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Abstract 

After disasters strike in workplaces, the air becomes contaminated, and temperature 

increases from fire, therefore causing these areas to become dangerous and sometimes 

inaccessible. Some victims might end up being trapped in unreachable areas that may lead to 

life loss. In factories, there are always a high risk of gas leakage, machine problems, and high 

temperature that can affect employee's health. Safety precautions in the field is a must, but 

sometimes fatal errors can occur. In these situations, robots are becoming very important in 

human rescuing missions since they can work around the clock if needed. We got inspired by 

the idea and decided to build a robot as our capstone project and call it "Rescue Robot". It can 

inspect a workplace and evaluate the safety of the working environment as well as to detect 

issues to provide a safe workplace without threatening worker's lives. The robot will be small 

in size to pass through tight areas that are difficult to reach. It will have a camera to know the 

directions and monitor the surrounding areas. A temperature sensor will be used on the robot 

to detect high temperatures inside the workplace. Also, a gas sensor will be used to detect 

different types of gases like Co, CO2, and O2. To summarize in disaster sites, our project will 

concentrate on assisting rescue teams with searching and rescue missions. The "Rescue Robot" 

can navigate and gather pollution data and inspect specific areas in search of humans that are 

in danger to reduce the number of injuries, accidents, and deaths. 

Key Words: Dangerous, Disaster, Employee, Health, Microcontroller, Programmed, 

Rescue, Robot, Safety, Workplace.  

 

 

 

 

 

 

 

 



 

10 

 

Table of Contents 

Abstract ........................................................................................................................................... 9 

List of Figures ................................................................................................................................ 13 

List of Tables ................................................................................................................................. 15 

1 CHAPTER 1: INTRODUCTION.......................................................................................... 17 

1.1 Introduction .................................................................................................................. 17 

1.2 Background ................................................................................................................... 17 

1.3 Problem Statement ....................................................................................................... 18 

1.4 Project Objectives ......................................................................................................... 18 

1.5 Project Goals ................................................................................................................. 18 

1.6 Significance, Scope and Definitions .............................................................................. 18 

1.7 BOCR Analysis ............................................................................................................. 19 

1.8 Report Outline .............................................................................................................. 19 

1.9 Conclusion ..................................................................................................................... 20 

2 CHAPTER 2: LITERATURE REVIEW .............................................................................. 22 

2.1 Introduction .................................................................................................................. 22 

2.2 Literature Review ......................................................................................................... 22 

2.2.1 Design & Implementation of a Remotely Controlled Mobile Rescue Robot [2] ..... 22 

2.2.2 Mobile Rescue Robot for Human Body Detection in Rescue Operation of Disaster 

[3] 24 

2.2.3 Rescue Robot using ESP Microcontroller [4] .......................................................... 25 

2.2.4 Surveillance and Rescue Robot using Android Smartphone and the Internet [5] .. 26 

2.2.5 Live Human Detecting Robot for Earthquake Rescue Operations [6].................... 28 

2.2.6 Automatic Fire Detecting Robot [7] ......................................................................... 30 

2.3 Summary and Implications .......................................................................................... 32 

2.4 Conclusion ..................................................................................................................... 32 

3 CHAPTER 3: METHODOLOGY, DESIGN AND ANALYSIS .......................................... 34 

3.1 Introduction .................................................................................................................. 34 

3.2 Methodology ................................................................................................................. 34 

3.3 Research Design ............................................................................................................ 35 

3.3.1 Design Alternative 1 [9] ............................................................................................ 35 

3.3.2 Design Alternative 2 [10] .......................................................................................... 35 

3.4 System Architecture ..................................................................................................... 36 

3.5 Block Diagram .............................................................................................................. 37 

3.6 Hardware Components................................................................................................. 39 



 

11 

 

3.6.1 Microcontroller Board: Raspberry Pi 4 [11] ........................................................... 39 

3.6.2 Motor Driver: Dual Motor Driver Module L298 [13] ............................................. 39 

3.6.3 Robot Platform: Rove 5 Robot ................................................................................. 40 

3.6.4 Camera: Raspberry Pi Camera [17] ........................................................................ 41 

3.6.5 Infrared Sensor: SparkFun Grid EYE Infrared Array Breakout .......................... 42 

3.6.6 Ultrasonic Sensor: HC-SR04 Ultrasonic Distance Sensor ....................................... 43 

3.6.7 RIP Motion Sensor: HC-SR501 RIP Motion Sensor ............................................... 44 

3.6.8 GPS Module: Ublox GPS Module [24] ..................................................................... 44 

3.6.9 Essential Components: Wires, Connection, and Fuse ............................................. 45 

3.6.10 Essential Components: Battery 6VDC 7.2 mA and LED Light .......................... 45 

3.6.11 Essential Components: Buzzer Sound and Smoke Sensor .................................. 46 

3.7 Software Components ................................................................................................... 46 

3.7.1 Microcontroller Programming: Arduino IDE [24] .................................................. 46 

3.7.2 Python Programming: Thonny Software [26] ......................................................... 47 

3.7.3 Programming Model: Visual Basic [28] ................................................................... 47 

3.8 Budget ........................................................................................................................... 48 

3.9 Ethics and Limitations .................................................................................................. 49 

3.10 Conclusion ..................................................................................................................... 49 

4 CHAPTER 4: IMPLEMENTATION .................................................................................... 51 

4.1 Introduction .................................................................................................................. 51 

4.2 Hardware Implementation ........................................................................................... 51 

4.2.1 Implementation of Ultrasonic Sensor....................................................................... 51 

4.2.2 Implementation of Smoke Gas Sensor ..................................................................... 54 

4.3 3D Implementation of Rescue Robot ............................................................................ 57 

4.4 Software Final Implementation of the Rescue Robot .................................................. 59 

4.4.1 Implementation of the Server ................................................................................... 59 

4.4.2 Implementation of the Python Code ........................................................................ 60 

4.4.3 Implementation of the Visual Basic ......................................................................... 61 

4.4.4 Implementation of the Arduino Microcontroller ..................................................... 65 

4.5 Hardware Final Implementation of the Rescue Robot ................................................ 71 

4.6 Power Consumption ..................................................................................................... 78 

4.7 IEEE Standards ............................................................................................................ 78 

4.8 Conclusion ..................................................................................................................... 79 

5 CHAPTER 5: EVALUATION .............................................................................................. 81 

5.1 Introduction .................................................................................................................. 81 



 

12 

 

5.2 Survey Results............................................................................................................... 81 

5.3 Impacts of Engineering Solutions ................................................................................. 88 

5.3.1 Economic Impact ...................................................................................................... 88 

5.3.2 Ecological Impact ..................................................................................................... 88 

5.3.3 Social Impact ............................................................................................................ 88 

5.4 Engineering Ethics ........................................................................................................ 88 

5.5 Conclusion ..................................................................................................................... 89 

6 CHAPTER 6: CONCLUSION AND FUTURE WORK ....................................................... 91 

6.1 Introduction .................................................................................................................. 91 

6.2 Summary ....................................................................................................................... 91 

6.3 Project Progress ............................................................................................................ 91 

6.3.1 Capstone Design Course 475 .................................................................................... 92 

6.3.2 Capstone Design Course 480 .................................................................................... 92 

6.4 Future Work ................................................................................................................. 92 

6.5 Conclusion & Final Comment ...................................................................................... 93 

REFERENCES .............................................................................................................................. 95 

APPENDIX A ................................................................................................................................ 99 

APPENDIX B .............................................................................................................................. 100 

APPENDIX C .............................................................................................................................. 102 

APPENDIX D .............................................................................................................................. 112 

APPENDIX E .............................................................................................................................. 115 

APPENDIX F............................................................................................................................... 125 

APPENDIX G .............................................................................................................................. 133 

 

 

 

 

 

 

 

 

 

 



 

13 

 

List of Figures 
 

Figure 1.1: Working performing maintenance in a tunnel [1] ........................................................... 17 
Figure 2.1: Block Diagram of Receiving Section [2] ........................................................................ 22 
Figure 2.2: System Overview of the Rescue Robot [2] ..................................................................... 23 
Figure 2.3: Hardware Design of Mobile Rescue Robot [3] ............................................................... 24 
Figure 2.4: Mobile Rescue Robot [3] ............................................................................................... 25 
Figure 2.5:Block Diagram  [4] ......................................................................................................... 25 
Figure 2.6: Designed rescue robot [4] .............................................................................................. 26 
Figure 2.7: Overall System of Surveillance Robot [5] ...................................................................... 26 
Figure 2.8: Block Diagram of Surveillance Robot [5]....................................................................... 27 
Figure 2.9: Block Diagram for Proposed System [6] ........................................................................ 28 
Figure 2.10: Autonomous Rescue Robot [6]..................................................................................... 29 
Figure 2.11: Block Diagram of the Firefighting Robot [7] ................................................................ 30 
Figure 2.12: Firefighting Robot [7] .................................................................................................. 30 
Figure 3.1: V-Model Methodology [8] ............................................................................................. 34 
Figure 3.2: Design Alternative 1 for Rescue Robot [9] ..................................................................... 35 
Figure 3.3: Design Alternative 2 for Rescue Robot [10] ................................................................... 35 
Figure 3.4: System Architecture....................................................................................................... 36 
Figure 3.5: Block Diagram .............................................................................................................. 37 
Figure 3.6: Raspberry Pi 4 ............................................................................................................... 39 
Figure 3.7: Dual Motor Driver Module L298 [13] ............................................................................ 39 
Figure 3.8: Rove 5 Robot [15] ......................................................................................................... 40 
Figure 3.9: Raspberry Pi Camera [17] .............................................................................................. 41 
Figure 3.10: SparkFun Grid EYE Infrared Array Breakout [19] ....................................................... 42 
Figure 3.11: HC-SR04 Ultrasonic Distance Sensor [21] ................................................................... 43 
Figure 3.12: HC-SR501 RIP Motion Sensor .................................................................................... 44 
Figure 3.13: Ublox GPS Module [24] .............................................................................................. 44 
Figure 3.14: Wire ............................................................................................................................ 45 
Figure 3.15: Fuse ............................................................................................................................. 45 
Figure 3.16: Battery 6VDC .............................................................................................................. 45 
Figure 3.17: LED Light ................................................................................................................... 45 
Figure 3.18: Buzzer Sound .............................................................................................................. 46 
Figure 3.19: Smoke Sensor .............................................................................................................. 46 
Figure 3.20: Arduino IDE [24]......................................................................................................... 46 
Figure 3.21: Thonny Software [26] .................................................................................................. 47 
Figure 3.22: Visual Basic [28] ......................................................................................................... 47 
Figure 4.1: Schematic of Ultrasonic Sensor...................................................................................... 51 
Figure 4.2: Ultrasonic Sensor Code.................................................................................................. 52 
Figure 4.3: Ultrasonic Sensor Code.................................................................................................. 52 
Figure 4.4: Ultrasonic Sensor Code.................................................................................................. 53 
Figure 4.5: When the object is very far from ultrasonic LED will turn green .................................... 53 
Figure 4.6: When the object is very far from ultrasonic LED will turn red ........................................ 54 
Figure 4.7: Schematic of Smoke Gas Sensor, LED, and Buzzer ....................................................... 54 
Figure 4.8: Smoke Gas Sensor Code ................................................................................................ 55 
Figure 4.9: When smoke gas sensor detect smoke LED and Buzzer are on ....................................... 56 



 

14 

 

