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 بسم الله الرحمن الرحيم

 

 ًُّ َٕ انْحَ ُْ ُ لََ إنّ إلَِه  ُ يَب اللَّه وٌ ۚ نهّ ْٕ لََ ََ َٔ وُ ۚ لََ حأَخُْرُُِ سُِتٌَ  انْقٍَُّٕ

يَب فًِ الْْزَْضِ ۗ يٍَ ذاَ انهرِي ٌشَْفعَُ عُِدَُِ إلَِه  َٔ اثِ  َٔ ب ًَ فًِ انسه

 ٍْ ءٍ يِّ ًْ ٌَ بشَِ لََ ٌحٍُِطُٕ َٔ ىْ ۖ  ُٓ يَب خَهْفَ َٔ ىْ  ِٓ ٌْدٌِ ٍَ أَ ٍْ ِّ ۚ ٌعَْهىَُ يَب بَ بِإذَِِْ

 ًَ ِّ إلَِه بِ ًِ لََ عِهْ َٔ الْْزَْضَ ۖ  َٔ اثِ  َٔ ب ًَ ُ انسه سِعَ كُسْسٍُِّّ َٔ ب شَبءَ ۚ 

ًُّ انْعظٍَِىُ  َٕ انْعهَِ ُْ َٔ ب ۚ  ًَ ُٓ  ٌئَُٕدُُِ حِفْظُ

 صدق الله انعهً انعظٍى

 

{ 255  { اٌَتسٕزة انبقسة/ 

 

 

 

 

 



 

 

 

 

 

 الَْداء
 انى أيٍس انُحم... صبحب انقبّ انبٍضبء ببنُجف

(انى يٍ حجبٔز حهك انقبّ)أبً  

 يبشانج دعٕاحك حصهًُ كًب كُج حٍب

 انى شٍٓد الله...انى شٓداء انٕطٍ ٔانعقٍدة

 انى انسٕاحس انخً نبسج الَحًس حبب نك ٌبعساق

 انى أسبحرحً ...ٔيعهًً انًدزست

 انى الَسخبذ اسعد سًٕو...حفظكى الله عهى جٕٓدكى انًبرٔنت

 انى انجبيعت انفخٍت انخً فخحج نُب ذزاعٍٓب 

قٍُت... انخً يبشانج حطبع انركسٌبث بقهبًانى كهٍخً انخ  

 انى الْسخبذ أسعد انسٓلاًَ ...أٔل يٍ شجعًُ عهى الَسخًساز ببندزاست

 انى عبئهخً...أيً  ٔ شٔجخً  ٔأبُخً.. ٔأخٕاًَ  ٔنًٍ سبَدًَ ببندزاست

 دعٕاحً نكى بحفظكى بهطف يٍ انببزي ٔكسيّ
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IV 
 

Abstract 

 

Keeping vehicle speed under control according to the speed limit is 

considered as the main key to the traffic departments in the world to reduce 

vehicle accidents. This thesis presents  a valuable  idea to control vehicle 

speed automatically according to the types of roads that the vehicle passes 

through without human intervention. The Micro-controller unit is 

interfaced with the RF receiver at the prototype, also with the RF’s 

transmitters that deployed along the hypothetical pathway. The results 

show a valuable response for controlling a vehicle’s speed according to the 

speed limit of different types of roads. 

 

In addition, an alert system is investigated to increase safety when 

the accidents occurred due to exceeding the speed limit. It can be 

accomplished by designing a vehicle alarm system to alert others to reduce 

speed and inform the emergency center when the accident happens. 

However, the vehicle speed is controlled according to the road speed limit, 

where it reduces dynamically based on IoT. The monitoring results have 

been stored in the cloud server, which gives the vehicle capability to 

connect with its surroundings via having the internet. 
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Chapter One 

 Introduction 

1.1 Introduction 

 

The Internet of things (IoT) describes the network of physical objects 

“things” that are embedded with sensors, software, and other technologies for the 

purpose of connecting and exchanging data with other devices and systems over 

the internet. It gave us  capability to control and store the data that initialized from 

these devices by controlling the special sensors attached to the devices. This 

technology overcomes the geographical boundaries of connecting devices together 

and provides flexibility of controlling it remotely [1]. 

The IoT has evolved for a widespread phenomenon on the horizon, and with 

the transition to more internet systems used in our lives as shown in Fig.1.1. It has 

led to effective and simple traffic management control. It is also facilitated the 

confrontation of challenges the increase in vehicle problems due to the increase in 

their numbers. Therefore, the increase in the number of vehicles and the growth of 

their problems at an exponential rate led to an increase in the rate of utilization of 

(IoT) [2].…………………….        .…………………….......     >>>>>>>>>>>>>

 

 

Fig .1.1: Internet of Things architecture [1] 



Chapter One                                                                         Introduction 
 

2 
 

Table-1.1 shows the increase in the percentage of the use of IoT in different 

segment of our daily life, it measures by million units in three years [3]. 

