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ABSTRACT

Recently, mini robots in the form oftpecleaners and others are available in
market. Robots are utilized for many applicatiamagsist human-being. The purpose
of this project is to develop an autonomous robet tan move on itself without
continuous human guidance. This autonomous robobwverall in two parts:
Electronic parts and mechanical parts. Electroractspare the controller board,
infrared sensors and ISD 2560 ChipCoder. The chetrdoard consists of
microcontroller PIC 16F877A, power supply unit amdtor driver ST L293D. The
mechanical parts are the gear-box with DC mototsthe case of the robot. When
the robot is ON, it will sound “Autonomous robot O&ind move forward. When it
senses obstacle in front, it will sound “Obstadiér@nt, reversing” and reverse then
turn right before it continues to move forward. Whe senses obstacle at right, it
will sound “Obstacle at right, turning left” thearh left and when it senses obstacle
at left, it will sound “Obstacle at left, turningyht” then turn right before it continues
to move forward. As a result, this robot is usefsila guide for blind people as it is

also economic.
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ABSTRAK

Kebelakangan ini, robot mini dalam bentuk binat@egharaan, pembersih
dan lain-lain lagi telah boleh didapati di pasar&uobot adalah dipakai untuk
pelbagai kegunaan bagi membantu manusia. Tujuafekprmi adalah untuk
membangunkan sebuah “autonomous robot” yang boébebak dengan sendiri
tanpa pimpinan manusia yang berterusan. Robotadra keseluruhannya terbahagi
kepada dua bahagian: Bahagian elektronik dan bamagiekanikal. Bahagian
elektronik adalah terdiri daripada papan kawal@mgesan “infrared” dan ISD 2560
ChipCoder. Papan kawalan mengandungi pengawal BEB7IYA, unit pembekal
kuasa dan pemandu motor ST L293D. Bahagian meHKaadaah terdiri daripada
kotak gear dengan motor arus terus dan rangka.réipaibila robot dihidupkan, ia
akan mengeluarkan bunyi “Autonomous robot ON” dasrgbrak ke hadapan.
Apabila ia mengesan rintangan di hadapannya, ian akengeluarkan bunyi
“Obstacle at front, reversing” dan bergerak ke kexgg kemudian berpusing kanan
sebelum ia bersambung untuk bergerak ke hadapaabilaga mengesan rintangan
di kanan, ia akan mengeluarkan bunyi “Obstacleigtt,r turning left” kemudian
berpusing kiri dan apabila ia mengesan rintangairiia akan mengeluarkan bunyi
“Obstacle at left, turning right” kemudian berpugikanan sebelum ia bersambung
untuk bergerak ke hadapan. Sebagai kesimpulant inbadalah berguna sebagai

pemandu untuk orang buta di mana ia juga ekonomi.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

The word robot is used to refer to a wide rangenathines, the common
feature is that they are all capable of movemedtaan be used to perform physical
tasks. The word robot was first introduced by adbzdramatist, Karel Capek in his
1921 play “Rossum's Universal Robots”. He was rafgrto a perfect and tireless
worker performing manual labour jobs for human beinThen, famous science
fiction writer Isaac Asimov coined the word robatias the science of the study of
robots in his science fiction stories about robntd940s. In Webster's New World
Dictionary, robotics is defined as “the sciencdemhnology of robots, their design,
manufacture, application, use etc”. But in Eurapéptics is defined as “the science
of robotology” and robotology is defined as “theans by which robot machines are

put together and made to work” [1].

Autonomous robots are robots which can perform rddsitasks in
unstructured environments without continuous hungaidance. Many kinds of
robots are autonomous to some degree. Differenbtsoban be autonomous in

different ways. A high degree of autonomy is paitacly desirable in fields such as



space exploration, where interruptions and comnatioin delays are unavoidable

[2].

Before the autonomous robots were invented, theeeewonly ordinary
robots. Those robots were all depending on humatraoBesides, those robots also
did not have any self avoiding systems toward abssaas their avoiding systems
were totally controlled by human. Therefore, to rceene those problems,
autonomous robots were invented. But due to thie ¢hdechnologies at that time,
the circuits of those autonomous robots were coxeglelirectly increased the cost of
the robot. Those autonomous robots were inventedepdace human in doing
hazardous works such as denoting bomb and explanvignown places. Lately,

autonomous robots were also utilized as guidesnd man.

Therefore, this project is to develop an autonommisot that can move
forward and backward and produce sound. The bamsicept of this project is to
design a robot which can move forward and backwatbdout human guidance or
control as the robot can produce sound when ithescertain point. Microcontroller
PIC 16F877A will be used as the “brain” of this oblas it controls the systems of
the robot. For improvements, this robot will notyomove forward and backward
but it can also turn left and right or even bacldvget play different pre-recorded
messages when it reaches different points. Seaseralso added to direct the robot

yet to prevent the robot from crashing obstacles.

Overall, this project is divided into two main deos: the electronic design
and the mechanical design. This two designed aegriated together to perform the

task. Below is the flow chart of the whole project:



Project Review

Mechanical Design

l

E.obot Construction

Electronic Design

l

PIC Programming

¥

—* | Hardware Integration

'
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Figure 1.1 : Flow chart for the whole project



1.2

OBJECTIVES

The objectives of this project are:

To develop an autonomous robot which will movetbglf when it is ON.

Basically this autonomous robot is a mobile rolsat, when it is
switched ON, it will move by itself according tcetiprogram that has been

written as it does not need continuous human geelan navigation.

. To produce a robot that has the ability to avoidtables by spinning left or

right or even backward before it continues to mimrevard.

Infrared sensors will be installed at the main stgsf the robot.
These sensors will sense the surroundings of thetrdVhen obstacle is
detected, signal will be sent to the microcontralieit to enable the robot to
avoid the obstacle.

To produce a robot that will play different pre-weded messages.

Winbond ISD 2560 ChipCodglis also used to store various
messages that will be played by the robot. So wiemihe robot is switched

ON or detecting obstacle, it will play the assigpee-recorded messages.



1.3  SCOPES OF PROJECT

Four scopes are proposed for this project:

i. The robot will move forward at the starting.

When the robot is switched ON, left motor will nedorward and
right motor will rotate forward producing the robtd move forward.
Message assigned at address 0000000000 of ISD 286@h is

“Autonomous robot ON” will be played.

ii. When it senses obstacle at left, it will play “Ciadeé at left, turning right”

and turn right before it continue to move forward.

To enable the robot to spin right, left motor vio rotating forward
and right motor will also be rotating backward. the same time, message
assigned at address 0100000000 of ISD 2560 whictDlsstacle at left,
turning right” will be played. Then the robot widbntinue to move forward

after it passes the obstacle at the left side.

iii. When it senses obstacle at right, it will play “@ede at right, turning left”

and turn left before it continue to move forward.

To enable the robot to spin left, left motor wid otating backward
and right motor will also be rotating forward. Atet same time, message
assigned at address 0010000000 of ISD 2560 whiclOlstacle at right,



turning left” will be played. Then the robot wilbaotinue to move forward

after it passes the obstacle at the right side.

iv. When it senses obstacle at front, it will play “@ixte at front, reversing” and

reverse then spin right before it continue to miovevard.

To enable the robot to reverse, left motor willrb&ating backward
and right motor will be rotating backward. At theange time, message
assigned at address 1000000000 of ISD 2560 whi¢Plstacle at front,
reversing” will be played. Then the robot will spight before continue to

move forward.



1.4  THESIS OVERVIEW

This thesis is a combination of 6 chapters thataios the Introduction,
Literature Review, Hardware & Software Design, Res& Discussion and

Conclusion.

Chapter 1 is the introduction of the projdntthis chapter, background and
objectives of the project are explained. The scapebe project are also stated in

this chapter.

Chapter 2 focuses on the literature review andniethodologies for the

development of the Autonomous Robot.

Chapter 3 is the explanation of hardware & sofevdesign of the project.
This chapter is divided into two main sections:dwaare design and software design.
In hardware design, electronics part and mechampiagl are explained. Electronics
part is focusing on the development of the corgrdtioard, infrared sensor and ISD
2560 ChipCoder. Mechanical part is explaining tbastruction of the robot such as
chassis and tires. While in software design, stéggogramming the PIC 16F877A

are explained.

Chapter 4 shows the all the results and performanicthe project. Each
result obtained will be analyzed and discusseds Tdtiapter also mentions the

limitations of the project.

Chapter 5 discusses the conclusion and futurelal@went of the project.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

In a science fiction story of Isaac Asimov, a robaist fulfill the 3 laws of

robotics.

1. Robots must not injure humans
Robots must obey orders

3. Robots must protect their own existence [1]

From the laws stated above, autonomous robot seerfulfil all the laws.
First, autonomous robot is not a robot designetdaon humans. But in fact it is
designed to help humans to do the hazardous wohen, the robot is controlled by
the microcontroller unit which is programmed by jiogrammer. So without any
question the robot will certainly do what it is [dd to do. Besides, the robot is
always protecting itself from crashing with obsescbecause it always detects the

surroundings with its sensors.



Meanwhile, an autonomous robot in the real worldtninave the ability to:

+ Gain information about the environment.

« Work for months or years without human intervention

« Travel from point A to point B, without human naatgn assistance.
« Avoid situations that are harmful to people, proyper itself

+ Repair itself without outside assistance [2].

A robot may also be able to learn autonomouslyoAamous learning includes the

ability to:

« Learn or gain new capabilities without outside stssice.
« Adjust strategies based on the surroundings.

« Adapt to surroundings without outside assistance.

Autonomous robots still require regular maintenamsedo other machines [2].

2.2 WHY BUILD AUTONOMOUS ROBOT

Mobile robotics is a relatively new research atest tleals with the control of
autonomous and semiautonomous vehicles. Therecane smportant differences
between the requirements of traditional fixed raboinstallations and the
requirements of mobile robotic systems. One of the environmental uncertainty in
which the vehicle might operate in. For fixed rabaystems, a small workspace can
usually be engineered to facilitate the task baingertaken. For mobile robotic
systems, it is difficult to engineer the environmeshere the system needs to operate
in because the world is dynamic and unpredictabtes required improved sensor
technology and the ability for the system to copgéhwncertainty. The design of

mobile robotic systems considers the ability tacatl necessary resources such as
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power sources and all of the sensing and procebsirdyvare within the mobile itself

[3].

2.3 PREVIOUS AUTONOMOUS ROBOT PROBLEM

Before this, almost all autonomous robots do nethhe ability to play real
sound. Buzzer is used to produce sound insteathging real sound. The example
is Autonomous Flocking & Singing Robot which onlges buzzers as the sounding
part. It uses two buzzers of different frequends&®) Hz and 2.5 kHz [4]. So in order

to overcome this problem, survey based on IC thatstore sound is done.
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24 METHODOLOGY

Right InfraRed sensor &
receiver

ISD 2560 ChipCoder A 4
ROBOT

Motor 1

A 4

A 4

Driver Motor
PIC 16F877A L293D

\4
8-Q) Speaker

A 4
y

Motor 2

A

Left InfraRed sensor &
receiver

Figure 2.1 : Block diagram for the project

2.4.1 POWER SUPPLY

The goal of this project will be the developmentaoimobile autonomous
sounding robot. The robot will move itself and prod sound after it is programmed.
The movement of the robot will be navigated by wteels which are driven by two
independent motors. For an autonomous robot ibisooisly important that it can
operate from batteries. Since the microcontroller with 4.5V the motors also must
work with 3-4.5V. They must also not take too muciirent otherwise the batteries
and the control circuit will get too big and heg®}. So when using a 9V battery,

voltage regulator LM78L05 which produces +5Vdc wifled as the power supply to
the main controller board.
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2.4.2 MICROCONTROLLER

The PIC family of chips has a wide variety of opto The differences
between chips include the amount of memory, thebminof 1/O ports, the number
of internal registers, and the speed of the cry3taus PIC16F84 and PIC16F877

were considered for research as these PICs meptdfeet requirements.

