scheduled 

Feasibility Analysis  13 days 
Tue 

10/20/15 
Thu 

11/5/15 
8 

Manually 
Scheduled 

Methodology of chapter three  43 days Fri 11/6/15 Fri 1/1/16 7 

Auto 
Scheduled 

Methodology  5 days 
Sun 

11/8/15 
Thu 

11/12/15 
7 
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Auto 
Scheduled 

Project plan  9 days 
Sun 

11/15/15 
Wed 

11/25/15 
11 

Auto 
Scheduled 

Requirement Analysis  10 days 
Thu 

11/26/15 
Wed 

12/9/15 
12 

Auto 
Scheduled 

Logical or Conceptual design  18 days 
Thu 

12/10/15 
Mon 

1/4/16 
13 

Manually 
Scheduled 

Chapter four: Physical design  60 days 
Mon 

1/4/16 
Fri 3/25/16 10 

Auto 
Scheduled 

Database Design  35 days 
Mon 

1/4/16 
Fri 2/19/16 10 

Auto 
Scheduled 

Designing and implementing 
security  

25 days 
Mon 

2/22/16 
Fri 3/25/16 16 

Manually 
Scheduled 

Chapter five: Development and 
Evaluation  

60 days 
Tue 

3/29/16 
Wed 

6/15/16 
15 

Auto 
Scheduled 

Coding with screenshots  32 days 
Mon 

3/28/16 
Tue 

5/10/16 
15 

Auto 
Scheduled 

Testing / Evaluation  10 days 
Wed 

5/11/16 
Mon 

5/23/16 
19 

Auto 
Scheduled 

Deployment  10 days 
Tue 

5/24/16 
Fri 6/3/16 20 

Auto 
Scheduled 

Critical Evaluation  3 days 
Mon 

6/6/16 
Wed 

6/8/16 
21 

Auto 
Scheduled 

Social, Ethical, and Legal Issues  4 days 
Sun 

6/12/16 
Wed 

6/15/16 
22 

Manually 
Scheduled 

Conclusions and 
recommendations for future 

work  
5 days 

Thu 
6/16/16 

Wed 
6/22/16 

18 

Auto 
Scheduled 

Write conclusions and some 
recommendations  

5 days 
Thu 

6/16/16 
Wed 

6/22/16 
18 

Manually 
Scheduled 

Final Project Report Discussions  5 days Sun 7/3/16 Thu 7/7/16 24 

Manually 
Scheduled 

Prepare poster  5 days Sun 8/7/16 
Thu 

8/11/16 
2 

Table 2.2 Gantt chart 
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Figure 1.1 Gantt chart 
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4.2.3 Network Diagram 

 

Figure 4.2 Network Diagram 
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4.2.4 Communication Plan 

Communication plan is the process step followed to ensure that the intended message is 

received, understood and worked out by the recipient. It includes identifying the objectives, 

selecting the audience and selecting the appropriate channel to able to communication with 

them. 

 

Table 4.3 Communication Plan 

Type of  

communication 

Purpose of 

communication 

Owner Audience Frequency Documentation 

Collect 

information 

Start to collect 

information that relates 

to new project and 

identify the problem 

Manager of 

project 

Manager of 

company 

Before 

project start 

Meeting 

Project initiation discuss about the 

whole  project(New 

information related to 

the project ,identified 

the problem and try to 

determine the solution) 

and when the project  

will be start 

Manager of 

project 

Manager of 

company and 

team project 

Before 

project start 

Meeting 

Project status 

meeting   

Make the final decision  

to the problems at hand 

and update project plan 

Manager of 

project 

Team project Once in 

week 

Meeting minutes 

 

Status the  report Consensus all the 

members for informed 

them about recent 

events of the project 

Manager of 

project 

All project 

members 

After every 

week 

Sending emails 

or faxes 

Program status Discuss  about how 

development the 

project to keep pace 

with technological 

changes 

Project 

manager 

Project 

manager with 

program 

manager 

Once in 

week 

 

 

Meeting or 

sending emails 

Change request 

form 

Discuss the proposed 

changes to the project 

Project 

manager 

Project 

manager with 

program 

manager 

Weekly Meeting 

Project review For ensure all the work 

is done properly 

Project 

manager 

Project 

manager with 

program 

manager 

 Meeting 

Presentation To give a clear idea to 

the audience about a 

new project 

Project 

manager 

Client, 

executive, 

management 

project team 

After 

finished the 

project 

Meeting 
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4.2.5 Resource Plan 

Resource plan is to develop a detailed list of identifying equipment and materials needed 

to finish the project, such as: 

Work: identify all the roles responsible for ending the project. 

Equipment: determine all the equipment to complete the project. 

Materials: materials needed to complete the project activities. 

S
o
ft

 w
a
re

 

Implement  phase 

 

Devices Purpose 

 

Microsoft Office 2010 It include of a different application and helps to complete the 

project such as Microsoft Word ( Used to prepare 

reports),Power Point (Used to explain the works) and Microsoft 

Excel ( Used to do some calculations operations) 

Anti-Virus Programming Used to protect the special software from hacker or Virus 

Oracle 10g Help to create the program 

Microsoft Visio 2010 Used to draw diagram(Data Flow Diagrams, Context 

Diagram, Flow Chart Diagram and ER Diagrams) 

PHP Software Used to write PHP texts 

Windows 7(OS) It allow the computer to manage the software 

Microsoft Project 2010 Used to make a plan 

Adobe Photoshop Helps to prepare and organize the images about  the project 

H
a
rd

 w
a
re

 

Devices Purpose 

 

Adobe Dreamweaver Used to link during developing of the website 

ADSL Modem router Helps to  connect in the internet and send the data fast 
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Personal Computer (PC) 

and laptop 

 

Helps to complete the work of project 

 CD_ROM and DVD            To save the data 

 

Scanner 

 

To scan the paper or  documents 

Printer 

 

Used to print a documents 

 

                                   Manager 

 

 

Manager of project Managing all the project 

Program manager Controlling and dealing  the program 

Designer Design the system 

Technician 
 

Control the technical matters 

Table 4.4 Resource Plan 

 
4.2.5 Risk Management Plan 

4.2.5.1 Identified Risk 

Risk is an event or circumstance that has a negative impact on the project regarding when 

to start the work, that lead to some cases in project failure. So, planning for the risk helps 

to reduce the risk and maintain the project and by taking the necessary measures in the 

event of risk. 
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There are different types of risks that exposed projects such as: 

 Management Risks: (Related to the scope, structure and strategy of project). 

 Technology Risks: (Included during design of system, operational failures and 

incompatibilities).  

 Resource Risks: (Human resource risks include staff changes, loss of skill required 

and the reliability). 

 Timing Risks: (Such as, product delivery delays or absence from deadlines).   

 Political Risks: (Such as, sponsorship, internal cooperation and communications). 

 External Risks: (Risks caused by external environmental or industry factors). 

 

4.2.5.2 Strategy to Overcome Risks 

4.2.5.2.1 Risk plan 

Risk Type Risk Description 

 

 

 

Probability/ 

Impact 

Risk Management Plan 

Management 

Risks 

Lack of communication 

between stakeholders 

Low/ Medium Scheduling work to 

discuss the objectives, 

deliverables, milestones, 

and budget 

Technology 

Risks 

Data loss risk Medium /High 

 

 

Backup of data 

Design application Low/ Low 

 

 

Attend workshops 

Code High/ High Searching in web, some 
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books and help from the 

teachers 

Resource 

Risks 

Difficult to get 

information 

Medium /High 

 

 

Meeting the client like 

doctor in clinic or hospital 

Timing Risks Delays in the receipt of 

the crisis equipment to 

complete the project 

Low/ Medium Conduct a study about 

budget include study the 

prices of equipment and 

other requirements the 

crisis to complete the 

project 

External 

Risks 

The cost of machine Low/ Low Budget  should be done 

appropriately 

 

Climate change (Rain or 

strong winds) leads to a 

breakdown in 

communication 

Low/ Medium Make copies weekly 

backup, by using a 

mechanism to ensure data 

integrity and availability of 

all the time 

Table 4.5 Risk plan 
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5. DESIGN AND ANALYSIS 

5.1 Logical or Conceptual design 

5.1.1 Data Flow Diagrams (DFDs) 

5.4.1.1.1 Context Diagram 

Context diagram is a simple scheme to describe the system. Figure 5.1 describes the 

process of external entity (Researcher) with a new system. The figure shows some process 

that visitor (Researcher) can search for BPC details in different ways. On the other hand, 

the system allows the user to search. 

 

BPC-Property website

visitor

Choose of the database type(ABPCBase or APPDBase)

Display search results   of APPDBase 

Visiting site

Search   in ABPCBase

Display search results   of ABPCBase

Search   in APPDBase

 

Figure 5.1 Context Diagram 

 

5.4.1.1.2 DFD Level 0 

The figure 5.2 shows the data flow diagram level 0, where there are different data stored 

(APPDBase file and ABPCBase file), different processes (Choice of the DB type 

(APPDBase or ABPCBase), search with Accession No. or Property name in ABPCBase 

and get BPC details related to protein disorders from APPDBase. 
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For example, first visitor chooses between two databases, if visitor chooses ABPCBase 

then BPC details can be searched by entering the Accession.No or Property Name. After 

that the visitor can find the BPC details when system extracts information from data store 

(ABPCBase file). Similarly BPC details related to protein disorders are obtained from 

APPDBase file.  

 

visitor

Choose of the database 

type(ABPCBase or 

APPDBase)

Visiting site

Write Accession No or 
Property nameDisplay search results   of BPC_ Property  ABPCBase

Select from the list of 
APPDBase 

Search   in APPDBase

Display search results   of BPC_ Property  APPDBase

APPDBase file

ABPDBase file

Search   in ABPCBase

 

Figure 5.2 DFD Level 0 
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5.4.1.1.3 Flow Chart Diagram 

Flows chart shows the different processes the visitor can perform in the system. First the 

visitor chooses the type of the database, if ABPCBase  (The Amino acid Bio-Physio-

Chemical properties Database) is chosen, then the visitor must provide the keyword: the 

accession.No or name of BPC property to be able to see the details of BPC property. On 

the other hand, if APPDBase (The Amino acid Properties Protein Disorder Database) is 

chosen, the visitor can select from the desired search from the drop down list. Then the 

visitor can exit the system when the required search is finished. 

Start

Choose the 
type of DB

Show the result 
of your selected

If choose 
ABPCBase

Enter the name or 
Accession.No of 
BPC property.  

Yes

Show result of 
BPC property

End

No

If choose 
APPDBase

No

Select from 
the list

Yes

No

 

Figure 5.3 Flow Chart Diagram 
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5.4.1.1.4 ER Diagram 

ER diagram is a data modeling technique and very important to design database. It is 

helpful to view relationship between the events within that system. The components of ER 

diagram are entities (That represent people, places, items and events), attributes (That 

represent properties of an entity), and relationships (That represent the link between 

different entities). 

