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ABSTRACT 

 

In this research, auto pilot concept is carried out on Mitsubishi gallant GLSi 2000 with the 

aid of GPS and electronic compass as main sensor devices. Conventional cruise control 

system is used to maintain constant velocity while vehicle is moving. To minimize the 

input measurement error and noise, low pass filtering method is used to adjust the error. 

Visual studio 2010 C# platform is used to control the vehicle in high level and Arduino 

mega microcontroller used to control the steering wheel do navigate with ARM cortex-A7 

board used to the cruise control system. Novatel OEM-4 GPS system used to get the 

current coordinates and Honeywell HMR-3000 electronic compass is used to get the 

current heading of the car with respect to true north. Filtered data of GPS coordinates input 

to main C# program and using the next considered way point program will calculate the 

distance and the angle to the next way point. This angle is also respect to the true north. So 

the difference of this angles give out the error/ set point (for steering wheel PID controller) 

to Arduino mega to turn the steering wheel. 

 

Keywords: GPS, Autopilot, SMART car, Electronic compass, C#.Net, Low pass 

filtering 

 

 

 

  

 

 

  



iv 

 

TABLE OF CONTENTS 

 

CHAPTER TITLE PAGE 

   

 TITLE PAGE I 

 ACKNOWLEDGEMENTS II 

 ABSTRACT III 

 TABLE OF CONTENTS IV 

 LIST OF FIGURES VI 

 LIST OF TABLES VII 

 LIST OF ABBREVIATIONS VIII 

   

1 INTRODUCTION 1 

 1.1    Background 1 

 1.2  Statement of the problems 2 

 1.3  Objective 2 

 1.4  Scope 3 

   

2 LITERATURE REVIEW 4 

 2.1      SMART car    4 

 2.2      Internal Combustion Engine 

2.3      Throttle valve 

5 

5 

 2.4      Global Positioning System (GPS) 

2.5      Electronic compass             

2.6      PID controller 

2.7      New features  for commercial Vehicles 

2.8      Google Autonomous driving project  

2.9      Stanford entry to DAARPA challenge  

6 

7 

7 

8 

11 

13 

 

3 METHODOLOGY 14 

 3.1      Thesis Flow chart 14 

 3.2      Electronic components  15 

 3.3      Microsoft Visual studio C# 

3.4      System flow chart 

3.5      System diagram 

3.6      Test Track analysis 

3.7      Steering Wheel control algorithm  

 

17 

17 

21 

22 

23 

4 RESULTS AND DISCUSSION 

 

24 

 4.1      Filtering results  

4.2      Maximum speed calculation 

 

24 

26 

 

5 CONCLUSION AND RECOMMENDATIONS 27 

 5.1      Conclusion 

5.2      Recommendations 

 

27 

27 

 BIBLIOGRAPHY/REFERENCES 28 

   



v 

 

 

LIST OF FIGURES 

 

FIGURE TITLE PAGE 

Figure 2.1 

Figure 2.2 

 Intelligent Vehicle  

Internal combustion engine  

4 

5 

Figure 2.3 Throttle valve 5 

Figure 2.4 

Figure 2.5 

Figure 2.6 

Figure 2.7 

Figure 2.8 

Figure 2.9  

Figure 2.10 

Figure 2.11  

Figure 2.12 

Figure 2.13 

Figure 2.14 

Figure 2.15 

Figure 2.16 

Figure 2.17 

Figure 3.1 

Figure 3.2 

Figure 3.3 

Figure 3.4 

Figure 3.5 

Figure 3.6 

Figure 3.7 

Figure 4.1 

Figure 4.2 

Figure 4.3 

Figure 4.4 

Figure 4.5                      

GPS system 

Electronic compass 

PID controller 

Intelligent cruise control  

ESP system 

Traction control 

Dynamic Steering 

Electronic Steering 

Google self –driving  car 

Google self –driving  car LIDAR scanner 

Google self –driving  car Front camera system 

Google self –driving  car Front obstacle detecting radar 

Google self –driving  car Kill switch 

Junior- Stanford 

Thesis flow Chart 

GPS specification  

Compass module specification 

System flow chart 

System diagram 

Test track number 1 

Test track number 2 

GPS input track 1 

Kalman filter output track 1 

Digital low pass filter output track 1  

Track 2 original waypoint track 2 

Digital low pass filter for track 2 

 

 

6 

7 

8 

8 

9 

9 

10 

11 

11 

11 

12 

12 

12 

13 

14 

15 

16 

17 

21 

22 

22 

24 

24 

25 

25 

27 

 

 

 

 

 

 



vi 

 

List of Tables 

  



vii 

 

LIST OF ABBREVIATIONS 

 

AIT Asian Institute of Technology 

LC Language Center 

GPS     Global positioning system 

PID      Proportional Integral and derivative control 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

1 

 

CHAPTER 1  

INTRODUCTION 

 

1.1 Background 

 

Automobile industry is one of the fast evolving and advancing industry throughout the 

world. Travelling and delivering conveniently and in a comfortable way is the main 

purpose of it. There are many new technologies and standards to make sure the 

automobiles are secured, more convenient and at the same time feasible to use. When 

achieving that, giving basic controls of the car to be handled by computer or electronic 

controllers. By this means most of the basic function of a vehicle will be computerized so 

that driver can have less to concern. 

