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ABSTRACT

The purpose of this report is to discuss the progress of the Final Year Project of the
topic Design and Implementation of Unmanned Ground Vehicle (Movement
Control). The main objective of the project is to build a movement control device
that can control the movement of the Unmanned Ground Vehicle. The Unmanned
Ground Vehicle operates by receiving instruction from human in a remote location
via Radio Frequency (RF) communication channel. The movement will be
determined by the direction of rotation of the motor inside the Unmanned Ground
Vehicle. The project made use of RF transmitter and receiver modules, encoder,
decoder, and microcontroller. C codes for both RF transmitter and receiver modules

have been develop using PICC Compiler software.’
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CHAPTER 1
INTRODUCTION

1.1  Background of Study

Unmanned vehicles is a type of mobile robots that are used to assist human in
doing specific tasks that are either out of human capabilities or too dangerous to be
done. These tasks range from military roles such as reconnaissance and attack,
firefighting where human observer would be at hazard, police observation at civil
disturbances, and reconnaissance at natural disasters. There are several types of
unmanned vehicle, and the most common types are Unmanned Ground Vehicle (UGV),
Unmanned Air Vehicle (UAV) and Unmanned Surface Vehicle (USV). As the name
suggest, UGV operates on land, UAV operates by flying, and USV operates on the

surface of water.

1.2 Problem Statement

There are several autonomous vehicles and mobile robots that have been
designed by student of the Universiti Teknologi PETRONAS. Most of these
autonomous vehicles and mobile robots are using wheel to move, thus can operate
nicely on a flat surface. However, problems arise when these robots encountered an
obstacle. Most of the will usually solve this problem by avoiding the obstacle.
However, this project incorporates chain wheel as the mean of movement, and can
overcome small obstacle by climbing it. This feature is important in an Unmanned
Ground Vehicle especially when the target location is located on a higher ground, while

there is no other way to reach the target except by following the elevated ground.



1.3  Objective and Scope of Study

The main objective of this Final Year Project is to design and implement an
Unmanned Ground Vehicle. The UGV built will have the capability to climb small
obstacles. There are two students currently working together in completing the project,
and this report will discuss about the progress works and results of the movement
control system of the UGV. The UGV operates by receiving instruction from human in
a remote location via wireless communication channel. The scope of study of this
project includes study of wireless communication channel using Radio Frequency
modules. The main concern is to receive the correct input from the user and the
transmitting the corresponding instructions to the UGV via the RF channel. The project
also includes construction of controlling device for the UGV by utilizing RF transmitter

and receiver modules.

Final Year Project consists of two parts, which are Final Year Project Part [ and
Final Year Project Part II. They are done separately in the first and second semester of
the Fourth Year for the Four-Year Degree Programme students. For this project, the
Final Year Project Part I consists of research and literature review on the UGV, the
circuitry, and the C codes for the transmitter and receiver modules, and initial design
and component selection works. The Final Year Project Part Il consists of circuit
construction for transmitter and receiver modules, codes writing, prototype testing, and

prototype finalize works.



CHAPTER 2
LITERATURE REVIEW

2.1  History of Unmanned Ground Vehicle

The history of autonomous car started in 1977 with the Tsukuba Mechanical
Engineering Lab in Japan. The car achieved its top speed at 30 km/h by tracking white
street markers on a dedicated, empty street. Special hardware was required, since the
commercial computers were much slower than they are today. In 1980s, the world’s
first real robot car was built by Emst Dickmanns and his team at Univ. Bundeswehr
Munich by using saccadic vision, probabilistic approaches such as Kalman filters, and
parallel computers {1]. Their vision-guided Mercedes-Benz robot van achieved 96 km/h
on an empty street. In 1980°s, Defense Advanced Research Project Agency (DARPA) —
funded Autonomous Land Vehicle in the United States achieved the first road-
following demonstration that used laser radar, computer vision, and autonomous

robotic control to control a driverless up to 30 km/h.

In 1994, Daimler-Benz and Ernst Dickmanns of UniBwM produces autonomous
vision-based “VaMP” Mercedes 500 SEL. The car drives in Paris three-lane highway in
a standard heavy traffic at up to 130 km/h, automatically passing slower cars in the left
lane. Although it is semi-autonomously controlled with huma intervention, it shows the
capability of autonomous driving in free lanes, convoy driving, and lane changes left

and right [1].



Figure 2.1: “VaMP” Mercedes 500 SEL [1]

In 1995, Dickmanns’ re-engineered autonomous S-Class Mercedes-Benz took
1678 km trip from Munich in Bavaria to Copenhagen in Denmark and back, using
saccadic computer vision and transputer to react in real time. The car drives at speed up

to 180 km/h on the German Autobahn, with 95% of autonomous driving, passing other

cars in standard traffic [1].

Figure 2.2: S-Class Mercedes-Benz [ 1]



In 1995, the Carnegie Mellon University Navlab project achieved 98.2% of
autonomous driving on a 5000 km “No hands across America” trip. The car is semi-
autonomous, as it uses neural networks to control the steering wheel, and human is

needed to control the throttle and brakes.

Figure 2.3: Car used in “No hands across America” trip [1]

From these great achievements, more and more projects are conducted to
improve the technology of autonomous cars. Most of cars nowadays are equipped with
devices such as Global Positioning System (GPS) to show detailed maps and locations
to drivers. The autonomous cars and mobile robots used these technologies combined
with pattern recognizing other cars, trees, shadows and identifying obstacles to provide

data to the computer that will control the robots.
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Unmanned Ground Vehicle is a type of autonomous car. UGV can generally be
divided into two classes; teleoperated and autonomous. Teleoperated UGV is controlled
by a human from remote location via communication link. It can be used to do
dangerous tasks such as disabling bombs and explosives. An autonomous UGV
operated by collecting feedbacks from surrounding and acts accordingly based on how

it is programmed. A fully autonomous vehicle has the ability to:

¢ Gain information about the environment

o Work for extended durations without human intervention

¢ Travel from point A to point B without human navigation assistance
» Avoid situations that are harmful to people, property or itself

» Repair itself without outside assistance

» Detect objects of interest such as people and vehicle

2.2 Transmission Channel

For this project, there are three main communication channels that can be
utilized to control the Unmanned Ground Vehicle. The first method of control is by
using a wired media to directly connect the controller with the UGV. The other two
methods which are Infrared and Radio Frequency employs wireless channel to transmit
signal from the controller to the UGV. Table 2.1 listed the methods and the advantages

and disadvantages of each method.