 

      Table- 1.1:  IoT endpoints growth in the world [3] 

Segment 2018 2019 2020 

Utilities 0.98 1.17 1.37 

Government 0.40 0.53 0.70 

Building Automation 0.23 0.31 0.44 

Physical Security 0.83 0.95 1.09 

Manufacturing & Natural 

Resources 

0.33 0.40 0.49 

Automotive 0.27 0.36 0.47 

Healthcare Providers 0.21 0.28 0.36 

Retail & Wholesale Trade 0.29 0.36 0.44 

Information 0.37 0.37 0.37 

Transportation 0.06 0.07 0.08 

Total 3.96 4.81 5.81 

 

Through the widespread use of modern technology and the networking of 

devices with the internet, vehicles' companies have sought to develop their industry 

for modern vehicles.  The modern vehicles are connected to   the Internet networks, 

or what is known as the internet of the vehicle (IoV), where this branch represents 

about 28% of the IoT as shown in Fig.1.2 [4]. 
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 Fig. 1.2: Grow IoT and IoV [4] 

IoV is classified into three types of vehicles connected (in this thesis). The 

first one is the vehicle-to-vehicle (V2V) connected. The second one is vehicle to 

pedestrian (V2P) communication, and the last one is the vehicle to infrastructure 

(V2I) connection, which is linking the vehicle with devices installed around it, that 

are mostly installed on the street[5]. However, the good internet service is required 

in this type of communication for high performance during the vehicle drive. 

IoT has been employed to solve and control several issues, such as; smart 

home, smart city, smart grid, and so on. Control of connected vehicles to the 

internet will simply reducing the number of vehicle accidents, which include fatal 

accidents. Recent studies have indicated that a third of fatal accidents were due to 

excessive and inappropriate speed [6]. 

Control some of vehicle fatal accidents can be achieved through forcing 

vehicles to slow down according to restrictions that authorities set depending on 

different regions. For example, the areas where schools, hospitals, and government 

departments are located [7]. Using IoT can achieve this faster than smart. However, 

vehicle accidents are not only caused fatal for people, but also it is seriously caused 
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injured peoples , who they suffer from the loss of blood and require immediate first 

aid and transfer to hospitals for treatment [8].  

Finally, with the increase of technologies that used in the automotive 

industry, logistical matters have been added to vehicle, as well as look and luxuries, 

as many sensors have been implemented both inside and outside vehicle to increase 

safety. Sensors send specific signals to the engine control unit (ECU) via special 

protocols [9, 10]. It informs them on defects in vehicle and turns read and analyze 

errors, then the ECU take appropriate measures to direct attention to the driver, the 

cloud server, or others. 

 

1.2 Motivation 

The fatal accidents roads have been increased drastically during the last 

decade. According to rule of the Association for Safe International Road Travel 

(ASIRT), road accidents affect the gross domestic product in nations from 1-2% 

yearly. Fig. 1.3 shows the percentage of the most accidents registered in most 

countries around the world [11]. 

However, when the accidents happen, the traffic jam will appear and cause a 

difficult situation to be handling in a short period [12]. 

 

1.3 Objectives 

In each country, each road is specified in a speed limit via traffic authorities. 

From the literature, the vehicle speed reduction requires human intervention. 

Therefore, reducing the vehicle speed automatically without human intervention is 

considered a big challenge technically. 

The main objectives of this thesis are: 

1. To design a smart system in which the vehicle speed can 
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be reduced when the vehicle exceeds the speed limit.  

2. In addition, to report accidents when it happens in record 

time. To make routes safer for everybody.  

3. As well as to find the location, time, vehicle identifier, 

and reports of the rest of the vehicles that are on the side 

of the accident, which is a necessary indication for other 

vehicles to avoid series of accidents  through reducing its 

speed. 

 

 

 

Fig.1.3: The Rate of Fatal Road Accidents to Countries Annually [11] 
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1.4 Contribution 

 

Basically, there is a standardization for the vehicle’s speed according to the 

zones or types of roads that vehicles pass through. However, from the literature, the 

reduction of vehicle speed requires human intervention. Therefore, controlling the 

vehicle speed automatically without human intervention is technically considered a 

big challenge. The prevention of vehicles exceeding the limit speed that is specified 

to each road is the main contribution of this thesis.  A control system is developed 

to reduce the vehicle speed based on IoT.  It also an alert accident system is 

suggested and tested to help and save people's lives through monitoring vehicles.  

 

1.5 Thesis Layout 

 

This thesis contains five chapters as follows: 

In chapter one, the motivation and some challenges vehicle speed control are 

discussed. The main contributions of this thesis are summarized, and the structure 

of this thesis is presented. 

In Chapter 2, a general background of control Vehicles, sensors, some 

protocols, and literature review are presented. 

In Chapter 3, the methodology of the proposed system to reduce the speeds 

of vehicles and to detect of accidents is explained. 

Chapter 4 highlights the obtained results for the different cases. 

In Chapter 5, the conclusions of this thesis are drawn, and possible future 

work is discussed. 

 



 

 

Chapter Two 

Theoretical 

Background and 

Literature Review 
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Chapter Two 

Theoretical Background and Literature Review 

 

2.1 Introduction 

 

Vehicle accidents are considered as a serious issue that needs to be addressed 

in our societies. Excessive speeding is one of the main causes of fatalities of traffic 

crashes. However, the vehicle speed is one of   factors in determining the severity 

of the accident, which means that setting the correct speed limit for vehicles is an 

important factor in road safety [13].  