Complexity of external circuitry: The PIC circuitry is simple as it only requires a
crystal oscillator and voltage regulator to operdteere is no extra circuitry needed,

making the circuitry less complex.

Ease of Programming: The PIC can be programmed in assembler code,d€ 00
PICBASIC languages. For the high level languagd stscC code and PICBASIC
language, a compiler is needed to convert them sgerabler language. The
compilers for these languages are readily availdbte downloading from the
internet. Hence, it is clear that the range of leges supported by the PIC is larger
than that of the 68HC11 chips. However, the PIQireg a special programmer that
links to a PC through either parallel port or depiart. The chip must be placed in
the programmer every time a new program (the cadgiex code) is loaded. This is
more troublesome than the 68HC11 [6].

According to above comparisons, the PIC range sfless complicated
external circuitry, accepts more types of prograngnanguages and is cheaper than
the 68HC11. Thus the PIC range was preferred tindérain of the project system.
When comparing the two PIC options it is noted that16F84 is not as powerful as
the newer 16F877. PIC16F877 with larger memoryraode /O ports can fulfill all
the projects requirements with a reasonable priteis 16F877 was selected as

micro-controller to be used in the self learningaifa
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2.4.3 MOTOR

The direct current (DC) motor is one of the firsichines devised to convert
electrical power into mechanical power. Permaneagmet (PM) direct current
converts electrical energy into mechanical enetgpugh the interaction of two
magnetic fields. One field is produced by a permameagnet assembly; the other
field is produced by an electrical current flowimgthe motor windings. These two
fields result in a torque which rotates the rofes.the rotor turns, the current in the
windings is commutated to produce a continuous u@®rqutput. The stationary
electromagnetic field of the motor can also be wmnd like the armature (called a
wound-field motor) or can be made up of permaneagmets (called a permanent

magnet motor).

Some of the advantages are:

i. Easy to understand design
ii. Easy to control speed
iii. Easy to control torque

iv. Simple, cheap drive design

Some of the disadvantages are:

i. Can't reliably control at lowest speeds
ii. Physically larger

iii. High maintenance [7]
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244 MOTOR DRIVER

Besides, for this design we use an integrated nasteer chip, called L293d.
The L293d motor driver chip can drive peak loadstauf®.5A. The motors should
therefore need less than 0.5A under worst condit{®h The advantages of using
L293d are it can provide bidirectional drive cutsehigh enough to operate motors
and it can prevent the reverse current from maiorghe microcontroller. Besides,

the circuit of the L293d is also simple.

2.4.5 SENSOR

Sensors are used for object detection in most efrtibotics system. The
sensors help by translating physical world attelsunto values that the computer on
a robot can read and operates on. The translatodupes output value that the
microcontroller can detect and make decisions du¢hé¢ data flow in from the
sensor. Among all the sensors available in the etarkfrared sensors are used for
the robot. Infra-red detection is a common additmm robot. It allows the robot to
determine when it has come in to close proximitymoobject without coming into

physical contact.

2.4.6 SPEECHIC

After considering various technologies used to enpint the message
archive function, i.e., analog tape loop devicamditional digital to analog

conversion techniques, personal computer voicerdeccssystems, and stand alone
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analog recording devices, we have decided to usénflormation Storage Devices,
Inc. 1ISD2560 ChipCoder Device. [8]

The ISD 2560 device contains built-in audio sigm@cessing, a microphone
preamplifier, a 500 mw audio output amplifier, amdimple level or edge-triggered
interface (user selectable). This makes it possilese in applications ranging from
single chip stand alone designs to multiple chiproprocessor control designs. In
addition, all control pins to the 2560 are intelpnalebounced and driven by a high
precision internal clock that reduces the extepaats count considerably. The ISD
2560 has large total storage with small array sizesur case 60 seconds and 1,000
locations [9].

2.4.7 SPEAKER

The speaker is a medium-sized 8-ohm, 2 watt speh&ecan produce a loud
signal and is relatively inexpensive. Its power sanption requires the
Amplifier/Driver part to use a larger medium-poweansistor. The speaker can be
driven directly out of the IC, but to allow for aliffgation and volume control it is

driven out of the amplifier circuit [10].



CHAPTER 3

HARDWARE & SOFTWARE DESIGN

3.1 ELECTRONICS DESIGN

3.1.1 CIRCUIT OVERVIEW

The autonomous robot schematic circuit diagramh@a in Figure 5. Port
DO, D1, D2 and D3 (pin 19, 20, 21 and 22) are coteteto the I1, 12, 13 and 14 of
the motor driver ST L293D. O1 and O2 of the L293@ aonnected to the right
motor while O3 and O4 are connected to the leftomoENABLE1 (pinl) and
ENABLE2 (pin9) of L293D are connected to +5V soytlage enabled. Vs (pin8) and
Vss (pinl6) are connected to the 4AA batteries evigin4, 5, 12 and 13 are
grounded. Port BO, B1, B2, B3 and B4 are connetdetle pin A9, A8, A7, A6 and
CE* of the ISD 2560. Port CO and C1 (pin 15 and &®@) connected to the left and
right infrared receivers. Pin 1, 11 and 32 of memnatroller are connected to the
output of power supply unit and Pin 12 and 31 ofnwdontroller are connected to

the ground. 8 MHz oscillating crystal is
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connected to pin 13 and 14 of microcontroller. Ehare two unused ports (port A

and E) in the circuit. Those remaining ports camsed for future development.
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Figure 3.1 : Autonomous Robot schematic circuigcha
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3.1.2 CONTROLLER BOARD

The autonomous robot controller board is shown igufe 3.3. The main
component of the controller board is the PIC 16#87T7hen is the power supply
unit which supplies voltage for the whole control®ard. Motor driver L293D is

used to drive the DC motors of the Tamiya Twin-MdB®zarbox.

Figure 3.2 : Blank controller board
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Figure 3.3 : Controller board with PIC 16F877A, mywupply unit
and motor driver L293D

3.1.3 INFRARED EMITTER AND RECEIVER

There are two pairs of infrared sensors are useithénautonomous robot.
Each pair consists of one IR emitter and receiVae sensors are placed at the left
and right side to detect the obstacle at left aglst.rEach IR emitter is oscillated by
a 555 Timer. The frequency is adjusted by the pmereter. Those IR emitters are
covered with a PVC pipe so that the IR beam frowheamitter will only focus on
each side. The IR detecting range is set to 8cnclwénable the robot to detect the
obstacle before it crashes them. The range mudbenset at too far because it will
make the robot to become too sensitive to the sading. So whenever the IR beam
bounced from the obstacle and detected by thevergdogic ‘0’ will be produced at
the output of the receiver. Figure 3.4 shows tleesatic diagram of IR emitter and
receiver. Figure 3.5 shows the infrared emitter srwkiver while Figure 3.6 shows

the components of oscillator.
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Figure 3.4 : Schematic diagram of IR emitter arwbneer

Figure 3.5 : IR emitter (left) and receiver (right)
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Figure 3.6 : Components of oscillator
(from left to right: 22K resistor, 1§F capacitor,
555 Timer and 2R potentiometer)

3.1.4 WINBOND ISD 2560 CHIPCODEReg

Winbond ISD 2560 ChipCodgris used in address input in the robot. The
address of the ISD 2560 is determined by pin A@%o Either one or both MSBs
(A8 and A9) are taken low will set the ISD 2560Qoirstddress input. For this project,
the messages are recorded on the other circuieviihd circuit on the robot is for
playback function only. P/R* (pin 27) is taken hifgir playback function while low
for record function. Four addresses are select®tSBLLSB) 0000000000 (O
second), 0010000000 (12.8 second), 0100000000 @&c6nd) and 1000000000
(51.2 second) to store the messages. For thisgbyojely four address pins (A9, A8,
A7 and A6) are selected to be connected to thelBEB77A because each recording
durations are adequate to record each messagéelydsage more I/O ports of the
microcontroller for future enhancement. Addresssph® to A5 are grounded. CE*
(pin 23) is also connected to the microcontrollecduse each ‘0’ logic given will
trigger the ISD 2560 to play the corresponding rages Figure 3.7 shows the

recording circuit and Figure 3.8 shows the scheamdiagram of the recording
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circuit. Figure 3.9 shows the schematic diagrantlierplayback circuit that is used
in this project.

Figure 3.7 : Recording circuit
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Figure 3.8 : Schematic diagram of the recordingusir

GND
0.1pF 100pF
e o Vcce
1 28 1 1
2 27
3 26 —|_' T
4 25— P
5 O 24
6 O 23 Portb.4
Portb.3 7 N 22—
Portb.2 8 & 21
Portb.1 9 © 20(—
Portb.0 10 19—
— 11 18—
12 17—
13 16—
14 15

Figure 3.9 : Schematic diagram of the playbackuiinased in the project
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3.1.5 POWER SUPPLY UNIT

Two power supply units are used in this projectciEpower supply unit is
assembled by a voltage regulator L7805CV, heat, 9wk 1 pF and a 100 pF
capacitor. The schematic diagram of power supply inshown in Figure 3.10.
Voltage source above 5V is supplied to the powegpluunit and the output is

5.03V. The components of power supply unit are shimwFigure 3.11.

Table 3.1 : Input and Output voltage values of

power supply unit

Input(V) | Output(V)
9 5.02
6 5.03

Input Output

P1 Pz
7805
1uF 1uF | 100pF

7

Figure 3.10 : Schematic diagram of the power supply
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Figure 3.11 : Components of the power supply unit
(from left top to bottom: heat sink, LM78L05
from right top to bottom: 1uF, 1uF and 100uF)

3.1.6 MICROCONTROLLER PIC 16F877A

PIC 16F877A is 200 nanosecond instruction execueneasy-to-program
(only 35 single word instructions) CMOS FLASH-bas&dit microcontroller. The
PIC16F877A features 256 bytes of EEPROM data meps®lj programming, an
ICD, 2 Comparators, 8 channels of 10-bit Analodigital (A/D) converter, 2
capture/compare/PWM functions and five 1/0 portsr{A, B ,C, D and E). The pin
diagram and the figure of PIC 16F877A is shownigurfe 3.12 and 3.13.
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Figure 3.12 : Pin diagram of PIC 16F877A

Figure 3.13 : PIC 16F877A
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3.1.7 MOTOR DRIVER ST L293D

Motor driver is a monolithic integrated high voleaghigh current four
channel driver designed to accept standard DTL Bt Togic levels and drive
inductive loads (such as relays solenoids, DC aedpséng motors) and switching
power transistors. To simplify use as two bridgashepair of channels is equipped
with an enable input. A separate supply input isvigled for the logic, allowing
operation at a lower voltage and internal clampldgare included. This device is
suitable for use in switching applications at freacies up to 5 kHz. Enable 1 (pin 1)
and Enable 2 (pin 9) are connected to +5V while4i®, 12 and 13 are grounded.
Inputs from microcontroller are connected to pin72,10 and 15. Pin 3 and 6 are
connected to the Right motor and pin 11 and 14&ammected to the Left motor. The

pin diagram of L293D is shown in Figure 3.14.

