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ABSTRACT

In the industry, carriers are required to carry products from one manufacturing
plant to another which are usually in different buildings or separate blocks.
Conventionally, carts or trucks were used with human drivers. Unreliability and
inefficiency in this part of the assembly line formed the weakest link. The project is to
automate this sector, using carts to follow a line instead of laying railway tracks which
are both costly and an inconvenience. This project using MC68HC11 as a main
component to build a line following robot that can follow a single line which is can
solve that entire problem. Motor control was performing with servo-motor and all the
wiring was done using wire wrap. Line following robot can be easily design by using
concept on and off but this type of design will make robot follow a line smoothly and
sometimes robot tends to move out of track. To overcome this problem we try to using

more sensors to get an accuracy input.



Vi

ABSTRAK

Dalam pekerjaan industri, produk perlu dibawa dari suatu kilang pembuatan
kepada yang lain dan biasanya merupakan blok-blok bangunan yg berlainan ataupun
bilik yang berlainan. Secara konvensional, kereta-kereta atau trak-trak digunakan
bersama dengan pemandu. Sikap tidak boleh dipercayai dan tidak cekap dalam bahagian
ini dalam barisan pemasangan akan mengakibatkan terbentuknya hubungan paling
lemah. Projek itu adalah bagi mengautomasikan sektor, menggunakan kereta-kereta
untuk mengikut satu garisan daripada landasan kereta api di mana harga kedua-duanya
adalah mahal dan tidak berpatutan. Projek ini menggunakan MC68HC11 sebagai
komponen utama untuk membina satu ‘following line robot’ yang boleh mengikuti satu
garisan dan sekaligus dapat menyelesaikan keseluruhan masalah tersebut. Kawalan
motor beroperasi menggunakan motor servo dan semua pendawaian telah dibuat
menggunakan balutan dawai. ‘Line following robot’ boleh direka dengan mudah
menggunakan konsep ‘buka & tutup’ tetapi reka bentuk jenis ini membuat robot tersebut
tidak mengikuti garisan dengan lancar dan kadangkala robot cenderung beralih daripada
trek asal. Untuk mengatasi untuk mengatasi masalah ini kita cuba untuk menggunakan

lebih pengesan untuk mendapat satu input yang lebih tepat.
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REGS
PORTE
portB
ADCTL
OPTION
ADD1
ADD2
ADD3

main

init

stabilize

APPENDIX A

Source Code

EQU $1000
EQU $10
equ %4
EQU $30
EQU $39
EQU $31
EQU $32
EQU $33
org $b600
jsr init
jsr  sensor
Jjsr  main
LDX #REGS
LDAA #$80
STAA OPTION,X; turn A/D on
LDY #30 ; delay for 105 microseconds for

JSR DELAY105a
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LDAA #$30 : select PEO,MULTI channel

STAA ADCTL,X ; setup A/D
RTS

sensor LDX #REGS
LDAB ADD1,x
CMPB #SFF
BGE output
LDAB ADD2,x
CMPB #SFF
BGE output
LDAB ADD3,x
CMPB #SFF
BGE output
jsr DELAY105a
CMPA #$31
BLS not
RTS

output Idaa #3

staa portB,x



jsr DELAYFAN

rts
DELAYFAN PSHY

PSHX

LDY #$E4
REPEATA LDX #$3FFC
REPEATB DEX

BNE REPEATB

DEY

BNE REPEATA

PULX

PULY

RTS

not bra main

DELAY105a DEY
BNE DELAY105a
RTS
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APPENDIX B

Picture of Robot
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APPENDIX C
Datasheets MC68HC11

MOTOROLA Order this document

mu SEMICONDUCTOR s ———

TECHNICAL DATA
MC68HC11A8
MC68HC11A1
MC68HC11A0Q

Technical Summary

8-Bit Microcontrollers

1 Introduction

The MCEEHCT 1AR, MCEAHC11A1, and MCE3HC 1 1AD high-performance microcontroller units (MCUs)
are based on the MEBHC11 Family. These high speed, low power consurnption chips have mulfiplexsd
buses and a fully staic design. The chips can operate at frequencies from 3 MHz o do. The three MCLs
are created from the same masks; the only differences are the value stored in the COMFIG register, and
whether or not the ROM or EEPROM is tested and guarantesd.

For detailed mformation about specific charactenstics of these MCU's, refer to the MESHC 11 Reference
Manual [MEEHCT1IRMIAD).

1.1 Features
- MB3HC 11 CPU
= Power Saving STOP and WAIT Maodes
- B Kbytes ROM
» 512 Bytes of On-Chip EEPROM
» 256 Bytes of On-Chip RAM (All Saved During Standby)
» 16-Bit Timer System
— 3 Input Capture Channels
— 5 Qutput Compare Channels
= B-Bit Pulse Accurmulator
» Real-Time Intermupt Circuit
= Computer Operating Properly (COP) Watchdog System
= Synchronous Serial Peripheral Interface (SP1)
= Asynchronows Nonretum to Zero (NRZ) Senal Communications Interface (SCI)
» B-Channel, 5-Bit Analog-to-Digital (A/D) Converter
= 38 General-Pupose Input/Output (1/0) Pins
— 15 Bidirectional 110 Pins
— 11 Input-Only Pins and 12 Output-Only Pins (Eight Output-Only Pins in 48-Pin Package)
= Availabde in 48-Pin Dual In-Line Package (DIF) or 52-Pin Plastic Leaded Chip Camrier (PLCC)



Table 1 MCBEHC11Ax Family Members

Device Humber ROM EEPROM RAM CONFIG COomments
MCEEHC 1143 E 512 156 50F Family bullt arownd this gevice
MCSEHS 1141 ] 512 156 S0 ROM disabled
MCHEHG 1180 ] ] I5E IC ROM and ECPRCM disagled
Table 2 Ordering Information
Fackage Temperaiure CONFIG Descripiion MC Cwrdar Humbsar
43-Pin Plastic DIP —A0°ta # BEFC 50F BUFFALD ROM MCSEHC11ABPT
7 Suhd) —alFto # B5°C 500 Mo ROM MCESHCT1ATP
—40°10 + 105°C SO0 Mo ROM MCEEHC T 1ATVE
-0 + 125°C 50D Mo ROM MCEEHCT1ATMP
—40°ta # B5°C 509 Mo ROM, COP On MCEEHCP11ATR
—40°1o + 105°C 509 MO ROM, COP On MCEGHLPT1ATYE
—40°D + 125°C 509 Mo ROM, COP On MCESHCP11A1MP
—4Fta # B5FC 50C Mo ROM, Mo EEPROM MCESHCT1ADP
52-Pin PLCC =g # B5C 50F BUFFALD ROM MCEAHC11ABFN1
{FN sy —A0Fta + B5°C 500 Mo ROM MCEEHC11A1FN
—40°10 + 105°C S00 MO ROM MCGEHGT 1ATVEN
—40°to + 125°C 50D Mo ROM MCESHCT 1A TMFN
—A0°ta # BEFC 509 Mo ROM, COP On MCSEHCPT1ATFN
—40°1D + 105°C 509 Mo ROM, COP On MCEEHCP11ATVFN
—40°0 + 125°C 509 Mo ROM, COP On MCEIHCP11AIMFN
—AFta £ 65°C SO0 MO RO, Mo EEPROM || MGBEHCT 1ADFH
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Figure 1 MCEEHC11A8 Block Diagram
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10 Analog-to-Digital Converter

The A/D converter system uses an all capacitive charge redistribution technigque 1o convert analog sig
nals to digital values. The MC33HC1 148 AD system is an B-channel, B-bit, multiplexed-input, succes
sive-approximation converter and is accurate to +1 least significant bit (L3B). It does not reguin
external sample and hold circuits becawse of the type of charge redistribution technique wsed.

