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Abstract 

 

Robotics has always been one of man’s greatest dreams, from landing on the moon to having a 

conversation with your smart home, everything is possible. Robotics is a branch of engineering 

that covers the design, build, manufacture, and the operation of robots. Robots were introduced as 

a way or means of replacing a human for a specific task or operation in the benefit of saving time, 

revenue, and offering efficiency and less risk for dangerous situations that could hurt any human. 

From doing everything manually to a press of a button the world is advancing with technological 

solutions to difficult situations. Multiple examples would be, security and monitoring, automated 

transportation, medicine, education and dangerous situations like crime fighting or bomb situations 

Although there are multiple studies and disputes that technology is overtaking jobs and more 

businesses that depend on physical labor are prone to great losses. The Objective of our robot is to 

give the Fire department of Kuwait the means of controlling the robot into dangerous and high 

radiation or hazardous gasses environments wirelessly giving them the safety and mobility in 

taking action against any future challenges.  Gamma radiation and some hazardous gasses like 

Hydrogen Sulfide, Ammonia and Sulfur Dioxide, are very dangerous to the human body and can 

be lethal. Our team wants to lower the risks with a highly effective robot that could eliminate 

exposure from any kind of dangers that we can think of. 
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Chapter 1: Introduction 

 

Robots are made with the intention of making a world easier and faster from welding cars in 

factories to sorting out packages in amazon we are in need at this time of a robot that could 

accommodate the requirements set from the Kuwait Fire Service Directorate. We are asked to 

make a robot that could give a visual feed and the readings from sensors that could detect 

hazardous gasses and radiation with built in led lights and robotic arms to control any situation 

wirelessly. The following sections state the problem and solution with BOCR analysis on both the 

robot and our team.  

 

1.1 Problem Statement: 

We were asked by a Kuwait Fire Service Directorate officer Ali Al Dagher to make a robot to 

handle gamma radiation and help reduce the risk of being radioactive in the hot zone where they 

code name the distance to a situation and the hot zone is the nearest to their objective, with warm 

and cold, respectively. The dangers that these officers face is remarkably lethal and could cause 

serious health issues in the future. We need to design, build and program the robot tailored to their 

specific needs. We as engineers are interested in helping the fire department facing these dangers 

and increasing the safety to the firemen that need this robot. It was shown to us the severity of 

gamma radiation and its effects on the human body, where mere seconds could have devastating 

negative affects skin and organs. There are similar applications to ours, but none were 

implemented to be used against gamma radiation. Gamma radiation is an electromagnetic radiation 

(EMR) which is like x-rays. It can be described as a stream of photons and massless, moving at 

the speed of light.  The wave’s length is 1 × 10^6 nm and a frequency of 3 × 10^23 Hz. In article 
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[8] “Radiation doses are commonly expressed in millisieverts sievert is an international unit used 

to measure effective dose. The U.S. unit is Roentgen equivalent man (REM) or (RAD). A dose 

can be determined from a one-time radiation exposure, or from accumulated exposures over time.  

About 99 percent of individuals would not get cancer as a result of a one-time uniform whole-body 

exposure of 100 millisieverts (10 rem) or lower.” (EPA). This relates to our majors by making an 

inanimate object do the job of a human in dangerous situation by building and programming a 

robot.   

 

1.2 Relation to our Majors: 

In combining both electrical and computer engineering we are able to build and program that 

would use electrical energy to do mechanical operations, a robot. By figuring out the different 

components like type and size of a motor or a chassis or a robotic arm, and different programming 

languages to help us program the controllers to get the tasks required from the robot efficiently. 

 

1.3 Problem Persistence: 

There are a couple of reasons of why there is a problem, gamma radiation is used in the medical 

and industrial fields. Gamma radiation is used as oil/liquid measurement from consistency and 

thickness to how much liquid is stored in barrels. So numerous things could go wrong in any if 

these fields where a machine could be malfunctioning and there is a gamma radiation leak this 

could happen even though chances are low. Another reason could be that it is used in a terrorism 

act like an example of this was given by the officer of an airport incident.  
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1.4 Past Solutions: 

Past solutions for this kind of situations would be the radiation shield suites or dense materials like 

lead, whether the material is made from pure lead, lead glass, lead sheets, etc. Close physical 

contact must be initiated and since more exposure means the more the body is being affected from 

the radiation which can cause serious health risks.  

 

1.5 Future Ideas: 

An idea would be to make a general robot that has a body that is constant and is adaptable to any 

part that the consumer would like to use, for example, detachable arms, or camera or different tires 

or configurations that better suited for the tasks required like a fire extinguisher, or a magnet. A 

goal that could be a robot for everyone. 

 

1.6 Solution Statement: 

Our robot is going to be fitted with LED light bars, thermal camera, normal camera, gamma 

radiation sensors, hazardous gasses sensors, as asked from KFSD officer. We need to implement 

what we have learned in our academic studies and try to integrate a system that could work and 

give easy user experience in handling and controlling the robot efficiently and remotely. This robot 

will help decrease casualties there for save money in dire medical situations and decrease the 

number of team members responding to the situation. Less risk and less money when using the 

robot to respond rather than humans. We need to find a chassis that is firm and in the appropriate 

size of the requirement to fit all the components on the robot, and to find a robotic arm or arms 
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that can deal with any situation with any object that is emitting harmful radiation. We also need to 

find a good transmitter and receiver since the robot should work wirelessly with a respectable 

distance from the user. We also need to make a program that is able to take the data of the 

environment that is exposed and send it real time to the interface device that would help the 

responders to plan accordingly in handling the situation. 

 

1.7 Idea Development: 

The Idea was given by our supervisor to accommodate the request of the fire department in Kuwait. 

It is our mission to take the request and implement them while using our design and 

implementation. With the team members and soon to be Engineers Almuhannad Alrabia, Fahad 

Alsweleh and Hassan Ghadanfar we will try our best in building a dependable robot with the lowest 

chance of failure, in an optimized design that could help Kuwait take a step into the future. The 

idea is to decrease risk and increase efficiency, with that said we need to make a dependable robot 

that could respond to a dangerous situation with minimal cost in comparison with human 

casualties. 

 

1.8 Objectives: 

• To design an integrated firefighting robotic system. 

• To design a system that can detect dangerous substances that endanger firefighter’s life.  

• To produce a high-quality product that works on advanced electric and computer systems. 

• To produce a prototype that is teleoperated from a distance equipped with a camera (either 

normal or thermal) 
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• To produce a device that detect gas, temperature, and radiation. 

• To make a program that is user friendly to operate and gather data from the robot. 

• Test and run the robot to check the quality of the prototype. 

 

1.9 BOCR Analysis: 

The following table lists the benefits, opportunities, cost and risk of our project: 

Table 1.1: BOCR Analysis 

Benefits Opportunity 

• Less causality risks 

• Time saving 

• Cost efficient 

• Operation efficient 

• Modify the robot to any need or other 

requests. 

• Project adopted by companies. 

• Career benefit. 

• Experience with robotics. 

 

Cost Risk 

• Low cost Comparing to safety equipment 

and regulations. 

• Low cost manufacture. 

• Low cost components.  

• High cost depending on bigger size. 

• Malfunction in components. 

• Bug in the program. 

• Battery pack overheated or depleted. 

• Communication signals corrupted between 

user and device.  
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Chapter 2: Literature Review 

 

This section is dedicated to all the work investigated, it consists of four sections, the introduction, 

the articles investigated, comparison and conclusion. 

 

2.1 Introduction: 

In literature review section, many products, prototypes, robots, and hardware designs have been 

explored and investigated. It will provide an insight into the design of firefighting robot systems 

and suggestions regarding the devices and tools used. It forms the basis in which will be used for 

our proposed design. It will provide us with knowledge that is required in many aspects to carry 

on the project such as robotics prototyping, mechanism of work, robotics terminology and 

Robotics systems. Many articles investigated were mainly discussing a specific robot prototype 

based on specific components, many of which contained different types of control boards, 

microcontrollers, motors and sensors. Some of the robots were teleoperated while others were 

autonomous. Other articles were concerned with the implementation of a system within the robot 

prototype rather than the robot itself such as gas sensors. Some articles discussed topics of special 

interest that helps with the understanding of a phenomena. Other articles discussed a technique 

used in robotics implementation rather than providing a prototype.  

 

The literature review section will be divided into articles, each article will include an introduction 

that explains what technique, topic or prototype is proposed. Many tables and figures were used to 

help the reader distinguish and compare between different prototypes and techniques used within 

robotics. At the end of this section a whole comparison section will be included that include a 



7 
 

comparison table. Literature review section should form the ground on which we will depend on 

to develop a complete and comprehensive prototype.  

 

2.2 Articles Reviewed: 

In this section, many articles that are related to the design of firefighting robots are reviewed. 

Each article is examined carefully in order to develop an idea regarding the architecture of the 

proposed design. A brief explanation including design, components, mechanism of work, 

diagrams and live pictures of different products are listed under each article.  

 

2.2.1 Autonomous Visual Navigation for Mobile Robots: A Systematic Literature Review [1]: 

This article lacks the testing and validation elements required for most products. It is poor when it 

comes to prototyping of a complete system or the design specifications of a device. The primary 

motive of this article is to explain in detail the processes used in the autonomous visual navigation 

systems and to encourage other workers to adapt this approach, as it is rarely used in robotics. [1] 

discusses technique of navigation that is rarely used in robots produced for indoor usage. The 

navigation mechanism discussed is called autonomous visual navigation. This mechanism of 

navigation does not require an Interference of an external source of control like a person or a 

central system, hence it is autonomous. The robot controls its movements in the environment freely 

by following four different yet linked processes. These processes are namely localization which is 

the process of determining the position of the robot relative to previous position or to the 

environment, mapping which is the generation of representation of the environment, path planning 

which is searching for a path between two positions in the environment from the current position 
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to a target position and locomotion which is a physical movement of the robot in the environment, 

all of which can be carried out using vision sensory apparatus. 

 

 In this mechanism, vision is the primary sensor of the robot and it can be achieved using a camera 

or more, hence it is visual.   

 

2.2.2 Design and Implementation of Fire Extinguisher Robot with Robotic Arm [2]: 

In [2], a fire distinguishing teleoperated robot with a robotic arm is proposed. Since is it controlled 

from a distance by a person, it may reduce the need for firefighters to get in hazardous 

circumstances. The robot consists of numerous sensors and motors. It is small and weigh a little. 

It requires a small space and operates by a rechargeable battery. The product methodology revolves 

around three different Systems. The Systems are (1) obstacle detection (2) temperature, fire and 

gas sensors detection and (3) robot direction control. When flames are detected by the fire sensor, 

the robot resonance those alerts with the help of a ringer which sets on the prototype. As a result, 

electronic valves discharges water sprinkles on the affected area.  

The following table shows the prototype components: 
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Table 2.1: Robot Prototype 

 

Item Function 

Mobile Camera via 

Wi-Fi and Laptop 

Assist the user in directing the robot motion from a distance. 

Fire Sensor Detects and measures flames. 

Temperature Sensor Detects and measures temperatures. 

Electronic 

Discharge Valves 

Discharge water sprinkles on affected field. 

Ultrasonic Sensor Detects obstacles that are in between the robot and the affected field  

Robotic Arm Pick obstacles and place them in other places to clear paths  

Gas Sensor Detects and measure poisonous gasses  

Ringer and Alarm Rings in response to flames and gasses. 

Rechargeable 

Batteries 

Acts as power sources 

Wheeled Car Helps in moving the device and is controlled by RF controller 

Arduino (1), Generates command for the robotic arm to clear the path. 