EnaBe ) | Vs

weury |z 15]] weure

auTRUTY [3 (] ouTPUT &

GND fl« nl} eno

GND [ 5 12 GND
outeutz s nl] outeurs
weutz |7 wfl neura
Ve s 9f] EnasLe2

Figure 3.14 : Pin diagram of L293D
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3.1.8 CONNECTION CABLE

Due to two boards are used in this project, a f@hds and 6-strands rainbow
cables are used to complete the connection of thoaeds. The 12-strands rainbow
cable is used for connecting the output of IR nemeand the input of ISD 2560 to
the PIC 16F877A and their corresponding power supphe 6-strands rainbow
cable is used to connect between the L293D and ma@od the 4 AA batteries.
Figure 3.15 shows the 12-strands rainbow cable.

Figure 3.15 : 12-strands rainbow cable with conorsct

3.2 MECHANICAL DESIGN

3.2.1 TIRES

In order for the robot to move, two toy truck tie® installed to the gearbox.

Figure 3.16 shows the tires. Then a non-drivererallheel is attached to the robot to



support the chassis of the robot to prevent thetrisbom scratching the floor.

Figure 3.16 : Toy truck tires

Figure 3.17 : A non-driven wheel

30
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3.2.2 TAMIYA TWIN-MOTOR GEARBOX

The gearbox has two configuration option of staddagreed with gear ration
of 58:1 or low speed with gear ratio of 203:1. Aotonomous robot, the gearbox is

assembled in low speed configuration with the gato of 203:1.

Figure 3.18 : Completed Tamiya Twin-motor gearbathw

toy truck tires

3.2.3 CHASSIS OF THE ROBOT

In order to reduce cost, an idea of using recyelabaterial to construct the
chassis of the robot has come to mind. Therefoiter surveys are done and
collection of material is made, case of CD-R issghoto be constructed into the
chassis of the robot. Reason of choosing the da@®«R is firstly the case is easily

obtained. Then the space of the case is also muffig to install the controller board
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and the twin-motor gearbox as it is also hard ehdogprotect the controller board

from external pressure.

Figure 3.19 : Top view of the case

Figure 3.20 : Overview of the case
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3.2.4 INTEGRATION OF THE ROBOT

The gearbox is installed at the bottom of the ClBaRe. The center pile of
the case is removed for boards’ installation. Theard spacers are use to space
between the case and board and between the bodultbard. Figure 3.21 shows the

completed gearbox with tires and non-driven wheel.

Figure 3.21 : Gearbox with tires and non-driven &he

Figure 3.22 : Board spacer
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Figure 3.23 : Application of board spacers

3.3 SOFTWARE DESIGN

3.3.1 BACKGROUND

A microcontroller is nothing without software torit. To program the PICs,
a binary file of coded ones and zeros is requihedhis project, the programming
language used is PicBasic. Although PICs usually ttabe programmed using
assembly language, it is possible to program tl@ Uing PicBasic because of the
availability of the compiler. It will convert theidBasic language to assembly
language that PIC is recognizable.
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3.3.2 ALGORITHM

Autonomous Robot Algorithm shown as below will begrammed into the
microcontroller unit. When the robot is ON, it wplay “Autonomous robot ON”,
then the robot moves forward when there are noaclest. Every time it spins, right
or left, or reverses, it will play the assigned ssages. Then it will continue to move

forward when it passes through the obstacles.

“Autonomous robot
ON”

Detect Yes
Object?
No
Move Spin Reverse Spin
Forward Left Right
A 4
“Obstacle at front,
v reversing
“Obstacle at right, “Obstacle at left,
turning left” + turning right
| Spin Right |
A 4 + A 4 +

Figure 3.24 : Autonomous robot algorithm
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3.3.3 PICBASIC PRO COMPILER

PICBASIC PRO Compiler is developed by MicroEnginegrLabs. The
programming language makes it quick and easy tgram Microchip Technology’'s

powerful PICmicro microcontrollers.

The BASIC language, which is English-like, is mwedsier to read and write
or more understandable than Microchip assemblyuagg. Example of the language
is IF.. THEN..ELSE..ENDIF which directly shows thetecedent and consequent of

the program.

First, to start using the PICBASIC PRO Compilere wnust run the
MicroCode Studio. Then we press CTRL+N for a newtoed Type of PIC
microcontroller and oscillator frequency must bdirded at the beginning of the
program. In this project, PIC 16F877A is the miawiroller and 8 MHz crystal is
used as the oscillator. Then, we will set the portpins of PIC 16F877A to input or
output by using TRIS command followed by defininige tpin names (VAR
command). Then we can begin to write the prograniulAlisting of autonomous

robot’s program is shown in Appendix.

After we have finished writing the program, we di¢e save the program in
.pbp file. Then only we can compile the programribg the compilation, errors of
the program will be detected. If errors occur ia firogram, the compilation will be
terminated. The error will be listed. After thearhas been undone and if there is no
more error in the program, then only the compilatigll be completed. Three files
(\ASM, .HEX and .MAC) will be generated in the saloeation of the .pbp file after
compilation. .HEX file will be used to be programaniato the PIC 16F877A.
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MicroCode Studio MicroCode Studio
Windows Catalog M) PICBASIC PRO Compiler MicroCode Studio Help (Blalajy HloE

Windows Update PIC Simulator IDE

HP Information Center

SWiSH v2.0

My Bluetooth Places WWiSH v2.0

New Office Document

melabs Programmer Beta

Open Office Document @ Guitar Pro 5§
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SoundMAX
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‘ Internet Explorer

MSH

Outiook Express
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Remote Assistance

Wirdows Media Player

Windows Messenger

@ Media Player Classic
m Adobe Reader 7.0
Microsoft Office Wor|

@ MicroCode Studio

Spider Solitaire

Windows Movie Maker

D (DVD) Recorder » fF.doc shi ting cam

Hewlett-Packard 3

Intel Network Adapters »

Intervideo WinDVD »

Java Web Start 3

Microsoft Office 3

Internet Download Manager L3

AYG Free Edition 3 fi canon

b melabs Programmer =
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Adobe Reader 7.0
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K-Lite Codec Pack »

All Programs L3 ‘

i zhouyu  photoshop
Adobe ImageReady 7.0 EFa

Adobe Photoshop 7.0

EN &% 10:50AM

Microchip [

Figure 3.25 : Selecting MicroCode Studio
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@ MicroCode Studio - PICBASIC PRO (Untitled.bas)

File Edit View Project Help

: = L e ==
;DL»' ‘ﬁ‘ > abe 2= &= | oE =
K- B - [ ) -0 Q0 0O v @y
Code Explorer - @ ‘ 5} TEsTiNg LED ]( TESTING LED2 H =] prrenes WI = untited1z ][ 2] TESTING LED3 WI 1] FINAL PROGRAM - USE LEDZ ]
D Includes [ = Untited11 | =] Untitieds | Untitied13 | ] FaLt ]’ B Untted
i (2 Defines B T
: E‘FW:”B "% Name : UNTITLED.BAS =
= :”a E;M = '%  Auther : (select VIEW...EDITOR OPTIONS]
Eslasbar St "% Notise : Copyright (o) 2007 [select VIEW...EDITOR OPTIONS]
: ymbols hiig 5

*

: 211 Rights Ressrved *
© Dptebes 'x Dpaze  : 11/7/2007 *
'®% wersgitn : 1.0 ®
'*  Notes : *
L : *
*

o A R A A A A A A A A AR A A A A A A AR A A A AR A A A A AT AA AT XA AT AATATA XA AAT

(&) Ready Bl nit:colt

@ New Folder untitied - Paint

Figure 3.26 : New Editor with PIC 16F877A selected
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MicroCode Stu PICBASIC PRO (T

i File Edit View Project Help

A2 E| % v
TN

Code Explorer ¥ | 5] Untitied11 WI’ E] FinaLt ]
- [ Includes sciens | o) FmiaLPROGRAM -UsELED2 |
E! () Defines r— p Al
i @ s = Author * E
S od 0 e L
Variables Hoties = o]
; r (CiicOModels | test.php *
& [ Alias and Modifiers v HaEe 108 ampies "
A il i :
"% Notes () SeriziCom *
P Iﬁ nevtest,pbp *
: - 0 PP—— F
[ Symbals
= @ Labeks DEFINE osc
[# start — — =
& VAR 2ORTC| Flename:  [TESTING LED2 | [ seve ]
B VAR PORTC —
c vaR sortc| Ssvesstpe: [PICBASIC PRO Fie [obp) v [ cameat ] |

D VAR PCRTC

©risb=%00000000
£risd=%00000000
trise=%11111111
tris=a.0=0

start:

IF (&=1) BND (B=1) THEN LED1
IF =1 THEN LEDZ

GOTO =tart

LEDI1:
HIGH PCORTE.1
PAUSE 1000 ~
£ | 3|
@Ready _E!.nl_z:goll_?g

11:05 AM

Figure 3.27 : Saving the file in .pbp
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Figure 3.28 : .ASM, .HEX and .MAC are generated

3.3.4 MELABS PROGRAMMER

In order to program the .HEX file into the PIC 16F8&, melabs Programmer
is used. The melabs USB Programmer and melabs aframnmer connect to a PC
USB port or powered USB hub.

First, we run the melabs programmer software blecieg melabs
Programmer from the Start mendelabs Programmer and meProg-Configuration
windows will appear. On thilelabs Programmer window, firstly we must select the

type of PIC we are using. For this project, PIC 8BFA is selected. Then we press



41

CTRL+N to reset the software followed by CTRL+Oajpen the .HEX file that will
be programmed into the microcontroller. On theProg-Configuration window, we
set the Oscillator to HS, Watchdog Timer to Disdbleower-up Timer to Enabled,
Brown-out Reset to Disabled, Low Voltage Prograngnito Disabled, Flash
Program Memory Write to All, Code to Not Proteciad Data EEPROM to Not
Protected.

After that, PIC 16F877A is inserted into the peogmer socket. Then
connect the cable between the programmer and 8BOAAapter to the proper
connector on the adapter for the number of pin8 pihs). Blank Check and Erase
are necessary if the target PIC still contains ipwes/program. Then after the PIC is

blank, we will program the .HEX file into the PI§ blicking Program.

O 8 ® | T

“biography’
~ melabs Programmer :
File WView Program COptions Help
| W g i [PoerrT oM
o o o :

o ks
B ./ cichdog Timer Enabled L
InterVideo ! - L
WinDVD ¥ Power-up Timer ]Dlsabled
4l X Brown-out Reset Enabled i

A <

Pl

4

ﬁ - ) Low \./’E.l“.aﬁe F‘;Eg‘ra‘nﬁin‘g‘ Dizabled

4

Flash Program Memary Wit Al
AVGFree

Code Not Protected

Data EEPROM Mot Protected

L L =

1 » I

Adobe Reader % = jay-HAEIC  UMP KERIA

7.0
: fir

Guitar Pro 5 Borang | L canon
Taniutan.doc F = performance

4

Thesis Jeff.doc PSMIIDEMO shi'ting cam

4

q

FFLAEIE

) I

MPLAB IDE 3 yu  photoshop
V711 =t

Y Ir . ", &8
.4 start & New Folder 03 Moosoft Offi... v . melabsProgrammer  EN @)% 1i:12aM

Figure 3.29 : melabs Programmer software



Figure 3.30 : melabs U2 programmer
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Compile <
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COMPILER

No
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Figure 3.31 : Flow chart of programming PIC 16F877A



CHAPTER 4

RESULT AND DISCUSSION

41 DC MOTOR TESTING

Simple programs are used to test the motor drivkitage values are
measured at the output pins of the motor driverlevbioth motors are moving
forward, turning left, turning right and reversirigput 1, 2, 3 and 4 of motor driver
are tested by a logic probe. Digital multimeteused to measure the voltage values

at output 1, 2, 3 and 4 of the motor driver.