 Automatic gear shifting 

 Smart key 

 Traction control 

 Launch control 

 Climate control 

 Dynamic steering 

 Parking assistance 

  Hybrid technology 

 Electronic steering 

 Self-parking  are some features added to modern vehicle to make the 

travellingeasy.  

Auto pilot or self-driving for long distance other than in parking lot is the newest area of 

automobile manufacturers researching on. This is widely discussed and experimented area 

these days.  Navigation of the vehicle is always important. So automating the steering, 

accelerating and breaking must handle with special care. Especially in motor ways and 

highways where vehicle maintain high speed. Controlling algorithm have to execute in 

higher frequency so that the controller will check the sensor values quickly to make sure if 

there is any flag appear at sensor values. Features like automatic parking doesn’t required 

to maintain higher speed, so it will have enough time to check the statues of all the sensors 

values and jump to safety protocols if there is necessary. Normally there many types of 

sensors tight together to perform the task like, 

 Laser scanners  

 GPS system 

 Local UV scanners 

 Radar scanners 

 Electronic compass 

 Proximity sensors or speed sensors 

These sensors input the values of surrounded obstacles, distance for those obstacles, Global 

position, heading direction and vehicle speed. So frequent update on the statues of these 

input values and evaluating those values are vital to maintain safe ride. So the program 

should be shorter and smarter to execute the program in less time. Sensor values are always 

with errors so filtering estimation should be carried out to clear the noise and predict the 

sensor values. This process will take some computational time, so the controlling program 

should be smart enough to do all this computation within appropriate time. So making a 

simple program control navigating system is a good problem to find answers. 
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1.2 Statement of the problems 

Auto Pilot or unmanned vehicle guidance becoming next big achievement of the 

automobile industry. So making the autonomies driving must carry out with the priority of 

safety of passengers and also the vehicle itself. So tracking the path correctly and smoothly 

is the basic of the vehicle navigation. Traffic avoidance and sign tracking is also based on 

vehicle moving in correct path. Basically GPS module use to get the global position of the 

vehicle and electronic compass is use to get the heading of the vehicle. These sensors have 

errors so optimizing the sensor output will be better way to track the path correctly. 

 Problem that will solve by this thesis is to design and implement real auto pilot 

system with high accuracy of path tracking, using better filtering and prediction 

method along with short smart main controlling algorithm will result more reliable 

and accurate path tracking vehicle. 

 This feature will make everyone to have independent traveling opportunity. 

Disabled people, Kids, People cannot drive are some that will get benefits out of 

this. 

 Depending on many situations or factors vehicle guiding system can go wrong. 

Main inputs as mentioned above like GPS and compass can input bogus values 

depending on the environment conditions and additional magnetic fields etc…. So 

avoiding and preparing for those situations should be a main target to address.the 

GPS signal depending on weather conditions and can only enter the external 

environment. If the weather is cloudy or immediately after the fall of rain, the GPS 

signal is reduced and the resulting maps to ignore some data. Electronic compass, 

the transmission speed is not the same in the GPS. Therefore, the direction of the 

vehicle is always at the back of the vehicle position. 

 Control of exposure and mechanical limitations are not fully reliable. For example, 

backlash gears, wheel slip, class roads and other external disturbances, build static 

error can be in the face of uncertainty. 

 

 

1.3 Objectives 

 

Main objective of this thesis is to design and implementing mechanical and firmware 

implementation for unmanned vehicle guidance on Mitsubishi GalantGLSi.   

 Design and attach mechanical system for autopilot function 

 Implement electronic components to process the signals and commands 

 Make high level and low level algorithms to process the input data and 

control the actuators.   

 Code smart algorithm to do controlling, filtering and prediction of data type 

numerical functions. 
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1.4 Scope 

 

Main purpose of this thesis is to convert conventional car in to smart car which can drive 

but itself in straight and curved roads. GPS module and electronics compass will use to get 

the data aboutthe GPS location and the Heading of the vehicle. So analyzing and correcting 

the data with mathematical approach to ensure smooth and accurate path tracking. With the 

help of a GPS sensor, determines the current position and vehicle speed. With the help of 

GPS-sensor, determining the location and roadmap from the starting point to the 

destination. Using an electronic compass to evaluate the current state of the vehicle 

including a vehicle yaw, pitch and row Path planning algorithm for vehicle navigation and 

avoid obstacles. The control algorithm to control the movement and speed of intelligent 

vehicles. Ignoring the direction of the dynamic response and speed in AIT intelligent 

vehicle control car steady state response will be investigated. 

 

In this thesis it is only considered a path without traffic and obstacles. No laser scanner, 

Local sensors,image processing to avoid obstacles or follow road signs. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 SMART car 

 

Smart cars equipped with controllers in form of artificial intelligence. The main idea of the 

smart car to free the driver of many routine tasks associated with the controlling so the 

result of riding in relax manner. These type of technological innovation helps the driver to 

feel free, by completing at least part of the decision-making process. Idea of the smart car 

concept is already for several decades.  

Normally smart car concept assure safe, time saving and relaxing and more economical 

ride. There are many advance features attached to the vehicle interior, engine, suspension 

and exterior. Many functions which should make up for the production of smart cars with 

the protection of the driver and other vehicles on the road. Autonomous Cruise Control 

function is automatically activated when the road conditions are favorable for the 

maintenance of a constant speed, thus minimizing the possibility of travel restrictions 

placed on the highest speed. Lighting is automatically activated when the light dims to a 

certain point is another example of intelligent innovation. Lane warning, which is activated 

when motion is still in the alley there are other examples of features that can help drivers 

avoid accidents and stay safe. 

