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ABSTRACT

Autonomous car comes in many different forms and variety of instrument installed to
help the car move depending on the motive of the autonomous car is created. The most
challenging part of creating an autonomous car is to keep the cost as low as possible as in

certain condition, it doesn’t need that much function.

Autonomous car is also used in daily life product such as vacuum which allows it to
clean the house without having user to walk around. The latest model autonomous vacuum is
a success as it manages to clean the house entirely and it has the ability of knowing traveled

path and untraveled path while cleaning

Some researchers also use autonomous car to use for exploring places human are not
able to reach. For an instance, earthquake causes building to collapse and certain entrance
which are sealed. For rescuers to understand how inside looks like while waiting for the
entrance to be open, they can use an autonomous car to scan and understand the internal

situation before making decision on how the rescue operation should be.

In this project, we propose on developing a smartphone controlled autonomous car
prototype to assist in exploring in dangerous situation with ultrasonic mapping. The car is a 4
wheel car with Bluetooth connection for the smartphone controller, arm with infrared sensors
for autonomous purpose and 2 ultrasonic sensors for depth scanning. The reason Bluetooth
controller is requires in an autonomous car is to help assist the car movement is certain

conditions where the autonomous function is not able to handle it.
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Chapter 1: Introduction

Chapter 1: Introduction

1.1 Problem statement

Most autonomous cars for exploration purposes are equipped with camera. However, in
certain conditions, camera cannot produce the expected result. For instance, if the
autonomous car is being deployed in a cave or a place where light is insufficient, the outcome
will be not as what we desired as normal camera works best with light unless the car is

installed with a light bright enough to shine the place up.

Another option is to use night vision camera which can work in the dark. However, this

camera is expensive and does not meet the low cost objective.

Besides, places like caves may hamper Wi-Fi/Bluetooth signal strength which in turn will
affect its data transfer performance. Thus, transferring video data is slower than transferring

string of depth data, which is used by ultrasonic sensors

Bachelor of Information Technology (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus),
UTAR 1



Chapter 1: Introduction

1.2

Project objective

This project aims to produce an android remote control car with autonomous and depth

mapping functions for hazardous location exploration. The sub-objectives are as below:

1.

Design the GUI for the Android application that can have both autonomous and
manual control mode. It can also activate and display the output of depth mapping by

ultrasonic sensors via Bluetooth.
Enable the car to go autonomous and activating the ultrasonic mapping.

Construct the car with Bluetooth module to enable communication between Arduino

and Android smartphone.
Program the car’s movement by controlling the rotation of the motor.

To place sensors such as infrared and ultrasonic sensors at correct places on the car to

achieve maximum efficiency for autonomous car.

Translate depth mapping data into graphical representation on Android smartphone.

Bachelor of Information Technology (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus),

UTAR



Chapter 1: Introduction

1.3 Background

Autonomous car has been developed for years since the early 1920s. As years passed
by, more and more different types of autonomous car for different purposes were created. It
begun with the concept of creating a car that does not require human input once the
destination is set and others will be done by the car itself with the help of microcontroller and

other sensors.

As time passed by, researchers have taken this concept and apply it on other fields
such as replacing human to complete house chores. The autonomous car for vacuum cleaner
has the ability to know which area is cleaned and which area is not. Some use it on high

speed car race, while some implement it for escaping maze in the shortest time.

Autonomous car can also be used to collect data in various ways. The commonly used
method is by using camera which can capture a more accurate data. For an instance, mapping
of the floor plan. This method saves time as the car will move on its own and record the

camera vision at the same time.

Bachelor of Information Technology (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus),
UTAR 3
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Chapter2: Literature Review

Chomtip Pornpanomchai Member, IACSIT, and Phichate Sukklay did a research with
the title “Operating Radio-Controlled Cars by a Computer” ‘Chomtip Pornpanomchai, 2011°.
In this research, the RC car is controlled with computer and has voice and facial recognition.
The strength of this research is that it can do complex programming such as facial recognition
and voice processing as command. However, the car needs a computer to control which can
be an inconvenience. With the advancement of Smartphone, program can be loaded into the
phone and runs anywhere and the size of the smartphone is compact. Another problem is the
voice recognition. The voice may not be accurate all the time as different people have
different tone and different way of speaking and there for is not very efficient using voice to

control the car.

Ritika Pahuja and Narender Kumar also did a research with the title of “Android
Mobile Phone Controlled Bluetooth Robot Using 8051 Microcontroller” ‘Ritika Pahuja,
N.D.’. In many ways, this project is very similar to what we are going to develop. The way it
operates is just by sending a simple command from the phone such as “E” to the
microcontroller to stop. The downside of this car is that the car they made can only move in
simple 4 directions. They should fully utilize the microcontroller by extend extra feature such
as build in with autonomous feature. The microcontroller can still accept extra input such as

IR sensors, ultra-sonic and etc.

Junghoon Ha aka Eric Ha, Stevanes Hermawan and Willie Pramono came up with the
research titled “Parallel Parking R/C Car” ‘Junghoon Ha, N.D. ’. This project emphasize on
making the RC car to park automatically. This requires a very powerful algorithm to make
this project works and that only to rely on the IR sensors. This project can be even better with
the help of ultra-sonic as just IR sensor may not be accurate enough to take in the variable
needed. IR sensor itself has a very short range of detection. So to see further, we need either

ultra-sonic or camera.

Journal from University of Idaho has done a research title ‘Creating a low cost
autonomous vehicle’ autonomous car ‘Richard W. Wall, N.D. ’. The autonomous car in this
journal is done by implementing GPS (Garmin GPS 16-LV), ultrasonic (Devantech SRF08)
and the data is processed by Rabbit 2000. While the GPS is used to control the car to move to

Bachelor of Information Technology (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus),
UTAR 4
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desire location, ultrasonic is used to detect obstacle that is in the way while traveling to the
destination.

Figure 2-1: the design of the autonomous car

GPS (Garmin GPS 16-LV) is used as it provides the benefit of retrieving location

information that has no bearing upon previous result. The GPS is low cost and ease to use

which is the main reason it is choose to be used in this project.

For obstacle detection, ultrasonic (Devantech SRF08) is used. The reason for that is their
ability to perform under low visibility and their scalability to perform underwater application.

The ultrasonic range finder has a good depth resolution.

o
o

Figure 2-2: SFRO8 Beam Pattern

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus),
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Chapter 2: Literature Review

The car is control by 2 motors. One of the motor is for steering and the other for speed.
The steering motor uses Futaba s3003 while the speed motor uses standard motor that comes

with the remote control car.

There are 3 things that this car will perform. First is the GPS will stream data to the
microcontroller once every second while the second is the ultrasonic sensor can be pinged
every 75ms and lastly the electronic speed control will receive an update once every 20 ms.
As all this has different timing requirement and to ensure all this works properly, its control
algorithm was implemented using a multitasking structure, which uses 3 independent loops.
All this loops are executed in parallel. As the loops are running at its own pace, this ensure

the data receive are the most current information.