This ER diagram has different entities, which represent the process of design and 

development of an online web mining tool for big data analytics in bioinformatics such as 

publication_TB, BPC value_TB, BPC property_TB and Relation_TB. 

The attributes of BPC property table are (BPC_Name is unique, Acc_No,V_ID is foreign 

key, Pub_ID  is foreign key and Rel_ID  is also foreign key in the table) and that of 

publication table are (Pub_ID is unique, Aut_Name, Ti_Name, Jou_Inf and Dba_typ). The 

BPC property table has relationship with publication table where BPC property has exactly 

one reference in publication but one publication has one or more BPC property.  

Also, BPC property table has relationship with Relation_TB (Rel_IDis unique,Rel_Name 

and Rel_References) where one BPC property can have one or no  Relation but Relation 

has many or no BPC property. And also has relationship with BPC_Value_TB (V_IDis 

unique, A,L,R,K,N,M,D,F,C,P,Q,S,E,T,G,W,H,Y,I and V) where one BPC property has 

exctaly one Value and also one Value has exctaly one BPC property). 
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Figure 5.4 ER Diagram 

5.1.2 Data Dictionary 

A data dictionary contains details of the data objects in the data model and it's very useful 

for programmers and others who need to refer to them. Moreover it explains each object 

and its relationship with other objects. 

 

Description Data type Constraints Field 

name 

Table name 

PublicationID Number Primary Key Pub_ID 

P
u
b
li

ca
ti

o
n
_
 T

B
 

Author Name Varchar2(150) Null Aut_Name 

Title Name Varchar2(200) Null 

 

Ti_Name 
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Journal 

Information 

Varchar2(200) Not null Jou_Inf 

Database Type Varchar2(30) Not null  Dba_typ 

Table 5.5 Publication table 

 

Description Data type Constraints Field 

name 

Table name 

Relation ID Number Primary Key Rel_ID 

R
el

at
io

n
_
 T

B
 

Relation Name Varchar2(70) Not null Rel_Name 

References of 

Relation 

Varchar2(200) Not null References 

Table 5.6 Relation table 
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Description Data type Constraints Field name Table name 

Value ID  Number Primary Key V_ID 

B
P

C
_
 V

al
u
e_

 T
B

  

Char of BPC value (A) Varchar2(10) Not null A  

Char of BPC value (L) Varchar2(10) Not null L 

Char of BPC value (R) Varchar2(10) Not null R 

Char of BPC value (K) Varchar2(10) Not null K 

Char of BPC value (N) Varchar2(10) Not null N 

Char of BPC value (M) Varchar2(10) Not null M 

Char of BPC value (D) Varchar2(10) Not null D 

Char of BPC value (F) Varchar2(10) Not null F 

Char of BPC value (C) Varchar2(10) Not null C 

Char of BPC value (P) Varchar2(10) Not null P 

Char of BPC value (Q) Varchar2(10) Not null Q 

Char of BPC value (S) Varchar2(10) Not null S 

Char of BPC value (E) Varchar2(10) Not null E 

Char of BPC value (T) Varchar2(10) Not null T 

Char of BPC value (G) Varchar2(10) Not null G 

Char of BPC value (W) Varchar2(10) Not null W 

Char of BPC value (H) Varchar2(10) Not null H 

Char of BPC value (Y) Varchar2(10) Not null Y 

Char of BPC value (I) Varchar2(10) Not null I 

Char of BPC value (V) Varchar2(10) Not null V 
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Description Data type Constraints Field name Table 

name 

Accession number of amino 

acids 

varchar2(25) Not Null Acc_ No 
B

P
C

 P
ro

p
er

ty
 _

T
B

 

Name bio-physio-chemical 

properties of amino acids 

Varchar2(300) Primary Key BPC_ Name 

Value id references of BPC 

Value table 

Number Primary Key& 

Foreign key 

V_ID 

PublicationID references to 

publication table 

Number Primary Key& 

Foreign key 

Pub_ID 

RelationID references to 

Relationtable 

Number Foreign key Rel_ID 

Table 5.7 BPC property table 

5.1.3 Normalization 

Normalization is the process of removing redundant data from tables in order to improve 

storage efficiency, data integrity and scalability. The objective of normalization is to isolate 

data to be able to do additions, deletions, and modifications of a field in one table then 

publishing through the database by defined relationships. 

The steps of normalization are: 

1. First normal form (1FN): Remove any multivalued attributes from original table in 

one table with (PK). And create a new table with (PK) and add another appropriate 

column then create (FK) to link back to the original table. 

2. Second normal form (2FN): In first table every non-primary key column is 

dependent upon the entire primary key.   
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3. Third normal form (3FN): In third normal form any non-keyed dependent on the 

primary key and not dependent on another non-keyed column is removed. 

Figure 5.5 General information of BPC 
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Figure 5.6 Normalization 
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5.1.4 Use case diagrams 

Use case diagram is a graphic description of the interactions between the different elements 

of a system and also it is a methodology used to analyze the system to identify and organize 

system requirements. The benefits to use use-case are to understand business processes, 

recognize contexts in functional requirements, setting priorities for action and ensure the 

delivered software works properly. 

In figure 5.7, different processes that thevisitor can access to view the data form for 

searching the details of BPC property  are displayed. 

1. The visitor can choose the type of database (ABPCBase or APPDBase). 

2. In APPDBase, visitor can select from the list. 

3. In ABPCBase visitor can enter Accession No. or BPC Name. 

 

 

 
 

 

Figure 5.7 Use case 

System

Choose type of DB

APPDBase

ABPCBase

Name_BPC Accession_no

visitor

Select from list

Write

<<include>>

<<include>>
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5.1.5 Class diagrams 

 A class diagram is a clarification of the relationships and source code among classes in the 

Unified Modeling Language (UML). Here class diagrams are used to describe the static 

view of the system, view the cooperation between the different elements of the static view, 

describing the functionalities performed by the system and create software applications 

using object oriented languages. 

 
 

 

Relation table

+Rel_ID: Number
+Rel_Name: Varchar2(70)
+References: Varchar2(200)

+Give type of relation name()
+Give references of relation()

BPCProperty_TB

+Acc_No: Number
+BPC_Name Varchar2(300)

+Give BPC name()

Publication table

+Pub_ID: Number
+Aut_Name: varchar2(150)
+Ti_Name: Varchar2(200)
+Jou_Inf: Varchar2(200)
+Dba_typ: Varchar2(30)

+Give author name()
+Give  title Name()
+Give journal information()
+Give database type()

BPC_ Value_ TB

+A: Number
+L: Number
+R: Number
+K: Number
+N: Number
+M: Number
+D: Number
+F: Number
+C: Number
+P: Number
+Q: Number
+S: Number
+E: Number
+T: Number
+G: Number
+W: Number
+H: Number
+Y: Number
+I: Number
+V: Number

+Give 20 BPC  value()

has 1

1

can has
0..*

0..1

has reference

1

1..*

Figure 5.8 Class diagrams 
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5.2 Create Database 

A database named "AminoDB" is created for project design and development of an online 

web mining tool for big data analytics in bioinformatics. This database will be useful to 

search about bio-physio-chemical properties of amino acids. So, to create "AminoDB" 

following steps are performed: 

 First go to the start and choose form oracle-OraDb10g-home1 "configuration and 

Migration tools" then choose "database Configuration Assistant" for help to open 

new database. 

 

 

 

 

 

 

 Click next then choose Create Database. 
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 Select General Purpose and include Data file, put "Yes", then click next. 

 

 

 

 

 

 Enter the database name such as "AminoDB", used to later create the entire table 

with insert. 

 

 

 

 

 Click next, and then write your password and confirm password such as "sysz".  

 

 

 

 

 

 

 

 Click next and choose "Use Database File Location from Template". 
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 Select "Sample Schemas" and click next. 

 

 

 

 

 Click next and select "create database" then click again ok. 

 

 

 

 

 

 

 

 Then wait for the complete to be loaded. 

 

 

 

 

 

 

 

 

 

 Click Exit. 

 

 

 

 

 

 

 

 

 

 Then write this command in SQL plus "SELECT NAME FROM  

V$DATABASE;" to see if this database is created or not. 
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 To connect Oracle 10g with PHP, following steps are carried out: 

 Right click on the "Easy PHP" then choose from "Configuration" "PHP". 

 

 

 

 

 

 

 

 

 From PHP notepad remove seem column";" for each (extension=php_pdo_oci.dll) 

and (extension=php_pdo_odbc.dll). 
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5.3 Create Tables 

In the Oracle 10g, open SQL Plus, connect to the database "AminoDB" by using this 

command "system/system;" and then start to create four tables, by the command "create 

table"  

Publication_TB 

 

 

Relation_TB table 

 

 

BPC_Value_TBtable 
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BPCproperty_TBtable 

 

 

5.4 Designing and implementing Security 

5.4.1 System Architecture 

System architecture is a set of rules and criteria used in the technical framework for 

computer systems, and the word 'architecture' is usually used to describe the basic structure 

of the networks, systems of command and control, and computers hardware and software . 

So, the system architecture can be the distribution of application logic in a two-tier client 

server or in three-tier client server architecture. 

This project utilizes three-tier client server architecture because it is a good application 

such as, the application architecture separates the user interface, the data logic and the 

database server onto three separate tiers.  

The layers in three-tier architecture are: 

 Client layer:  This layer contains the admin and user and they can use the internet 

browser to access the system from anywhere.  

 Business layer: It is called intermediary layer, because it is the interface between 

client layer and data layer and it helps to communicate between them quickly. In 

this layer the validation of data, accounts, insertion of data etc are performed.  

 Data layer: It includes different methods for helping the user to search the 

information about BPC property they need. 

Hence the application functionality of three-tier architectures are as follows 

 A presentation tier: Is known as the front-end or client is responsible for providing 

portable presentation logic. Client components cannot access directly to the third-

tier (Database tier), but allow the user to interact with the second-tier (Application 

tier). For example, the client need some information about name of BPC with 

value, so provide a form about this information (Name of BPC and value), then the 
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client send this request to the "Application tier" for bringing the information and 

show the results of request like report. 

 Application tier: Is back-end or middleware, It does not store the fixed data itself 

but is responsible to provide access to specialized services like database server. 

Most of the processing work occurs in the application tier, so the multi-client can 

access to the application tier at the same time.  

For example, many users can enter the system simultaneously in search form. But 

if one user enters a wrong Assession.No or Property Name, the system cannot 

allow him to access for view the BPCsearch form and it gives him a message which 

demonstrates the error (Cannot be found). 

