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ABSTRACT

The purpose of this project is to devedomobile robot with an obstacle avoidance capgbilihe
mobile robot will be built with an onboard sensorget information about the surrounding environment
The mobile robot is a four wheeled robot platfoithe robot has an ultrasonic sensor which is mouinted
front of it to scan the front environment. The adtonic sensor will trigger a signal to the maintoater,
which is a PIC16F877A microcontroller. The direatiof the mobile robot will be controlled by one
stepper motor that connected to the output of PRBXBA microcontroller. The stepper motor will chang
the direction of mobile robot when an obstacleasedted. The other two wheels are dc motor which is
only for motion purpose. The dc motor will be onlyn forward without influenced by the obstacle ssns

by ultrasonic sensor.



ABSTRAK

Tujuan projek ini dijalankan adalah untmlembina sebuah robot mudah alih dengan kebolehan
untuk mengelak halangan. Robot ini merupakan kexateempat tayar dengan sebuah ‘ultrasonic sensor’
dipasang dihadapannya untuk mengesan keadaan haadyod. Apabila halangan dikesan, robot ini akan
menghantar input kepada ‘PIC16F877A microcontrblleergerakan robot ini akan dikawal oleh sebuah
‘dc motor’ yang mendapat arahan daripada ‘PIC16R87iicrocontroller’. ‘Dc motor’ ini akan mengawal
arah robot mudah alih ini apabila halangan dikegama buah tayar lagi merupakan ‘dc motor’ yang
hanya digunakan untuk menggerakkan robot mudahirdlilDc motor’ ini hanya akan berpusing tanpa

dipengaruhi oleh halangan dihadapan.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

The purpose of this project is to develop a molileot with an obstacle avoidance capability.
The mobile robot will be built as a fully autononsovehicle with onboard sensor to get informatioaudb

the surrounding environment.

The mobile robot is a four wheeled robot platfoifhe robot has an ultrasonic sensor which is
mounted in front of it to scan the front environmeélrhe ultrasonic sensor will trigger a signallie main

controller, which is a PIC16F877A microcontroller.

The motion of the mobile robot will be controlleg bne dc motor. The dc motor will change the
direction of the mobile robot. The other two wheisle dc motor which is only for motion purposeeTh

stepper motor will be only run forward without inéinced by the obstacle senses by ultrasonic sensor.

1.2 Problem Statement

Nowadays, robotic technologies have become moreiitapt since a lot of industry is trying to
improve their machinery weapons. This technology dieveloped year by year to make sure an excellent
result. Recently, by time goes by, a lot of mecbalhiobots have been invented to help peoples mgnni

their daily life.



Obstacles Avoidance Mobile Robot is actually a $engllision avoidance machines. Besides
that, its future development is very big to expld®g using this simple collision avoidance systentot

of new and variety mobile robot with multiple furats can be invented.

Real-time obstacle avoidance is one of the keyeisda successful applications of mobile robot
systems. All mobile robots feature some kind ofisioin avoidance, ranging from primitive algorithms
that detect an obstacle and steer the robot sHdttiro order to avoid a collision, through sophisted
algorithms, that enable the robot to detour obstacThe latter algorithms are much more complexesi
they involve not only the detection of an obstadlat also some kind of quantitative measurements
concerning the obstacle's dimensions. Once these lf®en determined, the obstacle avoidance algorith

needs to steer the robot around the obstacle andheemotion toward the original target.



13 Objective

The aim of this project is to designh a mobile roliih an ability to avoid obstacles. This mobile
robot will react with the surrounding to avoid acgilision with obstacles. Ultrasonic sensor will the

input for the whole process while the PIC16F84/sa the steering control for the steering wheel.

The main objectives of this project are;

i. To design a Mobile Robot with an ability to avoidstacle

ii. To develop a mobile robot using PIC microcontrodad Ultrasonic sensor



1.4 Scope of Project

The scopes of this project are;

i. Develop an obstacle avoidance mobile robot withoainth sensors and microcontroller.
The designed mobile robot will be able to avoidtable perfectly like programmed.
The mobile robot has four wheels which are two ddanin the rear and two steering
wheel connected to one dc motor at the front.

ii. Develop an algorithm of Potential Field method Yoid obstacle. The algorithm will be
implemented in the main controller which is PIC romontroller. The input of this
algorithm is the readings scan by ultrasonic semmstire front of mobile robot. With this
method, the mobile robot can avoid the obstaclaaut having a collision.

iii. Develop the output of this system which is the ditanthat can reflect with the input
from the sensor. When an obstacle is detectedntia controller will trigger an input
to the dc motor to change the steering wheel tactineect direction. Thus, the obstacle

can be avoided.



1.5 Literature Review

1.5.1 Introduction

Before start doing the project, some articles ngeit from the internet or book must be added to
make sure the information from that sources candsa to analyze and to make a comparison with our

project. This article used as a guideline to créatesystem function.

This subtopic will summarize and highlight the @it of papers, reports and articles that are

related to this project. Some related theoriefi¢oproposed project will be discussed in this akrapt

1.5.2 The Fundamental of Sensor

Sensor is an electrical/mechanical/chemical dethe¢ maps an environmental
attribute to a quantitative measurement. It's @eato collect information about the
world. Each sensor is based on a transduction iptenevhich is conversion of energy

from one form to another form.



1.5.2.1Basic principle of operation:

An ultrasonic sensor typically utilizes a transdutieat produces an electrical
output in response to received ultrasonic enerfg. formal frequency range for human
hearing is roughly 20 to 20,000 hertz. Ultrasormarsl waves are sound waves that are
above the range of human hearing and, thus, h&egaency above about 20,000 hertz.

Any frequency above 20,000 hertz may be considelteaisonic.

Most industrial processes, including almost allrses of friction, create some
ultrasonic noise. The ultrasonic transducer progutiasonic signals. These signals are
propagated through a sensing medium and the samsdtricer can be used to detect

returning signals.

Ultrasonic sensors typically have a piezoelecteiamic transducer that converts
an excitation electrical signal into ultrasonic yyebursts. The energy bursts travel
from the ultrasonic sensor, bounce off objects, arelreturned toward the sensor as
echoes. Transducers are devices that convertielatnergy to mechanical energy, or
vice versa. The transducer converts received edhteanalog electrical signals that are

output from the transducer.

Ultrasonic transducers operate to radiate ultrasevaves through a medium
such as air. Transducers generally create ultraseitirations through the use of

piezoelectric materials such as certain forms pétats or ceramic polymers.