This car can perform very well under standard condition. However, GPS was meant to be
used outdoor where GPS can pick up signal. This could be difficult especially when the place
is cave where the signal could not be pick up. More sensors such as infrared sensor could be
included to the autonomous car to help avoid hitting into walls. The design of this car is

meant for track, but not for exploration as the car has its limit making sharp turn.

Journal from University Bochum has done a research title ‘A smartphone controlled
autonomous robot’ autonomous car ‘Christian Bodenstein,2015°. They offer an autonomous
car which knows surrounding by using a smartphone as the brain of the car and as for its eye,
they are using 2 piece of mirror place at different distance to construct a 2D picture and act
from it. The camera of the phone is place to face the camera so snapshot can be done to save

the image for process.

Figure 2-3: the design of the autonomous car

Bachelor of Information Technology (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus),
UTAR 6



Chapter 2: Literature Review

Other than using camera to understand its surrounding, the autonomous car is equipped
with Odometry which is used to calculate its distance traveled. As the car doesn’t equipped
with any other sensor, Odometry plays a very important role in tracking how far the car has

travel and what distance is needed to travel.

Smartphaong

Virtual @
Camera Top

Vitual @
Camera Bottom

Figure 2-4: mapping concept art

This car design makes the car has the ability to make a very sharp turn. This is
especially useful in exploring purpose as a lot of situation, the car is expected to make sudden
turn instead a turn which needs a little distance to make the turn thanks to the rotation of the
motor. The way they car know its surrounding is also quite interesting as this method uses
mirror and some complex calculation, the actually manage to see the location in a 2d manner.
However, since this is done with phone camera and mirror, it is only limited to open area

with sufficient light as camera without light does not work perfectly.

Bachelor of Information Technology (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus),
UTAR 7
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Chapter 3: Hardware Development

3.1 Microcontroller and Development board

The microcontroller used in this project is ATmega2560. This microcontroller is
developed by Atmel Company. The ATmega2560 is a low-power CMOS 8-bit
microcontroller based on the AVR enhanced RISC architecture. Table 3-1-1 shows

ATmega2560 specification.

Device Atmel ATmega2560

Pins 86 Programmable I/O Lines
Operating Voltage 45Vtos55V

Timer 6

PWM Four 8-bit PWM Channels
ADC channel/resolution 16-channe, 10 bit
Communication interface 4 Programmable Serial USART

Table 3-1-1: Specification of Atmel ATmega2560

LEGEND

THE
UNOFFICIAL

CONTROL ] N X \ ARDUINO

[____poRTPN | > , / &
" ATMEGA2560 PIN FUNC | N\ Wy o ATMECA2560
N D”LPN 7 \ PINOUT DIAGRAM

_SERIAL PIN

Figure 3-1-1: Pin layout of Atmel Atmega2560

Bachelor of Information Technology (Hons) Computer Engineering
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UTAR



Chapter 3: Hardware Development

The Microcontroller board used in this project is Arduino MEGA 2560. It acts as the

controller and the processing unit for the RC car. It is a microcontroller based on the

ATmega2560. It has 54 digital input/output pins (of which 15 can be used as PWM outputs),

16 analog inputs, 4 UARTSs (hardware serial ports), a 16 MHz crystal oscillator, a USB

connection, a power jack, an ICSP header, and a reset button. Table 3-1-2 shows Arduino

MEGA basic specification.

Operating voltage 5V

Input Voltage(recommended) 7-12V

Input Voltage(Limit) 6-20V

Digital I/0 pin 54 (of which 15 provide PWM output)
Analog Input Pins 16

DC Current for 3.3V Pin 50 mA

DC Current per 1/0 Pin 20 mA

Clock Speed 16 MHz

Flash Memory 256 KB of which 8 KB used by boot loader
SRAM 8 KB

EEPROM 4 KB

Weight 37¢g

Length 101.52 mm

Width 53.3 mm

Table 3-1-2: Specification of Arduino MEGA 2560

Bachelor of Information Technology (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus),

UTAR
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3.2 L298N motor driver

[csarcss: Current test pin for A8 channel]

' Pull up resistor jumper for IN1/2/3/4
Motor A| B LR R
: - |1 Motor B ENABLE
votor

tor B -IN4
lotor B -IN3

7 AR
-4

Bl |Motor A -IN2
Motor A -IN1
B |Motor A ENABLE

Motor B| 8 SR R
el = 5V source jumper

IN1/2/3/4 indicator

Figure 3-2-1: L298N board

Power Supply 5V~46V

Power Output Vss SV~7V

Controlling level Low -0.3V ~ 1.5V
High 2.3V ~ Vss

Enable Signal Low -0.3V ~ 1.5V
High 2.3V ~ Vss

Max Power 25W

Logic Current 0 ~ 36mA

Table 3-2-1: L298N Specification

Bachelor of Information Technology (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus),
UTAR
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nadE IN @

Made with [ Fritzing.org

Figure 3-2-2: Arduino MEGA, DC motor and L298N schematic

The remote control car runs on 4 wheels which have a DC motor individually. Each of
them can be control to turn clockwise or anti clockwise direction. For this project, the DC
motor in parallel is wired to one output port as both the DC motors will move in the same

direction.

To control the rotation of the DC motors, L298N is used in this project. As mentioned,
the DC motor on the same side is wired to one output port. With the correct direction, it

enables the RC car to move in different directions.

The L298N has 4 int pins which are used to control the movement of the motor. For
an instance, pin 4(int 2) is used to make the left hand side motor to reverse while pin5 (intl)

is used to make the LHS motor to rotate forward.

Arduino Pin | L298N Pin Pin Name movement Motor
2 Int4 P3 Forward RHS
3 Int3 P4 Reverse RHS
4 Int2 P1 Reverse LHS
5 Int1 P2 Forward LHS

Table 3-2-2: L298N int pin

Bachelor of Information Technology (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus),
UTAR 12




Chapter 3: Hardware Development

Normally if the LHS motor is set to turn right, pin P1 will be set low while P2 will be
set high. When both are set to high, it will create a situation like handbrake. When both set to
low, it will stop the car. For instance, the RC car does not stop instantly despite object is

detected.

vold tZ_rightC(){
digitalWrite (Pl, LOW):
digitalWrite (PZ, HIGH) ;
digitalWrite (P3, LOW):
digitalWrite (P4, HIGH) ;

Figure 3-2-3: Turn Right Code

||

Figure 3-2-4: Wheels Movement: Forward

|

Figure 3-2-5: Wheels Movement: Backward

Bachelor of Information Technology (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus),
UTAR 13
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|

Figure 3-2-6: Wheels Movement: Turn Left

| !

Figure 3-2-7: Wheels Movement: Turn Right

The rotation of the motor is controlled by H-bridge. This electronic circuit allows a

voltage to be applied across a load in either direction. This results in the DC motors to move
clockwise or anti clockwise.