Legislators set statutory speed limits for different road types (e.g., urban 

streets, Interstates, rural highways) which can vary from country to another. In this 

thesis, a prototype device has been designed to automatically reduce the vehicles’ 

speed when the drivers exceed the speed limits. Examples of statutory speed limits 

include 70 mph in major interstate highways, 55 mph in rural highways, and 25 

mph in suburban or school districts. [14] 

In this thesis, a prototype model  has been used to emulate a real situation. 

For this, an Arduino microcontroller has been used to control a vehicle’s speed. 

 

2.2 Controller Device 

 

Arduino is an open-source hardware and software company, project and user 

community that designs and manufactures single-board microcontrollers and 

microcontroller kits for building digital devices. 

Arduino platform was designed to supply a cheap and simple way for 

hobbyists, professionals, and students to make devices that react with their 
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 environment using sensors and actuators [15]. It established on easy 

microcontroller boards, which utilized for constructing and programming electronic 

devices. It has capable of sending and receiving information over the internet with 

the help of different Arduino shields. However, Arduino uses hardware known as 

the Arduino development board and software for developing the code known as the 

Arduino Integrated Development Environment (Arduino IDE) [16]. 

Arduino IDE supply a simplified integrated platform that can run on uniform 

personal computers. It allows users to write their programs for Arduino using C or 

C++. With so many Arduino boards existed in the market; selecting a special 

development board needs an assortment of the survey done concerning their 

specifications and abilities, which can be used for the project execution according 

to its fixed implementation[17]. 

Researchers use several methods to change the engine speed, especially those 

running on DC. The most important technical methods; their advantages, 

disadvantages, and how the methods are followed are listed in the following items:- 

 

● Series Resistor: This can be done through adding an extra effort 

to reduce the engine torque. It leads to consume a large amount 

of energy and current and that may cause a sudden stop. 

 

● Mechanistic Gears: This can be done by instructing one gear to 

interfere and reduce the speed that is depending on the situation. 

This method may cause friction in those gears, which leads to a 

high temperature and erosion of its parts. 

 

● Pulse Width Modulation (PWM): In this method, the speed of 
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the engine is controlled through the width of the pulse. 

Therefore, by sending a short pulse, the engine runs at low 

speed, while sending a long pulse, the engine increases its speed 

[18]. 

 

In this thesis, a PWM is used in which the message encoded and instructing 

the engine to work at the required speed. Figure 2.1 shows the instruction of PWM 

used to control the speed engine. The instruction (digital Write) is replaced with 

(analog Write), where the code numbers are from (0) to (255). (0) represents the 

engine off, while (255) means the engine is running at full capacity. 

It can benefits to PWM by reduce the engine speed [19] by choosing a value 

between (0) and (255), to determine the speed at which the vehicle operates. 

 

 

 

 

                                  Fig.2.1: variable pulse width 
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An example of the Arduino Auno contains (6) outputs of PWM can be seen 

by looking at the ports (3, 5, 6,9,10 and 11) in Fig 2.2. 

 

Fig.2.2: Arduino UNO Components [20] 

 

2.3 Vehicle Sensors 

Sensors in the vehicle are connected through a bus connector. Where the bus 

has very high data transfer speed, enabling high-priority communication such as 

prioritizing AIRBAG or crash sensors. This system uses a protocol called controller 

area network (CAN) [ 21][22], that has a printed circuit that allows data transfer 

speed of 500 kilobits per second as shown in Fig 2.3. This chip is widely used 

because its speed that exceeds the speed of other printed circuits, and it is working 

with two layers; the physical and data layer. 
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Fig.2.3: CAN Protocol [23] 

 

CAN protocol is used immediately to report of accidents. It sends signals to 

the rest of vehicles to reduce speed, as it communicates directly with the sensors 

without going through ECU.  

Message Queuing Telemetry Transport (MQTT) publish/subscribe is another 

protocol used to track vehicle speed [24].  

The vehicle published the information of coordinates of its position and time 

within the network based on IoT. The server collect, register and store the 

information in the database center after comparing the vehicle data with road 

details (road limits) as shown in Fig .2.4. 

 

Fig.2.4: MQTT Software design [25] 
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2.4 Radio Frequency (RF) Device 

RF device is an electromagnetic signal device that sends the signal wirelessly 

through an antenna for communication between two devices. It works at a specific 

frequency range from 3kHz to 300GHz, as shown in Fig .2.5. It also does not 

require transmitting the signal in the line of sight (LOS) [26]. 
 

 

Fig.2.5: Electromagnetic Spectrum [27] 

There are several types of RF devices, for example, RF434MHz and 

NRF24L01. In this thesis, the NRF24L01 is used for several reasons. Its facilities 

include of cheap price, current consumption is less than 13.5 mAh, Data Rate 25 

Mbps, the ability of communicate with more than one receiver, full-duplex, high 

receive sensitivity, withstand high temperature and it is using the Serial Peripheral 

Interface (SPI) protocol. 