1.5.2.2 Basic of Ultrasonic Sensor

The ultrasonic transducer produces ultrasonic fsgrighese signals are propagated through a
sensing medium and the same transducer can baaisetect returning signals. In most applicatighs,
sensing medium is simply air. An ultrasonic sertgpically comprises at least one ultrasonic traesdu
which transforms electrical energy into sound andreverse, sound into electrical energy, a housing
enclosing the ultrasonic transducer or transdu@arslectrical connection and, optionally, an etedt

circuit for signal processing also enclosed intthasing.

1.5.2.3 Measurement Principle / Effective Use of tdhsonic Sensor

Ultrasonic sensors transmit ultrasonic waves frnsénsor head and again receive the ultrasonic
waves reflected from an object. By measuring thgtle of time from the transmission to receptiorihef

sonic wave, it detects the position of the object.

Transmitted YWave

—] .

Reflected Wave

L

Figure 1.01 Principle use of ultrasonic sensor



1.5.2.4 The advantages of Ultrasonic sensor

Ultrasonic sensor has some advantages which are;

Vi.

Vii.

viii.

Measures and detects distances to moving objects.

Impervious to target materials, surface and color.

Solid-state units have virtually unlimited, maira@ce-free lifespan.

Detects small objects over long operating distances

Resistant to external disturbances such as vilmatidrared radiation, ambient noise and EMI
radiation.

Ultrasonic sensors are not affected by dust, dittigh-moisture environments.

Discrete distances to moving objects can be detexid measured.

Less affected by target materials and surfaces,nahcffected by color. Solid-state units have

virtually unlimited, maintenance free life. Canagttsmall objects over long operating distances.



1.5.2.5 The disadvantages of Ultrasonic sensor

Some disadvantages of ultrasonic sensor are;

Overheating of a wave emitter precludes the enefgyltrasonic waves emitted there from being

enhanced to a practical level.

Interference between the projected waves and flected waves takes place, and development of
standing waves provides adverse effects.

It is impossible to discern between reflected wdves the road surface and reflected waves from
other places or objects.

There is no effective measure for removing theumfices of factors other than road surface
irregularities such as, for example, winds, tempeea variations, etc., which can change the

intensity of reflected waves.



1.5.2.6 Limitation Ultrasonic Sensor

Ultrasonic range measurements suffer from some dimemtal drawbacks which limit the
usefulness of these devices in mapping or in aimerotask requiring high accuracy in a domestic
environment. These drawbacks are not related tpritgduct of a specific manufacturer, but are inhete

the principle of ultrasonic range finders and tlo@mmonly used wavelengths.

2 Suppaly

Echo Output
Trigger Input

Mode (Mo Connection)
Ov Ground

Programming pins.
LIsed once only to
prograrm the PIC chip
durnng manufacture.

Oo not connect to
these pins,

C e N
Wl e
i Lol

Connections for 2-pin TriggerEcho Moce (SRF04 compatible)

Figure 1.03 Ultrasonic Sensor connection
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1.5.3 PIC16F877A Microcontroller

This is the main controller of the mobile robot. &hthe robot is turned on, the main controller
is ready to receive an obstacle scanned by thaesoltic sensor. Once the data is received, it wipplaced
into the conventional potential field algorithmdesscribed earlier. This algorithm will decide theedtion
to which the mobile robot should turn. Then therappate signal will be sent to the servo motogét

the desired direction.

A microcontroller is an amazingly useful device.i®ko a very specialized
CPU, a microcontroller is small, consumes veryelifower, and can be programmed to
quickly and reliably perform a wide variety of taskvicrocontrollers can be found in
things used every day such as microwaves, rematérate, and vending machine.
Programming a microcontroller, however, can oftenfloistrating. A developer has no
way to look inside of the chip to see what is gaimgwhile his code is running, making
debugging very difficult without the aid of expewsiequipment (in the range of
thousands of dollars). Furthermore, microcontrellgust traditionally be programmed,
or “burned,” with the code they are to run. Thigures a special piece of equipment to
do and requires that the chip be taken out of iteelit it is being used in, placed into the
programmer, have data “burned” to it (which caretakveral minutes), then be replaced
back in the circuit. This process is time consumamyl risky, as the pins on a
microcontroller are easily bent out of their propasition. A special piece of code,
called a bootloader, can alleviate the problemanfifig to use an external programmer

to program and test code.

One basic application of PIC microcontrollers isitluse to control motion based on input from a

sensor. This is applicable to many different fiekdsm manufacturing to aeronautics to robotics.
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Figure 1.06: PIC16F877A pin connection

The figure shows the pin connection of the PIC16#87

PIC16F873A/876A devices are available only in 28-packages, while PIC16F874A/877A
devices are available in 40-pin and 44-pin packaddls devices in the PIC16F87XA family share

common architecture with the following differences:

i) The PIC16F873A and PIC16F874A have one-half

a. of the total on-chip memory of the PIC16F876A

b. and PIC16F877A
i) The 28-pin devices have three 1/O ports, while the

a. 40/44-pin devices have five

iii) The 28-pin devices have fourteen interrupts, while

a. the 40/44-pin devices have fifteen
iv) The 28-pin devices have five A/D input channels,
a. while the 40/44-pin devices have eight
v) The Parallel Slave Port is implemented only on

a. the 40/44-pin devices
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154 DC Motor

Figure 1.08 Typical DC motor

1.5.4.1 Introduction of DC motor

An electric motor converts electrical energy into mechanical energiye
reverse process that of converting mechanical gnengo electrical energy is
accomplished by a generator or dynamo. Tractionorsotised on locomotives often
perform both tasks if the locomotive is equippedhvdynamic brakes. Electric motors
are found in household appliances such as fansgegdtors, washing machines, pool

pumps, floor vacuums, and fan-forced ovens.

Most electric motors work by electromagnetism, bubtors based on other
electromechanical phenomena, such as electrostaties and the piezoelectric effect,
also exist. The fundamental principle upon whichcbmagnetic motors are based is
that there is a mechanical force on any curremyoay wire contained within a
magnetic field. The force is described by the Ltwdorce law and is perpendicular to
both the wire and the magnetic field. Most magnetators are rotary, but linear motors
also exist. In a rotary motor, the rotating padually on the inside) is called the rotor,
and the stationary part is called the stator. Téterrrotates because the wires and
magnetic field are arranged so that a torque i®ldped about the rotor's axis. The

motor contains electromagnets that are wound amarad. Though this frame is often
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called the armature, that term is often erroneoapplied. Correctly, the armature is that
part of the motor across which the input voltagsupplied. Depending upon the design

of the machine, either the rotor or the statorsmmwe as the armature.