So, the application logic layer plays a key role in preventing the client to access 

directly to the database. This separates the second and third tiers we will work to 

reduce the load on the third-tier services, thereby improve the network 

performance. 

 Database tier: It includes the database management system to manage all fixed 

data. And this layer is protected from direct access by the client during network 

and the interference must be done by the application layer. 

There are more advantages to use three-tier architecture such as:  

 Easy to modify the data without affecting other modules. 

 High performance. 

 Flexibility in deployment platform and configuration. 

 Improved security because the client doesn't have direct access to the database. 

 Easier to change the DBMS engines, while the triggers and stored procedures 

need to be rewritten.  

 

 

 

 

 

Figure 2.9 Three tire architecture 
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6. IMPLEMENTATION and EVALUATION 

6.1 Coding with Screenshots 

6.1.1 Index page 

Index page or main page describes general information about BPC property, this page helps 

to communicate with the other page and index page will be consistent in all pages. Also, 

this page allows the visitor to choose the type of database for starting to search about details 

of BPC Property. If the visitor chooses APPDBase (The Amino acid Properties Protein 

Disorder Database), then a drop down list is displayed to choose their interest. But if they 

choose ABPCBase (The Amino acid Bio-Physio-Chemical properties Database), the 

visitor must write the Accession No. or  Property name to see the details of BPC property 

and also the bottom Read Me helps the visitor to open help form to get Accession No and 

Property name, then the visitor can copy and paste to use it as the keyword to search for 

the information in index form. 
 

 

 

 
 

 

 

 

 
 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

Figure 6.1Index page 
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6.1.2 SearchBPC page 

This page displays to the visitor the result of search about BPC Property, such as Accession 

No and  BPC name. When visitor clicks on ‘show’ BPC value will show more details about 

BPC Property such as values of BPC  (20 values), reference and the source of database. 

Also the visitor can click on 'back' bottom for returning to the home page. 

 

 

 

 

 

 

 

 

Figure 6.2 Search BPC page 
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6.1.3 Correlated page 

This page displays all names of BPC property, that are correlated to the disordered regions 

of proteins. And the bottom 'BPC details', shows the visitor details of BPC name such as 

BPC value, reference and database type extracted. Also in this page the visitor can click on 

'back' bottom for returning to the home page.  

 

Figure 6.3 3Correlated page 
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6.1.4 Associated page 
This page displays the result of search about all names of BPC property, that are associated 

with amyloid fibrillar aggregates. The visitor can click on bottom 'BPC details'  to see the 

BPC name with BPC value reference and database type extracted. The visitor returns to 

the home page when click on 'back' bottom.

Figure 6.4 Associated page 
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6.1.5 Help page 

Help page, explains all information needed to use this website. 

Figure 6.5 Help page 
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6.2 Testing / Evaluation 

Testing and evaluation are to test and evaluate all elements of the system upon completion 

of its implementation, through the analysis of the test results of design, performance, 

possibility of supporting, etc. So, the goals to test any project are to check for all the process 

in the system to test if it works successfully, search for the errors in the system and try to 

solve them and collect all the feedback obtained to develop the system. 

6.2.1 Testing strategies 

A test strategy is an outline that describes the testing approach of the software development 

cycle. It is created to inform project managers, testers, and developers about some key 

issues of the testing process. So, the strategy will be used in this project is black-box testing. 

Black-box testing: is also known as functional test and this test is applied at every level 

of software testing, such as the unit, integration, system and acceptance. The advantage of 

this type of test is that the test does not need to know a particular programming language, 

the test is unbiased (The designer independent from the tester), the test is based on the 

user's perspective, not to the designer (Because the user in the end who accept the system) 

and it helps to know the error and quickly addressed. Following tests are done: 

 Unit testing: It is the software development process where individual form is tested 

for each part of the application. For example, test the index form (Home page),when 

the visitor enters the system to start search, choice must be made between two 

databases. If they choose ABPCBase, then keywords are to be entered to get 

successful result, but if the text is empty then the visitor gets the error message  ike 

'Please fill in this field'.  So, this test is to ensure the visitor cannot be searched 

without fill the text. 

 Integration testing: It is also called integration and testing, during the stage of 

software testing where they are collecting between units and individual programs, 

and then tested as a group. For example, when the visitor chooses APPDBase 

database, then choice must be selected from the list such as (BPC that are correlated 

to the disordered regions of proteins or BPC that are associated with amyloid 

fibrillar aggregates) to see the correlated form or associated form. But if the visitor 

does not choose from the list, then the visitor will remain on the same page (Index 
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page). So, if the visitor chooses 'the BPC that are correlated to the disordered 

regions of proteins' from the list , then the correlated form will be opened, where 

all the  BPC property names correlated to the disordered regions of proteins are 

shown. In this form the visitor can  click on the BPC details to see the details of 

BPC property and also can click on the bottom 'back' to return to home page. 

 System testing: The final system is tested by other team not dependent to the 

development team for measuring the quality of the system and to ensure all the 

functions system in project design and development of an online web mining tool 

for big data analytics in bioinformatics are working successfully. 

 User acceptance testing: The most important test user acceptance to obtain the 

results required and user satisfaction. Also gives the user an overview of how to 

use the system and identify the problems that unity or integration missed to test it. 

So, that helps to save the cost and the time. 

6.2.2 Test plan 

The test plan is the project plan containing the details of how the workflow, the purpose of 

the test plan is to ensure all the functions and design requirements have been implemented 

as identified in the documents. So, the test plan is very important because it helps to manage 

the time, it helps us to meet the challenges (Manage any change that may occur during the 

project development) that may occur during the test and focus our thoughts on the 

important topics. 
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6.2.3 Test Case 

The test case template includes the number of test, description to the test step, the result 

the test (Pass or Failed) and the date test with signature of tester. 

 

Test Case Template 

 

Number 

{Test Case Number}, {Name 

or initial of Test Case Creator} 

Date Created 

{Date Test Case 

was created} 

Created By 

  

 

 

 

Table 6.1 Test case template 

 

Description 

{Object Name} 

{Object 

Description} 

 

Steps 

S.NO  Description  Expected 

Output  

Actual, if 

different 

from 

Expected  

Remarks  

P/F  

Date  By  

{Test 

Case 

Step 

Number 

- i.e. 1}  

{Description/Instru

ction on what to do 

in this Test Step}  

{The 

expected 

result from 

executing 

the Test 

Step}  

{The actual 

result after 

the Test 

Step was 

executed. If 

different 

from the 

Test Step}  

{Pass/  

Failed}  

{Date 

Test Step 

was 

executed}  

 

{Tester 

Initial}  
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6.2.4 Test results 

After testing the system, it is clarified that most of the test were successful operations by 

85% and a few of them was failed by 15%. 

 

 

 

 

 

 

 

 

 

 

6.2.5 Analysis of test results 

The analysis test results have been on the several stages or cases, most of these cases were 

successful and little of it was the result fail. One of these cases is test index form (Home 

page), when the visitor uses the web site open directly index page. In the index form, all 

the test done was successful, the visitor is able to choose between two database (ABPCBase 

or APPDBase) for search about BPC property details. All other functions are also tested 

successfully. However sometimes the web server fails in bringing in the data from the 

database. 

6.2.6 Error identification and correction 

In the test cases appeared some error, such as test the correlated form, the error appeared 

in the BPC property  table, when visitor tries to click on BPC details to see the value of the 

BPC and cannot see anything. Also, the error appeared when the visitor choose the 

ABPCBase and  try to search without writing any word in the text, then cannot see any 

message for this error. However, all the mistakes that have emerged have been repaired 

and fully. 

Figure 6.6 Test results 
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6.3 Deployment 

Deployment of software involves all actions needed to be the software system available to 

use in the new environment. It is now currently available through www.bpc-

property.890m.com 

6.4 Critical Evaluation 

Any project needs evaluation and must be useful for both the project team, and othesr 

(Audiences or stakeholders) who involved with the projects. So, to evaluation the science 

projects, there are two Key aspects to assess: 

 To issue verdicts based on the evidence or arguments about values and the quality 

of the project. 

 Learning process from the project, for improve the performance in the future. 

This project will be serving for scientific research. Where that solves the problems suffered 

by the researcher such as, difficulty to find Indicators required because these characteristics 

are scattered across several databases in the web such as AAIndex database, APDbase and 

Swiss Expasy. Also, solves the duplications in these databases comprising 544, 246 and 28 

properties associated with each of the 20 amino acids respectively. This will lead to 

efficient retrieval of information. 

So, implementation of this project by design and development of an online web mining 

tool for big data analytics in bioinformatics will have their website that will allow the 

researcher to find details of each BPC properties in a fast way. Also, provide a single 

database which contains the complete properties without redundancy that helps user to save 

time and effort. 

This project also gives a new experience by using new software technology which is PHP 

(Is scripting language used for designed web and improve the development of the technical 

programming skills). To learn PHP language, a course in 'Polyglot Institute' has been 

undertaken and the training objectives were: 

 How to build web pages using dynamic content via the PHP. 

http://www.bpc-property.890m.com/
http://www.bpc-property.890m.com/
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 Learn a variety of predefined PHP functions, if statements, loops (For loops and 

while loops). 

 How to handle information in arrays both indexed and associative. 

 How to maintain state between different pages. 

 Introduction to classes and object oriented programming.   

There had been some difficulties encountered during this project, such as the difficulty of 

communication between Oracle (AminoDB) and PHP language. The difficulty of finding 

the solutions for example some time it shows the error message with just the number of 

error, but the real error may be in the top or bottom of the selected number. Also it is 

difficult to bring data and stored in the database, because there are simple information or 

almost nothing exists to explain how to handle PHP with Oracle. 

Generally, after the completion of this project it has been done successfully with all the 

requirements. 

6.5 Social, Ethical, and Legal Issues 

6.5.1 Social 

The implementation of special website for a database containing bio-physio-chemical 

properties of amino acids, has many benefits for private local community and to the public 

world. For example, the benefits in medical field, helps in discovery of new drugs against 

protein disorders. This also aid the biotechnologists who use scientific knowledge of 

animals, plants, biochemistry and genetics to find new diseases to develop new products 

and solutions for protein related diseases.  It helps students to make university research 

because they collated all the details about BPC properties in a nutshell. As for the negative 

effects, may be slow in the search of the data and this depends on the strength of the 

internet. 

6.5.2 Ethical 

The ethical issue is the situation that needed the person or organization to choose between 

changes that must be evaluated as the ethical (Right) or unethical (Wrong) and it related to 

licensing, copyright, etc. The ethics depend on the workplace and the person able to make 

right decision from wrong. To determine the ethical issue there are two issues such as:  
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 Privacy issue: The researcher or visitor is not expected to register personal information 

and can search freely. 

