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ABSTRACT

Nowadays the creations of Automated Guided Vehicle (AGV) model can be found
from all over the countries, as it give many advantages in our lives. It works just like a
robot as it is able to sense and response to the environment. Considering that, AGVs
should be well developed to optimize it’s benefits to our own living. The aim of this
project is to build a prototype of an Automated Guided Vehicle (AGV) model that can
move on a flat surface with its two driving wheels and a free wheel. The prototype is able
to follow line on floor with the M68HC11 microcontroller as it main brain that control all
the navigation and responses to the environment. The ability to follow line on floor is an
advantage of this prototype as it can be further developed to do more complicated task in
real life. To follow the line, the microcontroller is attached to a sensor that continuously
reflecting to the surface condition. Therefore, this project involves of designing and
fabrication of the hardware and circuitry. The key study in this project is the algorithm
designed in assembly language, embedded in the microcontroller.



Vi

ABSTRAK

Pada masa kini, penciptaan model AGV dapat dijumpai di setiap negara
disebabkan kelebihan yang diperolehi daripadanya di dalam kehidupan kita. Model AGV
dapat bekerja seperti sebuah robot yang boleh merasai dan bertindakbalas kepada
persekitaran. Tujuan projek ini adalah untuk membina sebuah model AGV yang dapat
bergerak diatas permukaan rata dengan menggunakan dua roda pandu dan satu roda yg
bebas berputar sebanyak 360 darjah. Model AGV ini juga dapat begerak mengikut garisan
yang ditetapkan diatas permukaan rata dengan adanya pengawal M68HC11, yang
bertindak sebagai pusat kawalan yang mengawal semua pergerakan dan tindakbalas
kepada persekitaran. Kebolehan untuk bergerak mengikut garisan diatas permukaan lantai
adalah satu kelebihan kepada model AGV ini yang seterusnya dapat diperkembangkan
untuk melakukan kerja yang lebih rumit di masa akan datang. Untuk model ini bergerak
megikut garisan, sebuah sensor digunakan dan disambung kepada litar pengawal. Oleh
yang demikian, projek ini melibatkan penyambungan litar dan juga pembangunan program

di dalam bahasa himpunan yang dimasukkan ke dalam litar pengawal.
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CHAPTER 1

INTRODUCTION

This chapter will discuss on the term AGVs. What is AGVs? Some brief history of
AGVs and background are discussed. The problem statement stated the reasons to the
creation and development of AGVs around the world. The objective and scope of this

project is also presented in this chapter.

1.1 AGVs

There are many definitions of AGVs, different according to points of view.

Wikipedia, the free encyclopedia, defines AGVs as:

“A robot that been used highly in industrial applications to move materials from

point to point”

The American Society of Safety Engineers (ASSE) defined AGVs as:

a.  Machines without drivers that can move along pre-programmed routes, or use
sensory and navigation devices to find their own way around.

b.  Vehicles that are equipped with automatic guidance systems and are capable
of following prescribed paths.

c.  Driverless vehicles that are programmed to follow a guide path.



1.2 Background

The creations of Automated Guided Vehicle (AGV) have been around since the
1950’s and the technology was first developed by Barret Electronics from Grand Rapids,
Michigan. It was then developed by the Europeans in the 1970°s and nowadays AGVs can
be found in any countries. One of the first AGVs was a towing vehicle that pulled a series
of trailers between two points, and today’s there are many task given to AGVs and they

also have their own name and potentials.

Considering the full potentials and advantages of the Automated Guided Vehicle
(AGV) in our livings, it is valuable to do this project, as it also will be the first step
towards the creation of more intelligent technology or system. The simplest AGV model
may use just a sensor to provide its navigation and can be the complex one with more
sensors and advance systems to do the task. They can work or do the task everywhere
needed but the safety for the AGV as well as the people and environment surround it must

be provided.

The AGVs is just the same as mobile robot, which can moves from one place to
another to do their task, but mostly the mobile robot is used for difficult task with
dangerous environment such as bomb defusing. Furthermore, the mobile robot can be
categorized into wheeled, tracked, or legged robot. Although the AGVs may not be
glamorous of robots, but their work, which usually menial, are often be essential to the
smooth running of factories, offices, hospitals, and even houses. They can work without

any complaint around many workplaces all over the world.

1.3 Problem statement

There are many reasons which yield to the creation of Automated Guided Vehicle
(AGV) around the world. Mostly the reason is to overcome the logistic problems that often
occurred in the workplaces and to make improvement to the facilities provided in the
workplaces. Usually the AGVs are implemented in factories, hospitals, offices, houses,

and even can be found anywhere outdoors without the people surround realized it.



In the industries or factories, the AGVs can ease the physical strain on human
workers by performing tiring tasks, such as lifting and carrying heavy materials, more
efficiently with no signs of fatigue creeping in. They can carry far more than human
workers, and their movements can be tracked electronically at all times. Their movements

can be timed to feed or collect products or materials from the workcells in the factories.

Besides that, in the hospitals thousands of staff spends a portion of their day moving
medical supplies, bedding, medicines and other equipment around large hospitals. By
using the AGVs, the strain on the workers can be ease as well as the hospital’s system
would be more smart and systematic without any bad complaint from the patients and
people. AGVs also capable of both cutting cost and releasing more staff hours to tend and

care for patients.

Therefore it is very significant that the valuable knowledge on AGV construction is
studied and be further implemented from the result of this project. It is due to its

advantages to our own living and technology.

1.4 Obijective and Scope of The Project

The objective and scope of this project is to create an AGV model that can follow a
trail of line on a flat surface horizontally. This AGV model is using M68HC11
microcontroller to control all navigation during its operation. In other words, the
microcontroller acts just like the brain for the model that controls all operation of the

system.

The model is a three-wheeled mobile robot that has the ability to follow line on floor.
There are three wheels including two driving wheels controlled by two motors and a free
wheel in front that is able to rotate 360°. With three wheels, both driving wheels
are always in contact with the surface, because of the robot’s steering relies on both its
driven wheels being in contact with the surface at all times.



This project consists of four main stages, which are theoretical design, mechanical
fabrication, electronic hardware design and as well as algorithm design in assembly
language. The matter to be considered is how the robot can follow the trail of line
continuously. It is also important to choose the most suitable microcontroller, actuators,

and sensors to achieve the project objectives.



CHAPTER 2

LITERATURE REVIEW

2.1 Automated Guided Vehicle Built worldwide

Some of the Automated Guided Vehicles (AGVs) that are well known are

discussed in brief.

2.1.1 Mobile Post Distribution system (MOPS)

MOoPS or Mobile Post Distribution System (Tschichold, Vestli, Schweitzer, 1999)
is a research AGV developed at the Institute of Robotics in Zurich, Switzerland. It is used
to transport mail around the Swiss Federal Institute of Technology in Zurich. MoPS is
powered up by rechargeable batteries which give it a 4-hour active life, weighs around
90kg and can carry up to 50 kg of postal payload. It is also capable of hot-swapping its

own batteries pack, thus ensuring 24h availability.

The MOPS provide services of picking up boxes with incoming mail at the ground
floor of the five floor building, which is sorted by human first, delivering them to the
secretaries' offices, subsequently bringing back the outgoing mail to the ground floor
station. It is also capable of switching floors by sending an infrared signal to the building’s
lifts. As the building is open to the public, protection against theft of the mail is provided
by motorized blinds over the pigeon-hole mail points, which can be opened by the robot

and by authorized staff.
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Figure 2.1  The Mobile Post System MOPS. The upper part of the system constitutes a
3-DOF manipulator / storage mechanism for two mail boxes. The lower part is a mobile

robot platform with two drive and one castor wheels.

MOPS navigation is based on the recognition of natural landmarks which are
compared to data of the building layout stored on the robots processor. The system has a
highly accurate localization and position control system, which enables MOPS to dock
onto the pigeon holes and to load/unload boxes of mail. A hybrid navigation scheme
combining graph-searching with a situation based behavior selector and appropriate
behaviors is used. The generated paths are close to being optimal, and the tolerance

towards obstacles is high.

The interaction with humans takes place on various levels. The robot can be
addressed by the secretaries and the maintenance offices by wireless internet
communication, giving the robot its mail orders. The robot is supervised from the
maintenance office, dealing with exceptional situations. Locally, service personnel can

interact with the robot, having direct access to various robot functions.



The mobile robot has a distinctly visible status display, and humans crossing its
way can interact with the machine which has to react to human given signals. The software
is based on the object oriented real-time framework XOberon, fulfilling real-time

requirements, and running on a PowerPC.

2.1.2 ParkShuttle AGVs of Amsterdam’s Schiphol Airport

Figure 2.2 The ParkShuttle AGVs of Amsterdam’s Schiphol Airport.

The ParkShuttle (FROG Navigation Systems) is an automatic navigating vehicle
which provides transportation for passengers. It is a people mover system. There is no
driver onboard, instead a computer and an electronic navigation system do the driving.
This ParkShuttle has a safety system of sensitive and intelligent sensors. The sensors scan
the area in front of the vehicle and will decelerate or stop the vehicle when an unknown

obstacle is detected.

An additional safety feature is provided by the bumper system that brings the
vehicle to an immediate halt when it is impressed. In addition, the vehicle has emergency
stop buttons (both inside and outside) that can be operated by the passengers. The speed is

limited to 40 km/h obtain a good ride quality.