 

Efforts to make a smart car for mass production continues, with some effort, led by the 

organization and approved by the government commission. Some private companies are 

also involved in the ongoing efforts to develop the ultimate smart car. Among other 

features are still under development include the ability to use the vehicle safely without 

human input driver and control system, which detects when a drunk driver in a medical 

emergency, or driving safely. There is also an attempt to create traffic piercing recognition 

system, which allows the tool to detect and interpret develop traffic lights, signs placed 

along the side of the road. 

  

 
 

Figure 2.1: Intelligent Vehicle 
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2.2 Internal Combustion Engine  

 

There are three type of sources that mainly power up automobiles  

 Internal Combustion engine 

 External combustion engine 

 DC/AC motor engines 

Most of the automobiles are running by aid of internal combustion engine.[1]The internal 

combustion engine where fuel combustion occurs in a confined space, expanding gases 

inside the chamber that used to provide the required mechanical power. Motor as classified 

as two or four-stroke or compression-ignition and reciprocating or rotary ignition, the most 

common combination used by cars to lawnmowers, back and forth, ignition, four-stroke 

petrol engine. Other internal combustion engine includes motor reaction and gas turbines. 

Machines designed at their maximum capacity, which is usually below the pace of 

development of excessive mechanical stress is reached. 

 

 

 
 

Figure 2.2: Internal combustion engine 
 

2.3 Throttle valve  

 
[2]Throttle valve controls the air flow in to the combustion compartment. This air will 

eventually mixed with fuel mixture and explode with the aid of spark and give the 

necessary thrust to move the piston up in order to make the make the wheels turning. At 

the start of the throttle intake there is a butterfly valve which opens up to certain 

percentage to control the intake air flow. So mainly the position of the butterfly valve in 

throttle intake is a one parameter altering the speed of the vehicle. This valve is responding 

due to the gas paddle accelerator paddle movement. Throttle valve and the accelerator 

paddle connected via throttle cable. 

 

 
Figure 2.3 Throttle valve 
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2.4 Global Positioning System (GPS) 

 

When there is a need to identify location or variation of location respect to time regardless 

the weather condition, terrain condition or the condition of on or near the face of earth, 

GPS helps to provide that information with good accuracy and frequency. First idea of the 

GPS is from ground base radio United States navigation system. This technology get 

evolving ever since. GPS is a space based measuring system. This measuring system 

determine the location/position by two values, longitude and latitude. 

 
[3]GPS satellites are orbiting above earth about 12,000 miles. GPS satellites make 

approximately around two times a day with the speed of about 7000 miles per hour. Main 

power source of satellites are solar energy but they have backup batteries onboard to keep 

them functioning in emergency situations. Small rocket boosters keep them flying in the 

correct path. 

 First GPS satellite launched in 1978. 

 Weights approximately 2,000 pounds  

 17 feet long in solar panels. 

 Transmitter power is only 50 watts or less. 

 Each satellite is built to last about 10 years.  

 Replacement continues to be built and launched into orbit. 

 

Twice a dayGPS satellites orbits around the earth and send highly precise information to 

earth. GPS receivers connect to the satellites and get receive the data. GPS receiverskeep 

track on the time of receiving from ground module and transmitting data from the GPS 

satellite.  By time difference GPS receiver how far the satellite was and how much the data 

should be weighted. Now, by measuring the distance from several satellites GPS module 

will determine the precise position of the concerned object. Weighting of the satellite data 

is also considered for this calculation. 

 

 
Figure 2.4: GPS system 
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2.5 Electronic compass 

 

Electronic compass is basically output the orientation of the vehicle with respect true or 

magnetic north depends on the calibration method. Orientation Parameter of the vehicles 

used to control the direction of movement, as well as the transmission and the roll angle of 

the vehicle. In order to indicate the direction of movement of the vehicle, but the direction 

of the inspection. A sensor that can be used to measure the position of the vehicle must be 

able to detect a change in the yaw rate sensor or angle changes. As a rule, the earth's 

natural magnetic field has a direction from the South Pole to the North Pole. With the help 

of the core of this magnetic field, the magnetic compass sensor built-in electronics. 

Possible to determine the orientation of the magnetic sensor relative to the Earth's magnetic 

field; Directions provide the necessary information about the course respectfully north to 

south. Electronic compass using trigonometric functions techniques for object orientation 

relative to the sensor head is determined, with this sensor, it inputs built-in microprocessor. 

Title output in degrees. He was assigned to zero degrees, which refers to the right direction 

of the North and increase clockwise 90 degrees east, south 80 degrees and 270 degrees 

west. 

 

     
Figure 2.5: Electronic compass 

  

 

 

 

2.6 PID controller  

 

When an actuator is let to be controlled by an external command by PC or a 

microcontroller, it is necessary to make sure that very actuator turns or move or functioned 

as the controller expects. So getting feedback from the actuator or measuring device should 

be controlled by some mathematical model. There are lot of mathematical models to 

control actuators. Like, 

 PID 

 LQR modeling 

 Fussy theory 

 State space modeling etc… 

PID controlling is the most famous and easy to implement, it is simple but also very 

powerful in controlling. Normally three parameters are there to make the controlling. 