 Copyright issue: Report has been prepared based on our thoughts and own language. 

Necessary citations are provided to make sure that there is no copyright issue. Also the 

used programs that helped to implement the project (Microsoft office, Microsoft Visio, 

PHP software ,Adobe Dreamweaver, Oracle 10g, Anti-Virus Programming ,etc..) are 

licensed by the college or entity involved in the project. 

6.5.3 Legal Issues 

The legal issue is a set of rules and laws imposed by the country (Sultanate of Oman) to 

protect individuals from committing irregularities and organization of the works. 

So, this project follows some laws like obtaining a permission by the Middle East College 

and Research Council of Oman for doing the project and preserve the intellectual property 

rights. 
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7. CONCLUSIONS AND RECOMMENDATIONS 

7.1 Conclusion 

In the end, implementation the project of design and development of an online web mining 

tool for big data analytics in bioinformatics provides quick solutions for scientific issues, 

particularly helping the researchers working in the field of proteomics to get a quick 

reference of these facts discovered in-vivo or in-vitro 

The strength of this project is to mine the facts of BPC properties, reduce the duplicates of 

data (Name of BPC) and store this data in one database (AminoDB) in a single format. 

Also, design a website that is easy to use where it is characterized to flexibility and 

availability of data that will help significantly to save the time and effort of researcher. 

Overall, we have gained from this project a new experience and knowledge about how to 

implement the entire project from the planning, design and implementing of the web 

application. We have gained from this project a big challenge for doing design and 

development of an online web in bioinformatics and that by studying PHP language with 

oracle program, where PHP has some advantages such as it is included inside HTML pages. 

Also we learned how to use CSS (Cascading style sheets) for improve the design. Also we 

use Photoshop and Adobe Flash Professional CS6 for help us to design the pictures, create 

the video and put in the interface.  

In summary, the research is distinguished by collating all the BPC properties without 

repetition in a unified database and those associated with protein disorders by designing a 

user-friendly web interface that is easy to use and is characterized to flexibility and 

availability of data that will help significantly to save the time and effort of researchers. 

Finally, completing this project successfully increases self-confidence and ambition in the 

work of other projects in the future for more benefit to my country and public world. 
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7.2 Recommendation for future work 

It is very important to work to develop an online web mining tool for big data analytics in 

bioinformatics, because the improvement of this site is to increase the services provided 

through the website in the biomedical field. So, there are some recommendations that we 

will work on it in the future, such as: 

Give the researcher and the labs that produce research in this field a new property such as, 

add the results obtained in the site directly. 

Enable the users to discuss with each other and write the comments. 
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Project Summary 
 

Breast cancer is a major health problem globally for women, while it is the second most common 

cancer form for women causing an appreciable percentage of the yearly female death [1]. 

Microwave imaging is an efficient diagnostic modality for non-invasively visualizing dielectric 

properties of non-metallic bodies. An increasing interest of this field has been observed during 

the last decades. Many application areas in biomedicine have been issued, recently the breast 

tumor detection application using microwave imaging. Many researchers working in the field at 

the moment show its high ability and accuracy in illuminating object comparing to the well-

known screening tools such as Magnetic Resonance Imaging  (MRI) and digital mammography, 

ultrasound etc. This has encouraged and motivated scientists continue to exploit the potential of 

microwave imaging so that a better and more powerful sensing tool can be developed. Antenna is 

the key element in every imaging system. However, a small planar UWB antenna suitable for 

microwave imaging is not commercially available. Therefore, the project is a research work 

intending to design and fabricate an UWB antenna for microwave imaging which can be used to 

detect breast cancer. For that reason, various antenna design have been studied and simulated. 

Among all types, an UWB Microstrip-Fed Vivaldi antenna for microwave imaging systems 

aimed for an early breast cancer detection is presented to be the most suitable design. The 

Vivaldi antenna is designed to operate between 8.821 to 22.30 GHz with dimensions of 44.85 × 

25.28 mm that permits good radiation within the frequency range. To achieve UWB 

performance, Taconic TLC-32 substrate which has relative permittivity of 3.2 has been used to 

simulate the antenna by using Antenna Magus Software. Simulation results show that the return 

loss is better than -10dB within the range of 7.143 GHz to 24.60 GHz with the minimum return 

loss of -37.56 dB at 18.39 GHz.  

However, due to difficulties in antenna fabrication at higher frequencies, a low frequency of 

about 2.4 GHz is considered. Antenna measurements presents good radiation pattern that suit 

medical imaging systems to detect breast tumors (that's unidirectional radiation pattern). The 

amount of reflection is also found to be minimum for the antenna design frequency (2.4 GHz) 

which appears to be -26.34 dB. 

   

 

 

 



5 
 

Table of Contents 

    ACKNOWLEDGEMENT ............................................................................................... 3 

ABSTRACT .................................................................................................................... 4 

TABLE OF CONTENTS ................................................................................................ 5 

LIST OF FIGURES ......................................................................................................... 7 

LIST OF TABLES .......................................................................................................... 8 

1. INTRODUCTION ....................................................................................................... 9 

2. PROJECT OBJECTIVES ........................................................................................... 9 

3. METHODOLOGY .................................................................................................... 10 

4. LITERATURE REVIEW/THEORY ........................................................................ 11 

4.1   Past Research Work ............................................................................................... 11 

5. ABOUT VIVALDI ANTENNAS ............................................................................. 17 

5.1   Characteristics ........................................................................................................ 17 

5.1.1  Construction ....................................................................................................... 17 

5.1.2  Principle of operation ........................................... Error! Bookmark not defined. 

5.1.3 Radiation ............................................................. Error! Bookmark not defined. 

5.1.4 Bandwidth ........................................................... Error! Bookmark not defined. 

5.2 Antenna Theory .................................................................................................. 20 

6. PROJECT BUDGET ................................................................................................. 21 

6.1  Budget Summary .................................................................................................... 21 

7. RESEARCH WORK .................................................. Error! Bookmark not defined. 

7.1 Microstrip Patch Antenna................................................................................... 23 

7.2 Fractal Type Monopole Antenna........................................................................ 25 

7.3 Microstrip-Fed Vivaldi Antenna ........................................................................ 26 

8. ANTENNA DESIGN AND ANALYSIS .................. Error! Bookmark not defined. 

9. SIMULATION RESULTS .................................................................................................... 30 



6 
 

9.1 Estimated performance charts ............................................................................ 30 

10. ANTENNA TESTING & EVALUATION ........................................................... 34 

11. COMPARATIVE STUDY OF THE RESEARCH WORK .................................. 39 

12. CONCLUSIONS AND RECOMMENDATIONS ................................................ 40 

REFERENCES .............................................................................................................. 42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 
 

 

List of figures 

Figure 2(a) Simulated reflection coefficients of the sensor in contact with breast tissue before and 

after optimization .............................................................................................................. 13 

Figure 2(b) Return loss S11 and transfer function S21...... Error! Bookmark not defined. 

Figure 5.1.1 Vivaldi antenna .............................................. Error! Bookmark not defined. 

Figure 5.1.3: Typical radiation pattern of TSAs ............................................................... 19 

Figure 6.1 The allocated yearly budget of the project titled "Development of Antenna for 

Microwave Imaging Systems for Breast Cancer Detection"Error! Bookmark not defined. 

Figure 7.1(a) Rectangular Microstrip Antenna geometry & calculation parameters........ 23 

Figure 7.1(b): Design Parameters and port creation of Microstrip Patch Antenna………25 

Figure 7.1(c)Return loss graph of patch antenna .............................................................. 25 

Figure 8.1(a) Top view of Microstrip-Fed ........................................................................ 23 

Figure 8.1(b) Bottom view of the Vivaldi Antenna .......................................................... 25 

Figure 8.1(c) Side view of the proposed antenna ............................................................. 25 

Figure 8.1(d) Microstrip feed & stub details ..................... Error! Bookmark not defined. 

Figure 8.1(e) Image of the Microstrip-fed Vivaldi slot antennaError! Bookmark not defined. 

Figure 9.1(a)  Simulated input antenna impedance (Ohm) vs. frequency ........................ 31 

Figure 9.1(b) Reflection coefficient chart ......................................................................... 32 

Figure 9.1(c) Simulated VSWR of the antenna ................................................................ 33 

Figure 9.1(d) Input Impedance – Smith Chart .................................................................. 34 

Figure 10.1 Vivaldi antenna geometry (top and bottom views) ....................................... 36 

Figure 10.2 Vivaldi antenna geometry (top and side views) ............................................ 36 

Figure 10.3 Gain of E patch .............................................................................................. 37 

Figure 10.4 Return loss ..................................................................................................... 38 

Figure 10.5 VSWR............................................................................................................ 38 

Figure 10.6 2D Radiation pattern...................................................................................... 39         

 

 

 

_Toc442625176


8 
 

 

List of Tables 

Table 6.1 Amount spent and project-Budget Break up..................................................... 25 

Table 8.1(a) Summary of the designed parameters of the antenna ................................... 25 

Table 8.1 (b) Summary of the substrate chosen to fit into microwave imaging systems...30 

Table 9.1(a) Input impedance versus frequency……………………………………….....31 

Table 9.1 (b) Table summarizing reflection coefficient……………………………….….32 

Table 9.1(c) Table summarizing VSWR of Microstrip-Fed Vivaldi antenna…………….33 

Table 9.1(d) Table summarizing Smith Chart simulated results of Microstrip-Fed Vivaldi  

antenna .............................................................................................................................. 34 

Table 10.1 Summary of the Microstrip-Fed Vivaldi Antenna fabricated……………..….39 

Table 11 A comparative study of the research work…………………………………..….40 

 

 
 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



9 
 

1 Introduction 
 

Microwave imaging for biomedical applications is nowadays of very significant interest, having 

the potential of providing information about both physiological states and anatomical structures 

of human tissues. 

The concept is similar to that of the ground penetrating radar (GPR) but operating at higher 

frequency band. In the imaging system, a short pulse is transmitted from an antenna to the 

medium and the backscattered response is investigated for diagnose. In order to accommodate 

such a short pulse, a very wide-band antenna with a minimal internal reflection is required.  

The imaging with microwaves allows non-destructive evaluation of biological tissues due to the 

non-ionizing nature of microwaves, since changes in the dielectric properties of tissue can be 

related to their physiological condition. Several microwave imaging applications have been 

proposed in the biomedical field. One of the most promising applications deployed is detection 

of breast tumors [39–41]. This is particularly eligible due to the easy approach of the breast for 

imaging, as well as the breast anatomy where the fatty tissue (with low loss) has a low 

attenuation impact on the signal. The contrast in permittivity for different in-vivo tissues (fat, 

glandular, malign tumor, vascular tissue etc.) is higher for microwaves. It has been reported high 

contrast of dielectric properties between fibro glandular tissues and tumor tissues in breasts and 

that it is a non-ionizing method which probably will be rather inexpensive[41].  