The ParkShuttle vehicle runs on four rubber tires. Traction is provided by an
electric motor powered by a rechargeable battery. Up to 100 km can be covered on one
battery-load. It has a capacity of 10 passengers, 6 seated and 4 standees. It is easy to get
into and out of the vehicle (wheelchair accessible) and provides good all-round visibility.

Inside the vehicle is a console on which the passengers can indicate their destination.

Each vehicle is also fitted with an information display that announces the stop at
which the vehicle has arrived. The maximum load is 800 kg. The maximum vehicle weight

is monitored by means of weight sensor.

As soon as the total weight of the passengers and cargo exceeds the limit, the
vehicle will refuse to depart and a message will automatically be announced. Sensors fitted
in the doorways monitor the entrance and exit of passengers. The vehicle will never depart

while a passenger is in the process of boarding and exiting.

People mover systems are often using some form of mechanical guidance, and
these systems are already operating in different locations around the world. Vice versa this
ParkShuttle is operating without mechanical guidance as it will find its way automatically

traveling on a simple asphalt track with electronically guidance.

The main characteristics of this transportation system are small transportation
units, high frequency, high density work, automatic operation, on-demand operation and

simple infrastructure on ground level.

2.2  Applications of Mobile Robots

There are so many mobile robots can be seen around the countries over the world.
Furthermore the applications of mobile robots can be seen in many fields. Mobile robots

applications include in various fields (Alonzo Kelly, 1996) as listed in the Table 2.1.



Table 2.1 Applications of Mobile Robots
Application Details
Medical service | a. Deliver food, water, newspapers, and linens.
b. Medication, administrative reports hazardous material, biological
waste.

Commercial

cleaning

Airports, supermarkets, malls, and factories.
Lots of floor treatments like wash, sweep, mop, scrub, buff, wax,

polish, vacuum, strip, shampoo, trash pick-up.

c. Other unpleasant jobs like washing bathrooms, windows,
upholstery.
Hazardous and a. Bomb and mine mapping, retrieval and disposal.
energy b. Nuclear plant inspection, steam generators.
c. Hazardous waste storage tank inspection.
d. Pipeline inspection crawlers.
e. High tension power line inspection.
Space a. Terrestrial inspections of space vehicles.
b. Satellite on-orbit inspection.
c. Planetary exploration.
Undersea a. Drilling platform inspection.
b.Translantic cable installation and maintenance.
c. Exploration.
Material a. AGVs operate successfully today in highly structured automotive.
Handling and electronics factories.

=

Loading and unloading of trucks, trains, ships, and planes.

Civil Transport

L

Aircraft inspection.

Automated and/or intelligent highway vehicles.

Personal

o

Assistants for handicapped and elderly individuals.
Assist with personal hygiene, working at home, recreation.

Seeing Eye robot, smart self-navigating wheelchair.
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2.3  Line Following Robot

Line following robot is generally a wheeled mobile robot. The method of line
following varied depending on the number of sensors available and the type of line to be
followed. There are four methods identified including edge following, line search, line
trap, and cross-over. These four methods are different in number of sensors that used and
also the results that will be obtained are different. With only one light sensor, the robot
will have to know where the line is, or spends time searching to find it. Whereas with two
light sensors, the robot is possible to remember which direction the line went. With more
sensors, the result that will be obtained would be more excellent and the robot will be

more intelligent. The line following method can be listed in Table 2.2 below.

Table 2.2 Line Following Method

Method Characteristic
Edge following Stay on the edge of the line
Line search Stay on the line
Line trap Keep the line between sensors
Cross-over Move back and forth over the line

For each method, there are different characteristics and give choices to the builder
of the line following robot to use which one from the list. The choice is depend on the

function of the robot to be build as each method has its own advantages and disadvantages.

There are many line following robot have been built worldwide. Some of them will
be discussed in brief.
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2.3.1 Kerwin’s Line Following Robot

Figure 2.3  The Kerwin’s line following robot using three matched IR transmit/receive

pairs.

The Kerwin’s line following robot (ranchbots) is a design with Futaba S-148 servo
motors mounted to the bottom of the plexiglass. It has three wheels with the front wheel is
the omni-directional wheel. The sensor system consists of an array of three matched IR
transmit/receive pairs mounted on a circuit board that can be raised or lowered to fine tune
the sensitivity. It uses the Atmel microcontroller as the controller part. The microcontroller

takes input from sensor array and drives the servo motors in response.

2.3.2 Sandwich, The Line Following Robot

Figure 2.4  Sandwich, the small and uncomplicated line following robot.
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Sandwich, the line following robot (Robot Room) is designed with smaller and
lighter body, motors, connectors, and comparator as the brain. It does not use the
microcontroller, thus no programming are developed. It uses two pairs of cadmium-sulfide

photoresistors as the sensors instead of IR LEDs.

Sandwich is able to follow either light or dark paths, although the driving isn’t as
smooth and can’t take as sharp of turns. It won’t stop when the path ends, and can’t

automatically detect if the line is light or dark, thus manually detect the line using switch.



CHAPTER 3

ITEM SELECTIONS

In developing this expected prototype, it is important to choose the best materials
or parts and components by considering the factors that contribute to determine the correct
materials. The factors are such as the environment in which this prototype works, the
reliability, cost effective, and any other factors that influence in which material choice is
the correct one. By choosing and using the wrong components will lead to much more
problems to the project’s development, causing damage to the other parts and also
escalating cost. Generally, the components and parts for building a robot is costly and
therefore avoiding of wrong pick up materials is a suggestion to all the robot builder

beginners.

3.1 Real Robots

In this project, it is decided to use the mechanical parts from the Real Robots. The
components are good enough, reliable, and cost effective as compared to other
components choices. For this project, it is not all of the Real Robot’s part been used, as
just the issues 1, 2, 3,4, 11 and 12 of the Real Robots Magazines are ordered and the

component for each issues are listed in Tables below.



Table 3.1

Components and parts from Issue 1

Issue 1

a o

=

Chassis.

Gear housing (base section x 2, middle section x 2, and top
section X 2).

4 short self-tapping screws (to fix base section to chassis).
4 long screws (to fix housings together).

2 tyres (for rear wheels).

2 wheel hubs with pre-assembled axle and gear.

4 x spur gears.

4 x gear shafts.

Figure 3.1  Chassis

Figure 3.2  tyres

14
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Figure 3.3 Gear housing top section

Figure 3.4  Gear housing base section
Figure 3.5  Gear housing middle section

Figure 3.6 wheel hubs with pre-assembled axle and gear

n
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Figure 3.7 spur gears

Table 3.2 Components and parts from Issue 2

Issue 2

2 motors.
Battery box (6V).
Battery box lid.

o

o

i

4 self-tapping screws.

e. Sachet of grease.

Figure 3.8  DC motor (Left motor)

Figure 3.9  DC motor (Right motor)



Table 3.3

Components and parts from Issue 3

Issue 3

o ®

S

= @ oo

—

Castor housing.

Castor hub.

Castor tyre.

Castor axle.

Switch (with wires and connectors attached).
2 small self-tapping screws (to fix switch).
Front bumper (2 sections).

Front bumper rubber.

Rear bumper (2 sections).

Rear bumper rubber.

6 self-tapping screws.

Figure 3.10  Front bumpers (2 sections)

Figure 3.11 Rear bumpers (2 sections)

17
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Figure 3.12  Front and rear bumper rubber

Figure 3.13 assembled castor tyre, hub and axle

Figure 3.14  Castor housing

Table 3.4 Components and parts from Issue 4

Issue 4
a. Motor power board.
b. Screws (x2).
c. Motor tester board.
d. Screws with nuts (x2).
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Figure 3.15 Motor power board

Table 3.5 Components and parts from Issue 11

Issue 11

a. Line follower housing.
b. Large ‘O’ ring.

c. 2 self-tapping screws.

Figure 3.16 Line Follower Housing

Figure 3.17 Large ‘O’ ring
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Table 3.6 Components and parts from Issue 12

Issue 12

a. Line follower sensor with wires.

Figure 3.18 Line Follower sensor

3.2  Hardware Development

The hardware development consists of the process of developing the components
and parts to be assembled and at last become the final product of the prototype. It is the

important part of the project that determines the successful of the project.

3.2.1 DC Motors and The Gears

The selection of motors consists of DC motors, stepper motors, and servo motors.
It is important to consider on the strength and weakness of each of the motors. The type of
motors to be used in this project is based on its intended usage and other factors such as
cost, availability and physical characteristic of the motor such as dimensions and weight

that must be considered thoroughly before making any decision on the motor used.

In this project, DC motors are much preferred rather than the other types because
of some factors such as the prototype need to have continuous mechanical movement

along the line. A small DC motor would be favorable to be use since it is very reliable,
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very strong for its size, and very inexpensive. It can also be made to run on low voltages,
have good electrical to mechanical conversion coefficients and is available in an immense
variety of sizes and formats. Thus in this project with just a few volts been used, the small
DC motors would be the best choice. The DC motors from the Real Robots is the small

DC motors that best suited to be used in this project.

There are two DC motors used for this prototype, one for each RIGHT and LEFT
driving wheels. Each of the motors carries a 12-tooth gear that will complete the gear train
for each side of the prototype. The motors are powered by four 1.5V AA batteries, which
give a total voltage of 6V.