SWITCH ) ) SWITCH
1 2
SWITCH : : SWITCH

3 / /

4
| MOTOR NOT

RUNNING

Figure 3-2-8: H-bridge working principle

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus),
UTAR
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SWITCH
1

J SWITCH
2

SWITCH SWITCH
3 ¥ 4
| CLOCKWISE

DIRECTION

Figure 3-2-9: H-bridge (Clockwise)

To turn clock wise, switch 1 and switch 4 will be closed (turn on), results in left lead

of the motor to connected to power supply while right side lead to connected to ground.

Current starts to flow and the motor begin to rotate in a positive direction.

SWITCH SWITCH
1

2

SWITCH SWITCH
3 4

COUNTER
CLOCKWISE
DIRECTION

Figure 3-2-10: H-bridge (anti-clockwise)

To turn anti clockwise, switch 1 and switch 4 will be will be open(turn off), results in
right lead of the motor to connected to power supply while left side lead to be connected to

ground. This will cause the DC motor to energize in the reverse direction which leads to spin
backward.

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus),
UTAR
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. “ SWITCH

4
| ‘ INVALID STATE

(SHORT CIRCUIT)

SWITCH SWITCH
1 A 2
SWITCH { : : ‘

Figure 3-2-11: H-bridge (Short circuit)

All switches should never turn on at the same time as it will create a really low

resistance path between power and ground which will lead to short-circuit the power supply
This will damage the h-bridge.

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus),
UTAR
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33 HC-SR04 ultrasonic

Vee Trig Echo GND

Figure 3-3-1: HC-SR04

Working Voltage DC 5V

Working Current I15mA

Working Frequency 40Hz

Max Range 4m

Min Range 2cm

Measuring Angle 15 degree

Trigger Input Signal 10uS TTL pulse

Echo Output Signal Input TTL lever signal and the range in
proportion

Table 3-3-1: Specification of HC-SR04

Another feature of this project is that it is equipped with an ultrasonic mapping
function. This ultrasonic mapping function is done with 1 pair of ultrasonic sensors and this

pair of ultrasonic will be fixed on a short clock-like frame as shown in figure 3-3-2.

Ultrasonic 1

Ultrasonic 2

Figure 3-3-2: Ultrasonic Mapping placing

Bachelor of Information Technology (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus),
UTAR 17



Chapter 3: Hardware Development

O GEeD |-

Arduino

Figure 3-3-3: Schematic of Ultrasonic Mapping

The frame is done by using 2 thin and long pieces of PCB board. This function can be
done with just one ultrasonic. However, to speed up the process, two sensors are used each
sensor can cover 90°. This way, the servo only needs to rotate 90°instead of 180° to cover
whole 180°. Ultrasonic 2 will activate first as the instruction in Arduino runs serially. After
Ultrasonic 2 obtains the time taken, Ultrasonic 1 will then be executed. The rotation of the

servo and the ultrasonic mapping is shown in figure 3-3-4.

Fourth rotation First rotation
Third rotation (\(\ﬂ Second rotation
Second rotation (\ ) Third rotation
First rotation C ) Fourth rotation

Figure 3-3-4: Ultrasonic Mapping Servo Rotation

Ultrasonic return a time taken for the ultrasound to return the echo in turn translates

into depth data. The depth data will be represented in a graph.

The basic principle work of ultrasonic is that 10us will be supplied to the trigger input.
After that 8 cycle burst of ultrasound (40Hz) will be emitted from the module. Once an object

is detected, ultrasound will bounce back to echo to be received with the time taken for the
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ultrasound to reach echo. With the time taken, distance can be calculated. figure 3-3-5 shows
how ultrasonic sensor works.

10u3 TTL

Timing Diagram
Trigger Input
to Module

8 Cycle Sonic Burst
Sonic Burst ‘
from Module

Input TTL lever
Echo Pulse Cutput signal with & range
to User Tumeng Crrcutt in proportion

Figure 3-3-5: HC-SR04 basic principle of work

To calculate the depth, other than distance, there is still another variable missing and
that is the angle of the turning. With this, we can calculate coordinate x and coordinate y for

graph plotting purpose. To get that, the servo is set to turn 22.5°. The angle of turning is
shown in the figure 3-3-6.

sensorValue[4]

sensorValue[3] | ‘ ,sensorValue[5]
\22.5° 22.5°//

sensorValue[6
sensorValue[2] [6]

25\ | /25

sensorValue[1] 550 '_/sensorValue[7]

sensorValue[0] sensorValue[8]

Figure 3-3-6: Servo's angle of rotation

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus),
UTAR

19



Chapter 3: Hardware Development

34 HC-06

Bluetooth is used in this project to transmit and receive data between Android
application and Arduino. To enable Bluetooth connection with the Arduino Mega, a

Bluetooth module HC-06 as shown in figure 3-4-1 is used.

Figure 3-4-1: HC-06

Frequency 2.4GHz ISM Band

Power Supply 3.3VDC 50mA

Emission Power <4dBm ,class 2

Sensitivity <-84dBm at 0.1% BER

Speed Asynchronous: 2.1Mbps(Max)/160kbps
Synchronous: 1Mbps/1Mbps

Bluetooth protocol Bluetooth Specification v2.0 + EDR

Signal coverage 30 ft

Default Baud Rate 9600,8,1,n

Table 3-4-1: Specification of HC-06

Figure 3-4-2: Schematic of connecting Bluetooth module to Arduino
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3.5 Infrared Sensor

Figure 3-5-1: HC-06

Operating Voltage

DC 3.3V ~ 5V

Operating Current

Try to choose more than 1A power supply

Working temperature

-10° ~+50°

Table 3-5-1: Specification of Infrared Sensor

vith [ Fritzing.org

Figure 3-5-2: Schematic of IR Connect to Arduino
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Five infrared sensors are placed at a few crucial angles of the RC car. The reason of

using these IR sensors is to help avoid obstacle in either DPAD mode or Autonomous mode.
The placing is shown as figure 3-5-3.

11
14 13
w_A N

Figure 3-5-3: IR placement
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3.6

calculation. So the phone needed have sufficient RAM and CPU to process it. With quad-core
and 1 GB RAM, it is sufficient for this project. An Android application will be written for

Smartphone (Samsung galaxy S3)

ShihsuNG

Figure 3-6-1: Samsung Galaxy s3

Network GSM 850/900/1800/1900 MHz, UMTS 850/900/1900/2100 MHz,

Data: HSDPA 21 Mbps, HSUPA 5.76 Mbps; 4G [LTE is region dependent]

Form factor: Bar design, Touchscreen

Dimensions: 136.6x 70.6x 8.6 mm

Weight 133 grams

Display: 4.8" (720 x 1280 pixels)

Colour output: 16.7 miliion coiours

Screen type Super AMOLED - Penitile Display

Glass: Gorilla Giass
Quad-core 32nm ARM Cortex A9 1.4 GHz processor, Exynes 4212

£ Quad chipset

GPU: Mali-400MP

RAM: 1G8

0S: Android 4.0.4 (Ice Cream Sandwich)

Memory: 16/32/64GB internal memory, MicroSD card support

Camera: 8 megapixei auto-focus camera [BIS type]
Face detection, Touch to focus, image stabilization, Full HD (1080p)