Arduino (2) Generates command for water sprinkles 

RF Controller A radio frequency controller that us used for directing the robot motion 
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An ultrasonic sensor senses the obstacle and sends signal to the Arduino (1), Arduino generates 

the command for the robotic arm to clear the path. 

 

 

 

Figure 2.1: Block Diagram of Obstacle Detection [2] 

 

 

Figure 2.2: Flowchart of Obstacle Detection [2] 
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A temperature sensor senses the temperature of environment. If the temperature exceeds its limit, 

a flame sensor is activated to sense the fire. After that, a flame sensor sends the signal to Arduino 

(2). Arduino (2) generates the command for water sprinkler to make the fire off from the desired 

location. 

 

 

Figure 2.3: Block Diagram of Temperature, Flame and Gas Detection [2] 

 

 

Figure 2.4: Flowchart of Temperature, Flame and Gas Detection [2] 
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Regarding video feed, an android cell phone is connected to a laptop via mobile IP camera 

application which is connected with its IP address of desired location. Regarding robot movement 

an RF remote control controls the robot direction through it, robotic car can be moved to any 

direction. 

 

Figure 2.5: Block diagram of video feed backing [2] 

 

 

 

Figure 2.6: Block Diagram of Robot Movement Control [2] 

 

 

 

Figure 2.7: Robotic Arm is Picking the Obstacle [2] 
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Figure 2.8: Robotic Arm is Dropping the Obstacle [2] 

 

 

Figure 2.9: Fire Sensor Detection from the Center and Extinguishing [2] 

 

 

2.2.3 Design and Implementation of Hardware’s Firefighting Legged Robot [3]: 

[3] is concerned with the design of Control System Hardware of an autonomous firefighting robot, 

rather than the design of the whole prototype. The Control System Hardware is the most valuable 

and sophisticated component of the prototype. A microcontroller of type ATMega 128 is used in 

the design of the Control System Hardware of the legged hexapod robot. It acts as the brain of the 

whole prototype.  The robot is designed in a way that it can search for the fire point and then 

extinguish It in the changing space condition autonomously. To fulfill this requirement, many 

sensors has been implemented in the prototype. The robot should be able to locate the fire point in 
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a room suited in a floor consisting of many rooms. After finding the fire point, the robot should be 

able to extinguish it and then return to the front of the house. All should be done autonomously. 

To improve the robot locomotion, many kinds of sensors have been implemented in the prototype. 

The following table shows the prototype components: 

 

Table 2.2: Robot Prototype 

Component Function 

ATMega 128 Microcontroller Acts as the brain of the prototype and is the most important part 

of the control system 

Sound Sensor Is used to start the process to be performed by the robot. 

Navigation starts after the sound sensor is activated. 

Ultrasonic Sensor Used to detect obstacles and detect the distance between the 

obstacle and the prototype. 

Line Sensor Used to detect the white line when the robot enters the room and 

detect the candle location (fire point). 

UVTron Flame Detector Used to detect the light of the candle. 

Limit Switch Used to help the robot move away from crashed objects. 

DC Motor Is used as a fan to turn off the flame 

Servo Control Is able to control 18 servos 

Character LCD Displays the state of the robot 

 12 V Battery Power source 

Two 7.4 V Batteries Power source 
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The control system hardware consists of three circuits and they are 1) main controller circuit 2) 

sensor circuit and 3) motor controller circuit for moving the six legs of the hexapod robot.  

 

 

 

 

Figure 2.10: Block Diagram of Control System Hardware [3] 

 

The input microcontroller consists of sound sensor, line sensor, UVTron fire detector sensor, 

ultrasonic sensor, limit switch and servo controller. The output microcontroller is connected to the 

fan 

motor driver, ultrasonic sensor, servo controller and a character LCD. Power sources are used 

separately between supply system, motor and fan. 
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Figure 2.11: A Live Picture of the Prototype [3] 

 

2.2.4 Semiconductor Gas Sensors Using Arduino Nano [4]: 

In [4], the implementation of a semiconductor gas sensor is proposed. Gas sensor is an important 

component of a firefighting robot. It is a device that converts the concentration of gasses into 

electrical or some other signals. It is often coupled with a signal conversation and an indication 

system so that the concentrations can be visualized or registered. Gas sensors can be one of three 

types as shown below in the table. 

 The following table shoes different types of gas sensor: 
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Table 2.3: Types of Gas Sensors 

Gas Sensor Type Work Mechanism 

Semiconductor  A Changing in the electrical properties of the sensor due to the absorption 

of the mixture component. 

Electrochemical A Changing in electrical the properties of the sensor due to the absorption 

of the mixture component. 

Optical (Infrared) A change in the optical density of the analyzed gas mixture is fixed at a 

certain wavelength. 

 

The proposed semiconductor sensor relies on a programmable board with its own processor and 

Arduino nano memory. The board has a couple of dozen contacts so that many kinds of 

components can be connected to it. These components include displays, LEDs, sensors, motors, 

routers, magnetic locks and so on. Each sensor can be adjusted in design so that it can measure 

specific gas component, specific concentration limits and a specific response time. The following 

table shows the prototype components: 
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Table 2.4: Gas Sensor Prototype 

Programmable Arduino Nano 

Board 

It contains the program, the processor, memory, and contacts. 

Polycrystalline Gas Sensor Acts as a gas sensing element of resistive semiconductor type. 

Board Processor Process and execute the board program (algorithm) that 

controls the actions of all components connected to the board 

contacts. 

Board Memory (Arduino Nano 

Memory) 

Used for storing data. 

Board Contacts Connect all kinds of components such as displays, light 

emitting devices (LEDs), sensors, motors, routers, magnetic 

locks, etc. 

Alarm System To inform users when gas concentrations limits is exceeded 

Closing Valve Allows or prevents the flow of gas mixtures. 

Servo Drive Simulate a valve and one relay. 

Two Buttons The first button is to turn the system on and off, while the 

second button is to turn the servo on and off. 

Six Finger Batteries Acts as system power source. 

 

Gasses that can be measured using this type of sensors are Acetone, Ammonia, Benzene, Butanol, 

i-butane, Dichlorethane, Dimethyl formamide, Ethanol, Formaldehyde, Gasoline, Humidity, 

Hydrogen, Hydrogen peroxide, Iperit, Methanol, Natural gas, Nitrogen oxides, Propylene glycol, 

Smoke, Sulfurous anhydride, Sulfurous oxides, Toluene, Zarin etc.  
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Figure 2.12: Arduino Nano Board [4] 

 

 

 

 

Figure 2.13: An Example of Gas Sensor [4] 
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Figure 2.14: Proposed Program (Algorithm) for Arduino Board [4] 
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2.2.5 Development of Nano-WO3 Doped with NiO for Wireless Gas Sensors [5]: 

In [5] a Tungsten trioxide-based semiconductor gas sensor is proposed. it can be operated 

wirelessly, thus helping it will help users with locating toxic gasses remotely such as CO2, O 2, 

NO, CO, C6H4, NH 3, CH 4 and LPG. Moreover, it is used for the explosive's detection, 

environmental monitoring, Industrial process control and automotive applications. The gas sensing 

element used in this sensor is Tungsten trioxide (WO3) which is as n-type semiconductor. It is 

widely used in many technical applications. As a a solid-state gas sensor such as SnO2, In2, O3, 

ZnO, and TiO 2, WO3 is very appropriate for industrial and safety purposes due to its low cost, 

thermal stability, fast detection, high sensitivity, versatility, and robustness.  

 

 

 

Figure 2.15: SEM for Pure WO3 [5] 

 

 

Arduino control circuit board with 9V GSM Module are used in the implementation of the 

sensor.as the level of gas exposed to the sensor changes, the resistivity of the sensor Rs changes 
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accordingly. By connecting a fixed resistor Rf in series with Rs and by using voltage divider rule 

we have: 

Vs= 5 * (Rs / (Rs +Rf)), where Vs is the voltage across Rs 

If the gas leakage level reaches or exceeds the circuit limit, subsequently Vs exceeds the threshold 

value and the Arduino board sends a digital signal to the GSM Module by the Max circuit to send 

a message saying that there is a leakage of gas in the area. Gas leakage detector circuit components 

are: Max circuit 232 protocol, 9v adaptor, 9v GSM Module, fixed resistance, sensor resistance 

(WO3) and Arduino control circuit board. 

 

 

 

Figure 2.16: Gas Sensor Schematics and Wiring Diagram [5] 



23 
 

2.2.6 Wireless Mobile Robot Control with Tablet Computer [6]: 

[6] designs and implements a wirelessly-controlled mobile robot with a camera mounted on it. The 

robot is controlled remotely by any android device and sends live video feed wirelessly to that 

device. Therefore, the main components that make up the system are a) controller which is the 

android device b) mobile robot which is the microcontroller and the movable component of the 

system c) wireless network which is the communication medium, specifically Wi-Fi, between 

devices. The mobile robot is essentially a Raspberry PI computer that act as the brain of the robot. 

This Raspberry PI model use an ARM processer as its CPU and is operated using Linux OS.[6] 

divides the prototype into three main components a) Battery and its components b) Motor driver 

part and c) Raspberry PI part. The Battery and its components are used to supply the robot system 

with necessary power, the motor part handles the motion of the system, and the Raspberry part is 

the brain of the robot and has a camera and Wi-Fi communication device connected to it using 

USB. The controller of this system can be any Android that is available in the market as long as 

this device supports WI-FI. This android device has an application that serves as a user interface 

that control the robot’s movement, direction and speed. Also, the device displays live video 

transmitted from the camera attached to the robot. The following table shows the robot 

components: 
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Table 2.5: Robot Components 

 

 

 

Component Function 

Raspberry PI Acts as the brain of the mobile robot and it uses ARM 

processer as its CPU. 

Camera It used to capture a live video that will be displayed on 

android device. The format of the video is MJPEG. 

12 Volt Battery It supplies power to the motor driver, control circuit and 

the regulator circuit of the mobile robot. 

5 Volt Circuit Regulator (LM2596) It is used for Raspberry PI battery connection. 

Motor Driver and Control Circuit (L293D) It is used to control the two DC motors inside the mobile 

robot. The motors are controlled using Pulse Width 

Modulation (PWM) method. 

Two 12 Volt DC Motors They are the responsible components of the mobile robot 

motion and it is made possible using PWM method. 

WI-FI Communication Device It used to send and receive data between the server 

(mobile robot) and the client (controller). 
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Figure 2.17: Mobile Robot Block Diagram [6] 
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Figure 2.18: Controller Block Diagram [6] 
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The following figure shows the circuit design of the mobile robot. The 12-volt battery source 

supply power to the voltage regulator LM2596 which provides power to the Raspberry PI circuit 

and the motor driver circuit. Two general purpose input/output (GPIO) pins are set as PWM pins 

which are essential for the motion of the robot. Also, four of the GPIO pins are used for the 

backward and the forward motion of the robot. Two of these pins (forward and backward) are for 

the right motor and the other two pins for the left motor. These pins (of total number of 6) are 

controlled by L293D motor driver which integrated in the motor driver circuit. 