4.1.1 ROBOT MOVING FORWARD

In order to make the robot to move forward, bothior®must rotate forward.
Right motor rotates forward when portd.0 is HIGHdaportd.1 is LOW while left
motor rotates forward when portd.2 is HIGH and g&ts LOW. Program shown as

below is used:
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high portd.0
low portd.1
high portd.2
low portd.3

Table 4.1 : Logic and voltage values of L293D whaiot

moving forward

INPUT [Result | OUTPUVoltage/V
1 H 1 4.91
2 L 2 0.01
3 H 3 4.91
4 L 4 0.02

Input 1 and 3 are High show that logics “1” aretdgnthe portd.0 and portd.2 to the
L293D. Input 2 and 4 are Low show that logics “0%€ asent by the portd.1 and
portd.3 to the L293D. The results match the progréhile output 1 and 2 show
4,91V and 0.01V when tested by the digital multiengtrove that the right motor
will rotate forward due to the voltage differencetween the two terminals of the
right motor. Voltage difference between output 8 @nalso cause the left motor to

rotate forward. With both motors rotating forwattae robot will move forward.

4.1.2 ROBOT TURNING LEFT

In order to make the robot to turn left, right motaust rotate forward but
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left motor must rotate backward. Right motor ragtaward when portd.O is HIGH
and portd.1 is LOW while left motor rotates backsvauhen portd.2 is LOW and

portd.3 is HIGH. Program shown as below is used:

high portd.0
low portd.1
low portd.2
high portd.3

Table 4.2 : Logic and voltage values of L293D whaiot

turning left

INPUT|Result | OUTPUVoltage/V
1 H 1 491
2 L 2 0.01
3 L 3 0.01
4 H 4 4.92

Input 1 and 4 are High show that logics “1” aretdgnthe portd.0 and portd.3 to the
L293D. Input 2 and 3 are Low show that logics “G¢€ aent by the portd.1 and
portd.2 to the L293D. The results match the progréthile output 1 and 2 show
491V and 0.01V when tested by the digital multiengtrove that the right motor
will rotate forward due to the voltage differencetween the two terminals of the
right motor. Voltage difference between output 8 dncause the left motor to rotate
backward. With right motor rotates forward and lefotor rotates backward, the

robot will turn left.
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4.1.3 ROBOT TURNING RIGHT

In order to make the robot to turn right, right mrotnust rotate backward but
left motor must rotate forward. Right motor rotabeckward when portd.0 is LOW
and portd.1 is HIGH while left motor rotates for@awvhen portd.2 is HIGH and
portd.3 is LOW. Program shown as below is used:

low portd.0
high portd.1
high portd.2
low portd.3

Table 4.3 : Logic and voltage values of L293D wheinot
turning right

INPUT [Result | OUTPUVoltage/V
1 L 1 0.01
2 H 2 4.91
3 H 3 4.91
7 L 4 0.02

Input 1 and 4 are Low show that logics “0” are denthe portd.0 and portd.3 to the
L293D. Input 2 and 3 are High show that logics ‘dre sent by the portd.1 and
portd.2 to the L293D. The results match the progréhile output 1 and 2 show
0.01V and 4.91V when tested by the digital multiengtrove that the right motor
will rotate backward due to the voltage differetetween the two terminals of the

right motor. Voltage difference between output 8 dncause the left motor to rotate
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forward. With right motor rotates backward and aftor rotates forward, the robot
will turn right.

4.1.4 ROBOT REVERSING

In order to make the robot to reverse, both mataust rotate backward.
Right motor rotates backward when portd.0 is LOW portd.1 is HIGH while left

motor rotates backward when portd.2 is LOW andd8ris HIGH. Program shown
as below is used:

high portd.O
low portd.1
low portd.2
high portd.3

Table 4.4 : Logic and voltage values of L293D whainot

reversing

[INPUT|Result | OUTPUoltage/V
1 L 1 0.01
2 H 2 4.92
3 L 3 0.01
7 H 4 4.91
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Input 1 and 4 are High show that logics “1” aretdgnthe portd.0 and portd.3 to the
L293D. Input 2 and 3 are Low show that logics “0%€ aent by the portd.1 and
portd.2 to the L293D. The results match the progréthile output 1 and 2 show
0.01V and 4.91V when tested by the digital multiengirove that the right motor
will rotate backward due to the voltage differemegween the two terminals of the
right motor. Voltage difference between output 8 @nalso cause the left motor to
rotate backward. With right motor rotates backwand left motor rotates backward,

the robot will reverse.

4.2 IREMITTER AND RECEIVER TESTING

IR sensors are tested by measuring the voltagesalfithe receivers’ output.
The functionality of the IR emitter can be checkieugh lens of camera as shown
in Figure 4.1 & 4.2. When no obstacle is detectkd, output of the IR receiver is
HIGH but is obstacle detected, the output of IRereer will be LOW. Figures 4.3 to
4.6 show the voltage values of the IR receiver whetecting and not detecting
obstacle. The detection range of the IR sensosgtito 8cm because the range is

adequate for the robot to spin and avoid the olestdiefore it crashes them.

Figure 4.1 : IR emitter OFF



Figure 4.2 : IR emitter ON and checked by camana le

Figure 4.3 : No obstacle

Figure 4.4 : Obstacle at LEFT
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Figure 4.5 : Obstacle at RIGHT

Figure 4.6 : Obstacle at FRONT

4.3  WINBOND ISD 2560 CHIPCODER TESTING

A simple program is written to the functionality t¢fie ISD 2560. The
program is shown in Appendix. Firstly when the rbhe ON, it will play
“Autonomous robot ON”. Then when the right IR sensenses obstacle, it will play

“Obstacle at Right, turning LEFT” and when the |H®& sensor senses obstacle, it
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will play “Obstacle at left, turning RIGHT”. If bbtIR sensors sense obstacle, it will
play “Obstacle at front, reversing”. All messages eearly heard.

L B
LU S R N R R R
AfLAFEewus ¢ ¢ o 8

-r‘v

w e e w ‘-

l‘ e wlr w o w

||- - e
-

Figure 4.7 : Winbond ISD 2560 ChipCoder

4.4  LIMITATION OF THE PROJECT

By observing the results, there are some limitatiore need to consider.
Firstly is the duration for the movement of thibot Before the integration of the
robot, each part is connected to laboratory’s pasu@ply to do the testing. After the
integration is done, batteries are used as the mpeweply for the robot. Those
batteries are easily exhausted directly reducedthiation for the movement of the
robot. So, good quality batteries should be usegrtdong the duration. Another
limitation is the sound produced by speaker is viewy compared to the noise
produced by the gearbox. Therefore the messagepidgesnot heard when the robot

is moving. Amplifier circuit can be added to overmthis limitation.



CHAPTER 5

CONCLUSION

5.1 CONCLUSION

As a conclusion, this autonomous robot achievesadthjectives after the
integration is done while it also fulfills the s@spof this project. This autonomous
robot is extremely useful as a blind man guide.réfoge limitations of this project
should be overcome and improvements should be addechance this autonomous
robot.
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Figure 5.1 : Complete Autonomous robot

5.2 FUTURE DEVELOPMENT

Future works can also be implemented to this autmns robot to enhance its

function:

* More sensors such as light sensor, temperatureiseas be added to the
robot to sense the surrounding. Then the messagasding to the conditions
of the surrounding can be played.

* More object sensors can be added to improve rolbstaole-avoidance
ability. Examples of object sensor are such as launsgvitches and sonar
sensor. By having more object sensors, the robbtb&i more efficient in

avoiding obstacles.
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* ChipCoder with higher sampling rate and recordingaton can be used to
increase the sound quality and length. By havirgldinger sounds recording
duration, more messages can be recorded into tipCGter. Therefore more

addresses can be assigned to be used.

5.2.1 COSTING AND COMMERCIALIZATION

The costs of each part and the overall cost foraatenomous robot are shown in

table below.
Table 5.1 : Cost for the controller board
Unit name Component Qty | Price/ RM| Total price/ RM
PIC 16F877A 1 30.00 30.00
40-pin IC holder 1 1.00 1.00
8 MHz Crystal 1 8.0( 8.00
Controller L293D 1 10.00 10.00
Board 16-pin IC holder 1 0.80 0.80
L7805CV 1 1.50 1.50
Heat sink 1 1.5( 1.50
1pF capacitor 2 0.30 0.60
100pF capacitor 1 0.40 0.40
LED 1 0.20 0.20
Jig Saw Switch 1 2.00 2.00
PCB 1 2.00 2.00
Total RM 58.00
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Table 5.2 : Cost for the Infrared sensors and 15602

Unit name Component Qty Price/ RM| Total price/ RM
Infrared transmitter 2 2.00 4.00
Infrared receiver 2 10.00 20.00

555 Timer 2 1.5( 3.00
Infrared 16-pin IC holder 1 0.80 10.00
Sensors and | 10nF capacitor 2 0.60 1.20
ISD 2560 22kQ Resistor 2 0.10 0.20
2KQ Variable Resistor 2 0.50 1.00

LED 2 0.60 1.20

L7805CV 1 1.50 1.50

Heat sink 1 1.5( 1.50

1uF capacitor 2 0.30 0.60

100pF capacitor 1 0.40 0.40
ISD 2560 1 45.0( 45.00

28-pin IC holder 1 0.80 0.80

0.1pF capacitor 1 0.20 0.20

100uF capacitor 1 0.40 0.40

8- speaker 1 2.00 2.00

PCB 1 2.00 2.00
Total RM 95.00

Table 5.3 : Cost for the connection

Unit name Component Qty | Price/ RM| Total price/ RM
11 stands rainbow cablg 1 4.00 4.00

11 pin connector 2 2.00 4.00

6 strands rainbow cable| 1 2.00 2.00

Connection 6 pin connector 1 2.00 2.00
Wrapping wire 1 15.00 15.00

1/2" Board spacer 4 1.20 4.80

1" Board spacer 4 1.20 4.80

Total RM 36.60
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Table 5.4 : Cost for the motor

Unit name Component Qty Price/ RM| Total price/ RM
TAMIYA twin-motor 1 47.25 47.25
Motor gearbox
Truck tires 2 5.0( 10.00
Total RM 57.25

Table 5.5 : Overall cost for one autonomous robot

Unit name Total price/ RM
Controller board 58.00
Infrared Sensors and ISD 2560 95|00
Connection 36.60
Motor 57.25
Total cost RM 246.85

Below are the commercialization potentials for dliéonomous robot:

» As the guide for the blind people. This autonomioas the ability to avoid
obstacles as it also can play pre-recorded messagetscan guide the blind
people through the messages.

» As the toy for children. This autonomous robobi& cost compared to other
robots available in the market. So it is suitablée commercialized as a toy.

* As home surveillance or security robot. Improvensardh as visual ability
and sound detector can de added to the robot sththeobot can help human

to do the security work.
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kkkkkkhkkkhkkkhkkkhkkkkhkkkkhkkkhkkkkhkkkhkkkhkkkhkkkkhkkkkhkkkkkkkkkx *kkkkkkkkkkhkkk

* Name : Autonomous Robot.BAS

'* Author : GOW MOH KEE

" Notice : Copyright (c) 2007 [select VIEW...EDDR OPTIONS]

* . All Rights Reserved
* Date :10/30/2007

* Version : 1.0
* Notes

Ikkkkkkkkkhkkkhkkkkhkkhkhkkkkhkkkhkkkhkkkkhkkkkhkkkkkkhkkkkkkkkkkkk *kkkkkkkkkkhkkk

define osc 8

trisd=%00000000
trisb=%00000000
trisc=%11111111

A9 VAR PORTB.O
A8 VAR PORTB.1
A7 VAR PORTB.2
A6 VAR PORTB.3
CE VAR PORTB.4
RF VAR PORTD.0
RR VAR PORTD.1
LF VAR PORTD.2
LR VAR PORTD.3
LIR VAR PORTC.O
RIR VAR PORTC.1

low PORTB
low PORTD
pause 3000

start:

low A9
low A8
low A7
low A6
high CE
HIGH RF
low RR
high LF
low LR

if (RIR=0) and (LIR=0) then gosub reversing GRIT AND LEFT SENSOR

if LIR=0 then gosub RIGHT
if RIR=0 then gosub LEFT

pause 500
goto start

'‘SMERYSTAL

'POROUTPUT
'PEROUTPUT
'PRRINPUT

'MMAPROGRAM STARTS

'AQ
'AG
‘A0
'AG
€E

GHT MOTOR FORWARD
'‘EE MOTOR FORWARD
DETECT?
GHT SENSOR DETECTS?

