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ABSTRACT

The Final Year Project course is designed for students to do research; design
and development work in each discipline, to produce practical solutions. It provides
opportunity for students to use the tools and techniques of problem-solving by
engagement of the project. Under proper guidance of supervisor, the students will
shape the direction in the field of interest as a preparation for approaching their
desired career path in the near future, as well as gain better understanding of the

responsibilities they have to shoulder when they undertake a project.

The objective of this project is to produce an automatic robotic lawn mover
which is able to cut grass of a specified area of flat land. The first approach to this
project is to conduct intensive literature reviews regarding the functions of robots and
robotic designs and programming. The Second phase of this project is implementation

of the theory to build a functioning robot.

The scope of the study would focus on the design and implementation of the
robot from scratch. The study is broken down into sub sections, which are electronic
circuits, movement mechanism and programming. These subsections are developed

and combined until the implementation of the workable robot.

In the discussion section, all findings would be discussed in more detail and

alternatives are compared as to assure the objectives are met during implementation.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND

In the information age, robots are widely used in small and wide scale
Industries. The robots are used to reduce human dependencies in performing a task
and to reduce time for production while maintaining consistent quality of production
outputs. Robot precision and accuracy allows task such as Processor Chips fabrication
possible, in which transistors placed between each other in nano-meter length.
Robotic devices are not just used in the manufacturing industries; it is also used for

domestic living such as “smart houses” and advance surveillance systems.

1.2 PROBLEM STATEMENT

Malaysia is blessed with the tropical weather which allows plants to grow all
year long. Many Malaysians own houses which includes a compound often used as
garden. Grass which grows everyday is needed to be maintained in a short length.
Failure to do so would cause declination in aesthetic aspects of the garden. However,

lawn moving is often a hassle and time consuming.

The task of manual lawn moving could be replaced automatically with the
help of a robot programmed to perform such task. However, Robots are often
expensive and costly. This factor is often the case of discouraging people from being
involved in the robotics field. The success of building an inexpensive automatic lawn
mover would allow house owners to maintain their lawn without spending much time

and money doing so.



The robot must be an autonomous robot where it can mow lawn of a given
specific area of the garden without human supervision. These are some of the criteria

set for the mobile robot:

1. The robot must not go out of the given scope of work area.
2. The robot must not leave any spot of the given area unattended
3. The robot must be able to avoid collision of obstacles along its pathway.

4. The robot must not be too costly and be affordable

1.3 OBJECTIVES

The specific objective of this project is to develop a robot which would be
able to help users in domestic living. For this case which is an automatic lawn mover
robot. The robot is able to cover a specific area of flat land and is able to avoid any
obstacle along the way. The robot should be moderately cheap and easy to implement
with the help of the PIC microcontroller or PLC controller, If the PIC microcontroller
is used, the circuitry should be easy to understand to arise the interest in university
students in further development and implementation of robots as university projects

or simply a personal hobby.

An estimated period of 1 month would be needed for preliminary research.
The remaining months would be used for developing the PIC program and building

the robot.

There are a few objectives need to be achieved by the end of the project
completed. The objective will be stated clearly as to make sure the success of the

project implemented. The objectives of this project are:



1.3.1

1.3.2

1.3.3

To design a simple structure and movement mechanism for the robot

The design of the structure and movement mechanism of the robot is desired
to be simply yet effective for easy troubleshooting purpose. The simple
mechanism can also reduce the complexity of the programming of the robot

and reduce cost.

To set up the boundaries of the working area of the robot

Setting up the boundaries of work area 1s essential for the robot in order to be
able to meet its objective; which is to mow the lawn of a target area. Robot
moving out of the specified boundary would cause a waste of time and

resource.

To be able to avoid obstacle collision

The robot is desired to be able to take proactive measures of avoiding
collision of obstacles along its path. Failure to do so would damage to the
robot and the robot stagnant on that position due to the obstacle blocking its

way thus, causing the objective of the robot unmet,



1.4 SCOPE OF STUDY

The scope of study can be divided into 3 subsections. In which
interdependency and coordination between all three subsection must be developed to

produce a functioning mobile robot

1.4.1 Controllers and Programming

Controllers are the brain of the robot. There are various choices of controllers
to choose from. However, the cost is a heavy factor for this project. Therefore, PIC
micro-controller has been chosen to enable the robot to be cost effective. The
programming languages required for this controller are the Assembly language and C

Programming

1.4.2 Electrical Circuits

Suitable sensors are needed for collision avoidance system. Other electrical
circuitry is required to enable the proper function of the mechanical devices and to

supply power for the robot.

1.4.3 Robotic Movement and Mechanism

Motors and actuator are the “muscles” of a robot. Proper motors need to be
selected for desired output and tasks. Three types of motor have been identified for

the robot; Continuous Motors, Stepper Motors and Servo Motors.



CHAPTER 2
LITERATURE REVIEW

2.1 OVERVIEW

Robots may include feedback driven connection between sense and action, not
under direct human control. Responses may take form of operation of electro-
magnetic motor or actuators (effectors) which may control arm, open or close grips.
Control and feedback 1s provided by computer program which can be either external

or internally inside the robot itself.

There are two basic ways of using effectors, in which the first, to move the
robot around (locomotion) and the second, to move other object around
(manipulation). The distinction divides the robotics into two mostly separate

categories: mobile robots (moving) and manipulator robotics (grabbing)

2,2 HISTORY

The idea of artificial people dates back as the ancient legend of Cadmus, who
sowed dragon teeth that turned into soldiers, and the myth of Pygmalion, whose
statue of Galatea came to life. According to classical mythology, the deformed god of
metalwork, Hephaestus, created mechanical servants, raging from intelligent, golden
handmaidens to utilitarian three legged tables that could move about under their own

power. [7]

Czech writer Karel Capek introduced the word “ROBOT” in his play RUR
(Rossuum’s Universal Robots) in 1921, “Robot: in Czech comes from the word
“robota” which means “compulsory labour”. The earliest ideas that could be related
to robotic is in 350 B.C by a Greek mathematician, Archytas. He created a
mechanical bird he called “The Pigeon: which was propelled by steam. [7]



The fist recorded design of a humanoid robot was done by Leonardo da Vinci
(1495). Da Vinci ‘s notebook contained detailed drawing for a mechanical knight that

was apparently able to sit up, wave its arms and move its head and jaw.

The first known functioning robot was created in 1738 by Jacques de
Vaucanson, who made an android that played the flute. Many considered the first
robot in the modern sense to be a teleoperated boat, similar to a modern ROV
(Remote Operated Vehicle), designed by Nikola Tesla and demonstrated at an 1898
exhibition in Madision Square Garden. In the thirties, Westinghouse made a
humanoid robot known as Electro, which was exhibited at the 1939 and 1940 World’s
Fairs. The first electronic autonomous robot was created by Grey Walter at Bristol

University England in 1948 [8]

2.3 TYPES OF ROBOTS

Generally, the types of robot are divided into two category in which:

1. Manipulator robotics (Robots stationed in one location and able to move

other objects such as the robotic arm for material sorting process)

2. Mobile robotics (Robots which are able to move about)

2.3.1 Industrial Robots (manipulator robotics)

Typical industrial robots do jobs that are difficult, dangerous or which high
repetition. They lift heavy objects, paint, chemical handling and perform assembly
work. These robots are able to perform such task with high accuracy and precision.
There are no downgrade or reduce quality of work due to fatigue or weariness and

they are able to operate for long hours. Industrial robots used in the market include:

10



Figure 1 Diagram of a Cartesian Robot (XYZ robot)

Cartesian robot /Gantry robot:

Used for pick and place work, application of sealant, assembly operations,
handling machine tools and arc welding. The robot is normally mounted on a
tract on the operation floor. The Cartesian robot are the familiar of x,y and z

axes of the machine tool.

Figure 2 Diagram of a Cylindrical robot

11



Cylindrical robot:

Normally used for assembly operations, handling at machine tools, spot
welding, and handling at diecasting machines. It's a robot whose axes form a
cylindrical coordinate system. The movement of the joints of cylindrical robot

generates a work shape of a cylinder.

Figure 3 Diagram of a spherical robot

Spherical/Polar robot:

It is able to handle machine tools, spot welding, diecasting, gas welding and

arc welding. It's a robot whose axes form a polar coordinate system.

SCARA robot:

Popular for pick and place work, application of sealant, assembly operations
and handling machine tools. A robot which has two parallel rotary joints to
provide compliance in a plane. The name SCARA means Selective
Compliance Assembly Robot Arm which was introduced in the late 1970 as a
robot ideally suited for assembly task. One of the main reason this robot
excels is because of the Compliance Feature it offers. “Compliance” is a
robotic term what means that the robot or tooling is capable of adjusting to

accommodate misalignment. [3]

12



Figure 4 Diagram of an Articulated robot

Articulated robot:

A robot which resembles a robotic arm, used for assembly operations,
diecasting, fettling machines, gas welding, arc welding and spray painting. It's

a robot whose arm has at least three rotary joints.

Industrial robots are used in various fields such as automobile and
manufacturing industries. Robots cut and shape fabricated parts, assemble machinery
and inspect manufactured parts, carry heavy loads, perform spray painting and

surface coatings and so on.

2.3.2 Mobile Robots

The other types of robots used are the mobile robots, These robots, unlike the
industrial robots are able to move from one position to another. Such ability allows

the robots to be used in various fields such as:

Replace human labour for long and tedious work (agriculture)

Farmers drive over a slow tractor for miles every year on the same ground.
The slow speed and gentle land allows robot navigation techniques to be
applied to this environment. Demeter, an automatic robot harvester, is a model

for commercializing mobile robotics technology. The Demeter harvester

13



contains controllers, positioners, safeguards, and task software specialized to

the needs commercial agriculture.

Investigation of hazardous and dangerous environments

The Pioneer robot is a remote reconnaissance system, used to perform
structural analysis of the Chornobyl Unit 4 reactor building. It is a
teleoperated mobile robot for deploying sensor and sampling payloads, a
mapper for creating photorealistic 3D models of the building interior,
equipped with tools for cutting and retrieving samples of structural materials
thus, providing an alternative to replace humans from entering hazardous

environment, [7]

Dante II, an eight-legged, tethered, robot descended into the active crater of
Mt. Spurr, an Alaskan volcano 90 miles west of Anchorage. The robot’s
mission was to walk autonomously over rough terrain in a harsh environment
and determine the amount of carbon dioxide, hydrogen sulfide, and sulfur
dioxide exist in the steamy gas emanating from fumaroles in the crater. With
Dante II, many volcanologists are saved from having to enter the craters of

active volcanoes. [7]

Underwater exploration

Robotic underwater rovers are used explore and gather information about
many facets of our marine environment. Project Jeremy, collaboration
between NASA and Santa Clara University. An underwater telepresence
remotely operated vehicle (TROV) was sent by scientist into the freezing
Arctic Ocean waters to investigate the remains of a whaling fleet lost in 1871.
The TROV was cable operated, which carried power and instructions down to
the robot and the robot returned video images. The TROV can also collect

artifacts and gather information about the water conditions. [7]
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Space Robots

Remotely Operated Vehicle (ROV) is used for outer space terrain exploration.
An ROV can be of different forms , such as an unmanned spacecraft that
remains in flight, or a rover that can move over terrain once it has landed. One
of the best known ROV's is the Sojourner rover that was deployed by the
Mars Pathfinder spacecraft. [7]
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2.4 BUILDING BLOCKS OF ROBOTS AND AUTOMATION

Robots and automation is made up of various building blocks, in which are
interdependent to each other for the successful implementation and function of the
robot. Failure in one of these building blocks would affect the overall process of the

automation. [3] The building blocks of a robot consist:

1. Controllers

2. Sensors and Transducers
3. Analyzers

4. Actuators

5. Drives

External Device
(Tizner and Cireuite)

Analyzer
I DAC) l

Actuator Controller Drives
(PLC! PIC)

Figure 5 Building block components of robot and automations



2.4.1 Sensors

They are devices that generates output signal for the purpose of sensing a
physical phenomenon. The most familiar sensor of all is a manual switch, The switch
is the link between a robot and a person who desires the robot to be turned on or off,
Limit switch is another type of mechanical switch. Unlike the manual switch, the
input for a limit switch comes from the mechanism itself and is not controlled by the
user. Limit switches can be used to limit the travel of a robot arm on any of its axes
and motion. When the limit is reached, the circuit is opened that removes power from

the axis of motion either directly or via the robot controller,

Another type of sensors are those that do not require physical contact. These
proximity sensors are capable of sensing the presence of nearby objects without
touching it. The proximity switches are such as the infrared sensors (uses infrared
light to detect the presence of an object, not affected by ambient light), photoelectric
sensors (uses light to detect presence of an object, affected by ambient light) and the
ultrasonic sensors (uses sounds for detection; sound bounces back when hits solid

barrier and detected by the transducer).

2.4.2 Controllers

These devices are known as the “brain” of the robot. It is able to define any
action taken or to be perform according to the programme set by the programmer.
The controllers’ purposes are to monitor the coordination of the system such that a

desired behaviour is achieved when an input is recetved.,

Most common controllers used to control a robot are the PLC (Programmable
Logic Controllers; normally used in large scale industries), Microcontrollers (such as
the Programmable Input Controllers). Data and information will be inputted to the
controllers, processed according to the programme defined and executed via the

outputs.
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2.4.3 Analyzers

The functions of analyzers are to register and analyse the output signals produced by
sensors or devices. Analyzers for sensors may be of ADC (analogue to digital
converter) in which is to convert data produced by the sensors to digital binary data

understood by the robot.

2.4.4 Actuator

Once a real world condition is sensed and analyzed, something may be needed
to be done. Actuators perform direct physical action for a particular process. The
difference between actuators and drives is that actuators are limited to short linear

discreet motion. Actuators may include solenoids and cylinders.

Cylinders are popular for pneumatic types and may be used in robots such as
the gripper. The rod in the valve of the cylinder would extend when the air is pumped
into the cylinder. The extended rod may be used as a switch to activate another push

button, or just for mechanical joint extension used by pneumatic robot arms

2.4.5 Drives

Like actuators, drives take some action upon the process at the command of
the controller or other analyzer. The difference between actuator and drives is that
actuators are used to affect a short, complete, discrete motion (usually linear) and
drives execute more continuous movements typically motors. Motors are the muscle
of the robot; weather to move other objects or to move the robot itself. There are
several types of motors normally used by robots, which are the stepper motors, DC
continuous motors and the servo motors. Detailed discussions of these motors are

explained in the report.
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2.4.6 Determining the Torque required by the motor

Figure 6 Free body diagram of a mobile robot and the forces as the
vehicle climbs a hill.

In this project, it is assumed that the robot is mowing a flat land area.
However, to overcome worst case scenario, the robot is required to climb a ramp of

angle 0 at a constant velocity, v.

F,,=F+F,

Where Fr is the coefficient of friction, u multiplied with the normal force, FN:

F, = pyF, = umgcosd
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Assumption:

m of robotic lawn mower = 5Kg

Coefficient of friction (tire on grass) p = 0.35
The angle of robot climbing uphill, 8 = 30 degree
Velocity of robot, v = 10cm/s

Diameter of wheel = 10cm

F,,, = pmgcost+mgsin@
F,, =(0.35)(5kg)9.81m/ 5) cos(30) + (Skg }(9.8m/ 5s)sin 30
F, ., =149695N +24,525N

F,, =39.4945N

The power required from the motor is the product of the force that needs to be

applied by the wheels times the velocity, v the robot travel up the hill.

P = Fappv
P =39.4945(0.1)
P, =3.945W

From the formula below, The Torque can be calculated

v
w=—
B
_0.Im/s
0.05m
w=2rad/s
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Lid =Tw
2
r-2
2o
T 3.949
2(2)
T =(0.98725Nm

Therefore, from the calculation, the minimum torque required is 0.98725Nm
per motor for each wheel. Therefore, a motor which has a higher torque specification
is chosen to support this robot, as the torque calculated does not include power loss of

the motor and efficiency of the motor is not known.

2.4.7 Kinematics Motion using Differential Wheels

P
f

Figure 7 Mechanical variables of the robot (a) Top view of the robot.
(b) the back view of the mobile robot(Picture taken from Fundamentals
of Robotic Mechanical System by Jorge Angeles)
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Scenario 1:
Robot is moving straight. Therefore, there 1s no relative change in the angular

velocity of O1 and O2

81 =02 =2rad/s
Diameter, D = 10cm
Width of the robot (distance between 2 wheels) = 30cm

Center point = 2 cm from differential wheels (towards vector j)

Velocities c.) of point Oi, (fori=1,2)

(; = I‘éf _]
0= (0.05m)2rad s),j,

0=0.1lm/s

And the angular velocity of @ of line O1 and Oz in planar motion, which is the

same as that of the platform can be expressed by

07:%(9.1_9.2)

0.05m
o=
0.3m
w=0rad/s

(2rad /s —2rad /s)

Therefore, there is no angle change in the motion of the robot, since both

wheel are rotating at the same speed. Thus the robot is moving in a straight path.

¢ denotes the position vector of point C’, the orthogonal projection of C onto

the horizontal plane of O: and Oz,
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éza?@—éﬁ+g@+éﬁ

¢= 0.02m Od(;Sm (2rad /s —2rad/s)i+ 0.05m (2rad /s —2rad /5)]j
3m
¢=0i+0.1j

Therefore, the point cdoes not have any motion on the i-axis, since both
wheels are turning at the same velocity. The robot is moving forward in the j-axis at

0.lm/s

Scenario 2:
Robot is performing a sharp turning to the right. Therefore, there is only

angular velocity at O1 and Oz is not moving.