 SPI is a very easy serial protocol. The master sends a clock signal (SCLK), 

and upon each clock pulse; it shifts one bit out to the slave and one bit in, coming 

from the> slave.……………………………………………  

By using Slave Select (SS) signals, the master can control more than one 

slave on the bus. There are two ways to connect multiple slave devices to one 

master, one is mentioned above i.e. using slave select, as shown in the Fig. 2.6 [28] 

and the other is daisy chaining. It uses fewer hardware pins (select lines), but 

software gets complicated.  
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Fig.2.6: SPI connection [28] 

 

Several parts chooses to be daisy-chained with each other, with the Master 

input Slave Output (MISO) of one going to the Master Output Slave Input (MOSI) 

of the next. In this case, a single SS line goes to all the slaves. Once all the data is 

sent, the SS line is raised, which causes all the chips to be activated together. This 

is often used for daisy-chained shift registers and addressable LED drivers. Note 

that; for this layout; data overflow from one slave to the next, so to send data to 

anyone's slave, it will need to transmit enough data to reach all of them. Also, keep 

in mind that the first part of the data you transmit will end up in the last slave as 
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shown in the Fig.2.7. 

 

 

Fig.2.7: SPI Daisy-Chained [28] 

 

SPI is used in this thesis; because it has high data rates transfer, single 

master, and full duplex. Therefore, it can benefit from the advantage of this 

protocol in our work due to one device is used as a transceiver (full duplex) [29]. 

Taking into consideration the configuration of an identifying library for the 

protocol used at the beginning of writing the IDE code. 

 

2.5 Literature Review 

 

This section presents briefly the previous studies, which have, in way or 

another, relevance to the current study. The smart roads are considered as a 

promising way for a modern transport infrastructure, where it combines artificial 

intelligence and big data with physical infrastructures such as sensors and solar 

panels [30]. Further, roads can be connected to the internet of things (IoT) to 

collect traffic and weather data, where it can be utilized from this type of 
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connectivity to improve safety and traffic management, etc. In general, several 

researchers have made suggestions to limit overruns to reduce traffic accidents. 

In 2013, Singh, Narendar et.al [31], have been designed a smart display 

and controller (SDC) to alert the driver when the speed limit zone is exceeded, 

where the information is displayed on the vehicle. The author suggested placing a 

Radio-frequency identification (RFID) tag in different zones. When the information 

is received from the RFID zones, the message of the speed limit zone will appear 

on the smart display to alerts the driver with an alarm. If the driver does not reduce 

the speed in the speed limit zone, the SDC unit will automatically send a message 

through the global system for mobile communications (GSM) includes the details 

of the vehicle and speed limit zone to the traffic police system. 

In 2014, Qiao et.al [32], the author suggested deploying radio frequency 

(RF) devices along with the work areas (construction areas) and maintenance areas, 

which send a voice message to the vehicle driver to reduce speed, stop or 

otherwise. The driver can hear that message through the radio channel or receiver 

device. 

In 2016, K. Kumarmanas et.al [33], sensors were installed in the vehicle to 

broadcast the collected data, such as vehicle registration plate, vehicle speed, and 

vehicle speed limit monitoring. The broadcasted data gathered and analyzed by the 

RF devices deployed along the streets, and the analyzed data would be sent to the 

traffic department through a special router. 

In 2016, H. Gupta et.al [11], the author suggested to set up a 

Microcontroller with the vehicle system to receive a message from the traffic 

authorities to reduce the speed when the driver exceeded the speed limit. If the 

driver does not respond to the message, the microcontroller will turn off the vehicle 

engine within 10 seconds without reducing the vehicle speed [34]. 
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In 2016, Kochar et.al [35], a method to send a warning message through a 

protocol Zigbee was considered. The vehicle is tracking through a global position 

system (GPS), and the warning message would be received from the driver via 

protocol Zigbee to reduce the vehicle speed. 

In 2014, K. N. Goh et.al [36] the authors designed a system based on an 

algorithm to find the closest hospital to the accident. It is depending on the 

geographical coordinates and maps. 

In 2016, E. Nasr et.al [37] the authors designed an accident avoidance 

system with the aid of the IoT and they were able to connect it to the network. They 

used ultrasonic sensors to detect the hazard. 

In 2018, Ni, Fei, Jianxiang Wei et.al [38] designed a system to protect 

children and the elderly sitting in the vehicle during its stoppage and their relatives 

forget them during rest periods or shopping, that is by establishing a system for 

monitoring life and warning about weather conditions. 

The controls of vehicle speed that depend on the standardization of speed 

limits are more complicated and have not been addressed in the literature. An 

investigated unique method in relation to a gap found in the literature is needed to 

be declared, which is the main contribution of this thesis.   

  In this thesis, a prototype model has been applied to rival vehicle accident 

recognition and remote alarm system based on IoT. Consequently, a low-cost 

Arduino microcontroller has been used to control vehicle speed automatically. A 

PWM is used to encode the control message to determine the speed at which the 

vehicle operates. MQTT protocol is used to track vehicle speed based on IoT using 

MySQL database storage software for GPS to track the speed and the time 

consumed. 



 

 

Chapter Three 

Methodology 



Chapter Three                                                               Methodology 

 

17 
 

Chapter Three 

Methodology 

 

In this chapter, the architectures of the proposed system for vehicle speed 

reduction and accident based on IoT are presented.  

The theoretical framework used in this thesis relied on IoT, where IoV is one 

of IoT branches that have already evolved to become more comprehensive; 

therefore, it is called Universal IoV (UIoV) [39]. Fig .3.1 and Fig.3.2 show vehicle 

were connected via the internet from several aspects. 