For this reason, microwave imaging has been developed and has the potential to be a 

complementary modality to standard mammography. However it remains a field with many 

uncharted domains, and microwave imaging techniques need to overcome many challenges and 

be improved. This includes the enhancement of both more sophisticated hardware (antenna, 

electromechanical parts and RF-design) as well as in the software (imaging algorithms) to be 

considered as a reliable modality for biomedical application.  

 
2 Project objectives 

i. To design a planar antenna for microwave imaging application such as breast cancer 

detection and to conduct a parametric study using the well-known electromagnetic 

simulation software packages to achieve optimum antenna performance in terms of its 

operating frequency band, radiation pattern, gain etc. 
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ii. To develop a prototype antenna and test its characteristics for the requirement in the 

microwave imaging system. 

 

3 Methodology 

As the main field of the project is going to be a research approach in order to select the most 

optimum antenna that meets requirements of microwave imaging.  Therefore, during this project 

the Project Development Life Cycle (PDLC) methodology is implemented. PDLC is a six-stage 

approach that can guide the research process effectively [23]. The major six sections or phases 

includes analysis, designing, developing, simulation, fabrication and testing. Each phase of 

PDLC is as discussed below in details: 

Project Analysis: As initial stage of the any research, literature review and past related studies 

covers this section. The main task in this area is to carry out an intensive research and analysis of 

relevant work to the project in order to choose the best and suitable antenna for the imaging 

applications. 

Antenna Design: Once the research is covered and data obtained is fully analyzed, then 

designing the optimum antenna can be carried out [19]. This phase covers the required and 

proposed objective of the project to design an antenna that is suitable for  microwave imaging 

applications. Additionally; analysis is conducted to study the optimum characteristics of the 

antenna to be designed in terms of operating frequency, radiation pattern substrate required for 

breast cancer detection and the gain. 

Antenna Development and Simulation: Once the design phase is covered then most of the 

required data is ready to be implemented with the aid of simulator tool/software. Antenna 

designs software’s will help in investigating all the optimum characteristics of the designed 

antenna in terms of operating frequency, radiation pattern and gain before fabrication of the 

antenna [20]. 

Testing, Evaluation and Implementation: During this phase, antenna simulated and tested is 

evaluated based on requirements and consider any change of the designed parameters of the 

antenna. This could be by changing the antenna dimensions, substrate materials or even 

frequency of operation and choosing of ground plane. By changing all of these features may lead 

to the best antenna. 
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Fabrication and Testing: This task involves fabrication of the simulated antenna and test it if it 

fits the requirement properly. Here, variations are expected to occur with simulation results since 

Frequency selectivity is the issue during fabrication process. 

 

4    Literature Review/Theory 

This section provides an overview of previous research work performed to support theoretical study 

undertaken in this project. A general survey was first carried out to analyze past research efforts in 

developing antenna that can be used in microwave imaging systems. 

Theoretically, microwave imaging system sends the electromagnetic waves towards the object 

that it is to be tested assuming that there will be no reflection of this signals. These 

electromagnetic waves have been used broadly in health care application for both treatment and 

diagnosis purposes. Imaging and screening using microwave in medical applications has gain 

much attention recently as various researches show its high ability and accuracy in illuminating 

object comparing to the well-known screening tools. Recent studies and research have been 

conducted on the implementation of ultra wide band and narrow band signals in microwave 

hyperthermia for breast cancer treatment [22]. 

As the key element in the microwave imaging system is the antenna, there are many antennas 

reported and designed by researchers; yet not exactly suitable for the application mentioned. So, 

to design a suitable antenna which will meet the requirement of imaging there are some 

characteristics to be identified so that the most suitable antenna design for microwave imaging 

application can be realized. As a result a number of studies are to be discussed and outlined here.  

4.1 Past Research Work 

A circular micro strip antenna with band notched property suitable for UWB operation is 

designed as presented in [3]. The antenna operates in the frequency range of 2 GHz to 10.6 GHz. 

Therefore, it's impedance  must achieve 8.6 GHz bandwidth in order to avoid  large return loss, 

matching problem and has to promise a high data transmission rate [3].  The measured results 

show that the optimized antenna has |s11| <-10dB in the chosen frequency band and good Omni-

directional radiation patterns. It is observed that the VSWR is less than to 2 (VSWR < 2) through 

the UWB frequency range. Thus, impedance matching and return loss are very good. The 
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designed antenna is quite suitable for wireless communication applications. The antenna size can 

be modified to fit into microwave imaging systems as well. 

A Microstrip patch antenna which is a low profile and cheap antenna that cover 3GHz to 

7GHz frequency band has been discussed in [1]. The antenna covers S-Band and C-Band for 

WLAN applications, Wi-Fi for laptop applications and satellite communication [1]. The gain and 

directivity of the propose antenna is 2.66db and 3db respectively with a good BW. Simulated 

results using HFSS indicate that the measured bandwidth with 10dB return loss is 4GHz. It is 

cost effective to design one antenna for many applications. The antenna is also applicable in 

medical application and radar imaging technology.  

New Multi-Layer Microstrip Antenna is introduced using Stacked Multi-resonator patches. 

The antenna utilizes the frequency band of 3.1 to 10.6 GHz. The antenna size is good for mobile 

applications [4]. The radiation is in the broad side direction, and the variation in the pattern is 

very small over the entire bandwidth. The proposed antenna obtained a bandwidth about 50% 

and maximum gain about 7.5 dB, which shows that this structure can be mentioned as a useful 

design for ultra wideband products. However acquired results show that the antenna design and 

structure need more modification in order to achieve the ultimate design with a smaller physical 

profile and better performance. 

Microstrip antenna for Microwave Imaging has been designed to be used in breast cancer 

detection. The antenna consists of a radiating patch mounted on two vertical plates, fed by 

coaxial cable [2]. The operating bandwidth of the antenna achieved at a minimum workable 

return loss of 10 dB was 4 to 9 GHz. The measurement results show good agreement with 

simulations. The antenna is designed to be placed directly on the breast, a homogenous box 

having similar properties to human breast tissue was also used to check the interaction of the 

antenna with the tissue [2]. Figure 2(a) shows the input impedance of the antenna while in 

contact with the tissue, both before and after optimization. The results show good matching after 

optimization when the sensor touches the tissue, so that more power is penetrating into the tissue. 

This is obtained without adding any matching materials or lumped loads. After optimization the 

new height of the antenna from the ground plane is 4mm and the gap between the two plates is 8 

mm respectively. The remaining dimensions of the antenna remain the same [2]. Figure 4(b) 
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shows the transmission coefficients (S12) and  return loss (S11) of the antenna, indicating 

wideband characteristics for the impedance and transmission. 

 

(a)                   (b)                                                                                                

Figure 2. (a) Simulated reflection coefficients of the sensor in contact with breast tissue before 

and after optimization.; (b) Return loss S11 and transfer function S21. 

                                                                  

On the design of tree-type ultra wideband fractal antenna for DS-CDMA system. The paper 

introduced CPW-feed ultra wideband tree type monopole fractal antenna, in which the designed 

antenna was operated within the UWB between the range 5.0 GHz to 14.06 GHz [10]. While 

analyzing, the antenna concludes that this type of antenna is most suitable for microwave 

imaging, UWB systems, vehicular radar and military high data rate wireless communications. 

Moreover, this antenna has a return loss of 96.297% and with Omni-directional radiation pattern.  

A finite ground plane lane coplanar waveguide fed triangular fractal antenna for UWB 

applications has been presented. A flared fractal UWB antenna aimed mainly for wireless 

applications. The design bandwidth is ranged between 2.4GHz-9.6GHz. At 2.4GHz the return 

loss is -21.2dB and at 9.6GHz the return loss 22dB [11].        

Design of Microstrip antennas based on fractal geometry with Parasitic Patches for Ultra-

Wideband Applications is discussed in [12]. The proposed bandwidth for this antenna design is 

falling between 1.69GHz-10.5GHz. The radiation pattern is Omni-directional [12]. Also, the gain 
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is 3.9dB and its return loss is -10dB. This antenna with such specifications and parameters is 

most suitable for wireless communication systems. 

A design of fractal antenna for multiband application is presented in [13]. In this paper the 

fractal antenna designed here mainly for mobile and wireless network applications. The 

operating frequency is ranged between 0.8GHz-3GHz. The radiation pattern is Omni-directional 

and having a return loss with -10-25dB [13].  

On the Design of Circular Fractal Antenna with U-Shape Slot in CPW-Feed. The paper 

introduced a fractal antenna operating with the bandwidth range 3GHz-18GHz, having an Omni-

directional radiation pattern and a gain less than 5dB between 3.1GHz-10.6GHz. This antenna 

has a different return loss at different frequency ranges, at 3.14GHz it is 8.98dB, at 3.785GHz it 

is 5.66685dB and at 4.985GHz it is -14.214dB [14]. This antenna is most suitable for UWB 

system commercial wide band applications.  

Coplanar Waveguide (CPW-Fed Ultra-Wideband) has been introduced. Traditional (UWB) 

antennas have been to combine with modern integrated system for their large volumes and 

complex structure. Recently CPW-printed antenna has received a big attention owing to their at 

tractive merits like UWB frequency band, easy integration with the system circuit and good 

radiation [8]. CPW-Fed Ultra-Wideband has pass band ranging from 2.7 to 9.3GHz. The return 

loss of his antenna is less than -10dB. The application is using of coplanar waveguide antenna is 

suitable for UWB applications. 

Compact UWB Antenna. This antenna is used in breast cancer detection. Before fifty years ago 

there are no methods that used for detection of this disease but an early stage used x-ray imaging 

for detection [5]. Now the antenna is the key tool of the microwave imaging system so UWB has 

proposed for microwave imaging.  Compact UWB antenna has pass band ranging from 3.5GHz 

to 8 GHz. the antenna shows a good directional radiation pattern with gain of 8. 

An additional design for 3-Dimensional (3D) microwave imaging technology using antenna 

array for damage assessment of concrete structure is presented in [35]. There are a various 

non-destructive evaluation (NDE) techniques studied to locate steel damage or delaminating 

areas. So, in order to detect invisible damage such as voids and cracks inside concrete and 

deboning between repairs and concrete caused by corrosions and earthquakes. In this study, (3D) 
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microwave imaging technology was developed to detect such damage and to locate steel repairs. 