Dredicated Fnes Vg and Vg provide the reference supply voltage inputs. Refer to the A'D converte
block diagram_

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

[ Ve
BEIT ARG TIVEDAC
WITH SAMPLE AND HOLD
T D
=
e SUCCESENE AFTROXMATON
— e
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e BESLT
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Figure 13 A'D Converter Block Diagram



:

B4
| | ] WiE BT | BT S| BT+ | BT 3| BT E':ghldf EA
o | TEECIELE oaed lomloelocl ol ol oe 1o (&0 _
g SANFLE AN LG NPT SUCCETENE AFFHIMATON SEQUENCE ;
L= | e i
- o -
e L 2]
1 - -
* : . - = g
; IOTE = H
1 bt =
; e
| COMVERT RRST =~ COMVERT 520D CXNVERAT THIFD COMVERT FOLFATH
CHAMNMEL, LFDATE [ CHAMMEL, LFDRTE CHAMMEL, LFDATE CHANMEL UIFDATE ||—I
i A1 | AR B4 A3 96 AR 18 = E GVOES
s s e £ T
Figure 14 A/D Conversion Segquence
OFFUSONPOLY
u ™ COUPLER
ot — S E
R l ¢ <3N - ] Z4H0
-2 pE =T =17 oL |
bl ot 1 10 nA w
DAY N-CHANREL JUMCTICH CRAPRCITANCE
LEMNAE
T CUTRUT CEWCE
PROTECTION
EWE = ¥,
AL
* THIS AMALOGE SWITCH £5 CLOSED (LY DUFING THE 12-CV0LE SAMPLE THE.
AL T .
Figure 13 Electrical Model of an Analog Input Pin (Sample Mode}
ADCTL — A/D Control' Status 1030
Bt 7 1 5 4 3 2 1 Bita
[ coF | D SCAM | MULT | oo | oo | cE | ca |
RESET: [0} 1] u u u u u u

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

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

MULT — Muliple Channel’Single Channel Control
0 = Convert single channel selected
1 = Convert four channels in selected group



CD-CA — Channel Select D through A

Table 10 AID Converter Channel Assignments

Channal $slsct Control Blte Channel Result In ADRx i
CD CC CcB Ca Shgnal MULT=1
1] 1] o o AND ADR1
[1] [1] o 1 AN ADR2
1] 1] 1 o ANZ ADR3
o o AMN3 ADRA
o 1 b b AN4T ADR1
o 1 o ANE ADR2
o 1 b ANE ADR3
o 1 ANT ADR4
1 o Fesened ADR1-ADR4
1 1 b b V™ ADR1
1 1 o V™ ADR2
1 1 1 0 Vel ADR3
1 1 1 1 Resened™ ADR4

* Mot avallasle In 45-pin package
**Used for factory testing

ADR1-ADR4 — A'D Results $1031-51034
Bit 7 g ] 4 3 2 1 Bit0
103 Eit7 5 4 3 2 1 Bitd ADRA
1032 Bit 7 g ] 4 3 2 1 Bit0 ADR2
31033 Eit7 g 5 4 3 2 1 BitD ADR3
31032 Bit7 [ ] 4 3 2 1 Bit0 ADR2

Table 11 Analog Input to 8-Bit Result Translation Table

BRT £ 5 4 3 2 1 BAD
P 0% 75% | 125% | 625% | 3.12% | 1.56% | O.76% | D.O5%
Volis @ 2500 | 1250 | D625 | D.3125 | 01562 | OOFET | 00391 | 0.01%5
ey o Vg gy Biygy = 0.0V, Vgy= 50V
OPTION — System Configuration Options $1039
Bit 7 6 5 4 3 2 1 Bit O
[aoPu | ceec | mee | our | oume 0 | car | cRr |
RESET: 0 ] i 1 i 0 ] i

“Can be wiithan only once In first 64 cycles out of reset In noimal modes, or amy tme In speclal modes.

ADPU — AD Power Up
0= AD Converter powered down
1 = A'D Converter powered up

CSEL — Clock Sebect

0= AD and EEPROM use system E clock
1 = A'D and EEPROM use intemal RC diock

IRGE — TRT Select Edge Sensitive Only
Refer to 3 Resets and Interrupts.

DLY — Enable Oscillator Start-Up Delay on Exit from STOP
Refer to 3 Resets and Interrupts.

CME — Clock Monitor Enable
Refer to 3 Resets and Interrupts.

CR1, CRD — COP Timer Rate Select
Refer io 3 Resets and Interrupts.
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APPENDIX D

Datasheets LM324

LM324, LM324A, LM224,
LM2902, LM2902V, NCV2902

Single Supply Quad
Operational Amplifiers

The LM324 series are low-cost, quad operational amplifiers with
true differential inpuis. They have several distinet advantages over
standard operational amplifier types in single supply applications. The
quad amplifier can opersie &t supply voltages s low as 30 Vor s
high s 32 ¥V with quiescent currenis shout one-—fifth of those
ssaocisted with the MC1741 {on a per amplifier hasis). The commaon
msde input range includes the negative supply, thereby eliminating the
nacessity for external hissing components in many applications. The
ouiput voltage range also includes the negative power supply voltage.

Features

Ehort Circuited Protected Outpuis

True Differential Input Stage

Single Supply Operstion: 30W 10 32V

Low Input Bias Currents: 100 nA Maximum (LM3244)

Four Amplifiers Per Package

Internally Compensaied

Commaon Maode Range Exiends to Negative Supply

Industry Standard Pinouis

ESD Clamps on the Inpuis Incresse Ruggedness without Affecting
Device Operation

KCW Prefix for Avtomodive and Other Applications Reguiring Site
md Conirol Changes

Ph-Free Packages ane Awailable

ON Semiconductor®
nttp:.-.-unaeml.m ) |!
POIP=14

N BUFFIX
CASE&28

S0IC-14
14 D SUFFD
CASE 7814

TEE0P=14
OTB SUFFIX
CASE 224G

FIN CONNECTIONS

A=

Qut 1[T] %] st 4
ez 2 (] Ve GME

s ﬁg}

et 2[7] 8] Qut 2

e ViEw)

ORDERING INFORMATION

Sao denalid ordients] nd ShpEIng IVoMTa%tn [N pateage
dmeardions sacion on page 10 of this data sheet

DEVICE MARKING INFORMATION
Sa gerwnal maMng IroTaskn in e dedoe mamng
Bl b O g 12 of This cata sheet )



LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

MAXIMUM RATINGS [Ty = + 25 C, unless afaraise noted)