01 =2 rad/s

82 = 0rad/s

Diameter, D = [0cm

Width of the robot (distance between 2 wheels) = 30cm

Center point = 2 ¢m from differential wheels (towards vector j)

Velocity c.) of point O1 (since the robot is turning to the right, velocity of Oz is 0 m/s)

(;1 = ?"éi J
o1 = (0.05m)(2rad /), j,

o1 =0.1m/s
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And the angular velocity of @ of line O1 and Oz in planar motion, which is the

same as that of the platform can be expressed by

w:'?(él_éz)

0.05m
o) =

0.3m
@ =0.333rad /s

(2rad — Orad)

Therefore, the robot is rotating to the right with @=10.333rad /s with
reference to the right wheel of the robot. The robot now moves in a circular motion

with the right differential wheel as the pivoting point.

¢ denotes the position vector of point C’, the orthogonal projection of C onto

the horizontal plane of O1 and O,

éz&?(él—éz)i+%(él+9.2)j

2‘ =0.02m 0.05m (2rad /s — Orad / s)i + O.(;Sm (2rad / s + Orad / 5)j

0.3m

¢ = 0.00666i + 0.05]

Therefore, the i-axis of point ¢ increases by 0.00666 meters per second, since

while moving forward in the j-axis at 0.05m/s
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Scenario 3:
Robot is performing turning to the right. Both wheels are rotating at different

speed with relative angular velocity of O1 and Oz is 2 rad/s

01 =4 rad/s

02 =2 rad/s

Diameter, D = 10cm

Width of the robot (distance between 2 wheels) = 30cm

Center point = 2 cm from differential wheels (towards vector j)

Velocity o of point O1and O2

Ol:réij f;zzréij
o1 = (0.05m)(4rad /5),j, 02 = (0.05m)(2rad 5),
(:)[:0.2m/s c‘)z=0.lm/s

And the angular velocity of @ of line O1 and Oz in planar motion, which is the

same as that of the platform can be expressed by

oo
a):?(gl_gz)

W = M(4md —2rad)
0.3m

@ =0.333rad /s

Therefore, the robot is rotating to the right with @=0.333rad/s with
reference to the right wheel of the robot. The angle of rotation is the same as Scenario

2 since the relative difference of the speed between both wheels are 2 rad/s
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¢ denotes the position vector of point C’, the orthogonal projection of C onto

the horizontal plane of O1 and O,

ézcx%(élnéz)i-}—g—(éﬁé?;)j

¢ =0.02m 25" trad 15— 2rad 1 yi + 2057

(4rad /s + 2rad | 5)j
0.3m

¢ = 0.00666i + 0.15

Therefore, the i-axis of point ¢ increases by 0.00666 meters per second which
is the same as Scenario 2. This is due that the relative difference in the velocity of the

wheels are 2 rad/s (similar to scenario 2). However, the j-axis increases at 0,15m/s

2.4.8 Differential Wheels vs. Caster Wheel Mobile robot

!

! ' :
i I-axis
z

a

Figure8 Kinematics of a Caster wheel drive mobile robot. The robot
ahs three degrees of freedom in plane but only has two controllable
parameters. Picture taken from MOBILE ROBOT: Inspiration to
Implementation by Joseph L. Jones)
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Differential drive robots have more advantage over caster wheel type and
tricycle type robots. Relative to the global coordinate system, the robot can be
position anywhere specified by 2 coordinates of x and y and pointed in any direction

specified by a third coordinate, angle 9. [4]

Robots with Caster wheels however, the degree of freedom of the robot is
limited to two parameters; the steering angle, o and the total distance it travels, S.
Therefore, the robot’s orientation and position are coupled. The robot must move
forward or backward in order to turn. The robot can not go directly from one
position/orientation to another. The robot must follow some path and would be

complicated with the presence of obstacle.

Figure 9 Comparison of differential drive and caster wheel drive
kinematics using parallel parking example. (a) Differential drive robot
has more flexibility in reaching the desired position and orientation. (b)
Caster Wheel drive requires turning forward and backward motions in
order to reach desired position and orientation. (Picture taken from
MOBILE ROBOT: Inspiration to Implementation by Joseph L. Jones)

The differential drive method is chosen for this robot as it is easier to implement and
the amount of flexibility is much more as compared to the mobile robot with caster

wheel drive.
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2.5 CONTROLLERS

2.5.1 Programmable Logic Controller (PLC)

The Programmable Logic Controller is a digitally operating electronic
apparatus which uses a programmable memory for the internal storage of instructions
by implementing specific functions such as logic sequencing, timing, counting, and

arithmetic to control, through digital or analogue input/output modules

2.5.2 PIC Microcontroller

The Programmable Input Controller (PIC) microchips are used for embedded
designs. The microcontroller is able to perform various functions according to the
user programming codes {Assembly Language/ C Programming). The microcontroller
is able to perform task which is once difficult to be implemented on normal logic

circuit.
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Table 1 Comparison between Wired Logic, PLC and PIC controllers

Control device

(Hardware)

Control Scale

Change or addition

of specification

Delivery period

Maintenance

makers and users)

Reliability

Economic

efficiency

(by

Wired Logic

Specific purpose

Small and medium

Difficult

Several days

Difficult

Depend on design

and manufacturer

Advantage on small

scale operation

PLC

General purpose

Medium and large

Easy

Almost immediate

Easy

Very high

Advantage on small,
medium and large

scale scale operation

PCl

Specific purpose but

programmable

Small scale is likely

to succeed

Moderate (depends
on the programming

skill of user)

Almost immediate

Moderate

Not able to
withstand industrial

environment

Cheap
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2.6 ROBOTIC FUNDAMENTAL

2.6.1 Fundamental of Robotic Mechanical System

Rolling robots are under the autonomous mobile robot category. The focus is
on robots meant for tasks on horizontal surface, in which their platforms undergo
planar motion, which simplifies their kinematics. Rolling robots are basically of two
kinds, depending on whether they are supplied with conventional or omni directional
wheels. Robots with conventional wheels have 2 degrees of freedom motion while
robots with omnidirectional wheels are capable of 3 degrees of freedom motion which

increase their maneuverability substantially

2.6.2 Robots with Conventional Wheel

These robot have only 2 degree of freedom, therefore, they only need two
actuators. The example below is taken from Fundamentals of Robotic Mechanical
Systems (Theory, Methods and Algorithms) written by Jorge Angeles. The basic
architecture of this type of robot is shown in figure 1, which distinguish a chassis
(robot body). Two coaxial wheels are coupled to the chassis and revolute of axes

passing through points O1 and O2. [5]

The orientation of the steering wheel is defined by w, is controlled by the second

actuator. The design has a few drawbacks:

1. Two motors serving two essentially different task requires different
operational characteristics, in which both may not be available from the same
manufacturer.

2. Power motor requires velocity control, steering motor for position control
therefore giving rise to two independent control systems that may end up by
operating in uncoordinated fashion

3. Differential gear train increase cost, weight and bring out inherent backlash of

gears.
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2.6.3 Analysis of kinematics of a robot with differential wheels

Figure 10 Mechanical variables of the robot (a) Top view of the robot.
(b) the back view of the mobile robot

Point C of the platform is taken to be the operation point; its position vector
in a frame fixed to the ground denoted by ¢. @ is taken to be the scalar angular
velocity of the platform about a vertical axis. By virtue of the 2 degree of freedom of
this robot, the velocity ¢ of C can be controlled or a combination of @ and a scalar
function of ¢ by properly specifying the two joint rate ©. and 6.. However, the two

components of ¢ and @ cannot be controlled simultaneously. [5]

An orthonormal triad of vectors whose orientation is fixed with respect to the

chassis. The triad is denoted by {i, j, k} with k pointing upward vertical direction. [3]

Therefore, the velocities 0 of point Oi, (fori=1,2)

o=ré;j, fori =1,2

And the angular velocity of @ of line O1 and Oz in planar motion, which is the

same as that of the platform can be expressed by
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r L 2 L]
a)=7(91—t92)

Furthermore, the velocity of C can now b written in 2 dimensional from as

L] »

c=o0+wE(c -0)

With ¢ denoting the position vector of point C’, the orthogonal projection of
C onto the horizontal plane of Or and Oz, while E as an orthogonal matrix rotating 2

dimensional vectors through an angle of 90 degree counterclockwise. [5] Hence,

Thus, all vectors are 2 dimensional. Upon substitution of equation wzg-(ﬂlmﬂz)

with ¢ =o01+wE(c —0,). We obtain an expression for ¢ in terms of the joint rates,

namely,

éz&?(él—éz)ng(éﬁéz)j
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2.7

2.7.1

MECHANICAL DRIVES

Choosing the Right Motor for the Job

Motors are the muscle of robots, when attached to a set of wheels, robots are

used as legs. When attaching a motor to a lever, they serve the purpose as a shoulder

joint to move up and down. There are many types of motors:

2.7.2

DC motor: The common motor normally used to drive continuously in one

direction. It only stops when the power supply is removed.

Stepper motor: Application of power causes the shaft to rotate a few degrees
and then stop. Continuous rotation of the shaft requires the power to be pulsed

to the motor.

Servo Motors: Strong motors normally used as joints for robots. It can only

move 180 degrees in direction

Motor Specification

Voltage

All motors are rated by their operating voltage. Small hobby motors usually
range from 1.5 V to 12 V. Most motor can be operated satisfactorily at
voltages higher or lower than that specified. However, most motor is likely to
operate 50 percent of the specified rating. Running a motor continuously at
more than 30 or 40 percent of its rated voltage is not recommended. The

windings will overheat which may cause permanent damage.
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Current Draw

It is the amount of current (amp or milliamps) in which the motor requires
from the power supply. Current draw however, increases with load. A point is
reached when the motor does all the work it can perform, and no more current
will flow through it. The shaft strops rotating; the motor has stalled.
Therefore, when building the robot, the load (weight) must be including under

consideration.

Speed

The rotational speed of a motor is given in revolution per minute (rpm). The
speed of the motor could be increase or decreased using 2 methods: building a

bigger motor (impractical) or add gear reduction.

The speed always decrease when going from small to large gear

The speed always increases when going from large to small gear

Therefore, if there is a need to reduce the speed of motor from 5000 rpm to 50
rpm, The speed reduction would require a reduction ratio of 100:1. This would

require a drive gear of 10 teeth and a driven gear of 1000 teeth.

2.7.3 Torque

Torque is the angular force that a motor can deliver at a certain distance from the
shaft. A 5 oz-in of torque means that at a distance of 1 inch away from the shaft of the
motor, it is strong enough to pull up a weight of 5 ounces using a pulley. Metric unit

normally specify torque in terms of Newton-meters (Nm). [4]

kg —m

sec’

IN =1 =0.225!b
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Electrical power is converted to mechanical power in a motor. The relationship
involves power (in watts) and energy (in joules). Power is the rate of energy used.

Therefore, power is represented by

Joule
sec

1 Watt =1

The electrical power supplied to the motor, Pe equals the voltage, V across the
motor’s terminal multiply with the current, I through the motor. Current, measured in

the unit of amperes is the amount of charge passing through a conductor per second:

[4]

P =Vl
Coulomb
Sec

1 Watt =1 Volt* Ampere =1 Volt *

[ Ampere=1
Coulomb

5CC

Mechanical power, Pm equals the torque, T output by the shaft multiplied with its

angular speed, o (torque is taken in Newton Meters):

P =Tw

m

2mrad _  rev

sec sec
Nm
1 Watt =1 —
sec

Since power is energy per unit time, this shows that one joule energy can be

expressed in two ways, either as I Newton meter or 1 Coulomb Volt. The is just
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reaffirming the fact that energy is energy whether it comes from mechanical origin or
electrical origin. [4] The motor is just a transducer transforming energy to one form

from another,

1 J=1 Nm 1J3=1CV

2.7.4 Motor Model

The relationship describing the electrical power to mechanical power in permanent
DC motor is described previously. The mechanical output power (due to the losses
from friction, windage, heating in the coils) will be some fraction of the electrical

input power. [4] The percentage is given as efficiency, n where:

The rotor coil is essentially an inductor with a resistance R. When rotor is turning, the

commutator segment sliding past the brushes create an alternating current in the
e . di . .
armature winding. A changing current, 7 through an inductor induces a voltage
!

across it:

Where L is the proportionality constant called the inductance. As the motor turns
voltage is induced and opposes the applied voltage. The faster the motor turns, the
more the current switches direction, thus the larger the induced voltage becomes.

Thus, it tends to limit the current through the resistor R.

When current falls, the less flux is created around the conductor, and the torque also

falls. Therefore, when speed increases, the torque decreases.

36



The rotating motor can e modeled by the induced voltage, e (back electro magnetic
force) and the winding resistance R. The applied voltage is related to the back—emf

and current:

V=IR+e

when motor is not rotating, ¢ = OV and the current through the motor is equal to the
applied drive voltage divided by the resistance. The current required to start the motor

from zero speed is called the starting current/stall current, Is.

When the rotor is rotating, e increases proportionally with the speed of the armature:

e=k,w

where ke is called the back-emf constant. The applied voltage is then related to the

current and the armature speed by:

V=IR+k,o

The negative feedback provided by the back-emf causes the motor to settle to a steady
state operating point of speed and torque as determined by the load and the applied
voltage. The torque that the motor produce is dependent on the flux is controlled only
by the current. The torque increases linearly with current with proportionality

constant kt (torque constant):
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solving for I and plugging into the equation above:

V=E+ka)

kt is actually equal ke. This can be seen from the fact that the mechanical power

output by the shaft will be the electrical power input, minus the 7°R losses due to

heating in the resistor:

P =P -I'R
To=VI-I*R

Replacing the equation for T and V

ko= (IR+k,0) - I*R

gives,

The applied voltage is then related to the torque and speed by constant k:

V=E+ka)
k
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the speed-torque relationship is linear with a negative slope:

2.7.5 Determining the amount of power needed for the motor

Figure 11 Free body diagram of a mobile robot and the forces as the
vehicle climbs a hill (picture taken from MOBILE ROBOT: Inspiration
to Implementation by Joseph L. Jones)

Assuming that the mobile vehicle is a differential drive mechanism (two
motors) and need to climb a ramp of angle 0 at a constant velocity v. The free-body

diagram makes explicit the force acting on the vehicle. [4]

Since the vehicle moves at a constant velocity, there are no net force on the car:
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- Since the acceleration a, is 0 (the car moves at a constant velocity), The net force F
must be 0. Thus, the applied force Fapp, from the wheels acting in the direction up the
hill must balance the force down the hill resisting that force. The resisting force are
the friction force and the force that is the component of the vehicle’s weight acting in

the direction down the hill. [4]
F,=F +F,

app

Where Fr is the coefficient of friction, p multiplied with the normal force, FN:

F, = uFy = pmgcos@

Fw is the mg sin 0 (where mg, mass multiplied with acceleration due to gravity is the

weight of the robot)
F_ = umgcos@+mgsind

app

The power required from the motor is the product of the force that needs to be applied

by the wheels times the velocity, v the robot travel up the hill.

The torque and speed requirement of each motor can be calculated from:

=Tw =

o | g
~ | <
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2.7.6 Robot Locomotion with DC Motors

Most robot design use two identical motor to spin two wheels. These wheels
provide forward and backward momentum, as well as left and right steering, Stopping
one motor, would allow the robot to change direction. Reversing both motors in
relative to one another, robot turns by spinning on its wheel axis. This would cause

sharp right and left turns.

GRTE—
‘....__._
Forward Reverse

Right turn Left tura

Hard right mtn Hard teft turn

Figure 12 Directions of mobile robot taken from Gordon Mc Comb:
Robot Builder’s Bonanza
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Figure 13 A two wheeled mobile robot taken from Gordon Mc Comb:
Robot Builder’s Bonanza

Method for calculating travel speed of the robot:

1. Divide the rpm speed of the motor by 60. The result is the revolutions of the
motor per second (rps). Example: A 100 rpm motor runs at 1.66 rps.

2. Multiply the diameter of the drive wheel by pi (r = 3.142). Example: A 5 cm
diameter wheel would has a circumference of about 15.71 ¢m.

3. Multiply the speed of the motor (rps) with the circumference of the wheel.
The result would be the number of centimetres covered by the wheel in one
second.

4. The heavier the robot, the slower the motor will turn (depending on the

torque).

2.7.7 Robot Locomotion with Stepper Motors

Stepper Motors

DC motors are cheap and able to deliver a lot of torque for their size.
However, the common dc motor is rather imprecise because there is not servo
feedback mechanism or tachometer. It is impossible to command the motor to
turn exactly a specific number of revolutions and also fraction of a revolution.

Stepper motors are dc motor with slight difference: instead of being powered
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by a continuous flow of current, as with regular dc motors, they are driven by
pulses of electricity. Each pulse drives the shaft of the motor a little bit. The
more pulse that are fed to the motor, the more the shaft turns. [8]

Figure 14 Picture of a stepper motor taken from Gordon Mc Comb:
Robot Builder’s Bonanza

Inside a stepper motor

A four phase stepper motor is really two motors switched together. Each
motor is composed of two windings. Wire connects to each of the four
windings of the motor pair, so there are eight wires coming from the motor.
The common from the windings are often ganged together, which reduces the

wire count to five or six instead of eight.

Rotor-(shaft)

Figure 15 Illustration of a Stepper motor and the components that
make up a stepper motor
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Phuse 4 O

igure 16 Schematic diagram of the Stepper motor

Wave Step Sequence

wave step sequence (energized wires 1,2, 3 and 4)
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Double-On/Double-Off Sequence

Wave step sequence is the basic actuation technique for a four-phase motor. A
better approach would require actuating two winding at one in both-on/ both-
off sequence increasing the driving power of the motor. This provides greater
shaft rotation precision. Other varieties of stepper motors would require

actuating it in different ways.
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Figure 18 The double-on/double-off actuation sequence of four-phase
stepper motor
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2.7.8 Stepper Motor Specification

Stepper Phasing

A four-phase stepper requires a sequence of four pulses applied to its various
windings for proper rotation. Most stepper are at least 2 phase, however
majority are 4 phase and six phase. Usually the more phases in a motor, the

more accurate they are.