Figure 4.10: When smoke gas sensor detect smoke LED and Buzzer are off..................................... 56 
Figure 4.11: connecting ultrasonic sensor with smoke gas sensor together........................................ 56 
Figure 4.12: Top view of the implementation of the Rescue Robot ................................................... 57 
Figure 4.13: Overview of the implementation of Rescue Robot ........................................................ 57 
Figure 4.14: Overview of the implementation of Rescue Robot ........................................................ 58 
Figure 4.15: Placement of the Battery .............................................................................................. 58 
Figure 4.16: Implementation of the Server ....................................................................................... 59 
Figure 4.17: Implementation of the Server ....................................................................................... 59 
Figure 4.18: Python Code ................................................................................................................ 60 
Figure 4.19: Visual Basic Code ....................................................................................................... 62 
Figure 4.20: Visual Basic Code ....................................................................................................... 63 
Figure 4.21: Visual Basic Code ....................................................................................................... 64 
Figure 4.22: Software Interface Result ............................................................................................. 64 
Figure 4.23: Implementation of the Arduino Code ........................................................................... 65 
Figure 4.24: Implementation of the Arduino Code ........................................................................... 66 
Figure 4.25: Implementation of the Arduino Code ........................................................................... 67 
Figure 4.26: Implementation of the Arduino Code ........................................................................... 67 
Figure 4.27: Implementation of the Arduino Code ........................................................................... 68 
Figure 4.28: Implementation of the Arduino Code ........................................................................... 69 
Figure 4.29: Implementation of the Arduino Code ........................................................................... 70 
Figure 4.30: Base ............................................................................................................................ 71 
Figure 4.31: Base with wires............................................................................................................ 71 
Figure 4.32: Fuse and Switch ........................................................................................................... 72 
Figure 4.33: Components to build the robot ..................................................................................... 72 
Figure 4.34: Connection of DC Motor Driver .................................................................................. 73 
Figure 4.35: RIP motion sensors & Ultrasonic sensor....................................................................... 74 
Figure 4.36: Implementation of Buzzer, LED, Fuse and Switch ....................................................... 74 
Figure 4.37: Assembly of Camera and Sensors ................................................................................ 75 
Figure 4.38: Connecting the Arduino Board ..................................................................................... 76 
Figure 4.39: Raspberry Pi and GPS Chip ......................................................................................... 76 
Figure 4.40: Grid Eye ...................................................................................................................... 77 
Figure 4.41: Rove Robot.................................................................................................................. 77 
Figure 4.42: Power Consumption ..................................................................................................... 78 
Figure 5.1: Survey Result of Question 1........................................................................................... 81 
Figure 5.2: Survey Result of Question 2........................................................................................... 82 
Figure 5.3: Survey Result of Question 3........................................................................................... 83 
Figure 5.4: Survey Result of Question 4........................................................................................... 83 
Figure 5.5: Survey Result of Question 5........................................................................................... 84 
Figure 5.6: Survey Result of Question 6........................................................................................... 85 
Figure 5.7: Survey Result of Question 7........................................................................................... 85 
Figure 5.8: Survey Result of Question 8........................................................................................... 86 
Figure 5.9: Survey Result of Question 9........................................................................................... 87 
Figure 5.10: Survey Result of Question 10 ....................................................................................... 87 
Figure 6.1: Capstone Design Course 475 ......................................................................................... 92 
Figure 6.2: Capstone Design Course 480 ......................................................................................... 92 
 

file://///Users/hghg/Desktop/Rescue%20Robot%20-%20FINAL%20DRAFT%2010.docx%23_Toc74484662
file://///Users/hghg/Desktop/Rescue%20Robot%20-%20FINAL%20DRAFT%2010.docx%23_Toc74484662


 

15 

 

List of Tables 
 

Table 1.1: BOCR Analysis .............................................................................................................. 19 
Table 2.1: Summary and Implications .............................................................................................. 32 
Table 3.1: Alternative of Microcontroller Board .............................................................................. 39 
Table 3.2: Alternative of Motor Driver ............................................................................................ 40 
Table 3.3: Alternative of Robot Platform ......................................................................................... 41 
Table 3.4: Alternative of Camera ..................................................................................................... 41 
Table 3.5: Alternative of Infrared Sensor ......................................................................................... 42 
Table 3.6: Alternative of Ultrasonic Sensor...................................................................................... 43 
Table 3.7: Alternative of RIP Motion Sensor ................................................................................... 44 
Table 3.8: Alternative of GPS Module ............................................................................................. 45 
Table 3.9: Wires, Connections, and Fuse ......................................................................................... 45 
Table 3.10: Battery and LED Light .................................................................................................. 45 
Table 3.11: Buzzer Sound and Smoke Sensor .................................................................................. 46 
Table 3.12: Alternative of Microcontroller Programming Software .................................................. 46 
Table 3.13: Alternative of Python Programming Software ............................................................... 47 
Table 3.14: Alternative of Programming Model Software ................................................................ 48 
Table 3.14: Budget .......................................................................................................................... 48 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

16 

 

 

 



 

17 

 

1 CHAPTER 1: INTRODUCTION 
 

1.1 Introduction   

This chapter discusses the problem idea and statement of the project and what the project 

is trying to solve. Also, the project's goals and objectives are explained. In addition, the BOCR 

Analysis of the project is formed and then the chapter introduces the next and other chapters 

content.  

1.2 Background  

 

Figure 1.1: Working performing maintenance in a tunnel [1]  

Some professions and jobs that include the employee's health and safety in many 

hazardous in the specialized field such as tunnel maintenance for underground trains. These 

jobs affect the physical, mental, and well-being of the workers in these dangerous places such 

as in the oil and gas sector. Thus, the consequence was an upsurge in injuries, illness, and death 

in those mentioned workplaces. To some extent, those injuries are limiting the workers to do 

their job more conveniently. According to an online article about workers who were killed in 

a tunnel that two of the workers were stuck and suffered serious injuries from huge clays that 

weighed around 136 kilograms. Hence, these threats and risks that include chemical, nuclear, 

and weapons can cause deaths. Consequently, high-tech equipment such as robots and drones 

are useful in those conditions to reduce fatal death and major accidents and to keep the 

employees safe [1]. 
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1.3 Problem Statement  

The name of our project is the Rescue Robot (RR). As the name suggests, the designed 

robot of the project idea will be built to help employees who work in remote areas, tunnels, and 

undergrounds that include risky tasks and jobs. By having this robot, it will ensure the user's 

and employees of helping them and easing the process of their intended task that the robot will 

be able to detect the location of the worker in case of danger.  

1.4 Project Objectives  

During the execution of the project, we as a team have had specific and transparent objectives. 

These include the following:  

a. To implement a complete robot machine. 

b. To develop and design the user interface for collecting data of the robot. 

c. To apply engineering methods to have a power effective device and robot.   

d. To assure the project reacts to the developed system. 

e. To help employees with risky jobs. 

f. To test and verify the project's components with appropriate delay.  

g. To implement a moving robot with different electronic components such as sensors, 

motors, and batteries. 

1.5 Project Goals   

During the execution of the project, we as a team have had specific and transparent goals. 

These include the following:  

a. To create the rescue robot that moves in different directions.  

b. To build a rescue robot that is able to detect human movements and interaction.  

c. To implement a rescue robot that can help the process of risky tasks.  

d. To increase the safety of employees.  

1.6 Significance, Scope and Definitions  

The significance of the Rescue Robot project is clear in terms of using technology in 

helping employees who work in risky jobs. Users of the robot are no longer having to worry 
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about their daily tasks and work. In contrast, the scope of the presented project idea is to build 

a robot from research, design, and finally the prototype. Also, the project's concept is defined 

as any other robot project that aims to assist and help by using programmed technology. It is 

also defined as an assistant robot.   

1.7 BOCR Analysis 

The BOCR Analysis is a decision aid and guide for having a complete framework that 

defines the following benefits, opportunities, costs, and risks. These analyses are evaluated 

based on the project idea to contribute to having a successful project's outcome, as shown in 

Table 1.1.  

Table 1.1: BOCR Analysis 

Benefits  Opportunities  

a. Supervisor's support and 

encouragement  

b. The team had worked together in 

other courses  

c. The availability of components in 

the market and online  

d. Background information in 

programming and project assembly  

e. Ability of designing different types 

of circuits  

a. The opportunity for the project to be 

published  

b. Being able to create and build all the 

mentioned benefits  

c. Learning how to handle big and 

long-term projects  

d. Gaining experience and new 

information for future projects  

e. Experiencing teamwork and 

understanding the team's roles and 

tasks  

 

Costs  Risks  

a. Low cost  

b. The used components could be 

replaced to lower the total budget  

a. Limited meeting times due to the 

pandemic situation  

b. Being exposed to new methods and 

software have not been used before  

c. Components failure while testing  

 

1.8 Report Outline  

This report includes six different chapters, and they are as follows:  

 Chapter One  

It introduces the project concept and idea and what is the problem this project is trying to solve.  

 Chapter Two  
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This chapter will mainly focus on researching of similar project topics that has already been 

developed or being sold in the market. This chapter will help in defining the project's features 

and preparation for the next chapter.  

 Chapter Three 

The third chapter will explain the approaches of the project idea in terms of design and 

budgeting the project for both the hardware and software components along with alternatives.  

 Chapter Four  

This forth chapter is mainly connecting all the section in the previous chapter and start the 

implementation of the project by connecting the hardware components and programming the 

software.  

 Chapter Five  

For the evaluation chapter, it represents the terms of the project by conducting an online survey 

and an interview with specialists or people within the same field of the presented project idea.  

 Chapter Six  

For the last chapter, it concludes the overall project idea along with the progress of the capstone 

courses.  

1.9 Conclusion  

In conclusion, in this chapter, the goals and objectives of the presented idea of the project 

are introduced. Moreover, the reason for doing this project concept is explained and elaborated 

along with the BOCR Analysis. In the next chapter, it will be based on research for similar 

project topics. 
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2 CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction   

In this chapter, several of research's will be done in brief in order to compare the idea 

and the way of implementation. This chapter helps in exploring the information of articles and 

project that are related to the Rescue Robot project.  

2.2 Literature Review  

2.2.1 Design & Implementation of a Remotely Controlled Mobile Rescue Robot [2] 

 

 

Figure 2.1: Block Diagram of Receiving Section [2] 

In this article's system that is about a rescue robot that can be controlled remotely in a 

responsive and easy way. This robot is mainly autonomous, where the user can remotely 

control the robot and observe as well as positioning it. The rescue robot uses GPS functionality, 

and it is radar-based technology which leads to having a powerful and controlling robot. In 

addition, this system has a live video streaming of telecasting that allows the user to locate and 

manage the direction of the robot. Moreover, the robot of this project can also be controlled by 

a joystick, Xbee receiver, and different kinds of motors that are controlled by microcontrollers 

such as Arduino Uno and Arduino Mega combined as shown in Figure 2.1 [2].  
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Figure 2.2: System Overview of the Rescue Robot [2] 

As shown in Figure 2.2, it shows the system's overview of the Rescue Robot that the 

design is separated into two sections combined. For the first section, it is the transmission 

section where the user can send different commands and instructions to the programmed robot 

to perform specific tasks. The user can send commands through the implemented joystick. 

Afterwards, the joystick will send these commands that were inserted by the user of the Rescue 

Robot to the microcontroller for signal mapping and signal transmitting. Moreover, the robot 

includes an ultrasonic sensor for measuring the targeted distance. Also, to evaluate and to have 

an estimate of the environment's condition for the rescue robot to perform the desired tasks. On 

the other hand, for the receiver section controls the different servos that control the arm of the 

robot and its movement [2].  
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2.2.2 Mobile Rescue Robot for Human Body Detection in Rescue Operation of 

Disaster [3] 

 

 

Figure 2.3: Hardware Design of Mobile Rescue Robot [3] 

In this article, it uses a mobile rescue robot that can be used in disaster situations. This 

paper aims to develop and design an effective system that saves and rescues humans when 

there is a natural disaster, earthquakes, and wildfires. This paper proposes the rescue robot that 

can be controlled through a programmed mobile application that used the Wireless Sensor 

Network that can detect any human existence in remoted areas automatically. The built system 

also uses monitors for sensing units and cameras to localize any human body to be rescued 

from adverse conditions. In Figure 2.3, shows the hardware design of the mobile rescue robot 

that consists of sensors and microcontrollers, camera units, motor driver, transmission units, 

and motion detection. The sensors in this robot have directly connected the microcontroller to 

read and sending data's through the microcontroller. While for the controller circuit, it is used 

for transmitting the collected information [3].  
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           Figure 2.4: Mobile Rescue Robot [3] 

Figure 2.4 shows the structure of the mobile rescue robot and the hardware assembly that 

includes an LCD screen to show the real time data of the installed sensors as mentioned above. 

The implemented robot shows the path of the program as well as while it is working. The robot 

will start to move when the sensor is detected from motions. Afterward, the buzzer starts 

working by giving a beep sound so that all other sensors start to work and sets ON. Moreover, 

the camera of the robot gets activated along with the mobile application. In case of detection 

of the human body then the robot will show the live streaming and will be shown to the user in 

the control room [3].   

2.2.3 Rescue Robot using ESP Microcontroller [4] 

 

 

Figure 2.5:Block Diagram  [4] 
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This paper focuses on the communication of information on any cataclysmic situations 

that may help to save lives in any disaster. The module is integrated with temperature sensors, 

motion detectors, and ultrasonic sensors that help to avoid obstacles. The robot is controlled 

by an Android operating system. The block diagram shown in Figure 2.5 shows that the rescue 

robot block diagram is controlled by using NodeMCU, IoT, and Android [4].  

 

Figure 2.6: Designed rescue robot [4] 

Figure 2.6 show the rescue robot that can work in disasters it is equipped with 

communication systems to ease the process of rescue operations. The robot also helps in 

establishing communications between the affected areas and the rescue volunteers. The robot 

also enables the user to identify any survivors by analyzing the situation. Moreover, the device 

can remotely operate with the programmed application along with the installed sensors to detect 

and identify the presence of any obstacles or survivors [4].  