Other camera features: recording at 30fps, single LED fiash, 1.9MP front facing camera,
video-call capability. HD video recording from FFC

e Wi-Fi a/b/g/n [WiFi hotspot capability], Biuetooth 4 with HS,

e MicroUsB port [MHL variety]
GPS with A-GPS capability, GLONASS support, 3.5mm audio jack, TV-
Out, USG OTG, NFC, Accelerometer, proximity SEnSor, gyroscope

Others: sensor, RGB light.Induction charging (wireless charging), NFC based
WiFi direct, DLNA, Gesture controis, Voice inputs for certain features,
FM radio

Misc: IQJ_J_C,_[LMZ,, 4.0 Ul, DivX/XviD codec support, muiti-touch input, Swype.

b text input

Battery: 2100 mah

Talktime: ng

Standby n.g

Table 3-6-1: Specification of Samsung Galaxy S3

For this project, a smartphone is required to send command and performing

this project and will run on this smartphone.
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Chapter4: Software Development

4.1 Arduino

Arduino is used to control the rotation of the motor, to process the distance of

ultrasonic and receive command from the Android application.

Arduino is an open source platform which is easy to use and a lot of library is
provided. Compared to other microcontroller, it has a variety of different microcontroller
build for specific purposes. Arduino itself also has its own Arduino development
environment which is free and easily available online. Arduino is a development board
whereas microcontroller like 8051 is just a microcontroller. Arduino simplifies the amount of

hardware and software development needed to do in order to get the system running.

Dpadcantrolling | Arduine 164 ST
File Edit Sketch Tools Help

Dpadeontralling

//DPAD revi0 8/3/2016
#include <Servo.h>
#include <SoftwareSerial.h>

Serve serve;

int angle = 0; // serve position in degress

int servoPin = 7; // yellow

int trigl = 21;
int trigz = 19;

int echol = 20;
int echol = 187

int Pl = 4; //rev - L M
int P2 = §; //for - L M
int P3 = 2; //for - R M
int P4 = 3; /f/rev - R M

int 9; //back IR
3= 10; //right TR
4= 12; //left IR

Figure 4-1-1: Arduino 1.6.4

When first used, the driver for the Arduino Mega needs to be installed by just
plugging in the board. The port number needs to be set correctly before transferring the code

from computer to the microcontroller.

Once the code is done, we can transfer the code by just pressing the upload button and

the code will be directly transfer to the microcontroller. However, when transfering, it is
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important to remove the RX and TX pin for the Bluetooth module as upload will fail if it is

not remove.

For debugging purpose, the Arduino is equiped with a serial monitor for user to check.
For instance, one is able to track what data is passing through the Bluetooth connection by

writing "serial.print". This is to ensure the data transfer is correct and is successfully received

at both ends.
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4.2 Eclipse Juno

@ Java - bComisrc/comiexamplefecomisib_seting jova - Edpse | I - | )

File Edit Refactor Source MNavigate Search Project Run Window Help

0~

[# Package.. 2| Jg TypeHie. = O
BE ¥
> 2 appcompat v7
4 2 bCom
4 8 src
4 f#i com.eamplecom
> [J] MainActivity.java
[1] sub_aboutjava
v [J] sub_accjava B
» [7) sub_dpad.java
» 1) sub_scan.java
b [J] sub_setting java
> (2 gen
» B Android 44W.2
» B Android Private Libraries
(& assets
> @& bin
» & libs
» G res
dl AndroidManifestml
[2] beom_vartit
ic_launcher-web.png
proguard-project.tit
project properties

title_icon.ico

oo W

Adiol:

<

P AN B O R E G ® TP A v Bl o | o

3] sub_settingjeva 5

package com.example.bcom;

®import java.io.IOException;[]

public class sub_setting extends Activity implements OnClickListener {

private static final String TAG = "bluetoothl”;

private BluetoothAdapter btAdapter = null;

private BluetoothSocket btSocket = null;

private OutputStream outStream = null;

(@Suppressarnings("unused”)

private InputStream mmInStream = null;

private static final UUID MY UUID = UUID.fromString("@e001101-0000-1000-3086-00805FIB34FE");
private static String address = "98:D3:31:83:£6:38";

final int RECEIVE MESSAGE = 1;  //1
private ConnectedThread mConnectedThread;
final int handlerState = 0;

private StringBuilder recDataString = new StringBuilder();

// status for Handler

Button btn_map, btn_graph;

TextView textView;

Handler bluetoothIn;

TextView txtString, sensorViewd, sensorViewl, sensorView2, sensorView3;

TextView sensorViewd, sensorViewS, sensorViews, sensorView?, sensorViews , shX , shY , shl , sh3, sh5, sh7;
int counterX = 13

int[] sensor = new int[9];

EJ Console 32 = Properties m Debug

127M of 488M

3 | [Tm) 5 e

e 8|

(=

i

’

[l Android SDK Content Loader: (0%) =

Quick Access

oxl =g
LT

-

btAdapter: B ~
btSocket
outStream : C

mmnStream|
MY_UUD - U
address : Strit
RECEIVE_MES
mConnected
handlerState | =
recDataString|

btn_map: Bu|
btn_graph u‘
textView: Te|
bluetoothln:
tString : Tesl_|
sensorView(
sensorViewl
sensorView2
sensorView3
sensorViewd
sensorViews
sensorViewt
sensorView?
sensorViend

VLT e
Sl G

B-m-= 0

Figure 4-2-1: Eclipse Juno

Eclipse is open source software for user to do project. They also have variety of plug-
in for users to download and apply for their own need. One of the plugins used in this project
is the Android SDK, which allows users to write and compile Android application for

smartphone.
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[0 Java - bCom/res/layout/di

File Edit _Refactor Navig:

Edlip
Search Project Run  Window Help

HrERS BE I - GRB O Q- HFG~® 7 vl vt G| ‘@\ﬂmebug Quick Access
Epe. 3 2T = O | [ subdpadjava 1] sub_settingjava  [d] dpadml 57 | 7o Bruend = O
O R T — - . 8 =
e @ Palette a ‘ @ 27" wxea ‘ | ¢ AppTheme ‘ @ MainActivity ‘ [*) ‘ 13

4 [H] RelativeLayout

5 bC b textViewl -
Cew & fom Widaee aaalaald bl
b @8 gen[Generated Java | | Textview Large Medium smail | Button (=] dpad_togale
» mA Android 4.4W.2 dpad_up_btr
& mh Android Private Libr | |small | ©FF | CheckBox :pa:,\m;::i
ipad_right
(@ RadioButton CheckedTextview dpad_down_
. v
Spinner & -~
Subliem v E
-
[ QuickContactBadge (@) (1) (1)
<[ v

Flalele

<No properties>

() Custom & Library Views

Graphical Layout| =) dpad. xmi‘

doc [ Declaratior

Search | E Console 3 Properties m Debug BBl E--=0o

= = LS ges anaroTa=
found starting with ele skin'. No child element is expected at this point.