The details of the operation of the DC motors will not be discussed, but in brief the
DC motors converts electrical energy into mechanical movement. This is due to inside the
motors, there are copper wires wrapped tightly around an iron core (which is the rotor) and
surrounding this, is a permanent magnet (the stator). By switching on the motors, electric
current will flow through the wires and around the core, thus causing it to become
magnetized. The rotor that turns as it tries to align its own poles with those of the stator.
Every half a turn, a vital component called a commutator reverses the direction of the
current on the rotor. In other words, it swapping its poles and so keeping the motor

turning.

A series of gears are connected to the motors to the wheels. This is important as to
slow down the spindles of the motors that are extremely fast. Therefore, it is the job of the
gears to step down the speed of the motor. In brief theoretically, each pair of the spur gears
consists of little (12-tooth) and large (48-tooth) gears can steps the speed down by a factor
of one quarter (12/48). For each side of this prototype motors, there are a total of 3 pairs of
gears attached, so the whole gear train steps the speed down by Y4 x ¥4 x V4 = 1/64.

Therefore for every 64 turns of the motor, the wheel turns only once.

Thus, the selection of the DC motors and gears must be absolutely correct to its

intended usage, as to expect the optimize mechanical movement of the driving wheels.
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3.2.2 Motor Driver

The motor driver is used to drive the motors of the robot. Since even a small motor
requires high current to operate, the high current could certainly causing damage to the

microcontroller if the motor is connected directly to the microcontroller.

Then, normally the motor driver or a relay is required to prevent the reverse current
and protect the microcontroller chip. The resistor 10k€2 of the motor driver circuit is also
used to limit the rush current. The microcontroller is lacks of sufficient current to drive the

motors, so the driver is needed to energize the stator of the motor.

The drivers for DC motors are H-Bridge circuit as well as L293B/L298N. For this
project, the H-Bridge driver circuit is the best solution to be interface with the dc motors.

Basically the operation of the H-Bridge circuit is as follow:

+V
Al '
— motor _~ Bl
~ A2
B2
ov

Figure 3.19 Basic connection of H-Bridge circuit

The circuit of Figure 3.19 consists of a motor, 2 supply rails and 4 switches. Any of
the switches can be close at any time, giving the total of 16 different combinations, but
only 3 of the combinations are useful. If the A1 and A2 switches are turn on, the current

will flow in one direction through the motor, causing the motor to turn on. If the B1 and
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B2 switches are turn on, the current will flow in the opposite direction through the motor,
causing it to spin in the opposite direction. If all the switches are turn off, then there is no
current will flow through the motor, and it is free to spin. The simplicity of this type of H-

Bridge circuit makes it ideal for robotics.

The implementation of the H-Bridge motor driver can be done according to the
circuit diagram. In this project, it is decided to use the Real Robots motor driver board
considering the factor of reliability and size. The circuit of the motor driver board consists
of two simple H-Bridge drivers, one for each motor. The 5 volt regulator is used for
feeding power from the 9 volt battery to the microcontroller MC68HC11A1. The two
LED’s — the green one shows power is turned on (from the 9 volt battery), and the red one
lights on when the 9 volt battery is getting low. In the H-Bridge connection, all the
transistors are used as simple switches. The Figures 3.20 to Figure 3.26 are the explanation

of the operation of the H-Bridge motor driver board in more details.

Figure 3.20 NPN off

The base has the same potential as (or slightly below) the emitter will cause the

transistor to switch off.

Figure 3.21 NPN on

Taking the base ‘positive’ of the emitter will cause the transistor to switch on.



Figure 3.22 PNP off

Figure 3.23 PNP on

Taking the base ‘negative’ of the emitter will cause the transistor to switch on.

Figure 3.24 motor off

24
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Figure 3.25 motor on

Figure 3.26  simplified motor on

The NPN is turned on, effectively connecting the 100ohm resistor directly between
the bases of the two transistors. The 100 ohm resistor connects the base of the bottom
(NPN) transistor towards the positive rail, thus turning it on, at the same time it connects
the base of the upper (PNP) transistor towards the negative rail, thus turning that one on as

well. In this way both transistors are turned hard on, and the motor has power and rotates.

If the NPN is turned off, the 100ohm resistor effectively disappears, so neither transistor is

turned on, and the motor doesn’t rotate. Each motor requires 2 sets of this circuit, one to
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rotate clockwise, and the other to rotate anti-clockwise, by selecting one or other of the

two inputs the motor is connected either way around.

3.2.2.1 Calibration of Motor Driver Board

The kind of experiment that has been accomplished during this calibration is to
verify the 7-pin connector, 4-pin connector, the MT1 and MT2 of the motor driver board.
In the beginning, the dc motors were attached to the respected MT1 and MT2. The Left
motor with black wire is connected to MT1 and the Right motor with grey wire is
connected to MT2 according to the reference data. It is important to recognize the correct
connection between the motors and the motor driver board to avoid any wrong connection
and troubles. From the reference data of the motor driver board, the connector details of

the motor driver board are shown in the Table 3.7.

Table 3.7 Connector details of motor driver board

7 pin socket 4 pin socket MT1 MT2
1- Right motor forward
2- Right motor backward 1- GND
3- Left motor forward 2- GND LEFT DC RIGHT DC
4- Left motor backward 3- 9 volts in motor motor
5- 5 volts to uC 4- 6 volts in
6- 6 volts
7- GND

During the experiment, the pin-6 of the 7-pin connector is not been used or not
been connected with any connection. This is because, the 5 volts output voltage from the
motor driver is a sufficient voltage value to drive the motors. At this stage, it is decided

that the pin-6 will also not be used in future connection of the line following robot.

The motor driver supply the 5V to the microcontroller (uC), but at this stage of
testing with motors, the 5V is the supply voltage for pin 1, pin 2, pin 3, and pin 4 of the 7-
pin socket. The motor driver board as well as the motors are not yet been interfaced with

the microcontroller. This is just to verify the connection and that the motors are moving as
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it should be. The Figure 3.27 shows connection between the motor driver board, motors

and power supply. The test procedure objective is to prove the truth table (a) of Table 3.8.

OUT _IN

10

COoM

78L05 j]_ 10k 2.7K 2.
Al 220u

Green

~ Red LED

Figure 3.27  Circuit of motor power board connected to power supply and motors.

Table 3.8  Truth table (a)

Motor turn: Pin7 | Pin6 | Pin5 | Pin4 | Pin3 | Pin2 | Pinl
Forward 0 1 0 1 0 1
Backward 0 1 1 0 1 0
Right 0 1 0 1 1 0

0 1 0 0
0 0 1 0
Left 0 1 1 0 0 1
0 0 0 1
1 0 0 0

Logic “1” =5V
Logic “0”=0V/ GND
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The truth table above is proved, and the driving wheels are turning according to the
data in the table above. Therefore the truth table can be simplified as the truth table (b)
shown by Table 3.9.

Table 3.9 Truth table (b)

Motor turn: Pin 4 Pin 3 Pin 2 Pin 1 hex
(PBO) (PB1) (PB2) (PB3)

Forward 0 1 0 1 $0A

Backward 1 0 1 0 $05

Right 0 1 1 0 $06

0 1 0 0 $02

0 0 1 0 $04

Left 1 0 0 1 $09

0 0 0 1 $08

1 0 0 0 $01

From the truth table (b), a simple program is constructed to see the robot moving
forwards, backwards, turning right and left is been done. The motor driver is connected to
the microcontroller to see whether the microcontroller can interface with the motor driver
and the DC motors. From the Table 3.9, a value of hexadecimal = $0A is store at port B of
the microcontroller MC68HC11A1 and simply the driving wheels will move forwards.
The truth table (b) is also proved as the driving wheels are moving according to listed

hexadecimal values.

3.2.3 Line Follower Sensor

The Line Follower sensor uses a pair of IR sensors that aimed downwards close to
the floor. Each pair consists of an IR LED and an adjacent photodiode (built as a single
unit), so the light from the IR LED is reflected back by a light colored surface, and
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absorbed by a dark colored surface and the photodiode is responding to the amount of light
reflected back.

There are 4 pins through the connecter of the sensor. From the reference data, it is
identified that pin 1 (black wire) is for GROUND, pin 4 (yellow wire) is for Vcc, 5V. The

circuit of the line follower sensor is shown in Figure 3.28.

R3 R1 R2Z2
8. 2K 278 8. 2K
. P2 LZ L1 P1
Line ::I IE IE ::I
gy |4 -
3
2 Left Right
GHD |1

Figure 3.28 The circuit of line follower sensor using two IR LEDs and two

phototransistors.

3.2.3.1 Calibration of Line Follower Sensor

The calibration for Line Follower sensor is to identify which one of the pin 2 and
pin 3 of the Line follower sensor that functioning as Right or Left. During the testing,
Channel 1 (CHI) of oscilloscope is connected to pin 2 (orange wire) and channel 2 (CH2)
of oscilloscope is connected to pin 3 (blue wire). Pin 1 and pin 4 is connected to GND and

5V of power supply respectively.