 

 

  

 
Figure 2.19: Mobile Robot Circuit Design Illustration [6] 
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2.2.7 Implementation of Controlled Robot for Fire Detection and Extinguish to Closed Areas 

Based on Arduino [7]: 

[7] designs and implements a remote-controlled robot that detects and extinguish fire in closed 

areas. This robot is controlled remotely using a mobile phone (phone application) and they 

communicate using Bluetooth connection. The robot is designed using an Arduino Uno 

microcontroller based on the ATmega328 microcontroller. Multiple components can be connected 

to the microcontroller. [7] uses 7.4 volts external power supply that is a rechargeable Li-Ion 

Batteries 2 x 3.7 volts to power the Arduino microcontroller and its components. The components 

that are connected to the Arduino board are a) flame sensor b) Motor driver c) Transistor d) Four-

wheel car prototype e) Bluetooth module f) Radio Frequency camera g) DC water pump and f) DC 

gear motor. In addition, there is an LCD screen separated from the system to view live video from 

the RF camera. The following table defines each component’s purpose in the system: 
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Table 2.6: Robot Components 

Component Function 

Arduino Uno The microcontroller of the system. It acts as the brain of the robot. 

Mobile Phone  Used to control the movement, speed and the direction of the motor of the robot through 

mobile application. Also, it is used to enable/disable the water pump attached to the robot. 

Rechargeable Battery (Li-Ion 2x3.7V) The power source of the system. 

Four-Wheel Car Prototype Provides the necessary mobility and maneuverability for the robot. 

Motor Driver (L298N) Controls motors inside the robot. The method of control is Pulse 

Width Modulation (PWM). 

DC Gear Motor Provides rotation capabilities for the tires connected to it. It can run at 125 RPM. 

Transistor 2N2222 It is used for switching purposes. 

Flame Sensor It is used to detect a fire source in an accurate matter. It detects fire and light sources of 

wavelength from 760 nm to 1100 nm and the detection angle is 60 degrees. In addition, the 

sensor has an LED indicator that light red when fire is detected. 

Bluetooth (HC-06) Establishes connection between server (robot) and client (mobile phone). Also, it used to 

exchange data between the server and the client. 

RF Camera It is used to capture a live video that will be displayed on the LCD screen. 

DC Water Pump Extinguishes fire. 

LCD Screen Displays the video captured by the RF camera 
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Figure 2.20: The Mobile Application Used to Control 

the Robot and the Water Pump [7] 

Figure 2.21: The Microcontroller Arduino Uno [7] 
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Figure 2.22: HC-06 Bluetooth Module [7] 

Figure 2.23: DC Gear Motor [7] 
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After establishing connection between the mobile phone and the robot using Bluetooth, the user 

can assume the control of the robot’s motion and the water pump attached to it. Based on the 

visual information provided by the camera and displayed on The LCD screen, the user can 

remotely guide the robot to the fire location and identify the source of fire using the flame 

detector (the file detector LED will light red when it is near the intense light of the fire source). 

The user can issue a command that enable the water pump to extinguish the fire. 

 

 

Figure 2.24: Block Diagram of the System [7] 

Figure 2.25: The System's Prototype Extinguishing Fire [7] 
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2.2.8 Development of Autonomous Radiation Mapping Robot [8]: 

[8] discusses the methodology and results of mapping radiation using an autonomous robot 

equipped with a gamma radiation sensor.  [8] aims to protect humans from the harm of being 

exposed to radiation, such as gamma radiation, by replacing them with autonomous robot that can 

measure the area of radiation accurately. To achieve their goal, [8] uses Geiger Muller sensor in 

their robot implantation. Geiger Muller sensor is capable of detecting and reading gamma radiation 

values which make it essential component in article 8 design. To achieve best results, [8] uses 

11.1V lithium-polymer battery to supply the sensor with power. The readings of the sensor are 

sent as data to the laptop using ZigBee module. All of this is possible by attaching these 

components to Arduino boards. A combination of two Arduino boards, which are Arduino Uno 

and Arduino Mega 2560, are used to design the robot. The main components that make up the 

robot system are four and they are: a) Arduino Mega 2560 board b) Arduino Uno board c) DC 

motor with encoder and d) the Geiger Muller sensor. The following table shows the robot 

components: 
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Table 2.7: Robot Components 

Component Function 

Arduino Uno The first microcontroller of the system which Geiger Muller sensor is connected to. 

It acts as the slave because it sends the data obtained from the sensor to the second 

microcontroller of the system. 

Arduino Mega 2560 The second microcontroller of the system which ZigBee module is connected to. It 

acts as the master because it receives data obtained of the first microcontroller of the 

system. 

Geiger Muller Sensor It is used for detecting and reading the values of the radiation sources. 

ZigBee Module Used to send data from Arduino Mega 2560 to the computer wirelessly 

Two Wheel-Drive Responsible for the backward/forward movement of the robot. The diameter of each 

wheel is 130mm 

Two Caster-Wheel Front wheels of the robot. 

Wheel of Width 60mm Used to reduce the encoder slippage. 

DC Motor Provides rotation capabilities for the wheels connected to it. It can run at 60 RPM. 

 12 V Battery Power source. 

11.1V Lithium-Polymer 

Battery  

Power source. 

Motor Driver Controls the DC motors of the robot. 

 



35 
 

 

 

 

 

After being sent to the radiation area and placed at origin axis (0,0), the robot will sweep the area 

of radiation in a zigzag pattern. At specific points the robot’s sensor will read and record the value 

of radiation a store them to Arduino Uno memory. After that, Arduino Uno will act as the slave 

and send the values to Arduino Mega 2560 which acts as the master. The Arduino Mega 2560 will 

read the encoder value. These values (Radiation intensity and encoder values) are sent to the 

computer using ZigBee module. Finally, the data sent to the computer is analyzed and a graphical 

representation of the radiation area will be generated (spatial distribution graph). 

 

Figure 2.26: Mobile Robot System [8] 
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An experiment was conducted to show the mapping capabilities of the robot. At first, the robot 

was used to measure a background radiation level (the fluorescent light in this instance) of an area 

before exposing it with real radiation sources. 

 

Figure 2.27: The Complete System [8] 

Figure 2.28: Background Radiation Map [8] 
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After that, the same area was exposed to a real radiation source (Cobalt-60(C0-60)) and the robot 

is used again to map the area . 

 

 

2.2.9 Development of A Radiation-Seeking Robot for Locating Misplaced Radiation Sources 

[9]: 

[9] is concerned with the implantation of mobile robot with radiation detection capability is almost 

similar to [8], but the main difference is that [9] `s robot is equipped with three ultra-sonic sensors. 

These sensors provide the robot with obstacle avoidance algorithm while navigating the 

environment autonomously. Also, should the robot detect a misplaced radiation source, it will 

automatically override the preprogramed path and move towards source. In, addition the robot uses 

a technique called dead reckoning for path planning and repositioning purposes. The article’s main 

aim is to quickly and efficiently identify the source of radiation and dispose it to avoid causalities 

and injuries of individuals who works in hazardous environments. The robot’s microcontroller is 

based on Arduino Uno board and the main components connected to it are: a) Geiger Counter Kit, 

Figure 2.29: Radiation Map with Radiation Sources [8] 
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b) three ultra-sonic sensors, c) DC motor, d) power sources (a 9 Volt battery to power the ultra-

sonic sensors and 8AA batteries connected in series supplying the DC motor 12 Volts of power). 

The following table identify the components of the mobile robot and their functions: 

 

Table 2.8: Robot Components 

Component Function 

Arduino Uno The microcontroller of the system. Acts as the brain of the system. 

Geiger Counter Kit It is used for detecting and reading the values of the radiation sources. 

Two Wheel-Drive Responsible for the backward/forward movement of the robot. 

Roller Caster Front wheel of the robot. 

DC Motor Provides rotation capabilities for the wheels connected to it. 

3 Ultrasonic Sensors Detects the obstacles that is around the robot. 

 12V Battery (8 AA 

Batteries Connected in 

Series) 

Supplies power to the DC motor. 

9V Battery Supplies power to the Ultrasonic sensors. 

H-Bridge Motor Driver Controls the DC motors of the robot. 

Sensor Servo Motor Direct the robot front to a certain object by rotating in a increment of 

45 degrees.  

Alarm Triggers an alarm when the robot is near the radiation source by 5cm. 
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Figure 2.30: Conceptual Design for the Robot [9] 

Figure 2.31: Arduino Circuit Diagram of the System [9] 



40 
 

2.3 Comparison: 

A table below is constructed to compare between different prototypes encountered throughout the 

literature review process and the proposed designed of the firefighting robot. 

 

Table 2.9: Comparison Table Between the Articles’ Projects 

Article One Two Three Four Five Six Seven Eight Nine Our 

Prototype 

Prototype  NA Robot Robot Gas Sensor Gas 

Sensor 

Robot Robot Robot Robot Robot 

Sensors Used NA Flame Sensor + 
Temperature 

Sensor + 
Ultrasonic 

Sensor + Gas 
Sensor 

Flame Sensor 
+ Ultrasonic 

Sensor 

Gas sensor Gas 
Sensor 

None Flame 
Sensors 

Geiger 
Muller 

Sensor 

Ultrasonic 
Sensor 

Gas Sensor  

Microcontroller 

used 

NA Arduino ATMega-128 Programmable 

Arduino Nano 
Board 

Arduino 

Control 
Circuit 

Board 

Raspberry PI Arduino Uno Arduino Uno 

+ Arduino 
Mega 2560 

Arduino Uno Arduino 

Nano 

Movement NA Wheels Legs NA NA Wheels Wheels Wheels Wheels Wheels 

Type NA Teleoperated Autonomous NA NA Teleoperated Teleoperated Autonomous Autonomous Teleoperated 

Features NA Camera + 
Robotic Arm + 

Alarm System  

None Alarm System None Camera Camera None Alarm System Camera + 
Alarm 

System + 

Robotic Arm 

Main Functions NA Extinguisher Extinguisher Gas Sensor Gas 

Sensor 

None Extinguisher Radiation 

Sensor 

Radiation 

Sensor 

Gas Sensor 

 

 

It is clear that the proposed design is both an integration and a crossover of many different 

prototyped that has been reviewed. As the work progresses, the design may be reduced due to 

financial and technical limitations.  

 

2.4 Conclusion: 

After going through the chapter 2 carefully, a general idea of the proposed design that is going to 

be discussed in chapter 3 is already formed. Many different devices, designs, hardware 

architectures and software implementations has been encountered. Depending on the prototype 

requirements, design specifications and the literature reviewed, a design shall be proposed. The 

proposed designed should consists of many different systems that are required so that the 



41 
 

prototype functions according to the requirements. Although many systems have been 

encountered in the literature review stage, creative implementations and design protocols of 

systems that has never been encountered can be proposed by applying new yet careful techniques 

that are tested to be valid.  In article [10] “The rise of the robots will boost productivity and 

economic growth. And it will lead to the creation of new jobs in yet-to-exist industries.” (oxford 

economics). 
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Chapter 3: Methodology, Design, and Analysis 

In this chapter, we will discuss and compare our revised system architecture of our robot, to the 

initial proposed design and highlight the major changes that occurred. We will also present a list 

of selected components for our robot and their alternatives. In addition, we will provide a reasoning 

for every chosen component and distinguish it from its alternative. 