Rating Symibol Valus Unit

Wde

=33 e
w3 232 Wda

rput Differan Sal Viatage Rangs [Naa 1)

rput Camman Madea Valtags Range

Output Shiart Cincauit DuraSian fac Coon frucus

Junchian Tamparstuns (Mot ) Ta 1850 o =

Tharmal Retatancs, unchane=ta=Ar [Maa 3) Caze B8 Raue 118 T
Casa 7514 158
Cass 5805 180

Sorags Tampérsturd Rangs =88 15 +150 *C

ESD Prad 1 & any Pin Vaas K
Hunan Bady Mada 2000
Maching Madal 20110

Oparatng Ambant Tamparsiure Aangs Ta *C

LM22s =254 405
LW32s, 32ap 0 %+ 710
Lwagnz =20 43 4108
L2508, NCV2E0D (Mate ) =20 43 #1258

Straceas sxcaadng Madmum Rangs may damags $a dedvics. Madm
rmandad Operating Condifiant i nat implied. Bxdandad axpaturs i3 &

Asfings are sirass rafings only. Funciianal aparasian sba
é Hasammandad Oparating Candifiant may

tags
valuafion baard with 1 0z, cappér frases af minimum pad size. Al devics ouipuis ware actve
Vi L.

Alll Ry g rrodst Surdrmén 8 mia.de
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APPENDIX E
Datasheets L293 D

SLRS008C — SEFTEMEBER 1886 — REVISED NOWVEMBER 2004

® Featuring Unitrode L293 and L293D L283 ... N OR NE PACKAGE
Products Now From Texas Instruments ugaoﬁégilmKAGE
® Wide Supply-Voltage Range: 4.5V to 36 V )
® Separate Input-Logic Supply 1.2EN |4 18 [] Vet
® |nternal ESD Protection 1A Q2 15[ 4A
- 1Y ]2 14 [] 4Y
Thermal Shutdown HEAT SINK AND iP 1af] HEAT SINK AND
® High-Noise-lmmunity Inputs GROUND 1B 12 ] GROUND
® Functionally Similar to SGS L293 and 2y [J& 1] ay
SGS L293D a2a ()7 1] 34
® Output Current 1 A Per Channel Veesz (|8 ¢l 34EN
(600 mA for L293D)
® Peak OQutput Current 2 A Per Channel L2s3 "tirg;vslz:;‘,?KAGE
(1.2 A for L293D) —
® Qutput Clamp Diodes for Inductive 1.2EN[]1 2811 Ve
Transient Suppression (L293D) 1A (]2 27(] aa
1y [] 3 28] 4y
descriptionf/ordering information Ne ] 4 25(] NE
The L293 and L2830 are quadruple high-current ESE 2 i; % :g
half-H drivers. The L2893 is designed to provide i- 22[]
bidirectional drive currents of up to 1A at voltages HEAT SINK AND & 21 HEAT SINK AND
from 4.5 V to 36 V. The L293D is designed to GROUND Eg 2:1] GROUND
provide bidirectional drive currents of up to ( I
BOO-mA at voltages from 4.5 V to 36 V. Both NC [ 1o 12‘3 NG
devices are designed to drive inductive loads such NC ] 1 18l NG
as relays, solenocids, dc and bipolar stepping 2y [f12 1708y
motors, as well as other high-current/high-voltage 2a[f12 18] 34
loads in positive-supply applications. Veez[] 14 15]] 3.4EN

All inputs are TTL compatible. Each output is a

complete totem-pole drive circuit, with a

Darlington transistor sink and a pseudo-

Darlington source. Drivers are enabled in pairs, with drivers 1 and 2 enabled by 1,2EN and drivers 3 and 4
enabled by 3 4EN. When an enable input is high. the associated drivers are enabled, and their outputs are active
and in phase with their inputs. When the enable input is low, those drivers are disabled, and their outputs are
off and in the high-impedance state. With the proper data inputs, each pair of drivers forms a full-H (or bridge)
reversible drive suitable for solencid or motor applications.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
Ta PACKAGET PART NUMBER MARKING
HEOP (DWP) Tuba of 20 L223DWP L223DWP
POIP (M) Tube of 25 283N 283N
050 18 TS
Tube of 25 L283NE L283NE
POIP (NE)
Tuba of 25 L223DNE L2830NE

T Package drawings, standard packing guantities, thermal data, symbaolization, and PCR design guidelines are available at
www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductar praducts and disclaimers themets appears at the end of this data sheet.

FRODUCTION DATA indormafion & corrend as of publicaion date.
Producty = b sprafications per the Rrma of Bxas hstrusents H
sandard varranty_Production pocessing des no recesmrily inchude TEXAS

feating of all prrameters_
INSTRUMENTS

POST OFFICE BOX 855303 * DALLAS, TEXAS 75285 1

Copyright © 2004, Testss Instruments |nconporated



descriptionfordering information (continued)
On the L2893, external high-speed output clamp dicdes should be used for inductive transient suppression.
ANpq terminal, separate from Vs, is provided for the logic inputs to minimize device power dissipation.

The L293and L2930 are characterized for operation from 0°C to 70°C.

block diagram

Veed
i__r——————— —'I
DJ_|1 16 |
| (
2 |
1_ 15 -1
ol iy
| ! |
—‘H'—"—H-j |3 14 |
= —4 13 Il—
(Q@ 1:—{ 5 12 —=
= I | =
[ 11 |
= |
1
;I‘_Lrl? w0l |
| (
|
8 9] 1
rll_ _________ .IJt ]
2 - ]
Veez
NOTE: Cutput dicdes are internal in L2330,
FUNCTION TABLE
(esach driver)
nNPUTST OUTPUT
A EN Y
H o H
L # L
X L z

H = high lawvald, L = ko leval, X = Eralavant,

Z = high impedance (off)

Tin the thermal shutdown mode, The oulput &
in the high-impedance stale, regardiess of
Eha input Wals

{? Texas

INSTRUMENTS

i SOET OFFCE B0 BN @ DAL AL TENAR TEed



recommended operating conditions

MIN  MAX | UNIT
Voo 45 7
Su roltag s
PeIyoege Vees Vogr 38
_ ) Voo sTV 2.3 Vo W
ViR High-laval input voltage Vagt 2TV 23 E v
WL Low-level output voltage =0.3T 15 W
TA Cperating free-air temperature 0 70 =C

T The algabraic convantion, in which the least positive (mast nagative) designated minimum, is used in this data sheat for logic voltaga lavals.