EESENSOR DETECTS?
UE 500ms

*

*  F % *
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left:

low A9
low A8
high A7
low A6
low CE
pause 100
high RF
low RR
low LF
high LR
pause 500
goto start

right:

low A9
high A8
low A7
low A6
low CE
pause 100
low RF
high RR
high LF
low LR
pause 500
goto start

reversing:

high A9
low A8

low A7

low A6

low CE
pause 100
low RF
high RR
low LF
high LR
pause 2000
gosub right
pause 500
goto start

'AQ
'AG

Al

'AG

'€
UBE 100ms

GHT MOTOR FORWARD

'EE MOTOR REVERSE
U 500ms

'AQ

‘AB

‘A0
'AG

'€
UBE 100ms

GHT MOTOR REVERSE

'EE MOTOR FORWARD
U 500ms

‘AD

'AB
‘A0
'AG

52
UE 100ms

GHT MOTOR REVERSE

'EE MOTOR REVERSE
U 2000ms
[SRIGHT
USk 500ms
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kkkkkkhkkkhkkkhkkkhkkkkhkkkkhkkkhkkkkhkkkhkkkhkkkhkkkkhkkkkhkkkkkkkkkx *kkkkkkkkkkhkkk

“* Name : SPEECH TESTING.BAS

* Author : GOW MOH KEE

" Notice : Copyright (c) 2007 [select VIEW...EDDR OPTIONS]
* . All Rights Reserved

“* Date :10/29/2007

* Version : 1.0

* Notes

Ikkkkkkhkkkhkkkhkkkkhkkkkhkkkhkkkhkkkkhkkkhkkkhkkkhkkkkhkkkkkkkkkkkkx *kkkkkkkkkkhkkk

define osc 8

trisb=%00000000
trisc=%11111111
low portb

pause 500

start:

low portb.0

low portb.1

low portb.2

low portb.3

high portb.4

if portc.0=0 then gosub speech2

if portc.1=0 then gosub speechl

if portc.0=0 and portc.1=0 then gosub speech3

goto start

speechl:
low portb.0
low portb.1
high portb.2
low portb.3
low portb.4
pause 100

goto start
speech2:

low portb.0
high portb.1
low portb.2
low portb.3
low portb.4
pause 100

* F ok ok K X X X
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goto start

speech3:
high portb.0
low portb.1
low portb.2
low portb.3
low portb.4
pause 100

goto start
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kkkkkkhkkkhkkkhkkkhkkkkhkkkkhkkkhkkkkhkkkhkkkhkkkhkkkkhkkkkhkkkkkkkkkx *kkkkkkkkkkhkkk

* Name :MOTOR TESTING.BAS

" Author : [select VIEW...EDITOR OPTIONS]

" Notice : Copyright (c) 2007 [select VIEW...EDDR OPTIONS]
* . All Rights Reserved

* Date :10/29/2007

* Version : 1.0

"* Notes

Tkkkkkkhkkkhkkkhkkkhkkkkhkkkhkkkhkkkkhkkkhkkkkhkkkhkkkkhkkkkhkkkkkkkkk *kkkkkkkkkkhkkk

define osc 8

trisd=%00000000
trisb=%00000000
trisc=%11111111

low portd
start:

high portd.0

low portd.1

high portd.2

low portd.3

if portc.0=0 and portc.1=0 then reversing
If portc.0=0 then right

IF portc.1=0 then left

goto start

right:

low portd.O
high portd.1
high portd.2
low portd.3
return

left:

high portd.0
low portd.1
low portd.2
high portd.3
return

reversing:
low portd.0
high portd.1
low portd.2
high portd.3
return

* X % % % ok * *
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APPENDIX B

Photos of Autonomous robot
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Photo A : Overview of the Autonomous robot (left)

Photo B : Overview of the Autonomous robot (right)
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Photo C : Front view of the Autonomous robot

Photo D : Upper view of the Autonomous robot
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Photo E : Rear view of the Autonomous robot

Photo F : Upper view of the controller board
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Photo G : Upper view of Infrared sensor and ISD®56

Photo H : Bottom view of the Autonomous robot
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MICROCHIP

PIC16F87XA

28/40/44-Pim Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

* PICIEFET3A
* PICIEFET4A

» PICIEFETEA
» PICIEFETTA

High-Performance RISC CPU:

':}'1"5' k] E|Fg g-word Instructions to leam
Al Eingle-cycle Insinichions except for program
pranchies, which are fao-cycle
GEE"&“"IQ speed; OC - 20 MKz clock |"I|:IJ|Z

OC =200 ns Instruciion oyok
JFI1CI 8K % 14 worss of Flash F"Dgf!ﬁ M!N:r}.
Up 0 368 £ & byes of Data Memory (RAM)
Up ko 256 1 8 byizs of EEPROM Data Memory
Pnout IIITPJUDE ] CI'."IE'EE-F'I'I or 40/44-pin
FICTBCHC and PICEONX micraconirallers

Peripheral Features:

Timand: 301t tmericounser with 3-oit FI"E!‘MK-'
Timart: 18-Lit timericounter with prescaler,

can be incremenied :ILI'I'I; SEEFI via extemal
cryElaliciock

Timer2: 3-olt tmerfcounser wih 3o penag
'Egl!ﬂl:-' F"E'E-EEIEI ani posiEcaler

Twao ':E.FIU.I'E, ':CI'I'IFG"E, =V modules

- Caplure |s 18-Di, max. resoltion Is 12.5 ng

- CI:ITFIEH! £ 18-Dit, max, resalution Is 200 ng
- WM max rasolution s 10-bit

35'1Eh'I:I'II:IJE Zeral |_:I:I". (S5P) with SPI™
\Mastar TDC]E':- and <™ I:h"GElE'-'S JVE|
Jnirearzal E}TIH[CI'I:LE ﬁE}TGﬂf:I‘ﬁILE Rarelver
Transmittar [USARTISCI) win S-bt address
detzclion

Parallel Siave Port (PSP) - & bits widk with
external FD, WA and T conlrals (4044-0in anly)
Srown-out detection ¢ 'cut}":r

Srown-out Reset (BOR)

Analog Features:
+ 10l up to 3-channel Analog-o-Diglts
Convertar [AD)
+ [Snown-out Reset (BOR)
+ Anaiag Comparatar maguis wih
- T analag comparators
- Pragrammaliz on-chlp voliage refersnce
(VREF) matls
- Pragrammakiie imput muttiplexing from device
npws and Inemal vallage reference
- Comparatr ouiputs ae exemally acoessinie

Special Microcontroller Features:

100,000 erasefarile cyzie Enhancad Flasn
pragram memary typlcal

1,000,000 erasefwrie cycle Dala EEPROM
memary typlca

Cata EEPROM Retentlon = 40 years
Self-raprogrammatie under saftware conirl
n-Circult Sedal Frogramming™ (1252 ™)
viatwe pins

Single-supply 3V In-Circut Seal Pragramming
Watchdog Timer (WOT) with £s own on-chip RC
ascilator for raliabie operation

Programmabiz code protaciion

Power saving Sleep mods

Selectable oscllator options

+ In-Circult Debug (1CD) via two pins

CMOS Technology:

Low-power, high-speed FlashEEPROM
technology

Fuly static design

Wide operating varage range 2.0V ta 5.5
Commercial and Indusirial temperature ranges
Low-power consumpton

Trodnm Nemen | osta |eeppoy st | cop ot Timers
Davlos vine # 3ingle Word 2RAM Eyteg) g A0 fon) | P9 [z, Magtor U2ART - Comparatons
¥ —— o
FICISFETIA| TN | 46 | 132 | 1 22| 5 | 2 [ves| ves | ves | 2 2
FICISFETAA| TR | &% | 132 | 12 |33 | 8 | 2 |ves| ves | ves | 2 2
FICISFETEA |18.3K| 813z | @ | 2% |22 | 5 | 2 |ves| ves | ves | 20 2
FICISFETTA |18.3K| 8132 | 38 | 2 |33 | 8 | 2 |ves| ves | ves | an 2

& 2003 Microchip Tachnokogy Inc

CE535582E-page 1
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PIC16F87XA

Pin Diagrams [Continued)
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PIC16F87XA

1.0 DEVICE OVERVIEW

This document containg devies specifle mformation
about the folowing devices

PIC1GFaT3A

PICTGFETAA

PIC1GFaTEA

PICIGFITTA

PIC1G6FATIAMITEA devices ane avalable anly In 23-pin
packages, while PIC1ESET4AGTTA devices are avall-
atle In 40-pin and 44-pin packages. All devias In e
PICTBFITXA fTamlly share comman architachure with
the foilowing diarences:

Tne PIC1EFET34 and PIC16FET4A have one-hat
of the total on-cip memaory of the PICIGFETEA

and PIC1EFETT

Tnie 28-pin devices have fnres 110 ports, while e
ADd-pin sevices have v

Th 28-pin Bevices have fourtesn Iniemupts, whis
ihe 40id4-pin devices nave fzen

The 28-pin devices have Tive AT Input channels
while the 41044-pin devices have eight

Tne Paralel Stave Pori is Implementzd only on

ne 40id4-pin devices

The avalanle features ars summanzed i Table 1-1
Dlock diagrams of the PICIEFETIAGTEA and
PIC1BFETLAMETTA devicas are prosided In Figure 1-1
and Figure 12, regpecilvely. The pinouts for these
device familas & It In Table 1-2 and Tabie 1-3

Aditional Information may be found n the FICmico®
Mid-Range Reference Manual ([D333023), which may
b2 obtanzd fiam your o3l Mcrohip Saies Rapresen-
tativa or downlioaded om he MR Wl 55, The
Refarence Manual shouid be considensd & complemen-
ary document to ihls data shaet and Is nighly rzcom-
mended reading for 3 beser undersianding of ine device
architzciure and aperation of the pedpneral modues

TABLE1-1:  PIC1GFBTXA DEVICE FEATURES
Hay Faatures PICIGFETSL | PICIGFET4A | PICIGFETSA | PICISFETTA
Dperating Frequency DC-Z0MFZ | DC-20WHZ | OC-Z0WAZ | DC-20WHz
Riesets (and Detays) POR.BCA POR, 50R. POR. BOR POF. BOR
PWRT 05T} | PwRT.0sT) | (PWRT.0ST) | (PWAT0ST)
Flash Program hemary I 4K B B
I:'IH:I'. WOrGE|
Data Nemary (bytes) 192 182 38 E
EERROM Data Memory oytes) 128 128 13 2%
ETUps 1 15 14 E
10 Pors PoisA,B.C [PorsA B,C.D.E| PofsABC [PorsA 3 COE
Trners 3 3 3 3
CaptureiCompare/PWM moduies 2 z 2 2
Zaral Communicatons MZZ9, USART | MIZP USART | MSSP USART | MSSP USART
Paralisl Communications - F3P - pze
1|:|-=||.F'|"IE|D§-|.I}|:||;||.& Module 3 npul channels | & 'IF'.I'I charmels 5|FFIL|Z channels | EInput channels
Analog Comparalore 1 : 2 2
nsiruction Sal 35 Instnucions 35 melructions 35 Insuctions 35 Instnicions
Fackages EQnPOF | 40pNPOI® | 23pMFOIP | 40-pnPOP
BPASOIC | 44QNPLCC | 28pn3OC | dépnBLoc
EpnSIOP | 44pnTOFP | 23pn350P | ddphTOFP
28-in CFY 44-pin OFN 2600 0N 44-in OFK