 

3.1 System Architecture: 

Originally, our design involved a Laptop/PC that can send commands (controlling the robot’s 

movement and speed) and receive data (sensors’ data and live video feed of the camera) from the 

RF (Radio Frequency) module(s) connected to a microcontroller (Figure 3.1). In addition, the user 

of the Laptop/PC needed to connect (Client) to a friendly user interface established by the RF 

module(s) (Server) using WebSocket communication. However, after an extensive research on the 

web, we couldn’t find any implementation that makes our Laptop/PC communicate with our 

previously chosen RF module (WT-4432G - ISM transceiver module) using the WebSocket 

protocol. This limitation helped us to think outside which led us into creating a new system 

architecture for our robot (Figure 3.2).  The Laptop/PC is replaced with an entirely new system 

(the system that is inside the dashed green rectangle as seen in Figure 3.2)  which involves adding 

the following components: a portable monitor with video receiver, an RC (Radio Control) 

transmitter, a microcontroller, a buzzer, a small LCD and a RF module. We refer to this new system 

by “Joystick ” . Moreover, the Robot system (the system that inside the dashed blue rectangle as 

seen in Figure 3.2) experienced minimal changes by adding a RC receiver to it and removing 

speaker and some sensor types from it.  
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Figure 3.1: The Old Proposed Design 
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The updated system works as follows: First, The Joystick and robot are powered ON by supplying 

them with power from the batteries. After that, the robot is deployed on the field and is controlled 

using the RC transmitter (sending control signals wirelessly to  the RC receiver). These commands 

can be divided into three different categories depending on what part of the robot does the user 

want to control: a) controlling the movement and speed (by sending commands to the motor driver 

which drives DC motors) b) controlling the camera movement (using the Pan and Tilt mount ) or 

c) controlling the robotic arm. After identifying the type of the signal the RC receiver sends the 

signal through its channels either to the motor driver (controls the movement and speed by driving 

Figure 3.2: The Revised System Architecture of the Project 

Joystick System Robot System 
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the DC motors), the Servo motors of the Pan and Tilt mount or the Servo motors of the robotic 

arms. While navigating, the transmitter of the camera attached on the robot will transmit video 

signal to the video receiver of the portable monitor and live video feed is displayed. Furthermore, 

data about certain gasses is gathered from the environment (using gas sensors) and read using 

robot’s microcontroller. This microcontroller instruct the RF module connected to it to transfer 

wirelessly to the RF module connected to the Joystick’s microcontroller. Once the data is received 

by the Joystick’s microcontroller, it checks if the gases value above the safe the threshold or not. 

If it is not the case, the data is sent as useful information and it is displayed on the LCD screen; 

Otherwise, the buzzer will turn ON before the data is displayed on the LCD (see Figure 3.3). 

 

 

 Figure 3.3: Flowchart of Gas Sensor Data Aquistion 
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3.2 Components: 

In this section, all individual components will be discussed. Each piece, device and part will be 

briefly explained regarding its function, origin, importance, and its alternatives. A justification of 

the chosen component will be included. 

 

3.2.1 Chassis: 

To start building a robot we need a chassis to install our components to and give structure to our 

design. We have found multiple chassis that could work for our project, but we narrowed it down 

to these two choices: 

3.2.1.1 Dagu Wild Thumper 6WD [11]: 

Dagu Wild Thumper 6WD (see Figure 3.4) is a chassis made of aluminum and it is designed 

specifically to navigate through harsh outdoor environment. It has 6 brass brushed DC motors that 

is capable of driving spiked tires of 120mm diameter [11]. In addition, the chassis has the ability 

to maintain the contact between its wheels and the ground thanks to its suspension system “super-

twist” which helps achieving maximum traction [11]. Moreover, the plate of the chassis has 4mm 

holes spaced every 10mm (modular) which offers flexibility in attaching electronics of different 

sizes and handling cable management. The maximum payload of the chassis is 5 kg and its 

recommend motor voltage ranges from 2 V to 7.5 V [11]. At 7.2 Volt, the stall current is: 6.6 A 

per motor (with No-load, the current is 420 mA per motor), the No-load output shaft speed for this 

version (75:1 gearboxes) is 160 RPM and the stall torque is 11 kg-cm per motor [11]. The cost of 

a unit is $249.95 [11]. 
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3.2.1.2 Dagu Wild Thumper 4WD [12]: 

Dagu Wild Thumper 4WD (see Figure 3.5) is a smaller version Dagu Wild Thumper 6WD that 

has 4 DC motors instead of 6. It has same set of main features of its larger counterpart like “super-

twist” suspension system and 120mm spiked tires. The recommend motor voltage of this chassis 

ranges from 2 V to 7.5 V [11]. At 7.2 Volt, the stall current is: 6.6 A per motor (with No-load, the 

current is 420 mA per motor), the No-load output shaft speed for this version (75:1 gearboxes) is 

160 RPM and the stall torque is 11 kg-cm per motor [12]. The cost of a unit is $174.95 [12]. 

 

 

 

Figure 3.4: Dagu Wild Thumper 6WD Chassis [11] 
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Table 3.1: Chassis Comparison Table 

Unit Dagu Wild Thumper 4WD 

(Selected) 

Dagu Wild Thumper 6WD  

Motor Voltage 2 V to 7.5 V 2 V to 7.5 V 

Stall Current at 7.2 V 6.6 A per motor 6.6 A per motor 

No-load Current at 7.2 V 420 mA per motor 420 mA per motor 

No-load Output Shaft 

Speed at 7.2 V 

160 RPM 160 RPM 

Stall Torque at 7.2 V 5 kg-cm per motor 5 kg-cm per motor 

Price $174.95 $249.95 

Figure 3.5: Dagu Wild Thumper 4WD Chassis [12] 
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Our selected chassis is Dagu Wild Thumper 4WD. The reasons for our choice is the compact size, 

which make it more suitable for clustered environment, and the lower cost. Also, it already have 

DC Motors with saving us time from searching for ones. 

 

3.2.2 Batteries: 

DC power sources will be used to power all electric and electronic systems of the prototype. Our 

project will use one battery to power the Joystick system and another battery to power the Robot 

system. The choice for the batteries were already decided and they are bought at local store. The 

battery type is Li-Poly rechargeable battery and manufacturer is AAMARON (see Figure 3.6). The 

battery used to power the Joystick system has a voltage of 7.4 V that provide current of 2200 mAh, 

while the battery used to power the Robot system has a voltage of 11.1 V that provide current of 

4200 mAh. The cost for 11.1 V battery is 20 KWD ($66.07) and for the 7.4 V battery the cost was 

11 KWD ($36.33). 

 

3.2.3 Voltage Regulator: 

Some of our components may get damaged if it is directly connected to the power sources, so we 

use voltage regulator to make sure they are provided with sufficient voltages and currents to 

function at their maximum capacity. The following choices were considered: 

Figure 3.6: 11.1V Battery Made by AAMARON 
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3.2.3.1 Pololu 3.3V, 2.6A Step-Down Voltage Regulator D24V22F3 [13]: 

It is a stepdown regulator capable of reducing input voltage of range (4 V to 36 V) to an output of 

3.3 V with high efficiency (85% to 95%) [13]. This level efficiency is surpasses the ones found on 

linear voltage regulators even if there is a large disparity between the input and output voltage 

[13]. The family of this voltage regulator (D24V22F3x) which have “much lower dropout voltages 

and provide a ‘power good’ signal, and the newer design allows for higher output voltages ” [13] 

than its predecessor (D24V25Fx). The regulator’s Continuous output current is 2.3 A and its 

maximum quiescent current 1 mA [13]. The cost of on unit is $8.95. 

 

3.2.3.2 Pololu 5V, 5A Step-Down Voltage Regulator D24V50F5 [14]: 

It comes from the same family of the previously mentioned voltage regulator (D24V50Fx). It has 

the capability to reduce an input voltage of range (6 V to 38 V) to an output voltage of 5 V [14]. 

This regulator can provide a continuous current of 5 A and its maximum quiescent current 0.8 mA 

[14]. depending on input voltage and load, the efficiency can range from 85% to 95% [14]. The 

cost of on unit is $14.95. 

Figure 3.7: Pololu 3.3V, 2.6A Step-Down Voltage Regulator D24V22F3 [13] 
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Table 3.2: Voltage Regulators Comparison Table 

Unit Pololu 5V, 5A Step-Down 

Voltage Regulator D24V50F5 

(Selected) 

Pololu 3.3V, 2.6A Step-Down 

Voltage Regulator D24V22F3 

Minimum Operating Voltage: 6 V 4 V 

Maximum Operating Voltage: 38 V 36 V 

Continuous Output Current 5 A 2.3 A 

Output Voltage 5 V 3.3 V 

Reverse Voltage Protection Yes Yes 

Maximum Quiescent Current 0.8 mA 1 mA 

Price $14.95 $8.95 

 

Pololu 5V, 5A Step-Down Voltage Regulator D24V50F5 is selected for its higher output voltage 

and current. 

Figure 3.8: Pololu 5V, 5A Step-Down Voltage Regulator D24V50F5 [14] 



52 
 

3.2.4 RC Transmitter with Receiver: 

For our project, we decided to use Radio Control (RC) technology to control the robots 

movement, speed and mechanical aspects (servo motors) remotely with minimal input latency. 

For that, we need a RC Transmitter to transmit the control signal and a RC Receiver to receive it. 

Our choices were narrowed down to the following pair of RC transmitters and receivers: 

3.2.4.1 Turnigy T6A-V2 AFHDS Mode 2 2.4GHz 6Ch Transmitter w/Receiver [15]: 

Turnigy T6A-V2 is entry level transmitter that operates on 2.4 GHz frequency band and its 

compatible with AFHDS which “stands for Automatic Frequency Hopping Digital System, and 

is a digital protocol that ensures 2 or more radios can operate at the same time without interfering 

each other’s respective aircraft (or receiver)” [16]. It comes with a RC receiver with 6 channels 

and its channel variables (includes mixing and servo reversing) are modifiable via a PC [15]. The 

price of a unit is $30.59. 

  

Figure 3.9: Turnigy T6A-V2 AFHDS Mode 2 2.4GHz 6Ch Transmitter w/Receiver [15] 
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3.2.4.2 Turnigy 5X Mode 2 5Ch Mini Transmitter and Receiver [17]: 

Turnigy 5X Mode 2 5Ch Mini Transmitter is a small entry transmitter that operates on 2.4 GHz 

band that can be switched to different modes: mode-1 and mode-2 (TX mode), fixed wing and 

delta mix function, servo reverse, dual rates and adjustable stick length [17]. The transmitter is 

paired with a 5 channels receiver and the price of the whole unit is $26.51 [17]. 

 

 

 

 

 

 

 

 

Figure 3.10: Turnigy 5X Mode 2 5Ch Mini Transmitter and Receiver [17]: 
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Table 3.3: RC Transmitters with Receivers Comparison Table 

Unit Turnigy T6A-V2 AFHDS 

Mode 2 2.4GHz 6Ch 

Transmitter w/Receiver 

(Selected) 

Turnigy 5X Mode 2 5Ch 

Mini Transmitter and 

Receiver 

Voltage Required 

(Transmitter) 

8 x 1.5V AA Batteries 4 x 6V AA Batteries 

Frequency Band 2.4 GHz 2.4 GHz 

Channels 6 5 

Weight (Transmitter) 575g 265g 

Noteworthy Features TX mode configurable, 

servo reverse 

TX mode configurable, 

servo reverse 

Price $30.59 $26.51 

 

Our selection Turnigy T6A-V2 AFHDS Mode 2 2.4GHz 6Ch Transmitter w/Receiver, because 

the amount of channels is higher. 