 

 

Fig .3.1: Models IoV [39] 

 

Fig .3.2: IoT Structural [40] 
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3.1 Vehicle Speed Control 

 

Previously, the vehicle fuel consumption is controlled mechanically through 

a metal drawing wire attached between the fuel pedal and throttle valve. This 

traditional method was replaced by an electronic control system [41]. 

Generally, the speed of the motor vehicle can be changed by setting the 

accelerator pedal position (APP), where the variation in the APP is forwarded to 

the Electronic Control Unit (ECU) [42]. Depending on APP, and the data received 

from different sensors, the ECU has controlled the gate of the throttle [43].  

  In this thesis, Micro-controller is setting as linked between the ECU and APP 

as shown in Fig. 3.3. It gathers the data speed of a vehicle from APP. According to 

the data collected from the APP unit, the Micro-controller will analyze and 

compare it with the data that is saved. Then the Micro-controller will decide to stay 

at the same speed or decrease the vehicle’s speed and send its decision to the ECU 

unit. Depending on the decision of the Microcontroller, the ECU will turn to 

decrease or not the amount of spent fuel that affects the vehicle to reduce or stay at 

the same speed (see Fig 3.4). 

 

 

Fig .3.3: Engine speed control architecture 
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Fig.3.4: Description of the function of the road speed 

Limiter [44] 

 

The methods used to define the areas where speed needs to be reduced are 

programmed with GPS coordinate via GIS maps. If this is not possible due to the 

lack of maps or its financial cost in some regions, this will be replaced by 

deploying RF stations that transmit the radio signal to the vehicle to control and 

reduce the speed when exceeding the speed limit. 

The RF stations are placed next to the main road on the lighting poles, 

electricity pole, and traffic lights. It either is fed from electricity sources on the 

road or via DC battery connected with a solar cell since it needs stable source 

power [45]. 

 

3.2.1 Modes of processes 

In the utilized design, the vehicle has two statuses: passive and active mode. 

A-Passive Mode:- 

The Microcontroller receives the data from the pedal position sensor and 

compare it with the data from the speed sensor, then its transfer the data to the ECU 
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unit. In this mode, the vehicle’s speed will not be changed since it is below the 

allowed maximum speed. 

 

B - Active Mode:- 

In this mode, the vehicle’s speed data is always passed to the Micro-

controller unit. According to the received data from the RF transmitters, which are 

specified for each road, the Micro-controller would compare the data with that 

received from the APP unit. After that, if the driver exceeds the maximum speed 

limit, the Microcontroller will decide to reduce vehicle’s speed and pass this 

information to the ECU unit. Figure 3.5 shows the flow chart of both normal and 

active modes. 

 

 

Fig. 3.5 Flow Chart on Passive and Active Model 
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3.2.2 Vehicle Speed Control 

 

   In this thesis, GPS coordinate device always tracks the vehicle as shown in Fig 

3.6. The Micro-controller receives the data of the vehicle position and decides to 

reduce the speed level or stay at the same level depending on the specific speed that 

belongs to the type of street that the vehicle passes through. In addition, the 

authorities can receive the information about the vehicle’s status from the internet 

cloud server via a Wi-Fi, which will help them monitor the vehicle when an 

accident happens. 

 

 

Fig.3.6: GPS in a vehicle 

 

 

An Ethernet shield or Wi-Fi is used between the RF devices installed along 

the roads and the cloud for tracking and saving the data collected from the vehicle 

as shown in Fig 3.7. 
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Fig.3.7: Cloud Data Storage for Vehicle Control 

 

In addition to the speed reduction system, it has been proposed an additional 

accident system alert to assist in saving peoples when the accident happens. It 

sends a message for asking help in two ways as shown in Fig.3.8. Firstly, the 

accident sensor sends a message through an application in the mobile device. Then 

the mobile device will send an alarm message to the emergency center via GSM. In 

a second way, the sensor will send an alarm message using a Wi-Fi connection to 

the server that will pass it to the emergency center also. These two ways are setting 

simultaneously, to ensure that the alarm message is forwarded to the emergency 

center when the accident happens. In addition, there is an alert message 

broadcasting to all vehicles on the street from the vehicle that exposed to a traffic 

accident. 

A collision sensor is added to the system, which is a signal-conducting 

switch. It sends an electrical signal of a traffic accident to the microcontroller in 
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order to take action and reduce speed. This sensor is placed on the outer hull of the 

vehicle or under it with a depth of 5 cm. 

 

 
 

Fig.3.8: Accident Detection System 

 

Figure .3.9 depicts the proposed accident system. First, a sensor senses the 

action and sends an electrical signal to start an early warning process of the 

accident to Microcontroller. The sensor works to conduct the electrical signal to the 

system when contact occurs on the principle of the Push - Button switch. The alert 

systems start and the Microcontroller sends the location of the accident coordinate, 

which depends on the GPS system.  The accident coordinate will be send in parallel 

through two-technology simultaneously, Wi-Fi and GSM. Through the Wi-Fi path, 

the Microcontroller sends the data to the cloud server directly via Wi-Fi 

technology. In the RF path, the Microcontroller sends an accident signal to the RF 
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device that will broadcast an alert signal for others to reduce their speed. Finally, in 

the GSM path, the message is sent to the emergency center to inform it about the 

accident.   