& I00% Lilernchin Tachnnkses Ine

FEIEEEIS.rana £
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FIGURE 1-Z: PIC1GFATAAETTA BLOCK DIAGRAM
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PIC16F87XA

TABLE1-3:  PICIGFAT4A/TTA PINCUT DESCRIPTION

i PO® |FLCC [TGFF | GFN | BOF |  Buffer :
in Ham Pind | Ping | Ping | Fine | Typs | Tope e
s Rl 12 14 Ea] 0 aTic kgt [Ceclatr crystal or mxlemal clock imput
D& I Cacliator crystal iput or sxiemal Clock source
Iregect. ST bffer whien configered in AC mode;
cthemize CMOE.
CLEI | Exlemal ciock sowrce input. Always associabed
witni pin funcion CEC (see OBCACLEE
QECICLKD pins)
OECCLED 12 12 3 3 - Csolimtor crysial or clock oufput
CEC2 el Cescilator crystal ous,
Connects 10 crystal or resonator in Gryssal
Cacialor mode
CLEG o In RC made, D502 pin cufputs CLRD, which
nag 44 he frequency of GEC1 and denoles he
naluciion cycie raie
MCLRAR 1 2 8 18 BT kiasher Clear (mpot] or progearmming walage founot
MCLR | Master Ciear (As5eg) mput. This pin ks an acive
o Aeset o the devioe
Wi P Pmogramming vofage Input.
PCRTA k2 bdireclonal U0 pont
RALAND ] 3 i 12 L
RAD [led Diigital 541,
AND 1 Angop npui 0
RATANT 3 4 .1} i TiL
RA1 o] Diigltal 0.
At | Anaiog rput 1.
RAJAMIVREF-CVREF | 2 s a1 4| TiL
RAZ (] Digital i,
AN2 1 Anzog Fput 2.
WP 1 O reference solage flow) inout.
(AT o Comparaior VREF oulput.
RAZ AN WHEF+ g g ) 2 TIL
RAZ 1 Diigital 631
AN Anziog inpuk 3.
W+ i AD relerence volage (Highi mpul
RA4TUCRICI0OUT ] 7 3 T BT
FlA= I Digetal 50— Cpen-drak whes configured as
Quipul.
TOCH! 1 Timerd exterrai dock Inget
CHEoUT o Comparaior 1 cutpul.
RASMNEERIT2TUT T £ M M TiL
RAE iz Digiml #3.
Al | Aniog nputd.
BB | 57| 5lave seiact input.
C2oUT G Compamalar 2 oulpul.
Legend: | =imput 2 = output V0 = inpubiouioet P = poaer

—mMoiussd TTL=TTLInput &7 = Schmii Trigger Fpult
Mobs 1: This buffer Iz a Schedlt Trigger Inpot whan confgurss 23 fhe sxbarnal ivfemupt
2 This buffer Iz & Schmilt Trigges lnout when es=d in Seral Frogeamming mode.
% This bufler |2 a Bchmill Tripger Input when configuned 'n RC Cischlaior mods and @ CMOE input olheniss

FEICCE a4 B ANY Lilerarn Tarshnslees Ine
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PIC16F87XA

TABLE 1-3;  PIC1GFBT4AETTA PINOUT DESCRIPTION (CONTINUED)
PO |FLCC |TGFP | GFH | MOIP Butfar
Pir Kams Fing | Fing | Ping | Fing | Type | Type Dacarpilon
POATE [s & bidirecHonal 110 port. PORTE can be
sofware coogrammed for intennal weak pul-up on A
Inputs.
REDINT o[ ® | s E TTLETi
RED Le Diigital 12,
INT Extermal intenrupt,
RE1 k] Ey 3 0 12 TIL Digital 3.
RBZ £ 33 1a 1 I TIL Drigital 1.
REIPEM k] 35 11| 1z TIL
RE3 12 Digital 3.
PGH Liow-voikage ICSP programming anabls pin.
RE4 T 41 14 4 Le TIL Digital 2.
REE k] 42 15 1= 12 TIL Diigital 12,
REEPES W43 | 15| ® LT
RE& I Diigital 3.
PGEC Irechoull debupger and ICSF programming clock.
RETFED o |44 | 17| o TTLIETH
RET Drglital W3
PGD Ir-circult desugger and ICES programming data
Legand: = [Rput 0 = gulpit U0 = Inputiouiout P = power

— = Motussd  TTL= TTL Input
Mol 1: This buffer I a Scheilt Trigger Input wihen confgurss 2z the sxternal nfsmupt
2 This buffer s a Schmilt Trigger Input when wsed In Seral Frogramiming mode.

3 This buffer Iz a Schmilt Tripger Inout when configursd in RC Oscllyior mode and a CROE Input othenvss

ET = Echmiii Trigper mput

& I00% Lilernchin Tachnnkses Ine

SRR TR 14
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PIC16F87XA

TABLE 1-3:  PIC16FAT4A/STTA PINCUT DESCRIPTION (CONTINUED)

POIP |FLCC |TGFP | GFN | NOIF Butfar
=]
In Hama Fing | Ping | Ping | Fing | Typs | Tope Gecarption
PCRTE ks a biclrecticnal I'C port
RCATIZECTICK 15 1E 32 £ 5T
RCO 172 Digital 3.
T1080 s} Timier] arscillsfor output
TiCH] Timerd extemal cock Input
RCATI0SICCR2 15 15 35 - 5T
RCA 172 Digital 3.
T108 Timeri oscillsbor Imput.
CCF2 1 Caphurs? Input, Compare2 ouput, N2 ouput.
CATEM 17 15 35 - 5T
RCZ ¥ Digital 2.
CCF ¥ Capturs| Input, Compared cuiput, PR ouput.
RCHECEECL 15 0 ¥ i 5T
RC3 F Digital 3.
BCK Iz Byncrronous seral clock Inputiouio for 551
mode.
BCL Iz Byncrrongus seral chock Inputiouto for 50
made.
RCAEDIE0A 23 = &2 42 5T
RC4 172 Digital 3.
il 5Pl data
S0A 12 C data 1T
RCEE0D M4 % £ 43 5T
RCS 172 Digital 3.
800 o 5F data out.
RCSTHCKE m | T = 44 BT
RCE 12 ikl 12,
TA s} USAST asynchranos fransmit
CK 1 UBASTY synchromous clock.
RCTRXNDT .1 ) 1 1 5T
RCT 172 Digital 3.
RE UBART asynchronows recele,
DT 1 UBAST synchnonous dats.
Legani: = Input 0 = gulput 0 m Inputiouiput P = power

—w=Notuzed TTL=

TTL Input

ST w Bchmii Trigger kput

Mots 1:  This buffer Is a Scheitt Trpges Input whan confgurss as the sxbsrnal intsmupt
2. This bufler s a Schmill Trigger Input when wsed I Seral Programming mode.
3 This buffer I3 a Schmitt Tripger Inout when configursd in RC Oscllsior mode and 3 CMOS Input olhensise

SEICES 0 ana 4T

N7 Lileresnie Tashnnlees Ine




PIC16F87XA

TABLE 1-3:  PIC1GFATAA/STTA PINCUT DESCRIPTION (CONTINUED)

FOP |FLCC [TGFP | GFH | NOWF | Buller
=
Ir tiama Pin2 | Pz | Ping | P | Tope | Tope Decaripalon
DATD s a bidlreciional U3 por or Faralel Slyee
Port when Interiscing 8o & miCmprocsssor bus.

ROVFSFD LET ST - - gTrTLh

RO s Chigilal .

PEFD I Paralzl Slave Fort dat.
RO1FSF o N N I srrTLhl

RACH 1 Ciigital .

P& 172 Faralzl Slaee Por: data.
ROFSFD no| | @ | o4 srrTLhl

ROz 1 Ciigital .

PEFZ 12 Paralz| Slave Port data.
ROIFEF: r IS S I I gt

ADE 1 Diigital .

PEF3 12 Paralz| Slave Port data.
RO4FERS w|lm | oz z grrTL

RO4 I Diigital K.

PESY 12 Parale| 3laee Port dat.
ROSFEPS m | # | 3 : grrTL

DS I Diigital K.

PEFE I Faralzl Slave Fort dat.
ROSFERS B | 4 4 gTrTLh

DS 1 Ciigital .

PEFE I Paralzl Slave Fort dat.
ROTFSFT T E aTrTL

DT 1 Ciigital .

FEFT I Famlel Slawe Pori data.

PORTE Is & bidrecsonal [0 port.

REDFDIANE 3 g | x® | = grrTLh

RED 1 Ciigital .

RO Read control for Farallel Save Port,

ANE Anaiog put s,
R WRIAMNE 3 || = | o= STTTLR

RE 1 Ciigital .

WR Write comiml for Paralel Slaee Port

AME Anaiog inpuf .
REZTAMNT w1 | T | T grrTL

REZ 1 Ciigital .

oE Chip selact conirnl for Faralsl Slave Port

ANT Analog mput 7.
WEE 12,31 | 13,24 | B, 25 | £, 20 P - Geound reference for logic and KO pins.

3
ey Wiz|izaE|rnzE| e | P —  |Positve suppiy for iogic and 10 pins
13I8
W — | 1,17, |13,13 13 - - These oins are not ktemnaly connected. These pins
28,4033, 4 snold be a% unconnsched,

Lapand: = Input & w putput VD w Inprutiouioet P = power

—=Motussd TTL=TTLInput  ET = Echmii Trigger bput
Mots 1:  This buffer I3 & Schritt Trigger Input when configures as ihe external Intsmopt
2:  This buffer s a Schmilt Trigper Input when wsed In Seral Programiming mode.
2 This buffer I a Schmill Tripper Input wihen configured In RS Oscllaior mode and a CHOE Input olhemdse

00T Lilereshie Tashanles Ine b - SUE T P
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‘ SGS-THOMSON
Y/, MICROELECTRONICS

L293D
L293DD

PUSH-PULL FOUR CHANNEL DRIVER WITH DIODES

» G00mA QUTPUT CURRENT CAPRABILITY
PER CHAMMEL

p 1.24 PEAK QUTPUT CURRENT (non repeti

tive) PER CHANNEL

EMABLE FACILITY

s OVERTEMPERATURE PROTECTION

n LOGICAL 07 INFUT WOLTAGE UP TO 1.5V
(HIGH HCISE IMMUNITY)

n [NTERMAL CLAMP DICDES

DESCRIPTION

The Device is 3 monolithic integrated high wolt-
ape, high current four channel diver designed {o
accept standard OTL or TTL logic levels and drive
inductive loads (such as relays solenoides, DC
and stepping maotors) and switching power tran-
sistors.