2.2.4 Surveillance and Rescue Robot using Android Smartphone and the Internet [5] 

 

 

Figure 2.7: Overall System of Surveillance Robot [5] 
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The idea proposed by the project is surveillance and rescue robot research, which is 

carried out and is focused on the design and development of a cost-effective robot. The safety 

system of the rescue robot has sensors that need to be used in rescue operations. In addition, as 

shown in Figure 2.7, to provide ease of use and a portable Internet connection, the system uses 

a smartphone. For example, the robot can be used indoors to detect gas leaks in houses, 

factories, and industry monitoring in universities or shopping malls. The robot can also be 

perfumed by military surveillance including the discovery of explosives and the detection of 

natural disasters [5]. 

 

Figure 2.8: Block Diagram of Surveillance Robot [5] 

Figure 2.8 shows the block diagram of the surveillance robot that consists of a controlling 

device of the robot. Also, the used four-wheel robot uses the mechanism of any other robots 

like moving forward, backward, and turning left and right. However, the used robot has a 

minimum distance between the front and back wheels which makes the robot having a 

mechanism of better traction and zero turning radius. Moreover, the used microcontroller of 

the system is Arduino Uno. In addition, to the Android smartphone that is used to connect 

Bluetooth, the internet, and camera. The smartphone is also used as an internet hotspot for the 

robot. The live video streaming and audio are recorded by the camera's smartphone and sends 

the data via the internet and GSM calls. On the other hand, once the robot is in ready mode, the 

robot can be controlled remotely either by a tablet or a computer. Furthermore, the robot can 

be controlled and navigated easily with the use of live video streaming. The commands are sent 

to the Android phone and received by the installed application. Then the application directs the 
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robot to the desired direction with the help of programmed commands. Overall, the surveillance 

and rescue robot can transfer both live audio and video with the help of the smartphone's 

camera and microphone. The user of the robot who is in the rescue mission can also talk directly 

to the person who needs of help in any dangerous environment [5]. 

2.2.5 Live Human Detecting Robot for Earthquake Rescue Operations [6] 

 

 

Figure 2.9: Block Diagram for Proposed System [6] 

The autonomous robots and vehicles are crucial in helping much life during a disaster 

such as an earthquake and more. The robots are considered efficient due to their fast response 

and can operate in remote and dangerous situations. Intelligent robotics can be used in 

operations to rescue workers who are affected and in difficult situations. The main concept of 

the proposed project is to build an autonomous robot that moves during an earthquake area and 

helps in finding and identifying alive people. Figure 2.9 shows the block diagram of the overall 

system which is based on infrared sensors that can detect rays of humans. Any live human that 

is around the area emits thermal radiation and can be detected by the autonomous robot by 

using the RIP sensor. Afterward, once the robot detects a live human, it immediately sends an 

audio alert as well as the location to the responsible authorities so as to start with the rescue 

procedure. As well, the robot is built with a geared DC motor and a stepper motor is being used 
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in order to increase turning accuracy. Also, for the robot to be able to perform the forward and 

reverse movements, it uses three DC motors [6]. 

 

Figure 2.10: Autonomous Rescue Robot [6] 

Figure 2.10 indicates a prototype of an autonomous rescue robotic that consists of 

numerous hardware components, which includes embedded microcontrollers, ZigBee 

transmitters in addition to the receivers, RF transceivers, RIP sensors, motor drivers, motion 

detection, and PC interfaces used for controlling. The foremost benefit of the designed machine 

is that the displayed robotic is a secure and efficient device that could ensure that no person 

might be left at the back of with inside the occasion of any emergency or natural disaster. 

Moreover, for this reason, the system makes use of robots to guide labor, the system is stable 

in that there may be no need for others to save the people who need it. Finally, the system 

consists of advanced technologies, including Zigbee, which makes the robot more powerful 

and precise [6]. 
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2.2.6 Automatic Fire Detecting Robot [7] 

 

 

Figure 2.11: Block Diagram of the Firefighting Robot [7] 

You can use the programmed android mobile application to remotely control the 

fireplace robot, as shown in Figure 2.11. The overall goal of this analysis is to develop and 

design a robot which will be operated remotely (such as for firefighting). The robot includes a 

mechanical device to extinguish the flames. All these commands from the mobile application 

are often adjusted to maneuver the robot within the desired direction. In addition, the mobile 

software system may also be used as a remote controller [7].  

 

Figure 2.12: Firefighting Robot [7] 

Robots can be an important system that has a crucial role in our daily life. The robotic 

system can help and ease the process of humans rescue and at the same time, it helps in reducing 

the risk of the firefighters' life. Besides, robotics can be seen and used in many places such as 
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in homes, schools, offices, and hospitals. Consequently, those systems help in detecting flames 

and can also extinguish it before it becomes uncontrollable and harms the people in charge. In 

this presented project, the robot will be able to detect fire automatically in case of accidental 

fire. The system will also be based on a vehicle shape that can easily manoeuvre around to 

detect the presence of fire by using the fire sensor, gas sensor, and temperature sensor. 

Moreover, once the robot detects fire it will alert with a sound and sends a notification message 

to the user of the robot through the installed Bluetooth connection. The user can decide if the 

situation needs to use a water pump or not once the notification has been received because the 

presented project has a water jet spray that will work as a water spray and sprinkler toward the 

required direction of the fire fumes [7].   
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2.3 Summary and Implications  

In Table 2.1 shows the summary of all researched literature review in different terms. 

The researched literature reviews are from several and different journals and projects from 

many universities. The overview comparison table will help the team to finalize goals and 

objectives of the project idea to be improved and well enhanced.  

Table 2.1: Summary and Implications 

# Project Title Camera Portability CO2 Gas 

Sensor 

Co Gas 

Sensor 

Oxygen 

Sensor 

Flame 

Sensor 

Temperature 

Sensor 

GPS Motion 

dectection  

 

1 

Design & 

Implementation of a 

Remotely Controlled 

Mobile Rescue 

Robot 

x √ x x x x x √ x 

 

2 

Mobile Rescue 

Robot for Human 

Body Detection in 

Rescue Operation of 

Disaster 

√ √ √ √ x x √ x √ 

3 Rescue Robot using 

ESP Microcontroller  

x √ x x x x x x √ 

4 Surveillance and 

Rescue Robot using 

Android 

Smartphone and the 

Internet 

√ N/A √ √ √ x √ x x 

5 Live Human 

Detecting Robot for 

Earthquake Rescue 

Operations 

x √ x x x x x x √ 

6 Automatic Fire 

Detecting Robot  

x √ √ √ x x √ x x 

- Rescue Robot √ √ √ √ √ √ √ √ √ 

 

2.4 Conclusion  

In conclusion, this chapter discussed projects and research that are compared to the 

presented idea of the Rescue Robot. The chapter focused on comparing the researched projects 

and to have an overview of other projects. At the end of the chapter, a summary comparative 

table is included.  
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3 CHAPTER 3: METHODOLOGY, DESIGN AND ANALYSIS  
 

3.1 Introduction   

  This chapter addresses the overall design of the project as well as the block diagram of 

the system. This chapter also covers the discussion of various designs and components for 

several design alternatives. The design and components chosen are based on the priorities and 

objectives of the project that need to be fulfilled. 

3.2 Methodology  

 

 

Figure 3.1: V-Model Methodology [8] 

The methodology chosen for the Rescue Robot project is the V-Model Methodology, 

which is the implementation of the SDLC Model, also known as the "Software Development 

Life Cycle," which is primarily used in project management and describes the whole phase and 

stage that the project requires to be fully operational. Also, the sequence of the cycle is in a V 

form for the V-Model as it is called, as shown in Figure 3.1. Because of the testing process that 

takes place at each stage of development, this type of model was chosen. Also, the V-Model is 

not useful for small-scaled projects however it is more flexible and useful for projects like the 

capstone. This type of model is used for clear statics and ideas that each of the required stages 

will have early testing to avoid any mistake [8]. 
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3.3 Research Design  

3.3.1 Design Alternative 1 [9] 

 

 

Figure 3.2: Design Alternative 1 for Rescue Robot [9] 

Figure 3.2 shows the Design Alternative 1 for Rescue Robot that has an integration of 

robot exploration system that includes 6 legs. This robot is an autonomous system that can be 

used for investigating through rough areas and remoted places. This design was not chosen 

because of its big scale and will not be suitable for small and tight areas [9].  

3.3.2 Design Alternative 2 [10] 

 

 

Figure 3.3: Design Alternative 2 for Rescue Robot [10] 

Figure 3.3 shows the second design alternative for the rescue robot which is called the 

Rover 5. In this implementation it mainly focuses on using a stretchy rubber that is easier for 

the robot to move. The Rover 5's chassis are at the bottom of the robot and has a battery holder. 
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This design was chosen because it is more flexible and smaller in size. This type of robotic is 

recommended and it is ideal to be used for university projects. 

3.4 System Architecture  

 

Figure 3.4: System Architecture 

The system architecture diagram is used to show the overall outline and framework of 

all components used to build and implement the project idea, as shown in Figure 3.4. First of 

all, the Ultrasonic Sensor is used to prevent obstacles around the robot, such as high places or 

walls, from being used to detect any objects around the robot. While the LED indicator and 

buzzer will give us an indication of red lights and buzzer sound in case of an emergency, to 

alert us if there is a problem. Also, the combination of buzzer and LED Light has an advantage, 

such as the combination of light and sound signals in one device. The chassis platform 

incorporates the wheels that manage the robot's motion backward, forward, left, and right, even 

as the engine motive force controls the rate and route of the engines. The raspberry pi 4 acts as 

a communique device that allows the structures to interaction with the robot. The Raspberry Pi 
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is a miniature computer we use as a control unit that takes the command from other devices 

and operates. If an emergency occurs and it gets detected by one of the sensors the user will be 

notified with an SMS message or by an email. This explains the subsystems of the project's 

operations with the relations. We can connect the operations to the microcontroller using a 

digital method or an analog method or a USB or even through an i2c protocol. Finally, we have 

the GPS chip we use to locate the device location on maps. 

3.5 Block Diagram  

 

Figure 3.5: Block Diagram 

Figure 3.5 shows the block diagram of the entire system, where each block represents the 

important parts of the system and the functionality to show the relationship of the system. The 

main processor unit is the microcontroller, also known as the Arduino Uno platform. The other 
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sensors can be read from the microcontroller. It is connected to the Grid-Eye Infrared to detect 

the temperature sensor, the Semi-Thermal Cam. On the other hand, it is connected to the Gas 

Leakage Sensor, which is an MQ type sensor for the detection of several types of gasses such 

as liquid petroleum gases. The microcontroller is also connected to a motion sensor, a digital 

input that can detect any movement or motion. If any movement is detected, the sensor will be 

triggered, and the system will be processed. The Ultrasonic Sensor is used to avoid obstacles 

around the robot, such as high places or walls, in addition, we will add an LED indicator and a 

buzzer in case of an emergency, which will give us an indication of red lights and a buzzer to 

alert us if there is a problem. The main output is to control the speed and direction of the electric 

motors inside the engine platform, which contains the wheels, and to control the robot's 

movements backward, forward, left, and right. The Motor drivers will control the speed and 

direction of the motors, since we cannot feed the motors from the microcontrollers directly 

with the right power, we will add external power up to 12VDC to give the robot the power to 

move and do the operation. To take a normal moving robot to an advanced level, we need the 

raspberry pi. The raspberry pi provides the robot with a lot of features like communication and 

photo streaming. For the photo on the raspberry pi computer, we can attach an external camera 

to it. Also, we can connect it to a Wi-Fi communication so it can communicate with the server 

or with another PC. The Wi-Fi communication let the user controls the robot manually or 

automatically according to the user's needs and wants. In case of an emergency detected by any 

of the sensors, a notification will be sent to the user through either an SMS message or by an 

email. Roughly speaking, this is a detailed explanation of the subsystems of the project's 

operations with the relations. Some operations are connected in an analog way or in a digital 

way to the microcontroller. Moreover, some operations are connected through a USB or 

through an i2c protocol using two signals: serial clock line communication and serial data line 

communication. For the GPS chip, we used it to allocate the robot place using google maps in 

case of any damage or loss. It's also useful to allocate the gas leak place to avoid any humans 

injury in that area. 



 

39 

 

3.6 Hardware Components  

3.6.1 Microcontroller Board: Raspberry Pi 4 [11] 

 

Figure 3.6: Raspberry Pi 4 

Figure 3.6 shows the Raspberry Pi has a memory of up to 8GB of RAM, fiber quad-

core CPU, dual display support of up to 4K, Gigabit Ethernet, USB3.0, Wi-Fi, Bluetooth 5.0, 

and USB-C power is available on Raspberry Pi 4. This is the performance of the PC desktop, 

which can be found in the Raspberry Pi 4 [12].  