Proportional gain, Integral gain and Derivative gain (PID) and different combination of 

these will control different systems with different system equations. The algorithm that is 

physically designed to act on the actuating (error) signal to produce the control signal is the  

Control law or control action. 
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 The control objectives might be stated as follows:  

1. Minimize the steady-state error.  

2. Minimize the response time.  

3. Achieve other transient specifications, such as minimizing the maximum overshoot 

 

 

Proportional control is the algorithm in which the change in the control signal is 

proportional to the error. Integral control improves the offset error that occurs with 

proportional control. Derivative control is used to damp out oscillations. 

 

 

 

 
 

 
Figure 2.6: PID controller 

 

2.7 New features for commercial Vehicles       

 

 2.7.1 Intelligent cruise control  

 

Intelligent cruise controller is a next step of conventional cruise control and adaptive cruise 

control. When the car is following the car in front the system update the position with a 

route information and GPS map via onboard navigational system. This system will 

maintain the speed of the vehicle regardless the speed of the car it is following when in 

curves and different terrains. Speed range of the cruise control moved to 100km/h to max 

speed of the vehicle [5]. 

 

 
 

Figure: 2.7 Intelligent Cruise control 
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 2.7.2 Electronic Stability Control (ESP/ESC) 

 

ESP/ESC is a computerized control environment attached with ABS system of the vehicle. 

Depending on the situation ESP will break the four wheels individually to make the vehicle 

keep moving in original path even there is slip or slide. Six main components of an ESC 

system are:  

 Accelerometer 

  Hydraulic modulator 

 wheel speed sensors 

  Control module 

  Steering angle sensor 

  Yaw rate sensor 

 This Hydraulic modulator is same which use in ABS system. SO ESC consists with 

accelerometer, yaw sensor, steering angle sensor to a conventional ABS system [6]. 

 

 
Figure 2.8: ESP system 

 

 

2.7.3 Traction Control  

 

Traction control is a feature developed based on ABS and ESC systems. Simple 

description of traction control is when vehicle can’t get a good grip of the road due to 

terrain conditions as example icy conditions, wheel will spin and others can be in different 

motion. Wheel experiencing least traction gets more power. In low-traction scenarios this 

will make problem. Traction control comes in handy at this moment. Traction control 

monitors wheel speed and, traction control system vary engine power to each wheels to 

regain enough traction. As same traction control can apply brakes to the slipping wheel.  

 

  
Figure: 2.9 Traction control 
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2.7.4 Dynamic Steering  

[7]Dynamic steering response (DSR) is a feature that correct and steady the position of 

steering wheel regardless it is a hydraulic or electronic steering system to make sure the 

steering is compatible with the road or terrain condition. This feature will increase the 

maneuverability of the vehicle. So it will be more comfortable to drive. Regardless the load 

carrying it will make the steering easy in lower speed and bit hard steering in high speeds 

to maintain the path by continuous feedback and sensing using sensor and process it by the 

system. It improves the directional stability at high speeds, so that no small steering 

adjustments are needed. It consider thedefects of the road such as bumps and potholes and 

adjust the steering to maintain following route.DSR works withaccurately controlled 

electric motor fixed on top steering gear. It picks up the data at 2000 times a second from 

steering wheel movement also from the on-board sensors and adjust the motor accordingly. 

 
Figure 2.10: Dynamic Steering 

 

 2.7.5 Electronic steering  

 

Electronic steering or electronic steering assistance feature is about get assistant of a motor 

attached to steering shaft. Torsion sensor is attached to the steering shaft and depending on 

the measurement that sensor gets the motor turning accordingly. This will assist the driver 

to turn the steering and will have smooth and accurate wheel turning.  

This additional motor is using when the vehicle change to auto pilot mode. Based on the 

input and sensor readings to the ECU steering wheel motor will navigate the vehicle. 

 

 
Figure 2.11: Electronic steering 
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2.8 Google Autonomous driving project 

 
[8]Google self- driving car project is about designing and improving driverless cars with 

capability of surviving of every possibility of collision or road accidents and to follow the 

road signs. This project is a gigantic project which have 48 driverless vehicles in their 

fleet. These car are on the road everyday doing test drives to come across with much 

scenarios as possible to control algorithm to improve and avoid any accidents. Now they 

log for more than 700,000 miles of testing suing Lexus 450h and Toyota Priuses.  

Google car is using LIDAR technology to map the surrounding. It is mounted on top and 

map the surrounding for 360 degrees. Front Radar captured the distance to obstacles and 

also determine the speed of the car is accelerating or slowing. Every driverless car havekill 

switch. This will exit from auto driving to conventional driving in instance. There is a 

Inside top mounted camera monitoring traffic signs and road signs also an orientation 

sensor.  

 

               
Figure 2.12: Google self-driving car 

 

 
Figure 2.13: Google self-driving car LIDAR scanner 
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Figure 2.14: Google self-driving car Front camera system 

 

 
Figure 2.15: Google self-driving car Front obstacle detecting radar 

 

 

 
Figure 2.16: Google self-driving car Kill switch 
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2.9 Stanford university Entry to DAARPA challenge  

 

Junior is the autonomous driving car which Stanford University competes with in DARPA 

urban challenge. Junior is capable of select its own route, behave and cooperate with other 

traffics. [9]This vehicle is capable of perform driving skills such as lane changing, making 

U- turns, Own parking and following the moving traffic. Junior won the second or price of 

DARPA challenge 

This is a 2006 Volkswagen Passat, 4 cylinder turbo diesel engine, With 140 hp thrust. 