Step Angle

Stepper motors vary in amount of rotation the shaft turns each time a winding
is energized. The amount of rotation us caked “step angle” and can vary from
as small as 0.9 degrees (1.8 degree is more common) to 90 degrees. The step
angle determines the number of steps per revolution. A stepper with a 1.8
degree step angle must be pulsed 200 times for the shaft to turn one complete
revolution. A stepper with a 7.5 degree step angle instead must be pulsed 48

times for one revolution.

Pulse rate

The smaller the step angle, the more accurate the motor. But stepper motor
has an upper limit to the number of pulses they can accept per second. Heavy
duty stepper usually have maximum pulse rate of 200 to 300 steps per second
providing 60 to 180 rpm. Smaller stepper can accept thousand or more pulses
per second but they do not provide much torque and are not suitable as driving

or steering motors.

An interesting point to note is that stepper motor can not be motivated to run
at their top speed immediately from a dead stop. Applying too many pulses
directly from the battery causes the motor to freeze up. To achieve top speed,
the motor must be gradually accelerated. In terms of human motion, the
acceleration can be quite swift. The speed can be 1/3 for the first milliseconds,

2/3 on the next 50 to 75 miliseconds and full speed later on.
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Running Torque

Steppers may not be able to deliver as much torque as standard dc motors for
the same size and weight. In comparison, a typical 12 volt medium size
stepper motor may have torque of 25 oz-inches. The same 12 volt, medium

size standard dc motor may have running torque tree or four times more.

Steppers are at their optimum performance when turning slowly, With stepper,
the slower the motor revolves, the higher the torque. DC motor however, is
opposite from this situation, in which the higher the speed, the better the

torque.

Breaking Effect

Actuation of one of the winding in a stepper motor advances the shaft.
Continuous input of current to the winding and the motor would not turn

anymore. The shaft would be locked as if the breaks were applied on to them,

47



2.8 ELECTRONIC CIRCUITS

2.8.1 Collision Avoidance and Detection

These are the two different types of detection system. Collision Detection is a
form of Passive detection, the robot only changes direction after it has banged into an
obstacle along its moving path. Collision Avoidance however, is more towards
Active detection system. The system would detect an obstacle from a defined
distance (dependant on the sensitivity of the sensors), and changes course of direction

before collision.

Infrared Light

Light may always travel in a straight line but it bounces off nearly everything.
This is advantageous to build an infrared collision detection system. The circuit
below is an example on how the infrared LED and phototransistors can be mounted
on the top of the robot for the purpose of detecting an obstacle like a wall and rock.
The set point adjustment, R2, provides a means to increase or decrease sensitivity of
the circuit. Increase in sensitivity would allow the robot able to detect objects future

away. The circuit recommended below has an effective range of 6 inches.

Objects reflect light in different ways. Light bounces better on white coloured
objects compared to black. The phototransistor must be blocked from the direct light
of the LED.

Phototransistar

Figure 19 Proximity detector using infrared light circuit diagram; b:
LED/Phototransistor Placement
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Ultrasonic Sound

Sound can be used o detect the proximity of objects in much the same as for
infrared light. Ultrasonic sound is transmitted from a transducer, reflected by a nearby
object, and then received by another transducer. The advantage of using sound is that
it is not sensitive to objects of different colour and light reflective properties.
However, there are materials reflect sound better than others, and some even absorb

sound completely. In comparison, proximity detection with sound is more fool proof.

The circuit below provides a practical circuit for building ultrasonic proximity
detector. A stream of 40 kHz pulses is produced by a 555 timer wired up as an astable
multivibrator. The output of the 555 provides more than enough power for the
transducer. A piece of foam between the two transducers is needed to eliminate direct

interference between the two.

The advantage of using ultrasonic is that it is particular about the frequency of
sound. Specifically, it is desired to limit the sensitivity of the circuit to 40 kHz, the
same as the output of the transmitter. A 567 tone decoder IC is connected to the

output of the 741 amp.

Q +12v
T
)
R1
KR
&
. U1 )
S
Pk About 37T kHz W
! 12 K0

Figure 20 Schematic of 40 kHz ultrasonic transmitter (taken from
Robot Builder’s Bonanza by Gorden McComb)

49



+9 Vée, § 0 +9 Vi
JAAL
R2

ct mi
447 10KD

; 1
i

g Decoded
ko ouput
KN

i j‘“"dc

illbeisinm

JRTEN L

Figure 21 Schematic for an ultrasonic receiver and tone decoder (taken
from Robot Builder’s Bonanza by Gordon McComb)

2.8.2 Direction Control

Relay Control

The method is slightly old fashion compared to the other alternatives.
However, they are less expensive than the other methods, easier to implement and
take up less space. The relay may wear out in time (after a few hundred thousand

switching)

This direction control system however, does produce a centre-off position, in which
the motor receive no power and does not move. The diagram below shows a simple

motor switching circuit. Input to the relay would trigger both the motor to operate.
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Figure 22 A relay controlled motor circuit taken from Gordon Mc
Comb: Robot Builder’s Bonanza

Transistor

Transistors provide true solid state control of motors. The motor is connected
so that when one transistor is switched on, the shaft turns clockwise. When the other
transistor turns on, the shaft turns counter-clockwise. When both transistors are off,
the motor does not turn. The amount of voltage requires depends on the volt the
motor requires. However, for this motor control, both motors can not be turned on at

the same time. Doing so will cause damage to the transistors.

Resistors used to bias the base of each transistor are necessary to prevent the
transistors from pulling excessive current from the gate controlling it (computer port,
microcontroller or logic gates) Without resistor; the gate would overheat and be
destroyed. The actual value of the resistor depends on the voltage and current draw of

the motor, as well as the characteristic of the transistors used.
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Direction control
Foward

8 ... E ....
Reverse

Figure 23 A transistor controlled motor circuit taken from Gordon Mc¢

Comb: Rohot Builder’s Bonanza

The diagram below shows the “H” network which is wired such a way that

only two resistors are on at a time. When transistor 1 and 4 are activated, the motor

turns in one direction. When transistor 2 and 3 are on, the motor spins the other way.

When all transistors are off, the motor remains still.

Forward control 13 K@ g:c
Forward 1 ! b

off o

Reverse control ¢

Reverse | Q— -
b /
0ff 9 —‘r ’-_V\w—@

21

€

o
TIP41

Figure 24

An “H-Bridge” motor control circuit
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There is a special type of transistor, which is the power MOSFET (Metal
Oxide Semiconductor Field Transistor). The power MOSFET is able to handle higher
current and voltage to drive the motors without worrying about burning and frying the

component,

The diagram below uses power MOSFET to drive the motor system. The
circuit is controlled by a NAND CMOS gate for positive action control. [§]

Forward | ..._J-—

Revarse

Qi-Q4 N-Charnel Power MOSFET _[_
(ERF-311 or Equiv.)

Figure 25 Diagram of a power MOSFET and “H-Bridge” motor control
circuit using Power MOSFET (taken from Gordon Mc¢ Comb: Robot
Builder’s Bonanza)
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Stepper Motor Control Circuit

The stepper motor requires a controller or translator circuit since the
movement of the stepper motors are determined by the phase inputted to the motor.
The circuit can be constructed using TTL or CMOS chips. The 7486 (exclusive OR)
is used to provide steering logic. The steeping actuation is controlled by 7476 (JK flip
flop) The output of Q and Q’ produces control to the phasing of the motor. Stepping
is accomplished by triggering the clock input of both flip flop. [&]

The 7476 is unable to power a stepper motor directly. An external voltage
supply is needed to provide power to the stepper motor. The input to the phase is
controlled by npn transistor. The transistors shown in the diagram is 2N3055. Since
the transistors are TTL chips, biasing resistors are needed to produce current to the

input base of the chips. Resistors ranging between 1K Ohms to 3 K Ohm. [8]

STEP

o
s .5V
\ o+5V o 45V a5V
. I ‘ 13
' e 11 1 J Q — ™,
O 1 ) ) -—{16 weaz |, Phase 1
1] N I . .
L ocew; MR6 (14) 7486 (174} Keiocx@ > Phase 1
. : 1
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‘ > To motor
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________ 86 (174 ol cinck (i
DIRECTION ﬂ 3 & {4 )s JC KQ l—-———&ﬂms
- . 4) 2t 5T Um

3 K S et aiad

Figure 26 Stepper Motor translator circuit using the 7486 (exclusive
OR) chip and 7476 (JK flip flop) chip. taken from Gordon Mc¢ Comb:
Robot Builder’s Bonanza
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CHAPTER 3
METHODOLOGY / PROJECT WORK

3.1 TOOLS REQUIRED

I. Programmable Input Controller (PIC) 16F84A and PIC 16F877
II. PIC Programmer Board
III. PIC 16F84 and PIC 16F877 Target boards
IV. DC motors (x2)
V. Ultrasonic Sensors sensors (x3)
VI. Plastic wheels and Gear ratio mechanism (a pair)
VII. Caster wheels
VIII. L shape aluminium bars (for chasis construction)
IX. Rechargeable battery (vision 12V battery)
X. Screws and nuts
XI. Personal Computer (for C++ programming)
XII. A 12 Volt RS Stepper Motor
XIII. Stepper Motor Controller
XIV. H-bridge circuits
XV. Softwares:
a. CCS-Compiler
b. Electronic Workbench
c. Bumble Bee Software (for interfacing with the programmer board)

Equipments and tools needed for this project are:

ii) Personal Computer

iii) Programmable Input Controller (PIC)

1v) PIC Programmer

v) Sensors, Motors and relevant digital electronic components to develop the

circuitry
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3.2 PROCEDURE IDENTIFICATION

Intensive literature Reviews
and Research

3

A

3
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applications in
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Figure 27 Project Methodology Flow Chart

56



3.2.1 Literature Reviews:

Intensive literature reviews has been done on mobile robot fabrication.
Resources from related books, internet and online journals have been access.
The reviews are crucial to identify the method, tools and equipments that are
needed for implementation of the robot. The literature review covers five

important areas which are:

1. Robots and its application in the industry
-The technology of robots used in various industries and the level

of technologies for each of the robots in its job application.

2. PIC Programming language
-Learning the programming language (C++) which is used to
programme the microcontroller selected for this robot design,

which is the Programmable Input Controller (PIC) chip.

3. Robot Mechanism and Control
-Mechanical Trajectory and dynamics calculation has been done to
identify the type of locomotion to be used, the torque of the motor

needed and mechanisms that would be implemented on the design

4. Sensors and Coordination
-Identify the best suited sensor for obstacle avoidance of the robot
as well as path planning needed for covering the area of land that

needed to be covered.

5. Robot Circuitries and Designs
- Electrical circuits such as stepper motors and driver circuits for

controls of the mobility of the robot.
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3.2.2

3.2.3

3.24

325

Mechanical and Electrical Designs

The mechanical structures are drawn out which includes the details in which
the real robot would resemble. The electrical designs are done for simulation
to test the theory and check the sufficiency of voltage and current supplied to

the circuitry.

Structure Fabrication for mobile robot

The wheels are mounted to the robot base. The stepper motor is coupled to the
caster wheel which would be used for direction control. Electrical

implementations are carried out parallel to the construction of the robot.

Microcontroller Programming and Path Planning

The microcontroller is the ‘brain’ of the robot. Programming is needed to be
done in order to control the movement and path planning for the robot. The

microcontroller is implemented on the robot once the robot is completed.

Troubleshooting and Testing

Troubleshooting is needed to ensure a functioning robot is produced at the end

of the project period.
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33 METHODOLOGY OF PROTOTYPE CONSTRUCTION

3.3.1 Chassis Construction

7 ecm

h 4

11 ¢cm

B 6cm

40 cm

A 4

.« 40 cm

Figure 28 Chassis Structure for mobile robot

The chassis of the robots is constructed from L-shape bars. Due to the

scarcity in the amount of L bars m the lab, the L bars used are taken from the

scrap metals from the Robocon workshop with permission from the Robocon

team and lecturer. The L-shape.bars are cut in 40 cm by 40 cm to form square

shape. L- Shape bars are used because they are able to form stable and solid

structure. The highlighted area in the design is where the gears of the

focomotion drives are located.,
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3.3.2 Mounting the Caster wheel on the Stepper motor

I 3
A\ 4

2mm Alen Key

\ 4

3.5¢m

A

v

O I lem (thickness)

Alen Key drill hole
{ 2mm)

Figure 29 Stepper Motor Coupling

A piece of Aluminium metal of 3.5cm x 3.5 ecm x lem was cut in the
workshop. The piece of aluminium is to couple the stepper motor with the caster
wheel. The 4mm drill holes are screwed to the caster wheels while the 5.5 mm drilled
hole is to be mounted on the moving rod of the stepper motor. The moving rod of the
stepper motor has a diameter of 5.4 mm. Therefore, for best performance, a 2mm
Alen Key screw hole is drilled at the side the metal. The Alen Key screw is then used
to tighten the connecting between the rod with the coupling when inserted in the 5.5

mm hole,
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 THE OVERALL DESIGN

Power Voltage
Supply 12V Regulator ==
5V

Stepper Motor Ultrasonic

. Sensor
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the Autonomous To detect obstacle
Robot along the path

Buffer
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Distance

Encoder
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Encoder

PIC 16F877 — I
Microcontroller Right Wheel

Left Wheel Path Planning and For
For ‘ Obstacle Avoidance : 2] Locomotion

Instructions and Left

Locomotion turning

and Right
turning

!
Figure 30 Overview Block Diagram of the Robot and Interactions
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With reference to Figure 31, the structure is designed to have one stepper
motor at the front for direction control and at the rear is attached with 2 DC motors

for locomotion. The chassis of the robot is constructed with aluminum bars for firm

and solid foundation for the robot.

Figure 31 Chassis Structure drawn with Catia ®

Figure 32 Isometric View of the Mobile Robot

The robot is constructed with two levels, the bottom is used to insert the DC
motors and its gearbox and the stepper motor in which directs the robot follow the
predetermined path. The blade for the grass cutter is also instalied in the lower storey.
The upper level is the circuit compartment, in which all the circuitries such as the PIC

controller, the distance encoder and the stepper motor translator would be located.
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4.1.1 Component Functions and Interaction

With the reference to the Block Diagram shown in Figure 30, the functions of the

components are described below:

PIC 16F877 Microcontroller:

The overall process of the robot is determined by this chip. The chip receives inputs
from the sensors and processes it to execute appropriate instructions according to the
program written by the programmer. The controller also control the drives such as the

DC motor according to the path planning codes written

DC Motors
The DC motors are used to move the robot about. The motor has sufficient amount of

torque in order to successfully move the whole structure.

Stepper Motor

The stepper is coupled to the caster wheel and used for direction control,

Distance Encoder

The distance encoders used are the Hamatsu Infrared Sensors. The wheel is divided
into 60 sections, in which 1 section would cover 1cm of traveled distance. Therefore,
in order for the robot to move one meter of traveled distance, the encoder must detect
100 puises and inputted to the microcontroller. The output HIGH for the Hamatsu
sensors is 1.2 'V which is not sufficient as input for the microcontroller. Therefore, a

pull-up circuit is needed to output a 4.6 V.

Ultrasonic Receiver / Transmitter

The ultrasonic sensor is essential for the obstacle avoidance feature in this robot.
When an obstacle is detected along the predetermined path of the robot, a signal
would be sent to the microcontroller by the ultrasonic sensors. The obstacle

avoidance program would then be executed to avoid any collision of the robot.

Stepper Motor Translator
Stepper motors require certain combination of pulsing in order to move. The stepper

is able to rotate to a certain angle which is suitable for direction control.
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4.1.2  Pictures of the Constructed Robot

Figure 33 Front view of the Robotic Lawn Mower

Figure 34 Rear view of the Robotic Lawn Mower
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4.2 ROBOT PATH PLANNING AND MOVEMENT

The project incorporates motor locomotion control, direction control, blade cutter and
collision avoidance. The PIC 16F877 has 5 Ports in which can be defined as either
inputs or outputs. There are sufficient outputs to drive the whole robot without
needing extra microcontroller to be slave controllers. With reference to Figure 33, the
implementation of smaller microcontrollers as slave controllers would definitely
reduce the complexity of the program. However, the dependency between the master

and slave controllers would reduce the reliability of the system in the robot.

Movement and
»  Direction Control
PIC
16F84A Path Planning
Whezl PIC _as slave v
encoder 16F877 »| controller
_—b _as ] .
Ultrasonic master Location Tracking
Sensor controller >
for
overall
control
Obstacle
Avoidance

4

.| Blade Rotation

Figure 35 Microcontroller Interaction Block Diagram with Slave
controller
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Path Planning
Wheel PIC >
encoder 16F877
BN -as . .
Ultrasonic master Location Tracking
Sensor controller
for
overall
control
Obstacle
» Avoidance

l Blade Rotation

Figure 36 Microcontroller Interaction Block Diagram without Slave
Controller

Therefore, the Microcontroller Connections without the usage of slave controllers
was selected for this project as there were sufficient pins for inputs and outputs and
also reduce cost. The 16F877 also has PWM pins which can output Pulse width

Modulation pulses for motor speed control.
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4.2.1 Block Functions Operation

Direction Control and Locomotion
Both the stepper motor and DC motor must collaborate correctly in order to move

straight, reverse and perform an accurate turn to the left or to the right.

Path Planning
This allows the robot to follow a predetermined path set by the user in order to move

within the barrier defined and to cover the whole area of grass to be mowed.