Table 2.1: Comparison between Transmission Methods

Method Advantage Disadvantage

Wired Transmission | The cheapest method The distance between the
Immune to radio interference | control unit and the UGV is

limited

Infrared Flexible distance Line-of-sight transmission

Transmission Consume less power than Signal can be obstructed by
Radio Frequency objects and walls

Radio Frequency Flexible distance Consume more power than

Transmission Signal broadcasted can go to | Infrared
all direction




The most cost-saving method is by using wire as the transmission media. This
method requires several wires to be connected directly from the controller to the UGV
to transmit the signals required for controlling the UGV. The shortcoming of this
method is its maximum distance is fixed to the length of the wires connecting the

controller to the UGV.

The second method uses Infrared to transmit signals from the controller to the
UGYV. The method has an advantage over wired communication channel in terms of the
flexibility of its distance. The maximum distance of IR signal for common appliances
such as remote controller for television is 3 to 5 meters. The shortcoming of this
method of transmission is its line-of-sight transmission that needs the controller to be
pointed directly to the UGV to be able to control it. The signal transmission can also be

easily obstructed by objects and walls.

The final method of signal transmission is by using Radio Frequency. The
method has the advantage over the wired transmission in its flexibility of maximum
distance. The signal broadcasted in all direction, thus eliminating the need for the
controller to be pointed at the UGV to control it. The shortcoming of this method is it
power consumption that is slightly higher than the Infrared transmission.

Weighing the importance of the flexibility of distance and proper house-
keeping, the wired transmission is eliminated from the list. RF transmission is chosen

instead of IR transmission as its flexibility and superiority in wireless transmission.



2.3  Radio Frequency

A radio wave is an electromagnetic wave propagated by an antenna. Radio
waves have different frequency, and by tuning a radio receiver to a specific frequency
one can pick up a specific signal. A Radio Frequency is a frequency or rate of
oscillation within the range of about 3 Hz to 300 GHz. Many wireless technologies are
based on RF field propagation. When an RF current is supplied to an antenna, an
electromagnetic field is created that then is able to propagate through space. To provide
the RF transmission, RF transmitter and receiver modules used to allow the
implementation of data link at speed. As for this project, the transmission process will
utilize the Amplitude-shift keying (ASK) method. ASK is a form of modulation that

represents digital data as various in the amplitude of a carrier wave.

2.3.1 TLP-434A RF Transmitter

The RF transmitter module used in this circuit is TLP-434A. This unit
operating range is 2 - 12V. The transmitter uses Amplitude Shift Keying (ASK)
method to modulate data received from binary 12 bit encoder, HT12E. The
transmitter operates on three transmission frequency, 315, 418, and 433.92
MHz. Figure 2.4 shows the transmitter module and the pin connection of the

module. The datasheet of this RF transmitter can be found in APPENDIX A.

10, Fmam

Y pin 1 : GND
13, 2mm @ pin 2 : Data In
- pin 3 : Vo
- TTT pin 4 : Antenna { RF output )
-

3. Sdoem

Figure 2.4: TLP-434A RF Transmitter [2]



2.3.2 RLP-434A RF Receiver

The RF receiver module used in this circuit is RLP-434A. This unit
operating range is 3.3 — 6V. This receiver uses Amplitude Shift Keying (ASK)
method to demodulate data received from RF transmitter, TLP-434A. The
transmitter operates on three transmission frequency, 315, 418, and 433.92
MHz. Figure 2.5 shows the receiver module and pin connection for the moduie.

The datasheet of this RF RECEIVER can be found in APPENDIX A.

_ 43 . 4dmm pin1: Gnd
e go— — e — pin 2 : Digital Data Output
pin 3 : Linsar QOutput /Test
pind : Vee
3. fem . pin 6 : vec
N = berrtrw e pin é : Gnd
20. Som. 24 . 72mm _ pIn 7 : Gnd

pln B : Antenna

Moduilation : ASK
Frequency 318, 418 and 433.92 MhZX supply voltage : 3.3 - 6.0 VDC
Output : Digital & Linear

Figure 2.5: RLP-434A RF Receiver [2]

2.3.3 HT-12E 12-bit Encoder

Before transmitting data to the RF transmitter, TLP-434A, a 12 bit
encoder, HT12E, is used to encode data obtained from the microcontroller.
HT12E is capable of encoding information consists of 8 address bits and 4 data
bits. While data pins are used for receiving data from input source, address pins
are mainly used for the security purpose of transmitting the data. The encoded
data will be transmitted through transmission medium such as wired, Radio
Frequency or Infrared, upon receipt trigger signal. The datasheet of this RF
transmitter can be found in APPENDIX B.



ssc]t  tePvon
a1 2 17 O0OUT
A2 3 160801
A30]4 151082
A4S 14OTE
AS 8 13JADN
A6 7 12 B AD12
a7 C]8 11 [JADS

ves ]2 10 [JADS

HT12E

Figure 2.6: HT12E 12 bit Encoder [3]

2.3.4 HT-12D 12-bit Decoder

HT12D decoder is used to convert serial data received from RLP-434A
to several parallel data. HT12D is capable on encoding 8 address bits and 4 data
bits received from RLP-434A. This decoder will compare the serial input data
three times continuously with its local addresses. If no error or unmatched codes
are found, the input data codes are decoded and sent to the output pins. The
datasheet of this RF transmitter can be found in APPENDIX C.

A1 7 1e[voo
2 2 17 VT
L2 O 1€ [108C1
&3 4 15 [10sC2
a4 5 14 [ DIN
&5 e 13 D1t
A8 7 12 1 D1%
&7 )8 11 [ os
ves []¢ 16 O DR
HT12D
=18 DIP

Figure 2.7: HT12D 12 bit Decoder [4]
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2.4  Oscillation Frequency Calculation

To ensure the data is encoded properly, a suitable Oscillation Resistor (Rosc)
should be selected based on the voltage supplied to the encoders and decoders. The
formula in determining the suitable value of Rogc is written in both of the encoder and

decoder datasheet as

fOSCD (HleD decoder) = 50fOSCE (HszE encoder) [3]

where foscp if the oscillation frequency of the decoder and foscr is the

oscillation frequency of the encoder.

Oscillator frequency vs supply voltage

$ornn
(£ 2% ]

R A

z a £ & el k3 k] . B 1 1z 15 Woo Voo

Figure 2.8: Graph of Oscillator Frequency versus Supply Voltage for HT12E [3]
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Oscillator frequancy va supply valtage

fone
443500

e |

Figure 2.9: Graph of Oscillator Frequency versus Supply Voltage for HT12D [4]

The value for suitable Rpge to be used in the encoder and decoder can be

obtained from Figure 2.8 and Figure 2.9.
Voltage supply, Vdd = 5V
As referred to Figure 2.8;
fosce = 3khz

ROSCE = 1.0Mohm

Using the formula
f()sc[) = SOfOSCE = 150khz

As referred to Figure 2.9;
ROSCD = 51kohm

12



2.5 PIC16F877A Microcontroller

PIC16F877A employs a High-Performance RISC (Reduced Instruction Set
Computer) CPU single-cycle microcontroller equipped with 33 input/output pins
divided into 5 ports. It has 15 interrupts, 8 Analog/Digital input channels, and
operating frequency of 20MHz. In this project, the author uses two PIC16F877
microcontrollers to control the transmission of data from the controller to the
Unmanned Ground Vehicle. One of the microcontroller is responsible in managing
input data from the user at the transmitter side, while the other one will be responsible
to receive data from the transmitter at the receiver and then transmitted them to the
Unmanned Ground Vehicle. The datasheet of this RF transmitter can be found in

APPENDIX D.