3.2.5 Camera with Video Transmitter: 

To have visual interaction wirelessly for the user to see what is needed to be done and give an 

opportunity to assess the incident or situation before sending in and officer knowing the risk if 

possible. There are many cameras in the market but, what we are looking for is a good quality 

camera within a reasonable price range and these are the following: 
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3.2.5.1 Boscam FPV Camera with Built in 200mW Transmitter [18]: 

It is a Plug and Play camera capable at recording 720p video recording and has a built-in 200mW 

5.8GHz video transmitter [18]. It has 1/3 CMOS 5.0 Mega Pixel Video sensor ,automatic 

exposure control and viewing angle of 130° [18]. Also, it outputs a dynamic video at 1440×1080 

(30 frames/s) and it can record (using Micro SD card ) up to 32GB [18]. It can be powered using 

multi-function port at 12V or 5V  (using USB 2.0 port) [18]. The price of the unit is $95.95. 

 

 

 

3.2.5.2 FX805 Micro FPV Camera & 5.8GHz 40CH 25mW VTX with Tilt Mount [19]: 

  A very small and ultra-lightweight FPV camera that has a 5.8GHz 40CH 25mW video 

transmitter [19]. Its input voltage ranges from 2.5V to 5V and the camera resolution is 600TVL 

with field of view 130° [19]. The camera’s unit price is $39.95. 

Figure 3.11: Boscam FPV Camera with Built in 200mW Transmitter [18] 
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Table 3.4: Cameras with Video Transmitters Comparison Table 

Unit Boscam FPV Camera with 

Built in 200mW 

Transmitter (Selected) 

FX805 Micro FPV Camera 

& 5.8GHz 40CH 25mW 

VTX 

Input Voltage 12V or 5V   2.5V to 5V 

Video Transmitter 

Capability 

200mW 5.8GHz  25mW 5.8GHz 

Field of View 130° 120° 

Weight 42g 4.5g 

Noteworthy Features Video recording capability at 

720p, supports High Speed 

Micro SD card up to 32GB 

Ultra-Lightweight 

Price $95.95 $39.95 

 

Figure 3.12: FX805 Micro FPV Camera & 5.8GHz 40CH 25mW VTX 

[19] 
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Our choice of camera was Boscam FPV Camera with Built in 200mW Transmitter due to its 

superior video transmitting capability and slightly higher field of view. 

3.2.6 Portable LCD Monitor with Video Receiver: 

Since our project favors portability and it includes a video transmitting camera, it should have 

portable display that comes with a video receiver. The following monitors are our top picks: 

3.2.6.1 Dragon Rider M71G 7 inch FPV Monitor with 5.8G Hz Receiver [20]: 

It is a 7inch FPV monitor with built-in 5.8G Hz receiver with [20]. Its resolution is 800*480, has 

a brightness of 400cd/m2 and contrast ratio 500:1 [20]. It is capable of receiving bot audio and 

video signals thanks to its 5.8G Hz Receiver Frequency: Amateur Radio Band[20]. Moreover, it 

is compatible with these  8 Channels: 865M, 5845M, 5825M, 5805M, 5785M, 5765M, 5745M, 

5725M [20]. The monitor’s current unit price is $65.00. 

 

 

 

Figure 3.13: Dragon Rider M71G 7 inch FPV Monitor with 5.8G Hz Receiver 

[20] 
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3.2.6.2 Boscam Galaxy RD2 FPV 7 Inch LCD Monitor [21]: 

A 7 inch LCD Monitor with built-in 5.8G Hz dual antenna that supports 32 Channels [21]. Its 

resolution is 800*480, has a brightness of 400cd/m2 , contrast ratio 500:1 [21]. Its input voltage 

range from 7V to 24V with power consumption less than 4W [21]. The unit price is $89.95. 

 

 

Table 3.5: Portable LCD Monitors with Video Receivers Comparison Table 

Unit Boscam Galaxy RD2 FPV 7 

Inch LCD Monitor (Selected) 

Dragon Rider M71G 7 inch 

FPV Monitor  

Input Voltage 7V to 24V Not mentioned 

Video Receiver Frequency 5.8GHz  5.8GHz 

Number of Channels 32 8 

Resolution 800*480 800*480 

Brightness 400cd/m2 400cd/m2 

Contrast Ratio 500:1 500:1 

Price $89.95 $65.00 

Figure 3.14: Boscam Galaxy RD2 FPV 7 Inch LCD Monitor [21] 
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The selected monitor is Boscam Galaxy RD2 FPV 7 inch LCD Monitor due, because its video receiver 

is compatible with our selected camera’s (Boscam FPV Camera) video transmitter. 

3.2.7 Robotic Arm: 

.We were requested to build a robot with an arm that is able to interact with any dangerous 

situation allowing the user to move, push, lift, and drop an object. The following robotic arms 

were considered: 

3.2.7.1 Dagu – 2-DoF Robot Arm with Gripper and Servos (21cm) [22]: 

It is a 2-DoF (Degree of Freedom) robotic claw that is capable of gripping, grabbing and 

clamping objects thanks to its gears and servos [22]. It is made of 3mm sheet of strong aluminum 

and comes with Standard PWM Interface S06NF STD  and S05NF STD servo motors (Note: our 

unit were purchased without the servo motors) and the torque is 3.2kgs (for servo in gripper) and 

13kgs (for servo on the base) [22]. The arm’s weight is 300g and its length is 21cm [22]. The 

Operating Voltage ranges from 4.8V to 6V [22] and the unit price is $24.77 (without the servo 

motors) .  

 

Figure 3.15: Dagu - 2DOF Robot Arm with Gripper [22] 
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3.2.7.2 Gazechimp Metal 2-DoF Robot Mechanical Arm Gripper Clamp Kit w/ Servo [23]: 

A 2-DoF robotic arm that is capable of grabbing objects in any direction due to its flexible 

movement [23]. It has Two MG-996R Servo of Torque: 9.4kg/cm(at 4.8V), 11kg/cm(at 6V) each 

which ensure precise, steady and flexible movement [23]. Made entirely from strong and durable 

Aluminum Alloy that is also high quality [23]. The arm’s length is 10.8 cm [23]. The Operating 

Voltage ranges from 4.8V to 7.2V  and the unit price is $85.14 [23]. 

 

Table 3.6: Robotic Arms Comparison Table 

Unit Dagu - 2DOF Robot Arm 

(Selected) 

Gazechimp Metal 2DOF Robot 

Arm 

Input Voltage 4.8V to 6V 4.8V to 7.2V 

DoF 2  2 

Servo Motors S06NF STD  and S05NF STD MG-996R 

Torque 3.2kgs (servo in gripper) , 13kgs 

(servo on the base) 

9.4kg/cm(4.8V), 11kg/cm(6V) 

Length 21cm 10.8 cm 

Weight 300g Not mentioned 

Price $24.77  (Without Servos) $85.14 

Figure 3.16: Gazechimp Metal 2DoF Robot Arm [23] 
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Our final choice was Dagu - 2DOF Robot Arm for two reasons: 1) The lower price: even after 

including the cost servo motors (see section 3.2.7), the total cost was: $46.65. 2) The arm has 

twice the reach of Gazechimp Metal 2DOF Robot Arm. 

3.2.8 Servo Motors: 

Servo motors are rotary actuators or motors that allow for precise control in terms of the angular 

position, acceleration, and velocity. It is also coupled with a sensor to figure out the angular 

position feedback from the shaft to the controller. They are essential for the rotation of the 

robotic arm and the camera. All of following servo motors were picked: 

3.2.8.1 SG90 180 Degrees [24]: 

A servo motor capable of rotating 180 degrees and Its input voltage range from 3.5V to 6V [24]. 

It has a torque of 1.6kg·cm (at 4.8V) and operates at temperature range -30 to +60 degrees 

Celsius [24]. It weighs only 9g and the unit cost is $3.30 [24]. 

 

 

Figure 3.17: SG90 180 Degrees [24] 
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3.2.8.2 MG90S Metal Gear Servo for Arduino Micro Tower Pro 180 Degrees [25]: 

This servo motor can rotate 180 degrees and Its input voltage range from 4.8V to 6V [25]. It has 

a stall torque of 2.2 kg/cm (at 4.8V) and 2.5 kg/cm (at 6.0V) and operates at temperature range    

-30 to +60 degrees Celsius [25]. It weighs 14g and the unit cost is $6.61 [25]. 

 

3.2.8.3 Towerpro MG996R Servo 25T [26]: 

Towerpro MG996R Servo 25T is an upgraded version of towerpro MG995 servo, so they share 

the same specifications but the Towerpro MG996R is more accurate [26]. Its input voltage range 

from 4.8V to 6V [26], has a stall torque of 9.4kg (at 4.8V) and 11kg.cm (at 6.0V) and operates at 

temperature 0 to 55 degrees Celsius [26]. Also, the gear material is metal and the motor is 

brushed [26]. It weighs 55g and the unit cost is $10.94 [26]. 

 

 

Figure 3.18: MG90S Metal Gear Servo for Arduino Micro 

Tower Pro 180 Degrees [25] 
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Table 3.7: Servo Motors Comparison Table 

Unit SG90 180 Degrees 

(Selected for 

Camera) 

MG90S Metal Gear 

(Selected for Camera) 

Towerpro MG996R 

Servo 25T (Selected 

for Robot Arm) 

Input Voltage 3.5V to 6V 4.8V to 6V 4.8V to 6V 

Torque 1.6kg·cm (at 4.8V)  2.2 kg/cm (at 4.8V) 

and 2.5 kg/cm (at 

6.0V) 

9.4kg (at 4.8V) and 

11kg.cm (at 6.0V) 

Gear Material Not mentioned Not mentioned Metal 

Brushed Motor Not mentioned Not mentioned Yes 

Operating  

Temperature 

-30 °C to +60 °C -30 °C to +60 °C 0 °C to 50 °C 

Weight 9g 14g 55g 

Price $3.30 $6.61 $10.94 

 

Figure 3.19: Towerpro MG996R Servo 25T 
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The reason of selecting the first two servos is that they can rotate 180 degrees and are available 

locally at low price. The reason for selecting MG996R is that it is widely a popular servo, its 

high torque and for being brushed. 

3.2.9 Pan and Tilt Bracket: 

A Pan and Tilt Bracket is used to hold the camera and encapsulate its servo motors which makes 

the rotating and tilting the camera possible. There are a wide variety of Pan and Tilt Brackets in 

the market, but we decided to choose the following: 

3.2.9.1 Pan/Tilt Bracket Kit (Single Attachment) [27]: 

The main features of this bracket is that it can be assembled with ease and the reason for our 

choice is that it our selected servo motors fit perfectly into it. Its unit price is $6.95 [27]. 

  

3.2.10 Motor Driver (Controller): 

A motor driver is essentially is a circuitry that drive the DC Motor of our robot and regulate its 

voltage. The following motor drivers are our top choices: 

Figure 3.20: Pan/Tilt Bracket Kit (Single Attachment) [27] 
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3.2.10.1 RoboClaw 2x7A Motor Controller (V5C) [28]: 

A Motor Controller that can drive up to two brushed DC Motors simultaneously [28]. It can 

control the motors with USB serial, TTL serial, RC, or analog inputs [28]. The controllers 

operating voltage ranges from 6V to 34V while its continuous output current 7.5 A per channel 

peaking to 15 A [28]. Its unit price is $79.95. 

 

 

3.2.10.2 RoboClaw 2x15A Motor Controller (V5E) [29]: 

The RoboClaw 2x15A Motor Controller (V5E) has identical features of RoboClaw 2x7A Motor 

Controller (V5C). However, It has a continuous output current 15A per channel peaking to 30A 

[29]. Its unit price is $99.95. 