 

Fig.3.9: Flowchart of the proposed emergency system 
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The technologies used in the alert system are explained in the following 

sections. 

 

A- Global Position System 

Global position system (GPS) helps to identify the position of vehicle. It 

helps to send the exact location to the emergency center when the accident 

happens. It was found that 67% of people are not able to explain the situation to the 

paramedics about the location where they are [36]. Therefore, from the GPS, it is 

easy to identify the accident location and the nearest hospital from that accident. 

The navigation system works by operation a GPS device to choose four 

satellites out of 24 satellites that specified in length, width, height and speed to 

send this information to the rest of the other means of communication [46]. 

 

B- Cellular Communication (GSM) 

The proposed emergency system is connected with the vehicle through the 

GSM to report the ambulance and the police when the accident is taken place. The 

message contains the vehicle’s identity, coordinates, and time. The assistant is send 

to the vehicle according to the information provided. This happens when the 

emergency center calls the vehicle driver to confirm the accident. If the driver of 

the vehicle is not responding to the emergency center, the accident will be 

confirmed [47]. 

 

C- Wi-Fi Connection 

The WiFi connection is secured to the nearest base station (LTE or Mobile 

station) to store the information about the vehicle and the driver, which is 

previously recorded (for example, blood type, diseases, and home phone number) 

[48]. It used to send the information of the vehicle such as current speed to the 
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cloud server for monitoring. The monitoring process continues to show the results 

of a vehicle accident or malfunction and to send the geographic coordinate to cloud 

computing. 

Vehicle Ad-Hoc network (VANET) technology can be used to exchange 

information between vehicles when the vehicle cannot be able to obtain the 

information via radio of GPS due to the obstacles [49]. It also sends an alert signal 

to the neighboring vehicles during a rush hour. 

The (MQTT) protocol transmits messages between the server and the client in 

a (publisher/subscriber) mode, as the open-source protocol consists of three main 

parts: 

 

● Broker 

● Publisher 

● Subscriber 

 

 

 

Fig.3.10: MQTT Protocol Stage 
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The vehicle publishes its information to the broker via messages, where the 

broker manages the network and sends the information to the server, which it acts 

as an intermediary between the publisher and the customers by relying on TCP / IP 

to determine the specific customer to whom the message is delivered to, as shown 

in the Fig 3.10 

 

 

D- Radio Communication 

An RF device is placed in each vehicle. It works to receive signals from the 

RF's devices that deploying alongside the road, as well as to receive signals from 

other vehicles.   

 

 

3.2.2 Prototype components 

 

Fig.3.11: Prototype Vehicle of Speed of 60 km / h 
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The IoT is used to control speed limits, store data in the cloud server and use 

the same technology to report early traffic accidents that will help to protect the 

lives of passengers. Figure (3.11) shows the components that added to the vehicle 

prototype, which used in this thesis. 

The prototype of the suggested system is designed and implemented. A 

system component is consisting of two parts. The first part  consists of the NRF-

24l01 transmitter, the dc power source (battery) or solar cell and the 

microcontroller type Arduino pro mini (ATmega328) because of its tolerance of 

temperature around from -40 to 80 degrees Celsius degrees.  

This equipment are placed in a plastic box as shown in Fig.3.12. This part is 

set in a roadside and customized according to the types of the road through 

programming the microcontroller. In the second part, the same aforementioned in 

the first part is compact with the vehicle pattern as shown in Fig.3.13. 

However, the NRF-24l01 is used as a transceiver since it has the advantage 

of a fast connection recipient using the serial peripheral interface (SPI) protocol 

[50]. In addition, the Arduino pro mini is used in this project due to its small size. 

Therefore, it can be easy use with the small vehicle's prototype. 

The microcontroller (Arduino pro mini) can be replaced with a Node MCU 

that has a WiFi unit (ESP8266) to control RF stations remotely without 

programming manually. Therefore, the Node MCU has been chosen and used in 

this thesis due to it has a microcontroller and WiFi at the same time (See Fig. 3.14). 

It allows us to change the conditions of speed remotely according to speed 

variables. 
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Fig.3.12: Transmitter Unit 

 

 

 

 

Fig.3.13: Prototype vehicle with Receiver Unit 
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Fig. 3.14: Transmitter Unit with Node MCU 

 

A group of transmitting stations can link to a single station that is controlled 

via a particular server or directly from a switch in the Main Station, as shown in the 

Fig. 3.15. 

 

 

 

Fig. 3.15: The Main control statin 



 

 

Chapter Four 
 

Results and Discussion 
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Chapter Four 

Results and Discussion 

  In this chapter, the results of this work are shown and discussed. 

 

4.1 Control the Speed of Vehicle 

 

As explained chapter three, the system controls the speed of vehicles by 

installing RF radio stations alongside the road. It will send a message to the vehicle 

for the purpose of speed reduction. Practically, the thesis tested different NRF and 

RF stations for knowing the coverage ranges by these stations. This helps us in the 

calculation of the number of stations that installed alongside the road in order to 

accurate test the model. 