N’ 40|31 == RB7PGD
39 [ «—= RB&PAC
38 |7 -—e FABS

37 {7 -—= KB4

1 RAB3PGK

35§ ] w—= AB2

34 ] »— REBE1

A3 ] w— ABOINT

12 :] s YOI

310 - V53

0 == AD7PSP?

280 =-—m ADG/PSPE

28 [] =-m FADSPEPS

27 D - RO FEP4

METRA VP — [

RAWAMD -—e []

RAL/AN] -— []
RAZAMANVREF-CVREF w—a [7]
FAAZANINVHEF + -a— []
AALTOC KIS IOUT a——e []
RASANSEEC20UT »— [
AEQ/RDANS w—e ]
RE1AWRANG =—= []
RE2CSAN? »— [ 10

VDD ——w [ 1t

VS e [ 12

OSCHUCLK wme [ 13
OSC2CLKS - [1 14

O DNDD bW -
(5]
o

PIC16F874A/877A
8

RCO:TIOSOTICK! a—a {1 15 261 e RCZRXDT
AC1/TIOSYCCPZ2 w—w ] 15 25 w—e ACETX:CK
AC2/'CCP1 -] 17 24 »—= RCESDO
RCASCKSCL -—e ] 18 23{] =w—e RAC4'SDUSDA
RADGAPEPT w—e ] 13 22 @ RDI'PSP3
RO PEPE = [] 20 31 {] =-—w ADZPSP2

Figure 2.10: PIC16F877A Microcontroller [5]
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CHAPTER 3
METHODOLOGY

3.1  Project Flow Chart

Design & Implementation of UGV

2 ¥
Movement Control Structure and UGV Body
Movement
Y
Final Year Project Part I Final Year Project Part II

Literature Review of UGV

Y

Literature Review of Circuitry
and C Codes

Y

Initial design

Component Selection

g

Circuit Construction

I

Codes Writing

b A

Prototype Testing

A
Prototype Finalize

Figure 3.1: Project Flow Chart

Final Year Project consists of two parts, which are Final Year Project Part I and

Final Year Project Part II. The first part of the project commences during the first

semester of the Fourth Year, and the second part commences during the second

semester of the Fourth Year. Project works are divided among these two semesters. The

first part mainly consists of research and literature review of the project, while the

second part mainly consists of construction and testing of the prototype.
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3.2  System Flow

System Activated

A 4
Read Input from User

NO

Iy \Im)ut

YES

¥
Transmit data to 12-bit encoder

y

Transmit encoded data to RF
transmitter

h 4
Broadcast signal

Figure 3.2: System Flow at the Transmitter

The transmitter module will start up upon turning on of the power supply. Then,
the microcontroller will read inputs from the keypad. Based on these inputs, the
microcontroller will transmit data to the 12-bit decoder, HT-12E to be encoded. The
encoded data will then be transmitted to the RF transmitter, TLP-434A. The RF
transmitter will modulate the 12-bit encoded data from HT-12E using ASK and it will
broadcast the modulated data via RF transmission channel at 315, 418, and 433.92
MHz frequencies.

15



System Activated

A

Read Input from RF Receiver

NO

y Innut

Demodulate data

A

Verify address

A

Decode data

y

Transmit data to

Microcontroller

Y

y

Transmit data to motor

Figure 3.3: System Flow at the Receiver

The receiver module will start up upon turning on of the power supply. Then the
RF receiver, RLP-434A will try to capture any signal broadcasted on 315, 41, and
433.92 MHz frequencies. It will then demodulate any information received and transmit
them to the 12-bit decoder, HT-12D. The decoder will then verify the address of the

received data as for security purposes. It will then compare the data received 3 times to

check for errors and inconsistencies. Upon

will then transmit the decoded data to the PIC 16F877A microcontroller at the

Unmanned Ground Vehicle body. Then, the

confirming the correctness of the data, it

microcontroller will instruct the motors to

move according to the data received from the decoder.

16




3.3 Part Division

T Radic Frequency T . :
: Channel Wired LEG | E
E Transmitter Module [77"7777"""7""""7"""""""""} Receiver Module L UGV BODY :
i Lo LEG 2 '
! | « TLP-434A RF e RLP-434A RF L :
E Transmitter Receiver b E
! | » HT-12E 12-bit e HT-12D 12-bit o i
' Encoder Decoder E ; E
: | » PICI6F877A » PICI16F877A P :
i Microcontroller Microcontroller oo i
E § E Structure and UGV :
E Movement Control E E Body Movement 5

Figure 3.4: Part Division between Movement Control and Structure and UGV Body Movement

The Final Year Project titled Design and Implementation of Unmanned Ground Vehicle is assigned to two students, Muhammad
Nazri bin Arifuddin (matric no. 5752) and Syed Qamarul Hidayat Samat (matric no. 5621). This report is presenting the Movement Control
of the UGV, while Syed Qamarul Hidayat’s report is presenting the Structure and UGV Body Movement.
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34  Tools Required

Table 3.1: Suggested Tools for the UGV Project

Tools category Suggested tool to be used
Microcontroller PIC16F877A
RF receiver TLP-434A
RF transmitter RLP-434A
12 bit encoder HTI12E
12 bit decoder HT12D
Programming software o PCW C Compiler IDE version 3.219
o EAGLE version 4.13 Light Edition for
Windows

18




CHAPTER 4
RESULT & DISCUSSION

4.1 Unmanned Ground Vehicle Movement Control

This section discussed about the basic design done about the UGV movement
control. The controlling principle of the UGV will be similar to the controlling
principle found in a Remote Controlled (RC) Cars. This UGV will be controlled from a
remote location by using Radio Frequency (RF) control method. There are two major
parts in this UGV that needed to be controlled; the body movement, which are
forward/reverse and left/right directional movement of the UGV, and the leg

movement, which is the flipping of the UGV’s legs.

The UGV can be divided into two major parts; body and legs. The RF receiver
module is located inside the UGV’s body. The receiver module task is to receive RF
signal from the transmitter module that consists of the user’s instruction to the UGV.
Figure 4.1 shows the UGV’s body and legs.