3.6.1.1 Alternative of Microcontroller Board   
Table 3.1: Alternative of Microcontroller Board  

 Raspberry Pi 4 [11] Arduino UNO R3 [12] 

Programming Language  Java, Python, C, C++ C, C++, Java 

Operating System  Mac OS, Windows, Linux Mac OS, Windows, Linux 

Operating Voltage 5.1V 5V 

DC Current  1.2A 20mA 

Clock Speed 1.5GHz 16 MHz 

Price  $63.96 $29.51 

Team’s Selection  Used Used 

 

Table 3.1 shows the alternatives of the microcontroller boards where the Arduino UNO 

R3 and Raspberry Pi 4 were compared. As a result, the Raspberry Pi 4 and Arduino Uno R3was 

chosen because both are powerful microcontrollers. 

3.6.2 Motor Driver: Dual Motor Driver Module L298 [13] 

 

 

Figure 3.7: Dual Motor Driver Module L298 [13] 
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Figure 3.7 shows the Dual Motor Driver Module L298 its main purpose is to allow 

controlling the direction as well as the speed of the installed DC motors or any other stepper 

motor. Usually, the dual motor drivers are responsible for making an interface between the 

controller circuit and the motors [13].  

3.6.2.1 Alternative of Motor Driver     

 

Table 3.2: Alternative of Motor Driver    

 Dual Motor Driver Module 

L298 [13] 
DC MOSFET Motor Driver 

[14]  

Voltage  46V 36V 

Current  2A 30A 

Driver Type  Dual H-Bridge  H-Bridge  

Price  $8.24 $41.21 

Team’s Selection  Used Not Used 

 

Table 3.2 shows the alternatives of the motor driver where Dual Motor Driver Module 

L298 and DC MOSFET Motor Driver were compared. As a result, the Dell Venue 10Dual 

Motor Driver Module L298 was chosen because this motor uses high voltage and current and 

it is a dual H-Bridge. Therefore, the Dual Motor Driver Module L298 can control two types of 

motor. The RPM and the rotation of the motor.  

3.6.3 Robot Platform: Rove 5 Robot  

 

 

Figure 3.8: Rove 5 Robot [15] 

Figure 3.8 shows the Rove 5 Robot chassis and platform that has 4 different usages. In 

addition, the robot has four independent motors where each of the motors has a hall effect of 

quadrature encoder as well as the gearbox. This type of robot can be used in cases of heavy-

duty [15].  
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3.6.3.1 Alternative of Robot Platform      

 

Table 3.3: Alternative of Robot Platform    

 Rove 5 Robot [15] SparkFun Jet Bot [16] 

Voltage  7.2V 2.1V 

Current  160mA N/A 

Speed 8804+-10%RPM  N/A 

Price  $91.00 $249.95 

Team’s Selection  Used Not Used 

 

Table 3.3 shows the alternatives of the robot platform where Rove 5 Robot SparkFun 

Jet Bot were compared. As a result, the Rove 5 Robot was chosen because it is meant to be 

used for heavy duty projects and its more suitable for the rescue robot. While the SparkFun Jet 

Bot it is more expensive than the Rove 5 Robot.  

3.6.4 Camera: Raspberry Pi Camera [17] 

 

 

Figure 3.9: Raspberry Pi Camera [17] 

Figure 3.9 shows the Raspberry Pi Camera is high-quality Sony camera customized for 

Raspberry Pi image sensor that includes a fired focus lens. With still photos, the camera can 

take static photographs of 3280 x 2464 pixels as well as 1080p30, 720p60 and 640x480p90 

[18].  

3.6.4.1 Alternative of Camera       
Table 3.4: Alternative of Camera     

 Raspberry Pi Camera [17] Blue HD Web Camera [18] 

Color Digit  N/A 24 bits  

Lens Type  Sony Camera CMOS 

Lens  5 megapixels  640 x 480 resolution 

Price  $45.99 $19.62 

Team’s Selection  Used Not Used 
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Table 3.4 shows the alternatives of the Camera where Blue HD Web Camera and 

Raspberry Pi Camera were compared. As a result, the Raspberry Pi Camera was chosen 

because it is more compatabile with the Raspberry Pi 4.  

3.6.5 Infrared Sensor: SparkFun Grid EYE Infrared Array Breakout  

 

Figure 3.10: SparkFun Grid EYE Infrared Array Breakout [19] 

Figure 3.10 shows the SparkFun Grid EYE Infrared Array Breakout Board that is used 

as an Infrared Sensor for electronic devices that helps in measuring and detecting infrared 

radiation in any environment [19].  

3.6.5.1 Alternative of Infrared Sensor        

 

Table 3.5: Alternative of Infrared Sensor      

 SparkFun Infrared Array 

Breakout [19] 

Hokuyo Infrared Detection 

Sensor [20] 

Operating Voltage  3.6V 24V 

Current Consumption  4.5 mA 250mA 

Human Detection  7m  2000-3000mm 

Price  $64.62 $1135 

Team’s Selection  Used Not Used 

 

Table 3.5 shows the alternatives of the Infrared Sensor where SparkFun Infrared Array 

Breakout and Hokuyo Infrared Detection Sensor were compared. As a result, the SparkFun 

Infrared Array Breakout was chosen because it is cheaper in price.  
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3.6.6 Ultrasonic Sensor: HC-SR04 Ultrasonic Distance Sensor   

 

Figure 3.11: HC-SR04 Ultrasonic Distance Sensor [21] 

Figure 3.11 shows the Ultrasonic Distance Sensor that is used for proximity and to 

avoid any collision when used in automatic and automobile projects. It is primarily used for 

obstacle avoidance and detection [21].  

3.6.6.1 Alternative of Ultrasonic Sensor        

 

Table 3.6: Alternative of Ultrasonic Sensor      

 HC-SR04 Ultrasonic Distance 

Sensor [21] 
Grove Zero Ultrasonic Sensor 

[22]  

Operating Voltage  5V 5V 

Current Consumption  15mA 1.5A 

Range Distance  2cm-4m  3-350cm 

Price  $2.47 $12.90 

Team’s Selection  Used Not Used 

 

Table 3.6 shows the alternatives of the Ultrasonic Sensor where HC-SR04 Ultrasonic 

Distance Sensor and Grove Zero Ultrasonic Sensor were compared. As a result, the HC-SR04 

Ultrasonic Distance Sensor was chosen because it is cheaper in price and has a longer range 

distance.  
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3.6.7 RIP Motion Sensor: HC-SR501 RIP Motion Sensor  

 

Figure 3.12: HC-SR501 RIP Motion Sensor  

Figure 3.12 shows the HC-SR501 RIP Motion Sensor that is used for sensing motions 

and to detect human presences and movement [23].  

3.6.7.1 Alternative of RIP Motion Sensor        

 

Table 3.7: Alternative of RIP Motion Sensor      

 HC-SR501 RIP Motion Sensor  

[23] 

JST RIP Motion Sensor  

Operating Voltage  30V 12V 

Current Consumption  50uA 1.6mA 

Range Distance  Automatic  N/A 

Price  $2.47 $9.95 

Team’s Selection  Used Not Used 

 

Table 3.7 shows the alternatives of the RIP Motion Sensor where HC-SR501 RIP 

Motion Sensor and JST RIP Motion Sensor were compared. As a result, the HC-SR501 RIP 

Motion Sensor was chosen because it is automatic and cheaper.  

3.6.8 GPS Module: Ublox GPS Module [24] 

 

Figure 3.13: Ublox GPS Module [24] 

Figure 3.13 shows the hardware component of the Ublox GPS Module which is used to 

locate the existing satellites to a GPS receiver to determine the time and place it is now on 

Earth. GPS position accuracy relies on several factors [24].  
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3.6.8.1 Alternative of GPS Module         

 

Table 3.8: Alternative of GPS Module       

 Ublox GPS Module [24] GPS Module Pre-Go [25] 

Power Supply 3-5V N/A 

Price  $19.91 $137.95 

Team’s Selection  Used Not Used 

 

Table 3.8 shows the alternatives of the GPS Module. As a result, the Ublox GPS 

Module was used because its available in the local market.  

3.6.9 Essential Components: Wires, Connection, and Fuse  

 

Table 3.9: Wires, Connections, and Fuse 

 Wire  Fuse  

Picture  

 
Figure 3.14: Wire 

 

 
Figure 3.15: Fuse 

Price  $24.73 $9.95 

Team’s Selection  Used  Used 

 

 

3.6.10 Essential Components: Battery 6VDC 7.2 mA and LED Light  
 

Table 3.10: Battery and LED Light 

 Battery 6VDC LED Light (Red & Green) 

Picture   

 
Figure 3.16: Battery 6VDC 

 

 
Figure 3.17: LED Light 

Price  $28.03 $0.33 

Team’s Selection  Used  Used 
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3.6.11 Essential Components: Buzzer Sound and Smoke Sensor   

 

Table 3.11: Buzzer Sound and Smoke Sensor 

 Buzzer Sound   Smoke Sensor  

Picture   

 
Figure 3.18: Buzzer Sound 

 

 
Figure 3.19: Smoke Sensor 

Price  $0.82 $14.84 

Team’s Selection  Used  Used 

 

3.7 Software Components  

3.7.1 Microcontroller Programming: Arduino IDE [24] 

 

Figure 3.20: Arduino IDE [24] 

Arduino IDE is software that is developed by the Arduino company that programs the 

Arduino microcontrollers. The two programming languages that can be used are c and C++. 

The software is used due to its compatibility and does not need third-part software [24].  

3.7.1.1 Alternative of Microcontroller Programming Software  

 

Table 3.12: Alternative of Microcontroller Programming Software 

 Arduino IDE [24] Eclipse [25] 

Programming Language  C, C++, Java  C, C++, C++, PHP  

Operating System  Windows, Mac OS, Linux  Windows, Mac OS, Linux  

Price  Free Free 

Team’s Selection  Used Not Used 

 

Table 3.12 shows the alternatives of the Microcontroller Programming Software where 

Arduino IDE and Eclipse were compared. As a result, the Arduino IDE was chosen because it 

is compatible with the chosen microcontroller.   
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3.7.2 Python Programming: Thonny Software [26] 

 

Figure 3.21: Thonny Software [26] 

Thonny is a Python integrated development environment for novices. It offers many 

ways to enter the code, evaluates the step-by-step expression, visualizes the call stack in detail 

and modes to illustrate referrals and heap idea [26].  

3.7.2.1 Alternative of Pythong Programming Software  

 

Table 3.13: Alternative of Python Programming Software 

 Thonny Software [26] Pythong Software 

Developemnt [27] 

Programming Language  Pythong Python  

Operating System  Windows, Mac OS, Linux  Windows, Mac OS, Linux  

Price  Free Free 

Team’s Selection  Used Not Used 

 

Table 3.13 shows the alternatives of the Python Programming Software where Thonny 

Software and Eclipse were compared. As a result, the Thonny Software was chosen because it 

is user friendly and its great for beginners.  

 

3.7.3 Programming Model: Visual Basic [28] 

 

Figure 3.22: Visual Basic [28] 

Visual Basic for Applications is a Microsoft-owned computer programming language. 

You may construct macros using VBA to automate repetitive word and data processing and to 

construct customized forms, graphs and reports. In MS Office apps, VBA functions; this is not 

a product of its own [28]. 
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3.7.3.1 Alternative of ProgrammingModel  Software  

 

Table 3.14: Alternative of Programming Model Software 

 Visual Basic [28] Xojo [29] 

Operating System  Windows Windows, Mac OS, Linux  

Price  Free Free 

Team’s Selection  Used Not Used 

 

Table 3.14 shows the alternatives of the ProgrammingModel  Software where Visual 

Basic Software and Eclipse were compared. As a result, the Visual Basic Software was chosen 

because the team is more familiar and had used it before in previous courses.  

3.8 Budget  

Table 3.14 shows the components that has been purchased and used for the 

implementation along with their quantities and prices.  