Location Tracking

This programme block is essential to inform the robot of its current location. For
example, if the robot is programmed to move 5 m forward, the location tracking
program is to calculate whether the robot has already arrived at the destination. This

is done through the counting of pulses using the distance encoder.

Obstacle Avoidance
This programme block is needed to avoid any obstacle within the path. The robot
should change direction and move around the obstacle , arriving back to the original

predetermined path and continue its journey.
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4.2.2

5m

Predermined path and Location tracking

No. 3

40 cm reverse to
cover the olind

No. 4
NO. 1 Sm
5m forward

forward

No. 6

40 cm reverse to
cover the blind

The predetermined movement path is described below:

The robot starts at the left side of the field and moves straight for 5 meters,
cutting the grass along the path. (No.1)

When the robot distance encoder calculates that the robot has already traveled
5 meters, the robot would stop and turn right and cover 20 cm front. (No.2)
However, when the robot turns, there is a blind spot marked by the gray circle,
therefore, the robot must reverse by 40 cm in order to mowe the grass in the
greyscale area. (No.3)

After doing so, the robot would then turn right again and cover the next 5
meters. (No.4)

The robot would finally reach the end of the 5 meters and turn left. Moving
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forward 20cm (No.5) and reversing again to cover the blindspot area (No.6).
e The robot finally turns left, returning to the similar position of the starting
point of the robot. Thus the whole predetermined path cycle repeats.

4.2.3 Obstacle Avoidance and Distance Correction

4 4

No.6

Compensation
Remaining
No.5 distance:
Turn right and Sm-3m +

move lm 40cm -140cm

=4m

A >
No.4 Obstacle
Sm Move forward
1.4m
I 3
No.2
Reverse for 40
cm
4_,,_._._,_....
No.3

Turn left and No.1

move 1m Move forward
3m
A 4

Figure 39 Obstacle Avoidance Plan

o For the obstacle avoidance system, assuming that the robot is path planned to
move straight for 5 meters. An obstacle is placed within its path (3m).
Referring to (No.1)
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When the robot detects the presence of an obstacle via the ultrasonic sensor,
the robot would reverse for 40 cm.(No.2)

The robot would then turn left and move for 1 m. (No.3)

After doing so, the robot would then turn right and move 1m to go around the
obstacle plus an additional 40 ¢m which is to compensate the 40 cm of during
the initial detection. (No.4)

The robot would turn right and return to the original predetermined route.
(No.5)

However, compensation algorithm must be included, instead of the remaining
2 m that the robot has to cover, the robot must subtract 1m for the collision

avoidance system. Therefore the remaining distance to travel is 1m.
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Figure 40 Flowchart of Autonomous Mobile Lawn Mower Robot with
Obstacle avoidance System
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4.3 CHASSIS CONSTRUCTION

Figure 41 Chassis Structure (dismantled due to instability)

The above chassis was constructed initially, The robot is made using the L-
shape bars. The chassis was constructed at 33cm x 33cm. however, when the gear
ratios were fitted onto the platform, the platform was slightly too small. There were
issues with stability as most of the connections were joined by screws and nuts. The
screws would come loose after a period of time. The above structure was dismantled

and a new platform was constructed.

Figure 42 Improved Chassis Stucture (40cm by 40cm)

Therefore a new platform is constructed at 40cm x 40cm. The joints are
connected and hold firm using rivet. The stepper motor is mounted on the front of the

robot for direction control.
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Figure 43 Coupled Caster wheels on the Stepper Motor

The 12 Volt RS stepper motor is coupled on the caster wheel. Screws and nuts

are used to tighten to a piece of aluminium.

Figure 44 Distance Encoder Disk

The wheels and gear ratio was reused and taken from the ROBOCON lab. The
wheel includes a shaft encoder which would be implemented with a infrared
photoelectric sensor for distance calculation. The disk is divided in equal slices of
alternating black and white. The disk is mounted on the wheel and the photo reflector
is placed where the wheel is directly facing the encoder. The diagram above displays

a sample of a encoder disk with 16 sections.
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44 ELECTRICAL COMPONENTS

4.4.1 The PIC 16F84A4 programming board

Figure 45 PIC 16F877 Programmer Board and Target Board

The programming board was constructed in order to be able to interface
between PIC 16F84A with the microcontroller programmer provided by lecturer Mr.
Zuki. The Bumble Bee and the PIC compiler was installed on the computer and
programme written is transferred to the chip through the help of the Serial Cables.

4.4.2 The application board for PIC 16F84A

Figure 46 PIC 16F84 Programmer Board and Application Board
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The application board for the PIC 16F84A has been constructed and interface
with the stepper motor circuit. The application board is then able to interface the PIC
chip with other drives such as the stepper motor, the H-bridge controller for the

locomotion drive and the sensors for obstacle avoidance.

4.4.3 Application board for PIC 16F877

Figure 47 PIC 16F877 Application board with input/output connectors
and Switches

The PIC877 is used as the Master interface with the other components for the
robot. This is because the PIC877 can store larger memory programmes and it
includes Pulse Width Modulation option which allows controlling the speed of the
motor. The PIC 877 has more Ports which can be configured as either outputs or

inputs.
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4.5 Ultrasonic Sensors for Collision Avoidance System

4.5.1 Ultrasonic Receiver and Switching Circuit

The circuit has been designed based on the schematics shared on the internet by the
electronic hobby kit webpage. The circuit shown in Figure 46 shows that if the

receiver detects ultrasonic waves, the relay switch would activate.

The circuit works based on the ultrasonic transducer when sensing ultrasonic
signals. It converts it to electrical input with the same frequency. The purposes of
transistors T3 and T4 are to amplify the signal (as they are supplied by 9V voltage
source). The amplified signals are then rectified and filtered. The filtered DC voltage
is fed to the inverting input of the op-amp IC2. The non- inverting pin is connected to
a variable DC voltage in which the threshold value of ultrasonic signal received can
be manipulated. The output of op-amp is used to bias transistor T5 which will then
bias the transistor T6. T6 can then activate the relay to control other equipment or

connected to the microcontroller,
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Figure 48 Schematic of Ultrasonic Reciever

76



The circuit was tested through simulation on the Electronic Workbench ® software
and the simulated result was compared to the final product when built. The simulation

results are vital for trouble-shooting the actual circuit.
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Figure 49 Simulation for Ultrasonic Receiver using Electronic
Workbench ®
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4.5.2 Ultrasonic Transmitter

The ultrasonic transmitter is constructed using 555 based astable multivibrator. It
oscillates at a frequency of 40-50 kHz. The transmitter is powered from a 9-volt or a
12-volt supply. The value of 4.7K with plus/minus of 10K (pin7) and the value of
18K (pin 6) and C1 of 680pico Farad was chosen to generate a 40 kHz to 50 kHz
frequency. The accuracy of the frequency is important to be detected efficiently by

the receiver. The 40kHz frequency can be calculated using the formula

f= 1.44
(2R2+R1)*Ci
f= 144
(2*18k+15k)*680pF
ULTRASOKIS TRAMSWITTER

HLT RASOMIC
TRANS MITTER
TRANSOUCER
[OR YWEETE R

Figure 50 Schematic for Ultrasonic Transmitter using NESSS Timer
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Figure 51 Simulation for Ultrasonic Transmitter using Electronic
Workbench ®

The circuit was also simulated in Electronic Workbench ® studio and the results
were compared to the actual design. The output signal was generated at 40 kHz as

shown from the output signal from the oscilloscope of the simulation tool.

Figure 52 Simulation for 40 kHz frequency generation
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Figure 53 Actual Circuitry for Ultrasonic Sensors.
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4.6 Locomotion Drive

4.6.1 Stepper Motor control Circuit

Figure 54 Stepper Motor Control circuit using J-K Flip Flop

The s The stepper motor control circuit has been built using JK flip flops and
XOR gates. The circuit is able to operate the stepper motor in the forward and reverse
direction. The design was taken from the McComb, Gordon. Robot Builder’s
Bonanaza: 99 Inexpensive Robotic Projects, USA, McGraw-Hill. The circuit was
simulated using the Electronic Workbench software beforehand to understand how
the circuit functions. However, the stepper motor is too small and does not provide
enough torque to turn the caster wheel. Therefore the 12V RS stepper motor has been

selected and implemented on the mobile robot.
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4.6.2 Using the EDE 12400 bi-polar stepper motor controller

The previous stepper motor controller produced using JK flip-flop is quite
unstable. Therefore the EDE 12400 bi polar stepper motor is used. The reason for the
use of this module is that is has higher tolerance for larger current that may pass

through to the motor. The specifications are as shown below:

e Max. motor voltage 46V

¢ Max. current 2 Amps per coil

¢ Full/half stepping and direction control
o (Complete stepper motor control unit

e Based on the proven L297/L298™ chipset

Figure 55 Diagram of the EDE 12400 module
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Figure 56 Pin layout of the module. The details are listed in the
datasheet

Similar to the stepper motor controller, the module would pulse the motor with the
output from pin 13 to pin 16. To operate it in a certain direction, the stepper has to be
pulsed in a certain pattern. Pulsing in a opposite direction combination will make the

stepper to go in the reverse direction.
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Figure 57 Connection layouts for the EDE 12400



The Stepper Motor is connected to the EDE 12400 module. The stepper motor
rotates when receives input from the microcontroller. Since the Stepper Motor has a
locking system, the angle of the wheel would not change unless a pulse is received
from the controller. Thus the robot is able to move according to the direction of the

caster wheel.

The EDE12400 is able to control stepper motor at coil currents up to 2
Amperes. When connected as shown in Figure 3, the EDE12400 module will operate
the motor based upon the inputs of the CLOCK, CW/CCW, HALF/FULL, and
RESET pins.

RESET mode (pulsing of stepper)

When RESET is set to high, a low-going (+5V to 0V) pulse on the CLOCK input will
cause the motor to rotate one step at the low-to-high transition of the pulse. Thus

turning the reset high and low would pulse the stepper motor.

Clockwise and Anticlockwise movement of stepper

The CW/CCW (clockwise and counter-clockwise pin) determines the direction of

shaft rotation.

Half Mode and Full Mode

The HALF/FULL pin determines whether to use full-step drive sequence
(providing a 1.8°/per step rotation) or a half-step drive sequence (providing a 0.9%per

step rotation).
Driving Output to the Stepper Motor

The output drive (A, /A, B, /B) connects to the input of the stepper motor

In which the stepper rotate.
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4.6.3 Stepper Motor Wire Connection

8 Wire configuration

®©
Q)
[510%]

Iz

3}

BLK

Exciting sequence and direction of rotation when facing

mounting fange end.
Step | Red | Green | Black |[Yellow | Com CW
1 O On
2 Cm Cm
3 Oon On +dcV
4 On On

Figure 58 Wire Connection to the 12 V 1.8 degree bi-polar Stepper
Motor

The diagram above shows how the stepper motor should be connected.
Connecting the wires wrongly would create short circuit and can permanently damage

the motor and the h-bridge circuit.
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Table 2 Pulsing Sequence for Stepper motor Direction Control

Step COUNTER
Number CLOCKWISE
START POINT
“
——
— CLOCKWISE
SEQUENCE
REPEATING

The Stepper motor has to be pulse at a certain sequence for proper direction
control. Every successful pulse would move the motor by 1.8 degree either clockwise
or anti-clockwise depending on the pattern on which its is pulsed. For example, if the
stepper motor receive a pulse on Q! and Q4, followed by Q1 and Q3, Q2 and 3, the

stepper would rotate clockwise with 1.8 degree change for each pulse.

However, if the stepper starts with a pulse on Q1 and Q4, followed by Q2 and

Q4, Q2 and Q3, the stepper motor would move anti-clockwise.

The diagram below shows the EDE 12400 soldered to a veraboard for

application purpose.

EDE12400

i Bi-Polar Stepper Motor
) Control Module
DAL MAGHE CHOPPLE DRIVE

g woetabinc.com

Figure 539 The EDE 12440 soldered on the Veraboard and ready for
application
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4.6.4 The H Bridge Circuit
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Figure 60 Pin specification of the L298N H-bridge controller chip

The L298N consist is an integrated monolithic circuit which is a high

voltage, high current dual full-bridge designed to accept TTL logic levels and

drive inductive loads. The L.298 has the following specifications:

Operating supply of up to 46V

Total DC current up to 4A

Over temperature protection

Logical input up to 1.5V
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Figure 61 Example of the connections for a H-bridge motor drive

circuit
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The schematic of the motor circuit in Figure 5 shows how the L298N controls
the drive train of the motor. There are 6 bits used to control two motors. Pin 10 and
Pin 12 determines the direction of the motor, whether to move in the forward or
reverse direction. Pin 11 however, would determine if the motors are on or off. Thee
speed of the motor will be controlled by PWM from the microcontroller since the

duty cycle will determine the percentage of the motor being turn on during one cycle.

Figure 62 The L298 H-Bridge soldered on the Veraboard and ready for
' application
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Table3 H-Bridge operation true table

Motor rotation (mode) Pin 12 Pin 11
(on/off)
Clockwise (forward) High Low 100% duty
(maximum speed) cycle
Anticlockwise (reverse) Low High 100% duty
(maximum speed) cycle
Hard Stop High High 100% duty
cycle
Free wheeling Stop Low Low 100% duty
cycle
Clockwise (forward) High Low 50% duty
(half of maximum speed) cycle
Anticlockwise (reverse) _ Low High 50% duty
(maximum speed) cycle
Hard Stop High High 50% duty
cycle
Free wheeling Stop Low Low 50% duty
cycle
Clockwise Mode

When Pin 10 is HIGH and Pin 12 is LOW, the motor is in clockwise direction. However, Pin
11 is needed to be HIGH in order for the H-bridge circuit to operate

Anit-Clockwise Mode

When Pin 10 is LOW and Pin 12 is HIGH, the motor is in Anti-clockwise direction. Pin 11 is
needed to be HIGH in order for the H-bridge circuit to operate. The L298N chip has a

limitation current of 4 A to the driving motor
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Stop Mode.

When Pin 10 is HIGH and Pin 12 is High, the motor power to the motor would be cut off.
The stop mode can also be activated by setting a LOW input to the Pin 11 (pulse width

modulation input)

Pulse Width Modulation

The pulse width modulation is used to control the duty cycle of the motor, in which the
percentage of the driving output is HIGH in a frequency cycle. For example, if the duty cycle
is set to be 100%, the motor is operating on maximum power thus, rotating at maximum
speed. If the duty cycle is set to be 50%, the switching circuit would be operating only 50%

of the time, thus the speed of the motor would be reduced.

4.7 Voltage regulation

The L7805CV voltage regulator is used to regulate to a voltage of 5V to the logic
circuits. The Chip can receive up to 38V of input source. However, the output of the
chip would only be 5V at maximum. This is useful to ensure the safety of circuits

such as the Microcontrollers and logic gates.

! : L78XX 2 . 2 [T CUTRUT
V; Ci 3 Co vy, @ R — T

! 033uF OduF

S-2708/2

- 25EEM

Figure 63 The Pin layout and application Diagram of the L7805 Voltage
regulator
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Both the input and output share a common ground. The chip is easily heated
up and there would be some power loss to the environment. Therefore, to ensure the
safety of the chip, heat-sinks are attached to the chip for heat dissipation. The voltage

regulators are soldered on a veraboard equipped with heat-sink and switches to turn

on and off anytime,

Figure 64 The L7805CYV Voltage regulator equipped with heat sink and
switches for application
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4.8 The grass Cutter

The grass cutter for the lawn mower robot is modified from the BOSH AGSI0
Cordless grass shear. The AGS10 grass shear is sawed into parts, separating the
battery power supply and the cutting blades. The blades were attached at the bottom
of the base of the mobile robot. The switch was modified in which it is triggered by
the relay when the microcontroller gives a HIGH signal. The AGS10 operates on a
4.8V motor and has a runtime of 45 minutes when the battery is fully charged for 20

hours.

Figure 65 AGS10 grass shear attached to the lower compartment of the
robot. Almost touching the ground for effective grass cutting purposes.

Figure 66 Close view of the grass cutter, which uses the scissor method
for grass cutting. Both blades move in the opposite directions when the
motor rotates.
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4.9 PIC PROGRAMMING

4.9.1 Programming the PIC 16F877 Microcontroller

The C++ Programming language is use to programme the PIC microcontroller. For
better strategy and organization of the programming codes, the programme is divided

into small sub-programmes.

Main Programme

Small Sub-programmes

Declaration Also known as “call-

o function”
Initialization

............ Stepper direction to
45 degree right

v

4

A\ 4

Straight locomotion
programme

.............

Obstacle avoidance
ObStHCle_ﬂVOidance Programme

-

Y

The main program would be executed when the power is turned on. The
program would begin with initialization of variables and declaration. The program
would then execute the instruction accordingly. The sub-program are declared with
the name, Turn_ritght(), Move_straight() and Obstacle_avoidance(). When the
main program reaches to any of the lines with the same title as these sub-programs,
the PIC microcontroller would then execute an interrupt and the particular sub-
program is executed. The microcontroller would then return to the main program
when the execution of the sub-program is finished. The program would then continue

to execute until it reaches another sub-program or ends.
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4.9.2 Main Program explaination of Codes

The program functions are explained below. Please refer to Appendix A for the
complete program.

[* *f
SECTION 2

Main program.