Figure 3.21: RoboClaw 2x7A Motor Controller (V5C) [28] 

Figure 3.22: RoboClaw 2x15A Motor Controller (V5E) [29] 
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Table 3.8: Motor Drivers Comparison Table 

Unit RoboClaw 2x7A Motor Controller 

(V5C) (Selected) 

RoboClaw 2x15A Motor Controller 

(V5E) 

Input Voltage 6V to 34V 6V to 34V 

Motor 

Channels 

2 2 

Control 

Interface 

USB; non-inverted TTL serial (2-

way); RC servo pulses; analog 

voltage 

USB; non-inverted TTL serial (2-way); 

RC servo pulses; analog voltage 

Continuous 

Output 

Current  

7.5A per channel 15A per channel 

Peak Output 

Current 

15A per channel 30A per channel 

Weight 18g 60g 

Price $79.95 $99.95 

 

RoboClaw 2x7A Motor Controller (V5C) is selected because it is more than sufficient in 

handling our selected Chassis’ DC Motors and its lighter in terms of weight. 

3.2.11 Microcontroller: 

The microcontroller is the brain of the robot in which it controls all functions and processes. It is 

the most valuable and sophisticated piece in the whole project, For our project two 
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microcontrollers are required. The following microcontrollers were considered: 

3.2.11.1 Arduino Uno Rev3 [30]: 

The Arduino Uno was the first board that featured a USB port, and it is considered the reference 

model of the Arduino platform [30]. The board is based on ATmega328P microcontroller and 

has 14 digital I/O pins six of which can be used as PWM (Pulse Width Modulation) output pins 

[30]. In addition, it has 6 analog input pins [30]. Its clock speed is 16 MHz and it has a flash 

memory of 32 KB, SRAM of 2KB and EEPROM of 1KB [30]. The board’s operating voltage  is 

5V and its recommended input voltage ranges from 7V to 12V [30]. The cost of one unit is 

$23.00 [30]. 

 

3.2.11.2 Arduino Nano [31]: 

The Arduino Nano is the smallest board in terms of form factor which make breadboard-friendly 

board [31]. The board is based on ATmega328 microcontroller and has 22 digital I/O pins six of 

which can be used as PWM (Pulse Width Modulation) output pins [31]. In addition, it has 8 

analog input pins [31]. Its clock speed is 16 MHz and it has a flash memory of 32 KB, SRAM of 

Figure 3.23: Arduino Uno Rev3 [30] 
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2KB and EEPROM of 1KB. The board’s operating voltage  is 5V and its recommended input 

voltage ranges from 7V to 12V [31]. The cost of one unit is $20.70 [31]. 

 

Table 3.9: Microcontrollers Comparison Table 

Unit Arduino Nano (Selected) Arduino Uno Rev3 

Operating Voltage 5V 5V 

Input Voltage 7-12V 7-12V 

Clock Speed 16MHz 16MHz 

Flash Memory 32KB 32KB 

Digital I/O Pins 22 14 

Analog Input Pins 8 6 

DC Current per I/O Pins 40 mA 20mA 

Weight 7g 25g 

Price $20.70 $23.00 

Arduino Nano is selected due to its smaller form factor and its higher number of Analog input 

pins. 

Figure 3.24: Arduino Nano [31] 
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3.2.12 RF Module: 

The RF module is an electronic device used to transmit and receive radio signals between two 

devices. It is often used when there is a need to communicate data wirelessly in embedded 

systems. RF communication is preferable to optical communication as it does not need a line of 

sight. For our project, two RF Modules are required and these are our top picks: 

3.2.12.1 XBee 2MW Wire Antenna - Series 2C [32]: 

It is a RF module with capable of delivering “cost-effective wireless connectivity to devices in 

ZigBee mesh networks” [32]. It is highly compatible with other ZigBee devices (even from other 

vendors). It has 15 General-Purpose IO (GPIO) lines and a data rate of  250 Kbps (using RF), 1 

Mbps (using Serial)  [32]. Its transmission power is 3.1mW and its ranges are: 60m indoors and 

1200m outdoors (in line of sight) [32]. It has 16 channels and 128-bit AES Encryption [32]. Its 

voltage requirement ranges from  2.1V to 3.6V and its unit price $13.02 [32]. 

 

 

Figure 3.25: XBee 2MW Wire Antenna - Series 2C [32] 
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3.2.12.2 XBee 3 Module - PCB Antenna [33]: 

This particular XBee module has 15 General-Purpose IO (GPIO) lines and a data rate of  250 

Kbps (using RF), 1 Mbps (using Serial)  [33]. Its transmission power is 6.3mW and its ranges 

are: 60.96m indoors and 1,219m outdoors (in line of sight) [33]. It has 128/256 bit AES 

Encryption and Its voltage requirement ranges from  2.1V to 3.6V [33]. Its unit price $17.95 

[33]. 

 

Table 3.10: RF Modules Comparison Table 

Unit XBee 3 Module - PCB (Selected) XBee 2MW Wire Antenna - 

Series 2C 

Operating Voltage 2.1V to 3.6V 2.1V to 3.6V 

GPIO Lines 15 15 

Indoor range 60.96m 60m 

Outdoor Range 1,219m 1.200m 

Data Rate 250 Kbps (using RF), 1 Mbps (using 

Serial)   

250 Kbps (using RF), 1 Mbps 

(using Serial)   

Encryption 128/256 bit AES 128 bit AES 

Channels Not mentioned 16 

Price $17.95 $13.02 

Figure 3.26: XBee 3 Module - PCB 

Antenna [33] 
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XBee 3 Module – PCB is selected because it has better encryption and it has slightly higher 

outdoor range. 

3.2.13 Gas Sensors: 

Gas sensors are electronic devices that are used to detect harmful and toxic gasses and measure 

their concentration. They are mainly use in industrial and producing factories to detects gas 

leakages. They are usually included in embedded systems and coupled with alarm system to 

inform users with leakage is detected. In our project, we will select the following 5 gas sensors: 

3.2.13.1 MQ6 Gas Sensor Module [34]: 

MQ-6 sensor is mainly used to detect LPG and Butane gas. It is capable of measuring a 

concentration of 10 to 1000ppm (pressure per million). Its operating voltage is 5V and its unit 

price is $4.95. 

 

 

 

Figure 3.27: MQ6 Gas Sensor Module [34] 
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3.2.13.2 MQ-5 Methane Gas Sensor Shield Methane Detector Module (Blue) [35]: 

MQ-5 sensor is mainly used to detect natural gas and LPG. It is capable of measuring a 

concentration of 10 to 1000ppm. Its operating voltage is 5V and its unit price is $9.91. 

 

3.2.13.3 MQ-8 Hydrogen Gas Sensor Module for Arduino Gas Sensor Module (Black) [36]: 

MQ-8 sensor is mainly used to detect Hydrogen gas. It is capable of measuring a concentration 

of 10 to 1000ppm. Its operating voltage is 5V and its unit price is $8.25. 

 

 

 

Figure 3.28: MQ-5 Methane Gas Sensor [35] 

Figure 3.29: MQ-8 Hydrogen Gas Sensor [36] 
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3.2.13.4 MQ-4 Methane Gas Sensor Natural Coal Detector Module SNO2 [37]: 

MQ-4 sensor is mainly used to detect Methane and CNG gas. It is capable of measuring a 

concentration of 10 to 1000ppm. Its operating voltage is 5V and its unit price is $6.60. 

 

 

3.2.13.5 MQ-7 Semiconductor Sensor CO Gas Sensor Module (Black) [38]: 

MQ-7 sensor is mainly used to detect Carbon Monoxide. It is capable of measuring a 

concentration of 10 to 1000ppm. Its operating voltage is 5V and its unit price is $4.95. 

 

 

Figure 3.30: MQ-4 Methane Gas Sensor Natural Coal Detector Module SNO2 [37] 

Figure 3.31: MQ-7 Semiconductor Sensor CO Gas Sensor Module (Black) [38] 

 



74 
 

Table 3.11: Gas Sensors Comparison Table 

 

All of the above gas sensors were selected because every one them detect at least one type of gas 

that the other can’t (they complement each other). 

 

3.2.14 Buzzer: 

A buzzer is used in our project to alarm the user that an excessive amount of harmful gas is 

detected in the air. Basically, when the I/O port input is high voltage the buzzer will sound an 

alarm. The following choices of buzzers were considered: 

3.2.14.1 Active Buzzer Module High Level Trigger 5V for Arduino AVR PIC [39]: 

This buzzer is compatible with Arduino boards and its operating voltage ranges from 3.3V to 5V. 

The price of one unit is $3.30. 

Gas Sensor Operating Voltage Concentration 

Measure 

Gasses Detected Price 

MQ-4 5V 10 to 1000ppm Methane and CNG $6.60 

MQ-5 5V 10 to 1000ppm Natural gas and LPG $9.91 

MQ6 5V 10 to 1000ppm LPG and Butane gas $4.95 

MQ-7 5V 10 to 1000ppm Carbon Monoxide $4.95 

MQ-8 5V 10 to 1000ppm Hydrogen gas $8.25 
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3.2.14.2 Small Passive Buzzer Module [40]: 

This buzzer is also compatible with Arduino boards and its working voltage  ranges from 1.5V to 

15V. The buzzer costs $2.48 

 

Table 3.12: Buzzers Comparison Table 

Unit Active Buzzer Module 

(Selected) 

Small Passive Buzzer 

Module 

Working Voltage 3.3V to 5V 1.5V to 15V 

Price $3.30 $2.48 

Figure 3.32: Active Buzzer Module High Level Trigger 5V for 

Arduino AVR PIC [39] 

Figure 3.33: Small Passive Buzzer Module [40] 
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Originally, we wanted to select Small Passive Buzzer Module for its lower cost, but it was sold 

out. 

3.2.15 LCD: 

For our project a small Liquid Crystal Display (LCD) is required to display the reading of the 

gases obtained from the gas sensors. We narrowed down our choices of LCD to the following: 

3.2.15.1 Keyestudio 16X2 1602 I2C/TWI LCD Display Module [41]: 

A basic LCD screen that is compatible with Arduino boards and can display 16 char and 2 lines 

when it set to address 0x27. Its supply voltage is 5V and its interface can be I2C/TWI 

x1,Gadgeteer interface x2 [41]. Its cost is $6.50. 

 

 

 

 

Figure 3.34: Keyestudio 16X2 1602 I2C/TWI LCD Display Module [41] 
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3.2.15.2 Arduino TFT LCD Touch Screen 2.8 Inches [42]: 

This is LCD is also compatible with Arduino boards and it can “display characters, graphics and 

BMP format images. And touch controlling is available” [42]. It uses the libraries: 

Adafruit_TFTLCD, Touch Screen and Adafruit_GFX. Its operating voltage is 5V and costs 

$24.77. 

 

Table 3.13: LCDs Comparison Table 

 

Unit Keyestudio 16X2 1602 

I2C/TWI LCD Display 

Module (Selected) 

Arduino TFT LCD Touch 

Screen 2.8 

Working Voltage 5V 5V 

Features 16 chars and 2 line display display characters, graphics, 

controlled by touchscreen 

Price $6.50 $24.77 

Figure 3.35: Arduino TFT LCD Touch Screen 2.8 Inches [42] 
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The reason that we selected Keyestudio 16X2 1602 I2C/TWI LCD Display Module over Arduino 

TFT LCD Touch Screen 2.8 is that its extra feature isn’t worth it for the high (we just need to 

display reading of the gas sensors). 