electrical characteristics, Voo =5V, Vpoga =24 V, Ty = 25°C

PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIT
L283: lgpy=-1A
Vo High-laval autput voltage L2830 I%I:1=—C.EA Vopa=18 Vops=14 W
L2683 oL =1A
i i lava] o st ) A i
VoL Loww-leval autput voltage L283D: InL = 0.6 A 1.2 18 W
VokH  High-level output clamp voltage L2830 gk =-0.6 A Vepz+ 1.3 W
VoKL Levw-leval autput clamp valtage L2830 Igg =06 A 3 W
0.2 104
| High-level input current V=TV A
IH 9 P EN ! 02 10| ¥
| Low-level = V=0 = 0
IL w-laval input current N =0 2 m
All cutputs at high level 13 22
oo Logic supply currant lo=0 All autputs at low level 35 60 i
All autputs at high impedance B 24
All autputs at high level 14 24
lops Cutput supply current Ig=0 All gutputs at low lewal 2 & mé
All autputs at high impedance 2 4
switching characteristics, Vec1 =5V, Vo2 =24 V, Ty = 25°C
PARAMETER TEST CONDITIONS L293NE, L293DNE UNIT
MIN T™YP  MAX
tpLH Propagation delay time, low-to-high-level output from A input 800 ns
tpHL  Propagation delay time, high-to-low-level autpat fram A input CL=30 pF Ses Figure 4 400 ns
fTLH  Transition time, kw-to-high-level autput 300 ne
tyHL  Transition time, high-to-low-level output 300 ns
switching characteristics, Vg1 =5 V. Vog2=24 V, Ty = 25°C
L283DWP, L293N
PARAMETER TEST CONDITIONS L293DN UNIT
MIN  TYP MAX
tpLH Propagation daelay tima, low-ta-high-level autput fram A input 750 ns
tpyL  Propagation delay time, high-to-low-level autput from A input € =30 pF, See Figure 1 200 ne
tyLH  Transition time, kw-ta-high-level output 100 ng
tTHL  Transition time, high-to-low-level output 350 ng
3 1
EXAS
INSTRUMENTS
POST OFFICE BOX 855303 ® DALLAS, TEXAS 75235 5



1293, L293D
QUADRUPLE HALF-H DRIVERS

SLRS00EC - SEPTEMBER 1885 - REVISED NOVEMBER 2004

APPLICATION INFORMATION

L1/IL2 = 300 mA

ci L 293 16
022 0F T ! 0 Vees
2 15
b5 p1 L \+/L A\+/ DB D4 —
3 14
4 13
Vegp O—% U ? Tim 5 g L2 ngu
T s "
AN 7/\ -,
7| £ — |10 1
’—H—'ﬁ Sl [0 b7 D3 =
D& D2 = l_

D1-D8 = BES5001

Figure 6. Bipolar Stepping-Motor Control

mounting instructions

The Rthj-amp of the L2893 can be reduced by soldering the GND pins to a suitable copper area of the printed
circuit board or to an external heat sink.

Figure 9 shows the maximum package power Pyprandthe 8 4 as a function of the side I of two equal square
copper areas having a thickness of 35 um (see Figure 7). In addition, an external heat sink can be used (see
Figure 8).

During soldering, the pin temperature must not exceed 260°C, and the soldering time must not exceed 12
seconds.

The external heatsink or printed circuit copper area must be connected to electrical ground.

Q“ TExXAS
INSTRUMENTS

10 POST OFFICE BOX 855303 ® DALLAS, TEXAS 75285



“All the trademark and copyrights use herein are property of their respective owner.
References of information from other sources are quoted accordingly; otherwise the

information presented in this report is solely work of the author.”
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LIST OF ABREVIATIONS

MCU — Microcontroller 68HC11

PWM — Pulse Width Modulation

RAM - Random Access Memory

ADC - Analog Digital Converter

DAC - Digital Analog Converter

IR - InfraRed

DC - Direct Current

MOSFET - Metal Oxide Semiconductor Field Effect Transistor

TTL - Transistor Transistor Logic
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CHAPTER 1

INTRODUCTION

1.1 Overview

Nowadays, robot is become important in industrial. Robot are widely used un
manufacturing, assembly and packing, transport, earth and space exploration,
surgery, weaponry, laboratory research and mass production of consumer and
industrial goods. A scientist invent robot to help people by performing simple,
repetitive tasks and helping people to do an impossible task. There are many jobs
which humans would rather leave to robots. The job maybe boring, domestic
cleaning, or dangerous, such as exploring inside a volcano. Other jobs are physically

inaccessible, such as exploring another planet and cleaning inside of a long pipe

In the industry carriers are required to carry products from one manufacturing
plant to another which are usually in different buildings or separate blocks.
Conventionally, carts or trucks were used with human drivers. Unreliability and
inefficiency in this part of the assembly line formed the weakest link. The project is
to automate this sector, using carts to follow a line instead of laying railway tracks
which are both costly and an inconvenience.

This project using MC68HC11 as a main component to build a line following
robot that can follow a single line which is can solve that entire problem. Motor
control was performing with servo-motor and all the wiring was done using wire
wrap. Line following robot can be easily design by using concept on and off but this

type of design will make robot follow a line smoothly and sometimes robot tends to



move out of track. To overcome this problem we try to using more sensors to get an

accuracy input.

1.2 Objectives

The main objective of this project is to build a prototype of line following
robot that can follow a path way either straight or turn and will stop moving when

the end of the line.

1.3 Scope of projects

This project is focused to design and build the prototype line follower robot
using MC68HC11. Therefore, this prototype will cover the other scope which is
programming using assembly language. In the end of the project, robot will be able

to tracking line smoothly.

1.4  Thesis organizations

This thesis consists of five chapters. This chapter discuss about overview of

project, objective research, project scope, problem statement and thesis organization.

Chapter 2 contains a detailed description of Line follower. It will explain

about the concept of algorithm of line follower robot and MC68HC11 as a controller.

Chapter 3 includes the project methodology. It will explain how the project is

work and the flow of process in completing this project. Also in this topic discusses
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the methodology of the system, circuit design, software design and the mechanical
design.

Chapter 4 will be discussing about the result obtained in this project and a

discussion about the result.

Finally, the conclusions for this project are presented in chapter 5. This
chapter also discusses about the recommendation for the project and for the future

development. It also discuss about problem encountered during project.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The line follower is one of the self operating robot that follows a line that

drawn on the floor. The basic operations of the line are as follows:

Capture line position with optical sensors mounted at front end of the robot.
Most are using several numbers of photo-reflectors, and some leading contestants are
using an image sensor for image processing. The line sensing process requires high

resolution and high robustness.

2.2 Eye-Bo the Line Following Robot

Eye-Bo's brain is a small microcontroller board based on Atmel's AVR
megal28 microcontroller. This microcontroller is one of the most capable chips with
sporting 128K of flash program space and 4K of RAM. This microcontroller is
different with MC68HC11 because MC68HCL11 is Classy and easy to use peripherals
and It’s dealt with C compilers pretty well. MC68HC11 also offers various
subsystems such as ADC, interrupts, timers, etc. Otherwise, its offer a simple

assembly language because the processor uses the Von Neumann architecture. [1]

These robot use the CMUcam vision sensor to track the line. CMUcam functions

to report the centroid of the white objects it. Thus, if the line curved to the right or


http://www.atmel.com/
http://www.atmel.com/
http://www.atmel.com/
http://www-2.cs.cmu.edu/~cmucam/
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left, the centroid shifted as well. The centroid could then be used as an indicator to
determine how the steering servo should be driven. This robot also using white line
as a track line. It is different from using IR led that detect a dark space or white space

and give a high or low signal as an input.

2.3 A Line-follower Robot by Jaseung Ku

This simple robot is designed to be able to follow a black line on the ground
without getting off the line too much. The robot has two sensors installed underneath
the front part of the body, and two DC motors drive wheels moving forward. A
circuit inside takes an input signal from two sensors and controls the speed of
wheels’ rotation. The control is done in such a way that when a sensor senses a black
line, the motor slows down or even stops. Then the difference of rotation speed
makes it possible to make turns. If the sensor somehow senses a black line, the wheel
on that side slows down and the robot will make a right turn.