This is the main program in which the robot would execute. The program runs by executing other
small programs called “Call Functions”. The program will jump to the small program and execute.
When the small program finishes, it will then jump back to the main program where it left off,

/¥ */

void main()

{
i Declaration of Input/Outputs
set_tris_a{Oxft);
set_tris_b(0x00); declaring all the PORTS as either inputs or
i tput:
set_tris_c{0x00); outputs

set_tris_d(0xff);

/* this is to declare the pulse width modulation to be used for the robot*/

. . _ Pulse Width
setup_timer_2(T2_DIV_BY 1,99,1); //fenable Timer2, PR2=99, prescaler=1 Modulation
setup_ccpl(CCP_PWM); /fenable PWM mode Declaration
setup_cep2(CCP_PWM); //enable PWM mode -to determine the

value of

frequency in
which the PWM

Output of PWM
duty_cycle = 100; would operate
- ’ -the PWM is set
duty cycle2 = 100, to be 100%
CCP_1 =duty_cycle; -operating at

CCP 2 = duty_cycle2; maximum speed

and power
output_bit(PIN_C1,1);
output bit(PIN C2,1};
output low(PIN B6); // this small section is to configure the stepper
output_high(PIN_BS), /ffor accuracy to move in a straight line

delay ms(3000);
output_high(PIN__B4):
delay_ms(30); -to correct the angle of the

output_low(PIN_B4); stepper motor in order to
- B move straight.
delay ms(25); &

Stepper motor initial
adjustment
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delay _ms(2000);

movefrontovs(400,0);

delay_ms(1000);
turnright(76);
delay_ms(1000);

movefrontR(20,0);
delay ms(1000);
wheelreverse(40,0);
delay_ms(1000);

turnright(76);
delay ms(1000);

movefrontovsR(400,0);
delay_ms(1000);

turnleft(76);
delay _ms(1000);

movefrontL(20,0);
delay_ms(1000);
wheelreverse(40,0);

delay ms(1000);

turnleft(76);
delay ms(1000);

—_—

\

/*delay for 2s*/

the mini programme)

example of small Sub-Programme (would jump to

/*delay for 1s*/
F#turn right*®/
*delay for 1s*/

/*move front with obstacle avoidance®/

Programme using small
sub-programmes

-the programme would
execute other programmes
with the title such as

movefrontR() and would
return o the main
programme when all the
instructions are executed
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/*delay for 1s*/

/*delay for 1s*/

/*turn right*/

*delay for 10s*/

/*delay for 10s*/

xturn left*/

*delay for 10s*/

/*move front without ovs*/

/*delay for 10s*/

Mturn lefi/

/*delay for 10s*/




4.9.3 Example of Subsection Codes used for the Robot

/%
SECTION 4
FORWARD LOCOMOTION WITH COLLISION AVOIDANCE

this programme is used for moving the robot to the front. It includes the OVS (obstacle avoidance
system)

therefore, if there is a signal in the ultrasonic sensor, the obstacleavoid programme will execute

Pin_A1= encoder for the right wheel
Pin_A2=ultrasonic sensor
*/

void wheelfrontovs(int m,int n)

{ Declaration of Variables Used

int pulse; -pulse is used to set the input from encoder

int count; -count is needed to count the number of pulses already
count=: passed (distance already traveled)

while(true)

{ Wheel Encoder receiving LOW
input
pulse=linput(PIN_D2);
while(pulse==!linput{PIN_D2})
{
CCP_l1=duty_cycle;
CCP_2=duty cycle2;

-input from the distance encoder

\
duty cycle = 100;
duty cycle2 = 100;

The locomotion moves forward
output_high(PIN_B0Y); > As long as it does not receive the
output_low(PIN_B1): number of pulses needed (the

. traveled distance have not been
output_high(PIN_B2); met)
output low(PIN_B3); J

}

count=count+1;
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if{linput(PIN_D3))

{
wheelreverse(40,0);
delay ms(1600);
turnleft(76);
movefrontL(100,0);
turnright(76);
movefrontR{140,0};
turnright(76);
movefrontR{100,0);

turnleft(76);

centerfromleft();

// reverse locomotion for a short distance

fforward locomotion

//forward locomotion

/fforward locomotion

count=count+100;

if(count>m-1)

output_high(PIN_B0);
output_high(PIN B1);
output_high(PIN_B2);
output_high(PIN_B3);

return;

{
break;

}

/*h-bridge A stop*/

/*h-bridge B stop*/

When an input Low is received in D3

The obstacle is detected by the ultrasonic sensor

\

Obstacle Avoidance Programme
-The robot would reverse 40 cm

-turn left and go around the obstacle

Distance Compensation
Algorithm

-The criginal path planned must
deduct the distance traveled during
the obstacle avoidance programme

\
-The Sub-programme has finished
> execution and would return to the
main programme from this point to
where it has left off.
J
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CHAPTER 5
CONCLUSION

The project objectives have been successfully met as the robot is able to move
according to the predetermined path defined by the user while avoiding any obstacle
blocking its path. The robot structure is constructed and able to move. Interaction
between sensors, microcontroller and output drives are working and communicating

to each other accordingly.
To further improve the performance, these are some recommendations suggested:

o The geared motor is accurate but slow however, a better and faster geared DC
motor is needed to further improve the speed of the robot

o The ground of the lawn is not totally flat; therefore, balancing sensors are
suggested to improve the robot to compensate for the difference in distance
traveled between the two wheels for smooth straight motion path.

e The robot is working under the sun, a solar panel can be suggested to power
up the battery and power up the circuitries such as the microcontroller and
logic circuits to reduce the burden of the battery.

s A more sophisticated and user friendly program can be developed for practical

usage of the robot.

98



10.

REFERENCES

Groover, Mikell.P. 1986, Industrial Robotics: Technology, Programming and
Applications, USA, McGraw-Hill.

Tovine, John. 2001, Robots, Androids and Animatrons; 2™ Edition, USA,
McGraw-Hill..

Asfahl, C. Ray, 1992, Robots and Manufacturing Automation, Canada, John
Wiley & Sons, Inc.

Joseph L.Jones, Anita M Flynn, Bruce A.Seiger, MOBILE ROBOTS:
Inspiration to Implimentation; Second Edition, A K Peters Natick,

Massachusetts.

Jorge Angeles, Fundamentals of Robotic Mechanical System, Canada, John
Wiley & Sons, Inc.

Richard Barnett, Sarah Cox & Larry O° Cull, Embedded C Programming and
the Microchip PIC, Canada, Delmar Learning, Thompson Learning,

http://en.wikipedia.org

McComb, Gordon. Robot Builder’s Bonanaza: 99 Inexpensive Robotic

Projects, USA, McGraw-Hill
http://www.beam-online.com/navagation/ info_tut.htm

http://hypertextbook.com/physics/mechanics/friction/

XCix



APPENDICES



APPENDIX A

PIC PROGRAMMING CODES
Appendix A:1 Main program for the !6F877PIC controller with obstacle
avoidance
’[*
SECTION i

This programme is written to move a straight line and back
it does not move in a box and the distance for the path is already determined*/
* */

#include <161877 h>

#USE DELAY(CLOCK = 4000000)

#include <stdio.h>

#include <stdlib.h>

#FUSES XT,NOWDT, NOPROTECT, NOPUT, NOBROWNOUT, NOLVP

void wheelfrontovs(int m , int n); /*declaration of call function*/
void wheelfront(int m, int n);

void wheelright(int m);

void wheelleft(int m);

void wheelreverse(int m, int n);

void centerfromlefi();
void centerfromright(};
void stepperleft();
void stepperright();
void turnleft(int m);

void turnright{int m);

void movefrontovs(int m, int n);
void movefrontovsL{int m, int n);
void movefrontovsR(int m, int n);
void movefront(int m,int n);

void movefrontL(int m,int n);

void movefrontR(int m,int n);

ci



void centerfromleft(void);

void centerfromright(void);

int i; /fdeclaration of representation for value input
int duty_cycle;
int duty_cycle2;

}'*

This is just for reference of distance for unit pulse. The calculation provided input to the controller
about the distance traveled by the robot. Extremely useful for path planning.

Distance calculation

Distance for single pulse = 2¥pi*j/60

i=9.75cm
Therefore, 1 pulse = section =1 ¢m
1 rotation = 60 cm traveled by robot
*f
* ¥/
SECTION 2

Main programme,

This is the main program in which the robot would execute. The program runs by executing other
small programs called “Call Functions”. The program will jump to the small program and execute.
When the small program finishes, it will then jump back to the main program where it left off.

f* */

void main()
{
set_tris_a(0x{t); {fdeclaring all the PORTS as either inputs or outputs
set_tris_b(0x00};
set_tris_c(0x00);
set_tris_d(0x{ff);

cii



/* this is to declare the pulse width modulation to be used for the robot*/
setup_timer 2(T2_DIV_BY 1,99,1); //enable Timer2, PR2=99, prescaler=1
setup_cepl(CCP PWM); //enable PWM mode

setup_cop2(CCP_PWM); /fenable PWM mode

duty_cycle =100,
duty_cycle2 = 100;
CCP_1 =duty_cycle;
CCP_2 = duty_cycle2;
output_bit{PIN_C1,1};
output bit(PIN C2,1);

output_low(PIN_B73;

output_low(PIN_B6);
output_high{PIN_BS5);
delay ms(3000);
output_high{PIN_B4);
delay ms(30);
output_low(PIN_B4);
delay ms(25);

delay ms(2000);
movefrontovs(400,0);
delay ms(1000);

turnright(76);
delay ms(1000);

movefrontR(20,0);
delay ms(1000);
wheelreverse(40,0);

delay_ms(1000);

turnright(76);
delay_ms(1000);

// turn off the grass cutter

// this small section is to configure the stepper

{/for accuracy to move in a straight line

//beginning of the main program execution instructions
/*delay for 2s*/
*move front with obstacle avoidance®/

/*delay for 10s*/

/*turn right*/

/*delay for 10s*/

Fmove front with obstacle avoidance*/

{*delay for 10s*/
*delay for 10s*/
M*turn right*/

f*delay for 10s*/

ciil



movefrontovsR(400,0); /*move front with obstacle avoidance*/

delay_ms(1000); /*delay for 10s*/
turnleft(76); *tumn left*/
delay_ms(1000); *delay for 10s*/
movefrontL{20,0); *move front without ovs*/
delay ms{1000); *delay for 10s*/
wheelreverse(40,0);

delay ms(1000);

turnleft(76); *turn left*/
delay _ms(1000); *delay for 10s*/
}

/¥

SECTION 3

Stepper motor direction Control using “Call Functions”

this programme is to control the stepper motor. pulsing it to be at the centre
Pin_B4 = pulsing clock

Pin_B5 = clockwise/anticlockwise assume high =clockwise

Pin_B6 = full/half assume high = full

*/

void centerfromleft(void)
{

output_low(PIN B6);
output_high(PIN_B35),

Hint i;

for(i=0; i<25; i++)

{
output_high(PIN B4);
delay_ms{30);
output_low(PIN_B4};
delay_ms(25);

}

return;

}
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void centerfromright(void)

{
output_low(PIN B6);
output_low(PIN_B5);

Hint i;

for(i=0; i<25; i++)

{
output_high(PIN_B4);
delay ms(30);
output_low(PIN_B4},
delay _ms(25);

}

return,

}

void stepperleft(void)
{

output_low(PIN_B6);
output_low(PIN B5);

/fint i;
for(i=0;1<25;i++)

{
output_high(PIN_B4);
delay_ms(30);
output_low(PIN_B4);
delay_ms(25);

}

return;

}

void stepperright(void)
{
output_low(PIN B6);
output_high(PIN_B5);

Hint i;
for(i=0;i<25;i++)
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{
output_high(PIN B4);
delay_ms(30);
output_low(PIN_B4);
delay_ms(25),

}

return;

}

/’*

SECTION 4

FORWARD LOCOMOTION WITH COLLISION AVOIDANCE

this programme is used for moving the robot to the front. It includes the OVS: (obstacle avoidance
system)

therefore, if there is a signal in the ultrasonic sensor, the obstacleavoid programme will execute

Pin Al=encoder for the right wheel
Pin_A2=ultrasonic sensor
*/

void wheelfrontovs(int m,int n)

int pulse;
int count;
int var=0;

count=n;

while(true)
{

output_high(PIN_B7); {fturn on the grass cutter as it moves forward

pulse=!input(PIN_D2);
while(pulse==!input(PIN_D2}))
{
CCP_lI=duty_cycle;
CCP_2=duty_cycle2;
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duty cycle=100;
duty cycleZ =100;

output_high(PIN_B0); /*move h-bridge A forward*/
output_low{PIN BIl);

output_high(PIN B2); /*move h-bridge B forward*/
output_low(PIN_B3);

1

count=count+1;

if{linput(PIN_D1Y) /if the PIN_D3 goes low, which is the Ultrasonic Sensor
{
output_low(PIN_B7); /frurn off grass cutter
output_high(PIN_B0}; /*h-bridge A stop*/
output_high(PIN_B1);
output_high(PIN_B2); M*h-bridge B stop*/

output_high(PIN_B3);
delay_ms(1000);

wheelreverse(40,0); // reverse locomotion for a short distance
delay ms{1000);

turnleft(76); /fforward locomotion
movefrontL(100,0);

turnright(76); {/Horward locomotion
movefrontR(140,0);

turnright(76); //forward locomotion
movefrontR(100,0);

turnleft(76);

centerfromieft();

count=count+100;

if(count>m-1)

{
break;

}
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}
output_low(PIN_B7), {fturn off grass cutter

output_high(PIN_B0}; /*h-bridge A stop*/
output_high(PIN _B1);
output_high(PIN B2); /*h-bridge B stop*/
output_high(PIN_B3);

return;

[*
SECTION 5
FORWARD LOCOMOTION WITHOUT OBSTACLE AVOIDANCE

this programme is used for moving the robot to the front. It does not include the obstacle avoidance

system
Pin_A0= encoder for the left wheel

Pin_Al= encoder for the right wheel

*/
void wheelfront(int m,int n)
{
int pulse;
int count;
count=n;
while(true)
{
output_high(PIN_B7); /frn on the grass cutter

pulse=tinput(PIN_D2);
while(pulse==linput(PIN_D2))
{
CCP_l=duty cycle;
CCP_2=duty_cvcle2,
duty cycle = 100;
duty cycle2 = 100;
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output_high(PIN_B0); /fmove h-bridge A forward
output_low(PIN_B1);

output_high(PIN_B2); /fmove h-bridge B forward
output_low(PIN B3);

}

count=count+];

if(count>m-1)
{
break;

}

}
output_low(PIN_B7); /fturn off grass cutter

output_high{PIN_B0); /Mh-bridge A stop
output_high(PIN B1);

output_high(PIN_B2}, /f h-bridge B stop
output_high(PIN_B3);

return;

}

/*
SECTION 6

LEFT LOCOMOTION

this programme is used for moving the robot to the left. It does not include the obstacle avoidance
system

Pin_A0= encoder for the left wheel

Pin_Al= encoder for the right wheel
*/

void wheellefi(int m)

int pulse;
int count;

count=0;
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while(true)

{

pulse=linput(PIN_D2); flchecking for the low input of encoder
while(pulse==linput(PIN_D2))  //every low input of encoder would give a count
{
CCP_l=duty cycle;
CCP_2=duty cycle2;
duty cycle =100;
duty_cycle2 = 100;

output_low(PIN_BG); f*stop the left wheel*/
output_low(PIN_B1};

output_high(PIN_B2); *move h-bridge B forward*/
output_low(PIN_B3);

b

count=count+l1;

iflcount>m-1)
{
break;

}

}
output_high(PTN_B0); /*h-bridge A stop*/
output_high(PIN_B1);
output_high(PIN_B2); [*h-bridge B stop*/
output_high(PIN_B3);
return;

}

/*
SECTION 7
RIGHT LOCOMOTION

this programme is used for moving the robot to the right. It does not include the obstacle avoidance

system
Pin_A0= encoder for the left wheel
Pin_A1= encoder for the right wheel

*/
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void wheelright(int m)

{
int pulse;
int count;
count=0;
while(true)
{
pulse=linput(PIN_D0);
while(pulse==!linput(PIN_DO0))
{
CCP_l=duty cycle;
CCP_2=duty_cycle2;
duty_cycle = 100;
duty cycle2 = 100;
output_high{PIN_B0);
output_low(PIN_B1);
output_high(PIN_B2);
output_high(PIN_B3);
}
count=count+1;
if(count>m-1)
{
break;
}
}
output_high{PIN_B0); /*h-bridge A stop*/
output_high(PIN_B1);
output_high(PIN_B2); /*h-bridge B stop*/
output_high(PIN_B3);
return;
}
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If*
SECTION 8

Reverse LOCOMOTION

this programme is used for moving the robot to the reverse direction. It does not include the obstacle
avoidance system

Pin_A{= encoder for the left wheel

Pin_A1= encoder for the right wheel

*f

void wheelreverse(int m, int n)

int pulse;
int count,

count=n;

while{true)

{

pulse=linput(PIN_D2});
while(pulse==!input(PIN_D2))
{
CCP_1=duty_cycle;
CCP _2=duty_cycle2;
duty cycle = 100;
duty _cycle2 = 100;

output_low(PIN_BO0); /*move h-bridge A reverse*/
output_high(PIN Bl);

output_low(PIN_B2); /*move h-bridge A reverse*/
output_high(PIN_B3);

!

count=count+1;

if(count>m-1})

{
break;

}
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}
output_high(PIN_B0); /*h-bridge A stop*/
output_high(PIN B1);
output_high(PIN_B2); /*h-bridge B stop*/
output_high{PIN_B3);
return;

}

%
SECTION 9
LEFT DIRECTION

this programme is used for controlling the direction for the stepper motor, To move it to the
Left. The concept just combines both direction control sub programme and the locomotion sub

programme to be as a bigger programme.

*f

void turnleft(int m)

{

delay ms(1000),

stepperleft(); /Nleft stepper direction
delay_ms(1000});

whegellefi(m); Heft locomotion
delay ms(1000);

refurn;

}

¥
SECTION 10
RIGHT DIRECTION

this programme is used for controlling the direction for the stepper motor. To move if to the

right. The concept just combines both direction control sub programme and the locomotion sub

programme to be as a bigger programme.