The RF device used in this work has a standard transmission range of 100 

meters. The experiment was conducted in a rural area as shown in Fig. 4.1. The RF 

transmission station was set at a height of 2 meters, where a maximum transmission 

distances of a radio signal according to equation (4.1) [51]. 

 

 

Fig.4.1: Prototype of Zone Test 
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                                  (   )            

 

where   is a wavelength to RF signal ,    transmitter height,     is a receiver 

height and     is a maximum distance. 

 

If the speed is required for long distances, it is possible to install more than 

one station or install devices with a broadcast antenna with a standard range of 

1000 meters, as shown in Fig.4.2. 

 

 

 

 

Fig .4.2 RF with Extra Antenna 

 

The prototype vehicle is tested along the path of 500 meters, where the path 

is divided into different regions to emulate the real streets. The transmission unit 

defined as an identifier, for example, C, D, etc. A Microcontroller is programmed 

by the open-source Arduino Software (IDE) version Arduino 1.8.12 for the 

transmitting and receiving units, where each station is specified for a limited speed. 
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As shown in Fig.4.3, the vehicle is started to increase its speed gradually 

from the zero point up to 42 Km/h during the period from 0 to 4 seconds (s) since 

the maximum speed in the first path is set to 45 Km/h. After that, the vehicle speed 

dropped in the second region to 20Km/h and stay almost stable at that speed of a 

period from 5.8 s to 14.2 s, where the vehicle is entered the restricted   region that 

set to 20 Km/h maximum speed. When the vehicle passes the restricted area, it has 

returned to increase its normal speed with the region of 45Km/h. The stations 

(NRF) were used in the experiment. 

 

 

 

Fig.4.3: Control Speed Reduction Zone 

 

In this thesis, the vehicle speed is measured using a GPS box, which is a 

multiuse tracking device [52]. The experiment has been conducted in the laboratory 

before it is carried out on the street through the serial window to know the time 

required for the vehicle to receive the notification message of reducing speed and 
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from which station. An SD card has been added to save the information and to view 

a chart that displays the speed of the vehicle within the time. 

Figure 4.4 illustrates the results of the second test. The road that connects 

Najaf- Karbala was chosen as an example of speed reduction with different limits. 

The section taken from point (32.1058858 N, 44.2739056 E) begins and ends with 

point (32.0943819 N, 44.2721370 E). 

The prototype was traveling at 40 km / h, and then the speed was reduced to 

30 km / h by the NRF device installed in the first region. In the second region, the 

speed is reduced to 20 km/h, where the vehicle took about ten seconds to cross the 

second region. 

 

 

Fig.4.4: Relation between the Speed and Time 

 

Figure 4.5 shows the results of the third experiment, as the region was 

divided into four sections A, B, C, and D with unequal distances. The maximum 

speed is set at 10, 20, 15, and 5 Km/h, respectively. From this figure, the response 

to speed reduction is good enough according to the speed limit. 
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Fig.4.5 Use four stations (NRF) to reduce the speed 

 

The Node MCU is the key to access the IoT, where the results of the sensors 

reviewed on paid servers, and some are almost free like Thingspeak, Remotexy, 

Blynk, GPRS server...etc. 

Figure (4.6.A) shows how to monitor vehicle speed by connecting to the 

internet. It can monitor a group of vehicles through the server screen where the 

coordinates, time, speed, weather conditions, etc. are available. It provides the 

ability to monitor the quality of the speed reduction system. 

Also, It can control the radio stations to make the speed change remotely by 

the server via setting a specific speed according to the recommendations of the 

traffic departments since it stipulated that the speed limits during the daylight are 

differing from night times (see Fig. 4.6.B) 
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Fig.4.6.A: Shows how to Monitor Vehicle Speed and other Parameter 

 

 

 

Fig.4.6.B: How to Change the Reduction Speed of a Radio Station 
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Table 4.1 Test Accident Detection Accuracy 

 

 

4.2 Accident Detection System 

 

   For rescue teams to reach the accident site quickly, accurate coordinates of the 

vehicle accident site must be obtained. Table 4.2 shows 14 experiments that 

conducted to check the accuracy of the accident detector, where fifteen different 

Zone No Accident detection 

accuracy 

Location tracking 

accuracy 

Notification sending 

accuracy 

1 100% 94% 100% 

2 100% 97% 100% 

3 100% 95% 100% 

4 100% 94% 100% 

5 100% 99% 100% 

6 100% 99% 100% 

7 100% 94% 100% 

8 100% 95% 100% 

9 100% 93% 100% 

10 100% 97% 100% 

11 100% 93% 100% 

12 100% 97% 100% 

13 100% 97% 100% 

14 100% 95% 100% 
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areas were examined to check the proposed accident system. The accuracy of the 

used device ranges (GPS NEO 6M) from 5 to 10 meters and is acceptable in our 

project to detect the vehicle accident.  

The ability of the GSM (SIM900) device to send the geographical location of 

the affected vehicle was determined. The identifier of that vehicle can be 

determined so that the vehicle can be distinguish from another vehicle through the 

installed GPS device since it has a MAC address. The MAC address is unique and 

different from the rest of the devices. Therefore, it can distinguish the affected 

vehicle from the other on the network, through the knowledge of the MAC address 

identifier. The whole information is stored in advance, as shown in Fig 4.7. It 

shows the location information message coming from the vehicle to the emergency 

service center over the phone.    