The sensors used for the project are Reflective Object Sensors, OPB710F. The
single sensor consists of an infrared emitting diode and a NPN Darlington
phototransistor. When a light emitted from the diode is reflected off an object and
back into the phototransistor, output current is produced, depending on the amount of
infrared light, which triggers the base current of the phototransistor. In this robot, the
amount of light reflected off a black line is much less than that of a white
background, so it can detect the black line somehow by measuring the current which

is the current is converted to voltage.

The motor used for the project is DC motor. A constant voltage was applied
across a DC motor and repeated switch on and off the motor with a fixed voltage
(\Vcce). This is done by sending a train of PWM (Pulse Width Modulation) pulses to a
power MOSFET in order to turn it on and off. Then, the motor sees the average

voltage while it depends on duty cycle of PWM pulses. The speed of rotation is
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proportional to this average voltage. Controlling DC motor using PWM method is an
easier way than by directly controlling the voltage across it. The only way to do is to

modulate pulse width, in order words, a duty cycle. Also, a power MOSFET

consumes only negligible power in switching.

2.4 FailureBot 5 - A Line Following Robot by Micah Carrick

FailureBot 5 is a fairly good robot base which could easily be adapted to
maze solving, obstacle avoiding, or other applications of a small, 2-wheeled robot.
The robot consists of 2 plastic round decks, differential drive using 2 DC gearhead
motors, a sensor board with 5 photo-transistor/LED sensors, an L293D H-Bridge

motor controller board, and an Atmel ATMega8 processor board.

Maotor Power

l

Microcontroller (ATMega8) ——|  H-Bridge Motor Controller

l ________________________ T I

Left Motor Right Motor

LEDs Photo Transistors

Figure 2.1: Block diagram of FailureBot5

A sensor board with 5 sensors shines light downward at the ground. If the line

is underneath the sensor, then the little/no light will be reflected back to a paired


http://www.micahcarrick.com/05-27-2006/failurebot-line-following-robot.html
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phototransistor. If the line is not underneath the sensor, more of the light will be
reflected back. A microcontroller measures the output of each of the phototransistors

through its analog-to-digital converter (ADC). Based on the position of the line
underneath the robot, the microcontroller adjusts the speed or direction of the DC
motors to steer the robot. There are 5 line sensors. Each line sensor consists of a
single red LED and a photo-transistor. This robot used a piece of acrylic plastic

which is spray painted black in numerous thin coats to ensure that it was solid.

This robot has used an Atmel AVR ATMega8 as a controller. The software
for the robot is written in C language for the Atmel AVR microcontrollers using avr-
libc and the GNU gcc compiler. The software is still relatively primitive. The robot is
able to handle 90 degree turns, inconsistent floor color and intersections at a very
decent speed. At this point in time, the gear motors have such a high reduction ratio
which mean the robot do not need to use PWM to change the speed, however, the

robot was originally designed to allow for PWM.

When turned on, the robot spins in circles on the line for a couple seconds
while it calibrates the sensors. Once this calibration is complete, the robot begins its
line detection algorithm in a loop. However, the motors are disabled. By pushing a
button, the motors are enabled and the robot follows the line. Pushing this button
again disables the motors again. So, the robot is always performing the line

following. However, it only moves when the motor enable button is activated.
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CHAPTER 3

HARDWARE AND SOFTWARE DEVELOPMENT

3.1 Introduction

This chapter explains detail about the methodology of the whole system and
flow of step that used in develop line follower robot. This chapter describes
further more about the RC servo motor control circuit, development on RC
servo motor control, circuit design of MC68HC11 microcontroller, pin

configuration, software development using THRsim11 and mechanical design.

3.2 Basic design and requirements

The robot is build using MC68HC11, L293D as a driver motor, IR Sensor,
LM324 as a comparator sensor, platform consisting body chassis, two RC servo
motor and controlling wheels. It has infrared sensors on the bottom for detecting
black tape. Line position is captured with the help of these optical sensors called
opto-coupler mounted at the front end of the robot (which each consists of IR
transmitter and IR receiver). When sensors detect the dark surface, output from
comparator, LM324 is low, while for the white surface the output is high. It sent

as input to microcontroller for accurate control and steering of the motor.
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3.3 Basic operation

Figure 3.1 shows the basic operations of the line follower robot as followed:

1. Capture line position with the IR sensors mounted at the front end of
the robot. The line sensing process requires high resolution and high
robustness.

ii.  Steer robot to track the line with suitable steering mechanism. To
achieve this we use two wheel tires powered by RC servo motor that

run the motion of the wheel of either side.

5 % N Driver
2 © MC68HC11 —)
§ — é‘é’ r— 1293D
. !
Input System Processing System Output System

Figure 3.1: Block diagram of line follower robot using MC68HC11
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3.4 Inputsystem

The input system covers IR sensors, functions of comparator and IC LM324
used as comparator plus how to arrange the sensors.

34.1 IR sensors

Each IR sensor has one transmitter and one receiver. Shows if white surface
beneath the IR sensor, IR rays are reflected and sensed by receiver, while in case
of black surface, the light get absorbed and hence receiver does not sense IR
rays. Figure 3.2 show the illustration of the different surfaces can affect the
reflection of the IR rays.

o B - B
= N = i
- 3 3
= = b =%
= = = =
[ | |
White or reflective Black or non-reflectrve
surface surface

Figure 3.2: IR sensor and surfaces

IR sensors has a property that IR rays falls on, its electrical resistance
decrease. For sensing the change in resistance we use voltage divider circuit as

shown in figure 3.3
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5V

10kQ

| [ Comparator

IR
receiver 2N3904

Figure 3.3: voltage divider

3.4.2 Comparator

Figure 3.4 show comparator schematic. Comparator is a device which
compares two input voltages and gives an output as high or low. In a circuit

diagram it is normally represented by having triangle.

Vcce

Negative input T

" ! 4‘/>—'— OUtpUt
Positive input

Ground

Figure 3.4: Comparator
As above we see that two inputs are required for comparators. One input is
from IR receiver and one input generated from potentiometer (preset). The

second voltage is called as reference voltage for the sensor. Reference voltage
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can be varying by using potential meter, such that it can vary from 0V until Vcc.
We use reference voltage as mean value of the sensor outputs measured with or

without light.

3.4.3 IC LM324

The LM324 series are low—cost, quad operational amplifiers with differential
inputs. They have several advantages over standard operational amplifier types
in single supply applications. The quad amplifier can operate at supply voltages
as low as 3.0 V or as high as 32 V with quiescent currents about one—fifth of
those associated with the MC1741 (on a per amplifier basis). The common mode
input range includes the negative supply, thereby eliminating the necessity for
external biasing components in many applications. The output voltage range also
includes the negative power supply voltage.