Leg

Figure 4.1: Body and Legs of UGV [6]



There are four DC motors located inside the UGV; Motor A, Motor B, Motor C,
and Motor D. Upon receiving the instruction from the transmitter, the receiver module
will transmit signal to one of the motors. Figure 4.2 shows the location of the motors

inside the UGV.

Location of Motor A \

Location of Motor C Location of Motor D

Location of Motor B

Figure 4.2: Location of Motors in the UGV [6]

The first two motors, Motor A and Motor B, are used to control the movement
direction of the UGV body. The combination of the rotation of these motor determines
whether the UGV moves forward, backward, or turns left or right. The other two
motors, Motor C and Motor D, are used to control the movement of the UGV’s legs.
The UGV’s legs will flip to ensure that the UGV can climb an obstacle.
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4.2 Controller

The controller uses the RF transmitter module as its main core part of the
circuit. It consists of the TLP-434A RF transmitter, HT-12E 12-bit Encoder, and
PIC16F877A Microcontroller ICs. These devices will read input from the user and then

transmit then through the RF communication channel. The corresponding output
produced and the movement of the UGV is listed out in the Table 4.1 below.

Table 4.1: Relation between Switch Turned On, Motor Movement and Action by UGV

Switch Turned On | Motor Movement Action By UGV

Switch 1 Motor C will rotate clockwise UGV will open leg |

Switch 2 Motor A and Motor B will rotate | UGV will move forward
clockwise

Switch 3 Motor D will rotate clockwise UGV will open leg 2

Switch 4 Motor B will rotate clockwise UGV will turn counter-

clockwise

Switch 5 Motor A will rotate counter- | UGV will turn clockwise
clockwise

Switch 6 Motor 4 will rotate | UGV will close leg 1
counterclockwise

Switch 7 Motor A and Motor B will rotate | UGV will move backward
counter-clockwise

Switch 8 Motor D will rotate counter- | UGV will close leg 2

clockwise
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During the testing phase, LEDs was used to represent the movement of the
motor movement. Table 4.2 shows the corresponding LED combinations both at the

transmitter and the receiver modules.

Table 4.2: LED Combinations at the Transmitter and Receiver Modules

Switch LED at the Transmitter Module LED at the Receiver Module
4 3 2 1 4 3 2 1

Turned

On

Switch 1 OFF OFF | OFF ON OFF OFF OFF ON

Switch 2 OFF OFF ON OFF OFF OFF ON OFF

Switch 3 OFF OFF ON ON OFF OFF ON ON

Switch 4 OFF ON OFF OFF OFF ON OFF OFF

Switch 5 OFF ON OFF ON OFF ON OFF ON

Switch 6 OFF ON ON OFF OFF ON ON OFF

Switch 7 OFF ON ON ON OFF ON ON ON

Switch 8 ON OFF | OFF OFF ON OFF OFF OFF

In this testing phase, the all the LED combinations of the transmitter module is
tally with the LED combination of the receiver module. It is important to get the same
LED combination at both transmitter and receiver modules as to prove that data can be
transmitted through the RF transmission channel. It also indicates that the components
are working perfectly and are being setup in the correct way. The most important part is
that this experiment indicates that the data transmitted is reliable and can be used to

control the movement of the UGV.

22




4.3 Circuit Diagram

There are two main circuits constructed in this project, Transmitter Module and
Receiver Module. The Transmitter Module is used to gather input from the operator
through the keypad connected to the PIC16F877A microcontroller and transmit the data
via and RF transmission channel. The Receiver Module is used to receive broadcasted
signals from the Transmitter Module and it will instruct the motors at the UGV to move

according to the input received.

4.3.1 Circuit of Transmitter Module

HT-12E 12-bit
Encoder TLP-434A RF

Transmitter

Vdd
PIC16F877A
Microcontroller
—@1—"
= W
BB
LLETOR q_" =ity
= =13
Vss § e - 3
4MHz Crystal
Oscillator Input

Figure 4.3: Circuit Diagram of Transmitter Module
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The Transmitter Module uses PIC16F877A microcontroller as the main

controlling unit. The microcontroller will received input from the operator via
the switches and then will transmit them to the HT-12E 12-bit encoder. This

encoder will encode the data received from the microcontroller and then

transmit them to the TLP-434A RF transmitter which will modulate them using
ASK. The modulated data will then be broadcasted via RF transmission

channel.

4.3.2 Circuit of Receiver Module

HT-12D 12-bit
Decoder

RLP-434A RF
Receiver

Vdd

T

] ZL L s

PIC16F877A

Microcontroller

Vss

4MHz Crystal
Oscillator

Figure 4.4: Circuit Diagram of Receiver Module
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The Receiver Module uses PIC16F877A microcontroller as the main
microcontroller. It receives processed data from the RF receiver and 12-bit
decoder before giving instructions to the motors at the UGV. RLP-434A RF
transmitter will receive broadcasted data from the Transmitter Module. It will
then demodulate the using ASK before transmitting to the HT-12D 12-bit
decoder. The decoder will decode the data and transmit them to the
microcontroller. The controller will then give instructions to the motors at the

UGYV as per the data received.

4.4  Transmitter and Receiver Circuit Using Breadboard

At the initial stage of constructing the circuits, the circuit was built on top of a
breadboard. Breadboard was chosen simple because of simplicity and flexibility to
readjust the circuit without consuming too much time. The breadboard also allows an
easier troubleshooting of the circuit, and ensures that the soldered circuit later has the
correct settings and equipment placement based on the circuit built on the breadboard.

Figure 4.5 shows the transmitter circuit built on a breadboard.

Input (5V DC)

PIC16F877A
Microcontroller

4MHz Crystal
Oscillator

HT-12E 12-bit
Encoder

TLP-434A RF
Transmitter

Output (LED1 -

LED4)

Figure 4.5: Transmitter Circuit on a Breadboard
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In this circuit, 5V DC was used as the input source of the microcontroller. The
output of the microcontroller came from port B and was fed to the 12-bit encoder.
There are 4 LED that were used to indicate the output of the microcontroller, LEDI1 to
LEDA4. The encoded data in then transmitted to the RF Transmitter before broadcasted

through RF transmission channel.

To intercept the broadcasted signal, the receiver module was built on a

breadboard. Figure 4.6 shows the receiver circuit built on top of a breadboard.