Table 3.15: Budget 

Hardware Components 

# Component Name Qty. Price 

1 Raspbery Pi 4 1 $63.96 

2 Raspberry Pi Camera 1 $45.99 

3 Dual Motor Driver Module 1 $8.24 

4 Rove 5 Robot 1 $91.00 

5 SparkFun Grid Eye Infrared Array 

Breakout 

1 $62.64 

6 Ultrasonic Sensor  1 $2.47 

7 PIR Motion Sensor  1 $2.47 

8 Wire 1 $24.73 

9 Fuse 1 $9.95 

10 Battery 6VDC 1 $28.03 

11 LED Light 1 $0.33 

12 Buzzer Sound 1 $0.82 

13 Smoke Sensor 1 $14.84 

14 GPS Module Ublox 1 $19.91 

Software Components 

# Software Name Qty. Price 

1 Arduino IDE 1 Free 

2 Thonny Software 1 Free 

3 Visual Basic 1 Free 

4 GoDaddy Server  1 $1.00/month 

Shipping Cost $32.97 

Total Cost $409.35 
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3.9 Ethics and Limitations  

For the principles and constraints of the project, several requirements should be met and 

taken into consideration by any project developer that will ensure the engineering profession's 

responsibility to the environment, culture, and community in which they work.  In terms of 

building and enforcing the highest professional standards, team members are committed to 

fulfilling the ethical practices of engineering.  In unfortunate situations such as fire and natural 

disasters, the built of the project can support people and help them to be able to use the robot.  

Besides, the designed robot should ensure that the user of the development is safe and secure 

and does not cause harm.  The team ensured that a project philosophy was added to support 

individuals and employees whose job is hazardous and unsafe. 

3.10 Conclusion  

The selected design alternatives for both hardware and software were defined in this 

chapter and the decisions behind the selection of these components. This chapter also included 

the clarification of the key components and their relations to provide an overall project design. 

Consequently, this report and project process allowed the team members to categorize and 

distinguish between the market components and how they fit together by defining the best 

components. 
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4 CHAPTER 4: IMPLEMENTATION 
 

4.1 Introduction   

The implementation of the rescue robot and testing of the various components that were 

purchased and mentioned in the previous third chapter is briefly explained in this chapter. All 

the hardware and software components were individually tested and programmed and then 

incorporated together to implement and improve the rescue robot project's required 

comprehensive outcome. 

4.2 Hardware Implementation  

4.2.1 Implementation of Ultrasonic Sensor  

 

 

Figure 4.1: Schematic of Ultrasonic Sensor 

Figure 4.4 shows the schematic drawing of the Ultrasonic Sensor. The ultrasonic sensor 

was used to measure distance using ultrasonic sound waves. An ultrasonic sensor is a device 

to send and receive ultrasonic pulses that transmit information about objects. These sensors 

work by sending a sound wave to a specific frequency. The transducer acts as a microphone to 

receive and send the ultrasonic waves. The sensor determines the distance by target measuring 

time lapses between the sending and receiving of the ultrasonic pulse. For ultrasonic sensor we 

need voltage, input, output, and ground to connect to the Arduino Uno as shown in Figure 4.4. 
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Figure 4.2: Ultrasonic Sensor Code 

In Figure 4.2 shows the entire programmed code of the ultrasonic sensor that is 

programmed using Arduino IDE.  

 

Figure 4.3: Ultrasonic Sensor Code 

In this code as shown in Figure 4.3. First, we are setting the trig for Ultrasonic to send 

pules. Then, when the echo receives the pulse, we are going to use duration to calculate the 

distance. The formula we used to calculate distances for ultrasonic sensors as shown below. 
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𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 
2

29.1
 

 

         

Figure 4.4: Ultrasonic Sensor Code 

In this code as shown in Figure 4.4, we are setting the led depending on the distance of 

the object. If the distance between ultrasonic and the object higher than 30 than the green led 

will be high as shown in Figure 4.5. When the distance between ultrasonic and the object is 

less than 30 than the red led will be red as shown in Figure 4.6.  

 

 

Figure 4.5: When the object is very far from ultrasonic LED will turn green 
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Figure 4.6: When the object is very far from ultrasonic LED will turn red 

4.2.2 Implementation of Smoke Gas Sensor  

 

 

Figure 4.7: Schematic of Smoke Gas Sensor, LED, and Buzzer 

In Figure 4.7 shows the schematic drawing of the smoke gas sensor along with the LED 

and Buzzer. The smoke gas sensor helps in detecting any smoke nearby.  
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Figure 4.8: Smoke Gas Sensor Code 

 In this code as shown in Figure 4.8, we are setting the smoke gas sensor with LED and 

Buzzer. First, we check if the sensor has reached the threshold value. if the sensor input is 

greater than the 400 than the sensor detection smoke the LED will turn red and the buzzer 

produce warning sound as shown in Figure 4.9. Otherwise, the LED and the Buzzer will be off 

as shown in Figure 4.10 and Figure 4.11.  
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Figure 4.9: When smoke gas sensor detect smoke LED and Buzzer are on 

 

Figure 4.10: When smoke gas sensor detect smoke LED and Buzzer are off 

 

Figure 4.11: connecting ultrasonic sensor with smoke gas sensor together 
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4.3 3D Implementation of Rescue Robot  

 

Figure 4.12: Top view of the implementation of the Rescue Robot 

 

Figure 4.13: Overview of the implementation of Rescue Robot  

Figure 4.12 and Figure 4.13 there are three major component we used to build our robot. 

First, the Raspberry Pi  which is a small computer to control the hole prosses and it’s connected 

to all the component in our circuit. Second of all, we have the which is a small computer used 

to connect our sensers. Then, we have more than 5 sensers in our robot and by using Arduino. 

Also, we can program and control them. Finally, motor driver that is used to control DC motor 

and stepper motor in our case we use it for the Rover 5 robot. In addition, it can control 2 Dc 

motors and up to 4 Dc motor. Therefore, we can change the number of motors we need to our 

robot 
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Figure 4.14: Overview of the implementation of Rescue Robot  

 Figure 4.14 shows the overview of the implementation of the Rescue Robot. 

Moreover, we placed the ultrasonic sensor in the front side of our robot to measure the distance 

between the robot and any object. We use it to protect our robot from accident and any possible 

hits that may cause damage. Moreover, we also place the gride eye also in the front to detect 

any objects and change in temperature. Besides, it works like thermal camera but it smaller in 

size and cost less. Finally, we used high resolution camera to provide us with real time photo 

from the workplace.  

 

Figure 4.15: Placement of the Battery  

Figure 4.15 shows the design of the Rescue Robot from the top view. The 3D figures 

show an approximate design for the rescue robot with all the components and details purchased. 

For our design we used Rover 5 motor because of its ability to carry our component wight and 

the stability to our robot.  
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4.4 Software Final Implementation of the Rescue Robot  

4.4.1 Implementation of the Server   

 

 

Figure 4.17: Implementation of the Server 

Figure 4.16 and Figure 4.17 shows the implementation of the Server. For example, to 

fetch the GPS location from the GPS chip, the data must be sent to Arduino, then from Arduino 

to USB through serial communication, then directly to Raspberry Pi, and so on for the rest of 

the sensors. After getting all the data that we need then the data is sent to the server through 

PHP functions. The purpose of the PHP is to send data to the server successfully and saves the 

collected information in the main table. The server interface consists of the main table that is 

called ‘robot.’ It has few columns, starting with the direction column where we can know the 

Figure 4.16: Implementation of the Server 
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direction of the moving robot depending on the codes, either forward, backward, left, or right. 

Next is the MQ2 column; the MQ2 is the smoke sensor where we can check the smoke levels. 

Then we have the MQ135 column. The MQ135 is the gas sensor where we can find if there is 

a gas leakage or not. The fourth column is thermal. Basically, the thermal is for the grideye 

temperature sensor, where it detects high temperatures. Finally, we have the last two columns, 

the lat column, and the lon column. The lat column refers to latitude, and the lon column refers 

to longitude. Both are used for finding a geographical coordinate of a specific location while 

using a GPS chip.  

4.4.2 Implementation of the Python Code  

 

Figure 4.18: Python Code 
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For Raspberry pi we used Thonny software to write our code, as shown in Figure 4.18. 

The code from line 27 till line 53 as shown in the python code figure responsible of camera 

action. Also, the camera will take a picture, then it’s going to save it and send it to the server 

the display it on the APP for the user. Furthermore, the code from line 55 till line 87 when the 

user chooses direction from the App the raspberry pi going to take it to send it back to the 

Arduino to run the motors and move to the desired direction.  

4.4.3 Implementation of the Visual Basic   

Visual basic code was used to build the interface between machines and humans. It’s a 

way to simplify the programming language for all users. Our project was used to create a page 

with direction control, photos, maps, temperature reading, gas, and smoke reading. 
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Figure 4.19: Visual Basic Code 

 Figure 4.19 shows the Visual Basic Code, in the code from line 136 to line 207 shows 

the map where the robot is standing on google map. The location will be updated when the 

robot movies. The GPS chip will send the information to the Arduino and from it to the 

raspberry pi and finally to the server to display it to the user.  
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Figure 4.20: Visual Basic Code 

 Figure 4.20 shows the Visual Basic Code of the code from line 208 to 246 control in 

which direction the robot motors will turn and move. The line 208 is to move it to the forward, 

while line 224 is to move it back word. We also have from line 216 to turn it to the right and 

line 232 to turn it to the left. Finally, line 240 is to stop the robot motion. When the user press 

the button the server will send a signal to the raspberry pi and from it to the Arduino to control 

the motor motion.  
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Figure 4.21: Visual Basic Code 

 Figure 4.21 shows the code line from 261 till line 283 is controlling the check boxes in 

the interface if there is an obstacle and if the motion detection detect any motion.  

 

Figure 4.22: Software Interface Result 

 This is the software interface result as shown in Figure 4.22, where the user can read 

the value of the sensor to check there are no gases or smokes in the area. It’s also helped the 

user to locate the robot location from the map. The direction batons is to control the robot 
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motion. We also have the camera will send and update photos of the surrounding area. 

Finally, we have to check boxes to make sure that there are no obstacle in the way or any 

moving objects like animals.  

4.4.4 Implementation of the Arduino Microcontroller    

 

Figure 4.23: Implementation of the Arduino Code 

This is the Arduino code as shown in Figure 4.23, basically the code acts as an interface 

between Arduino and Raspberry Pi with the sensors that are around them. First, we define the 

libraries and then the global variables that we must use to achieve what we aimed for.  

 

 



 

66 

 

 

Figure 4.24: Implementation of the Arduino Code 
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Figure 4.24 shows the implementation for the setup() function is basically used to set 

the input and output. The LT() function, the RT() function, the FD() function, and the BK() 

function are for the movement.  

 

Figure 4.25: Implementation of the Arduino Code 

Figure 4.25 shows the code implementation of the motion() method is used to detect 

motion by using a motion sensor. The provided if statement shows that when running the code 

and the robot starts to detect motion it will display ‘M’ (M means there is motion) while the 

code is running, otherwise it will display ‘N’ (N means there is no motion).  

 

Figure 4.26: Implementation of the Arduino Code 
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Figure 4.26 shows the implementation of the gridEye() function is used with the grideye 

temperature sensor where it is used to detect the values of temperature. It prints out the 

temperature values as 8×8 pixels starting from ‘., o, 0, and O’.  

 

Figure 4.27: Implementation of the Arduino Code 

Figure 4.27 shows the detectObject() method is responsible for detecting obstacles in 

front of the robot. The given value (40) is the distance in centimeters from the robot and an 

object. The provided if statement shows that when running the code and the robot starts to 
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move but suddenly it finds an obstacle in less than 40cm it will stop and display ‘O’ (O means 

there is an obstacle) while the code is running, otherwise it will display ‘W’ (W means there is 

no obstacle).  

 

Figure 4.28: Implementation of the Arduino Code 

Figure 4.28 shows the loop() function is the core of the project. It runs all the operations 

that were provided in the code. It reads data serially from the Raspberry Pi and takes the 

required command. The if statement that has been added in this part of the code is for the server. 

Basically, it fills up the lat column and the lon column in the main table of the server so it can 

be viewed know or later. The method is used when reading the GPS chip to provide us with a 

specific latitude and longitude coordinates to detect the exact location and then it is being read 

by the visual basic interface and shows a map with the location.  
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Figure 4.29: Implementation of the Arduino Code 

Figure 4.29 shows the implementation of the if statement that has been added in this 

part of the code is for the server. Basically, it fills up the direction column in the main table 

and it can be viewed know or later. When the Raspberry Pi sends data to the robot, the direction 

column of the main table shows ‘1’ which means that the robot is moving forward, then ‘2’ 

means that the robot is moving backwards, then ‘3’ means that the robot is moving to the left, 

and finally ‘4’ means that the robot is moving to the right. These are the default values ‘1, 2, 

3, and 4’ that we chose, and they are not fixed so they can be changed anytime depending on 

our wants.  
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4.5 Hardware Final Implementation of the Rescue Robot  

 The final implementation of the rescue robot is shown in the following figures, and 

the figures will be arranged step by step in the implementation process. The prototype starts 

with a simple wood base to carry the components as shown as follows:  

 

Figure 4.30: Base 

 

Figure 4.31: Base with wires 
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Figure 4.32: Fuse and Switch 

 The above figures show the base with the wires connection and the safety fuse, along 

with the ON/OFF switch. The following figure shows the implementation of the motor driver 

with the ultrasonic sensor and other components, a shown in Figures 4.30, 4.31, and 4.32.  