*/
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void turnright(int m)

{

delay_ms(1000);

stepperright(); firight stepper direction
delay_ms(1000);

Wheelright(m); /fright locomotion
delay_ms(1000);

return;

}

If*
SECTION 11
Forward DIRECTION WITHOUT RECOVERY

this programme is the combination of the stepper direction and the locomotion for moving forward
The concept just combines both direction control sub programme and the focomotion sub programme
to be as a bigger programme l

*/

void movefrontovs(int m, int n)

{

delay_ms(1000);

wheelfrontovs(m,n}; HForward locomotion
delay_ms(1000);

return,

}

/*
SECTION 12

Forward DIRECTION FROM LEFT

this programme is the combination of the stepper direction and the locomotion for moving forward

RECOVERING FROM LEFT. The concept just combines both direction control sub programme and

the locomotion sub programme to be as a bigger programme.
*/
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void movefrontovsL{int m, int n)

{

delay _ms{1000};

centerfromleft(); /f recover from left turning position
delay ms{1000);

wheelfrontovs(m,n); /forward locomotion
delay ms{1000);

return;

}

/*
SECTION 13
Forward DIRECTION FROM RIGHT

this programme is the combination of the stepper direction and the locomotion for moving forward
RECOVERING FROM RIGHT. The concept just combines both direction control sub programme and
the locomotion sub programme to be as a bigger programme

*/

;\!oid movefrontovsR(int m, int n)

{

delay ms(1000);

centerfromright(); // recover from right turning position
delay ms(1000);

wheelfrontovs(m,n); {fforward locomotion

delay ms(1000);

return;

}

/%
SECTION 14
Forward DIRECTION WITHOUT RECOVERY AND OVS

this programme is the combination of the stepper direction and the locomotion for moving forward

The concept just combines both direction control sub programme and the locomotion sub programme

CXV



to be as a bigger programme
*

void movefront(int m, int n)

{

delay ms(1000);
wheelfront{m,n); {/fforward locomotion
delay ms(1000);

return;

}

J*
SECTION 15
Forward DIRECTION FROM LEFT WITHOUT OVS

this programme is the combination of the stepper direction and the locomotion for moving forward
RECOVERING FROM LEFT. The concept just combines both direction control sub programme and
the locomotion sub programme to be as a bigger programme

*f

void movefrontL(int m, int n)

{

delay _ms(1000);

centerfromleft(); // recover from left turning position
delay_ms(1000);

wheelfront(m,n); /Hforward locomotion
delay_ms(1000);

return,

}

/*
SECTION 16

Forward DIRECTION FROM RIGHT WITHOUT OVS

this programme is the combination of the stepper direction and the locomotion for moving forward

RECOVERING FROM RIGHT. The concept just combines both direction control sub programme and
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the locomotion sub programme to be as a bigger programme

void movefrontR{int m, int n)

{
delay ms(1000):

centerfromright(); // recover from right turning position
delay_ms(1000);

wheelfront(im,n); Hlorward locomotion

delay_ms(1000);

return;

}
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APPENDIX B
COEFFICIENT OF FRICTION FORCE

Coefficients of Friction for Selected Interfaces
{in order of generally decreasing value)

1.16 rubber - rubber

1.02 rubber - concrete
0.72 car tire - asphalt
0.35 car tire - grass
0.8-1.0 skin - metals
09-1.0 glass - glass
c.9 sheep - steel mesh
0.7 sheep - plastic batten {0)
0.6 sheep - plastic batten ([0}
0.6 sheep - wood batten (0)
0.5 sheep - wood batten (0)
0.58 steel - steel
0.4 brakes - cast iron
0.6 wood - brick
0.2-06 wood - metals
0.29 0.22 wood - felt
0.28 0.17 wood - wood
0.3 snow - nylon
0.04-04 004-04 snow - hickory, waxed
0.1 | graphite - graphite
0.1 graphite - steel
0.03 ice - steel
0.05-0.5 0.02-0.09 ice - ice
0.2 teflon - steel
0.04 teflon - teflon
0.0013 tendon - sheath
0.003 normal bone joints
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MICROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet: .

+ PIC16F873
+ PIC16F874

» PIC16F876
+ PIC16F877

Microcontroller Core Features:

+ High performance RISC CPU
+ Only 35 single word instructions to learn

+ All single cycle instructions except for program
branches which are two cycle

« Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

* Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory

+ Pinout compatible to the PIC16C73B/74B/76/77
+ Interrupt capability (up to 14 sources)

Eight level deep hardware stack

Direct, indirect and relative addressing modes

+ Power-on Reset (POR)

Power-up Timer (FWRT) and
Oscillator Start-up Timer (CST)

Watchdog Timer {WDT) with its own on-chip RC
oscillator for reliable operation

Programmable code protection
+ Power saving SLEEP mode
Selectable oscillator options

+ Low power, high speed CMOS FLASH/EEPROM
technology

Fully static design

In-Circuit Serial Programming™ (ICSP) via two
pins

« Single 5V In-Circuit Serial Programming capability
* In-Circuit Debugging via two pins

+ Processor read/write access to program memory
+ Wide operating voltage range: 2.0V to 5.5V

* High Sink/Saurce Current: 25 mA

* Commercial, Industrial and Extended temperature
ranges

» Low-power consumption:
- < 0.6 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

Pin Diagram
PDIP
MCLR/vPP —=[] 1 \_/ 40 ] =+—= RBIPGD
RADAND «—[] 2 39 ] =—» RBE/PGC
RAVAN1 <+—=[] 3 38 {] == RB5
RAZIANZIVREF- w—w [ 4 37 ] =—= RB4
RAJ/ANSNVAEF+ w—e-[] 5 35 ] ~~—= RB3/PGM
RAATICK| —-[] 6 35| ] =—= RB2
RAS/ANA/SS =[] 7 < ¥ {1 +—= RB1
REO/RD/ANG «—=[] 8 M~ 33 []-=—= RBO/NT
RE1/WRIANG <[] g L pJevm
RECEANT w—w[]10 BT 3100 =—— vss
VoD — [ 11 & 00— RoTPsF?
vss — » [] 12 @  29{]-=—= RDBIPSPS
OSCAICLKIN ——-[] 13 6 28 [] ~—» RD5/PSP5
0SC2ACLKOUT «——[7 14 = 37[] «—» RD4/PSP4
RCATIOSOTICK! w—[] 15 o 26 [] +—» RCT/RX/DT
RC1/T10SI/CCP2 =[] 16 25 [] —= RCBXICK
RC2ICCP1 w—w[] 17 24 [] +—» RCH/SDO
RCIISCK/SCL +— [ 18 23 [] =—= RCA/SDISDA
RDOPSPO w—e | 19 22 [[] +— RD3PEP3
RD1/PSP1 «—sT] 20 21 [] w— RD2IPSP2

Peripheral Features:

Timer0: 8-bit timer/counter with 8-bit prescaler

Timer1: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via external
crystal/clock

Timer2; 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

Two Capture, Compare, PWM modules

- Capture is 16-bit, max. resolution is 12.5 ns

- Compare is 16-bit, max. resolution is 200 ns

- PWM max. resolution is 10-bit

10-bit multi-channel Analog-to-Digital converter
Synchronous Serial Port {S3P) with SPI™ (Master
moda) and 12C™ (Master/Slave)

Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

Parallel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls (40/44-pin only)

Brown-out detection circuitry for
Brown-out Reset (BOR)

© 2001 Microchip Technology Inc.
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PIC16F87X

Pin Diagrams

PDIP, SOIC
MCLRVer— []°1 ~ 28[] = RB7/PGD
rao/aNg =[] 2 27[] = RBEIPGC
rRA1ANT —[] 3 - 261 =+ RBS
RA2/ANZVREF-=—= | 4 ~ 25[] +— RB4
rRA3IANIVREF+ =[] 5 © 24[] = RBIPGM
RA4TOCKI~— ] & e 23[] = RB2
RASIAN4/SS =[] 7 i 22[7] = RB1
vss—[] 8 I} 21[.] == RBO/NT
OsCHCLKIN—[] & o 20{] +— Vvob
osca/cLkouT +— [ 10 a 191 ] -— Vss
RCOT10SOT1CK] =— ] 11 18{] =+~ RCT/IRX/DT
RC1T10SIICCP2=— (|12 17[] = RCB/TX/CK
RC2/CCP1=— 13 16[] == RC&SDO
RCI/SCKSCL=+—+ |14 15[] =—= RC4/SDI/SDA
PLCC
RASTOGK] ——»
RAS/ANASS o o
REO/RD/ANS s
RE1WRIANG w_w
RE2/CS/ANT a—w
Voo
Ves
OSC1/CLKIN .
OSCCLKOUT o
RCOT1OSOMCK] o
NC
o
8
« g 38
x 5‘1 onco@cn
gdoZpannoaxXaen
ROOGHOH LG«
CoQainodor
ST T AT O N~
(SRR NnNaRalaRS NGRS NS
QFP CEFPPRCEEEZ
FIYTSRBE883
RC7/RXDT =TT 1 33 NC
RD4/PSP4 <—w[1L 2 32 == RCUTI0SO/TICKI
RD5/PSP5 == [ID 3 31— 0SCCLKOUT
RD6/PSPE =[] 4 300 =— OSC1/CLKIN
RD7/PSP7 «—~CIO5  PIC16F877 29{TT0 < V&5
vss —=CT06  PICI6F874 LT K0 s
Voo —~CI 7 270 =+ REAN7/CS
RBOANT =—=LCIT] 8 2T 3 - RE1|’AN6/\_N_B
RB] =~—=[TT} 9 25T =—= REO/ANS/RD
RBZ ~—=[IT 10 24T <+ RAS/AN4/SS
RBIFGM =IO 1 | . L o o0 o o o 2SFT =" RA4/TOCKI
B R e R
QUYTWORNLOT , L
S2Ep0gEyy
SRES T2
DS EES2
= § %

+
oo
o
2 o
- [a]
s8zsd 99
TZ<ge ad
AN=O- g
é%é&%ommmmo
ZXrene .z
imisinin/nninininini=l
@OTaN-IFITE
<= RB3I/PGM
-—= RB2
-+ RB{
~— RBO/INT
PIC16F877 -~— ggg
-—
PIC16F874 ~— RD7PSET
-—= ROB/PSPE
-— RD5/PSP3
- RD4/PSP4
-—e RGT/RX/DT

8

RCHT10SICCP2 <[4

RC2/CCP1 =-—=[]19

RCIHSCKISCL =—=2p
RDPSPQ =—=[]21
RD1/PSP1 =—=[]22
RD2/IPSP2 =+
RD3PEP3 -

RC4/SDISDA

23
24

NC
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PIC16F87X

Key Features

PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual {DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
RESETS (and Delays) POR, BOR PCR, BOR POR, BOR POR, BOR
(PWRT, O8T) (PWRT, OST) (PWRT, O8T) (PWRT, OST)
FLASH Program Memao
(14-bi?words) K 4K 4K 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Mernory 128 128 256 256
Interrupts 13 14 13 14
/O Ports Ports AB,C Ports A,B,C,.D.E Ports A,B,C Ports AB,C,D.E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serial Communications MSSP, USART | MSSP, USART | MSSP, USART | MSSP, USART
Parallel Communications — PSP — PSP

10-bit Analog-to-Digital Module

5 input channels

8 input channels

5 input channels

8 input channels

Instruction Set

35 instructions

35 instructions

35 instructions

35 instructions

© 2001 Microchip Technology Inc.
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PIC16F87X

1.0 DEVICE OVERVIEW

This document contains device specific information.
Additional information may be found in the PICricro™
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a complemen-
tary document to this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modules.

There are four devices (PIC16F873, PIC16F874,
PIC16F876 and PIC16F877) covered by this data
sheet. The PIC16F876/873 devices come in 2B-pin
packages and the PIC16F877/874 devices come in
40-pin packages. The Parallel Slave Port is not
implemented on the 28-pin devices.

The following device block diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
" Pregram Data
Device Data Memo
FLASH Y| EEPRom
PICt6F873 4K 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
13 Data Bus 8 PORTA
£ Pregram Counter <0 ¥ RAQ/ANO
FLASH pt- RA1/ANT
Pragram RAM N ¢ RAZ/ANZ2VREF~
M — »
emary 8 Level Stack File — xiﬁggg“”
(13-bit) Registers ] S5
4 RAS/AN4/SS
Program -
Bus 14 RAM Addrl? 4p g FORTB
d |4 RBG/INT
Instruction reg Addr MUX h Ra&1
[ i 7 Indirect ] RB2
‘ Direct Addr . Addr | RB3/PGM
7 1 I RB4
I RBS
I RB&/PGC
» RB7/PGD
B
= PORTC
I RCO/T10S0/T1CKI
Power-up 4 RCAT10SI/CCP2
¥ Timer = RC2/CCP1
i Oscillator L » RCI/SCKISCL
lg:lgggog Start-up Timer ku/ 1 -4 RC4/SDI/SDA
Cantral Poweron - RC5/SDO
Reset B I RCB/TX/CK
. n RC7/RX/DT
Timin Watchdog |
|X<):(> Generatsi!on = Timer
QSC1/CLKIN Brown-out
O8CR/ICLKOUT Reset
In-Clrcuit
Debugger
Low Voltage
Programming
MCLR VoD, Vss
Timerd Timer1 Timer2 10-bit A/D
Synchronous
Data EEPROM CCP1,2 Serial Port USART
Note 1: Higher crder bits are from the STATUS register.

© 2001 Miceochip Technology Inc.
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PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
. Program Data
Device FLASH Data Memory EEPROM
PIC16F874 4K 192 Bytes 128 Bytes
PIC16F877 8K 368 Bytes 256 Bytes
13 S oo DaiaBus 8 PORTA
ELASH Program Counter iL 7 RAD/ANO
RA1/AN1
Fl
Memory e RAZ/AN2IVREF-
8 Level Stack File Eﬁgﬁggg’%“
13-bit M
(1365 Registers 5 RABIAN4/SS
Program
Bus ¢ RAM Adarh 49 9 _PORTE_
MUX 4 RBO/INT
Instruction reg Addr T gg;
[p—
“ Direct Adér 7 Indiract A H RB3/PGM
g 1 4 RB4
FSRreg ¥ RBES
- RBB/PGC
STATUS reg RB7/PGD
8
PORTC
] RCO/T10SOT1CKI
T Powerup | 4 RC1/Ti0SICECP2
Timer |4 RC2/CCPY
- A & ‘RCIISCKISCL
Instruction Oscillator
Decode & [ | Start-up Timer ALL 5 RC4/SDIfSDA
Control I RCE&/SDO
Pcl):{wer-?n 8 4 RCGTX/ICK
. ese : RC7/RX/DT
iming Watchdog
[Z(.t\/’\ Generation [ Timer PORTD
OSC1/CLKIN Brown-out - RDO/PSPO
OSC2/CLKOUT Resel 5 RD1/PSP1
In-Circuit » RO2/PSP2
Debugger _ [ RD3/PSP3
Low-Voltage M RD4/PSP4
Programming Parallel Slave Port <& N RDS/PSPS
|4 RD6/PSPE
o RD7/PSPT
PORTE
MCLR VDD, Vss -»—»@ REQ/ANS/RD
H—=<] RE1/ANGWR
4 RE2/AN7/CS
TimerQ Timer1 Timer2 10-bit AID

il

it

;

d

b

N

Data EEPROM

CCP1,2

Synchronous
Serfal Part

USART

Note 1: Higher order bits are from the STATUS register.
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PIC16F87X

TABLE 1-1: PIC16F873 AND PIC16F376 PINOUT DESCRIPTION
. DiP SOIC 11o/p Buffer L
Pin Name Pin# Pingt Type Type Description
OSC1/CLKIN 9 9 | ST/ICMOS®! | Osciltator crystal input/external clock source input.
OSC2/CLKOUT 10 10 O — Osciltator crystal output. Connects to crystal or resonator in
crystal oscillator mode. In RC mode, the OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate.
MCLR/APP 1 1 /P ST Master Clear (Reset) input or programming voltage input. This
pin is an active low RESET to the device.
PORTA is a bi-directional I/O port.
RAO/ANG 2 /0 TTL RAD can also be analog input0.
RA1/AN1 3 3 1o TTL RA1 can also be analog input1.
RA2/AN2/VREF- 4 ls} TTL RAZ can also be analog input2 or negative analog
reference voitage.
RA3IANINREF+ 5 5 [I{8] TTL RA3 can also be analog input3 or positive analog
reference voftage.
RA4/TOCKI 5] 6 [f{e] ST RA4 can also be the clock input 1o the Timer0
module. Qutput is open drain type.
RAS/SS/AN4 7 7 /O TTL RAS can also be analog inputd or the slave select
for the synchronous serial port.
PORTB is a bi-directional /0 port. PORTE can he software
programmed for internal weak pull-up on all inputs.
RBO/INT 21 21 Fe) TTLSTD RBO can also be the extemal interrupt pin,
RB1 22 22 110 TTL
RB2 23 23 110 TTL
RB3/PGM 24 24 l{e} TTL RB3 can also be the low voitage programming input.
RB4 25 25 1o TTL Interrupt-on-change pin,
RB5 26 26 e TTL Interrupt-on-change pin.
RB&/PGC 27 27 [ie] TTL/STR Interrupt-on-change pin or In-Circuit Debugger pin. Serial
programming clock.
RB7/PGD 28 28 110 TTL/ST2 Interrupt-on-change pin or In-Circuit Debugger pin, Serial
programming data.
PORTC is a bi-directional I/O port.
RCOM10SC/T1CKI 11 11 le} ST RCO can also be the Timer1 oscillator output or Timer1
clock input.
RCHT10SIICCP2 12 12 f10] ST RC1 can also ba the Timer1 oscillator input or Capture2
input/Compare2 output/PWM2 output.
RC2/CCP1 13 13 o) ST RC2 can also be the Capture1 input/Compare1 output/
PWM1 output.
RC3/SCK/SCL 14 14 170 13 RC3 can also be the synchronous serial clock inputioutput
for both $PI and 12C modes.
RC4/SDI/SDA 15 15 e} ST RC4 can also be the SPI Data In {SPI mode) or
data /O (I°C mode).
RC5/8D0O 16 16 /O ST RC5 can also be the SPI Data Qut (SPI mode).
RCB/TX/CK 17 17 lie} 8T RCB can also be the USART Asynchronous Transmit or
Synchronous Clock.
RC7/RXIDT 18 18 110 ST RC7 can also he the USART Asynchronous Receive ar
Synchronous Data.
Vss 8, 19 8,19 p — Ground reference for logic and /O pins.
VoD 20 20 P — Positive supply for logic and /O pins.
Legend: |=input O = output /O = inputfoutput P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