The principle of conversion of electrical energyoirmechanical energy by
electromagnetic means was demonstrated by thesiBratientist Michael Faraday in
1821 and consisted of a free-hanging wire dippirig & pool of mercury. A permanent
magnet was placed in the middle of the pool of mmgrcWhen a current was passed
through the wire, the wire rotated around the mggtewing that the current gave rise
to a circular magnetic field around the wire. Thistor is often demonstrated in school
physics classes, but brine (salt water) is sometiosed in place of the toxic mercury.
This is the simplest form of a class of electrictons called homopolar motors. A later
refinement is the Barlow’s Wheel. These were denmatisn devices, unsuited to

practical applications due to limited power.

When electric current
passes through a coil in
a magnetic field, the
magnetic force
produces a torque
which turns the
DC motor

Magretic force

Electric

current supplied Il | mtsz;rlplgiiculsr
t Iy th h f

externally throug to both wire and

a commutator -
magnetic field

Figure 1.09 Basic operation

The first commutator-type direct-current electriotor capable of a practical
application was invented by the British scientisiildm Sturgeon in 1832. Following
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Sturgeon’'s work, a commutator-type direct-curretgctac motor made with the
intention of commercial use was built by the Amancrhomas Davenport and patented
in 1837. Although several of these motors weretlaunt used to operate equipment such
as a printing press, due to the high cost of pymaattery power, the motors were
commercially unsuccessful and Davenport went bagitkr8everal inventors followed
Sturgeon in the development of DC motors but atloeimtered the same cost issues with
primary battery power. No electricity distributitvad been developed at the time. Like

Sturgeon's motor, there was no practical commencsaket for these motors.

1.5.4.2 Brushless DC motor

The modern DC motor was invented by accident ir318hen Zénobe Gramme
connected the dynamo he had invented to a secamtasunit, driving it as a motor.

The Gramme machine was the first electric motor wees successful in the industry.

In 1888 Nikola Tesla invented the first practica®€ motor and with it the
polyphase power transmission system. Tesla cordihisswork on the AC motor in the

years to follow at the Westinghouse Company.

The classic division of electric motors has beeat tif DC types vs AC types.
This is more ae facto convention, rather than a rigid distinction. Faample, many

classic DC motors run happily on AC power.

The ongoing trend toward electronic control furthenddles the distinction, as
modern drivers have moved the commutator out ofntbéor shell. For this new breed
of motor, driver circuits are relied upon to generainusoidal AC drive currents, or
some approximation of. The two best examples &e:brushless DC motor, and the
stepping motor, both being polyphase AC motorsireguexternal electronic control.
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A more clear distinction is between synchronous asyhchronous types. In the
synchronous types, the rotor rotates in synchroitly tve oscillating field or current (eg.
permanent magnet motors). In contrast, an asynobsomotor is designed to slip; the
most ubiquitous example being the common AC inductinotor which must slip in

order to generate torque.

A DC motor is designed to run on DC electric powiewo examples of pure DC
designs are Michael Faraday's homopolar motor (wiscuncommon), and the ball
bearing motor, which is (so far) a novelty. By fae most common DC motor types are
the brushed and brushless types, which use inteanal external commutation
respectively to create an oscillating AC curreminirthe DC source -- so they are not

purely DC machines in a strict sense.

Many of the limitations of the classic commutatd® hotor are due to the need
for brushes to press against the commutator. Ttaates friction. At higher speeds,
brushes have increasing difficulty in maintainingntact. Brushes may bounce off the
irregularities in the commutator surface, creaspgrks. This limits the maximum speed
of the machine. The current density per unit afeh@ brushes limits the output of the
motor. The imperfect electric contact also caudestrcal noise. Brushes eventually
wear out and require replacement, and the commuiisielf is subject to wear and
maintenance. The commutator assembly on a largehimeds a costly element,

requiring precision assembly of many parts.

These problems are eliminated in the brushless mndio this motor, the
mechanical "rotating switch” or commutator/brushigaasembly is replaced by an
external electronic switch synchronised to the retposition. Brushless motors are
typically 85-90% efficient, whereas DC motors whihushgear are typically 75-80%

efficient.

Midway between ordinary DC motors and stepper nsoli@s the realm of the
brushless DC motor. Built in a fashion very similarstepper motors, these often use a
permanent magneixternal rotor, three phases of driving coils, one or midedl effect

sensors to sense the position of the rotor, anddkeciated drive electronics. The coils
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are activated, one phase after the other, by tive étectronics as cued by the signals

from the Hall effect sensors. In effect, they astthree-phase synchronous motors

containing their own variable-frequency drive elentcs. A specialized class of

brushless DC motor controllers utilize EMF feedbaitkough the main phase

connections instead of Hall effect sensors to datex position and velocity. These

motors are used extensively in electric radio-culgd vehicles, and referred to by

modelists agutrunner motors (since the magnets are on the outside).

Brushless DC motors are commonly used where prespeed control is

necessary, computer disk drives or in video cassettorders the spindles within CD,

CD-ROM (etc.) drives, and mechanisms within offigeoducts such as fans, laser

printers and photocopiers. They have several adgastover conventional motors:

Vi.

Vii.

viii.

Compared to AC fans using shaded-pole motors, #neyvery efficient, running much cooler
than the equivalent AC motors. This cool operatiesds to much-improved life of the fan's
bearings.

Without a commutator to wear out, the life of a B@ishless motor can be significantly longer
compared to a DC motor using brushes and a comanu@bmmutation also tends to cause a
great deal of electrical and RF noise; without emgwtator or brushes, a brushless motor may be
used in electrically sensitive devices like audjoipment or computers.

The same Hall effect sensors that provide the cotatiom can also provide a convenient
tachometer signal for closed-loop control (servatoaled) applications. In fans, the tachometer
signal can be used to derive a "fan OK" signal.

The motor can be easily synchronized to an inteonaxternal clock, leading to precise speed
control.

Brushless motors have no chance of sparking, ublikehed motors, making them better suited
to environments with volatile chemicals and fuels.

Brushless motors are usually used in small equiprsech as computers and are generally used
to get rid of unwanted heat.

They are also very quiet motors which is an adwgthbeing used in equipment that is affected

by vibrations.

Modern DC brushless motors range in power fromaation of a watt to many
kilowatts. Larger brushless motors up to about K@0rating are used in electric
vehicles. They also find significant use in higlfpemance electric model
aircraft.
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1.5.5 Voltage Regulator
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Figure 1.1Q Typical Voltage Regulator IC

Referring to the figure 1.10, voltage regulatorused to provide regulated 5V to power the
PIC16F877A microcontroller. This is very essensaice the microcontroller will blow if the voltage

supplied to it is exceeding its voltage rating.
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Figure 1.11 Circuitry of Voltage Regulator IC

Voltage regulators comprise a class of widely u€esl Regulator IC units contain the circuitry
for reference source, comparator amplifier, conttelice and overload protection all in a single IC.
Although the internal construction of the IC is samat different from that described for discretéage
regulator circuits, the external operation is mtlvd same. IC unit provide regulation of a fixed ipos

voltage, a fixed negative voltage or an adjustaelyvoltage.