Features:

* Short Circuited Protected Outputs

* True Differential Input Stage

* Single Supply Operation: 3.0 Vto 32 V

* Low Input Bias Currents: 100 nA Maximum (LM324A)

 Four Amplifiers Per Package

* Internally Compensated

* Common Mode Range Extends to Negative Supply

* Industry Standard Pinouts

* ESD Clamps on the Inputs Increase Ruggedness without Affecting

Device Operation
* NCV Prefix for Automotive and Other Applications Requiring Site
and Control Changes
These devices consist of four independent high-gain frequency compensated
operational amplifiers that are designed specifically to operate from a single
supply over a wide range of voltages. Operation from split supplies also is
possible if the difference between the two suppliesis 3V t0 32V (3Vto 26V
for the LM2902), and Vcc is at least 1.5 V more positive than the input
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common-mode voltage. The low supply-current drain is independent of the

magnitude of the supply voltage.

Applications include transducer amplifiers, dc amplification blocks, and all
the conventional operational-amplifier circuits that now can be more easily
implemented in single-supply-voltage systems. For example, the LM124 can be
operated directly from the standard 5-V supply that is used in digital systems
and provides the required interface electronics, without requiring additional +15-
V supplies. IC LM324 contains four comparators as shown in figure 3.5

ouT2

Figure 3.5: LM324 schematic

3.4.4 Arrangement of sensors

An array of sensors arranged in straight in row pattern is bolted under the
front of the robot. We can use any number of sensors. If we have lesser number
of sensors then robot will move not smooth and it may face problems at sharp

turn. If use higher numbers of sensors robot movement will become smooth and
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reliable for the sharp turn, however it requires complex programming and more

hardware. Thus we choose optimum numbers of sensors.

The distance of the sensors depends on:
1) Numbers of sensors we used.
2) Width of the straight line.

3) Distance between sensors may not be constant (it depends on the logic)

The figure 3.6 and shows the arrangement of the sensors from above and side

2cm 2cm 2cm
O—0—0—0 wm

Figure 3.6: Top and side view of sensors

Combination of number sensors used and arrangement of sensors produce
circuit as in figure below. Figure 3.7 shows full schematic diagram of IR
Sensors:
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IE LED

270 j 10k
IE LED - “ra
- “ra
LMI524

Figure 3.7: IR sensors circuit schematic

Voltage references are used in ADCs and DACs to specify the input or output
voltage ranges. Figure 3.8 show a graph voltage references for LM324.

F2M+

oy
V- INFUT ' - REFEREMCE Y - QUTPUT

Figure 3.8: Vref graph for LM324


http://en.wikipedia.org/wiki/Analog-to-digital_converter
http://en.wikipedia.org/wiki/Digital-to-analog_converter
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Below it show calculation to determine Vref value for LM324 :

Vref = Vhigh + Viow
2
=4.675 + 2.500
2
=3.5875V

Processing system

Processing system is act like a brain of robot, which generated a desired
output for corresponding input. For that we use microcontroller for example
ATMEL, INTEL, Microchip other manufacturer. But in this project we use
MC68HC11 from Motorola because it is easy to get and as it has 48 input/output
pins. The development circuit is design based on bootstrap mode operation.
WHP11 is used in order to erase and load program into microcontroller. The entire

program is written in assembly language using THRsim11.



Figure 3.9 show the MC68HC11 pins details:

PATPAIDC
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EXTAL
5TRE/RAT
E

STRAMS
MODAOR

Figure 3.9: MC68HC11 pins

3.5.1 Voltage regulator

24

MC68HC11 needs a constant 5V from the source in order to operate and it

need to build a separate circuit to power up by using voltage regulator (7805).
7805 gives fixed 5V dc if input voltage is in between 7.5V to 25V. They help

maintain a steady voltage level despite varying current demand and input
variations. If input is less 7.5V then regulation won’t be proper, but there are
some other parameters for the voltage regulator like maximum output current

capability and line regulation that need a consideration. Figure 3.10 shows the

voltage regulator schematic.
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3.5.2 IC 7805

The LM7805 series of three terminal positive regulators are available in the
TO-220 package and with several fixed output voltages, making them useful in a
wide range of applications. Each type employs internal current limiting, thermal
shut down and safe operating area protection, making it essentially
indestructible. If adequate heat sinking is provided, they can deliver over 1A
output current. Although designed primarily as fixed voltage regulators, these
devices can be used with external components to obtain adjustable voltages and

currents. The circuits for IC7805 show in figure 3.10.

Features
. Output Current up to 1A
. Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24

. Thermal Overload Protection

. Short Circuit Protection

. Output Transistor Safe Operating Area Protection
U2

",.'"""'1'WXT> —

f’w""J—'Cd = ﬁJ—fCS&!CSf Ra. ..
- .- Tu

Ay - ! 0y - 220R. - . . .
P . =TEXT=. . P . ZTEXT= - =TEXT ZTEXT= . . .

Figure 3.10: Voltage Regulator circuits
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3.5.3 Oscillator

Figure 3.11 show the oscillator circuit that used by MC68HC11 as clock to

operate the program especially for PWM features.

------------------------------- Oscillator

8 Mhz

............................... Oscillator

Figure 3.11: Oscillator Schematic

Figure 3.12 shows that the full schematic for MC68HC11 basic circuit where
it contains all the power circuit, oscillator circuit and preset circuit. These

circuits cover the entire basic requirement to make MC68HC11 to works

properly.

L oo oaans B ve IR RSN N
">6V"'ZIZC4 2 ZJ—ZCGiJ—‘IﬁCSZJ']I]RBZZZ""""
i
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........ S ATEAT=. o ) - - =TEXRT=| . =TEXT

o I S SN 0
| Il . gg XTAL PB[D.7] e— -
T 22 ExTaL
0 o oo o peri FC0.7] - -
Ri/ X100 | 2] mooatiw aTRa 22 .
A0M - —— ShiHz 23 ] ooe sTRE |22
STEXT= STEXT>
Cﬁ :;— IRE. PAD/ICE %
i 2 xrg PAINCZ - -
Al e [ RESET pezict [ -
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o TR AT PAYOCHDET (2 -
. ccccccooaanaa MRy | ] reme  essococ -
T . N PABDCZIOCT 2~ -
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I e Y ATEXT= 20 pEaaN o
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- PD3/MOSI [—2-
22 vrH PDAISCR o2 -
e R PDSAES [ -
.. MCEBHGlAE
CETEXTE L L L

Figure 3.12: MC6811 basic circuit
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3.6 Output system

For moving a robot we have RC servo motor attached to wheels and gears
system. RC servo motors are most easy to control. One RC servo motor requires
only two signals to operate. Change direction can be done by reverse the polarity

of power supply across it. Figure 3.13 show a flowchart for motor control:

(voror )
. MOTOR |
. vy

SHARP TURN LEFT
Left motor = reverse,
Right motor = forward.
Both motors = high speed.

SHARP TUEN RIGHT
Left motor = forward,
Right motor = reverse,
Both motors = hich speed.

TURN LEFT

Both motors = forward
Left motor = zero speed
Right motor = high speed

TUERN RIGHT

Both motors = forward
Left motor = high speed
Right motor = zero speed

1:10

MOVE LEFT

Both motors = forward
Left motor = low speed
Right motor = high speed

MOVE RIGHT

Both motors = forward
Left motor = high speed
Eight motor = low speed

\ GO STRAIGHT
Cmd TES Both motors = forward

=110 / Both motors = high speed

NO

Report Error Report no error *

| [
¥y
¢ ™,
\ RETURN )

Figure 3.13: Motor flow
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3.6.1 Use of driver

From microcontroller we cannot connect a motor directly because
microcontroller cannot give sufficient current to drive the RC servo motor.
Motor driver is a current enhancement device where it can act as a switching
device. Which is motor driver is need to integrate with RC servo motor. Motor

driver takes the input from microcontroller and generates output for motor.