PICI6F877A |
Microcontroller

4MHz Crystal
Oscillator

Input (Serial
HT-12D 12-bit nput (Serial)

Decoder

RLP-434A RF

Output (LEDI — Receiver

LED4)

Figure 4.6: Receiver Circuit on a Breadboard
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In this circuit, the input comes from the RF Receiver serial output port. The RF
receiver will intercept broadcasted signal by the RF transmitter, and will transmit the
data to the 12-bit decoder. The decoder will decode the serial output from the RF
receiver and will transmit the decoded signal through port D8 to DI11. The
corresponding LED will turn on indicating signal is successfully transmitted through
RF channel. The LED combination of the receiver circuit was then compared with the
LED combination of the RF transmitter. The data has been transmitted successfully
when both LED combinations tally with each other. This initial experiment has

successfully transmitted data at the range of 15 meters.
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4.5  Transmitter and Receiver Circuit Using PCB

Resistor

Transmitter Circuit

TLP-434A RF
Transmitter

Receiver Circuit

RLP-434A RF
Receiver

Input

4MHz Crystal
Oscillator

HT-12D 12-bit
Encoder

PIC16F877A
Microcontroller

4MHz Crystal
Oscillator Port

HT-12D 12-bit
Decoder

PIC16F877A
Microcontroller

Resistor

LED

Figure 4.7: Transmitter and Receiver Circuits on PCB
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Printed Circuit Board (PCB) is a type of board that is commonly used in
electronics field. It is used to mechanically support and electrically connect electronic
components using conductive pathways from copper sheet laminated onto a non-

conductive substrate.

The circuit mounted on a PCB fetches input from user from the switches. The
major advantage of using PCB compare to breadboard is the components can be placed
in more compact arrangements, as it provides custom pathways for the components to
connect to each other. The other advantage is the connection on a PCB is permanent,

and it is more suitable to be used for a completed circuit.

In this project, the software used to generate layout to be used in fabricating the
PCB is the Easily Applicable Graphical Layout Editor (EAGLE) version 4.13 Light
Edition for Windows. Figure 4.8 shows the EAGLE version 4.13 Light Edition for

Windows.

Ble yew Qptons Wndow Help

<
I C:\Program Files\EAGLE-4, 13'projects\examples

Name Description Examples Folder
: E::t:am DL'::::aﬂulu ;:g pi(‘:l:ler containg subfolders which contain example
+ Usar Language Programe Usar Language Programe
+ Scripts Senpt Filas
+ CAM Jobs CAM Processor Jobs
= Projecte Project Foldar
- [dmamples | Examples Folder

+ g hexapod > Haxapod Example Projsct

+ [ singlesided © Example Project for Singleside

+ __Jtutonal Example Fies for the Tutonal

Figure 4.8: EAGLE version 4.13 Light Edition for Windows
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4.6  PIC Programming

PIC Microcontrollers need codes written for them to be able to function
properly. This project uses C language as the programming language to be used in
generating the codes for the microcontroller. There are several software that utilizes C
programming language in burning the microcontroller. The software that are used in

this project is PCW C Compiler IDE version 3.219. Figure 4.9 shows the screenshot of

PCW C Compiler IDE version 3.219.

PCW C Compiler [DF

Figure 4.9: PCW C Compiler IDE version 3.219

The dummy and full codes for both RF transmitter and receiver modules can be

found in the APPENDIX E, APPENDIX F, APPENDIX G, and APPENDIX H.
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File Project Edit Options Compie View Tools Debug Help
N EEEH & Moochpdbit v &
" s AI» R Eo &
s |
#include <16F877.h>
#fuses XT,NOWDT,NOPUT,NOPROTECT
fluse DELAY(CLOCK=4000000)
void main()
{
set_tris_a(0xff);
set_tris_b(0x00);
while(1)
{
if(input(pin_nB) == 8 && input(pin_A1)==0)
{
output_low(pin_B1);
<
20:20 283 833




CHAPTER 5

CONCLUSION & RECOMMENDATION

The objective of this project is to design and implement an Unmanned Ground
Vehicle. The Unmanned Ground Vehicle built uses chain wheel to move and has a
capability of climbing. It operates by receiving instruction from human in a remote

place via Radio Frequency transmission channel.

The project started with research and literature review of Unmanned Ground
Vehicle. The literature review of Codes and circuit was done after conducting research
of the Unmanned Ground Vehicle. The circuit has been constructed and the codes
needed to run the circuit has been written. Circuit testing is done by writing a dummy

codes that will turn on LEDs when the correct signal is received.
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APPENDIX B: HT-12E DATASHEET

HOLTEK

HT12A/HT12E

2'? Series of Encoders

Features

o Upsrating voltage
- 2.4V-5V for the HT12A
= 2.4V.128V for the HT12E

»  Low pawer and high noise immunity CAMOS
technalugy

o Low standhby surrent: 0. 1A (typ.iat
VipeaV

o HTIZA with a S8kHz carrier for infrared
transmission medium

Applications

* Burglar alarm system

»  Smoke and fire alarm system
o  Garage door eanteallers

s Car doar ennteallers

General Description

The 2'% encoders are o series of CMOS L81x fur
remate eattral system applications, They are
apable of encading information which consists
afl N address bits and 12-N datu bits, Each ag-
dress/data input can be set to ane of the twa
lngic states. The programmed addressesiata

o Minimum transmission word

= Four wards far the HT12E

= One ward far the HT124

Builtsin sscillatar needs anly 5% resistar
Data code has positive palarity

Minimal extertal camponents

HTI12AE: 18+pin DIP/20-pin SOP package

Car alurm system

Serurity system

Cardless telephones

Cther remate cantrol systems

via an RE ar an infrared transmission medium
upan receipt of u trigger signal. The capability
to select a T trigger on the HT12E ora DATA
trigger an the HT12A further enhances the ap-
plization flexibility of the 2'% seriss of snenders,
The HT12A additionally provides a S8kHz zar-

are transmitted together with the header bits ner fur infrared systems,

Salection Table

s | Mese| st | s | omctttor | egper | package | Gumer | Jofnive
HT124 § ) 4 r:a!:?:::r DE~11 :: ]5)([-,!:- k12 No
i $ . ; mcillatar L .1}1 lﬁjgl"' N %

Note: AddressData repressnts ping that can be address or data according to the decader require

ment.
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APPENDIX B: HT-12E DATASHEET (CONT.)

m# HT12AMT12E

Block Diagram

TE trigger
HT12E

B2 SRS
™33 N 1
TO—o owus o a0 :';"ﬂ‘::‘ pauT
| !
B ey
Py = 1:"2:-|:n:r"4:_"'_ij
I i ] 12 Taan @

Eae )
! S8 St
""Q: > Ena7y Danasiy

DATA trigger
HT12A

2 «12 Cauntar B &
- Satt il o [V
Ol 2T ae s o! 12 Daaza S :
i Gata D i
AT O Eod Dateaa |
D1 o vES

Nate: The uddress duta pins are available in various scombinations refer to the address data table),
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APPENDIX B: HT-12E DATASHEET (CONT.)