 

Figure 4.33: Components to build the robot  
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  In the first stage we prepared all our components and needed wires to build our robot, 

as shown in Figure 4.35. We also cut a foam board to build base to place our component on. In 

the figure 36  we are using many sensorlike ultrasonic sensor, gas sensor, smoke sensor and 

motion detection sensor. We can also see DC motor driver connected to the base of the robot. 

Finally, we have two more component the switch and the fuse.  

 

Figure 4.34: Connection of DC Motor Driver 

 In this part, as shown in Figure 4.35 the connection of the DC Motor Driver. We are 

going to explain how motor drive operates. It has three connecter the first connector for full 

power, the second connecter for ground and the third connecter for output. We used it to control 

the motors as you can see in Figure 4.35, we connected the dc motor drive with Rover 5 motor 

to control motor motion.  
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Figure 4.35: RIP motion sensors & Ultrasonic sensor 

      As shown in Figure 4.36 on the left side, we have gas sensor we used it to detect any 

increases in gases that can harm workers. Alos, on the right left, we have a smoke sensor to 

detect any smokes or possible events that cause smoke. For both gas and smoke 

sensors connected to Arduino. Finally, we have a high resolution came it’s the only device 

connected directly to the raspberry pi. It is used to give us a real time photos for the location to 

detect the type of problem before any worker get involved. 

 

Figure 4.36: Implementation of Buzzer, LED, Fuse and Switch 
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     Figure 4.36 shows the back side of the robot and many other component we didn’t discuss. 

On this side under the board, we can see our the battery that supply the robot with 6V and 4.5A, 

It supplies the motors and the Arduino. On the left side, we have the Fuse we used it to protect 

the robot in case if the robot interact with an obstacle. The fuse will get destroyed to protect 

robot parts from damage and it is easy to replace. On the same side, we also have the switch to 

turn the device on and of. In the middle we have the LED light and the buzzer they will work 

in case of emergency the LED will blink and the buzzer will produce sounds.   

 

 

Figure 4.37: Assembly of Camera and Sensors 

      As shown in Figure 4.37 on the left side, we have gas sensor we used it to detect any 

increases in gases that can harm workers. And on the right left, we have a smoke sensor to 

detect any smokes or possible events that cause smoke. For both gas and smoke 

sensors connected to Arduino. Finally, we have a high resolution came it’s the only device 

connected directly to the raspberry pi. It is used to give us a real time photos for the location to 

detect the type of problem before any worker get involved  
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Figure 4.38: Connecting the Arduino Board  

 In this part we connected the Arduino mega to the surface of the robot as shown in 

Figure 4.38. We used Arduino mega as a microcontroller to connect most of our sensors 

because it has a lot of input and output pins. We also used mini breadboard above the Arduino 

because we have many sensors and if any of them burn or break it will not affect the Arduino 

or damage it. Finally, we used connector as shown in the left side to connect the motor wires 

with DC motor drive.  

 

Figure 4.39: Raspberry Pi and GPS Chip  

Figure 4.39, we can see both raspberry pi minicomputer on the right and GPS on the 

left side to the surface of the robot. First, we have the GPS chip we used it to detect the location 

of the robot in case of lost, or detect the location of the problem in case of gas leakage or change 
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in temperature. The raspberry pi used as a mini controller to the whole process. We connected 

the Arduino with the raspberry pi with blue wire to control all other sensors connected to 

Arduino We also have to motion that we used lithium batteries for the raspberry pi to provide 

it with 3A current were the main battery supply 4.5A current this high current will damage the 

device.  

 

Figure 4.40: Grid Eye 

 After that we connected the grid eye as shown in Figure 4.40 in the front of the robot. 

Grid eye used to detect the object's temperature it’s work like thermal camera but with less 

cost. We used to detect any unnatural change in temperature that can harm the workers.  

 

Figure 4.41: Rove Robot 
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For the next step as shown in Figure 4.41, we connected the DC motor drive with the 

wheels and for this project we used Rover 5 motor. We choose it because it can handle tell 10 

kilos and we are using more than 5 sensors, 2 mini computers and battery.  It's also more stable 

and can be used in many ways as tank and four wheel motor. This motor can work with 5-12V, 

but it operated at 9V for full performance. Therefore, we used battery that supply 6V and 4.5 

A for longer working hours and smaller robot size. 

4.6 Power Consumption  

In any developed system, we have to consider the power consumption of it. In order to 

calculate the power consumption; we have to adhere to the power formula as shown in Figure 

4.42.  

 

       Figure 4.42: Power Consumption 

The rescure robot system, each of the components can be used up to 18 hours; by 

calculating the current which is 4.5A and for the used battery equals 0.25A. Therefore, the 

duration for charging the system by using the A4 adapter it will take from 30min to 1 hour to 

be fully charged.  

4.7 IEEE Standards  

The team had followed the IEEE Standards that was formed by the IEEE Code of 

Ethics as a guideline and notable points to be followed [30]:  

1. to accept responsibility in making decisions consistent with the safety, health, and welfare 

of the public, and to disclose promptly factors that might endanger the public or the 

environment.  

2. to avoid real or perceived conflicts of interest whenever possible, and to disclose them to 

affected parties when they do exist. 
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3. to be honest and realistic in stating claims or estimates based on available data.  

5. to improve the understanding of technology, its appropriate application, and potential 

consequences.  

6. to seek, accept, and offer honest criticism of technical work, acknowledge and correct 

errors, and credit the contributions of others properly.  

7. to avoid injuring others, their property, reputation, or employment by false or malicious.  

4.8 Conclusion  

The main software and hardware components and tools used by this project were 

explained in this chapter to be able to execute the goals and objectives proposed. The 

components added were tested and used with the acquired development tools. 
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5 CHAPTER 5: EVALUATION  
 

5.1 Introduction   

Chapter five assists in assessing the progress of the goals and objectives of the project. 

The benefits of the project definition are economically and socially included in this chapter. In 

this chapter, a survey is also added. 

5.2 Survey Results  

An online survey was conducted among 101 individuals for this segment and included 

10 questions. Also, the survey was conducted for males and females of both genders among 

students, workers, engineers, non-employees, and more who are residents of Kuwait. Multiple-

choice questions about the project concept proposed were included in the survey. Before 

completing the online survey, the rescue robot was presented briefly. As shown below and in-

depth, the survey outcomes are discussed. Besides, the analysis of outcomes is shown in 

Appendix C. 

 

      Figure 5.1: Survey Result of Question 1 

Figure 5.1 shows the result of the first question of the survey. The result shows that the 

majority of the survey takers are in the age between 18-30 which resulted 66%. While for the 
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31-45 group age had resulted in 29%. On the other hand, the group age of 47-62 had resulted 

in 5% which sums up to a total of 100%.  

 

Figure 5.2: Survey Result of Question 2 

Figure 5.2 shows the second result of the survey if the survey takers has any experience 

with robots. For 45% of the survey takers shown that 45% did not have any experience before. 

While 41% are willing to learn. On the other hand, 14% had a previous experience with robots.  
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          Figure 5.3: Survey Result of Question 3 

Figure 5.3 shows the third result of the survey if the survey takers think that using robots 

used in jobs can be a good idea. 14% of the answers were strongly agree. While 48% agrees 

that using robots are a good idea. Also, 30% neither agrees nor disagrees. And 5% disagrees. 

Lastly, 3% only strongly disagrees.  

 

Figure 5.4: Survey Result of Question 4 
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Figure 5.4 shows the fourth result of the survey if the survey takers think that having 

robots that detects smoke and temperature in dangerous workplaces can reduces the number of 

life losses. 13% of the answers were strongly agree. While 46% agrees that using robots for 

detection of smoke and temperature. Also, 13% neither agrees nor disagrees. And 5% 

disagrees. Lastly, 3% only strongly disagrees.  

 

Figure 5.5: Survey Result of Question 5 

Figure 5.5 shows the fifth result of the survey if the survey takers think that having robots 

that detects gas in dangerous workplaces can reduces the number of injuries and accidents. 

38.38% of the answers were strongly agree. While 46.46% agrees that using robots for 

detection of smoke and temperature. Also, 11.11% neither agrees nor disagrees. And 2.02% 

disagrees. Lastly, 2.02% only strongly disagrees.  
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Figure 5.6: Survey Result of Question 6 

Figure 5.6 shows the sixth result of the survey if the survey takers think that having robots 

to access remoted, tight, and small area can help workers and rescuing them. 52% of the 

answers were strongly agree. While 37% agrees that using robots for small areas and condition 

can be useful. Also, 10% neither agrees nor disagrees. And 0% disagrees. Lastly, 1% only 

strongly disagrees.  

 

Figure 5.7: Survey Result of Question 7 
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Figure 5.7 shows the seventh result of the survey if the survey takers think that relying 

on robots and systems to fetch the information needed correctly. 16% of the answers were 

strongly agree. While 38% agrees that using robots for fetching data and information is reliable. 

Also, 33% neither agrees nor disagrees. And 11% disagrees. Lastly, 2% only strongly 

disagrees.  

 

Figure 5.8: Survey Result of Question 8 

Figure 5.8 shows the eighth result of the survey if the survey takers think that sending 

the robots to the workplaces for inspection before allowing workers to enter is safer. 32% of 

the answers were strongly agree. While 46% agrees that using robots for inspection before 

sending the workers to the required location is safer. Also, 16% neither agrees nor disagrees. 

And 4% disagrees. Lastly, 2% only strongly disagrees.  
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          Figure 5.9: Survey Result of Question 9 

Figure 5.9 shows the nineth result of the survey in what type of field the robot should 

mostly be efficient and useful. 58% of the answers were research and rescue. While 42% agrees 

that using robots for health matters. Also, 59% thinks robots should be in the manufacturing 

industry. And 19% suggests that robots can be used in education. Besides, 35% thinks that 

robots can be used for military and security purposes. Lastly, 1% answered with others.  

 

          Figure 5.10: Survey Result of Question 10 



 

88 

 

Figure 5.10 shows the tenth result of the survey asking about the cost of the robot and 

how much are the robots buyers are willing to pay. 56.57% of the answers were 1000 KD. 

While 23.23% answered for 1300 KD. Also, 9.09% thinks robots should be sold for 1600. And 

11.11% suggests that robots can be sold for 2000 KD.  

5.3 Impacts of Engineering Solutions  

5.3.1 Economic Impact  

The economic advantages of the Rescue Robot are the avoidance and elimination of 

risks that can affect workers and people who choose to operate in unsafe and remote areas. To 

perform the necessary task, the robot can help save time and effort. The device will provide the 

user with safety and protection.  

5.3.2 Ecological Impact  

It is crucial that the presented project saves power, resources and does not reduce any 

emissions such as gas and oil to have a less negative environmental footprint. Through using 

rechargeable batteries and preventing the use of other toxic gases, the rescue robot does this. 

The project minimizes the power consumption that the user can turn on and off the battery-

saving device quickly and takes less time to completely recharge. 

5.3.3 Social Impact  

Any society often strives to enhance and increase the comfort of life in a social effect. 

Not only for people needing resources, but also for the people themselves who offer these 

services. The project concept of the rescue robot therefore offers a degree of justification and 

protects people who work in hazardous areas. The social effect is directed at the substitution 

of manual and labour activities with the new technologies. 

5.4 Engineering Ethics  

According to the National Association of Technical Engineers, in all work, all engineers 

must show the highest degree of honesty and integrity. This issue is because of the quality of 

life of various people is affected. All kinds of engineering, particularly since this project is 

related in one way or another to health and safety. The following points below reflects on the 

fundamental ethics for engineering [31]:  

1. Hold paramount the safety, health, and welfare of the public.  

2. Perform services only in areas of their competence.  
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3. Issue public statements only in an objective and truthful manner.  

4. Act for each employer or client as faithful agents or trustees.  

5. Avoid deceptive acts.   

6. Conduct themselves honourably, responsibly, ethically, and lawfully so as to enhance 

the honour, reputation, and usefulness of the profession.  

As a consequence, it was extremely necessary and important for the rescue robot project to 

fulfil and meet the plans to comply with all the requirements listed. 

5.5 Conclusion  

In terms of evaluating the original targets against the project performance, the assessment 

of the project was seen to be satisfactory. This chapter also explains the benefits of the project 

model in a variety of ways, such as social and business aspects. A survey is also included, 

showing us that people think that the project concept is useful and should be implemented.  
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6 CHAPTER 6: CONCLUSION AND FUTURE WORK 
 

6.1 Introduction   

This chapter addresses the progress of the timeline of the project.  Besides, the timeline 

of projects contains the completion of both Capstone 475 and Capstone 480 courses.  This 

chapter also applies the future work that can be added to enhance the concept of the project. 