A power supply can be built using a transformernsmted to the ac supply line to step the ac
voltage to desired amplitude, then rectifying thatvoltage, filtering with a capacitor and RC fijté
desired, and finally regulating the dc voltage gsam IC regulator. The regulators can be seleated f
operation with load currents from hundreds of rmitliperes to tens of amperes, corresponding to power

ratings from milliwats to tens of watts.



The series 78 regulators provide fixed regulatetfages from 5V to 24V. In this particular
project, the voltage regulator IC is used to prewaltage regulation with output from this unit<BV.
An unregulated input voltagei\s filtered by capacitor Gand connected to the IC’s IN terminal. The IC's
OUT terminal provides a regulated +5V, which isefied by capacitor Z&mostly for any high-frequency
noise). The third IC terminal is connected to geb@&ND). Whereas the input voltage may vary over
some permissible voltage range and the output foay vary over some acceptable range, the output
voltage remains constant within specified voltageation limits. These limitations are spelled outhe

manufacturer’s specification sheets.



1.5.6 Capacitor
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A capacitor is an electrical/electronic device tbamh store energy in the electric
field between a pair of conductors (called "plate$he process of storing energy in the
capacitor is known as "charging”, and involves elecharges of equal magnitude, but

opposite polarity, building up on each plate.

Capacitors are often used in electrical circuit afettronic circuits as energy-
storage devices. They can also be used to difiaterietween high-frequency and low-

frequency signals. This property makes them usefelectronic filters.

Capacitors are occasionally referred to as condengdis is considered an
antiquated term in English, but most other langsagee an equivalent, like the German

word "Kondensator".
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1.5.6.1History

In October 1745, Ewald Georg von Kleist of Pomexamvented the first
recorded capacitor: a glass jar coated inside amdvith metal. The inner coating was
connected to a rod that passed through the lideml@d in a metal sphere. By having
this thin layer of glass insulation (a dielecti®tween two large, closely spaced plates,
von Kleist found the energy density could be insegsadramatically compared with the

situation with no insulator.

In January 1746, before Kleist's discovery becanigely known, a Dutch
physicist Pieter van Musschenbroek independentigrited a very similar capacitor. It
was named the Leyden jar, after the University eyden where van Musschenbroek
worked. Daniel Gralath was the first to combineesal/jars in parallel into a "battery"

to increase the total possible stored charge.
The earliest unit of capacitance was the ‘jar'jvadent to about 1 nF.

Early capacitors were also known@mdensers, a term that is still occasionally
used today. It was coined by Alessandro Volta ir82l{derived from the Italian
condensatore), with reference to the device's ability to starbigher density of electric
charge than a normal isolated conductor. Most noglgh languages still use a word

derived from "condensatore”, as the 'in other laiggs' links from this article testify.
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Figure 1.13 Condenser patented by Nikola Tesla

1.5.6.2Stored energy

As opposite charges accumulate on the plates apacitor due to the separation
of charge, a voltage develops across the capadiierto the electric field of these
charges. Ever-increasing work must be done ag#irssever-increasing electric field as
more charge is separated. The energy (measuredlesj in Sl) stored in a capacitor is
equal to the amount of work required to establish oltage across the capacitor, and

therefore the electric field. The energy storegiven by:

1 2_1@2'_1
Est.nrad - §CV — 56_ EVQ

whereV is the voltage across the capacitor.
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The maximum energy that can be (safely) stored ipadicular capacitor is
limited by the maximum electric field that the diefric can withstand before it breaks
down. Therefore, all capacitors made with the saledectric have about the same
maximum energy density (joules of energy per culgter).

1.5.6.3DC sources

The dielectric between the plates is an insulator l@ocks the flow of electrons.

A steady current through a capacitor deposits meston one plate and removes the
same quantity of electrons from the other plateis Tprocess is commonly called
‘charging' the capacitor. The current through tapacitor results in the separation of
electric charge within the capacitor, which devslap electric field between the plates
of the capacitor, equivalently, developing a vatatifference between the plates. This
voltage V is directly proportional to the amountobfarge separated Q. Since the current
| through the capacitor is the rate at which cha@yés forced through the capacitor
(dQ/dt), this can be expressed mathematically as:

_dQ CdV Where

= =Cg

| is the current flowing in the conventional direct;
measured in amperes,

dv/dt is the time derivative of voltage, measured intsol
per second, and

C is the capacitance in farads.

For circuits with a constant (DC) voltage sourcd aansisting of only resistors
and capacitors, the voltage across the capacitorotaxceed the voltage of the source.
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Thus, an equilibrium is reached where the voltagess the capacitor is constant and
the current through the capacitor is zero. For teigson, it is commonly said that

capacitors block DC.

1.5.6.4lmpedance

The ratio of the phasor voltage across a circietmeint to the phasor current
through that element is called the impedazcEor a capacitor, the impedance is given

by

Zo=Yo_ T __jx
CT 1. 2o 19¢
where
1
Xo = —

wC'is thecapacitive reactance,

w = 27 fis the angular frequency,
f is the frequency),
C is the capacitance in farads, and

j is the imaginary unit.

While this relation (between thHeequency domain voltage and current associated
with a capacitor) is always true, the ratio of teme domain voltage and current

amplitudes is equal toXc only for sinusoidal (AC) circuits in steady state.

See derivation Deriving capacitor impedance.
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Hence, capacitive reactance is the negative imagic@mponent of impedance.
The negative sign indicates that the current lghdsvoltage by 90° for a sinusoidal

signal, as opposed to the inductor, where the oulags the voltage by 90°.

The impedance is analogous to the resistance esiator. The impedance of a
capacitor is inversely proportional to the frequercthat is, for very high-frequency
alternating currents the reactance approaches-zsmthat a capacitor is nearly a short
circuit to a very high frequency AC source. Coneérs for very low frequency
alternating currents, the reactance increases utithound so that a capacitor is nearly
an open circuit to a very low frequency AC soufleis frequency dependent behaviour

accounts for most uses of the capacitor (see "Aafptins”, below).