3.3 Budget: 

The following table show the cost of each components and their quantity. Also, it calculates the 

shipping cost and then total cost: 
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 Table 3.14: Total Cost Table 

 

Item Quantity Unit Price ($) Total ($) 

Dagu Wild Thumper 4WD (DC Motors included) 1 174.95 174.95 

AAMARON 11.1 V 4200mAh battery 1 66.07 66.07 

AAMARON 7.4 V 2200mAh battery 1 36.33 36.33 

Pololu 5V, 5A Step-Down Voltage Regulator D24V50F5 1 14.95 14.95 

Turnigy T6A-V2 AFHDS Mode 2 2.4GHz 6Ch Transmitter w/Receiver 
1 30.59 30.59 

Boscam FPV Camera with Built in 200mW Transmitter 1 95.95 95.95 

Boscam Galaxy RD2 FPV 7 inch LCD Monitor 1 89.95 89.95 

Dagu - 2DOF Robot Arm (Without Servos) 1 24.77 24.77 

SG90 180 Degrees 1 3.30 3.30 

MG90S Metal Gear 1 6.61 6.61 

Towerpro MG996R Servo 25T 2 10.94 21.88 

RoboClaw 2x7A Motor Controller (V5C) 1 79.95 79.95 

Arduino Nano 2 20.70 41.4 

XBee 3 Module - PCB 2 17.95 35.9 

MQ-4 Gas Sensor 1 6.60 6.60 

MQ-5 Gas Sensor 1 9.91 9.91 

MQ6 Gas Sensor 1 4.95 4.95 

MQ-7 Gas Sensor 1 4.95 4.95 

MQ-8 Gas Sensor 1 8.25 8.25 

Active Buzzer Module 
1 3.30 3.30 

Keyestudio 16X2 1602 I2C/TWI LCD Display Module 1 6.50 6.50 

Shipment Cost 1 380 380 

  Total 1147.06 
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3.4 Ethics and Limitations: 

The prototype is designed in such a way that it can be used safely by inexperienced users. Safety 

always comes first. Because it is always advised that users do not get near radioactive matter or 

harmful gasses, the prototype is built in such a way that it can easily be controlled using simple 

wireless device from a distance. A lead box was used in the prototype to protect robotic 

components from high levels of radiation, an alarm system was provided to inform user of the 

presence of dangerous matter and a fan is provided as an extinguishing mean. It should be noted 

that the device will not be able solely to contain a large-scale fire affected area. Firemen should 

not depend on it solely, but it should act as an supportive yet effective tool. 

 

3.5 Conclusion: 

With this chapter, we can understand the system architecture of our project and decide what 

components fit in and what are the alternatives. Also, it help us calculate the budget needed to 

make the project a reality. 
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Chapter 4: Design, Analysis and Testing 

 

The main point of this chapter is prototyping. The details of the proposed design will be exposed. Different 

systems of the prototype will be presented with supporting diagrams, and live pictures. The prototype will 

be tested, and the performance will be recorded. A further analysis of all technical systems and their 

subcomponents will be explained including system development, power calculations, communication 

systems and coding. In short, the prototype quality and functionality will be tested and analyzed for its 

hardware and software. 

 

4.1 Prototype Implementation and Analysis:  

The implementation of the prototype should include both the hardware and the software systems 

used and the integration between those systems, for the prototype to function properly and 

efficiently. The hardware is divided into three subsystems 1) the motors system, 2) the data 

question and display system and 3) the camera system. The software system is composed of two 

Arduino code files, one associated with transmitter while the other is associated with the receiver. 

Each of the mentioned systems will be discussed and explained,  

 

4.1.1 The Motors System: 

The motors system consists of eight motors in total. four of which are DC motors that rotates the 

four wheels of the robot. The other four motors are servo motors, two of which control the robotic 

arm while the other two control the camera. The prototype is a differential wheeled robot. In 

differential steering system, two wheels in each side can be considered as one big wheel since both 

motors in each side are wired in parallel. It means that two motors each side can either move 



82 
 

forward or backward. The wheels are not able to turn right or left, but instead the robot can turn 

right or left by forcing the wheels on opposite side to move in opposite direction. if a forward 

motion of the robot is required, all four motors will move forward. This can be done by moving 

the right stick (the stick associated with robot movement) of the joystick forward. If a backward 

motion of the robot is required, all four motor wheels should move backwards. This can be done 

by moving the right stick of the joystick backward. If a right turn of the robot is required, two 

motor wheels in the left side should move forward, while the other two motor wheels in the right 

should move forward. This can be done by moving the right stick of the joystick to the right.  If a 

left turn of the robot is required, two motor wheels in the right side should move forward, while 

the other two motor wheels in the left should move forward. This can be done by moving the right 

stick of the joystick to the left. Two servo motors are used to control the camera movement, one 

controls the horizontal motion while the other controls the vertical movement. Two servo motors 

are also used to control the robotic arm, one of which is used to move the arm vertically, while the 

other is used to control the grip opening and closure horizontally. It should also be noted that all 

four wheels are provided with a flexible suspension system that helps the robot with overcoming 

obstacles while moving. 

 

Figure 4.1: Shows How Differential Steering System Works  
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other components that ae used in the motors system includes a joystick which is an RC transmitter, 

a six channels 2.4 GHz RC receiver, a motor driver, and an 11,1 V battery. 

 

 

Figure 4.2: Shows the Joystick (the RC Transmitter) and the RC Receiver 

 

In the figure above, the joystick is used to control(activate) six channels of the RC receiver. The 

right stick of the joystick when moved forward or backward, activates channel 3 of the receiver 

which moves the robot forward and backward. The right stick of the joystick when moved right 

and left, activates channel 1 of the receiver which turns the robot right and left.  The left stick of 

the joystick when moved forward or backward, activates channel 2 of the receiver which moves 

the camera up and down. The left stick of the joystick when moved right or left, activates channel 

4 of the receiver which moves the camera right and left. On the top of the joystick there are two 

buttons that can be rotated, one of them activates channel 5 which moves the robotic arm up and 

down, while the other activates channel 6 which opens and closes the grip.  
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The motors system is powered by an 11.1 V battery. The motor driver regulates the battery voltage 

to 5 V before it is delivered to the 6 channel RC receiver, as it ca not withstand the 11.1 V that 

could have been delivered directly to it. Each of channels of the receiver consists of three pins, the 

5v pin, the GND pin and the signal pin as shown in the figure below. 

 

 

Figure 4.3: Shows the 6 Channels of the RC Receiver and the Motor Driver 

 

The 11.1 V battery is connected to the motor driver. The RC receiver is connected to the motor 

driver to draw power through the (+/-) two pins on the motor driver shown in the figure above in 

the red and brown wire. The RC reliever will feed all motors with power needed.  
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Figure 4.4: Shows the Connections Between Motor Driver and RC Receiver 

 

The motor driver S1 pin and S2 pin are both connected to channel 1 and channel 3 of the RC 

receiver through the white wires shown in the figure above, which in turns controls the robot 

movement. All three pins (5V, GND, signal) of channel 1 and 3 are used. The servo motors of the 

camera are connected directly to the RC receiver through the pins shown in the yellow, red, and 

brown wire patterns. The servo motors of the robotic arm are connected directly to the RC receiver 

after eliminating the 5V wire and the GND wire through channel 5 and channel 6 which are shown 

in the white and purple wires. Only the signal wire of the arm servo motors is connected to the 

signal pin of the RC receiver. This will minimize current drawn by the robotic arm servo motors 

which in a fact are a bit bigger than the servo motors of the cameras. By minimizing current drawn 
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by the servo motors of the robotic arm, the whole system can be powered with no problems 

whatsoever. 

 

 

Figure 4.5: Shows the Connection of the Camera Servo Motors to the RC Receiver. 

 

 

Figure 4.6: Shows the Connection of the Robotic Arm Servo Motors to the RC Receiver. 
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Figure 4.7: Shows the Block Diagram of The Motors System. 

 

The 11.1 V battery feeds the motor driver with power need to drive all motors. The motor driver 

regulates the voltage to 5 V then feeds it to the 6 channels RC receiver. The joystick is used to 

activates the receiver channels. Channels 1 and 3 controls the wheels, channels 2 and 4 control the 

servo motors that rotate the camera, while channels 5 and 5 controls the built in servo motors of 

the robotic arm.  
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4.1.2 The Data Acquisition and Display System: 

The data acquisition and display system is concerned with acquiring gas sensors data and 

displaying the corresponding gas concentrations in the LCD monitor.  Components that contribute 

to the system are , 11.1 V barratry , 7.4 V battery, breadboard, two Arduino nano microcontrollers, 

two Xbee S3 Modules, a 5V 5A stepdown voltage regulator, buzzer and  five gas sensors (MQ4, 

MQ5, MQ6, MQ7, MQ8). The bread board is divided into two parts, one of which is powered 

using 11.1 V from the 11.1 V battery. The second part is powered by 5 V using the stepdown 

voltage regulator.  

 

 

Figure 4.8: Shows the Connection of the 11.1 V Battery to the Bread Board through the Blue and 

Yellow Wire at the Top Right Most 
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Figure 4.9: Shows the Transmitting Part of the Data Acquisition System . 

 

 

 

Figure 4.10: Shows the Receiving Part of the Data Acquisition System.  
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In the transmuting part of the system, the Arduino nano is powered by the 11.1 V battery. The 11.1 

V is connected to the Vin of the Arduino nano.  The Arduino nano can withstand voltage levels up 

to 17 V. the battery ground is connected to the Arduino GND pin. A built-in voltage regulator in 

the Arduino provides both 5V and 3,3 V from the 11.1 V. a 5V 5A voltage regulator was added to 

the breadboard to stepdown the 11.1 V from the battery into 5V. Components that operate on 5V 

in the transmitting part of the system are the Five gas sensors. The voltage regulator will allow the 

sensors to draw currents up to 5 A.  The transmitting Xbee Module cannot withstand a 5V level, 

instead it is connected to the 3.3 V pin of the Arduino nano. The Xbee RX and TX pons are both 

connected to the RX and TX of the Arduino nano, so that the data are acquired by the Arduino are 

sent from the transmitting Xbee to the receiving Xbee in the receiving part of the data acquisition 

system. Each of the five gas sensors has 4 pins, the 5V pin, the GND pin, the digital signal pin, 

and the analog signal pin. All the sensors are connected to 5v provided by the voltage regulator 

and GND. The analog signal pins are connected to the Arduino nano analog pins A(0), A(1), A(2), 

A(3), and A(4). The digital signals pins of the gas sensors are left with no connection.  

 

In the receiving part of the data acquisition system, a 7.4 V battery is used to power the second 

Arduino nano microcontroller. The 7,4 V is connected to the Vin of the Arduino nano, and the 

battery ground is connected to the Arduino GND. The receiving Xbee is connected to the 3.3 V 

pin of the Arduino. The RX and TX pins of the receiving Xbee are connected to the X and TX of 

the second Arduino nano. An alarm system consisting of a buzzer is included. The buzzer is 

connected to 5V, GND and D3 digital pin of the Arduino. The LCD data display monitor is 

connected to 5V and GND.  The SCL and SDA pins of the LCD are connected to A(4) and A(5) 

analog pins of the second Arduino nano.  
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Figure 4.11: Shows a Buzzer. 

 

 

Figure 4.12: Shows an LCD Display Monitor. 
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Figure 4.13: Shows the Block Diagram of the Data Acquisition and Display System 
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The 11.1 V battery powers the 1st Arduino nano. The gas sensors deliver input controls to the 

Arduino nano, which in turns generates data. Data are then transmitted via the Xbee module to the 

2nd Arduino nano which is powered by the 7.4 V battery. The 2nd Arduino displays the data as gas 

concentrations on the LCD display monitor.  