1$2M of 575M (i}

Figure 4-2-2: Eclipse Juno graphical layout tool

In this project, commands are sent and received between Android application and
Arduino. The main role of this mobile application is to send simple command for DPAD
controlling. At the same time, a long string from Arduino will also be received by the
Android application to break down into chunks of data and then calculate the depth

coordinate with a simple trigonometry algorithm.

In this project, the Android version used to develop is Android 2.2. The reason for not
using the newer version available is to produce the Android application that can support older

smartphone which has older Android version.

The Android application is named as bCom (Bluetooth controller on mobile). The
first layout is the main menu. The layout is comprised of a few button. In the application, it is

equipped with a toggle button for user to on/off the Bluetooth. The design is as shown as

figure below.
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ol Exit

[
Bluetooth  oFF g

Figure 4-2-3: bCom Main menu layout

When the “D-pad” button is pressed, the program will trigger a new intent which will
call dpad.xml which is linked with sub_dpad.java. This is the part where the command is sent
upon button pressed to the Arduino for moving forward (F), backward (B), left (L) and right
(R). To activate autonomous mode, there is a Toggle Button which when pressed once, it will
activate it by sending a command (Y) and when pressed the second time, it will send
command (N) to stop the car. For continuous turning, users just have to press and hold the
button and the car will continue to send the command until the button is released, and the car

will then stop. This is done by on touch listener.

sub_dpad

Autonomous

OFF

V)

Figure 4-2-4: bCom DPAD layout
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Upon clicking the mapping button in the main menu, the Android application will call
the mapping layout. The use of this mapping function is to read the ultrasonic and plot them
in a graph to show the shape of the location it scans. The reading will be written to the text
view to allow user to check the reading for the calculation. The calculated coordinate will be
store in the text view located at the lower part of the application. Figure 4-2-5 shows the

layout of the mapping function.

2 B $ 4l m07:01

sub_setting

15— —=

1
05

|
o
[ 05 1 15 2

distance 0 distance 5 e
distance 1 distance 6 Mapping
distance 2 distance 7 ~
distance 3 dist e,
distance 4 J ~ —Gfaﬂt
String Receive -
Coor_0 Coor_1 Coor_2 Coor_3
Coor_4 Coor_5 Coor_6 Coor_7 i
Coor_8

Figure 4-2-5: bCom mapping layout

™ @B

sub_about

\ | e
wmne oo/
Aol [ 8]
8 ) 4
N REE ] ]
=

u' ]. " “ Jr <‘i‘ ;!
88800 2
T
| [ [P

AEACERNL

Figure 4-2-6: bCom about layout
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ChapterS: System Integration

To integrate the hardware and software, all the parts are combined and the code will
be burned/flashed in to the Arduino as well as the Android application into the android phone.

Below shows the block diagram on how the final product will be.

Remote control car

1)

Bluetooth

Ultrasonic

J3jjoyuododinN

=)
£
o
=]
=
=
3
o
a
=
1+

Infrared
sensor

Figure 5-0-0: Block Diagram of the final product

The Bluetooth module will be the main communication channel between Arduino and

Android application. The USB jack is used to flash the code and for debugging purpose. It is

important to make sure the data sent and received correct as it will affect the RC car’s overall

performance.
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5.1 Infrared sensor + Autonomous Mode

14

| 4

Figure 5-1-1: IR placement

To start the autonomous mode, a toggle button in the DPAD layout can be pressed.
The moment it is pressed, the Android application will send a character “Y” to the Arduino
and the Arduino will then check which action to perform. In this case, the car motor will be

set to go forward. The code is shown in figure 5-1-2.

Command character Action
Y Start autonomous
N Stop autonomous

Table 5-1-1: Command for autonomous

wold tZ_stri(){
digitalWrite(Pl, LOW):
digitalWrite (P2, HIGH):
digitalWrite(P3, HIGH):
digitalWrite(P4, LOW):

}

Figure 5-1-2: Motor move forward code

Pressed the toggle button again, and the car will stop moving as the Arduino will

receive an “N” which indicate stop.

In autonomous mode, the car is set to move forward by default. In order to make the
car be able to move, infrared sensors are used to help navigating the car instead of users. For
instance, if an object or wall is on the left hand side, and the 14 detected it, the car will

automatically turn to right to avoid it. The principle of infrared sensor is that it will transmit
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the IR signal in the direction it is facing and then IR signal will bounce back from the surface

of the object once the object is detected.

Figure 5-1-3: Left hand side IR detected obstacle

wold t2_rightiint timeDelay){

digitalWrite(Pl, LOW);
digitalWrite (P2, HIGH);
digitalWrite (P3, LOW):
digitalWrite (P4, HIGH):
delay(timeDelay) :
digitalWeite(Pl, LOW):
digitalWeite (P2, LOW):
digitalWrite(P3, LOW);
digitalWrite (P4, LOW);

Figure 5-1-4: code for turning left with certain ms

vold tZ_rev(int timeDelay) |

digitalWrite (P1, HIGH):
digitalWrite (P2, LOW):
digitalWrite (P3, LOW):
digitalWrite (P4, HIGH):
delayitimeDelay) ;
digitalWrite (P1, LOW):
digitalWrite (P2, LOW):
digitalWrite (P3, LOW):
digitalWrite (P4, LOW):

Figure 5-1-5: code for reverse with certain ms

14 is used to detect object or walls on the left hand side while moving forward. When
14 detected object, the wheel will make a short reverse for 100ms, then make a right turn

(200ms). The same will happen when 11 and 14 pick up values at the same time.
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Figure 5-1-6: Right hand side IR detected obstacle

void tZ_leftiint timeDelay){

digitalWrite (P1, HIGH):
digitalWrite (P2, LOW);
digitalWrite (P3, HIGH):
digitalWrite (P4, LOW);
delay(timeDelay) ;
digitalWrite (P1, LOW):
digitalWrite (P2, LOW):
digitalWrite (P3, LOW):;
digitalWrite (P4, LOW):

Figure 5-1-7: code for turning left with certain ms

13 is used to detect object or walls on the right hand side while moving forward. When
13 detected object, the wheel will make a short reverse for 100ms, then make a left turn

(200ms). The same will happen when 13 and 11 pick up value at the same time.

| A |

Figure 5-1-8: Rare IR detected obstacle
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woid tZ_strTime(int time){
digitalWrite(Pl, LOW):
digitalWrite (P2, HIGH):
digitalWrite(P3, HIGH):
digitalWrite (P4, LOW):
delay (time) ;
digitalWrite(Pl, LOW):
digitalWrite(PZ, LOW);
digitalWrite(P3, LOW):
digitalWrite (P4, LOW):

}

Figure 5-1-9: code for go straight with certain ms

12 is used to detect obstacle from behind. If the infrared detected something from the

back, the car will stop and move forward for 400ms.

| -

b))

Figure 5-1-10: Front IR detected obstacle

11 is used to detect when the car meets a T junction. When this happen, the
first thing the car will do is to trigger the car to reverse some distance for 800 ms.
Then ultrasonic sensors will be triggered, and it will read the distance of both left and right.
The decision is made by comparing distance from both sides and will choose the longest

distance to turn to.