Reactance is so called because the capacitor tldessipate power, but merely
stores energy. In electrical circuits, as in medasrihere are two types of load, resistive
and reactive. Resistive loads (analogous to ancblgkding on a rough surface)
dissipate the energy delivered by the circuit a&,he&hile reactive loads (analogous to a
spring or frictionless moving object) store thieeragy, ultimately delivering the energy

back to the circuit.

Also significant is that the impedance is inversgdyoportional to the
capacitance, unlike resistors and inductors for ctvhimpedances are linearly
proportional to resistance and inductance respagtivhis is why the series and shunt
impedance formulae (given below) are the inversethef resistive case. In series,

impedances sum. In parallel, conductances sum.
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CHAPTER 2

SYSTEM MODEL

2.1 Introduction

System model shows the progress of the systencplantiy in the hardware approach. Here, how
the mobile robot reacts according to the surroumdi explained. Although the construction of this

hardware is hard to be done, the system modelxqalnie the theory that need to be conveyed.

The obstacle avoidance system is actually basedbstacle detection. Meaning here, the vital
part of this system is the obstacle detection sehdrhe overall process cannot be done without dityab
to detect an obstacle. When the ultrasonic senstacts an obstacle, it will activate an input te th
microcontroller. Then, the microcontroller willgder an output to dc motor. When the dc motor nogyni

it will make the steering wheels steer aside arahtally avoid collision with an obstacle.



L293D
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Figure 2.0 Hardware Block Diagram

The Electronic Structure has been divided intodlstages. Each stage plays a different role in

the system. There are input stages, control stagi¢he last one is output stage.

In input stage, there is ultrasonic sensor thehe Tlitrasonic sensor is responsible in providing
an input to the whole system. It will scan the frenvironment of the mobile robot is there any ablst

or not.

In control stage, there are voltage regulator, ationtroller and motor driver. This stage is
responsible to process the input and producingjained output. Voltage regulator is needed to st@pn
the voltage from ultrasonic sensor less than 5Vis Tk very essential since the voltage rating of
microcontroller just about 5V. Motor driver is usédl control the dc motor. The dc motor cannot be
connected directly through the microcontroller sihe microcontroller can not supply current thighh

enough to make the dc motor running.

In output stage, there is dc motor. Dc motor isdegeto make the steering wheels steer aside.

Thus, the collision will be able to avoid by thelmie robot.



2.2 Hardware Model

Obstacle avoidances mobile robot consist a hardwaoelel to make it operate. Several
mechanicals part needs to be constructed and dliggether. Thus, the mobile robot will work togath
according to the program instruction.

Voltage
regulator

PICI6F6T77A

Relay

Driver
motor
L293D

Figure 2.02 Hardware circuit



2.2.1 Voltage Regulator
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Figure 2.03 Typical Voltage Regulator IC

Referring to the figure 2.2, voltage regulator sed to provide regulated 5V to power the

PIC16F877A microcontroller. This is very essensaice the microcontroller will blow if the voltage

supplied to it is exceeding its voltage rating.
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Figure 2.04 Circuitry of Voltage Regulator IC

Voltage regulators comprise a class of widely u€esl Regulator IC units contain the circuitry
for reference source, comparator amplifier, conttevice and overload protection all in a single IC.
Although the internal construction of the IC is samat different from that described for discretétage
regulator circuits, the external operation is mtieh same. IC unit provide regulation of a fixed ipos

voltage, a fixed negative voltage or an adjustakhyvoltage.

A power supply can be built using a transformernsmted to the ac supply line to step the ac
voltage to desired amplitude, then rectifying thatvoltage, filtering with a capacitor and RC fijtéf

desired, and finally regulating the dc voltage gsam IC regulator. The regulators can be seleated f



operation with load currents from hundreds of mitiperes to tens of amperes, corresponding to power

ratings from milliwats to tens of watts.

The series 78 regulators provide fixed regulatetfages from 5V to 24V. In this particular
project, the voltage regulator IC is used to previaltage regulation with output from this unit<5V.
An unregulated input voltagei\s filtered by capacitor Gand connected to the IC’s IN terminal. The IC’s
OUT terminal provides a regulated +5V, which isefied by capacitor £Lmostly for any high-frequency
noise). The third IC terminal is connected to g @GND). Whereas the input voltage may vary over
some permissible voltage range and the output foay vary over some acceptable range, the output
voltage remains constant within specified voltageation limits. These limitations are spelled outhe

manufacturer’s specification sheets.

2.2.2 PIC16F877A Microcontroller

A microcontroller is an amazingly useful device.iko a very specialized
CPU, a microcontroller is small, consumes verjelifower, and can be programmed to
quickly and reliably perform a wide variety of tasMicrocontrollers can be found in
things used every day such as microwaves, rematérate, and vending machine.
Programming a microcontroller, however, can oftenfloistrating. A developer has no
way to look inside of the chip to see what is gaimgwhile his code is running, making
debugging very difficult without the aid of expewsiequipment (in the range of
thousands of dollars). Furthermore, microcontrellgust traditionally be programmed,
or “burned,” with the code they are to run. Thigures a special piece of equipment to
do and requires that the chip be taken out of iteelit it is being used in, placed into the
programmer, have data “burned” to it (which caretakveral minutes), then be replaced
back in the circuit. This process is time consumamyl risky, as the pins on a
microcontroller are easily bent out of their propasition. A special piece of code,
called a bootloader, can alleviate the problemanfifig to use an external programmer

to program and test code.



2.2.3 L293D Motor Driver

Motor drivers are essentially little current amigli§; their function is to take a low-current
control signal, and turn it into a proportionaligher-current signal that can drive a motor. Nateehthat

the control signal is likely on the order of 10 nafd the motor may require 100's of mA to makarit.t

You can think of motor drivers connecting contriotgits and motors, very

simply, as a "wrapper" around the motor. Schemiatidhe arrangement looks like this:

Idotor ¢ ontral
cireuikiy

Figure 2.05 Driver Motor schematic

There are a whole slew of motor driver designslakbe to meet most any
robotic need they all vary in the requirements ttrgyo meet (so read their descriptions
very closely).