Junior is fixed with electronic brake booster, electronic throttle, steering motor, parking 

break, and custom interface board to achieve control over all the functions in car. 

 GPS- Appanix POS  

 Laser sensors – SICK LMS 291( side sensors) and RIEGL LMS ( front facing) 

 Moving obstacle detection – Velodyne HDL-64E( 15 Hz spinning)  

 Two Intel quad core servers with Linux OS. 

 5 BOSCH long range radars. 

 Giga bit ether net link 

 

 

 
 

Figure 2.17: Junior- Stanford 
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CHAPTER 3 

METHODOLOGY 

 

Vehicles itself is a dumb machine with no ability to make decisions by itself. So the 

developer have to design and implement a system to accommodate input data gathered by 

sensors and output data to control actuators according to control algorithm. So in the 

automated, unmanned vehicle guidance conducted in this thesis Main control system will 

get the data from GPS receiver to identify the precise location of the vehicle in longitude 

and longitude. There will be low pass filtering or kalman approximation to filter the noise. 

Current heading of the vehicle will done by electronic compass. This angle reading is with 

respect to the true north. Based on this two measurements controller can understand the 

distance and the orientation to the next way point car have to follow. Mathematical model 

is used to calculate the distance and the bearing (angel) and comparing both angles the 

algorithm can calculate the angle that car should move. This angle will convert to encoder 

pulse value and use PID to turn the motor for that pulse value. 

 

3.1 Thesis Flow chart 

 

 

 

 

 
 

Figure 3.1: Thesis flow chart 
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3.2 Electronic components  

  

3.2.1 Novatel OEM-4 GPS module  

 

Novatel GPS module OEM-4 is a high accuracy (cm level precession) and support for on-

board custom applications.OEM-4 have multiple options for communication with RS-232 

serial communication. This board can speeds up to 921,600 b/s also compatible with USB 

communication. Positioning technology of OEM-4 is 24-channel “all-in-view” parallel 

tracking with very frequent reacquisition time. 

OEM4 equipped with Pulse Aperture Correlator™ (PAC) technology to reduce and neglect 

the effects of multipath. Also features L1 or L1/L2 positioning  

 

 
 

Figure 3.2: GPS module Specification 
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3.2.2 Honeywell HMR3000 Electronic Compass 

 

Electronic digital compass module used in this project is HMR 3000.This provide few 

parameters like heading angle, yaw, pitch and roll. HMR 3000 is featured with magneto 

resistive sensors are oriented in perpendicular manner and aided with fluid tilt sensor. 

HMR 3000 works with 19200 baud rate and have full and duplex RS-232 and RS-483 

communication respectively. This compass is consist with  

 Compassing and navigating  

 Marine navigation 

 Antenna positioning 

 Land surveying 

 Dead reckoning for GPS  

 
Figure 3.3: Compass module specification  

 

 

 

3.2.3 Arduino Mega Microcontroller  

 

Arduino mega microcontroller is ATmega 2560 based microcontroller. Arduino mega is 

more powerful and have wide input handling capability due to its 54 Digital I/O pins and 

16 analogue input pins plus Arduino mega is capable of handling 6 interrupts.  [4]Mega 

2560 is exceptional from other Arduino boards because it is not using FTDI driver chip 

instead it is using ATmega 16U2 programmed USB to RS 232 converter. Mega consist of 

4 UART for serial communication 16U2 on board channels one of these over USB and 

provides a virtual com port to software on the computer, but OSX and Linux machines will 

recognize the board as a COM port automatically. TRX and TX LEDs, the two LED on the 

board will flash when data is received and transmitted via ATmega16U2 chip and USB PC 

connection. 
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3.3 Microsoft Visual studio C# 

 

MS visual studio C# is a programing language running with .NET platform. C#. NET is a 

powerful, object oriented type-safe programing language.C3 inherit most of attribute from 

powerful C language but C# is user friendly since it is object oriented. MS visual studio is 

the programing platform with fully featured code editor, compiler and powerful debugger. 

 

 

3.4 System flow chart 

 
 

Figure 3.4: System flow chart 
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 Before car starts to move first of all the system will check and print out the status of 

COM ports availability and the values of GPS and compass readings. 

  When all the data receive correctly program High level controller (PC with C# 

platform) will send serial command to ARM A7 in format of $B000* and $t005* to 

release break and set the throttle to lowest position.  

 The car will start moving the program will get the data from GPS receiver and 

retrieve the longitude & longitude from the input string and calculate the bearing 

and distance to the next way point.  

 This is done by following calculation. 