To turn the servo to the right, the servo will be set write with value 0. Then ultrasonic
sensor will be activated and scanning is performed. To turn the servo to the most left, the
servo will be set write with value 85. Then the values will stored as distancel and distance2
and then compared to find the longest distance. Then the car will set to turn to the direction
with the longest reading. The code for turning is set to turn only 200 ms to ensure not to turn

too much. The code to choose the longest distance is as shown figure 5-1-11.
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if(distancel>distancel)
{
tZ_rightiZ00);
if(count<l) {
t2_strTime(100);
}
elae{
fit_straight():
tI_str():

}

}
elze if (distancel<distancel) |
S/t left(scroll_speed,200);
tZ_lefti200);
if(count<l) {
fit_forward(scroll speed,l00);
tZ_strTime(100);
}
elae{
//t_straight():
ti_str();
}
3
else|
tI_rev(300);

Figure 5-1-11: Compare distance code

else if{1_btm == 1)]
t2_stop():
t2_rev(100);
t2_lefr(B00);
if(count < L1){

t2_strTime(200);
}
else

tI_str();
}

Serial.println(count);

Figure 5-1-12: Code to run upon bottom IR lost reading

1_btm is used as an anti-fall method. There is scenario where the car might fall from
stairs and this IR is used to prevent that. Upon receiving signal, the Arduino will start
comparing through if else case. The code for this is to stop the car instantly by setting the
entire pin to high, which act as a hand brake. The car will then reverses for 100ms and steer

180° to go against the stairs.
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5.2 Direction pad

For controlling with DPAD, the Arduino receives commands from smartphone in
string form. For an instance, "F" is for moving forward. Upon detecting button press on the
smartphone, the Android application will send a character to the Arduino through the
Bluetooth. Once the Arduino receive the character command, it will check the if else case and

react. table 5-2-1 shows all the command character for different purposes.

Commmand Command Character

Forward

Reverse

Left

Right

Stop

Continous Forward

Continous Reverse

Tl N| »» O A O] W ™

Continous Left

Continous Rght K

Table 5-2-1: Command table

Since this is a RC car, the button needs extra work to model the touch and hold
scenario. To fix that, the button is implemented with on touch listener. This listener will
detect the touch on the screen. While the user is still pressing, the Android application will
continuously send the command to Arduino till the user release the button. In the Arduino,
while Android application continues to send the same command, it will continue to trigger
the command code. When the finger is released from the screen, Android application will
send another command “O” to Arduino which will call the stop function. The code is shown

in figure 5-2-1.
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btn_up = (Button) findViewById(R.id.dpad up btn);

btn_up.setOnClickListener(this);

btn_up.setOnTouchListener(new OnTouchListener() {
@suppressLint("ClickableViewAccessibility™) [@0verride
public boolean cnTouch(View v, MotionEvent ewvent) {

if(event.getfAction() == MotionEvent.ACTION DOWN) {
mConnectedThread.write("5");

b else if (event.getAction() == MotionEvent.ACTION UP) {
mCoennectedThread.write("0");
¥

return false;

R E

Figure 5-2-1: Android application On touch listener code

if (incomingByte == '53'} {
tI_str();
if{count<l) {
}
elae|
tZ_str():
}

Figure 5-2-2: Arduino command receive code for going straight

if{incomningByte == '0') |
tI_stop();

}
Figure 5-2-3: Arduino command receive code for stop instantly

Each function code comes in two versions. One is time delay and one without time
delay. The code with time delay is used for autonomous while without time delay is code for

normal DPAD control usage. Figure 5-2-4 shows code for turning right continuously.

wvold tZ_rightC(){
digitalWrite(Pl, LOW):
digitalWrite (P2, HIGH):
digitalWrite(P3, LOW):
digitalWrite (P4, HIGH):

Figure 5-2-4: Arduino sample code for turning right without setting time
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5.3 Ultrasonic + Servo + Depth Mapping

As for the mapping, as the button is pressed, the Android will transfer “M” character

to the Arduino will run the code as shown in the figure below.

int gensorvValue[&] = {0,0,0,0,0,0,0,0,0};

int ®x = 85;

for(int i=0 ; i<5 ; i++i{

digitalWrite
duration = pulzeln{echol, HIGH):

SEerVOo.WEiLe (X [ —— To command the angle of turning of servo
delay(l000):

digitalWriteitrigl, LOW); // Added this line

delayMicroseconds (2)r // Added this line

digitalWriteitrigl, HIGH); < Ultrasonic reading
delayMicroseconds (10) ; /7 Added [this line

itrigl, LOW):

distancel =

(duration/2) / 29.1; |4"'e'9*=9'5—99‘ Formula to calculate the distance

gensorValue[i] = distancel+e;

digitalWrite

(trigZ, LOW); /) Added this line

delayMicrozecondsz (2)r // Added this= line

digitalWrite

itrig2, HIGH):

delayMicroseconds (10); // Added this line

digitalWrite

trig2, LOW);

duration = pulseln(echoZ, HIGH):

distancel =

(duration/2) J Z89.1; //convet to cm

genzorValue[i+4d] = distanceldo;

delayi(l000)
¥ = x-21.25

Figure 5-3-1: Arduino servo rotation and distance reading code

In the code, the “x” represents the PWM for the servo to turn. The total angle turn is

90 and is divided by 4. However, calibrating the servo motor, it was found that the angle

input for turning 90° is by inserting 85 as PWM. So the PWM is from 85 to 0.

PWM for Servo turning (angle)

Reading

85(90°)

sensorValue[0] , sensorValue[4]

[
63.75(67.5°) sensorValue[1] , sensorValue[5]
42.5(45°) sensorValue[2] , sensorValue[6]
21.25(22.5°) sensorValue[3] , sensorValue[7]
0(0°) sensorValue[4] , sensorValue[8]

Table 5-3-1: Servo turning and ultrasonic reading
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Ultrasonic sensors reading returns the time taken for the ultrasound to bounce back
the echo. Thus, to translate it into distance, the formula “distancel = (duration/2) / 29.1” is

used. Once the reading is taken, it will be stored in an array named sensorValue.

The sensorValue will then be sent one by one to Bluetooth via a for-loop. The value

will be concatenated to a string in the Android application. The code is as shown in figure 5-
3-2.

Serial.printi'#'):
for{int k=0; k<5; E++)
{
Serial.printizensorValuel(k]):
Serial.print('+'):

}

Serial.print('~'): //used as an end of transmission character - used in app for string length
Serial.printlni():;
delayil0);

Figure 5-3-2: Sending data to Android with for loop

The first thing to “serial.print” is a “#” which is used to detect the starting character of
the string. A “+” is used as the delimiter to adjacent values. The string received by the

Android application is as shown as the figure below.