Tio simplify use 35 two bridges each pair of chan-
nels is equipped with an enable input. A separae
supply input s provided for the logic, afiowing cE}
eraticn at a3 lower voltage and intemal clamp di-
odes are noluded,

This device is suitabls for us2 in switching apot-

e

S0[1244e4) Powarp {12+2+3)
DRDERING HUMBERS:
L2330 L2330

The L2330 is assembled in a 18 lead plasiic
packaage which has 4 center pins connected to-
getherand used for heatsinking

The L28300 is assembled in a 20 lead surface
mount which has @ center ping connected fo-

cations at frequencies up fo 5 kHz. gether and used for heatsinking.
BLOCK DIAGRAM
IZIL‘I_‘TEI Uas
13
Il ¢ 143
EHRBLEL ¢ !l- EMARBLE2
Nz ¢ -‘ 0 1H4
L1
i@ 1.1.15_._15.1?
i3 sgapg.gy OUT2 OUT4 l
Jung 1936 17
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L2930 - L23300
ABSOLUTE MAXIMUM RATINGS
Symbio Parametar Vs Unitt
Vs | Supoly Voitage 3 W
Vs | Logic Supply Vokage # 0
[ Input Vollagz 7 W
Van Enalie aliage 7 W
I Peaii Cutput Cument {100 48 non repetithe) 12 A
Py Tirtal Powser Despation &k T, =20 °C 4 W
Ty T, | Storage and Junclion Temperature - 40t0 150 i"

PIN CONNECTIONS (Top view)

EMeBLE ! [ g
L
EHRELE 1 CT] 1 18 [ Uss BT f—
IHRUT 4 [T 2 15 [D IHRUT 4
DUTRUT 1 (T 3 16 [TJ OUTRUT 4 ouTRUT TR &
EHD (T 4 17 [ GHb
GHOD oMd
GHD (T 5 {8 [T GHD
BHD CL 6 15 [ GHD -~ -
BHD [T] 7 14 [T GHD
outruT 2 (T 0 13 [T ouTPUT 3 cneur: e UTLT 8
INRUT 2 [T 5 12 [0 IHPUT 3 _—
vs T 10 11 [T EMABLE 2 3
HERFL FART - 4T "'5 EM&BLE I
fohie
S0{12edwd) Powerd|p[12+2+3)
THERMAL DATA
Symbol Dacription DIP 50 Unit
Rug | T7EMal Reglelance Jundtionfins max - 14 T
Fisjars | TOEME Resllance |uredor-amlent ma.| &0 ST
Ropeos | TNEME RESELENC2 JUNCI0N-CaSE maL| -

{"} "l B, cron board keatsing,

Elﬂ-ﬂlm




L2330 - 123300

ELECTRICAL CHARACTERISTICS (for each channel, Vs =24V, Vaz=5Y,

Tama = 25 °C, unless

othenwise specified)

Symbol Paramater Taat Conditicna Min. | Typ. | Max | uUnit
Ve | Supply Viikage ipin 1) Viaa k| W
Ve | Logic Supply Viokiage (pin 20) 43 w |V

Iy Tatal E!LIEﬁuEFtS.Ipply Curent [ Wi=L; la=0; Ve=H 2 ] mA
{pri 13 YmH; gm0 Ve =H 1% ] 24 | mA
Ven =L 4 m&
lzg Total Qulescent Logle Supply MimL; lg=0; Vg =H 44 il m&
Cuent (pin 20 YmH: o= Ve =H B | 2 | mA
Ven =L 16 M m&
Ve Input Low Veltage (pin2, 5,12, -0z 15 v
i
Yy | InptHgnvoiage [pn2, 9, | Vegs 7V 13 Vg | V
12.13) Vg =TV 23 T v
| Lows ol Input Cumentipln | W =15V =10 I
' 2,8 12E'|1%E - i !
™ High Violtage Inpus Cureniipin | 23V vy £ Ve -06Y kI 100 It
" E.FBI. 12.391%: P D EL
Vea L Enaiie Low Viollage -0z 15 v
[pni, 1)
Vaan Enale High Voltage Vggs TV 23 ieg v
[pnt, 11} Veg =7 ¥ 13 7 v
oo | LOWVoiage Enabie CUmERt | Ve, = 1.5V - [ -mo | ps
[pln 1, 11]
leam 1‘-'{:1"3;& Enabie Cument 23V SV o 5 Vs - 06V £10 I
'lr:::-||| SU.I'DE ELI;IutSawraﬂnr la==06A 14 14 v
Vioiage (pins 3, B, 12, 16)
Vemuge | Sk Oulpu Saluration Volage | lo==06A 12 14 v
[pirs 3, B, 13, 18)
Wi Clamp Dinde Foraard Voltage | lo = 60004 13 v
L Rl5e Time (°) 0.1 003V, 250 g
1 Fal Time ("} 091001 Vs 251 NG
™ Tum-gn Zelay () 03VitaD5Ve Tall NG
Lp | TUm-OFDelEy 1) 05Vl 05Y, i T
") Emali, .
En

‘T-m
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. Winbond

S Elestionics Corp

1SD2560/75/90/120

SINGLE-CHIP, MULTIPLE-MESSAGES,
VOICE RECORD/PLAYBACK DEVICE
€0-, 75-, 90-, AND 120-SECOND DURATION

Publicaion Relense Dare: My 2003
-1- Eviion 1.0



ISD2560/75/90/120
nbond

¥ lerioaicy Geap,

1. GENERAL DESCRIPTION

Winbord's 1302500 ChipCarder® Series provide high-qualty, single-chip, RecordPlayback solutions
for 60- to 120-second messaging applications. The CMOS dewices include an on-chip oscillator,
rricrophons preamplifier, auiomatic gain control, antialiasing fitter, smocthing fer, speaker amplfier,
and high density mult-level storage array. In adddion, the 102300 is microcontroller compatible,
allowing complex messaging and addressing o be achieved, Recordngs are stored inte on-chip
nomclatile memony cels, providing zerc-power message storage. This unigue, single-chip solution i
rrade possibée through WWinbond's patented multilevel storage technology. Veice and audio signals
are stored drectly inte mermory in their natusal form, prowding high-quatty, soid-state woice
reproducsion.

2. FEATURES

+ Easy-to-use single-chip, voice recordplayback solution
+ High-qualty, natura viica/audio reproduction
+ Single-chip with duration of 60, 745, B0, or 120 seconds.
+ Manual switch or microcontroller cormpatiole
+ Playback can be sdge- or level-activated
+ Directly cascadable for longer durations
« Automatic power-cown (push-button mode)
- Standby cument 1 pA (typcal)
» Zero-power message storage
- Eliminates batiery backup circuits
+ Fuly addressable to handle multiple messages
+ 100-year messaps retention [typical]
+ 100,000 record cycles {ypical)
+ On-chip ook sowrce
+ Programmer suppor for play-only applications
+ Single +0 ot power supply
+ Ayalable in die form, POCP, S0IC and TS0P packagng
+ Temperawre = die (0FC to +50°C) and package (0°C to £70°C)
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ISD2560/75/90/120

b inehases Cop

3. BLOCK DIAGRAM

irmiwrral Clech

HCLK |—|

Dametirg Cleck
f |
$-Pals koive
LLLY n%lnu tniiainsng Mier Ay Tranecsysrs
i A Call
KA U Harvenldis $ruln Aeilm

W g g m::mw muumnug
—_—r

Timing

MCEE gt '
ufandt o 2
BOC s e (Qain Corral —_— .
kag)

T 1T

]
Vo Wou Vo W AL AT AN AL A A3 M AT AR M1 RO FR TR A

Publicaion Eelense Dare: My 2003
-3 Revicion 1.
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ISD2560/75/90/120

5.PIN CONFIGURATICON

o [ et

g P

:r.'._ll\l'.'

# I REF

a e

nl:_hl':u.

n e
1502580" £ jTJ,.

= Cv,,

“.:_-"'IIH

w lwcw

at .EH

]

L] ._"M:I'

o[ T| [F v il @
st T e PP
a1 R _p:.l_tv
w1 ] EaC =
waa[E R =1
e E i]ﬁ i;'._:l
[T . | & | v )
I.T;_'T!__I ool _..Emmmn ﬂ‘:ﬁi
LI [ Jaal gy
A3 LS I..hl?l._: "
LT T [ Jwc e aomis =
[ T 47 o AT
"wi i]‘lﬂ. md n
s [T e e w
SOICIPDIP

TSOP

* Same pmouts for IS5/ 2500/ 25720 products

Ty

Publicaion Reveass Dare: Mgy 2003
Revizion 1.0
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ISD2560/75/90/120

tprimams Crp

. PIN DESCRIPTICN

PINNO.
PINRAME | eqicr | Ts0p FUNCTION

POIP

Al 1100 | 8170 | AddressiMode Inputs: The AddressiMode Imputs have fwo
17 | a4 |funclions depending on the level of the fwo Most Significant Bits
! (MZ8) of the address pins (A2 and AZ).

f gither or both of the two MSBs are LOW, the inputs are all
interpreted as address bits and are used as the star address for
the cument record or playback cycle. The address ping ane inguts
cnly and do not cutput any intemal address mformiation during the

operation. Address inputs are |atched by the faling edge of CE.

fhath M58s are HIGH, the AddressMode inpuis are inferpreted as
Mede bits according to the Operational Mode fable on page 12,
There are six cperational modes (MO, ME) available a5 indieated in
the fable. It = possible to use mulfiple opsrabonal modes
simutanecusly. Operational Modes are sampled on each f3fing

eilge of CE, and thus Operational Modes and direct addressing
are miuually exclusive.

ALKIN 1 18 | Auxiliary Input: The Auxitary Inout is multplexed through te the
cufput amglifer and speaker ouput pins when CE s HIGH, BIR
is HIGH, and playback is curently not active or i the device 5 in
playback overfiow, VWhen cascadng multple [B02500 devices, the
ALY M pin 5 used to connect a playback signal from a following
device 1o the previous output speaker drivers. For noise
considerations, i i5 supgested that the auxary input not be driven
when the siorage aray is achve.

Vesa, Ve | 13,12 | 20,19 | Ground: The ISD2500 seres of devices wilizes s=paraie analog
and digial ground busses. These pins should be connscted
separately through 3 low-mpedance path to power supply ground.

SPHER- [ 1415 | 212 Sﬁeaker Outputs: AN devices in e 1302500 series include an on-
chip differential speaker driver, capable of driving 50 miV into 16 0
from ALK I {12 2mi¥ from memaory).

" The speaker outputs are held at Ve leve's during record and
power down. |t is therefors not possible to parallel speaker cufputs
of multiple 302500 devices or the cutputs of other speaker drivers.

Pl single-and cutput may be used (incuding 3 coupling capacitor
betwsen the 57 pin and the speaker). These owipuis may be used
individualy with the output signal taken from either pn. However,
the use of single-end cutput resuts a1 to 4 reduction in its
cufput power

M Conresson of speakar aufpuls I paraliel may cause damage i3 ihe device
Pl Newar ground or orlve 2 Urused speaker culpul.




ISD2560/75/90/120

PIN HAME

FUNCTION

Veea, Vieca

Supply Valtage: To minimize noise, the analog and digital circuits
in the 1502500 seres devices use separate powsr busses. These
wiitage busses are brought cut to separate pins and should be fisd
together as ciose o the supoly a5 possible. In addtion, these
supplies should be decoupled as close to the package as possible.

MIC

Microphone: The microphone pn transfers input signal 1o the on-
chip preampcfier. A butt<n Automnatic Gain Controd (AGC) crowt
contreds the gain of this preamptfier from -13 to 2448 An extsmal
rricrophone should be AC coupled o 1hes pin via a senes capacion.
The capacitor value, together with the intenal 10 KL resistancs on
this pin, determines e low-requency cuioff for the 1502500 series
passband. See Winbond's Applicaton Information for addibonal
inforrration on low-frequency cuboff calkulation.

MIC REF

Microphone Reference: The MIC REF input is the imverting input
to the microphone preamplifier. This prowides 3 noise-canceing or
common-made reecdion input to the devics when connected to a
differential microphone.