A multi-frequency technique was applied in order to improve the quality of the reconstructed 

image. In this study, 3D microwave imaging technology was developed in order to detect 

invisible damage and to identify the location of steel repairs. The design of 4 × 4 antenna module 

optimized with the modified multiplexing technique and Microstrip slot transitions gave a large 

bandwidth and good radiation performance of the antenna array at the illuminating frequency of 

5.2 GHz or with large bandwidth from 4.6 GHz to 5.8 GHz under –10 dB as a return loss. 

 

The Miniaturized UWB Microstrip Antenna with T-Slot for Detecting Malignant Tumors by 

Microwave Imaging is also presented. The proposed antenna is to be used for detecting 

malignant tumors by microwave imaging technique for medical applications. The antenna 

capability is to operate from 2.85GHz to 13.21GHz, with an ordinary rectangular radiating patch 

which provides a good omnidirectional radiation pattern and a return loss of -10dB [33]. 

 

Another Design of a Novel Microstrip Patch Antenna for Microwave Imaging Systems [27]. 

The proposed antenna is proposed for cancer tissue detection application. The proposed substrate 

is FR4 (4.8) which is operating under the frequency of 5.8 GHz. Moreover, this Microstrip patch 

antenna has a number of characteristics which lead to a low profile, low cost and minimal 

weight. The return loss is -29.62 dB at gain of 6.2dB. Therefore, it gives it a good radiation 

characteristics compared to conventional antennas. 

 

An Experimental Microwave Imaging System for Breast Tumor Detection on Layered Phantom 

Model, this study is about a UWB microwave imaging technique which is used in the 4.6–5.0 

GHz frequency range. Their study was to balance between better spatial resolution and better 

penetration depth. The antenna dimensions were 30 cm × 30 cm × 5 cm. The antenna designed 

for the microwave imaging system and the result reveals the ability to detect an elastic tumor 

model with 2 cm diameter by using so many frequency and position dependent raw data although 

dielectric properties of the tumor and breast [22]. 

 

An antenna design proposal suggests to design inset fed Microstrip antenna with slots in it to 

improve the antenna bandwidth [36]. The slotted Microstrip is to be generated on the substrate of 

thickness 1.588mm. The substrate material is glass epoxy (εr=4.7). The paper results proved that 
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the inset fed Microstrip patch antenna is a flexible structure which can be modified by the 

addition of simple slots in the design structure. This helped on resolving some limitations 

inherited by the conventional patch antennas. The antenna can provide improved bandwidth 

enhancement to certain level while maintaining many of the desirable features of conventional 

Microstrip patches. It must be emphasized that improving a particular characteristic of the 

antenna may result in the degradation of one or more of the other performance characteristics. 

 

A further paper presents the effect of the slots in ground plane and patch on resonant frequency, 

impedance bandwidth, gain and side lobe. The Microstrip antennas have been designed on εr = 

4.3 and h = 1.53 mm. The Rectangular Microstrip Patch Antenna has been analyzed for the 

varying slot lengths and width in patch and the ground plane of the antenna. It is demonstrated as 

the slot length and width increases, the resonant frequency shifted towards lower side. The effect 

on resonant frequency shift is more pronounced for slots in patch than slots in ground plane. This 

indicates the more size reduction due to slots in patch in comparison to slots in ground plane. It 

has been observed that bandwidth and gain are more affected due to slot in patch than slot in 

ground plane. The return loss variation exhibits impedance match as the function of slot length 

and width. By proper selection of feed, slot length and width, the antenna performance can be 

optimized which can be effectively and efficiently [26]. 

 

Some research papers stated that a Microstrip slot antenna is very small and light in weight but 

still it has the problem of back radiation due to which power loss occurs. To reduce the back lobe 

a technique introduces aperture coupled Microstrip slot antenna which reduces the back lobe as 

well as increases the bandwidth of the antenna [38]. 

 

A design of Microstrip antenna with wide bandwidth with two different radiating elements 

connected together through a matched section. Then they are embedded on a single layer 

structure. This new structure offers a dual-band Microstrip antenna. By controlling the two 

resonance frequencies of the two elements, a wide frequency bandwidth has been achieved. The 

investigated wide bandwidth antenna is useful to be used for many wireless communications 

[15]. 
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Furthermore, a research paper stated that conventional Microstrip patch antennas has some 

drawbacks of low efficiency, narrow bandwidth (3-6%) of the central frequency, its bandwidth is 

limited to a few percent which is not enough for most of the wireless communication systems 

nowadays. In this paper the rectangular patch Antenna with 50Ω coaxial feed has been designed. 

A small broadband antenna has been introduced and bandwidth is enhanced by inserting two 

square slots on side surface of rectangular patch antenna. The bandwidth enhancement is 

approximately 202 MHz, where, the patch without the slots, it bandwidth 109 MHz. The 

improved antenna characteristic is satisfactory for most of the wireless system [30]. 

 

A proposed design aimed for improving the bandwidth of Microstrip antennas constructed with 

dielectric material with higher dielectric constant of Microstrip with  three different geometry 

shapes, the U, E and H are developed from a rectangular patch of the width (W) = 32 mm and 

length (L) = 24mm. The results obtained clearly show that, bandwidth of conventional 

rectangular Microstrip antenna can be enhanced from 4.81% (100MHz) to 28.71% (610 MHz), 

28.89% (630MHz) and 9.13% (110MHz) respectively using U, E and H-patch over the substrate. 

The substrate material used for the proposed antennas is Alumina 96%, with the dielectric 

constant of 9.4 and loss tangent of 4.0e-4. The proposed antennas may find applications in 

Wireless Local Area Network [16]. 

5    About Vivaldi Antennas 

 

The subsection begins with a brief discussion on the Tapered-Slot Antenna (TSA) 

characteristics. The presented Vivaldi antenna is a special type of TSA with an exponential flare 

profile. The description covers a review of various design principles to be considered while 

constructing this antenna. Finally, there is a brief discussion on the different design 

methodologies that were proposed in the literature. 

5.1 Characteristics 

5.1.1 Construction 
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Figure 5.1.1: Vivaldi antenna 

Where:  WO – Output slot width 

WA – Slot width at radiating area 

WE – Input slot width 

 

Besides being efficient and lightweight, Vivaldi antennas have more attractive features, that they 

can work over a large frequency bandwidth and produce a symmetrical end-fire beam with 

appreciable gain and low side lobes. An important step in the design process of the antenna is to 

find the most suitable feeding techniques. 

 

5.1.2 Principle of operation 

As Vivaldi is one type of a traveling-wave antenna of the “surface-type”. The waves usually 

travel down the curved path of the flare along the antenna. In the section where split-up between 

the conductors is small as compared to the free-space wavelength, the waves are tightly bound 

and as the separation increases, the bond becomes more and more weaker and the waves get 

radiated away from the antenna [42]. 

This occurs when the edge separation becomes greater than half. That's radiation from high-

dielectric substrates is very low, therefore low dielectric constant materials are chosen for 

antenna applications. 

 

5.1.3 Radiation 

In the tapered-slot antennas, the phase velocity and the guide wavelength vary with the change in 

the thickness, dielectric constant and taper design. Typically, the beam width in the E-plane and 

the H-plane patterns are almost the same. Vivaldi Antenna has more directive radiation pattern as 

depicted in figure 5.1.3. 
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Figure 5.1.3: Typical radiation pattern of TSAs 

 

5.1.4 Bandwidth 

At different frequencies, different parts of the antenna radiate, while the radiating part is constant 

in wavelength [42]. Theoretically the antenna has an infinite bandwidth of operation and it can 

therefore be termed as frequency independent. As the wavelength varies, radiation occurs from a 

different section which is scaled in size in proportion to the wavelength and has the same relative 

shape. This translates into an antenna with very large bandwidth. Again referring to Figure 5.1.1 

it can be seen that the Vivaldi antenna is divided into two areas: 

 a propagating region defined by WE < W < WA 

 a radiating area defined by WA < W < WO 

Where, 

W - Slot width 

WO – Output slot width 

WA – Slot width at radiating area 

WE – Input slot width 

All type of Vivaldi antennas are capable of having an operating bandwidth between 2 GHz to 90 

GHz. Practically the operating bandwidth is limited by the transition from the feeding 

transmission line to the slot line of the antenna and by the finite dimensions of the antenna. Thus 

to achieve a wider bandwidth, it is imperative for the designer to have in mind the following two 

aspects: 

 The transition from the main input transmission line to the slot line for feeding the 

antenna. This is designed for a low reflection coefficient to match the potential of the 

antenna. 

 The dimensions and shape of the antenna, to obtain the required beam width, side lobes 

and back lobes, over the operating range of frequencies. 
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5.2  Antenna Theory 

Antennas play a great role in electronics and communications world. As IEEE standard define an 

antenna as “a means for radiating or receiving electromagnetic waves”. The general 

classification of antennas is down to design, operation, application, type, electrical size radiation 

pattern and structure [32]. So, that the general types are as the followings: 

 Wire antennas: such as diploes, monopoles, helical and Yagi-Uda. These antennas are 

commonly used for lower frequency. 

 Aperture antennas: common ones are waveguide horns, slot in waveguide, cavity or 

ground plane. Such types are widely used in the microwave frequency range. 

 Printed planar antennas: and they are well known as the Microstrip antennas. These 

types of antennas operated in the microwave frequency. 

 Reflector antennas: such as the parabolic reflector and Cassegrain antennas which are 

operating at microwave frequency. 

 

Antennas can be classified also in terms of their electrical size. So, if the antenna dimension 

L<<λ, then it considered to be electrically small. In this case the wavelength is ling at low 

frequencies and it is widely used for navigation, marine and broadcasting. But, if L= λ/2; 

therefore it is a resonant antennas such as slots, patches and diploes. 

 

Moreover, there are some important parameter and specifications to be taken in account when 

dealing with antennas. Some important parameters are the radiation pattern, polarization, 

directivity, gain and return loss [32]. 

 Radiation pattern: it is the mathematical or graphical representation of the radiation 

property of an antenna as a function of space coordinates. Therefore, it is presented and 

plotted on a logarithmic scale in decibels (dB). Three main types of radiation are well 

known and they are: 

 Isotropic Pattern: they radiate in all directions and said to be lossless source since 

it is radiating equally in all directions. 

 Omnidirectional Pattern: this radiation pattern commonly known as having a 

donut shape. This pattern radiates the signal equally in a horizontal direction. 
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 Directive pattern: this pattern is given to notation that the radiated power is directive in 

one direction. Therefore, the gain and directivity of the antenna will be very high. 

 Polarization: this is well defined as the orientation of the electric field of the 

electromagnetic wave. Such types are liner, helical and circular. It is important that 

receiving and transmitting antenna are having the same polarization. Therefore, to ensure 

maximum power transfer between the two antennas. 

 Directivity and Gain: it is the ability of the antenna to focus the energy in a particular 

direction when the signal is propagating. So, that the directivity of the antenna can be 

positioned and concentrated in a particular direction. 