6.2 Summary  

The team has decided to build a rescue robot for the Capstone project as our final 

electrical and computer technical course. The project is a task that requires both hardware and 

software. On the other side, the hardware comprises electrical and mechanical equipment for 

robot assembly. However, the software module contains programming the robot's 

microcontroller. The project was also evaluated based on different contexts, such as 

environmental and social, and economic impacts. All previous chapters have contributed to the 

development of this project. 

6.3 Project Progress  

For the first part of the Capstone design course, the emphasis was on the study of 

previous related concepts and projects with similar characteristics to the rescue robot project 

presented.  Analysis from various journals and publications has expanded knowledge about 

rescue robots.  Besides, the system architecture and the block diagram of the system was 

designed and discussed.  Also, for this semester, the team has worked to learn by integrating 

hardware and software experiences from the numerous courses that have taken place at the 

University.  Finally, this section of the course contained the components that were purchased 

to be assembled later in the second step of the capstone. In Figure 6.1 and 6.2, the Capstone 

Design Course 475 and 480 demonstrates the project progress timeline. 
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6.3.1 Capstone Design Course 475  

 

 

Figure 6.1: Capstone Design Course 475 

Figure 6.1 shows the Capstone Design Course 475 timetable of the progress of capstone 

implementation.  

6.3.2 Capstone Design Course 480 

 

 

Figure 6.2: Capstone Design Course 480 

Figure 6.2 shows the Capstone Design Course 480 timetable of the progress of capstone 

implementation.  

6.4 Future Work  

For Capstone Design Course 480, the goal of the next step is to be able to fully implement 

the entire Rescue Robot system. Besides, the project should be carried out by following all the 
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goals listed in Chapter one. The project focuses on providing an accurate and reliable rescue 

robot that will assist in the rescue process.   

6.5 Conclusion & Final Comment   

A great deal of the progress has been made this semester. All members of the team can 

spend time studying and gaining new information in an opportunity to expand the project as 

quickly and competently as possible. However, as with any other project, there were several 

other new challenges that we faced as a team, starting with the testing component, finding the 

right components, and ordering other materials that are not available on the local market. The 

team also lacked some knowledge of the mechanical part as well as other problems that had 

been encountered at the time. On the other hand, as a team, we have also tried some other good 

things, which will help us in the future, which will affect our personality, ability, experience, 

and teamwork spirit. 
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APPENDIX C 
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APPENDIX D 
 

Ultrasonic Sensor  

int trig_Pin = 3; 

int echo_Pin = 2; 

int ledg_pin = 9; 

int ledr_pin = 10; 

int redLed = 11; 

int buzzer = 7; 

int smokeA0 = A5; 

int sensorThres = 400; 

 

 

 

void setup() { 

  pinMode(trig_Pin, OUTPUT); 

  pinMode(echo_Pin, INPUT); 

  pinMode(ledg_pin, OUTPUT);  

  pinMode(ledr_pin, OUTPUT);  

  pinMode(redLed, OUTPUT); 

  pinMode(buzzer, OUTPUT); 

  pinMode(smokeA0, INPUT); 

  Serial.begin(9600); 

} 

 

void loop() { 

  long duration, distance; 

  digitalWrite(trig_Pin, LOW);  

  delayMicroseconds(2); 

  digitalWrite(trig_Pin, HIGH); 

  delayMicroseconds(10); 

  digitalWrite(trig_Pin, LOW); 

  duration = pulseIn(echo_Pin, HIGH); 

  distance = (duration/2) / 29.1; 
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  if (distance >= 30) { 

        digitalWrite(ledr_pin, LOW); 

    digitalWrite(ledg_pin, HIGH); 

    Serial.println("Very close"); 

  } 

   

 

  if (distance < 30 ){ 

 

     digitalWrite(ledr_pin, HIGH); 

    digitalWrite(ledg_pin, LOW); 

    Serial.println("Out of range"); 

     

  } 

  else { 

    Serial.print(distance); 

    Serial.println(" cm"); 

  } 

   delay(1); 

 

   

   int analogSensor = analogRead(smokeA0); 

 

  Serial.print("Pin A0: "); 

  Serial.println(analogSensor); 

  // Checks if it has reached the threshold value 

  if (analogSensor > sensorThres) 

  { 

    digitalWrite(redLed, HIGH); 

    tone(buzzer, 1000, 200); 

  } 

  else 

  { 
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    digitalWrite(redLed, LOW); 

    noTone(buzzer); 

  } 

 delay(500); 

   

   

} 
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APPENDIX E 
 

Visual basic code: 

  1 

  2 

  3 

  4 

  5 

  6 

  7 

  8 

  9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

Imports SpeechLib 

Imports System.IO 

Imports System.Net 

Imports System.Threading 

 

 

Imports GMap.NET.MapProviders 

Imports GMap.NET 

Imports GMap.NET.WindowsForms 

Imports System.Net.Mail 

 

 

Public Class Form1 

 

 

#Region "Serial Communication" 

    '   PCCom.SerialCommunication Version 1.0.0.0 

    '   Class file for managing serial port communication 

    ' 

    '   Copyright (C) 2007   

    '   Richard L. McCutchen  

    '   Email: richard@psychocoder.net 

    '   Created: 20OCT07 

    ' 

    'This program is free software: you can redistribute it and/or modify 

    'it under the terms of the GNU General Public License as published by 

    'the Free Software Foundation, either version 3 of the License, or 
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 28 

 29 

 30 

 31 

 32 

 33 

 34 

 35 

 36 

 37 

 38 

 39 

 40 

 41 

 42 

 43 

 44 

 45 

 46 

 47 

 48 

 49 

 50 

 51 

 52 

 53 

 54 

 55 

 56 

 57 

    '(at your option) any later version. 

    ' 

    'This program is distributed in the hope that it will be useful, 

    'but WITHOUT ANY WARRANTY; without even the implied warranty of 

    'MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the 

    'GNU General Public License for more details. 

    ' 

    'You should have received a copy of the GNU General Public License 

    'along with this program.  If not, see <http://www.gnu.org/licenses/>. 

    '***************************************************************************************** 

    Private comm As New CommManager() 

    Private transType As String = String.Empty 

 

    Private Sub ComboBox2_SelectedIndexChanged(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 

ComboBox2.SelectedIndexChanged 

        comm.PortName = ComboBox2.Text() 

    End Sub 

 

    ''' <summary> 

    ''' Method to initialize serial port 

    ''' values to standard defaults 

    ''' </summary> 

    Private Sub SetDefaults() 

        ComboBox2.SelectedIndex = 0 

        cboBaud.SelectedText = "9600" 

        cboParity.SelectedIndex = 0 

        cboStop.SelectedIndex = 1 

        cboData.SelectedIndex = 1 

    End Sub 

 

    ''' <summary> 
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 58 

 59 

 60 

 61 

 62 

 63 

 64 

 65 

 66 

 67 

 68 

 69 

 70 

 71 

 72 

 73 

 74 

 75 

 76 

 77 

 78 

 79 

 80 

 81 

 82 

 83 

 84 

 85 

 86 

 87 

    ''' methos to load our serial 

    ''' port option values 

    ''' </summary> 

    Private Sub LoadValues() 

        comm.SetPortNameValues(ComboBox2) 

        comm.SetParityValues(cboParity) 

        comm.SetStopBitValues(cboStop) 

    End Sub 

 

    ''' <summary> 

    ''' method to set the state of controls 

    ''' when the form first loads 

    ''' </summary> 

    Private Sub SetControlState() 

        rdoText.Checked = True 

        cmdSend.Enabled = False 

        cmdClose.Enabled = False 

    End Sub 

 

    Private Sub cmdClose_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles cmdClose.Click 

        comm.ClosePort() 

        SetControlState() 

        SetDefaults() 

        cmdOpen.Enabled = True 

    End Sub 

 

    Private Sub cmdOpen_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles cmdOpen.Click 

        Try 

            comm.Parity = cboParity.Text 

            comm.StopBits = cboStop.Text 
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 88 

 89 

 90 

 91 

 92 

 93 

 94 

 95 

 96 

 97 

 98 

 99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

            comm.DataBits = cboData.Text 

            comm.BaudRate = cboBaud.Text 

            comm.DisplayWindow = rtbDisplay 

            comm.OpenPort() 

 

            cmdOpen.Enabled = False 

            cmdClose.Enabled = True 

            cmdSend.Enabled = True 

        Catch ex As Exception 

 

        End Try 

 

    End Sub 

 

    Private Sub cmdSend_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles cmdSend.Click 

        comm.Message = txtSend.Text 

        comm.Type = CommManager.MessageType.Normal 

        comm.WriteData(txtSend.Text) 

        txtSend.Text = String.Empty 

        txtSend.Focus() 

    End Sub 

 

    Private Sub rdoHex_CheckedChanged(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 

rdoHex.CheckedChanged 

        If rdoHex.Checked() Then 

            comm.CurrentTransmissionType = CommManager.TransmissionType.Hex 

        Else 

            comm.CurrentTransmissionType = CommManager.TransmissionType.Text 

        End If 

    End Sub 
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118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

    Private Sub cboBaud_SelectedIndexChanged(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 

cboBaud.SelectedIndexChanged 

        comm.BaudRate = cboBaud.Text() 

    End Sub 

 

    Private Sub cboParity_SelectedIndexChanged(ByVal sender As System.Object, ByVal e As System.EventArgs) 

        comm.Parity = cboParity.Text() 

    End Sub 

 

    Private Sub cboStop_SelectedIndexChanged(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 

cboStop.SelectedIndexChanged 

        comm.StopBits = cboStop.Text() 

    End Sub 

 

    Private Sub cboData_SelectedIndexChanged(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 

cboData.SelectedIndexChanged 

        comm.StopBits = cboStop.Text() 

    End Sub 

#End Region 

    Dim voice As New SpVoice 

 

    Private Sub Form1_Load(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles MyBase.Load 

        LoadValues() 

        SetDefaults() 

        SetControlState() 

 

        Me.GMapControl1.MouseWheelZoomType = MouseWheelZoomType.ViewCenter 

        Me.GMapControl1.DragButton = System.Windows.Forms.MouseButtons.Left 

 

 

        With Me.GMapControl1 
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148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

            .MapProvider = GMapProviders.BingSatelliteMap 

            .MinZoom = 1 

            .MaxZoom = 20 

            .Zoom = 18 

            .Manager.Mode = AccessMode.ServerAndCache 

 

        End With 

        GMapControl1.Position = New PointLatLng(29.349294, 47.949916) 

 

 

    End Sub 

 

    Structure map 

        Dim x As Integer 

        Dim y As Integer 

        Dim z As Integer 

    End Structure 

 

    Dim data(1000) As map 

    Dim dataIndex As Integer = 0 

 

 

    Private Sub rtbDisplay_TextChanged(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 

rtbDisplay.TextChanged 

 

        'If rtbDisplay.Text.Contains("X") Then 

        '    MsgBox("Drawing Done", MsgBoxStyle.Information, Me.Text) 

        '    draw3D() 

        '    TextBox1.ResetText() 

        '    rtbDisplay.ResetText() 

        '    Exit Sub 
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178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

        'End If 

 

        If rtbDisplay.Text.Contains("#") And rtbDisplay.Text.Contains(">") Then 

            Try 

                Dim index1 As Integer = rtbDisplay.Text.LastIndexOf(">") 

                Dim index2 As Integer = rtbDisplay.Text.LastIndexOf("#") 

                Dim str As String = rtbDisplay.Text.Substring(index1, index2 - index1) 

                str = str.Replace(">", "") 

                str = str.Replace("#", "") 

 

                Dim strArray() As String = str.Split(",") 

 

 

 

            Catch ex As Exception 

                TextBox1.Text = rtbDisplay.Text 

                rtbDisplay.ResetText() 

            End Try 

 

 

        ElseIf Not rtbDisplay.Text.Contains("%") And Not rtbDisplay.Text.Contains(">") Then 

            TextBox1.Text = rtbDisplay.Text 

            rtbDisplay.ResetText() 

        End If 

 

 

        If rtbDisplay.Text.Contains("open") Then 

            TextBox1.ResetText() 

            rtbDisplay.ResetText() 

        End If 
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208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

    End Sub 

 

    Private Sub btnFD_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles btnFD.Click 

        comm.Message = "1" 

        comm.Type = CommManager.MessageType.Normal 

        comm.WriteData("1") 

        txtSend.Text = String.Empty 

        txtSend.Focus() 