At first, we close both the Right and Left units with hands. The oscilloscope shows
the voltage at both channels, showing that the sensor’s units can converts the physical
quantity into an electrical quantity, which is the voltage. The readings show in the Table

3.10.
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Table 3.10  Aimed the sensor’s units with hands

CH1 CH2
RIGHT 4.8V 1.8V
LEFT 1.8V 4.8V

It is shows that when we close the right unit with hand, the voltage on CH1 is
greater than CH2 voltage. Vice versa, when we close the left unit with hand, the voltage on

CH2 is greater than the CH1 voltage.

Then we move to test whether CH1 or CH2 are functioning as Right or Left. It is
decided that CH2 is functioning as RIGHT and CHI1 is functioning as LEFT. This is
because, when testing by closing the unit of IR LED and photodiode by hand; CH2 is

showing various voltage values while CHI is showing constant value of voltage.

Table 3.11  Aimed the sensor’s units on various materials

Situation Voltage

Aimed the sensor’s units downwards close to white

surface of a piece of paper. 0.33V

Aimed the sensor’s units downwards close to black

surface (black ink marker) 3.5V

Aimed the sensor’s units downwards close to black

surface (black plastic material) 4.1V

The results from Table 3.11 show that both the Right and Left units give the same
voltage readings, meaning that both the units are aimed downwards close to the same
surface. Then, a more appropriate test is being made by aiming the sensor’s unit on a piece
of white paper with a bend of black line is drawn on it. The black line is made by the black
ink marker. The results of the voltage are shown in the Table 3.12.
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Table 3.12  Aimed the sensor’s units on white surface with a drawn black line

Situation Right Left

The Right unit on white surface while Left
unit on black line 0.375V 3.25V

Both the Right and Left units on white

surface 0.33V 0.33V
Both the Right and Left units on black
line 3.3V 3.3V

Left unit on white surface and Right unit

on black line 3.61V 0.329V

It can be summarized that, if the sensor’s unit are aimed downwards close to a
bright or white surface the voltage reading is almost approximately zero, but if the sensor’s
unit are aimed downwards close to dark or black surface the voltage reading is almost

approximately 5V.

3.2.4 68HC11 Microcontroller

Generally, there are numerous control methods to control a robot. The methods are
ranged from classical method like PI controller, PD controller and PID controller to
artificial intelligence such as Fuzzy Logic, Genetic Algorithm and Neural Networks.
Microprocessor and microcontroller are also can be use to control robots which acts just

like the brain for the robot.

The brain that controls this prototype is the Motorola MC68HC11A1 48 pins DIP
microcontroller. The MC68HC11A1 can control the entire DC motors and the behavior of
the line-following sensor. The MC68HC11AL1 is in the bootstrap mode to allow serial
communication interface. It allows programs to be assemble in Motorola S19 code to be
loaded into the controller's internal RAM or EEPROM. The microcontroller can
communicates with the personal computer (PC) through the serial communication port

using the RS232 communication protocols.
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Normally there are five ports in the microcontroller namely port A, port B, port C,
port D, port E and port F. But for MC68HC11A1 there are just port A, port B, port C, port
D and port E available and not all the ports are interfaced with application circuit. There
are just 4 of port E are available for this 48 pins MC68HC11A1 (PEO, PE1, PE2, and
PE3). The DC motors are interfaced with port B and the line following sensor is interfaced

with port E.

Microcontroller also can be recognized as computer-on-a-chip optimized to control
electronic devices which consist of CPU, ROM, RAM, I/O port and timer embedded
together inside the single chip. It can follows instructions, read information,
communicates, measures time and switches things on and off and also does other things
too depending on the model. It is often criteria to be considered to which microcontroller
to be used, such as the microcontroller should meet the computing needs for the task at

cost efficiency and also has simple architecture and language.

A typical microcontroller contains all the memory and I/O interfaces needed,
whereas a general purpose microprocessor requires additional chips to provide these
necessary functions. Microcontroller is a type of microprocessor emphasizing self-
sufficiency and cost-effectiveness, in contrast to a general-purpose microprocessor, the

kind used in a Personal Computer (PC).

A microcontroller differs from a general-purpose CPU chip because the former
generally is quite easy to make into a working computer, with a minimum of external
support chips. The idea is that the microcontroller will be placed in the device to control,

hooked up to power and any information it needs, and that's that.

Vice versa, a microprocessor requires all of these tasks to be handled by other
chips. For example, some number of RAM memory chips must be added. The amount of
memory provided is more flexible in the traditional approach, but at least a few external
memory chips must be provided, and additionally requires that many connections must be

made to pass the data back and forth to them.


http://www.answers.com/main/ntquery?method=4&dsid=2222&dekey=Microprocessor&gwp=8&curtab=2222_1
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Major microcontroller producers are Motorola which produces the M68HC11 and
M68HC12. M68HC11 microcontroller is an 8 bit microcontroller which comes in 48pins,
52pins, 56pins and 64pins DIP, PLCC, CLCC, TQFP, SDIP and QFP packaging.

For this project, M68BHC11 microcontroller is much preferred than other type of

microcontroller because of some factors listed in the Table 3.13.

Table 3.13  Advantages of microcontroller M68HC11

Advantages

Offers various subsystems such as ADC, interrupts, and timers.

b. Simple assembly language because the processor uses the von Neumann
architecture.

c. Meet the computing needs with various speed, packaging, and power
consumption; various RAM and ROM sizes; multiples number of 1/O pins.

d. Various free sources of software and references: assembler, debugger, c-compiler,
emulator, books, website.

e. One of the popular and are often used in robotic and automotive and are closely
associated with 6800 family.

f. Economic in term of design as it requires MAX232 and serial port of pc.

3.2.4.1 Bootstrap Mode

The microcontroller is in the bootstrap mode, with minimum uses of external
connections. To get the circuit of the microcontroller in the bootstrap mode, the MODA
and MODB pins is connected to GND, as the mode of microcontroller’s operation is
determined by the status of MODA and MODB pins during the RESET operation. Since
both the MODA and MODB = 0, the small on-chip at address $BF40-$BFFF is enabled
when the 68HC11 is reset in the special bootstrap mode. The reset vector ($BF40) at
address $BFFE and $BFFF is loaded in the program counter and the 68HC11 proceeds to
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execute the firmware at this location. The 68HC11 initializes the on-chip SCI with 1200
Baud (Quartz 8 MHz) and sends a break ($00).

The user then sends from PC a $FF character and now the 68HC11 is ready to
accept 256 bytes of program data, which will be put into on-chip RAM beginning at
address $0000. These characters are echoed out. When the 68HC11 receives the 256th
byte, a jump is executed to RAM location $0000, and the loaded user program gains
control. With this user program in the internal RAM of 68HC11 the bytes can be saved in
the EEPROM. The last instruction in the user program is a jump to the first EEPROM
location (e.g. JMP $B600).Direct program start in the internal EEPROM after reset. The
RX and TX are connected on RS233 together. The break signal transmitted from 68HC11

is now echoed. The boot loader firmware executes a jump to the internal EEPROM.

5V
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Figure 3.29  Circuit of microcontroller in Bootstrap mode
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3.2.5 68HCL11 internal Analog to Digital Converter

The Line Follower sensor detects its environment and receives the signal of
physical variables such as heat, temperature, and pressure which are analog in nature. The
analog signal is the voltage that varies according to the environment it reflects. This analog
signal can be process by the CPU as if it is first be converted to a digital value. Therefore,
an analog to digital converter (ADC) is needed to perform this task. Generally, an analog
to digital converter is a device that converts continuous signals to discrete digital numbers.
It is also be defined as an electronic device that converts a voltage to a binary digital

number.

The 68HC11 microcontroller has the built-in Analog-to-Digital (A/D) Converter
subsystem to perform the conversion. The two basic specifications for the A/D Converter
are analog input range and resolution. The input range forM68HC11 microcontroller is 0
to 5.12V. The analog interface must scale the transducer signal to fit within this range. For
the Line Follower sensor, it is an advantage as this sensor is already operating in the 0 to

5V range. The resolution for 68HC11 is defined as:

Resolution = Analog input range ; where n is the number of bits
211

The equation of resolution shows and gives a measure of accuracy. For the 68HC11, the
resolution is 8 bits. It means that the ADC has:

a. 8 digital outputs

b. 2% or 256 possible binary output values from 00000000 to 11111111

Therefore for the 8 bit 68HC11 with input ranging from 0 to 5.12V, the resolution is:

Resolution = 5.12V = 20mV
28 1 bit

Meaning that the input must change by 20mV to change the digital output code by
1 bit.

For the MC68HC11A1 48-pin DIP, there are four channels available for ADC, at
pin-17, pin-18, pin-19, and pin-20. All the 4 pins are also the pins for port E (input
port).Therefore, to let the port to be use as ADC, initialization of Port E (at address register
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$100A) as Analog-to-Digital Converter is the foremost of all steps. Without Initialization,
the address register of $100A will be recognized as input port by the microcontroller. The

steps of initializations are as follows:

&

Access the OPTION register, and set the ADPU bit to power up the ADC.

ADPU

OPTION

b. Writing to control-status register (ADCTL) to initialize the unit and to

begin conversion.