#A3+43+31+27+9+10+50+52+40+

Figure 5-3-3: Android: String received

Since the value is transfer serially, the data needs to be appended to form a string.
When there is incoming data from the Arduino, the data will be stored into a string variable,
then append into a string builder. The reason of checking the beginning and ending of strings

id to ensure that all data is fully received before proceeding to the calculation part.

bluetoothIn = new Handler() {
public void handleMessage(android.os.Message msg) {
if (msg.what == handlerState) { //if message is what we want
String readMessage = (String) msg.cbj; // msg.argl = bytes from connect threa
T append(readicssage

//keep appending to string until ~

Figure 5-3-4: Android: receive data code + append
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Chapter 5: System Integration

Once the Android application successfully receives the whole string, it will be broken
down with a simple for loop by using “+” as the delimiter. The points will be written into the
text view for user to check the distance. The for-loop for breaking up the string is as shown in

figure 5-3-5.

if (recDataString.charAt(@) == "#') J/if it starts with # we know it is what we are looking for

for (int y=08 ; y<1@ ; y++ ){
for(int 1 = 1 ; i < recDataString.length() ; i++){
if((recDataString.charAt(i) == "+')){
int pivot = i;
sensor[y] = Integer.parseInt(recDataString.substring(counterX, pivot)});
counterX = pivot+l;
¥

Figure 5-3-5: Android: Break Down string

As the transfer data is a string, the data needs to be converted into integer format by
using Integer.parselnt () before storing them into an integer array name sensor. The for loop
detects “#” as the starting character of the string to be read and then checks “+” as a delimiter

of each value. The string also ends with a “+” to show it is the last value.

Now that the 9 values needed to calculate the coordinate are acquired, we can now
start to calculate the coordinate of each point by using trigonometry except the 0,4,9 value as
sensor[0] represents x-axis minimum value, sensor[8] represents maximum value of x-axis

and sensor[4] represent y-axis maximum value.

Since the value we get from the ultrasonic sensor is the distance of depth relative to
the sensor, it needs to be transformed to the correct coordinates in Cartesian planes. This is
especially crucial when the ultrasonic sensor orientation is not parallel to the car direction.

The coordinate can be calculated with the formula below to obtain the correct coordinate.

sensor[1]

Y[1,7] sensor{7]

22.5%

X[1,7]
Figure 5-3-6: trigonometry diagram for sensor[1,7]
e Coordinate for (x1,y1)

o x1=(COS (22.5))*(sensor[1]) *-1)
o yl =(SIN(22.5))*(sensor[1])
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e Coordinate for (x7,y7)

o x7=(COS (22.5))*(sensor[7])
o y7=(SIN (22.5))*(sensor[7])

e Since x1 is on the left hand side of the chart, value is multiply by -1 to plot the graph
correctly.

x[3,5]

y[3,5]

sensor[3]
sensor[5]

Figure 5-3-7: trigonometry diagram for sensor[3,5]
e Coordinate for (x3,y3)

o x3=((SIN (22.5))*(sensor[3]) *-1)
o y3=(COS (22.5))*(sensor[3])
e Coordinate for (x5,y5)

o x5=(SIN (22.5))*(sensor[5])
o y5=(COS (22.5))*(sensor[5])

e Since x3 is on the left hand side of the chart, value is multiply by -1 to plot the graph
correctly.
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sensor[2]
sensor[6]

y[2,6]

45°

x[26]
Figure 5-3-8: trigonometry diagram for sensor[2,6]

e Coordinate for (x2,y2)

o x2=((COS(45))*(sensor[2]) *-1)

o y2 = (SIN (45))*(sensor[2])
e (Coordinate for (x6,y6)

o x6=(COS (45))*(sensor[6])

o y6 = (SIN (45))*(sensor[6])

e Since x2 is on the left hand side of the chart, value is multiply by -1 to plot the graph
correctly.
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6.1 Remote Control Car

Figure 6-1-3: rare view of remote control car
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Figure 6-1-4: side view of remote control car
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6.2 Android Application

' g {;ﬂ-apping

Wi

Figure 6-2-1: main menu
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Autonomous
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Figure 6-2-2: DPAD + autonomous
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Mapping
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Chapter7: Testing and Result

7.1 DPAD + 1R

7.1.1 DPAD + IR + testing

To test its application, the car is placed in an area with obstacles. The user should be
able to maneuver the car from the area without hitting any obstacle. The main point of this
test is to ensure the car can turn or go straight or reverse as long as the user wants. At the
same time, it is done to check whether the IR is working as the IR is used to avoid the car

from hitting anything even if it is forced to hit.

Figure 7-1-1-1: track for testing

O obstacle
obstacle O ?

Figure 7-1-1-2: obstacle testing

The second DPAD test is to drive the car to the stairs to ensure the IR for detecting

stairs work before allowing it to run in autonomous mode.

Figure 7-1-1-3: stairs testing
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7.1.2 DPAD + IR + Result

The car is able to move more smoothly compared to during FYP1 as the code is
modified to use on touch listener which enables finer grain of control. The car now also stop
more rapidly due to the handbrake imitator which allows the car to stop before hitting onto

anything especially when the user cannot control it properly.

The part to test near the stairs also yields positive result, as upon reaching the stairs,
the IR that keeps detecting the floor will suddenly lost detection of the floor. This causes the
car to stop instantly and will trigger the car to reverse and make a 180° turn to go away from

the stairs.

No | Test case Result and discussion

1.0 | ¢ Dpad up button is pressed and release | ¢ The car move forward for 200ms then

instantly stops

1.1 | e Dpad up button is pressed and release | ® The car move forward for 200ms then
instantly stops
e (14)/(14&11)/(14 &12) e car will turn right if there is

something on the left

1.2 | e Dpad up button is pressed and release | ® The car move forward for 200ms then
instantly stops

o (I13)/(13&11)/(13 &12) e car will turn left if there is something

on the right

1.3 | e« Dpad up button is pressed and release | ® The car move forward for 200ms then
instantly stops
o (I11) e car reverse for 800ms if there is

something in front

2.0 | ¢ Dpad down button is pressed and e The car move backward for 400ms
release instantly then stops
2.1 | e« Dpad down button is pressed and e The car move backward for 400ms
release instantly then stops
o (14)/(14&11)/(14 &12) e car will turn right if there is

something on the left

Bachelor of Information Technology (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus),
UTAR 48