       

 

Fig.4.7: GSM emergency Message 
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When the vehicle accident is recorded; an alert message via Wi-Fi or GSM 

can be stored and displayed on the server. Therefore, the vehicle ID and its 

coordinates are stored on the map at the server, as shown in Fig. 4.8. 

 

 

 

 

Fig.4.8: Server screen to follow up vehicle accidents 

 

To avoid serial accidents, the transmitter of the crashed vehicle sends a speed 

reduction message to other vehicles on the road. It can be distinguish through the 

serial port in the transmitter of the vehicle crashed. Therefore, it acts as a secondary 

transceiver station for the rest of the vehicles on the road.  

 

4.3 MySQL server 

 

   It is a database management software (DBMS). It helps users to store, organize, 

and find data. MySQL databases are characterize by being responsive, support 

different programming and this is what made most content management programs 
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and social networks such as Word Press and Facebook dependent on it. Observers 

take advantage of these massive database programs to store the vehicle's private 

information by sending it over the internet via Wi-Fi technology. Figure 4.9 shows 

the MySQL data storage software for GPS to track the distance traveled and the 

spent time.  

 

 

 

Fig.4.9: MySQL Server Screen 
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Chapter Five               

Conclusion and Suggestions for Future Work 

 

5.1 Conclusion 

 

IoT become more popular day by day, where various devices are connected 

and controlled via internet. 

The IoT was suggested to be used in this thesis. It used to enforce reduce the 

vehicle speed when the driver exceeds the speed limit. It is also used to track 

vehicle accidents. The GPS device was used to track the vehicle, and then to reduce 

the speed according to the data of the speed limit. In addition, RF devices have 

been deployed along the tested road. The function of the RF device is to send 

message information about the speed limit of the region to the vehicle to adhere to 

the specified speed. The new system handled cases of non-rescue of vehicles that 

had a traffic accident and were not assisted by setting an immediate location and 

informing the relevant authorities of that and broadcasting the necessary 

information to the rest of the vehicles. 

In this thesis, the vehicle's speed was monitored via cloud server, where the 

server operator determines that speed. It is used to send a value of speed reduction 

through special transmitters in which to reduce the vehicle speed according to the 

speed limit. This thesis introduces a valuable idea to control vehicle speed 

according to the authorize standardization speed limit. It is conclude that this idea 

gives the best practical solution to reduce vehicles accident if the researchers know 

that the trend of technology in the world is to connect the internet of everything 

(IoE). 
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5.2 Suggestions for future work 

 

For future work, several aspects can be studying, including, for example, 

analyze the effects of latency on the system response.  For more reliability and 

security, it can add a firewall to the suggested system. It can take into consideration 

different circumstances during bad weather includes heavy rain, fogs, storms, and 

heavy dust.   
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 الخلاصة

 

حعخبااار ابةعاااات البفخاااع  الر ي ااا   الحفاااعل  سااا  لااار ت ال ااايعرة ححاااج ال ااايسرة     اااع لحااا    ال ااار ت      

اااع   لي اااع لف ااارة ا  ااا ة  البركباااعث لإ اراث البااار ر  ااا  العاااعلح لخ سيااا   ااا ا د  ح ااا ذ  ااارا ال رالااات وب ًا 

اشاار     ااخح   ااا  ت حاا   لسااخح ح  اا  لاار ت البركباات حس ع ي ااع     ااع اواا ام الساارل الخاا  حباار ا ااع البركباات 

 كااارلع أاااة  ا ااا ة  رلاااع   اا لااا  رااااح   ااا ة الاااخح ح الااا لير اب اااخسح الخااار   ال لاااس    ااا  ال بااا ً  

  الب اااعر ار خرا ااا   حا ااار وخاااع م ارلاااخمعات كبيااا  الاااخح ح  ااا  الخااار   ال لاااس   الب خشااارة  سااا   ااا 

 البخخسفت لر ت ال يعرة     ع لح    ال ر ت  او ام أن السرل 

حماااع    ال عحمااات  ااان ح بيااا  ل  ااع ة ال ااا أت   ااا   لااا م الحااا ا د وااااعذالخااارا   حاااح ًلاااع اعلإ ااع ت  لااا      

الحاااا  االلاااا  لس اااار ت   ب اااان حح ياااار ًلااااع أاااان  اااا   حلاااابيح واااااعذ  واااارار لس اااايعرة لخ بياااا  ا  اااار ن 

 اااخح الاااخح ح  ااا  لااار ت   سااا      اااع  لخفااال ال ااار ت   اااا ط أركااا  السااا ارد   ااا   لااا م الحاااع د   

عء  حااح حخاا  ن  يااذ  ااخح ح سيس ااع    عأي ي ااع الااخ ع  ا  لاا   وخروااج اا ااي السر اار ال اايعرة     ااع لحاا    لاار ت 

أباااع  بااا ا ال ااايعرة ال ااا رة  سااا  ارحلاااع  ابحيس اااع أااان  ااا    ال اااحعا  وخاااع م البرالبااات  ااا  الخاااع ذ 

 .ارحلع  اعلإوخروج
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