    End Sub 

 

    Private Sub btnRT_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles btnRT.Click 

        comm.Message = "2" 

        comm.Type = CommManager.MessageType.Normal 

        comm.WriteData("2") 

        txtSend.Text = String.Empty 

        txtSend.Focus() 

    End Sub 

 

    Private Sub btnBK_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles btnBK.Click 

        comm.Message = "3" 

        comm.Type = CommManager.MessageType.Normal 

        comm.WriteData("3") 

        txtSend.Text = String.Empty 

        txtSend.Focus() 

    End Sub 

 

    Private Sub btnLT_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles btnLT.Click 

        comm.Message = "4" 

        comm.Type = CommManager.MessageType.Normal 

        comm.WriteData("4") 
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238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

253 

254 

255 

256 

257 

258 

259 

260 

261 

262 

263 

264 

265 

266 

267 

        txtSend.Text = String.Empty 

        txtSend.Focus() 

    End Sub 

 

    Private Sub btnSTOP_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles btnSTOP.Click 

        comm.Message = "0" 

        comm.Type = CommManager.MessageType.Normal 

        comm.WriteData("0") 

        txtSend.Text = String.Empty 

        txtSend.Focus() 

    End Sub 

 

 

    Private Sub TabControl1_SelectedIndexChanged(sender As Object, e As System.EventArgs) Handles 

TabControl1.SelectedIndexChanged 

        If TabControl1.SelectedIndex = 2 Then 

            tmr.Enabled = True 

        Else 

            tmr.Enabled = False 

        End If 

    End Sub 

 

    Public Sub alerting(ByVal msg As String) 

        voice.Speak(msg, SpeechVoiceSpeakFlags.SVSFlagsAsync) 

    End Sub 

 

    Private Sub btnOn_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) 

        comm.Message = "9" 

        comm.Type = CommManager.MessageType.Normal 

        comm.WriteData("9") 

    End Sub 
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268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

 

    Private Sub btnOff_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) 

        comm.Message = "0" 

        comm.Type = CommManager.MessageType.Normal 

        comm.WriteData("0") 

    End Sub 

 

 

    Private Sub Button5_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) 

        comm.Message = "XXX" 

        comm.Type = CommManager.MessageType.Normal 

        comm.WriteData("XXX") 

    End Sub 

 

    Private Sub Button2_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) 

        Shell(Application.StartupPath & "\commandPy.bat") 

        Timer2.Enabled = Not Timer2.Enabled 

    End Sub 

 

    Private Sub Timer2_Tick(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles Timer2.Tick 

        Dim fileReader As String 

        Try 

            fileReader = My.Computer.FileSystem.ReadAllText(Application.StartupPath & "\data.txt") 

 

        Catch ex As Exception 

 

        End Try 

    End Sub 

End Class 
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APPENDIX F 
 

Arduino code: 

#include <gp20u7.h> 

#include <SparkFun_GridEYE_Arduino_Library.h> 

#include <Wire.h> 

 

//Motor A 

#define M1Direction1 5 

#define M1Direction2 7 

#define M1PWM 6 

//Motor B 

#define M2Direction1 8 

#define M2Direction2 10 

#define M2PWM 9 

 

#define echoPin 3 // attach pin D2 Arduino to pin Echo of HC-SR04 

#define trigPin 4 //attach pin D3 Arduino to pin Trig of HC-SR04 

 

 

int robotControlData; 

int countToSend = 0; 

 

#define speedMax 255 

 

long duration; // variable for the duration of sound wave travel 

int distance; // variable for the distance measurement 

 

 

#define HOT 40 

#define COLD 20 
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// This table can be of type int because we map the pixel 

// temperature to 0-3. Temperatures are reported by the 

// library as floats 

int pixelTable[64]; 

 

GP20U7 gps = GP20U7(Serial3); 

Geolocation currentLocation; 

 

 

GridEYE grideye; 

 

void setup() { 

  pinMode(M1Direction1, OUTPUT); 

  pinMode(M1Direction2, OUTPUT); 

  pinMode(M1PWM, OUTPUT); 

 

  pinMode(M2Direction1, OUTPUT); 

  pinMode(M2Direction2, OUTPUT); 

  pinMode(M2PWM, OUTPUT); 

  Serial3.begin(9600); 

  gps.begin(); 

 

  pinMode(trigPin, OUTPUT); // Sets the trigPin as an OUTPUT 

  pinMode(echoPin, INPUT); 

  Wire.begin(); 

  // Library assumes "Wire" for I2C but you can pass something else with begin() if you like 

  grideye.begin(); 

  Serial.begin(9600); 

} 
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void LT() { 

  digitalWrite(M1Direction1, LOW); 

  digitalWrite(M1Direction2, HIGH); 

  analogWrite(M1PWM, speedMax); 

 

  digitalWrite(M2Direction1, HIGH); 

  digitalWrite(M2Direction2, LOW); 

  analogWrite(M2PWM, speedMax); 

} 

 

void RT() { 

  digitalWrite(M1Direction1, HIGH); 

  digitalWrite(M1Direction2, LOW); 

  analogWrite(M1PWM, speedMax); 

 

  digitalWrite(M2Direction1, LOW); 

  digitalWrite(M2Direction2, HIGH); 

  analogWrite(M2PWM, speedMax); 

} 

 

void FD() { 

  digitalWrite(M1Direction1, HIGH); 

  digitalWrite(M1Direction2, LOW); 

  analogWrite(M1PWM, speedMax); 

 

  digitalWrite(M2Direction1, HIGH); 

  digitalWrite(M2Direction2, LOW); 

  analogWrite(M2PWM, speedMax); 

 

  delay(750); //go for 1 second 
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  stop(); //stop 

} 

 

void BK() { 

  digitalWrite(M1Direction1, LOW); 

  digitalWrite(M1Direction2, HIGH); 

  analogWrite(M1PWM, speedMax); 

 

  digitalWrite(M2Direction1, LOW); 

  digitalWrite(M2Direction2, HIGH); 

  analogWrite(M2PWM, speedMax); 

  delay(750); //go for 1 second 

  stop(); //stop 

} 

 

void motion() { 

  // read the input on analog pin 0: 

  int sensorValue = analogRead(A2); 

  // print out the value you read: 

  if (sensorValue > 600 || sensorValue < 400) { 

    Serial.print(">M#"); 

  } 

  else { 

    Serial.print(">N#"); 

  } 

 

  delay(100);        // delay in between reads for stability 

} 

 

void gridEye() { 
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  // loop through all 64 pixels on the device and map each float value to a number 

  // between 0 and 3 using the HOT and COLD values we set at the top of the sketch 

  for (unsigned char i = 0; i < 64; i++) { 

    pixelTable[i] = map(grideye.getPixelTemperature(i), COLD, HOT, 0, 3); 

  } 

 

 

  // loop through the table of mapped values and print a character corresponding to each 

  // pixel's temperature. Add a space between each. Start a new line every 8 in order to 

  // create an 8x8 grid 

  Serial.print("\n\n"); 

  for (unsigned char i = 0; i < 64; i++) { 

    //Serial.print(grideye.getPixelTemperature(i)); 

    if (pixelTable[i] == 0) { 

      Serial.print("."); 

      } 

      else if (pixelTable[i] == 1) { 

      Serial.print("o"); 

      } 

      else if (pixelTable[i] == 2) { 

      Serial.print("0"); 

      } 

      else if (pixelTable[i] == 3) { 

      Serial.print("O"); 

      } 

    Serial.print(","); 

    if ((i + 1) % 8 == 0) { 

      Serial.println(); 

    } 

  } 

  // in between updates, throw a few linefeeds to visually separate the grids. If you're using 
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  // a serial terminal outside the Arduino IDE, you can replace these linefeeds with a clearscreen 

  // command 

  Serial.println(); 

  Serial.println(); 

 

 

  // toss in a delay because we don't need to run all out 

  delay(100); 

} 

boolean detectObject() { 

 

  digitalWrite(trigPin, LOW); 

  delayMicroseconds(2); 

  // Sets the trigPin HIGH (ACTIVE) for 10 microseconds 

  digitalWrite(trigPin, HIGH); 

  delayMicroseconds(10); 

  digitalWrite(trigPin, LOW); 

  // Reads the echoPin, returns the sound wave travel time in microseconds 

  duration = pulseIn(echoPin, HIGH); 

  // Calculating the distance 

  distance = duration * 0.034 / 2; // Speed of sound wave divided by 2 (go and back) 

  // Displays the distance on the Serial Monitor 

  Serial.print("Distance: "); 

  Serial.print(distance); 

  Serial.println(" cm"); 

  float Dis = 0; 

  Dis = distance; 

 

  int distance = analogRead(A1); 

  if ((Dis >= 10) && (Dis <= 645)) { 

    if (Dis < 40 ) { 
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      Serial.print(">O#"); 

    } 

    else { 

      Serial.print(">W#"); 

    } 

    delay(500); 

    return true; 

  } 

  else { 

    return false; 

  } 

} 

 

void loop() { 

  motion(); 

  detectObject(); 

  gridEye(); 

  if (gps.read()) { 

    currentLocation = gps.getGeolocation(); 

    Serial.println("Your current location is:"); 

    Serial.print("    Latitude: "); 

    Serial.println(currentLocation.latitude, 5); 

    Serial.print("    Longitude: "); 

    Serial.println(currentLocation.longitude, 5); 

  } 

 

  if (Serial.available()) { 

    robotControlData  = Serial.read(); 

    Serial.println(robotControlData); 

    if (robotControlData == '1') { 

      FD(); 
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    } 

    else if (robotControlData == '2') { 

      BK(); 

    } 

    else if (robotControlData == '3') { 

      LT(); 

    } 

    else if (robotControlData == '4') { 

      RT(); 

    } 

    else { 

      stop(); 

    } 

  } 

  delay(500); 

} 

void stop() { 

  analogWrite(M1PWM, 0); 

  analogWrite(M2PWM, 0); 

} 
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APPENDIX G 
 

Python code: 

mport requests 

import os 

import cv2 

import pytesseract 

from pytesseract import Output 

import serial 

from num2words import num2words 

from subprocess import call 

 

import os 

import pygame, sys 

 

from pygame.locals import * 

import pygame.camera 

 

width = 640 

height = 480 

 

cmd_beg= 'espeak ' 

cmd_end= ' --stdout | aplay' # To play back the stored .wav file and to dump the std errors to 

/dev/null 

 

pygame.init() 

pygame.camera.init() 

cam = pygame.camera.Camera("/dev/video0",(width,height)) 

     

 

def getImage(): 
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    cam.start()     

    #setup window 

    windowSurfaceObj = pygame.display.set_mode((width,height),1,16) 

    pygame.display.set_caption('Camera') 

 

    #take a picture 

    image = cam.get_image() 

    cam.stop() 

 

    #display the picture 

    catSurfaceObj = image 

    windowSurfaceObj.blit(catSurfaceObj,(0,0)) 

    pygame.display.update() 

 

    #save picture 

    pygame.image.save(windowSurfaceObj,'picture.jpg') 

  

    #save picture 

    imgName = 'picture' + '.jpg'; 

    pygame.image.save(windowSurfaceObj,imgName) 

    time.sleep(1) 

    ftp = FTP('paaetsmarttv.com') 

    ftp.login('robotAgri@paaetsmarttv.com','vgOwm)tCKOeP') 

    file_name = 'picture' + '.jpg' 

    ftp.storbinary('STOR ' + file_name, open(file_name, "rb")) 

    ftp.quit()   

     

while 1 : 

    print("start") 

    ser=serial.Serial('/dev/ttyACM0',9600,timeout=1) 

    serSend=serial.Serial('/dev/ttyUSB0',9600) 
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    readedText = ser.readline() 

    try: 

        allText = str(readedText) 

        print(allText) 

        allText = allText.replace("b'", '') 

        data = allText.split(",") 

        print("STATUS:{}".format(data[1])) 

        if data[1] == 'RIGHT': 

            print("Robot Moving Right") 

            serSend.write(bytes("3", 'utf-8')) 

        if data[1] == 'LEFT': 

            print("Robot Moving Left") 

            serSend.write(bytes("4", 'utf-8'))          

        if data[1] == 'FWD': 

            print("Robot Moving Front")             

            serSend.write(bytes("1", 'utf-8')) 

        if data[1] == 'BK': 

            print("Robot Moving Back")             

            serSend.write(bytes("2", 'utf-8'))    

        if data[1] == 'STOP': 

            print("Stop Moving")             

            serSend.write(bytes("2", 'utf-8'))       

        if data[1] == 'SPK': 

            print("Get SnapShot") 

            getImage() 

            OCRs() 

             

    except: 

        print("read next data..") 

 

 