© 2001 Microchip Technology Inc.
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PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION
. DIP | PLCC | QFP | I/O/P Buffer -
Pin Name Ping Ping Pin# | Type Type Description
OSC1/CLKIN 13 14 30 | STICMOS! | Osciltator crystal input/external clock source input.
OSC2/ICLKOUT 14 15 31 o — Oscillator crystal output, Connects to crystal or resonator
in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSCA1, and
denotes the instruction cycle rate.
MCLR/APP 1 2 18 1P 8T Master Clear (Reset) input or programming voltage input.
This pin is an active low RESET to the device.
PORTA Is a bi-directional 1O port.
RAO/ANO 3 19 HO TTL RAQ can also be analog inputQ.
RA1/AN1 4 20 110 TTL RA1 can alsc be analog input1.
RA2/ANZ2/VREF- 21 ls} TTL RAZ2 can also be analog input2 or negative
analog reference voltage.
RA3/AN3/VREF+ 5 6 22 l{e} TTL RA3 can also be analog input3 or positive
analog reference voltage.
RA4/TOCKI 5 7 23 1o ST RA4 can also be the clock input to the Timer0 timer/
counter. Qutput is open drain type.
RAS/SS/AN4 7 8 24 o TTL RAS5 can also be analog input4 or the slave select for
the synchronous serial port.
PORTB is a bi-directional /O port. PORTB can be soﬂ-“1
ware programmed for internal weak pull-up on all inputs.
RBO/INT 33 36 8 o | TTLSTM RBO can also be the external interrupt pin,
RB1 34 37 9 f{e] TTL
RB2 35 38 10 1o TTL
RB3/PGM 36 39 11 io TTL RB3 can also be the low voltage programming input.
RB4 37 41 14 /O TTL Interrupt-on-change pin.
RB5 kE) 42 15 [{e} TTL Interrupt-on-change pin.
RBB/PGC 39 43 16 f{e] TTL/ST®R interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming clock,
RB7/PGD 40 44 17 110 TTLISTR) Interrupt-on-change pin or In-Clrcuit Debugger pin.
Serial programming data.
Legend: |=input 0O = output O = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose /O and a TTL input when used in the Parallel
Slave Part mode (for interfacing to a micropracessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillater mode and a CMOS input otherwise.

DS30292C-page 8
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National Semiconductor

LM78XX
Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is available
with several fixed output voltages making them useful In a
wide range of applications. One of these is local on card
regulation, eliminating the distribution problems associated
with single point regulation. The voltages available allow
these regulators to be used in logic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-
though designed primarily as fixed voltage regulators these
devices can be used with external components to obtain ad-
justable voltages and currents,

The LM78XX series is available in an aluminum TO-3 pack-
age which will aliow over 1.0A load current if adequate heat
sinking is provided, Current limiting is included to limit the
peak output current to a safe value. Safe area protection for
the output transistor is provided to limit internal power dissi-
pation. If internal power dissipation becomes too high for the
heat sinking provided, the thermal shutdown circuit takes
over preventing the |C from overheating,

Considerable effort was expanded to make the LM78XX se-
ries of reguiators easy to use and minimize the number of
external components, It Is not necessary to bypass the out-

put, although this does improve transient response. Input by-
passing is needed only if the regulator is located far from the
fiter capacitor of the power supply.

For ouiput voltage other than 5V, 12V and 15V the LM117
series provides an output voltage range from 1.2V to 57V.

Features

m Qutput current in excess of 1A

® Internal thermal overload protection

No external components required
Quiput transistor safe area protection
Internal short circuit current limit
Available in the aluminum TO-3 package

Voltage Range

LM7805C 5v
.M7812C 12v
LM7815C 15V

Connection Diagrams

Metal Can Package
TO-3 (K)
Aluminum

OUTPUT GND

INPUT
DS007746-2

Bottom View
Order Number LM7805CK,
1 M7812CK or LM7815CK
See NS Package Number KC02A

Plastic Package
TO-220 (T)

———
———TT

DS007746-3

w— O

Top View
Order Number LM7805CT,
LM7812CT or LM7815CT
See NS Package Number T03B

© 2000 Natlonal Semiconductor Corporation DS0Q7746
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LM78XX

Schematic

Jj 4?— .
& 015

Rl
30k

D5007746-1
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ssolute Maximum Ratings (Note 3) Maximum Junction Temperature
Military/Aerospace specified devices are required, (K Package) 150°C
ase contact the National Semiconductor Sales Office/ (T Package) 150°C
tributors for availability and specifications. Storage Temperature Range -65°C to +150°C
ut Voltage Lead Temperature (Soldering, 10 sec.)
Vg = BY, 12V and 15V) 35V TO-3 Package K 300°C
arnal Power Dissipation (Note 1) Internally Limited T0-220 Package T 230°C
erating Temperature Range (T,) 0°C fo +70°C
ectrical Characteristics LM78XXC (note 2)
£ T, £ 125°C unless otherwise noted.
Qutput Voltage 5V 12v 15V
Input Voltage (unless otherwise noted) 10V 19v 23V Units
ol Parameter Conditions Min I Typ IMax Mi&Typ Max Min l Typ | Max
Output Voltage Tj=25C,5mAS g < 1A 48 5 52115 12 125|144 15 158| V
Po £ 18W, 5 mA < g 1A 475 525 (11.4 12.6 14.25 15.75 v
Vian € Vin € Viax (7.5< Vg €20) (145<Vy s (1755 Vy s Vv
27) a0)
Line Regulation 1o = 500 Tj=25C 3 50 4 120 4 150 mv
mA
AV {(T<Vy<25) | 1455V, <30) (175 sV < v
30)
0°'C<Tj<+125°C 50 120 150 my
AV |y (BgVys20) (15 =V <27) (185<Vy< vV
30}
lo2 1A Tj=25C 50 120 150 my
AV, (T5SVn<s20) | (146<Vy< (17.7 SV < v
27) 30)
0'C £ Tj< +125°C 25 60 75 my
AV BzVys12) (16 SV y<22) | (20<Vy < 26) v
Load Regulation Tj=25C | 5mA<Iy<1.5A 10 50 12 120 12 4950 mv
250 mA <y < 25 60 75 mv
750 mA
EmMASIgS1A 0C<Tj< 50 120 150 7 mv
+125°C
Quiescent Current | I < 1A Tj=25C 8 8 8 mA
0°C<Tj<+125°C 8.5 8.5 8.5 mA
Quiescent Current | 5 mA <1, s 1A 0.5 0.5 05| mA
Change Tj=25C, 155 1A 1.0 1.0 101 mA
Vi € Vin £ Viax (7T5sVins20) | (148 V=27 179V < v
30)
lg £ 500 mA, 0°C < Tj < +125°C 1.0 1.0 1.0 mA
Vi € Ving < Viax (T<VnN<25) | (145<V€30) | (175, < v
30)
Output Noise T, =25°C, 10 Hz < f < 100 kHz 40 75 90 Yy
Voltage
Ripple Rejection lb<1A Tj=25C| 62 80 55 72 54 70 dB
ViN or
out f=120 Hz | Ig < 500 mA 62 55 54 B
0°C<Tj<+125°C
Vi € Vin € Vitax (8sVn<18) | {155V <25) | (1BE<Vy< v
28.5)
Dropout Voltage Tj = 25°C, lgyr = 1A 2.0 2.0 20 v
Qutput Resistance | f = 1 kHz 8 18 19 me

3 www.national.com
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LM/BAX

Electrical Characteristics LM78XXC (Note 2) (Continued)

0°C = T, £ 125°C unless otherwise noted.

Cutput Voltage 5V 12v 15V
Input Voltage (unless otherwise noted) 10V 19v 23v Units
Symbol Parameter Conditions Min I Typ IMax Min I Typ I Max | Min ‘ Typ |Max
Short-Circuit Tj = 25°C 21 1.5 1.2 A
Current
Peak Output Tj=25C 24 24 24 A
Current
Average TC of 0°C<T]<+125°C, 15 =5 mA 0.6 1.5 1.8 mvi*C
Vour
Vin Input Voltage
Required to Tj=25C, Ig < 1A 7.5 14.6 17.7 v
Maintain

Line Regulation

Note 1; Thermal resistance of the TQ-3 package (K, KC) is typically 4'C/W juncticn to case and 35°CAW case to ambient. Thermal resistance of the T0-220 package
(T) is typically 4°G/W junction to case and 50°C/W case to ambient.

Note 2: Ali characteristics are measured with capacitor across the input of ¢.22 pF, and a capacitor across the output of 0.1yF. All characteristics except nolse voltage
and ripple rejection rafio are measured using pulse technigues (t,, < 10 ms, duty cycle £ 5%). Ouipul voltage changes due fo changes in internal kemperature must
be taken into account separateiy.

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. For guaranteed specifications and the tesl conditions, see Elec-
trical Charagteristics.
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rpical Performance Characteristics

ximum Average Power Dissipation

POWER DISSIPATION (W)

25

20

15

L1}

0

|1 .
INFINITE 103
HEAT SINK
2\
[ WITH 10°CAW HEAT SINK
gy
M,
NO HEAT SINK
P ——— \
——
1
~75 6026 0 25 50 75 100 125

AMBIENT TEMPERATURE {"C)
DSO07746-5

ak Output Current

QOUTPUT CURRENT (A)

35

3

2.5

T T T
aVgyt = 100 my

/ S —
Ti=26 O, Ti=rc
!/"\ \x\

~ \\—‘
o

J Tj=125°C

~N

\I

pple Rejection

RIPPLE REJECTHON {dB)

00

80

60

a0
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5 10 5 20 25 30 35
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DS007746-7

R Vout = 5V 71
ey
| My,
al N
h
Vout =16 VTR
il i
ViN-VouTr =8 Vpg *+ 3.5 Vrms
lpyt = 1A
-7j=25 C RNl
10 109 1k ik 100k

FREQUENCY {Hz)
DEOT746-9

Maximum Average Power Dissipation
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M
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T

0 25 50 7%
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Output Voltage (Normalized to 1V at T, = 25°C})

1.010
1.005
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LM78XX

Typical Performance Characteristics (continueq)

Qutput Impedance Dropout Voltage
1 g S— ' 258
F Vi = 10V — > \ | &Vgyt = 100 my
. R - L — 2 T [
z [ gyt = 500 mA = 2 . gyt = 1A+
b} Ti = 26°C = [~nene] | ]
z o & 5 M |lguT = 500 mA
e
o =] e
= - "-.\
& o1 5
= = b=
i~} =]
~ 05
-
=
a
=
0.001 T 0
1100 1k 10k 100k 1M -5 -50-25 0 25 50 75 100 125 150
FREQUENCY (Hz) JUNCTION TEMPERATURE { C)
DEOOTT46-11 DS007746-12
Dropout Characteristics Quiescent Current
§ pr—— 55 =
LM7805C Vig =10V
C T =25 - Your =5V —
— 'é' lgut = 5 mA
Z b E s
w lgyr =0A 5
g N1 ]
- \ b=
3 4 3 45 \\
l : e
e lgyT = 500 mA | z
= 3
5 |1 2 4
=] 2 lgyr= 1A 5
(=]
il A 15
0 3 4 5 8 . -75-50-25 0 25 50 75 100 125 150
INPUT VOLTAGE (V) JUNCTION TEMPERATURE (*C)
DS007746-13 DS007746-14
Quiescent Current
85 —
Vour =5V
Z 5 L louT=10mA
E T;= 25°%¢
[
E 55 et
g ,,..-—-""'—-
B s
o
-
&
E 4.5
=l
s g
35 L

5 10 15 20 2% 30 38

INPUT VOLTAGE (V)
DS007746-15
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1ysica| Dimensions inches (millimeters) unless otherwise noted

0.940 —0.950
—»-{(23.88 - 24.80}
0.800 —0.815 niA 0.250 —0.350
(20. 32 20 70— | 16.350—8.890)
0.107-0.123 ‘
2718-3.124) * E 1|
0,025 T % ? 0.445 - 0.522
0.635) 0435 SEATING PLANE (11.20 - 13.26}
UNCONTROLLED LEAD DIA —(3' 129) 1.038—0.043 1
MAX —-l |<—(n 965—1.092)
DIA TYP
0.420 -0.440
(10.67-11.18)
0.151 -0.161
{3.835 - 4,069)

DIA TYP

0.970-1.050

0.185—0.179 (22.64-26.67)

{4.191-4.547)
R TYP 0.210-0.220

(5.334 —5.586) —
0.655—0.675

™ 116.64—17.15)
1477 -1.197
{29.90—30.40)

KGOZA (REV Q)

Aluminum Metal Can Package (KC)
Order Number LM7805CK, LM7812CK or LM7815CK
NS Package Number KC02A

www.national.com
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LNMI/SAA DEries voltage xeguiartors

Phy5i03| Dimensions inches (millimeters) unless otherwise noted (Continued)

0.240-0.260__ 0.330-0.350

[6.10-6.60] | [8.36-8.89] ™
0.100~0.120 0.149-0.153
[2.54-3.05] /'g [5.78-3.89]

I e s e W %
e 0.090-D.110

+0.015
0.400 Zg ogs _ ——— _ [z29-2.79] 0.190-0.210
[10.16 232 f ; ‘ [4.83-5.33]

Sors]
0,13 foi__ _ _ _ ‘
1 0.048-0.055 _T
_/ 0.130=0.160 [1.22-1.40]

15.30-4.06] ' TP

PIN #1 1D
1.085- 1,035 0.027-0.037
[25.53-26.29] [0.69-0.24]
TYP
7°. 40,007
| 70 (D-325-0.555 ) 2.015 Loy [0:38 2008 ]
[13.34-14.10]
0.175-6,185 ! — - f
{4.45-4.70] ]” /
T S— |
Ty
\4 L_ g.105 io.alu [2.57 :0.25
0.048-0.052 ot 0.3
[1.22-1.32] SEATING FLANE
TAPERED
SIDES 12 T038 (REY L)

TO-220 Package (T)
Order Number LM7805CT, LM7812CT or LM7815CT
NS Package Number TO3B

LIFE SUPPORT POLICY
NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN

LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL

COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, {a) are intended for surgical implant support device or system whose failure to perform
into the body, or (b) support or sustain life, and can he reasonably expected to cause the failure of
whose failure to perform when properly used in the life support device or system, or to affect its
accordance with instructions for use provided in the safety or effectiveness.

labeling, can be reasonably expected to result in a
significant injury to the user.

National Semlconductor National Semiconductor National Semiconductor

Corporation Europe Asia Pacific Customer

Americas Fax: +49 {0) 180-530 B5 86 Response Group

Tal: 1-800-272-9959 Email: europe.suppori@nsc.com Tek 65-2544466

Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 68 9508 6208 Fax: 65-2504466

Email: support@nsc.com English Tel: +44 () 870 24 0 2171 Email: ap.support@nsc.com
www.naticnal.com Frangais Tel: +33 (0) 1 41 &1 8790

Natlonal Semiconductor
Japan Ltd.

Tel: 81-3-5639-7560
Fax: 81-3-5639-7507

National does nol assume any responsibilily for use of any circuilry described, no circuit patent lizenses are implied and National reserves Ihe right at any time without notica to change said circuilry and specifications,
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L298

DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGEUP TO 46V

s TOTALDCCURRENT UPTO4 A

= LOW SATURATION VOLTAGE

» OVERTEMPERATURE PROTECTION

a LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuit in a 15-
lead Multiwatt and PowerSQ20 packages. It is a
high voltage, high current dual full-bridge driver de-
sighedto accept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
steppingmotors, Two enableinputs are providedto
enable or disable the deviceindependentlyof thein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

Power3020

Multiwaft15s

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (Power5020)

nectionofan externalsensing resistor. Anadditional
supplyinputis provided so that the logic works at a
lower voltage.