Chapter 7: Testing and Result

2.2 | ¢ Dpad down button is pressed and The car move backward for 400ms
release instantly then stops
e (13)/(13&11) /(13 &12) car will turn left if there is something
on the right
2.3 | e Dpad down button is pressed and The car move backward for 200ms
release instantly then stops
e (12) car move forward for 400ms if there
is something at the back
3.0 | e Dpad left button is pressed and release the car will turn left for 100ms
instantly
3.1 | e Dpad left button is pressed and release The car turn left for 100ms then stops
instantly car will turn right if there is
o (14)/(14&11)/(14 &12) something on the left
4.0 | e Dpadright button is pressed and The car turn right for 100ms then
release instantly stops
4.1 | e Dpad right button is pressed and The car turn right for 100ms then
release instantly stops
o (13)/(13&11)/(13 &12) car will turn left if there is something
on the right
5.0 | e Dpad up button is pressed for some The car move forward until the button
time is release.
5.1 | e« Dpad up button is pressed for some The car move forward until the button
time is release.
o (14)/(14&11)/(14 &12) car will turn right if there is
something on the left
5.2 | ¢ Dpad up button is pressed for some The car move forward until the button
time is release.
e (13)/(13 &11)/(3 & 12) car will turn left if there is something
on the right
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53 Dpad up button is pressed for some The car move forward until the button
time is release.
1) car reverse for 800ms if there is
something in front
6.0 Dpad down button is pressed for some The car move backward until the
time button is release.
6.1 Dpad down button is pressed for some The car move backward until the
time button is release.
14)/ (04 &11)/ (14 & 12) car will turn right if there is
something on the left
6.2 Dpad down button is pressed for some The car move backward until the
time button is release
(13)/ 3 & 11) /(13 & 12) car will turn left if there is something
on the right
6.3 Dpad down button is pressed for some The car move backward until the
time button is release
(12) car move forward for 400ms if there
is something at the back
7.0 Dpad left button is pressed for some The car turn left until the button is
time release
7.1 Dpad left button is pressed for some The car turn left until the button is
time release
(14) /(14 & 11) / (14 & 12) car will turn right if there is
something on the left
8.0 Dpad right button is pressed for some The car turn right until the button is
time release
7.1 Dpad right button is pressed for some The car turn right until the button is
time release
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13)/ 13 &11) /(13 & 12)

car will turn left if there is something

on the right

9.0 | ¢ Dpad autonomous button is pressed e The car move forward until button is
every odd time pressed again

10.0 | ¢ Dpad autonomous button is pressed e stops the car immediately
every even time

11.0 | e 1_btm did not detect anything o

reverse

make a left 180° turn

Table 7-1-2: test case for dpad
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7.2 Autonomous + IR + Ultrasonic
7.2.1 Autonomous + IR + Ultrasonic testing

To test the autonomous function, a simple track is set to see if the car will avoid the
obstacles. By default, the autonomous mode will set the car moving forward. What help the
car to maneuver are the IR sensors and the ultrasonic sensors. As mentioned, there are 5 IR
installed on the car including the one which prevent the car falling from higher location. The

rest of them are tested when the car moves near a wall.

/ s
. ~
/,
~ /
/
H

Figure 7-2-1-1: tracks for testing

Figure 7-2-1-2: test on stairs

obstacle

ultrasound ((((‘ ,)))) ultrasound

Figure 7-2-1-3: face obstacle testing
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7.2.2 Autonomous + IR + Ultrasonic Result

The result for the autonomous car is a success as the car is able to escape from a small

track with the help of IR. When the car comes to a T junction, the car will reverse and use

ultrasonic sensors to find a way out of the place.

No | Test Case Result & discussion
L e trigger ultrasonic sensors make
decision to turn left or right
2 |12 e move forward
3 |14 e turn right
4 |13 e turn left
5 (1311 e turn right
6 |1411 e turn left
7 1312 e turn right
8 14 12 e turn left
9 141311 e reverse
10 | 1_btm e reverse
e make a left 180° turn
11 |11 e reverse

left and right distance < 50

make a left 180° turn

Table 7-2-2: test case for autonomous
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7.3 Mapping
7.3.1 Mapping Testing

To test the mapping algorithm, the car is place in several types of simple location and

since it is a prototype, the first test is a rectangular area. The expected result is shown as

figure below.

wall

Wall Wall

Ultrasonic 2

Ultrasonic 1

Figure 7-3-1-1: rectangular angle scan

Figure 7-3-1-2: rectangular angle expected result
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The second area to test is a triangular angle. The expected result is as shown as figure
below.

Figure 7-3-1-3: triangular angle scan

Figure 7-3-1-4: triangular expected result
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The third area to test is a rectangular angle with obstacle. The expected result is as
shown as figure below.

wall

@Obstacle

wall

Wall
Ultrasonic 2

Ultrasonic 1

Figure 7-3-1-5: rectangular angle with obstacle scan

Figure 7-3-1-6: rectangular angle with obstacle scan expected result
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7.3.2 Mapping Result

[aa) @ B(

sub_setting sub_setting

30 60

21\\ \ 40

[t

10 ) 20

e 0 20 40 o0 100 -50 0 50 100
0=18CM 5= 25CM . 0=57CM 5=41CM -
1=18CM 6=35CM Mapping 1 - 59cMm 6=62CM Mapping
2=32CM .~ 7=29CM - 2=45CM . 7=49CM e
3=25CM 8= " 3=40CM =
4=24CM Graph 4=40cm

Data Received =
#18+18+32+25+2

x0:y0 =-18:0 x3:y3 =-9:23 x6:y6 = 24:24x0:y0 = -57:0 3
x1:y1 =-16:6 x4:y4 = 0:24 X7:y7 = 26:11x1:y1 = -54:22 x4:y4 = 0:40
x2:y2 = -22:2 x5:y5 = 9:23 x8: 6:0x2:y2 = -31:31 x5:y5 = 15:37

B 2 A & 9

Figure 7-3-2-1: rectangular angle scan result

35+29+26+ #57+50+45+40+40+41+62+49+47+

x6:y6 = 43:43

X7:y7 5-3 18
X 7:0
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/1]

o N
N

0
-40 20 0 20 40
0=23CM 5=30CM r
1=23CM 6=37CM Mapping

2=38CM 7=23CM
3=14CM 8= -
4=12CM p [ Graph

Data Received =

#23+23+38+14+12: 37+23+16+

x0:y0 = -23:0 -5:12 x6:y6 = 26:26
xlyl=-21:8. = xdy4=0:12 X7:y7 -’"1 8
X2y2=-26:26  x5y5=11:27 x8:y8 = 16:0

- % a

Figure 7-3-2-2: rectangular angle with obstacle scan result
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Figure 7-3-2-3: triangular angle scan result
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Chapter8: Conclusion and Discussion

Most objectives have been successfully achieved except for the ultrasonic mapping
which still needs further refinement as test result shows it is still far from perfect. However, it
did manage to draw out the shape needed. For more accurate result, the numbers of reading
can be increase. This will have more scan points and higher resolution of shape can be

detected.

Since this is a prototype, the car used is not perfect. In order to travel in bumpy roads
such as cave, the car would need to be modified for to suit such purpose. The current car
works fine in normal circumstances. In cave, it might not be able to move as well as the car is
not equipped with suspension to travel bumpy road. The power source for this car can also be

changed to sustain longer usage.

As for the DPAD, the code has been refined and it is controlled by smartphone via
Bluetooth. The reason of using Bluetooth here is that all smartphone is equipped with
Bluetooth module and Bluetooth module may not be interrupted so easily as the Bluetooth is
set to only bond with the smartphone itself. However, for future improvement, it can be
changed to Wi-Fi connection. Autonomous mode code has also been refined to handle all

condition as listed in the test case section.

The car can be used to assist in hazardous situation. In this kind of situation, extra
function such as robotic hand might be useful. To detect gas leakage is one of the examples.

User can use the robotic arm to fix it instead of having human to go to hazardous location.
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