CCF BIT SCAN | MULT CD CcC CB CA
6 ADCTL

c. Gives delay at least 100us
d. Access the data from the result register; ADR1, ADR2, ADR3, and ADR4

3.2.5.1 Measurement of Voltage of Potentiometer at Port E1 (PE1)

This part is to test a known dc voltage and use the microcontroller’s analog-to-
digital converter to read its value, thereby learning how the ADC stores its result and how

data can be read by the CPU.

In this measurement, a 10k€2 potentiometer is used and connected to port E1 at pin-
18 of the MC68HC11A1. The microcontroller circuit is still in the bootstrap mode circuit
interfaced with the potentiometer with the supply voltage of 5V supplied by the power
supply unit. The connection of the microcontroller and the potentiometer is shown by

Figure 3.30 below.

To take the measurement, the circuit is communicating with PC via the DB9
connection. The software JBug is used execute a simple program to initialize the
microcontroller’s Analog-to-Digital Converter program thus reading the voltage value

when the resistance values of the potentiometer is varied.
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Figure 3.30 setting up a known dc voltage at Port E1 to the microcontroller in Bootstrap

mode.

The result shown by the ADR?2 result register can be traced by the JBug software.
From the result, It shows that the calculated voltage value for a certain resistance value is
not exactly the same with the measured value that is traced with the JBug software. The
voltage value in hexadecimal has same difference between the calculated and the
measured one, but the difference is not so much, just approximately differentiated at few

mili volts (mV).

For the upcoming measurement of voltage values taking from the line follower
sensor, the voltage range that is traced from the JBug software will be the reference value

to make the programming for this project.
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3.2.5.2 Measurement of VVoltage from Line Follower Sensor

Since the measurement of potentiometer’s voltage values is successful, it is a step
forward to interface the line follower sensor to the microcontroller MC68HC11A1 that is

still in the bootstrap mode circuit connection.

In this measurement, two of Port E are being used; Port E1 and Port E2. Thus a
multi channel microcontroller’s analog-to-digital converter is used. The initialization step
of the ADC is still the same, but the value in hexadecimal stored in the ADCTL register is
change to $30.

Communicating with the JBug software, the line follower sensor also gives the

reading of voltage values when the sensor is aimed on any surface that is dark and bright.

3.2.6 Power Supply Unit

The microcontroller is powered up by a low voltage value ranging from 0V to the
maximum 5V. It will cause to the internal circuitry damage to the microcontroller 68HC11

if it is directly connected to a high value of supply voltage.

In this project, the voltage regulator is very important to turn the 9V supply from
the battery to a constant 5V, to power on the microcontroller. This regulator is already

interfaced on the motor driver board that is a smart enough connection.

The 6V of voltage value supplied by four of 1.5V batteries is just to power on the
dc motors and this 6V is not connected directly to the microcontroller. The basic
connection of voltage regulator to turn any input voltage to a constant 5V value is as

shown by Figure 3.31 below.
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Figure 3.31 Voltage Regulator

3.3 Software Development

The software development includes the process of determining which
communication port of PC to be interface with the microcontroller as well as the
programming tools to be use. It is also the important part towards the completion of this

project.

3.3.1 Communication between PC and 68HC11

DB9
_._o 1
T20UT Ol 2 6 pPp—L2——
ol 3 7P
R2IN e———oo—O| 4 8P
5 9 p———=a>3
o)

Figure 3.32 Interconnection in DB9
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Figure 3.33 Interfacing PC communication port with microcontroller

3.3.2 Programming Tools

In this project, to JBugl1 software and Hcload software are used to put the
program into the microcontroller. This software can be used to load and erase the program

as desired.

3.3.2.1 Hcload Software

Hcload is a Windows boot loader for many flavor of HC11. It is a solution for a
powerful tool to program, erase, verify the EEprom, Eprom, Rom of a HC11. The Features

in HCload are shown in Table 3.14.
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Table 3.14  Features of HCload.

Features of HCload

Check the communication between HCload and the PC
Program/Verify/Compare/Erase the EEprom of the HC11
Program/Verify/Compare the Eprom of the HC11

o ®

/e o

Program the config register of the HC11
Download/Execute code in external RAM
Upload any internal/external memory range to PC in a S19 file

Program/Verify/Compare an external EEprom

= @ oo

Connect/Disconnect HCload to CommPort

3.3.2.2 JBug Software

JBug is a real time debugger that allows the execution of program and to check
memory and registers. It also allows programming of the EEPROM. It consumes
approximately 256 bytes of RAM ($0000- $00FF) for the serial communication program
(Talker). When it comes to debug Assembly program, it is make sure that the space for

variables is not in used.



CHAPTER 4

DEVELOPED PROTOTYPE

4.1 Detail Block Diagram

PORT E /
ADC

—

68HC11
MICROCONTROLLER

LINE FOLLOWER
SENSOR

PORT B

VOLTAGE
REGULATOR

9V BATTERY

MOTOR DRIVER h

6V
BATTERY

Figure 4.1

GEARS

GEARS

Block diagram for the whole system
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The detail block diagram shows all the important parts of this prototype. The
microcontroller unit controls all the circuitry and operation. The microcontroller is the
MC68HC11A1 48 pin DIP. There are two power sources, the 9V and the 6V batteries.
Since the microcontroller operating voltage is 5V, the 9V from the batteries is powered
down to 5V by the voltage regulator 7805 that also maintain the fixed 5V to the

microcontroller.

The line follower sensor acts as input to the microcontroller, so that the
microcontroller will respond to the physical variables that it receives and make appropriate
feedback according to the program inside. The left and right motors are the dc motors that
function as the output for the microcontroller and there are motor drivers that prevent the
6V and high current from causing damage to the microcontroller. The dc motors operates
in 6V batteries. Both of the dc motors and the driving wheels of the prototype provide the

mechanical movement for the prototype.

The batteries are used instead of external power supply to let the prototype to move
smoothly without any difficulties. It is more suitable to use batteries instead of external
power supply although the motors use more voltage power to move the developed

prototype.
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4.2 Circuit Diagram
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Figure 4.2  Circuit diagram for the whole system
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The circuit diagram shows all the connection needed to build this prototype. It
shows the microcontroller MC68HC11AL1 in its bootstrap mode connection which is a
simple one, the line follower sensor connection, the motor drivers and also the power from
9V and 6V batteries.

The line follower sensor is connected to GND, 5V supply, port E1 (PE1) and port
E2 (PE2), as the port E of the microcontroller are functioning as analog to digital converter
while the port B of the microcontroller are connected to the motors. Port B of the
microcontroller can only be use as output port. There are 4 port B being used which is port
BO, port B1, port B2, and port B3.

There are 2 H-Bridge circuits for each of the DC motors of each wheel. The
operations for both of the H-Bridge circuit are the same. The green LED in the power
circuitry is light up whenever the 9V power is connected or supplied to the whole circuit,

and the red LED is light up whenever the 9V supply is low.
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4.3  Algorithm

< START >
!

ADC
initialization

!

Time Delay

YES

LEFT < $BO Turn Left e

RIGHT > $20 Turn Right

Move Forwards

Figure 4.3 Flow chart for black line tracking

The flow chart shows the algorithm to let the prototype to move along a black line
on a white background. The algorithm starts by the initialization of the port E of the
microcontroller to be function as Analog-to-Digital Converter. The time delay of at least
100us is inserted after the ADCTL status register is initialized and before the result

registers are read. Thus the margins value for both Left and Right units of the sensor are
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being compared to the value in the result registers. The prototype will make the navigation

according to the assembly language programming developed from the flow chart.

4.4 Final Prototype

In this section, some of the photos of the final prototype are shown to give close

view. This final prototype is namely Nice-bot as it look nice and simple.

Figure 4.4  Left side view

Figure 4.5  right side view



Figure 4.6

Top view

Figure 4.7

Bottom view
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Figure 4.8

Front view

Figure 4.9

Rear view
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45  Listand cost of The components

Table 4.1 List and cost of components.

Components Specifications Quantity Cost
Microcontroller MC68HC11A1 1 RM30.00
RS232 communication | MAX 233 1 RM5.00
Resistors 4.7Kohm 3 RMO0.50

1Kohm 1
1Mohm 1
Capacitors 4.7uF 1 RM2.10
0.1uF 1
1uF 3
18pF 2
Switch Touch switch 1 RMO0.60
DB9 Female 1 RM3.00
Oscillator 8MHz 1 RMO0.50
Batteries 9V 1 RM9.40
1.5V 4 RM5.40
Real Robot 5 RM 109.50
TOTAL RM 166
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The total estimation cost for this project to build the prototype is approximately
RM166. It is a cost effective project that does not involved buying the expensive

components. The amount is affordable.



CHAPTER 5

RESULTS AND DISCUSSIONS

This chapter discuss on the results obtained by the final prototype towards
completing the objective of this project. The discussion can be divided into early result and

implementation on realistic application.

51  Early Result

The early result is the first step that determines whether the objective of this project
is successful or not. This includes the testing of the final prototype to move along path of

black line tracking on white background.

5.1.1 Black Line Tracking

There are some characteristics of the line to consider with before a final tracking
line is set up. Therefore, the final prototype is tested to move along a few shapes of curve
of the black line to see its feedback. The black line tracking is made of black masking tape
on white paper. These tests are important to know the capability of this prototype to move
along the route, as well as these characteristics that obtained will be the guidelines for

future line tracking work to be made for this prototype.
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The voltage values from result registers ADR2 and ADRS3 can be trace from the
JBug software. These values from the result registers are recorded when the line follower
sensor is aimed on black line and white paper surface. For this black line tracking test, the
LEFT unit of the sensor is aimed on black surface while the RIGHT unit of the sensor is
aimed on white surface. From the values shows by the result registers, the margin for
LEFT unit sensor and RIGHT unit sensor are decided.