 Return Loss: if there is a mismatch in the antenna it measure or donated by the return loss 

(RL). RL is the logarithmic ratio measured in dB. It is going to compare the power 

reflected by the antenna to that fed to the transmission line. It is calculated using the 

following formula: 

𝑅𝑒𝑡𝑢𝑟𝑛 𝐿𝑜𝑠𝑠 (𝑖𝑛 𝑑𝐵) = 20 𝑙𝑜𝑔10

𝑉𝑆𝑊𝑅

𝑉𝑆𝑊𝑅 − 1
                                                              (1) 

 

 

6 Project Budget 
 

The estimated budget approved and funded by TRC is 2400 OMR. Out of items provided by 

college, the available fund was spent mainly on purchase of Microwave simulation software for 

the purpose of simulation studies of antenna design and optimization, purchase of substrate 

suitable for imaging application and purchasing of literature. More details are given in the 

following section of budget summary. 

 

6.1 Budget Summary 

Table 6.1 shows that the total budget of the project is calculated to be 2400 OMR. Where 

79.167% of the total budget has been allocated for simulation software and design setup, 

16.67% for purchase of substrates and fabrication costs, 4.2% for purchase of literature and 

publications. 
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SL.No Description Approved Budget 

from TRC 

Value (in OMR) Amount required by 

1 IEEE Journal account 100 40 (Amount required for 

processing purchase 

by 15.6.2016) 

2 Purchase of substrates+ 

fabrication of antenna 

400 400 

3 Software (Matlab 

Antenna Toolbox )+ 

Design set up 

1900 732+1060 

TOTAL  2400 2232  

Table 6.1 Amount spent and project-Budget Break up. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.1 The allocated yearly budget of the project titled "Development of Antenna 

for Microwave Imaging Systems for Breast Cancer Detection" 

 

7 CURRENT RESEARCH WORK 

The core of this project is to design, simulate, develop and test an UWB antenna for microwave 

imaging to detect breast cancer. The basic objective is to focus on the design used in medical 

imaging in which the antenna should be planar, flexible, with high radiation efficiency and 

stability over the entire operation band. With that, the project has presented us with many 
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challenges in choosing antenna design that best suit medical imaging. As it is a research work, 

various antennas have been studied and simulated before choosing the final antenna design that 

meets the requirements of imaging systems. A comparative study is presented to show variations 

among these antennas. These antennas are as described in the following sub sections: 

7.1 Microstrip Patch Antenna                                                                                                

The research started with a simple microstrip patch design in which the antenna was simulated 

and studied its performance in terms of its operating frequency band, return loss, radiation 

pattern and gain using the well-known electromagnetic simulation software packages, the 

Antenna Magus as well as CST Microwave studio, and it was found to operate better at a 

bandwidth of 59 MHz at operating frequency of 2.4 GHz. The results of this antenna aren't so 

promising as an UWB is desired for most microwave imaging systems. The antenna was 

designed using FR-4 with relative permittivity of 4.3 and loss tangent of 0.025. The background 

material is taken to be of relative permittivity 40 to achieve good matching with the breast tissue. 

 Design Calculations of Rectangular Microstrip Patch Antenna 

  

 

Figure 7.1(a): Rectangular Microstrip Antenna Geometry and Calculations Parameters 

 

The antenna is consisting of a metal piece well know of a patch. The metallic patch is placed on 

top of a grounded dielectric substrate. As shown in the figure 7.1 above, W is showing the width 

of the patch, L is the length of the patch and h is the height of the patch. To obtain higher 

bandwidth the rule states that W<2L, hence W=1.5L. 

 

 



24 
 

 

 

Substrate Design: 

Wsub =
c

2fc

√
2

εr + 1
=

c

2fc√εr + 1
2

                                                                                             

Where; Wsub ⟹ Substrate Width (m) 

fr ⟹ Resonant Frequency (Hz) 

εr ⟹ Relative Permittivity 

c ⟹ Speed of light in free space (m/s) 

 

εreff =
εr + 1

2
+ [

εr − 1

2
× (1 + 12

h

w
)

1
2

]                                                                                  

Where; εreff ⟹ Effective Permittivity 

h ⟹ Substrate Thickness 

Patch Design: 

ΔL = 0.412h
(εreff + 0.3) (

w
h

+ 0.264)

(εreff − 0.258) (
w
h

+ 0.8)
                                                                                   

Leff =
c

2fc√εreff

                                                                                                                            

Lsub =
c

2fr√εreff

− 2ΔL                                                                                                                  

Where L = Length of the patch 

Feed Location and ground plane design: 

Wg =  6h + W                                                                                                                                

Lg =  6h + L                                                                                                                                   

WF =  
Wsub

2
                                                                                                                                         

LF =  
Lg

√εreff
2

⟹ Input impedance so that it matches the feed                                       
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Simulation Results: 

       

Figure 7.1(b): Design Parameters and port creation of Microstrip Patch Antenna 

 

 

Figure 7.1(c): Return Loss Graph of Patch Antenna 

Figure 7.1 (c) shows the return loss characteristics of the microstrip patch antenna on a Flame 

Retardant (FR-4) substrate. The bandwidth at 2.4 GHz is calculated to be 59 MHz. The return 

loss of a good radiating antenna should have the dip be below -10dB.  

 

7.2 Fractal Type Monopole Antenna                                                                                                
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Basing on performance and bandwidth requirements, we thought of another design, that is fractal 

type monopole antenna in which a sierpinski gasket antenna was designed and simulated using 

Antenna Magus for a quick evaluation before exported to CST. The return loss parameter was 

found to be less than -10 dB from 1.4 to 2.4 GHz. 

 

Figure 7.2: Fractal antenna – Sierpinski Gasket (2nd iteration) 

7.3 Microstrip-Fed Vivaldi Antenna                                                                                                

As the frequency of operation of a sierpinski gasket antenna seemed not to fit too well on our 

requirement, an UWB Microstrip-fed Vivaldi Antenna is then optimized for operation in 

microwave imaging for tumor detection. Although various structures have been developed, but 

simulation results of the UWB Vivaldi antenna are very close to our requirements in which the 

structure is found to operates in the frequency band from 8.5 to 9.7GHz. The antenna is designed 

using Rogers 4003C with relative permittivity of 3.36 and loss tangent of 0.019. The background 

material is taken to be copper with relative permittivity of 35. 

After continued testing, we found that lowering dielectric constant increase the operating 

frequency band. In this case, the substrate material was changed to Taconic TLC-32 in which the 

antenna was designed and simulated as discussed in details on the following sections: 

 

8  ANTENNA DESIGN 

The section describes step-by-step procedure to design a Vivaldi antenna based on the 

specifications for the antenna. The Microstrip-fed Vivaldi antenna was chosen from all the other 

possible designs mainly because of the varied research accomplished on it. This design has been 

based on the parameter study as tabulated in table 8.1 (a). 
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As will be stated frequently in this document, the parameter study performed so that the 

wideband performance could be improved in a systematic procedure. The following were some 

of the parameters taken into consideration in the parameter study: 

 Operating frequency 

 Substrate height + thickness 

 Dielectric constant of the substrate 

 Length & width of slotline  

Antenna performance (S11 and pattern) was discussed basing on the effect of varying these 

parameter values. Particularly, it was found out that through proper change in the design 

parameters, the antenna resistance could be increased and subsequently resulting   

The parametric study and design of a microstrip-fed vivaldi antenna is calculated following 

selection of the substrate material, substrate thickness, antenna length, antenna width and the 

slotline width. As the electrical length of the antenna increases with frequency the gain increases.  

The selection of a dielectric substrate is one of the most essential features of the design of a 

Vivaldi antenna. The important features of a substrate material are its dielectric constant, loss 

tangent, and the thickness of the dielectric. The TLC-32 substrate with a dielectric constant of 

3.2 is selected. Effective thickness of the dielectric substrate (𝑡𝑒𝑓𝑓) need to be defined as follows 

𝑡𝑒𝑓𝑓

𝜆𝑜
= (√𝜀𝑟 − 1)

𝑡

𝜆𝑜
… … … … … … … . (1) 

Where, 𝜆𝑜 is the free space wavelength at the center frequency, 

           t is the thickness 

          𝜀𝑟 is the dielectric constant of the substrate and  

         the essential criteria for any TSA to possess travelling wave antenna characteristics is  

0.005 ≤ 
𝑡𝑒𝑓𝑓

𝜆𝑜
 ≤ 0.03… … … … … … … . (2) 

In order to achieve a transition that has low return loss over a wide frequency band, the 

impedances of the micro strip line and the slot line must be matched to each other to reduce the 

reflections. The characteristic impedance of a slot line increases with increasing slot width, so 

the width of slot line must be selected to be as small as possible to achieve a small impedance 

value. The width, characteristic impedance and guided wavelength of slotline are calculated with 
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procedures suggested in [43]. Hence the antenna parameters calculated are as given in Table 

8.1(a).  

Name Description Value 

Hf Flare height 19.87 mm 

Lf Flare length 37.93 mm 

Hc Height of the conductor 25.28 mm 

Dc Cavity diameter 2.598 mm 

Smc Distance form cavity to the centre of the microstrip coupler 223.9 μm 

Lmc Length of microstrip coupler 2.598 mm 

Wmc Width of microstrip coupler 447.8 μm 

Lmt Length of tapered microstrip line 6.700 mm 

Wmt Width of the tapered microstrip line at the port 1.900 mm 

Ls Length of slotline 447.8 μm 

Ws Width of the slotline 464.8 μm 

Rs Radius of the microstrip stub 2.074 mm 

Θs Starting angle of the microstrip stub 90 ° 

Θ Angle of the microstrip stub 80 ° 

Hs Substrate height 790 μm 

εᵣ Dielectric constant of the substrate 3.2 

Tanδ Loss tangent of the substrate 0  

Ft Factor determining the opening rate of the flare (displayed 

value calculated in an SI system) 

83 

Table 8.1 (a) Summary of the designed parameters of the antenna 
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Figure 8.1 (a) Top view of Microstrip-Fed                       Figure 8.1 (b) Bottom view of the 

Vivaldi Antenna                                                                                        antenna 

      

 
 
 
 
 
 
 
 
 
 

Figure 8.1 (c) Side view of the proposed antenna         Figure 8.1 (d) Microstrip feed & stub 

details 

 

Figure 8.1 (a) to (d) indicates  the appearance of the Microstrip-Fed Vivaldi antenna  with its 

indicated parameters. 
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                         Figure 8.1 (e) Image of the Microstrip-fed Vivaldi slot antenna. 
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All Tapered-slot antennas are frequently etched with other components onto the same dielectric 

substrate. The Microstrip-fed Vivaldi has the advantage over other TSA that it can easily be 

integrated in the circuit. The microstrip to slotline transition is realized by etching the slotline on 

one side of a substrate. On the opposite side of the substrate, a microstrip line crosses below and 

perpendicular to the slotline. After crossing below the slotline, the microstrip line is flared to form 

a radial stub which acts as a wideband, virtual short circuit. Antenna Magus has taken care of this 

non-trivial design process and includes the designed feed section detail in the antenna model. 