There are some things to look for in a driver deskgased on your requirements
(bear in mind that there aadways trade-offs):

i. Output power capability -- as a rule you don't wawerkill here; higher-gain drivers generally

also have higher power consumption, among othds cos

ii. Number of circuit connections -- this is a goodidadion of how difficult it will be to build the
circuit. This is particularly important if you'reaking your own PCB, since drilling lots of holes

can be a pain if you don't have a drill press (amaestly, it gets to be a pain even with one).

iii. "Smoke proof" (or not) design -- unless you're afyiislg a signal from a bicore, your bridge
design needs to be "smoke proof". Drivers genefalye two control inputs; "smoke proof"

designs won't self-destruct if both control inpats "low", or if both inputs are "high".
iv. Cost and availability of parts

v. Size -- more-compact designs are easier to fitantarbitrary BEAMbot design


http://www.solarbotics.net/library/techniques/buildpcb.html

vi. Reversability -- most (but not all) motor driversitgns allow your motor to run in both forward
and reverse

vii. Output voltage -- some drivers provide (or at ledlsiw for) output voltages higher than the
input (control signal) voltage

viii. Braking circuitry -- if you are usingeally good motors, you'll need to provide an electronic

motor brake to keep the motors from moving arouheémno control signal is being applied.

2.2.4 Relay
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Figure 2.06 Typical Relay

A relay is an electrical switch that opens and etognder the control of another
electrical circuit. In the original form, the swhit¢s operated by an electromagnet to open
or close one or many sets of contacts. It was iteeehy Joseph Henry in 1835. Because
a relay is able to control an output circuit oftieg power than the input circuit, it can be
considered, in a broad sense, to be a form ofextradal amplifier.
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When a current flows through the coil, the resgltmagnetic field attracts an
armature that is mechanically linked to a movingtaot. The movement either makes
or breaks a connection with a fixed contact. Whendurrent to the coil is switched off,
the armature is returned by a force approximatalf/ds strong as the magnetic force to
its relaxed position. Usually this is a spring, lgwavity is also used commonly in
industrial motor starters. Most relays are manuifigct to operate quickly. In a low
voltage application, this is to reduce noise. Imgh voltage or high current application,
this is to reduce arcing.

If the coil is energized with DC, a diode is freqtlg installed across the coil, to
dissipate the energy from the collapsing magnedéld fat deactivation, which would
otherwise generate a spike of voltage and mighsealamage to circuit components.
Some automotive relays already include that diodele the relay case. Alternatively a
contact protection network, consisting of a camaicind resistor in series, may absorb
the surge. If the coil is designed to be energi@d AC, a small copper ring can be
crimped to the end of the solenoid. This "shadimg'r creates a small out-of-phase

current, which increases the minimum pull on thmaure during the AC cyclé.

By analogy with the functions of the original elechagnetic device, a solid-
state relay is made with a thyristor or other sgliske switching device. To achieve
electrical isolation an optocoupler can be usedchhis a light-emitting diode (LED)

coupled with a photo transistor.

Relays are used:

i. To control a high-voltage circuit with a low-voleagignal, as in some types of modems,
i. To control a high-current circuit with a low-curtesignal, as in the starter solenoid of an
automobile,
iii. To detect and isolate faults on transmission astfidution lines by opening and closing circuit
breakers (protection relays),
iv. To isolate the controlling circuit from the conteml circuit when the two are at different
potentials, for example when controlling a mainsvpred device from a low-voltage switch. The

latter is often applied to control office lightirap the low voltage wires are easily installed in
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Vi.

partitions, which may be often moved as needs ahahbey may also be controlled by room
occupancy detectors in an effort to conserve energy

To perform logic functions. For example, the boal&eND function is realised by connecting
NO relay contacts in series, the OR function bynemting NO contacts in parallel. The change-
over or Form C contacts perform the XOR (exclusivefunction. Similar functions for NAND
and NOR are accomplished using NC contacts. Thedmprogramming language is often used
for designing relay logic networks.

To perform time delay functions. Relays can be rinediito delay opening or delay closing a set
of contacts. A very short (a fraction of a secodd)ay would use a copper disk between the
armature and moving blade assembly. Current flovimngne disk maintains magnetic field for a
short time, lengthening release time. For a shighthger (up to a minute) delay, a dashpot is
used. A dashpot is a piston filled with fluid thaiallowed to escape slowly. The time period can
be varied by increasing or decreasing the flow.r&®r longer time periods, a mechanical

clockwork timer is installed.


http://en.wikipedia.org/wiki/Ladder_programming_language

2.3 Ultrasonic Sensor

For this project, there are two part of ultrasos@nsor that needs to be done. One part is
transmitter and the other one igceiver. Without one of this part, ultrasonic sensor caroprate like

ordered.

Transmitter is used to transmit signal. The sigealsed to senses any obstacles in front of the
mobile robot. When the obstacle is detected, it fed back to the ultrasonic sensor particularigeieer

part.

Receiver is used to receive the fed back signanTh will react to the system and if the input is
confirmed as an obstacle, it will produce an outpuhe PIC16F877A. Then, the PIC will respondhe t

dc motor like programmed.



2.3.1 Transmitter
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Figure 2.07 Circuit diagram for transmitter

In the transmitter part, it has timer that can et PWM signal. Control of the servo is
achieved by generating a PWM signal. A PWM sigsasimply a pulse of varying length that can be

translated into a position requested of the servo.



2.3.2 Receiver
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Figure 2.08 Circuit diagram for receiver

In receiver part, it will react to the fed baclgrsal that produces by transmitter. When the
obstacle is senses, it will give an output to reday relay will give an input to microcontrollerh@n, the

microcontroller will commence the output to therdator that will control the steering of mobile rdbo



Figure 2.09 Ultrasonic Sensor onboard of the mobile robot

The robot has an ultrasonic sensor which is moumdbnt of it to scan the front environment.
The ultrasonic sensor will trigger a signal to thain controller, which is a PIC16F877A microcorieol
The motion of the mobile robot will be controllegt bne servo motor. The servo motor will change the
direction of mobile robot according to the apprafeiangel given by main controller. The other two
wheels is a dc motor which is only for motion puseoThe dc motor will be only run forward without
influenced by the obstacle senses by ultrasonisasen



2.4 Dc Motor

Figure 2.1Q Dc Motor

Dc Motor is used to make the mobile robot to mowevhrd. Several gears are connected in an
appropriate arrangement to make the wheels rokate.wheels are used as the prime mover of the mobil

robot.

The battery is placed under this device. The battdli supply energy to the stepper motor. Total
voltage needed to make this device operate is ahbut



25 Steering Wheels

Figure 2.11 Steering Wheels

Steering wheels is used for steering purpose. iBhé important device to make the robot to
avoid the obstacle. Two wheels is aligned togetihdrave a better stability when cornering. One dtom
is located above the platform as the major comralif the device. This dc motor is connected to the

PIC16F877A microcontroller. It will receive the put from the microcontroller and react with the
steering movement.