AGC

Automnatic Gain Control; The AGT dynamicaly adjusts te gain of
the preamplifier fo compensate for the wide range of microphone
input levels, The AZC aliows the full range of whispers fo foud
sounds to be recorded with mimimal distortion. The “atiack” tme i
determined by the tme constant of a § KO imernal resistance and
an external capacitor (G2 on the schematic of Figues & in section
1) connectzd from the AGC pin fo Vo, ans'og ground The
‘release” fime is detemmined by the dme constant of an extemal
resistor (R2) and an exiemal capacitor (G2 connected in parallel
betwesn the AGC pin and V. analog ground. Mominal values of
470 KL and 4.7 pF gve satsfactony results in most cases.

AMA TN

Analag Input: The anslog ngut iransfers analeg signal to the chip
for recording. For microphone inputs, the ANA OUT pin should be
connected wia an exiemal capacior to the AMA IN pin. This
capacitor value, fogether with the 2.0 KQ input impedance of ANA
M, is selected to give addiiona’ culoff at the low-frequency end of
the wioice passhand. ff the desred ingut is derived from a sounce
other than & microphons, the signal can be fed, capacitvey
coupled, mio the AMA TN pin dirscty.

ANA CUT

PN HO.
SOICT | TSOP
POIP
16,28 [ 23,7
17 24
18 25
14 2
20 P
A 28

Analog Qutput This pin provides the preamplifier cutput to the
user. The voftage gain of the preamplifier is determined by the
vitiage level & the AGC pin.

Publication Release Dare: Mgy 2003
-7 Rvirion 1.0
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ISD2560/75/90/120

FUNCTION

T

Owerflow: This signal pulses LOW at the end of memery amay,
indizating the device has been fi'ed and the messape has

overfowed. The OVF output then follows the e input uni a
PC pu'se has reset the dewice. This pn can be used fo cascade

several [SD2500 devices fogether to increase recondiplayback
durations.

CE

]

ra

Chip Enable: The CE input pin is taken LOW to enable all
playback and recond operstions, The address pins  and
playbackrecord pin (PR ) are latched by the fatng edge of CE.
CE has addtional funcfiona ty in the MZ [Push-Bution)
Cperational Mode as desenbed in the Cperational Mode section

2

(]

Power Down: When neither record nor playback operation, the PD
pin should e pulled HIGH fo place the part in standby mode (see
w specfication). When overflow | OVF ) pulses LOW for an
ouerfow conditon, PO should be brought HIGH o reset the
aildress pointer back io the beginning of the memeny aray. The PD
pin has addtional functonaliy in the ME [Push-Butizn) Cperaticn
Mode as described in the Operafional Mods section

]

End-0f-Message: A nonvelatile marker = automatically inserted ai
the end of each recorded message. |t remans there untll the

rnessage is recorded ower. The ECM outpul pulses LOW for a
peniod of Teow a1 the end of each message.

n addition, the |S02500 series has an mtemal V- detect crout o
rraintain message integrity should Ve f3ll beow 3.5V In this case,
20K goes LOW and the device is feed in Playback-only mode.

When the device is configured in Ciperational Mode ME (Push-
Bution Mode), this pin provides an aciive-HIGH signal, indicating
the device iz curently recordng or playing. This sgnal can
conveniently drive an LED for visug indieator of 3 recond or
playback operation in process.

=
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ISD2560/75/90/120

PIN NAME

SQIc!

TS0P

FUNCTION

XCLK

2

External Clock: The extzmal clock input has an ntemal pull-down
device. The device is configured at the factory with an niemal
samping clock frequency centered fo 21 percent of specification.
The frequency is then maintainzd to a varistion of 2225 percent
over the entme commercial temperature and operafing voltage
ranges. If greater pracision is reguired, the device can be clocked
through the XCLE pin as follows:

Part Mumber | Zampls Rate | Aeguined Clook
1522560 80 kHz 1024 kHz
R B4 RHz B13.2kHZ
150250 E3kHz EB1T kHZ
15008420 4 kHz S1ZkHE

These recommended clock rates should not be vaned because the
antialiazsing and smoothing filkers are fxed, and aliasing problems
can ooowr  the sample rate difers from the one recommended.
The duty cycle on the input clock s not orifizal, 35 the clock =
irmmediately divided by twe. If the XCLE is not used, this input
must be connected to ground.

PlaybackRecord: The PIR input pin is atched by the fatng =dge

ofthe CE pin. A& HIGH level selects a playback cycle whie a LOW
evel selects a recond cycle. For a record cycle, the address pins
provide the staring address and recording continues undil PD or

CE is pulled HIGH or an overflow is detected fi.e. the chip is full).
Vimen a record cyce is terminated oy puting PO o CE HIzH,
then End-Of-Message | EQM | marker is stored at the cument
aldress i memory. For a playback cycle, the address inguts
provide the starting address and the devics wl play uniil an E0M
rmarker is encountered, The device can contnue to pass an E0M

marker § CF is held LOW in address mode, or in an Operational
Mode. [See Cperational Modzs section)

Publication Release Date: My 2003
-8 Revizion 1.0




P HRTHGHLT AN ED

n'ﬂl Chiptorder
i)

APPLICATION INFORMATION FOR ALL 15D ChipCorder PRODUCTS
Address Segment Resolution

Sampls Rates
B H-1|B.-1 H-1|E.E| H-:|4.[l rc-:|a.n rc-:| 8.4 KHz | E3KHz }t.n Bz
50 Fart Mumbsrg
110
1290 | 1212

10984 | 10208

1818 | 1420
Addrecs Inputs 2632 | 2640 | 2649 | 26e4 | 33080 | 33076 | 380E0 p3izo
pec|an|as]ar|ae[as [ae]aa]az[ar [ao] | zee0 | 267 | 2660 | 26020 | 35020 | ame0 | ssea0 | ssea
I EEEEEEEEEEE N i ] I
|EEEEEE EEELI EEEEEEEEEEE
Aol of af of af of of of o '.|u I IEEEEEE
A of of af of af of of of o ||u :l pa] oame] oda] oa] odd] osess] oen] o9
af of o of aof of of o i '.||.| d oe| os] oe| os] od] o] ow] iz
Aol of of of of o o o ||u: oa] o] o ora] osaa] sl s
o o of of of of o IEE EEEEE N EREEEEE
ol of of of of f o [ ||u Ao ams] vm] e o] vme] e e
ol of of of af of of 1] of o '.||.||.'| T FIRE R T
ol of of of af of of 1] of o |||.| ol ool vz v el s veers| soes| er
ol of o ol of of 1] o '.|u A R e E
1 BT ol of of 1] o OBl 0] Ve[| 2] Tes| 20| 4% 3
A of o | of of 1 i -|u~ el e el zel s am| oz wa
A aof o al of of 1 1IN IR EEEE
A ol o al of of 1 [ '.IIJE BRI
A ol o ol of f ol va] el sz ] m] ams] aam] 4l
Ao o ol of K o of of i b re| 3] &4 2| e A
i al of W ol a of P v wis] asa|  ns| zas] siens| aas] s
il of o ol of O of o A e wml e ae] w2l aam] am]  ae
A o o ol of O of o Iy o] awe ams] as| zes| ssess| ] e
af o o ol of 1 o ol el el ozl o] N
Fl A G ol of 1 @ O el &1] 288 18| 42| 308| 54008 4038 &4
af o o ol of 1 o 1 I B
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Apphication Information for ChipCorder Produck
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Boplication mformadion for ChipCander Producs
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Apphication Information for ChipCorder Produck
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Boplication mformadion for ChipCander Producs
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Apphication Information for ChipCorder Producks
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Boplication mformadion for ChipCander Producs
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Apphication Information for ChipCorder Produck
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Boplication mformadion for ChipCander Producs
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Boplication mformadion for ChipCander Producs
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Apphication Information for ChipCorder Produck
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Sampls Raling
B T) T}
g |aamne feswnz| B (nownz| aanmz [eanmz| o)
180 Part Humbers

Addrees npufs 33080 | 3m76 | ssoes ”1::"'

DEC |43 |hE|a7 |48 |4k |Aefas | a2 A1| A0 2680 | 2676 | 26m0 |zaszl| sz | amen | aman [ssne
v ) O R S Y O I
wll o of o oo 1 1| 41| sd1z8| eola| eaz| ania| reien] 02| 1a
s o of o o] @ E R EEE DT
wi] o of of fof @ 1o o] s| soums] enes| moe| eoas| rssens] were|ids
) ol o] i a1 7 4] 44| G0B| f08| BO8| e0a|  JA7E| @] 122
I I ol o] of a1 1 6] 405 Bdezs| eoda| 41| anva| reehrs| evii|1zis
we] o ol of of o 1 1 o] 40a| o8| e0u| 812 e8| ez 9148] 1214
] o o of f o 10 7] 407 eaume| arca] w4l arm| resizs] eian| iz
= I NIEE BE 1o a] o] B1| ez ele| ez tas|  e1a|1za
F NN N 7 §] 409] B1.125| 4108 B18| &l8| Tethis| Gaais| 1mq
nf o NN BE ol 41| 8108 s8] 82| e8| 7eRns| w2ds| 12
aif o NIEE BE 10 8] 41| B14%8| atea| ea2| ares| rroeas| eears|izia
ny o ol o] 1] ol a12] 58| e8| e2a] e8] i8] 27| 1za
nif o NIEE BE 1o O] 43| Blazs| area| eae| aied| rraavs| eaeis| e
1E I ol o] k1] 1 T 6] 41| B108| &L1| B8] &L1| 7he38| 918|122
ngf o ol o] 1] 1§ F| 418 B1076| a2za| 63| and| Treiz| eaane|1zes
ny o IREEE a O d4la| 82| a24] Biz| eud NEE T
] o IHE BE I | 47| saias| ezea| eial azea| rhienE| saads| 1
nif o IHE BE R EEE T
0 o INEEE X EEE S R
a2 o IHEEE n 4] 42| e ed| @] x| ghoa| 4| 1
a2 o INEERE a 8] 21| e2aos| edvia| maz| avia| raears| earis|1zed
a2 o IRE EK 18 o] 4z2| s278| edd| Ba4| edd| iz ads| 1ze4
] o IHEEE a 1] 423 Eadie| avda| mas| avds| resizs] eaone| s
] 0 INERE ] 28] B3| i8] Bad| eia|  wa| a|1z2
7% I IRERE 1A 9] 425 BL128| ad78| 48| adiA| Tesrs| whels|127s
] o IHE BE a ) 4za| a8 edn| eRa| eds| mwens| ends| 1A
] o IRERE a 0] 427 Baate| ears| ena| aams| mooeas| sedns| iz
0 I INERE I cl 28| &es| edz| eae| edz| o028 9aa| 14
o 0 INERRE TA O 429] Bh4dh| oA0B| BRO| 4408 BOA4LTH| Ganis| 12t
arf o IHERE 18 E] 43| Ba76| s48| 88| edn| anezs| ars| 1w
alf o NRE DE 1a F] v Badte| edea| Bad| adea| Boniz] Gesis| 1ma
s o i il o B o] av2| 54| sdb| Bad| sak NECAEY
] o 0 il o B | axa| te1iE| adim| Bat| edvh| 411075 srals| 12F
] 0 0 a0 o )| s Bam| )| s e8| 4ian| ores| 10z
% I o il o o | was] eans| asus| w| aszs] wnseas| orase| 108
at] o 0 a1 o o e ss] eaf wa] e wm] sifias
] o i a1 b of anr| sass] ensa] wra] ensa| asons mans[1a
120 13

10z



104

Apphication Information for ChipCorder Produck
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