 

3.4.1 Bearing and distance calculation  
 

𝑃𝑖 = 3.1415 

𝑅𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑒𝑎𝑟𝑡ℎ = 6371 

𝑑𝑒𝑙𝑡𝑎𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠 = ( 𝑤𝑎𝑦𝑝𝑜𝑖𝑛𝑡 𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒 − 𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒) ∗ 𝑃𝑖/100 

𝑑𝑒𝑙𝑡𝑎𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠 =      (𝑤𝑎𝑦𝑃𝑜𝑖𝑛𝑡𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 −  𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒)  ∗  𝑝𝑖 / 180; 
𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠 =            𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒 ∗  𝑝𝑖 / 180; 
𝑤𝑎𝑦𝑃𝑜𝑖𝑛𝑡𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠 =    𝑤𝑎𝑦𝑃𝑜𝑖𝑛𝑡𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒 ∗  𝑝𝑖 / 180; 
𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠 =           𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 ∗  𝑝𝑖 / 180; 
𝑤𝑎𝑦𝑃𝑜𝑖𝑛𝑡𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠 =   𝑤𝑎𝑦𝑃𝑜𝑖𝑛𝑡𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 ∗  𝑝𝑖 / 180; 

 
 𝑎 =  𝑆𝑖𝑛(𝑑𝑒𝑙𝑡𝑎𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠 / 2)  ∗  𝑆𝑖𝑛(𝑑𝑒𝑙𝑡𝑎𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠 /2)  + 
     𝑆𝑖𝑛(𝑑𝑒𝑙𝑡𝑎𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠 / 2)  ∗  𝑆𝑖𝑛(𝑑𝑒𝑙𝑡𝑎𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠/ 2)  ∗ 
     𝐶𝑜𝑠(𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠)  ∗ 𝐶𝑜𝑠(𝑤𝑎𝑦𝑃𝑜𝑖𝑛𝑡𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠); 

 

𝑐 =  2 ∗  𝑎𝑟𝑐 𝑡𝑎𝑛(√(𝑎), √(1 −  𝑎)); 
𝑑 =  𝑟𝑎𝑑𝑖𝑢𝑠𝑂𝑓𝐸𝑎𝑟𝑡ℎ ∗  𝑐 ∗  10000;  
𝑦 =  𝑆𝑖𝑛(𝑑𝑒𝑙𝑡𝑎𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠)  ∗  𝐶𝑜𝑠(𝑤𝑎𝑦𝑃𝑜𝑖𝑛𝑡𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠); 
𝑥 =  𝐶𝑜𝑠(𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠)  ∗ 𝑆𝑖𝑛(𝑤𝑎𝑦𝑃𝑜𝑖𝑛𝑡𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠)  

−      𝑆𝑖𝑛(𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠)  ∗  𝐶𝑜𝑠(𝑤𝑎𝑦𝑃𝑜𝑖𝑛𝑡𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠)  
∗ 𝐶𝑜𝑠(𝑑𝑒𝑙𝑡𝑎𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒𝑅𝑎𝑑𝑖𝑎𝑛𝑠); 

 
𝑏𝑒𝑎𝑟𝑖𝑛𝑔 =  𝑎𝑟𝑐𝑡𝑎𝑛(𝑦, 𝑥) / 𝑝𝑖 ∗  180; 
𝑏𝑒𝑎𝑟𝑖𝑛𝑔 =  𝑏𝑒𝑎𝑟𝑖𝑛𝑔 +  4; 
 

If the bearing is pass negative then  
   𝑏𝑒𝑎𝑟𝑖𝑛𝑔 =  360 +  𝑏𝑒𝑎𝑟𝑖𝑛𝑔; 
  

 

Here the waypoint latitude is the coordinates of the waypoint we are referring to now 

and latitude and longitude is the current position. 

 

 Before this program is applied with current position both the coordinates should go 

through filtering. In this thesis both kalman filtering and digital low pass filter. 

After many tests digital low pass filter seems faster and with good accuracy. 
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3.4.2 Digital Low pass filter 

 

 

 𝑑𝑡 =  0.1 
 𝑅𝐶 =  1 
𝑎𝑙𝑝ℎ𝑎 =  0 
 𝑥0 =  0 
 𝑦0 =  0 
 𝑎𝑙𝑝ℎ𝑎 =  𝑑𝑡 / (𝑅𝐶 +  𝑑𝑡); 

 
  𝑥0 =  ((𝑎𝑙𝑝ℎ𝑎 ∗  𝑥)  +  (1.0 −  𝑎𝑙𝑝ℎ𝑎)  ∗  𝑥0); 

  𝑦0 =  ((𝑎𝑙𝑝ℎ𝑎 ∗  𝑦) +  (1.0 −  𝑎𝑙𝑝ℎ𝑎) ∗  𝑦0); 
 

𝑥0 and𝑦0 are the longitude and longitude that will pass the value to above calculation. 

Bearing it the angle wrt to the true north to the next way point and d is the distance to the 

current position and next way point. 

  Then next main program will read the compass angle and then compute the error to 

finds the angle that vehicle have to move. Next the steering wheel have to mover to 

correct that error. Steering wheel is equipped with encoder.  

 So to turn the wheel with control the angle value should turn in to encoder pulse 

values. In order to measure that mapping of steering wheel angle to encoder pulses 

is necessary. 

  To do that mapping, accelerometer is attached to the middle of the tire and 

measure the angle value to specific encoder pulse values. This give like 1 angle of 

tire turn is equal to 94 pulses from encoder. 

 After the angle error is measure buy pulse values high level program will send it to 

Arduino via serial communication. The format to send in serial communication is $ 

1200* or $-1200* depends on value and direction to rotate.  