\ Gear of DC
Wheel

motor

Figure 2.12 Wheels condition when there is no obstacle

When there is no obstacle in front of the mobilbatp the microcontroller can not activate a
signal to the dc motor. Thus, the dc motor is noning and make the steering wheels can not stéde.a



Both wheels Gear rotate
will steer to the
right

Figure 2.13 Wheels condition when there is obstacle

When there is an obstacle in front of the mobileotothe microcontroller will activate a signal to

the dc motor. Thus, the dc motor will running analkes the steering wheels steer aside to avoid @ésta



CHAPTER 3

SOFTWARE

3.1 Introduction

The suitable software needs to be programmed immibeocontroller to smooth the progress of
the system. For this particular project, the progreeeds to be written to control the dc motor ipgishe
PIC16F877A. With that, the dc motor can act asearsig for the movement of the mobile robot. The
input of the PIC16F877A is exactly from the ultramosensor.

The PicBasic Pro Compiler (or PBP) makes it eveitkgu and easier for you to program
Microchip Technology’s powerful PICmicro microcoolfers (MCUs). The English-like BASIC language

is much easier to read and write than the quirkgrdbtihip assembly language.

The PicBasic Pro Compiler is “BASIC Stamp Il likehd has most of the libraries and functions
of both the BASIC Stamp | and Il. Being a true cdep programs execute much faster and may be
longer than their
Stamp equivalents.

PBP is not quite as compatible with the BASIC Starap our original PicBasic Compiler is with
the BS1. Decisions were made that we hope imprhogdanguage overall. One of these was to add a real
IF. THEN..ELSE..ENDIF instead of thelF.. THEN(GOTO) of the Stamps. These differences are

spelled out later in this manual.

PBP defaults to create files that run on a PIC1664€# clocked at 4MHz. Only a minimum of

other parts are necessary: 2 22pf capacitors ®rdtiHz crystal, a 4.7K pull-up resistor tied to the



/MCLR pin and a suitable 5- volt power supply. PliGmm MCUs other than the 16F84, as well as

oscillators of frequencies other than 4MHz, maybed with the PicBasic Pro Compiler.



3.2 Software Program

DEFINE 0O3C 4
'“élﬁﬁf_EEﬁ;ozs con
DEFINE ADC BITAE 8 The crystal
DEFINE ADC SAMPLEUS 10 value 1z 4 MHz
DEFINE ccpl reg porto
DEFINE cepl bit 2
DEFIHE ccpi reg porteo
DEFINE ccpZ bit 1

ADC VAR BYTE :
e R Defining the

gense_limit VAR BYTE pott A 15 input

M VAR SIGHT.1 and port B 15
AEI3A=255", output
PRISC=0

ADCON1I=1

sense limit = 200 ‘comnecthan imput sensor hat portas.0'
¥ bk sk ok s ok ok sk ok ok ok b sk b e program &g ok sk stk ok b b ok ok ok ook 3ok o

start: This one is connected to

GOSUB :
Foans <= //—/—‘f__’ the output of ultrasomic
sensn:_scan: —

ﬁDCIWiﬁfrta.D,AEEF*ﬂsal portae.l’
IF ﬁgg!;ﬁiﬁig;?imit THEH ‘'asal »>='
ﬂylﬁﬁ pnrtc.EL
TEormErEian led ka

b.0 sbg indicator'

ELSE 2 :
LOW porte. S Thiz one 15 connected to

ENDIF the imput of motor driver

'asal ade pauge I0'
GOTO startc

Figure 3.01 Software programming

Figure above show the pbasic programming for nsentroller software. The programming acts
as the brain of this hardware. Proper programmaggrto be done or else, the mobile robot are urtable

operate precisely.



DEFIHE o©O3C 4
" sight senscrs conf
DEFINE ADC BITS B
DEFINE ADC ZSAMPLEUSZ 10
DEFIHE ccpl reg portc
DEFIHE ccpl hit Z
DEFINE copZd reg porte
DEFIHE ccpZ kit 1

Figure 3.02 DEFINE codes

The word DEFINE is used when we need to define the programmingaksxample, the
sentenceDEFINE OSC 4 meaning we are using oscillator with theusabf 4MHz. If one of these

DEFINEs is used on an erased part, it will cause therprodo loop endlessly.

Some elements, like the clock oscillator frequeany the LCD pin locations, are predefined in
PBP.DEFINE allows a PBP program to change these definitidndesired.DEFINE may be used to
change the predefined oscillator value, EHEEBUG pins and baud rate and the LCD pin locations, among
other things.

These definitions must be in all upper case, exactishown. If not, the compiler may not recogtieam.

No error message will be produced REEFINE s the compiler does not recognize.

DEFINE OSC 4 * Oscillator speed in MHz

ADC VAR BYTE

Figure 3.03 ADC code

Read the on-chip analog to digital conve@aannel and store the result Mar. While the ADC
registers can be accessed dire@dpCIN makes the process a little easier.



TRIZA=Z5S
TRIZC=0

Figure 3.04 Input Output determination

Before ADCIN can be used, the appropriate TRIS register musebéo make the desired pins
inputs. ADCON1 or ANSEL also needs to be set tagasthe desired pins to analog inputs and in some
cases to set the result format and clock source.ti$& Microchip data sheets for more information on

these registers and how to set them for the speatifvice.

ztart:
GOSUB Sensor_ Scan

Figure 3.05 GOSUB code

GOSUB is normally used to execute a PicBasic Pro sulmeufrhe main difference between
GOSUB and CALL is that withCALL , Label’'s existence is not checked until assembly timeings

CALL , aLabel in an assembly language section can be accesddd ttherwise inaccessible to PBP.

SEnS0r _Scan:
ADCIN porta.0,ADC 'as2l porta.lf
IF ApCr=zense limit THEWN 'azal >='
HIGH porte.5

Figure 3.068 The main operation codes

This is the components @OSUB sensor_scanF there mean if the sensor sense a limit, or
there is an input to the microcontroller, it wiigger a high output at portc. 5JHEN there mean the next

execute need to be dot#iGH portc.5 means, the microcontroller will send arpotisignal at portc.5.



ELSE
LOW porte. S

Figure 3.07 No output code

When there is no signal to the input, the micraagler will not send an output to the portc.5.

Thus, there is no signal will be trigger to thepuit



CHAPTER 4

RESULT AND ANALYSIS

4.1 Introduction

This chapter will show the result for following tes

i. Ultrasonic sensor
i. Voltage Regulator
iii. Steering wheels when there is no obstacle

iv. Steering wheels when there is an obstacle

4.2 Ultrasonic Sensor

From this project, ultrasonic sensor has beenstgtral times to make it able to work properly.

Even though the information about the sensor dirisuéasily can be found in internet, but the dircsi



not absolutely function correctly. The manufactwthe sensor might be thinking that the origiciatuit

blueprint is not for others. So, the circuit mustdone all by me with a little help from internstwaell.