5.1.1.1 Smooth Curve, line width = 1.8cm

Figure 5.1 Smooth curve of black line with line width = 1.8 cm

The result that obtained is that, Nice-bot has no problem negotiating a smooth
curve in both directions of clockwise and anticlockwise. It still can move along the route.
But during the navigation, the Nice-bot can’t make it for sure that it can maintain
following the black line due to the line width is not so good enough.
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5.1.1.2 Rounded 90 degrees bend, line width = 1.8cm

Figure 5.2 Rounded 90 degrees bend of black line with line width

=1.8cm

The result that obtained is that the Nice-bot has no problem negotiating the
rounded 90 degrees bend of black line either in clockwise or anticlockwise direction. It
still can move along the route but during the navigation, the Nice-bot can’t make it for sure

that it can maintain following the black line due to the line width is not so good enough.

5.1.1.3 Sharp 90 degrees bend, line width = 1.8cm

r_

Figure 5.3 Sharp 90 degrees bend of black line with line width = 1.8 cm

The result that obtained is that the Nice-bot has quite a problem to move sharp 90
degrees bend of black line with line width = 1.8 cm, as the width give not so much value
for the line follower sensor to stay on the line. The Nice-bot can’t move to make the 90

degrees of sharp turn of the black line with the line width is equal or below 1.8cm.
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5.1.1.4 Sharp 90 degrees bend, line width = 2.6cm

Figure 5.4 Sharp 90 degrees bend of black line with line width = 2.6 cm

The result that obtained is that the Nice-bot has no problem to move sharp 90
degrees bend of black line with width = 2.6 cm, as the width is the sufficient width for the
line follower sensor to stay on the line. The sensor still can take the voltage readings as the
Nice-bot make a hard turn to stay on the line. For a frequent turn, this Nice-bot can
possibly fail to make a perfect turn as it can’t differentiate the readings of right and left

unit sensor.

5.1.1.5 Sharp 90 degrees bend, line width = 3.6cm

Figure 5.5  Sharp 90 degrees bend of black line with line width = 3.6 cm

The result that obtained is that the Nice-bot has no problem to move sharp 90
degrees bend of black line with width = 3.6 cm, as the width is quite a large width for the
line follower sensor to stay on the line. The sensor still can take the voltage readings as the
Nice-bot can make an easy turn to stay on the line. Thus the possibility to fail turn is very

low.
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5.1.1.6 Result Summary

Table 5.1 Table of early result summary

Curve of black Line Result

Smooth curve, Can’t maintain to stay on the line
line width =1.8cm

Rounded 90 degrees bend, Can’t maintain to stay on the line

line width = 1.8 cm

Sharp 90 degrees bend, Can’t make the 90 degrees turn
line width = 1.8 cm

Sharp 90 degrees bend, Make a hard 90 degrees turn to stay on
line width =2.6 cm the line

Sharp 90 degrees bend, Make an easy 90 degrees turn to stay
line width = 3.6 cm on the line

5.2  Implementing Realistic Application

At this stage, it is valuable if this project can be implemented to the real world.
Although this Nice-bot is quite a simple line following robot, it can be adjusted and

developed to be use in any job that applicable in the future.

At first, a testing is made on the laboratory floor which is a quite dark cement
floor. In this part, this Nice-bot is tested to whether it can move along a white line tracking
on the dark laboratory floor. The white line tracking is made by the white masking tape.

The white lines are varied in curve and are shown as Figure 5.6 and Figure 5.7 below.
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Figure 5.6  Sharp 90 degrees bend of white line on cement floor with
line width = 3.6cm

Figure 5.7  Rounded 90 degrees bend of white line on dark cement floor with
line width = 3.6cm
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The values of result registers ADR2 and ADR3 are recorded as the Nice-bot with

its line follower sensor is aimed on the white line as well as the dark cement floor.

Table 5.2 Hexadecimal values from result registers based on Figure 5.6

Circle of Area RIGHT (PE2) LEFT (PE1)
A $62 $65
B $8D $8C
C $18 $15
D $99 $13
E $13 $15
F $7E $7C
G $80 $18

The hexadecimal values from result registers shown in table 5.2 are varies within
its range. The values are traced by JBug software as the prototype is moving or turning on
the laboratory floor. The prototype is being tested to whether it can follow the line on
laboratory floor by taking the values of result registers whenever the line follower sensor
is aimed on the surface. The left unit sensor is aimed on white line and connected to Port
E1 (PE1) of the microcontroller while the right unit sensor is aimed on dark cement floor

and connected to Port E2 (PE2) of the microcontroller.

From the values, the margins voltage values for RIGHT and LEFT units of the line
follower sensor are determined. After that, the algorithm or flowchart and assembly

language programming are developed for the Nice-bot to move along the white line route.

The result that obtained from the testing is that, the Nice-bot is able to move along
the white line on the dark laboratory floor. It has no problem to follow the white line as the
sensor can differentiate between the brightness of the line and the darkness of the cement
floor.

Therefore, a track of white line can be made on the laboratory cement floor.
Besides that, just like the results from the early result, the line width that best result in the

Nice-bot to maintain following the line is 3.6 cm.
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This prototype is exactly a success and reliable one and could move along white
line on a not so black surface. Therefore, in the near future, the Nice-bot can be propose to
be use as a simple line following robot to be use anywhere suitable such as in the
laboratory, to clean up the floor, to carry things, and also a complex task, but a few
adjustments to this Nice-bot model has to be made to make it more suitable for the jobs.
The important characteristic to take note is that, this Nice-bot with its line following sensor
are able to move along any dark and bright surfaces, since it can differentiate between the

two surfaces.



CHAPTER 6

CONCLUSION AND SUGGESTIONS

6.1 Conclusion

As for conclusion, this project’s objective to build an Automated Guided Vehicle
model is successfully achieved. This prototype is able to move on a flat surface and move
along black line on a white surface, depending on how much of the darkness and brightness
of the surface as well as the width of the line. The microcontroller MC68HC11A1 can be
use to control all the navigation of this prototype. The microcontroller is the important part
that makes this prototype has quite a simple circuitry, as it already has complete internal
circuitry in the chip. The line follower sensor and the DC motors are very reliable and
suitable for the prototype. As the sensors gives continuous input to the microcontroller
about the surface physical variables. The cost of this project is also effective and there are

much profitable aspects if this prototype is developed in the future.

6.2  Suggestion for Future Work

There are many ideas and suggestions can be added towards developing this
prototype in the future as this prototype could be as one of all the AGVs around the

countries that help in human living.

As one of the suggestions is that, this prototype can be attached with more sensors
to make it could work in much more complex task. There are many sensors nowadays, and
the choices of sensors could be varied, but the selection of sensors must be applicable to
this prototype. This model’s chassis could be adjusted to make it suitable for future task,
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and some other components could also be added. The adjustment may consider the factors
of desired function to be built to the prototype, making it look more smart, interesting, and
commercial. Other than that, the microcontroller DIP chip can be change to other type

such as PLCC that could save the space of the board and also seem to look smarter.

Therefore, this prototype has the potential and could be the basic to the future
adjustment of this prototype to work in the workplaces or in helping the residents to do

their housework.
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Technical Summary

APPENDIX A: TECHNICAL DATA OF MC68HC11

8-Bit Microcontrollers

1 Introduction

63

The MCEAHC11A8, MCEGEHC11A1, and MCEEHC11AD high-performance microcontroller units (MCUs)
are based on the M6BHC11 Family. These high speed, low power consumption chips have mulliplexed
huses and a fully static design. The chips can operate at frequencies from 3 MHz to dc. The three MCUs
are created from the same masks; the only differences are the value stored in the CONFIG register, and
whether or not the ROM or EEPROM is tested and guaranteed.

For detailed information about specific charactenstics of these MCUs, refer to the MESHCT T Referance

Manual (MEEHCT1RMIAD).

1.1 Features

* M&2HC11 CPU
* Power Saving STOP and WAIT Modes
« 8 Khytes ROM
« 512 Bytes of On-Chip EEFROM
« 256 Bytes of On-Chip RAM (Al Saved During Standiby)

« 16-Bit Timer System

— 3 Input Capture Channels
— & Qutput Compare Channels
» 8-Bit Pulse Accumulator
* Real-Time Interrupt Circuit
* Computer Operating Properly (COP) Watchdog System

« Synchronous Serial Peripheral Interface (SFPI)

« Asynchronous Nonreturn to Zero (NRZ) Serial Communications Interface (SCI)
* 8-Channel, 8-Bit Analog-to-Digital (A/D) Converter

* 38 General-Purpose Input'Cutput (1/0) Pins

— 15 Bidirectional !0 Fins

— 11 Input-Cnly Pins and 12 Cutput-Cnly Pins (Eight Cutput-Only Pins in 48-Pin Package)
« Available in 48-Pin Dual In-Line Package (DIF) or 52-Pin Plastic Leaded Chip Carrier (FLCC)

Table 1 MCGBHC11Ax Family Members

Device Mumber ROM EEPROM RAM CONFIG* Comments
MCEBHC 1148 Gk 512 256 S0F Family built around this device
MCESHC11A1 0 512 256 30D ROM disabled
MCEBHC 1140 0 0 256 30C ROM and EEPROM dizabled
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Figure 3 48-Pin DIP Pin Assignments

2.1 Memory Maps

Memaory locations are the same for expanded multiplexed and single-chip modes. The on-hoard 256-
hyte RAM is initizlly located at $0000 after reset. The 64-byte register block onginates at 31000 after

reset. RAM and/or the register block can be placed at any other 4K houndary (5x000) after resat by writ-
ing an appropriate value fo the INIT register. The 512-hyte EEPROM is located at $B600 through SB7TFF

after reset if it is enabled. The 8 Khyte ROM is located at SEQ00 through SFFFF if it is enabled.