 Meanwhile the distance is compared to the minimum value to change to the next 

way point. When last way point is achieved break command will be sent to ARM 

A7 

 

 

• GPS reader 

• Format –  

$GPGGA,113521.20,1404.9110715,N,10036.4169764,E,1,11,0.8,7.985,M,-30.51,M,,*7A’ 

 

After extraction – 14.9110715, 100.4169764 

 

But this longitude and longitude value should be change to degrees. So the conversion of 

that is  

14. (04.9110715/60) & 100. (36.4169764/60) 

So the final coordinates are- 

14.081851191 & 100.606949606  

 

 

 

 

• Compass reader  

• Format –  
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$PTNTCCD, 4208,-151, 1942,-8683,-3114, 9426, 280.0*41 

 

After extraction – 280 

Final value is 280 

 

 

 3.4.3 Kalman filtering 

 

State prediction 

 

 

_𝑋𝑡 =  𝐴 𝑋𝑡 − 1 +  𝐵 𝑀𝑡 +  𝐸𝑟𝑟𝑜𝑟 
 

𝑃𝑥𝑡 =  𝑃𝑥𝑡 − 1 +  𝑉𝑥𝑡 − 1 +  ½ 𝑎𝑥𝑡 − 1𝑡 ² 
 

𝑃𝑦𝑡 =  𝑃𝑦𝑡 − 1 +  𝑉𝑦𝑡 − 1 +  ½ 𝑎𝑦𝑡 − 1𝑡 ² 
 

𝑉𝑥 =  𝑉𝑥𝑡 − 1   +  𝑎𝑥𝑡 − 1𝑡 
 

𝑉𝑦 =  𝑉𝑦𝑡 − 1   +  𝑎𝑦𝑡 − 1𝑡 
 
 

𝐴 =  [1 𝑡 0 0;  1 𝑡 0 0;  0 0 1 0;  0 0 0 1] 
𝐵 =  [𝑡 ∗ 𝑡/2;  𝑡 ∗ 𝑡/2;  0;  0] 

 
 

Measurement Prediction  

_𝑍𝑥 =  𝐶 1 +  𝑍𝑥 +  𝐸𝑟𝑟𝑜𝑟 1 
 

_𝑍𝑦 =  𝐶 1 +  𝑍𝑦 +  𝐸𝑟𝑟𝑜𝑟 2 
 

_𝑍𝑣𝑥 =  𝐶 1 +  𝑍𝑣𝑥 +  𝐸𝑟𝑟𝑜𝑟 3 
 

_𝑍𝑣𝑦 =  𝐶 1 +  𝑍𝑣𝑦 +  𝐸𝑟𝑟𝑜𝑟 4 
 
 

𝐶 =  [1 0 0 0;  0 1 0 0;  0 0 1 0;  0 0 0 1] 
 

And the following computation will execute in loop whenever system get values 
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Iteration 

 

_𝑋𝑡 =  𝐴 𝑋𝑡 − 1 +  𝐵 𝑀𝑡 +  𝐸𝑟𝑟𝑜𝑟 
 

_𝑊𝑡 =  𝐴 𝑊 𝑡 − 1 𝐴𝑇  +  𝐸𝑥                      Ex - Noise Constant  

 

 

𝐾𝑡 =  𝑊𝑡 𝐶𝑇 ( 𝐶 𝑊𝑡 𝐶𝑇  +  𝐸𝑧 )            Ez – measurement error constant  

 
𝑋𝑡 =  _𝑋𝑡 +  𝐾𝑡 (𝑍𝑡 –  𝐶(_𝑋𝑡) ) 

 
 

𝑊𝑡 =  (𝐼 −  𝐾𝑡𝐶)(_𝑊𝑡) 
 

Xtwill be the filtered or predicted position. And Wt is the covariance for next iteration. 

This Wt will update every iteration. 

 

3.5 System diagram 

 

 

 

 
 

Figure 3.5: System diagram 
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3.6 Test Track analysis  

 

Basically when a vehicle move along a road there can be two scenarios where driver have 

to face.  

 Straight roads 

 Curvy bends 

So the test track should have both of these attribute and have enough distance to check the 

performance of the control algorithm. 

 

This is the test track no.1 which have 500m of length and bend of 86 degrees. The distance 

is more than enough to verify the accuracy of control algorithm. But the width of the road 

is very narrow and have many shades above to disturb GPS signal. 

 
 

Figure 3.6: Test track number 1 

 

The second track is 250m in length and have 92 degree turn. This track is wide and have 

less shades above the road. Tests have performed on both of these tracks and second track 

gives batter results. 

 

 
Figure 3.7: test track number 2 
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3.7 Steering Wheel control algorithm 

 

When the high level controlling PC sends the turning angle equaling pulse value to 

Arduino via serial communication, Arduino programing platform retrieve the data and 

extract the value between the $ and * signs. Then depending the sign it will turn the wheel 

to desire pulse count with PID feedback controller. 