3.6.2 IC L293D

Figure 3.14 shows IC L293D schematic. This is a motor driver IC that can

drive two motor simultaneously.

-/
ENABLE 1 7 16 ] Vss
INPUT 1 2 1s]] inPuT G
outputt |2 1ef] oureur s
GND " 1]} ewno
GND 5 12 ] GND
outputz fle n |l oureura
INPUT 2 7 0] NPut 3
Vs 8 9f] ENABLE 2

Figure 3.14: L293D schematic

The L293 and L293D are quadruple high-current half-H drivers. The L293 is
designed to provide bidirectional drive currents of up to 1 A at voltages from 4.5
V to 36 V. The L293D is designed to provide bidirectional drive currents of up
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to 600-mA at voltages from 4.5 V to 36 V. Both devices are designed to drive
inductive loads such as relays, solenoids, dc and bipolar stepping motors, as well

as other high-current/high-voltage loads in positive-supply applications.

All inputs are TTL compatible. Each output is a complete totem-pole drive
circuit, with a Darlington transistor sink and a pseudo-Darlington source.
Drivers are enabled in pairs, with drivers 1 and 2 enabled by 1,2EN and drivers
3 and 4 enabled by 3,4EN. When an enable input is high, the associated drivers
are enabled and their outputs are high and in phase with their inputs. When the
enable input is low, those drivers are disabled and their outputs are off and in the
high-impedance state. With the proper data inputs, each pair of drivers forms a

full-H (or bridge) reversible drive suitable for solenoid or motor applications.

On the L293, external high-speed output clamp diodes should be used for

inductive temporary suppression.

A Ve terminal, separate from Ve, is provided for the logic inputs to
minimize device power dissipation. Figure 3.15 shows all the connection

between microcontroller, L293 and RC servo motor.
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Figure 3.15: Motor connection

Logical supply voltage will decide what value of input voltage should be
considered as high or low. If the logical supply voltage is setting equal to +5V,
then -0.3V to 1.5V will be considered as input low voltage and 2.3V to 5V will
be considered as input high voltage. Motor will moving forward when the input
voltage for both motor is high and turning left or right when one of the motor
receive input high voltage and the other one receive input low voltage.
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3.7  Circuits integration

Figure 3.16 shows how the connection between all modules that

involve in making the line follower robot using MC68HC11.
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Figure 3.16: Circuit connection
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3.8  Pulse width modulation (PWM)

PWM is a method to generate periodic square wave of various frequency
(time periods) of duty-cycle. The periodic wave has two level (high or low),
with some constant frequency and duty-cycle. Figure 3.17 explain the details
about PWM.

Oon-Time Off-Time

Time periods (T)

Figure 3.17: PWM graph

3.8.1 PWM in servomotor.

PWM can be use to drive the motor with variable speed even though it has
constant voltage supply. Variable resistance need to add in series with the motor

as an alternative for PWM. Figure 3.18 show the circuit connection.

X

A
N

Vce 9v

Figure 3.18: Circuit analogy
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The drawbacks of this condition are:

1. The resistance value cannot varied dynamically (automation is
difficult)
2. There will be an unnecessary power loss across resistor.

Now by adjusting the duty cycle of the signal (modulating the width of the
pulse), speed of the motor can be control. In other words varying duty cycle we
are getting different values of the average voltage (Vavg) across the motor
resulting differential speeds. Figure 3.19 shows the system.

Py output

Motor driver switching circuit

Figure 3.19: PWM system

3.9 Software configuration

There are three type of software that available in this project. First one is the
system design on programming MC68HC11 using THRsim11, load and reset

program using WP11 and the third one is Proteus 7.1 to simulate the program.



3.9.1 THRsim11

THRsim11 is a program suitable with MC68HC11 which is can edit,
assemble, simulate and debug programs for the MC68HC11 on windows PC.

It can simulate the CPU, ROM, RAM, and on-board peripherals. You can
also use THRSim11 also can debug the program on compatible board

When the assembly program is loaded into the target board the graphical user
interface makes it possible to view and control every register (CPU registers and
I/O registers) and memory location (data, program, and stack) of the real
microcontroller. It is possible to stop the execution at any address and inspect or

change the registers and memory.
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Figure 3.20: THRsim11 programmer
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3.9.2 WP11.exe

WP11.EXE takes input from object code files created with 68HC11
assemblers or compilers. These object code files may be in Motorola S-record,
Intel Hex or binary memory image formats. This software also allows the
operator to perform many other useful programming functions such as erasing,
blank checking & verifying devices, displaying, editing, exporting and changing
the format of the object code files and filling unused memory locations with a
user specified "fill" byte. The software was designed to work with our P11
Programming Board but will also work with any hardware that supports the

68HC11 special bootstrap mode of operation.

In order to allow this software to program MC68HC11, it requires a
minimally configured IBM PC or compatible with at least 64Meg RAM
memory, one 3.5" disk drive, one free serial port designated as COM1-COM4
and Windows 3.1, 98, ME, NT, 2000 or XP. Presently WP11 supports Motorola
MC68HC711E9  MC68HC711E20 MC68HC811E2,  MC68HC711D3,
MC68HC11A1/A8, and MC68HC711K4 family. [wpllman]

WP11.EXE takes input from object code files created with 68HC11
assemblers or compilers. These object code files may be in Motorola S-record,
Intel Hex or binary memory image formats. The software also allows the
operator to perform many other useful programming functions such as erasing,
blank checking & verifying devices, displaying, editing, exporting and changing
the format of the object code files and filling unused memory locations with a
user specified "fill" byte. The software was designed to work with our P11
Programming Board but will also work with any hardware that supports the
68HC11 special bootstrap mode of operation. [wpllman]
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Figure 3.21: WP11 Programmer interface

3.9.3 Proteus 7 Simulator

For this project, this Proteus 7 Professional software is used to do the
simulation of the project. To make sure that all the system is running based on
the theoretical side, the simulation is very important to this project.

According to that, all kind of connection will be design in this software first
before assemble them in electronic design. The programming for the MCU also
will be simulated in this software before apply it to the real MCU to make sure
that the programming is correct.



e BASICA1 - 1515 Professional =1k
Flz vien BBl Tuus Desiy Grad Suore Deuy Llray “addz Zyslen Helo
Ll Fh 8B Bia | +QARE Ez & E AL DEE~ B E

Ly SRHCT1 BASIC INTERPRETER S
- —_— =i

Tik cark) BT b WSEERCH nodl mnle 31k It rothdweete L L
E ctCorte boiginaiy BOZKC] Wik b wkh p2E bbb o 5 bat
= Tl e v R e e e AT RV L e e
. 1 and EEPEDM Howar . 42 EXTRAR s, f o oo
T PR SR TR EATTTE N LAy
T ik bAoromk X\momosd
= itk It KO LGE.
R
o=
C3 L rFAFCI1AR ST
iy I LERFLTTRYSL]
b
11
&
s
=
]
D
[54]
A
=] - |

B K 68HC {1 BASIC INTERPRETER 3

abcentben ocrter Ecotraior 8% 86 Mbr fren  Grmesigtor,  bem torshive,  EDER 6
Lieetromics Eusi_oomiateemtar cnwe T g ssomn bt o obe :

CoOfF |+ ¢ & HoHesimges || Moo sheet 1

Figure 3.22: Interface of Proteus 7 Professional Simulator

3.10 Programming MC68HC11

In order to control the position of the robot, MC68HC11 microcontroller is an
option to be applied. In this device, there are five ports, Port A, Port B, Port C,

Port D and Port E. But in this project only two of them we used as Input/output
pin (1/0 pin).