-

HT12AHT12E
Pin Assignment
B-Address B-Address B-Address B-Address
4-Data 4-Data d-Address/Date d-Addreas/Dats
o L
(o -] w E8 s b wpes
sadgt - wpws ads ofwe gt - wphws  agf: spwes
ags TR s spoouT a0}z TpoouT AL wpoouT
s H =t - tod = B an: #poRsT Ail]s 173082,
A4 15 Aa]s ] b s B ispone: ANl wposc:
¥ = [ 1afg s = H s P s | “pOTE aal]z EH i
AiQQ: 1301 ASCl: u)o " {w [ 13 A1y ASC]? 14 AD1
Ctlw by 2o Aié; apom =00 1F] o SR s 13 a2
Arge nps hiw 2o A0 11 AD% = ) 1201 A0%
val[]s i Wi ] - w B 0l s VBECYE 13 A28 AR DA
HT12A HT12A HT42E HT42E
- 18 DIP - 20 S0P -18DIP - 20 830P
Pin Description
" Internal =
» f
in Name | 10 Datissastie Deseription
CMOS8 IN
Pull-high
HT12A)
ADSAT :\"“03 oo | Input pins for address AD~AT setting
g TR"\‘\S;\‘%‘*’;‘S'U‘\ Theas pins can be externally set to VBS or lefl apen
FROTECTION
DIGDE
(HT12E)
NMOS
TRANSMISRION
ADB~AD11 GATE Input pins for address/Satas ADB~ADII setting
S PROGTECTION | These pins can be sxternally set to VB8 or [eft apen
DIODE
HTI2E)
Input ping for datn DE~D11 setting and transmission goe
D8~D11 CMOS IN uble, aotive law
REEES Pullshigh These pinn should be externally sst to VES ar left apen
{aee Nute
DouUT ¢ CMOS OUT | Enzoder data serial tranamissian sutput
TR . Latzh'Mamentary transmissisn farmat sslection pin:
LMB li:":;llt?ut Lateh: Flauting ar VDD
. Mumentary: VBS
i April 11, 2000



APPENDIX B: HT-12E DATASHEET (CONT.)

e

HT12AHT12E
5 y Internal
Pin Name |10 C -l Description
CMOS IN - : » .
= Pull+high Transmission enable active low (ses Nate)
(8C1 I | OSCILLATOR ! |Oseillator input pin
08C2 O | ORCILLATOR | |Owsecillator sutput pin
X1 OSCILLATOR 2 | 488k Hz ressnator oscillator input
X O | OSCILLATOR 2 | 455k Hz resonator oscillator autput
VRS i —_ Negative pawer supply, grounds
VoD i —_ Pasitive power supply

Note: DBE~D11 are all data input and transmission enable pins of the HT13A,
TE is u trunsmission enable pin of the HT12E

Approximate internal connections

NSA0S
TRANSMISSION
GATE

=

4%

CMOS IN
By 3"

Ch08 OUT

OSCILLATOR ¢

QSCILLATOR 2

%1 [ Xi

NMOS TRANSASSION GATE
PROTECTION DIODE

Absolute Maximum Ratings

Supply Valtage (HT124) ...........<D.5V ta 5.3V Supply Valtage (HT12E)............. <053V ta 18V
Input Valtage........o oo VEa=1.5 ta Vip=D.8V Swrage Temperature................ ~50%C w 1258°C

Cperating Temperature.........

=200 ta T5C

Nute: Thess are stress ratings anly, Stresses excesding the range specified under “Abaolute Maxi-
rum Ratings* may cuuse substantial damage to the deviee, Punctianal speration of this devics
at ather congditinns beyand those listed in the specification is nat implied and prolmnged sxpo-
sure W extreme conditinns may affect device reliabality.
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APPENDIX C: HT-12D DATASHEET

HOLTEK

2'? Series of Decoders

Faatures

o Upersting valtage: 24V.18V

* Lo paeesr in high o inmmuanity 008
technalagy

v Law standby carrent

v Cupubds af dessding 12 bite alinfirmatian
» Pairwith Huliek's 27 series alenmdars
+  Bingry addres selling

v Hogeived codex gre chacked ¥ timus
Applications

v Hurglarslarm syapem

v Spwhe vl fire alarm sysiem
o Tarage Soue corie] lera

o flur daareantrallars

Genaral Daseription

The "% fesotercurs u wurivs af CAGR L8 1x far
fipite gunkl r:_\mt:t:l,‘:gpp]imlicms. Thay are
prairat with Halwkw 3 seriex of enorders (e
for ta the enpmeriSemder sross refipersos tas
b, For propsr apsratian, a peir of
sncater/decder with thy gpme mumber af ade
dresses und data Toemat sbold be chosen.

The degiders remdvie sgrial wlirsses and doln
fart a programmed 2 geries of snosders that
it2 tratesraitted by o carrier using an RF ar an
TR traniei sstot mosdiam. They sunpars the see
rial irpat data thees bmes amtinwauasiy with

¢ Addreselluta numlat combitatisn
~ HT12: B nildrea bits and 4 dats Tits
~ HTTEF: 12 address bita anly
Buitt-in asailatar neels anly 5% resistar
r Vulid travismissian indisator
s Easy inierfiee with s B ar an infrared
trarsmisgiot madiun
v Minimupl external camptnents

« Uaralarm systen

»  Sevurity system

v flapdless taluphimes

s Other remate zutitra] gystemis

phisir gl addresses, OF na srrar or sigatehed
codex mre Buard, the input dute sodes are de-
andetd aned then transfirrsd La the dutput pins.
The VT pin aisn gom high to inddente a valid
LR X G

The % seriex al ducuders ave wupuble of dueimds
ing inlarmations that wnsist of X bita o wd-
sdraws el 13-N Dils af duta. OF thin series, the
HTLED is ureanged Lo pravide 8 address hils
and 4 fats bits, art HTI2F 15 weed i deants 12
ity i address infarmation,

Balaction Table
- AR L " 1 - _
f.\—“"‘l_-".m" e :A‘i‘f"”" — Datu Y| Oaetilstor Trigger Puclaye
Iart Nu, Nu, Nu, | Type
HT180 B 4 Lo} o | BC asellatar | TENW astive “Hiv| 18 DEFE0 S0P
HT1:F I 4 # —_— V| B antlbatoe | EEN aotive "HiE 1% DIPSEG ROP

Nutes: Duin type: Lostands Far latch Lype duta atput.

VT gt b used as 0 mameotary dubls sabpual,
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APPENDIX C: HT-12D DATASHEET (CONT.)

s #PP

2" Series of Decoders

Biock Diagram

. ] A !"-1 N . | |
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APPENDIX C: HT-12D DATASHEET (CONT.)