Hardware priorty is built into the memaory remapping. Registers have prionty over RAM, and RAM has
pririty over ROM. The higher priority resource covers the lower, making the underlying locations inac-
cessible.

In special bootstrap mode, a hootloader ROM is enabled at locations SBF40 through 3BFFF.

In special test and special bootstrap modes, reset and interrupt vectors are located at SBFCO through
$BFFF.
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4 Electrically Erasable Programmable Read-Only Memory (EEPROM)

The 512 bytes of EEPROM in the MCE8HC11A8 are located at 38600 through $BTFF. The EEON hit
in COMFIG controls the presence or absence of the EEPROM in the memory map. When EEON =1
(erasad state), the EEPROM is enabled. When EEON = 0, the EEFROM is disabled and out of the
memary map. EEON is reset to the value last programmed into COMNFIG. An on-chip charge pump de-
velops the high voltage required for programming and erasing. When the E clock is less than 1 MHz,
select an internal clock. This drives the EEPROM charge pump by wriing a one to the CSEL hitin the
OPTION reqgister.

The PPROG register controls the programming and erasing of the EEFPROM. To erase the EEFROM,
complete the following steps using the FFROG register:

1. Write to PFROG with the ERASE, EELAT, and appropriate BYTE and ROW hits set.

2. Write to the appropriate EEPROM address with any data. Row erase only requires a write to
any location in the row. Bulk erase is accomplished by writing to any location in the amay.
Write to PPROG with ERASE, EELAT, EEPGM, and the appropriate BYTE and ROW bits set.
Delay for 10 ms or more, as appropriate.

Clear the EEPGM kit in PPROG to turn off the high valtage.

Clear the PPROG register to reconfigure the EEPROM address and data buses for normal op-
aration.

o m o

To program the EEPROM, complete the following steps using the PPROG register:

1. Write to PPROG with the EELAT hit set.

2. Write data o the desired address.

3. Write to PPROG with the EELAT and EEFGM bits set.

4. Delay for 10 ms or more, as appropriate.

5. Clear the EEPGM bit in PPROG to turn off the high valtage.

6. Clearthe PPROG register to reconfigure the EEPROM address and data buses for normal op-
aration.

PPROG — EEFROM Frogramming Control $103B
Bit 7 B 3 4 3 2 1 Bit0
| ooo | EvEN | 0 | BYTE | ROW | ERASE | EELAT | EEPGM |
RESET: 0 0 0 0 0 0 0 0

ODD — Program Odd Rows in Half of EEPROM (TEST)
EVEM — Program Even Rows in Half of EEFROM (TEST)

BYTE — Byte/Other EEPROM Erase Mode
The BYTE bit overrides the ROWY hit.
0 = Row or bulk erase mode is used
1 = Erase only ang byte of EEFROM

ROW — Row/all EEFROM Erase Mode
The ROW hit is only valid when BYTE = 0.
0 = All 512 bytes of EEFROM are erased
1 = Erase only ong 16-hyte row of EEFROM

BYTE ROW Action
0 0 Bulk Erase (All 512 Bytes)
0 1 Row Erase (16 Bytes)
1 0 Byie Erase
1 1 Byite Erase
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ERASE — Erase/Normal Confrol for EEFROM
(0 =Normal read or program mode
1 = Erase mode

EELAT — EEPROM Latch Control
( = EEPROM address and data bus configured for normal reads
1 = EEPROM address and data bus configured for programming or erasing

EEPGM — EEFROM Program Command

(0 = Programming or erase voltage switched off to EEPROM amay
1 = Programming or erase voltage switched on to EEFROM array

CONFIG — COP, ROM, EEPROM Enables $103F
Bit 7 B 3 4 3 2 1 Bit0
0 0 0 0 NOSEC | NOCOP | ROMON | EEON
RESET: 0 0 0 0 — — — —
NOTE

The bits of this register are implemented with EEFROM cells. Programming and
erasing follow normal EEPROM procedures. The erased state of CONFIG is S0F.
A new value is nof readable until after a subsequent reset sequence. CONFIG can
anly be programmed or erased in special modes.

NOSEC —EEPROM Security Disable

NOSEC has no meaning unless the security mask option was specified before the MCLU was manufac-
fured.

0 = Security enabled (availahle as 2 mask option on MCGBHC11A8 only)
1 = Security disabled

NOCOP — COF system disable
Refer to 3 Resets and Interrupts.

ROMON — ROM Enable
Refer to 2 Operating Modes and Memory Maps.

EEON — EEPROM Enahle

( =EEPROM is removed from the memory map
1= EEPROM is present in the memory map
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5 Parallel Input/Output

The MCGEHC11A8 has up to 38 input/output ines, depending on the operating mode. Port A has three
input-only pins, four output-only pins, and one bidirectional VO pin. Port A shares functions with the tim-
er system.

FPort B is an 8-hit output-only port in single-chip modes and is the high-order address in expanded
modes.

Port C is an 8-hit hidirectional port in single-chip modes and the multiplexed address and data bus in
expanded modes.

Faort D is & 6-bit bidirectional port that shares functions with the serial systems.
Faort E is an 8-hit input-only port that shares functions with the A/D system.

Simple and full handshake input and output functions are available on ports B and C lines in single-chip
mode. A description of the handshake functions follows.

In port B simple strobed output mode, the STRE output is pulsed for two E-clock periods each time there
is a write to the PORTE register. The INVE hitin the PIOC register controls the polanty of STRE pulses.

In port C simple strobed input mode, port C levels are laiched into the alternate port C latch (FORTCL)
register on each assertion of the STRA input. STRA edge select, flag and interrupt enable bits are lo-
cated in the PIOC register. Any or all of the port C lines can still be used as general purposs 1O while
in strobed input mode.

Faort C full handshake mode involves port C pins and the STRA and STRB lines. Input and output hand-
shake modes are supported, and output handshake mode has a three-stated varation. STRA is an
edge detecting input, and STRE is a handshake output. Control and enable bits are located in the PIOC
register.

In full input handshake mode, the MCU uses STRE as a “ready” line to an external system. Port C logic
levels are latched into FORTCL when the STRA ling is asserted by the external system. The MCLU then
negates STRB. The MCU reasserts STRE after the PORTCL register is read. A mix of latched inputs,
stafic inputs, and static outputs is allowead on port C, differentiated by the data direction bits and use of
the PORTC and PORTCL reqgisters.

In full output handshake mode, the MCLU writes data to PORTCL, which in furn asseris the STRE output
toindicate that data is ready. The external system reads port C (the STRB outout) and asserts the STRA
input to acknowledge that data has been received.

In the three-state variation of cutput handshake mode, lines intended as three-state handshake outputs
are configuraed as inputs by clearing the corresponding DDRC bits. The MCU writes data to PORTCL
and assers STRE. The external system responds by activating the STRA input, which forces the MCU
to drive the data in PORTCL out on all of the port C lines. This mode variation does not allow part of
part C to be usead for static inputs while other port C pins are being used for handshake outpuis. Refer
to the PIOC register description.

PORTEB — Port B Data $1004
Bit 7 B 5 3 2 1 Bit O
(== FE& PBs PB3 FEZ PB1 | =11
5. Chip
or Boot: PBT FEE PBsS PB3a PBEZ PB1 PB0
RESET: a o i} a o o u]
Expan. or
Test: ADDR1S ADDR14 ADDR12 ADDR12 ADDR11 ADDR10 ADDRS ADDRE

PORTE — Port E Data $1004
Bit ¥ & 5 3 2 1 Bit 0
FPET FEG PES PE3 FEZ PE1 | FEQ
RESET: U W U L u L u
Alt. Pin
Func.: AMNT AMG AMS AMG AMZ AM1 AMD
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10 Analog-to-Digital Converter

The AD converter system uses an all capacitive charge redistribution technique to convert analog sig-
nals to digital values. The MCGEHC 1148 A/D system is an 8-channel, 8-bit, multiplexed-input, succes-
sive-agpproximation converter and is accurate to £1 least significant bit (LSB). |t does not require
external sample and hold circuits hecause of the type of charge redistribution technigue used.

Dedicated lines Vg4 and Vg provide the reference supply voltage inputs. Refer to the A/D converter
block diagram.

A multiplexer allows the single A/D converter to select one of 16 analog signals, as shown in the ADCTL
register description.