Port Input/output
EO,E1,E2,E3 Input
B0,B1 Output

Table 3.1: Port and functions
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Therefore, the flow of process have been created before begin to

programming the MC68HC11 and shown on Figure 3.23 below:

START

READ SIGNAL
PORT E

+

LEF
PROGRAM

STRAIGHT
PROGRAM

RIGHT
PROGRAM

» GENERATE PWM «

LE
MOTOR
MOVEMENT

RIGHT
MOTOR
MOVEMENT

FOLLOW

LINE

YES

END

Figure 3.23: Programming flow

An input will be received from IR sensors through port E. That input will

select case to determine whether position was selected and execute the related

process. In this project, it is important to get a precision location by determine

the binary input received from sensors converted into numerical value by MCU

for next course of action. Before any work is operate, the position of the robot

must be in centered of the line.
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3.11 SUMMARIZATION

This project uses two RC servo motor as the mover. The motor will be
controlled by the processor. MC68HC11 microprocessor has been used as the
processor. The processor will do the task depend to the received input from the

sensors. Source code for this project will be show in appendix.
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CHAPTER 4

RESULT AND DISCUSSION

4.1 Introduction

This chapter consists of the discussion about the simulations speed of RC servo
motor represented in term of pulse width modulation (PWM) using Proteus 7.1. This
chapter also discussed about the operation of hardware which the result of simulation is

used in programming and implemented to the hardware.

4.2  Simulation of motor speed

The RC servo motor will not move accurately if there are mistake in the control
programming. Therefore, the Proteus 7.1 is used to see the speed of motor is right and
follow the design instruction. For this simulator, it shows a different speed in left or

right motor.
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421 PWM simulation

The robot move based on sensor detection whether left or right. Figure below shows
a waveform form both motor left and right. Yellow waveform represented left motor
and pink waveform represented right motor.

4.2.1.1 Robot corner right:

MCcu

Motor Motor

Figure 4.1: Right sensors
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Digital Oscilloscope
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Figure 4.2: Right PWM

Motor Duty cycle Speed Utilization
(0-255) (%)
left 178 70
right 25 10

Table 4.1: Right PWM

Left and right motor moving forward with a different speed. Left motor move with

greater speed than right motor. Robot will turn right with both motor running forward

but with a different speed.




4.2.1.2 Robot corner greater right:

MCU

Figure 4.3: Greater right sensors
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Digital Dscilloscope

Channel C

Position

Figure 4.4: Greater right PWM
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Motor Duty Cycle Speed Utilization
(0-255) (%)

left 204 80

right 0 0

Table 4.2: Greater right PWM

Left motor moving forward and right motor stop moving. Speed utilization also
increase when robot need to turn greater right. Robot will turn greater right with right

motor stop moving and turn 90° to the right.

4.2.1.3 Robot corner left:

MCU

(ot Gaored

Figure 4.5: Left sensors
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Figure 4.6: left PWM

Motor Duty Cycle Speed Utilization
(%) (%)
left 25 10
right 178 70

Table 4.3; Left PWM

This condition same as robot turn right but the different here is right motor running

with a greater speed than left motor. Robot will turn left with both motor running
forward but with a different speed.
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4.2.1.4 Robot corner greater left:

MCU

Figure 4.7: Greater left sensors

Digital Oscilloscope

Kl 1 E

Channel C

Figure 4.8: Greater left PWM



Motor Duty Cycle Speed Utilization
(%) (%)
left 0 0
right 204 80

Table 4.4: Greater left PWM
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This condition same as the robot turn greater right. Right motor will moving forward
and left motor stop moving. Speed utilization also increase when robot turn greater left.

Robot will turn greater left with left motor stop moving and turn 90° to the left.

4.3 Costing

The costs of this project which contains three different parts that is sensory,
processing and output. The table 4.8 shows all components used in this project.

PROCESSING COMPONENTS
Component Quantity Unit price Amount
(RM) (RM)
MC68HC11Al 1 40.00 40.00
Crystal 8MHz 2 1.20 2.40
Capacitor 22pF 2 0.07 0.14
Capacitor 4.7uF 1 0.07 0.07
IC Base 48-pin 1 0.65 0.65
Resistor 10MQ 1 0.06 0.65
Resistor 10KQ 1 0.06 0.06
Total : 43.97
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SENSORY COMPONENTS
Component Quantity Unit price Amount
(RM) (RM)
IR Sensor Set 6 5.00 30.00
LM 324 1 1.50 1.50
Potential Meter (20k€Q2) 2 1.20 2.40
Resistor (10kQ) 4 0.10 0.40
Resistor (270€2) 4 0.10 0.40
Resistor (470€2) 4 0.10 0.40
LED 4 0.50 2.00
Total: 31.30
OTHER COMPONENTS
Component Quantity Unit price Amount
(RM) (RM)
Driver L293D 1 13.00 13.00
Robot Base Set 1 150.00 150.00
Board 3 5.00 15.00
Power Connector 1 2.00 2.00
Total: 180.00
Total cost: 255.27

Table 4.9: Cost of components
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

Conclusion

The design of the line follower robot using MC68HC11 has been presented in
this project. The track made from black tape on white surface are sensed by IR
sensors make the sensory part of robot function properly. The sensors circuit can
communicate with black and white line. Servo motor can run when it connect to

supply directly.

It is become easy if the controllers used are from PIC family but in this
project which is use Motorola 6811 that is need a research and understanding in

Motorola family to complete this project.

In conclusion, the objective of this project is not fully successful achieved. It
is happen because of the communication between MC68HC11 and motor circuit
can not be integrate. The problems also occur between sensor circuit and MCU
which that MCU can not synchronize with an input.

Problem encountered

When the board development is still in progress, there are a few problems

that had been encountered such as limited budget. This project need an extra
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budget for component because when the hardware is testing, there will be a
broken component and need to change. In this project, the sensor change many
time because of not function. When troubleshooting in progress, current flow in

sensor is over limit and cause the sensor broken and can not be used.

5.3 Future recommendations

It is recommended that the future development should considering two things
which are mechanical design and data acquisition mechanism. The quantity of
the IR Sensor should increase because with increase number of sensor the more
efficient controller can operate. The body of robot also need to be adjusted like
the bolt need to be change into roller that can support the body and rolling with
less friction unlike bolt that cause robot moving in hiccup. Wheel chair or three

wheel drive can be use to reduce traction and get more grip to wheel.

For the additional, PID controller can be implement to get a smooth
movement. PID controller can reduce error when it tracking line. It also can add
bump detection system to avoid bump such as rock to prevent robot go out of

line.
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