I-I:.'I'EK# | 2" Series of Decoders

Pin Description

Pin Mueme | L1) C: ::::T::n Dencription
Apednl | o7 ?‘m\;iltﬂqﬁﬁm "nhtjtfilr?‘i,ﬁ;;;::: g
GATE Thay & . v ant 3 bar YRS,

DE-B11 ] O] CMOSOUT | Qutput date pine

N H CAIDSEN Serinl Eata input pin

VT { CMOEOQUT | Valid pranamission, setive high

- 1141 £ OSCILEATOR  [Osaillutar input pin

B o | osciLrator [Osillase aupo pin

Vhg - Nagative pawer supply (INDD

VI i —_ Paxitive pawer supply

Approximate Internai connection clreuite

NAISE s g - T
TeAuEeEEoy ] SNEBIJT =gl W DRI TR

ZATE

m -D‘-O—Q CI--{:I;O- asiﬁwsa::

Abgolute Maximum Ratings
Rupply Vallsgs. =AY 1 LIV Starage Temperalare ...
Input Valtage ..o ¥ gg=30 8 ta Vpp =l 8V Fperuting Tenperalors ...

Nute: Thesy irs stress vutings aly. Stresses exoosting the rangs speeifisd undsr "Absolate Maxi
muam Ratings® may couss substantial Samge 1w the device. Panstishal aperatian of Uhis de
viwe at ather snditions bayand thase Hatsd in the spacifieatian is oot dmplied and prolonged
sxpasare ta exireme cmditans may sffea device relinkility.
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APPENDIX D: PIC16F877A DATASHEET (CONT.)

MICROcHIP

PIC16F87XA

28!40!44-1’1“ Enhamed ﬂauh Micrne(mtmliers

Davicea ineluded in this Data Sheat:

+ PUISFRTIA r PIDIERETES
» PICTERETAR o PIC*EFRA77A

High-Parformanca RISC CPU:

Sy 3% Sege oD ratullio s inisam

‘ang axsast for pragram

\ £8 TAD-syele

-c-;;wm a5 dpaad; DO - 20 MHz #ia0k irpat
DO~ 220 g Ingtrustian sy’

Lo io BE o witrsa of Bigaf Pragram Mamorty,

Lists 358 % & syles of Date Mamary [RAM),

Ui 1o 258 % B byies of EEPRCM Dsa tiamary

Priagul nompetnie 1o o1has 28-pln or 44000
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APPENDIX D: PIC16F877A DATASHEET (CONT.)
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APPENDIX E: DUMMY CODES FOR TRANSMITTER CIRCUIT

#include <16F877A.h>
#fuses XT,NOWDT,NOPUT,NOPROTECT

#use DELAY(CLOCK=4000000)

void main()
{
set_tris_a(0xff); //setting port A as input port

set_tris_b(0x00); //setting port B as output port

while(1)

{

if(input(pin_A0) == 0 && input(pin_A1)y==0)
{

output_high(pin B0); //turn on LED1
output_low(pin_B1);

output_low(pin_B2);

output_low(pin_B3);

}

else if(input(pin A0)=—=0 && input(pin Al)==1)
{

output_low(pin_BO0); /fturn on LED2

output_high(pin Bl);
output_low(pin_B2);

output_low(pin_B3);



}

else if{input(pin_A0)==1 && input(pin_A1)==0)
{

output_low(pin_B0); /fturn on LED3
output_low(pin_B1);

output_high(pin_B2);

output_low(pin_B3);

}

else if(input(pin_ A0y==1 && input(pin_Al)==1)
{

output_low(pin_B0); //tarn on LED4
output_low(pin_B1);

output_low(pin_B2);

output_high(pin_B3);

}

else

{

output_low(pin_BO0); /fturn off all LED
output_low(pin_B1);

output_low(pin B2);

output_low(pin_B4);

}

}



APPENDIX F: DUMMY CODES FOR RECEIVER CIRCUIT

#include <16F877A h>
#fuses XT,NOWDT NOPUT NOPROTECT

#use DELAY(CLOCK=4000000)

void main()
{
set_tris_a(0xff); //set port A as input port

set_tris_b(0x00); //set port B as output port

while(1)

{

ifinput(pin. AOy==1 && input(pin A0 && input(pin A2-=0 &&
input(pin_A3)==0)

{

output_high(pin_B0); /fturn on LED1
output_low(pin_B1);

output_low(pin_B2);

}

else if(input(pin AQ)==0 && input(pin Al)==1 && input(pin A2)==0 &&
input(pin_A3)==0)

{

output_low(pin_BO0); /fturn on LED2
output_high(pin_B1);

output_low(pin_B2);

3



else if(input(pin AQ)==0 && ini)ut(phlﬂAl)==0 && input(pin A2)=1 &&
input(pin_A3)=-0)

{

output_high(pin_B0); /fturn on LED1 and LED2
output_high(pin_B1);

output_low(pin_B2);

}

else if{input{pin AQ)==0 && input(pin Al)=—=0 && mput(pin A2y=0 &&
input(pin_A3)=1)

{

output_low(pin_B0); /ftarn on LED3
output_low(pin B1);

output_high(pin_B2);

}

else

{

output_high(pin_B0); //turn on all LED
output_high(pin_B1);

output_high(pin_B2);

h

}



APPENDIX G: REAL CODES FOR TRANSMITTER CIRCUIT

#include <16F877A.h>
#fuses XT,NOWDTNOPUT,NOPROTECT

#use DELAY(CLOCK=4000000)

void main()
{
set_tris_d(0xff); //set port D as input port

set_tris b(0x00); //set port B as output port

while(1})

{

if(input(pin D0) == 1 && input(pin D1) == 0 && input(pin D2) == 0 &&
input(pin D3} = 0 && input(pin D4) = 0 && input(pin D5) == 0 &&
input(pin_D6) == 0 && input(pin D7) =0)

{ //Switchl is pressed

output_low(pin_B7); //activate pin B4

output_low(pin_B6);

output_low(pin_B35);

output_high(pin B4);

}

else if(input(pin D0) == 0 && input(pin D1) == 1 && input(pin D2) =— 0 &&

input(pin D3} = 0 && input(pin D4) == 0 && input(pin D5) == 0 &&
input{pin_D6) == 0 && input(pin D7) = 0)

{ //Switch?2 is pressed

output_low(pin_B7); //activate pin BS



output_low(pin_B6);
output_high(pin_BS5);
output_low(pin_B4);
}

else if(input(pin D0) = 0 && mput{pin D1) == 0 && input(pin D2) == 1 &&
input(pin D3) =— 0 && input(pin D4) == 0 && input(pin D5) == 0 &&
input(pin_D6) == 0 && input(pin_D7) == 0)