— = Vi
88T CAPACITIVE DAC
WITH SAMPLE AND HOLD
e Vg

L

FED

L

SUCCESSIVE APPROMIMATION
RIEGISTER AND CONTROL

~

3 RESULT

ENALOG AAAA A A
MU

F. N

INTERNAL
DATA BUS

AAAAA

: AAA

5 (=] =

| 48] Ll L

ADCTL ATDCONTAOL |t

GoF |
MULT -
7
CB

4

|23) |28) (23] (28] (28] |28) (28] |2

Y YYYYYY

RESLLT REGISTER NTERFACE
ADAT A/D RESULT 1 ADR2 AT RESLLTZ ADR3 AT RESILTI ADR4 ADRESULT 4

7

ES AL BICK

Figure 13 A/D Converter Block Diagram
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ECLOCK
L1y 1)
| | NEB |ETE~|ETE-|ET-1|ET3 ET2|ET1|LSE 2
12 ECYCLES 4 2 2 2 2 2 2 2 CYC

- CYCLES CYC ' CYC 'CYC 'CYC ' CYC ' CYC ' CYC | END —
a L— SAMPLE AMALOG MPUT —bL— SUCCESSNVE APPRONMATION SEQUENCE SI
= s E
T I W
E 1 e " - E,
! L 2 g
' - -
| COMVERT FIRST - " COMVERT SECOMND COMVERT THIRD COMVERT FOURTH |
CHAMMEL, UPDATE CHANMEL, UPDATE CHAMMEL, UPDATE CHAMMEL, UPDATE | I_I

0 ADA 32 ADR2 B4 ADR3 a5 ADR4 128 — E CYCLES

A OO EEROR TIM
Figure 14 A/D Conversion Sequence
ADCTL — AD Control/Status $1030
Bit 7 & 5 4 3 2 1 Bit 0
CCF o SCAN MULT cD cC cB | CA
RESET: U o U L L U L U

CCF — Conversions Complete Flag
Set after an AD conversion cycle. Cleared when ADCTL is written.

SCAN — Continuous Scan Control
0 = Do four conversions and stop
1 = Convert four channels in selected group continuously

MULT — Multiple ChannelfSingle Channzl Control
0 = Convert single channel selected
1 = Convert four channels in selected group



CD-CA — Channel Select D through A

Table 10 A/D Converter Channel Assignments

Channel Select Control Bits Channel Result in ADRx if
CcD CC CB CA Signal MULT =1
] 0 0 ] AND ADR1
] 0 0 1 AN1 ADR2
] 0 1 ] ANZ ADR3
] 0 1 1 ANZ ADR4
] 1 0 ] Ahg* ADRA
] 1 0 i AME* ADR2
] 1 1 ] AME* ADR3
] 1 1 i ANTH ADR4
1 ] X X Reserved ADR1-ADR4
1 1 0 ] Van™ ADRA
1 1 0 i V™ ADR2
1 1 1 0 (WVppia™ ADR3
1 1 1 1 Resered™ ADR4

* Mot available in 48-pin package

**Jzed for factory testing
ADR1-ADR4 — A/D Results $1031-51034
Bit 7 & 5 4 3 2 1 B0
210 Bit 7 & 5 4 3 2 1 B0 ADR1
31032 Bit 7 & 9 4 3 2 1 B0 ADR2
21023 Bit 7 & 9 4 3 2 1 B0 ADR3
21024 Bit 7 & 9 4 3 2 1 B0 ADR4
Table 11 Analog Input to 8-Bit Result Translation Table
Bit 7 6 3 4 3 2 1 Bit0
oy (1] 90% 25% 125% | 6.25% 3.12% 1.56% 0.75% 0.35%
yiolke 121 2.500 1.250 0.625 03125 | 01562 | 0.0781 | 0.0381 | Q0155
(1) o of Vrr—VRL 2} Ve =00V, Vry=50V
OPTION — System Configuration Options $1039
Bit 7 B 3 4 3 2 1 Bit0
| ADPU | CSEL | IRQE" | DLY™* | CME | 0 | CR1* | CRO* |
RESET: 0 0 ] 1 ] 0 0 0

*Can be written only once in first 84 cycles out of rezet in normal modes, or any time in special modes.

ADPU — A/D Power Up
0 = A/D Converter powerad down
1 = A/D Converter powered up

CSEL — Clock Select
0 = A/D and EEPROM use system E clock
1 =A/D and EEFROM use internal RC clock



APPENDIX B: LISTING FILE AND SOURCE CODE

File LINEPR~1_ASM p By ASM11

4:11 pm]

OCO~NOURAWNE

13 B613:
14 B615:
15 B618:

17 B61A:
18 B61C:
19 BG61F:
20 B621:

22 B623:
23 B625:
24 B628:
25 BG62A:

27 B62C:
28 B62E:
29 B631:
30 B633:

32 B635:
33 B637:
34 B638:
35 B63A:

B600:
B602:
B605:
B607:
B60A:

B60C:
10 B6OE:
11 B611:

B600

8680
B710
8630
B710
8D29

8660
B110
2310

8630
B110
2412

860A
B710
8D14
20E9

8609
B710
8D0B
20EO

8606
B710
8D02
20D7

C6FF
5A
26FD
39

39

30
(B635)

JOIWNN WORN WOARAN WORAN WHAN WHAN OLRNAN

32
(B623)

33
(B620)

04
(B635)
(B60C)

04
(B635)
(B60C)

04
(B635)
(B60C)

(B637)

I LU LU 1
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v1.84d [Tuesday, March 20, 2006

AGAIN

STR

LEFT

RIGHT

DELAY
LAGI

ORG

LDAA
STAA
LDAA
STAA
BSR

LDAA
CMPA
BLS

LDAA
CMPA
BHS

LDAA
STAA
BSR
BRA

LDAA
STAA
BSR
BRA

LDAA
STAA
BSR
BRA

LDAB
DECB
BNE
RTS

$B600

#$80
$1039
#$30
$1030
DELAY

#$60
$1032
LEFT

#$30
$1033
RIGHT

#$0A

$1004
DELAY
AGAIN

#$09

$1004
DELAY
AGAIN

#$06
$1004
DELAY
AGAIN
H#SFF

LAGI

ROM $B600

Summary $B600

$B63A $003B
$B63A $003B

AGE

REPORT

OVERALL M E

MORY

USAGE



Total RAM size: 0
Total CODE size: 59
instructions)

Total DATA size: 0
Total IMAGE size: 59
Lowest address : 46592
Highest address : 46650
Address Range : 59

100.00%)

Number of INCLUDE files: O

$0000
$003B

$0000
$003B

$B600
$B63A
$003B

0.00 KB
0.06 KB

0.00 KB
0.06 KB

0.06 KB

Assembled 35 lines (No Errors, Warnings: 0)

27

(Used Range:

*** End of LINEPR~1.ASM listing ***
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AGAIN

STR

LEFT

RIGHT

DELAY
LAGI

ORG

LDAA
STAA
LDAA
STAA
BSR

LDAA
CMPA
BLS

LDAA
CMPA
BHS

LDAA
STAA
BSR
BRA

LDAA
STAA
BSR
BRA

LDAA
STAA
BSR
BRA

LDAB
DECB
BNE
RTS

$B600

#$80
$1039
#$30
$1030
DELAY

#$60
$1032
LEFT

#$30
$1033
RIGHT

#$0A

$1004
DELAY
AGAIN

#$09

$1004
DELAY
AGAIN

#$06
$1004
DELAY
AGAIN
H#SFF

LAGI

APPENDIX C: ASM FILE

74



75

APPENDIX D: BASIC CONNECTION OF BOOTSTRAP MODE

=

I

Y
L R20UT 22

D—% PA7/PAI/OCL VDD 2? D—g TLIN R2IN tg 3DB9
O—37 PA6/OC2/0C1 PD5 252 0—J RIOUT  T20UT 7 2DB9
O—,— PA5/0C3/0C1 PD4 =0 T B RIN V-5
C—z— PA4/0C4/0C1 PD3 72 =g O—¢ T10UT C2- |5
O—¢— PA3/0C5/0C1 PD2 =10 -0 7~ GND C2+ =14
O—— PA2iic1 PD1 >0 5| vce V+C1l) 3o
O—g PALIC2 PDO 71 "‘A O—g (vH)C1+ C1(Cl+) 35X
O—73 PAO/IC3 IRQ ——s GND V-(C2+) Ot

9 40 = 10 11
O—j5] PB7/A15 XIRQ [3g -0 (V-)C2+ C2+(C2-) -
O—37 PB6/AL4 RESET 33
O—5 PBS/AL3 PC7IA7/DT 57— MAX233
O—=5- PB4/A12 PC6/A6/D6 3 1
O—37 PB3/ALL PC5/A5/D5 31
O—7z PB2/A10 PC4/A4ID4 5,1
*—i6| PBL/A9 PC3/A3/D3
O—37 PBO/A8 PC2/A2/D2
C—7g| PEO/ANO PC1/A1/D1
O—J9 | PEVANL PC0/A0/DO
O—55 PE2/AN2 XTAL <o
O—57 PE3/AN3 EXTAL
0—55- VRL STRB/R/W

53| VRH E
*—5a | VSS STRA/AS
= MODB/VSTBY MODA/LIR

68HC11A1

N l
-
< o
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APPENDIX E: CD CONTENT
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