The result for the ultrasonic sensor test is devid;

i. Ultrasonic detection range :0mto 1.5m

ii. Operating voltage range :12v DC
iii. Rated current : 100mA
iv. Highest output : 7.4V DC
v. Ultrasonic frequency : 40kHz

4.3 Voltage Regulator

Figure 4.01 Typical Voltage Regulator IC

Referring to the figure 2.2, voltage regulator sed to provide regulated 5V to power the
PIC16F877A microcontroller. This is very essensaice the microcontroller will blow if the voltage
supplied to it is exceeding its voltage rating.

4.4 Steering wheels when no obstacle exist



Ultragonic
Sensor

DC
Motor

Figure 4.02 Mobile robot without obstacle

To figure out what will happen to the steering wheghen there is no obstacle in front of the
mobile robot, one simple experiment has been dbhe.mobile robot was putted in a yard without any

other obstacle in front of it. The result is, theesing wheels are not steering to other direction.

"\ Gear ot DC

motor

Wheel

Figure 4.03 Wheels condition when no obstacle exist

When there is no obstacle in front of the mobilbatp the microcontroller can not activate a
signal to the dc motor. Thus, the dc motor is noning and make the steering wheels can not ssige.a

4.5 Steering wheels when an obstacle exists



Figure 4.04: Mobile robot with an obstacle

When there is an obstacle in front of the mobileoto the steering wheels will steer aside. The

steering wheels start to steer at the range of fr&m the obstacle.

S

Both wheels Gear rotate
will steer to the
right

Figure 4.05: Wheels condition when obstacle exists

When there is an obstacle in front of the mobileotothe microcontroller will activate a signal to

the dc motor. Thus, the dc motor will running anakes the steering wheels steer aside to avoid @ésta



CHAPTER 5

CONCLUSION AND FUTURE DEVELOPMENT

5.1 Conclusion

After creating the mobile robot, implementing thellision avoidance algorithm on the
microcontroller, testing and with modificationsyas able to achieve my project scope and objethiae
is to design a collision avoidance robot. My fimalsion of the mobile robot was able to avoid sains
50% of the time (according to test results). Siihce quite difficult to develop a 100% collision@dance

system, | believe that the achieved collision asoik rate is satisfactory.

The mobile robot also able to bring future develepiin ultrasonic system integration. Even
though the ultrasonic sensor is not a quite pomsyatem device, but it has a big opportunity toéase in

usage rate. There is a lot of its usage potentastil undiscovered.

5.2 Limitation and Future Development

There are several limitations that exist in theent system which should be addressed in further
developments. The mobile robot has information abyput its local environment and does not localize
itself in a global environment. Thus it is impodsito introduce a define goal to the mobile rolwotgach

in global environment.



For future development, the mobile robot shouldble to operate in every type of environment.
With that, the mobile robot can be used in sevina¢s of application either for industry or educati

program.

Also sometimes some obstacles are not detected thieeobstacle surface is not in an angle to

sufficiently reflect the waves sent by the sonausse.

A proper attention should be paid to the above emtin a further development of this project.
Even though the ultrasonic sensor has limitatioftsrdetection scheme, but we could make the system

that can integrate with its system such as, detegotential in every type of obstacle surfaces.

5.2.1 Cost and commercialization

The overall cost of this project earns about RMZBfis cost is only for model of mobile robot
only. For a real robot that can be commercialize the real world, the cost might be increase tymé€his
robot can be commercialized into the new era ofisppartation safety standard. With this idea, the
accident of car regarding to the human mistakebsareduced to zero. By using this system, the diér w

be able to avoid obstacle without having a fatélision.
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APPENDIX A

PROGRAMMING CODE

ADCI N

ASM . ENDASM
BRANCH
BRANCHL BRANCH
BUTTON

CALL

CLEAR
CLEARVDT
COUNT

DATA

DEBUG

DEBUG N

DI SABLE

DI SABLE DEBUG
DI SABLE | NTERRUPT
DTMFOUT
EEPROM
ENABLE

ENABLE DEBUG
ENABLE | NTERRUPT
END
ERASECODE
FOR. . NEXT
FREQOUT

GosSUB

GOTO

HI GH

HPVM

HSERI N

HSERI N2
HSEROUT
HSEROUT2

| 2CREAD

Read on-chip analog to digital converter.
Insert assembly language code section.
Computed GOTO (equiv. to ON..GOTO).
out of page (long BRANCH).
Debounce and auto-repeat input on specified pin.
Call assembly language subroutine.
Zero all variables.
Clear (tickle) Watchdog Timer.
Count number of pulses on a pin.
Define initial contents of on-chip EEPROM.
Asynchronous serial output to fixed pin and baud.
Asynchronous serial input from fixed pin and baud.
Disable ON DEBUG and ON | NTERRUPT processing.
Disable ON DEBUG processing.
Disable ON | NTERRUPT processing.
Produce touch-tone frequencies on a pin.
Define initial contents of on-chip EEPROM.
Enable ON DEBUG and ON | NTERRUPT processing.
Enable ON DEBUG processing.
Enable ON | NTERRUPT processing.
Stop program execution and enter low power mode.
Erase block of code memory.
Repeatedly execute statements in a loop.
Produce 1 or 2 frequencies on a pin.
Call BASIC subroutine at specified label.
Continue execution at specified label.
Make pin output high.
Output hardware pulse width modulated pulse train.
Hardware asynchronous serial input.
Hardware asynchronous serial input, second port.
Hardware asynchronous serial output.
Hardware asynchronous serial output, second port.

Read from | C 2 device.



| 2CVWRI TE
| NPUT
LCDI N
LCDOUT
{LET}

Write to 12C device.

Make pin an input.

Read from LCD RAM.
Display characters on LCD.

Assign result of an expression to a variable.

L OOKDOVWN
L OCOKDOWN2
L OOKUP
LOCKUP2
LOW

NAP

ON DEBUG

ON | NTERRUPT

ON' N
onwouT
OQUTPUT
PAUSE

Search ¢

onstant table for value.

Search constant / variable table for value.

Fetch constant value from table.

Fetch constant / variable value from table.

Make pin output low.

Power down processor for short period of time.

Execute

One-wire input.

BASIC debug monitor.

One-wire output.

Make pin an output.

Delay (1
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millisecond resolution).

APPENDIX B

Execute BASIC subroutine on an interrupt.
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PIC16F877A BLOCK DIAGRAM

APPENDIX C

FIGURE 1-1: PIC1EFETIAMSTES BLOCK DlAGRAM
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