{ //Switch3 is pressed

output_low(pin_B7); //activate pin B4 and pin B5
output_low(pin_B6);

output_high(pin_B5);

output_high(pin_B4);

3

else if(input(pin_DO0) == 0 && input(pin D1) == 0 && input(pin_D2) =— 0 &&
input(pin_D3) = 1 && input(pin D4) = 0 && input(pin D5) == 0 &&
input(pin_D6) = 0 && input(pin_D7) = 0)

{ //Switch4 is pressed

output_low(pin_B7); /factivate pin B6

output_high(pin B6);

output_low(pin_BS5);

output_low(pin_B4);

}

else if(input(pin DO) == @ && input(pin D1) == 0 && input(piﬂ_D2) == 0 &&

input(pin_D3) = 0 && input(pin D4) == 1 && input{pin D5) == 0 &&
input(pin_D6) = 0 && input{pin_D7) ==0)

{ //SwitchS is pressed

output_low(pin B7); /factivate pin B4 and pin B6



output_high(pin_B6);
output_low(pin_B5);
output_high(pin_B4);
}

else if{input(pin D0) == ¢ && input(pin D1) == 0 && input(pin D2) == 0 &&
input(pin D3) == 0 && input(pin D4) == 0 && input(pin D5) = 1 &&
input(pin_D6) == 0 && input(pin_D7) == 0)

{ //Switch6 is pressed

output_low(pin_B7); /factivate pin BS and pin B6
output_high(pin_B6);

output_high(pin BS5);

output_low(pin_B4);

}

else if{input(pin_D0) == O && input(pin D1) == 0 && input(pin D2) == 0 &&
input(pin D3) = 0 && input(pin D4) = 0 && input(pin D5) == 0 &&
input(pin_D6) == 1 && input(pin D7)} ==10)

{ //Switch7 is pressed

output_low(pin_B7); //activate pin B4, pin B5, and pin B6
output_high(pin_B6);

output_high(pin_B5);

output_high(pin_B4);

}

else if(input(pin_D0) == 0 && input(pin_D1)=0 && input(pin D2) = 0 &&

input(pin_D3) == 0 && input(pin D4) = 0 && input(pin D5) == 0 &&
input(pin_D6) == 0 && input(pin D7) ==1)

{ //switch8 is pressed

output_high(pin_B7); /factivate pin B7



output_low(pin_B6);
output_low(pin_B5);

output_low{(pin_B4);

t

else

{ //No switch is pressed
output_low(pin_B7); //Do nothing

output_low(pin_B6);
output_low(pin_B5);
output_low(pin_B4);
}
}



APPENDIX H: REAL CODES FOR RECEIVER CIRCUIT

#include <16f877a.h>
#fuses XTNOWDT ,NOPUT ,NOPROTECT

#use DELAY(CLOCK=4000000)

void main(}
{
set_tris_b(0xff);

set_tris_d(0x00);

while(1)

{

ifinput(pin B7)==0 && input(pin B6)==0 && input(pin B5)==0 &&
input(pin_B4)==1)

{ //Switch1 is pressed
output_low(pin_D0); /Motor C rotate clockwise
output_low(pin_D1); //Open Legl

output_low(pin_D2),
output_low(pin_D3);
output_low(pin_D4);
output_high(pin_D5);
output_low(pin_D6);
output_low(pin_D7);
}

eise if(input(pin B7)==0 && input(pin B6)==0 && mput(pin B5)==1 &&
input(pin_B4)==0)



{ //_ Switch2 is pressed

output_low(pin_D0}; //Motor A and Motor B rotate clockwise
output_high{pin D1); //Move Forward

output_low(pin_D2);

output_high(pin D3);

output_low(pin_D4);

output_low(pin_D3),

output_low(pin_D6);

output_low(pin_D7);

3

else if(input(pin B7)==0 && input(pin B6)=—=0 && input(pin B5)—=1 &&
input(pin_B4)=1)

{ //Switch3 is pressed -
output_low(pin_DO0); /Motor D rotate clockwise
output_low(pin_D1); //Open Leg2

output_low(pin_D2);
output_low(pin_D3);
output_low(pin_D4);
output_low(pin_D5);
output_low(pin_D6);
output_high(pin_D7);
1

else if(input(pin B7)==0 && input(pin_B6)==1 && input(pin B5)==0 &&
input(pin_B4)==0)

{ //Switch4 is pressed
output_low(pin_DO); //Motor B rotate clockwise

output_low(pin_D1}); //Turn Clockwise



output_low(pin_D2);
output_high{pin D3);
output_low(pin_D4);
output_low(pin_D5);
output_low(pin_D6);
output_low(pin_D7);
H

else if(input(pin B7)==0 && input(pin B6)==1 && input(pin B5~0 &&
input(pin_B4)=1)

{ //Switch5 is pressed
output_high(pin_D0); //Motor A rotate counterclockwise
output_low(pin_D1); //'Turn counterclockwise

output_low(pin_D2),
output_low(pin_D3);
output_low(pin_D4},
output_low(pin_D5);
output_low(pin_D6);
output_low(pin_D7);
}

else if{input(pin B7)==0 && input(pin_B6)==1 && input(pin BS)—1 &&
input(pin_B4)==0)

{ //Switché is pressed
output_low(pin_D0); //Motor C rotate counterclockwise
output_low(pin_D1); /{Close Leg]

output_low(pin_D2);
output_low(pin_D3);

output_high(pin_D4);



output_low(pin_D5);
output_low(pin_D6);
output_low(pin_D7);
}

else if{input(pin B7)==0 && input{pin B6)==1 && input(pin BS)==1 &&
input(pin_B4)==1)

{ //Switch7 is pressed
output_high(pin_D0); //Motor A and Motor B rotate counterclockwise
output_low(pin_D1); /Move Backward

output_high(pin_D2);
output_low(pin_D3);
output_low(pin_D4);
output_low(pin_D5);
output_low(pin_D6);
output_low(pin_D7);
3

else if(input(pin B7)=1 && inpui(pin B6)=—=0 && input(pin_B5)—0 &&
input(pin_B4)==0)

{ //Switch8 is pressed
output_low(pin_D0); /Motor D rotate counterclockwise
output_low(pin_D1); //Close Leg2

output_low(pin_D2);
output_low(pin_D3);
output_low(pin_D4);
output_low(pin_D5);
output_high(pin_D6);

output_low(pin_D7),



else
{ //No switch is pressed
output_low(pin_DQ); //Do nothing

output_low(pin_D1);
output low(pin_D2);
output_low(pin_D3);
output_low(pin_D4);
output_low(pin_D5);
output_low(pin_D6);
output_low(pin_D7);
}

}