 

 

Figure 4.14: Shows the 1st Arduino Nano Code at the Transmitting Side of the Data Acquisition 

System. 
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Figure 4.15: Shows the 2nd Arduino Nano Code at The receiving Side of the Data Acquisition 

System. (Part1) 
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Figure 4.16: Shows the 2nd Arduino Nano Code at the Receiving Side of the Data Acquisition 

System. (Part2) 
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Figure 4.17: Shows the 2nd Arduino Nano Code at the Receiving Side of the Data Acquisition 

System. (Part3) 
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Figure 4.18: Shows the 2nd Arduino Nano Code at the Receiving Side of the Data Acquisition 

System. (Part4) 

 

4.1.3 The Camera System: 

The camera is powered by the 11.1 V battery via the breadboarded. The camera has its own in built 

transmitter which transmit data to the camera monitor. The 7.4 V battery powers the camera 

display monitor. All display frequencies are standard.   
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Figure 4.19: Shows the Camera System. 

 

4.2 prototype testing: 

The robot runs on multiple systems which can provide movement control system, visual system, 

readings and alarm system. First when we completed the project, we tested the readings from the 

Arduino Nano from the transmitter system to the Arduino Nano to the Liquid crystal diode (LCD) 

shown in the image provided. The readings give the amount of the hazardous gasses that could be 

a danger to the user. We calculated the LEL and VEL which gives the international rating for 

hazardous ranges. Then we tested the camera which is connected to the battery for power source. 

The screen that shows a live video from the camera at a range of 1 KM outdoors and almost half 

of that indoors because of insulation and walls. We tested the motors on the robot when directly 

connected to the battery it would stay on at fu speed without control, with research we found 
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multiple motor drivers that allow control to the voltage applied to the motor and ours specifically 

had an output of 5V from the voltage regulator built in the motor driver, this allowed us to use 

components more efficiently. In the case of the servo motors, we found that each servo motor 

required 5V to operate and we used 4 servo motors. Two servo motors were connected to the 

camera in the X and Y axis giving control of 180 degrees of vision. The other two servo motors 

are connected at the robotic arm that one gives mobility in the Y axis and the other to operate the 

grip of the arm. We broke two servomotors that were connected to the robot because of the robot 

flipping upside down due to terrain. The joystick controller is a radio frequency controller meant 

for drones but we used it with the receiver compatible to give us the 6 channels that allows 

communication between the controller and the robot and it operated seamlessly. When testing our 

prototype, we had experienced some difficulties and errors in the electrical part of the capstone 

project. We had a problem with one of the servo motors controlling the camera in the horizontal 

axis. There was some shaking even when the joystick control is not operated. We found that since 

we connected the connections of the voltage from the voltage regulator of the motor to the radio 

frequency receiver and the signal is from the frequency receiver to the servo motors of the camera, 

it is that the wires were moving and making the camera shake and unstable or that the voltage 

supplied from the motor driver’s voltage regulator was unstable. It was making the video quality 

very poor when operating. We were able to reduce the shaking since it comes and goes by changing 

the wires connected between the motor driver and the radio frequency receiver. We also faced a 

problem when operating the joystick in the forward/backward control of the motors, the joystick 

needs more calibration since it is very sensitive to the range of applying voltage. If not careful and 

aware of the sensitivity it would let the robot operate at high speed and crash into an object. The 

last problem still did not overcome is that if the robot flips for any reason, it is difficult for it to 
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return back to operating position unless manual human intervention. The solution to this as we 

discussed could be to take the robot and design a frame welded to the chassis that would allow the 

robot to stay in position, for example we can add a servo motor to a metal rod of some sort and to 

help aid the robot in flipping back to operating conditions.  

 

 

 

Figure 4.20: Shows Sensor Readings on LCD Display 

 

 

 

 

 

 

 

 

 



101 
 

 

 

 

 

 

Figure 4.21: Shows the Sensor Reading on the LCD Display 

 

 

Figure 4.22: Shows the 4 Wheels Robotic Body Mounted on It the Sensors and Transmitting 

Side of the Data Acquisition System  
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Figure 4.23: Shows the Joystick and the Camera Display Monitor.  
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4.3 prototype features: 

-  AWD supported by a flexible and a strong suspension system for each wheel independently. 

-  The prototype uses a differential steering method 

- The chassis body is made from anodized aluminum which facilitate mounting electronics on it.   

- The prototype is controlled by using a joystick as an RC transmitter. It can activate a 6 channels 

RC receiver.    

- A camera is mounted on the prototype to guide the controller throughout the navigation process. 

The camera can rotate vertically and horizontally using the left stick on the joystick.  

- The robot uses two Arduino nano microcontrollers, one at the data transmitting side and the other 

at the data receiving side.  

- Data is transmitted wirelessly via the Xbee module.  

- The prototype is powered by two batteries, 11.1 V and 7.4 V respectively. 

- There are five different gas sensors mounted on the prototype that measures various gasses, 

namely (methane, natural gas, butane, carbon monoxide and hydrogen gas). 

- The prototype is equipped with a robotic gripper arm.  

- The prototype is equipped with a buzzer that works as an alarm system that start buzzing when 

dangerous gas levels are detected.  

  

4.4 conclusion: 

The prototype designed is a robot that is concerned with measuring various gas concentrations. 

The readings are displayed on an LCD monitor. The robot is a teleoperated AWD- 4 wheels car 

with camera mounted on it that acts as the eyes of the prototype. The steering system of the wheels 

is differential. The navigation system depends on a joystick that operates on 2.4GHz and a 6 
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channels RC receiver. The data acquisition system consists of 2 subsystems, the transmitting side, 

and the receiving side. The transmitting side is mounted on the robotic car, while the receiving 

side is attached to the back of the joystick. Each side contains an Arduino nano microcontroller. 

the Arduino in the transmitting side obtains data acquired by the gas sensors and hand them to the 

transmitting Xbee. The transmitting Xbee transmits data to the receiving Xbee on the receiving 

side of the data acquisition system. The Arduino on the receiving side obtains the data from the 

receiving Xbee and displays them on the LCD monitor.  
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Chapter 5: Evaluation 

5.1 Introduction: 

In this chapter, the impacts of the projects will be discussed. Economic, ethical, environmental 

and social impacts will be the scoop of this chapter. 

 

5.2 Project Impacts: 

This chapter will include all the different impacts that this robot will have on many aspects like, 

Economic, marketing, ethical, environmental, and social impacts.  

 

5.2.1 Economic Impacts: 

With our project going to replace an employee in a dangerous situation, which surely cuts any 

health insurance or any health expenses that could occur, which saves money from the employer 

or in our case the government to stop spending on any health hazards in their work. It could also 

boost operation times since a robot only does what it is told of it to do with no consideration on 

the wellbeing of the robot since it might be damaged from any operation. It is easier to replace it 

rather than a human being injured or suffering from a long-term or short-term damage. The robot 

will cost less than the radiation shield suit and other safety equipment that come along with a 

human interacting which will boost economic growth.  
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5.2.2 Economic impacts: 

This robot is specifically made for the Kuwait Fire Department and is not considered for the 

average consumer. Maybe in the future there could be a different design that would better suit 

general uses, that any person could use.  

 

5.2.3 Ethical impacts: 

Good quality products should be used, and the product should have the qualifications that the 

customer asked for. Not compromising quality for profit. 

 

5.2.4 Environmental impacts: 

The robot if disposed of properly would have very minimal effects on the environment. Since it 

is and electric robot which has no emissions, nor does it have dangerous chemicals on board 

other than the battery itself. So, we will try to get materials that could be disinfected from 

radiation and recycled if possible but if the robot is still radioactive from the gamma radiation it 

should be destroyed easily in the manner of the specified   international procedures.  

 

5.2.5 Social impacts: 

Social impacts are few but big, since we are reducing the risk to a very minimal level on the 

officers. Families of people working in this part of the Fire department would not have to worry 

about their loved ones from being affected from radiation or poisonous/hazardous gasses. People 

of the community will be grateful for making a robot that takes Kuwait a little step into 
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technology and its benefits. Robots are key in making any day operation save time and save 

money. Since it is not autonomous then hopefully no jobs would be lost in the making of this 

robot.  

 

5.3 An Interview with MR. Ali Al-Dagher: 

Q1) Do you want a drone or a robot? 

 In the case of the drone, its purpose was to be able to pass by traffic in case of a traffic 

accident and display through a camera what is going on. It will also include a microphone and 

speaker to communicate with the people around. In case of a robot its purpose is to protect the 

firefighters from dangerous events and to increase safety measures.  

Q2) What specifications are needed for the robot? 

It will include a thermal camera, normal camera, hazardous gas sensors, gamma radiation 

sensor, long-distance wireless control and a robotic arm. 

Q3) What is the required dimensions of the robot? 

 Nothing specific but the robot has to have a big chassis.  

Q4) Is this project sponsored? 

 No, this project is not sponsored, however if the project is successful, I will contact Cisco 

to adopt the project. 

Q5) Can we use cheaper alternative components when assembling the robot? 

 Yes, the prototype can be built fit to your budget and the thermal camera can be removed 

and the gamma radiation sensor and the H2S sensor. 

Q6) What is the best-case scenario of the vison for the robot? 
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 The best-case scenario would be if the robot is big in size, having colored LED lights all 

around, having both cameras and sensors, tracked wheels and a multi- axis robotic arm. 

Q7) What are the acceptable minimum requirements of the robot? 

 Normal camera, normal wheels, small chassis, single-axis robotic arm, front view LED 

lighting, hazardous gas sensors, and wireless control.  

 

5.4 Conclusion: 

The proposed design is very valuable and beneficial. The design proposed can be upgraded, so 

that deeper impact can be observed. An increase in design sophistication and budget will for sure 

produce an upgraded design that it capable of handling a much worse and tougher situations. 
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Chapter 6: Conclusion and Future work 

This chapter will include the conclusion and future applications of the project. It will 

focus on the goals wished to be achieved at the end of the whole process.  

 

6.1 Conclusion: 

Our aim was to build and program a robot that can help the Fire Department of Kuwait in going 

against radiation and hazardous gasses. Reducing casualties and risk in providing a robot that 

could help them in many aspects such as economically, and efficiency. Our goal as engineers is 

to build a robot that could fit in multiple criteria without sacrificing any components and 

achieving that tasks that were instructed by the customer. The amount of research we have 

conducted as a team with diverse ideas were used to our benefit of covering as much data 

possible in giving us the opportunity to shape the project in our minds. No robot has been built in 

our research for such situations. We found similar robots but for different purposes and 

implementations. With the help of our supervisors and our honorable university, with the quality 

education and constant pushing the limits of our comprehension of deeper learning about our 

world and its future we were able to tackle this first mission in research, analyzing, comparing, 

designing and asses the needs for us to able to build this robot and we called it the Chernobyl 

Bot.  

 

6.2 Future Applications: 

For our future applications we were thinking of making a chassis that could have variety 

detachable components for a variety of designs in one common body, making water proof 
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components that could help from extreme applications whether if the application was on land or 

on water. The robot could have many uses for biological studies for life under water or from 

making a robot move boxes for workers, any application could be possible with the right 

components the customer buys. In simple terms making many robots in one robot with the 

programming aspect changes with the identification of that component being installed. A thermal 

camera and, a radiation detector and a temperature detector can be added to the prototype, 

resulting a multi detection task robotic prototype. A fan can be added with a flame sensor 

detector to extinguish the fire detected. A water sprinkler can also be added instead of a fan.  
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