 

  𝑝 =  1; 
  𝑖 =  0; 
  𝑑 =  0.75; 
 

  long newPositionUpper = Now encorder position 
  sp =  x;  
  out =  newPositionUpper; 

 
  error =  sp −  out; 

 
  error_integral +=  error; 
  if (error_integral >  50) 
  { error_integral =  50; } 
  else if (error_integral <  −50) 
  { error_integral =  −50; } 

 
  pidUpper = (error ∗ p) +  (error_integral ∗ i)  + (error_dydx ∗ d); 
  pid =  pid/5; 
  error_dydx =  error −  error_old; 
  error_old =  error; 

 
  if(error <  10 𝑎𝑛𝑑 𝑒𝑟𝑟𝑜𝑟 >  −10) 
  { 
    digitalWrite(dir1, HIGH); 
    digitalWrite(dir2, HIGH); 
    pid =  0; 
  } 
  if (pid > 0) 
  { 
     digitalWrite(dir1, HIGH); 
    digitalWrite(dir2, LOW);  
  } 
  if (pid < 0) 
  { 
  digitalWrite(dir1, LOW); 
  digitalWrite(dir2, HIGH); 
 } 

 
  pwm =  abs(pid); 
  if(pwm > 255){𝑝𝑤𝑚 = 255; } 
  if(pwm < 0){𝑝𝑤𝑚 = 0; } 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1 Filtering results 

 

 

There are two types of filters used in the thesis. Kalman filtering and digital low filtering, 

Even though both filters function in terms of tuning the filter, less time taken to perform 

the filtering and being that the system is a static system, Using the digital low pass filter 

was effective. 

Let’s discuss the filtering results in test track 1 

 

 
Figure 4.1: GPS input track 1 

 

 

 
Figure 4.2: Kalman filter output track 1 
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Figure 4.3: Digital low pass filter output track1 

 

Let’s discuss the effective low pass data filtering in track 2 

 

 
Figure 4.4: Track 2 original waypoint track 2 
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Figure 4.5: Digital low pass filter output for track 2 

 

 

These graphs shows that digital low pass filter is giving more reliable and most filtered 

values. But there is still more deviation of the digital low pass filter also, the reason is that 

track number one have many shades above and the GPS data varies a lot for longer period 

so the filter can’t always have a base to consider when filtering. 

 

4.2 Maximum speed calculation  

 

Maximum speed that car can achieve should calculate with the concern of that car should 

move sufficient and safe amount of distance while one loop of entire code is executed. 

That means all the sensor values will checked in enough frequency that controller have 

enough time to check external disturbances.  

GPS data input frequency =  38 𝑘𝐻𝑧 =  38400 𝐻𝑧 

Compass data input frequency =  19 𝑘𝐻𝑧 =  19200 𝐻𝑧 

 

The entire program execute 1500 iterations for 1 minute. That means program execute in 

25Hz frequency. 

In this thesis, the targeted speed is 60km/h  

So that means vehicle will move 16.7m for a second. 

So the minimum distance that car travels while one iteration executes is =  

(
16.7

25
) 𝑚                     

         =  0.668𝑚 
        =  668𝑐𝑚 

668cm is an acceptable distance to go without checking the sensor values 

So accepting 1m is the shortest distance that can achieve in one iteration  

This program can achieve is 25 m for second 

That means 90km/h 

 

But when the laser scanners and other devices attached to the system this number can be 

lower. Depending on the baud rate and the number of calculations use on that data. 

 



 

27 

 

CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 

 

5.1  Conclusion 

 

Auto pilot or self-driving for long distance other than in parking lot is the newest area of 

automobile manufacturers researching on. This is widely discussed and experimented area 

these days.  Navigation of the vehicle is always important. So automating the steering, 

accelerating and breaking must handle with special care. Especially in motor ways and 

highways where vehicle maintain high speed. Controlling algorithm have to execute in 

higher frequency so that the controller will check the sensor values quickly to make sure if 

there is any flag appear at sensor values. Features like automatic parking doesn’t required 

to maintain higher speed, so it will have enough time to check the statues of all the sensors 

values and jump to safety protocols if there is necessary. Normally smart car concept 

assure safe, time saving and relaxing and more economical ride. There are many advance 

features attached to the vehicle interior, engine, suspension and exterior. Many functions 

which should make up for the production of smart cars with the protection of the driver and 

other vehicles on the road. 

When designing the automatic navigation system mechanical design is very important. 

Very small error in mechanical design can produce massive errors at the end and testing. 

Locations to fix the sensors is very vital. As an example half a degree error can make an 

big deviation in desired path, this error can happen when GPS and the compass location is 

not aligned or the compass is not calibrated to same north as the mathematical model is 

concerned. Steering wheel control should be done by factory automated steering system. 

As an examples modern commercially available automated steering system use the motor 

used in Electronic steering system to turn the wheel in auto mode. This will make the 

mechanical design easy and also with smooth controlling. 

Accuracy and the consistency of the GPS input should be very important and the filtering 

model and program should have less execution time. Normally code execution time highly 

depend on the filtering or estimation program. That few milliseconds can effect hugely on 

system performance. 

Motor controlling is easy with PD or PID controller. But when the system getting more 

complex with obstacle avoiding and traffic following the controlling can be done by fussy 

or LQR. This depends on the system at that scenario.  

 

5.2 Recommendations 

 

Hardware module used here is not accurate and consistence enough for the smooth 

tracking. Especially the GPS and the Compass data have huge variations and data loss. 

Even though filtering and prediction can’t output accurate and suitable values. Road 

condition is not considered at all at this scenario. So additional sensors like camera and 

image processing will help to overcome above mentioned hardware malfunctioning. Plus it 

is hard to get the precisely the middle coordinate of the path. So when the road is narrow 

and the edges are slope or rough then the vehicle path tracking will interrupt. So using 

wide enough road will be a good approach. GPS data tends to lost or become inaccurate 

when there are hard shades above. So using GOS module support IPS system will help to 

overcome this problem. 
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