Name Description Value 

Fmin Minimum frequency 8.3 GHz 

Name Substrate: The substrate name. TLC-32 

Manufacturer Substrate: The substrate manufacturer. Taconic 

Substrate Thickness Substrate: The thickness of the substrate. 790 μm 

Relative Permittivity Substrate: The relative permittivity of the substrate. 3.2 

Table 8.1 (b) Summary of the substrate chosen to fit into microwave imaging systems 

 

9   SIMULATION RESULTS 

This subsection provides simulation results for the proposed design "Microstrip-fed Vivaldi 

Antenna". These simulations were done through Antenna Magus Software with Vivaldi 

dimensions as described. Various simulations were done to better tune the operating frequency 

required for microwave imaging that it should be an Ultra-Wide-Band. The results represent final 

simulations. 

9.1  Estimated Performance Charts 
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Figure 9.1(a)  Simulated input antenna impedance (Ohm) vs. frequency  

In Figure 9.1(a), the simulated variation of the antenna input impedance versus frequency of the 

proposed Microstrip-Fed Vivaldi antenna can be seen. At the operating frequency of 

approximately 8.3 GHz, the average value of the resistance (real part) is about 140 Ohms and the 

average value of the reactance (imaginary part) is approximately 40-Ohms which gives the 

adequate input impedance matching at the desired resonant frequency. The input impedance is as 

summarized in the following table 9.1(a). 

Peak real impedance @ frequency                 138.1 Ω @ 7.730 GHz 

Real impedance @ zero-crossing frequency 138.1 Ω @ 7.752 GHz 

42.84 Ω @ 9.259 GHz 

74.41 Ω @ 9.729 GHz 

28.79 Ω @ 11.59 GHz 

53.98 Ω @ 12.24 GHz 

24.12 Ω @ 13.54 GHz 

61.84 Ω @ 14.96 GHz 

37.31 Ω @ 15.64 GHz 

84.80 Ω @ 17.03 GHz 

47.87 Ω @ 18.33 GHz 

63.59 Ω @ 18.81 GHz 

26.74 Ω @ 22.22 GHz 

114.9 Ω @ 26.72 GHz 

17.30 Ω @ 31.59 GHz 
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Mean real impedance 48.66 Ω 

Mean imaginary impedance -3.925 Ω 

Table 9.1(a) Input impedance versus frequency  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.1(b) Reflection coefficient chart 

 

 

Minimum S11 value -37.56 dB @ 18.39 GHz 

Frequency at which S11 = -10 dB 7.143 GHz 

8.821 GHz 

10.05 GHz 

11.45 GHz 

13.10 GHz 

14.01 GHz 

22.30 GHz 

23.30 GHz 

24.60 GHz 

Reference impedance @ port 1 50 Ω 

Table 9.1(b) Table summarizing reflection coefficient 
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From the graph it is clear that the reflection coefficient (|S11|) (dB) of the proposed antenna 

provides a good matching input impedance with a good return loss of less than -10 dB operating 

bandwidth of (7.143-24.60) GHz, and having the reflection coefficient of -37.56 dB at 18.39 GHz.  

 

Figure 9.1(c) Simulated VSWR of the antenna  

 

Minimum VSWR value 1.027 @ 18.39 GHz 

Frequency at which VSWR = 2 7.175 GHz 

8.786 GHz 

10.09 GHz 

11.39 GHz 

13.21 GHz 

13.86 GHz 

22.43 GHz 

23.15 GHz 

24.69 GHz 

Reference impedance @ port 1 50 Ω 

Table 9.1(c) Table summarizing VSWR of Microstrip-Fed Vivaldi Antenna 
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As depicted above it is clear that the minimum voltage standing wave ratio, VSWR of 1.02 is 

observed at frequency of 18.39 GHz, and having a VSWR of 2 at a bandwidth of approximately 7-

24 GHz indicating low power return at the frequency of operation. 

 

 

 

Figure 9.1(d) Input Impedance – Smith Chart  

Frequency at which VSWR = 2 7.175 GHz 

8.786 GHz 

10.09 GHz 

11.39 GHz 

13.21 GHz 

13.86 GHz 

22.43 GHz 

23.15 GHz 

24.69 GHz 

Minimum VSWR value 1.027 

Reference impedance @ port 1 50 Ω 

Table 9.1(d) Table summarizing Smith Chart simulated results of Microstrip-Fed Vivaldi Antenna 

 

10   ANTENNA TESTING & EVALUATION 

The designed antenna was fabricated and tested. It is important to note the difficulty involved 

during antenna fabrication and when taking its measurements. Since several expensive test 
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components are needed, along with a suitable test component to test the antenna at higher 

frequency bandwidth, thus the frequency of operation designed and simulated was a problem 

during fabrication. Having to mention that, for ease of fabrication, a lower frequency range of 2.4 

GHz is included. The test component used for antenna testing is (the HP 8753D Network 

Analyzer). Because of this, simulation results were used to compare actual test results for accuracy 

at higher frequencies and results after fabrication indicates better results at lower frequencies. The 

following test results shows data involved a 2.4 GHz Microstrip-Fed Vivaldi Antenna using FR-4 

substrate with 4.4 dielectric constant. The plot, of Figure 10.1, shows the top and bottom geometry 

of the antenna along with its dimensions.  

Antenna Specifications: 

Frequency of operation = 2.4GHz 

FR4 Material dielectric constant = 4.4  

Thickness=1.6mm 

Total dimension=85.8mmX130mm 

The design of proposed antenna design is as shown below 

 

CAD Views: 
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Figure 10.1 Vivaldi Antenna  geometry (top and bottom views). 

 

 
Figure 10.2 Vivaldi Antenna geometry (top and side views). 
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Coaxial feed (shown by green line) is chosen as per 50 ohm line. The coaxial feed is given  62 mm 

on  x- axis which gives good impedance matching. 

 

Result Summary: 
 

 

 

 

Figure 10.3: Gain of E patch  

The gain of the antenna under test is measured in the bore sight direction. The experimental setup 

to determine antenna gain is similar to the radiation pattern measurement setup. After fabrication, 

the antenna is found to have a gain of 2.5 dB at the frequency of operation 2.4 GHz as depicted in 

figure 10.3 above. 

Scatter parameter S11 (The return loss) for the Antenna is as depicted by figure 10.4. Ideally, the 

amount of reflection should be at a minimum for the antenna design frequency (2.4 GHz). Taking 

a look at the illustration, the least amount of reflection occurs at exactly 2.4 GHz, in which the 

return loss at minimum of -26.34 dB. 
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Figure 10.4: Return loss 

 

  

 

 

 

Figure 10.5: VSWR  

 

As depicted above it is clear that the minimum voltage standing wave ratio, VSWR of 

approximately 1.1 is observed at frequency of 2.4 GHz, and having a VSWR of below 2.4 at a 

bandwidth of approximately 2.2-2.8 GHz indicating low power return at the frequency of 

operation. 
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 Figure 10.6 :   2D Radiation pattern 

 

Figure 10.6 is plot representing how 2D radiation pattern would appear. Test results indicates a 

unidirectional (directive) radiation pattern as per the requirement of antenna suitable in microwave 

imaging for breast cancer detection. Below is the summary of antenna fabricated. 

 

Sr.No Frequency(GHz) Return 

loss(dB) 

VSWR Gain 

(dB) 

Bandwidth 

(MHz) 

Size 

1 2.4 -26.34 1.10 2.5 500 85.8X130 

Table 10.1 Summary of the Microstrip-Fed Vivaldi Antenna fabricated 

 

11 A comparative study of results of a research work 

Microstrip Patch Antenna Fractal Type Monopole Antenna 

(Sierpinski Gasket) 

Microstrip-Fed Vivaldi 

Antenna 

Simulated Antenna:  

Frequency of 

Simulated Antenna:  

Frequency of operation=2.43GHz 

Simulated Antenna:  

Frequency of 
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operation=2.4GHz 

BW=59 MHz 

Return loss=-10dB at 

2.4GHz  

VSWR=1.02 

Substrate used=FR-4  

 

BW=1GHz (1.4-2.4 GHz) 

Return loss=-10dB  

Substrate used=FR-4  

 

operation=8.3GHz 

BW=1GHz 

Return loss=-10dB at 

8.3GHz and -37.56 dB at 

18.39 GHz 

VSWR=1.02 

Substrate used=TLC-32  

Fabricated Antenna: 

Frequency of 

operation=2.4GHz 

BW=500MHz 

VSWR=1.10 

Return loss=-26.34 dB 

Substrate used=FR-4 

Gain=2.5 dB 

Radiation pattern= 

Uni-Directional 

Radiation pattern=Omni-Directional Radiation pattern=Uni-

Directional (Directive) 

Easy to fabricate Complex to fabricate Easy to fabricate 

Table 11: Comparative study of the research work 

12  Conclusions & Recommendations 

The results of the antenna simulation and test results after fabrication were overall very pleasing. 

Development of antenna for microwave imaging systems for breast cancer detection project was a 

research based in which various antennas were designed and simulated. Among Microstrip patch 

antenna and fractal antennas, Microstrip-Fed Vivaldi antenna was found to present the most 

suitable results for imaging systems. It was quite easy to design, simulate and fabricate. Each step, 

for each of the three selected antennas, was completed successfully. The fabrication and testing 

phase of the project was the most difficult. The difficulty in taking measurements that was 

significantly underestimated. The major setback during the entire period of the project was the fact 

that our labs are not furnished with all of the necessary antenna test equipment that we can 

fabricate the antenna at higher frequency as expected after simulations. It eventually was 
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discovered that some antenna measurements including the frequency of operation could be made 

with reasonable accuracy with the current test equipment and environment available. Mainly, it 

was possible to measure the impedance match of a test antenna, along with an abstract plot of the 

characteristic of the antenna including radiation property, gain, return loss and VSWR. Taking into 

consideration the amount of time and hard work this project required, the results are extremely 

pleasing. The department is now in a reasonable position to develop a complete antenna design at 

higher frequencies when equipment are available in our lab.  

Both TLC-32 and FR-4 substrates offers some amount of flexibility making them suitable for 

breast cancer detection to easily detect breast tissues. These substrates were chosen based on 

availability in the market. 

It is recommended that for enhancing bandwidth and  reducing return loss, antenna can be 

designed by using different flexible substrates when available. Antenna performance can also be 

altered by using different feeding techniques.   
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