Has.\

+¥
oy Otc.r,n S onp  OUD ouré.
] 3 7 I
+(V=ss 9 v
i :
|
1 I T+ —(
1 2 3 &
1 In&
& 3 D j L 2)
1 —
O
1 | 3_5 -0
SENSE AQO——¢ _L :—‘055"55 B sz
- 5B
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L298

ABSOLUTE MAXIMUM RATINGS

Symbol . Parameter Value Unit
Vs Power Supply 50 v
Vs Logic Supply Voltage 7 \

V1, Van input and Enable Voltage -03to 7 Vv
lo Peak Output Current (each Channel}
— Non Repetitive (t = 100us) 3 A
—Repetitive (80% on —20% off; ton = 10ms) 2.5 A
—DC Operation 2 A
Vsens Sensing Voltage -1102.3 vV
Prot Total Power Dissipation {Tcass = 75°C) 25 W
Top Junction Operating Temperature -2510130 °C
Tatg, T) | Storage and Junction Temperature -40t0 150 °C
PIN CONNECTIONS (top view)
/ ]. T E— CURRENT SENSING B
4 3 OUTPUT4
$’ I E— OUTPUT 3
2 T INPUTY
ALY A— ENABLE B
10 77 INPUT S
. s ——2 LOGIC SUPPLY YOLTAGE Vgg
pMultiwatls ) f——n 4p
A SEERARR INPUT 2
6 " ENABLEA
sfb—_2 INPUT 1
4 [ SUPPLY VOLTAGE Vg
_$_ 1 — OUTPUT 2
2 2 ouTPUTY
\ I o~ /= currenTsensino A
Z TAB CONNECTED TO PIN § GI5INZ40A
4
GNp 211 1 20 [ GND
SenseA 12 19 73 SenseB
NG 213 18 [ N.C.
out1 ] 4 17 3 out4
ouwz 15 PowerS020 s 7 ous
ve 16 15 3 Inputd
nput1 T4 7 14 -] Enable B
EnableA 1 8 13 3 Input3
nput2 ] 9 12 ] vss
GND [ 1o 11 [ GND
DI5IN238
THERMAL DATA

Symbol Parameter Power5020 Multiwatt15 | Unit

Rinjease | Thermal Resistance Junction-case Max. - 3 °CIwW

Rinjamb | Thermal Resistance Junction-ambient Max. 13 (% 35 °CIw

{(*} Mourted on aluminum substrate

213
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L298

FPIN FUNCTIONS (referto the block diagram)

MW.15 PowerSoO Name Function
1;15 219 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
control the current of the load.
233 4,5 Cut1;, Qut2 Qutputs of the Bridge A; the current that flows through the load
connected between these two pins Is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A nondnductive 100nF capacitor must be connected between this
pin and ground.
57 7.9 Input 1; Input 2 TTL Compatble inputs of the Bridge A.
6:11 8:14 Enable A; Enable B |TTL Compatible Enable Input: the L state disables the bridge A
{enable A) and/cr the bridge B {enable B).
8 1,10,11,20 GND Ground.
9 12 VER] Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13;15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13,14 16,17 Out 3; Out4 Outputs of the Bridge B. The cument that flows through the load
connected between these two pins is monitored at pin 15.
- 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vs = 5V, Tj = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vg Supply Voltage (pin 4) Operaﬁve Condifion Viy +2.5 46 v
Vss Logic Supply Voltage (pin 9) 4.5 5 7 Vi
Is Quiescent Supply Current (pin4} fVen=H; IL=0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven =L Vi =X 4 mA
las Quiescent Current from Vss (pin9) [Ven = H; IL=0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven = L Vi =X 6 mA
Vi Input Low Voltage -0.3 1.5 v
{pins 5,7, 10,12)
Vin Input High Voltage 23 AN vV
{pins 5,7, 10, 12)
L Low Voltage Input Current Vi=L -10 WA
{pins 5,7, 10,12)
I High Voltage Input Current Vi=H< Vg -0.6V 30 100 pA
{pins 5, 7, 10, 12)
Ven =L |Enable Low Voltage (pins 6, 11) —0.3 1.5 \)
| Ven=H |Enable High Voltage (pins 6, 11) 2.3 Vss v
lon =L  |Low Voltage Enable Current Ven =L —10 pA
{pins 8, 11)
len =H |High Voltage Enable Current Ven = H € Vg5 -0.6V 30 100 pA
(pins &, 11) ‘
Veesatgy |[Source Saturation Voltage IL=1A 0.95 1.35 1.7 v
IL=2A 2 2.7 vV
Veesatyy |Sink Saturation Voltage IL=1A (5) 0.85 1.2 1.6 A
IL=2A (5 1.7 2.3 v
Veesat  |Total Drop L=1A (5) 1.80 3.2 A
I =2A (5) 4.9 v
Vsens.  |Sensing Voltage (pins 1, 15) -1 (1) 2 v
KYI 3113
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
T+ (V) |Source Current Turn-off Delay 0.5Vito 0.91,  (2);(4) 1.5 Hs
T2 (V) |Source Current Fall Time 091 o011 (2);(4) 0.2 us
Tz (V) |Source Current Turn-on Delay 05Vito0.11L (2}, (4 2 [S
T4 (V) [Source Current Rise Time 01l o091, (25 (4 0.7 T
Ts (V) [Sink Current Turn-off Delay 0.5Vito0.91L  (3);(4) 0.7 s
Te (V) |Sink Current Fall Time 091 o011 (3); (4 0.25 us
T7 (V) |Sink Current Turn-on Delay 0.5Vito 091 (3);(4) 1.6 us
Ts (Vi) |Sink Current Rise Time 0101 10091 (3);(4) 0.2 us
fc (V) |Commutation Frequency IL=2A 25 40 KHz

T4 (Ven) |Source Current Turn-off Delay 0.5Venf00.91L  (2);(4) 3 us

Tz (Ven) |Source Current Fall Time 090 o011 {2);(4) 1 It

T3 (Ven) |Source Current Turn-on Delay 05Vento 011 (21 (4) 0.3 Ks

T4 (Ven) |Source Currert Rise Time 011 o001 (2);(4) 0.4 s

Ts (Ven) |Sink Current Turn-off Delay 05Vento 094 (31 (4) 22 us

Ts (Van) |Sink Current Fall Time 091 toQ. 11, (3);(4) 0.35 1S

T7 (Ven) |Sink Currert Tumn-on Delay 05Veto081 (324 0.25 us
Ts (Ven) |Sink Current Rise Time 011 to0.91.  (3);(4) 0.1 us

1) 1)Sensing voltage can be —1V fort < 50 psec; in steady state Vsens minz -0.5 V.

2) Seefig. 2.
3} See fig. 4.

4) The load must be a pureresistor.

Figure 1 : Typical Saturation Voltage vs. Output
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Figure 2 : Switching Times Test Circuits.
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Figure 3 : Source Current Delay Times vs. Input or Enable Switching.
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Figure 4 : Switching Times Test Circuits.
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Figure 5 ; Sink Current Delay Times vs. Input 0 V Enable Switching.
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Figure 6 : Bidirectional DC Motor Control.
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Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel4

and channel 2 with channel 3.
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APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

TheL298integratestwo poweroutputstages(A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzial mode, dependingon thestate of
the inputs. The current that flows through the load
comes cut from the bridge at the sense output: an
externalresistor (Rsa ; Rsg.) allows to detect the in-
tensity of this current.

1.2. INPUT STAGE

Eachbridgeis driven by means of fourgatesthe in-
putof whichare In1; In2; EnAand In3; In4 ; EnB.
TheIninputs set the bridge state when The Eninput
ishigh; a lowstate of the En inputinhibitsthe bridge.
Allthe inputs are TTL compatible.

2. SUGGESTIONS

A nen inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. Whenthe large ca-
pacitor of the power supply is too far fromthe IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be groundednear the negative pole of Vs that must
be nearthe GND pin of the |.C.

(73

Each input must be connected to the source of the
driving signals by means of a very short path,

Turn-On and Turn-Off : Beforeto Tum-ONthe Sup-
ply Voltageand beforeto Turnit OFF, the Enablein-
put must be driven to the Low state.

3. APPLICATIONS

Fig 8 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements (tr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load cument.

The sense outputvoltage can be used to control the
cumrent amplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-
able input.

The brake function {Fast motor stop) requires that

the Absoclute Maximum Rating of 2 Amps must
never be overcome.

When the repetitive peak current needed from the
ioad is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An external bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
IC are chopped; Shottkydiodeswould be preferred,

713
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This solution candrive until 3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled

OnFig8itis shownthedriving ofa twophasebipolar Py the 1.C. L8506.
stepper motor ; the needed signals to drive the in-

puts of the 1. 298 are generated, in this example,

from the IC L297.

Fig 9 shows an example of P.C.B. designedforthe
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.

This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.

Vg

sv WY
o »—l'%‘:"':
llan
GND 1 m| nzI m| ml
oW I; ‘!ﬂl
o |
HALEHFTLL |oz
y ttece
RESET 20 nl® WINDINGS
evaete | }l
ety % [LL.E MF‘
123 131 3 T ol el ol o
SENSEY |
== | 111t
CONTROL HOME
NG,

sy
R, Hﬂsz
5 -584644

) VES12V@l=2A
D1to D8 =2 A Fast diodes tr< 200 ns

R31 = Rsz =0.5Q

813 ‘ﬂ




L298

Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).
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Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Curmrent Controller L6506.
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o P - OUTLINE AND
MIN. | TYP. [MAX. | MIN. | TYP. [MAX.
A 5 5.197 MECHANICAL DATA
B 2.65 0.104
C 16 0.063
D 1 0.039
E | 049 055 | 0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 102 | 127 | 152 |0.040 | 0.050 | 0.060
G1 |17.53 [ 17.78 | 18.08 | 0.690 | 0.700 | 0.710
H1 | 19.6 0.772
H2 20.2 0.795
L | 219 | 222 | 225 |0.862 |0.874 |0.886
L1 | 21.7 | 221 | 225 |0.854 |0.870 | 0.886
L2 |17.65 18.1 | 0.695 0.713
13 |17.25 | 175 | 17.75 | 0.679 | 0.689 | 0.699
L4 | 103 | 107 | 108 | 0406 |0.421 | 0429
L7 | 2.65 29 |0.104 0114
M | 425 | 455 | 4.85 | 0.167 [ 0.179 | 0.101
M1 | 463 | 5.08 | 553 | 0.182 [ 0.200 | 0.218
s | 19 26 |0.075 0.102
s1 | 19 26 |0.075 0.102 Multiwatt15V
Diat | 3.65 3.85 | 0.144 0.152
H
A P
A . e r~ _s-I_-n
] 73
,‘ /4 \
3 X
~ Dl 1 /
(3
N wr
: —
O O
P — J ,
H2
E
F G
M M Gl T+
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DIM i s OUTLINE AND
"IN | Y. [max. | min. | TYP. | mAX.
A . 0157 MECHANICAL DATA
B 2.65 0.104
c | 16 0.063
E | 049 0.55 | 0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 114 | 127 | 1.4 |o0045 | 0050|0085
G1 | 1757 {1778 [ 17.91 [0.692 | 0.700 | 0.705
H1 | 19.6 0.772
H2 20.2 0.795
L 20,57 0.810
L1 18.03 0.710
L2 2.54 0.100
L3 |17.25 | 17.5 | 17.75 | 0.679 | 0.689 | 0.699
L4 | 103 [ 107 | 10.9-[0.406 | 0.421 | 0.420
L5 5.28 0.208
L6 2.38 0.094
17 | 265 29 |0.104 0.114
s | 19 26 |0.075 0.102
s1 | 19 26 |0.075 0.102 Multiwatt1i5 H
Dial | 3.65 3.85 | 0.144 0.152
H1
A s |
J1.C o —-I—- §1
] F
p— / f \ﬁ_
[ &
kruw m1 J
—l
I B
M
|
N *
\ !
L6
L5

g
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DIM mm inch
" ["MIN. [ TYP. [ MAX. | MIN. ] TYP. | MAX. OUTLINE AND
A 3.6 0.142 MECHANICAL DATA
ail 0.1 0.3 | 0.004 0.012
a2 3.3 0.130
ad 0 0.1 }0.000 0.004
b 0.4 0.53 | 0.016 0.021
[ 0.23 0.32 | 0.009 0.013
D(1) | 15.8 16 0.622 0.630
D1 9.4 9.8 |0.370 0.386
E 13.9 14.5 | 0.547 0.570
[ 1.27 0.050
: el 11.43 0.450
E1(1)] 10.9 11.1 | 0.429 0.437
E2 |. 2.9 0.114.
"E3 § 58 6.2 |0.228 0.244
G 0 0.1 ] 0.000 0.004
H 15.5 15.9 | 0.610 0.626
h 1.1 0.043 JEDEC MO-166
L 0.8 1.1 | 0.031 0.043
N 10° (max.)
S 8% (max.)
T | 0 | [ losoe] PowerS020
{1} "D and F" do not include mold flash or protrusicns,
- Moldflash or protrusions shall not exceed 0.15 mm (¢.0068").
- Critical dimensions "E’, "G" and "a3"
N 'T‘*N R—\
3\ { T ] \.
c
T A2 Lie
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ed
f m tead | " DETALLA
N
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a3 shug
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Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
quences of use of such information nor for any infringement of patents or other rights of third parties which may result from s use. No
license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
publication are subject fo change without notice. This publication supersedes and replaces all information previously supplied. STMi-
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APPENDIX F
PHOTOREFLECTOR SENSORS DATASHEET
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OTOREFLECTOR

'hotoreflector

25587, P5588

Photo IC output (digita

587 and F'5588 are photoreflectors combining a high power infrared LED and low voltage photo IC. The photo IC consists of a high sensitivity
stediode, amplifier, schmiit trigger circuit, and ouiput phototransistor, etc. on a single chip.

Feaiures _

@ Miniature package @ Paper detection in copiers and printers, etc.
@ Low voltage operation ® Tape end detection in VTRs, tape recorders, etc.
® Photo [C, open collector output
@ P5587: "H” level output at light input
P5588: “L” level output at light input

B Absolute maximum ratings {Ta=25 °C
Parameter Symbol VEDE Linit

Input Fomvard_c_urfent ____|F __ kso _ mA
(LED) Revel'sevoﬂage . VR.. Max-' - L 5 - PO Tt R . < . V il
Power dissipation 24 80 mw
Supply voltage b Vee T ] ) P SN EESCY2
Output [Qutput voltage Vo -0 5to +7 vV
{photo IC)|Qutgut current: lo - oo Er i mA
Power dissipation P 80 mw
Operating femperature “Topr . R . oi25to+85° . i )
Storage temperature Tstg -30 to +85 °C
Soldering ~~ ' A SR 260 °C, 3 s, refer'to Dimensional outiiné ~ R B

M Electrical and optical characteristics (Ta=25 °C, Vcc=5 V, unless otherwise noted
P5587 P5588 _
Min, Typ. Max. Min. - Typ, Max

Farameter S - Symbol Candition

Forward voltage VF IF=20 mA - 1.23 | 1.45 - 123 (145 V
(l[rjggt) Revérse current ;- IR = VREBV o L] 40

- |Terminal capacntance Ct V=0V, f=1 MHz - 30 -

Sipply voltage. ., . - . Voo s 22 [ AT

Qutput |Low level output voltage VoL jloL=4 mA ¥ - 0.1
(photo IC)[High level output currént. £ |7~ loH  |[Vo=5V*# E S e
Current consumptlon Icc - 1.3
RL=1.2 kQ, d=3 mm

iy . , P -
L—H Threshold- rnput current Reflecting surface: o

; white paper
Tranter H—)L Threshold fnput curren  IFHL (reﬂectﬁnts % %oor more) | . -
charzcleristics Hysterisis . S x| 0.8 -
L—H Propagation delay timel _tPLH F=15 mA - - 20
H-L Propagation delay time}: - tPHL RL=1.2 kQ - <] 30 B
Rise time _ tr __ 1d4=3 mm - 1007 - - J067) - | ps
Fall fime R - 003 ] - AR R P L T P I -

“1: P5587: IF=0 mA, P5588: IF=15 mA
*2: P5587: IF=15 mA, P5588: IF=0 mA
*3: P5587: IFMLIFLH, P5588: IFLH/IFHL

Note} Connect a 0.01pF capacitor or larger betwsen Vce and GND.
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1ector P5587, P5588

LED forward current vs. ambient B Photo IC power dissipation vs. B Position detection characteristic

temperature ambient temperature {P5587)
{Typ.) (Typ.) {Typ. Ta=2% 'C, ;=10 mA, Voe-5'V, RL-1.2 k), d=3 mm)
70 00 6
= : B '
8 E BLACK .7 whiTE
—
£ 6 a0 5 (ﬁ:f“jd —
ER- ) 'E_ & '
: £ 4
3 8 = \ 5
i 4 & N £
= X : 1l
4 o o
v o 5 2
; 20 N F_) o
! \ &z
10 g 1
L L] B
a
0 0 0 =
125 [} 25 50 75 100 25 [} 25 50 5 100 2 El 0 [ 2
AMBIENT TEMPERATURE {'C) AMBIENT TEMPERATURE ('C) CARD SHIFT DISTANCE D (mm)
KFCERIITEA KPGAMO{EA KPCBODCHEA,

Position detection characteristic Ml Threshold input current vs. ambient B Rise/fall time vs. load resistance

(P5587) temperature (P5587) (P5587)
g T Ta=25 °C, Ie=10 mA, Voo=5 V, Ru=12 &2, ¢=3 mm) s Typ. Ta=25 'C, Vo5 V, RL=1.2 ka, =1} 5 (Typ, Te=25 "C, ¥ee=5 W, lr=15 mA!
T * o
BLACK D WHITE F
. > 16 21|
5 - w
_:j-t E // | 4
B o 14 A w
i 4 [C:k\ — e Y E:L
! e / = 3
i g 12 B =
! 3 g v ] 3
g 10 L2 || Z I
! 5 Wl NN a 2
;2 S A z ]
) é 0.8 ,// —1 /
1 £ y 1 Y
g 06 — I / !
2
0 1 =] 04 g il
-2 -1 a 1 2 -50 0 50 100 0.1 1 10 300
CARD SHIFT DISTANCE D {mm) AMBIENT TEMPERATURE ('C) LOAD RESISTANCE (ki)
KPCBOOOEA KPCBOO11EA HPCBOO1ZEA
Dimensional outline {unit: mm) M Response time measurement circuit (P5587)
4.9
® @ Q SUNNNAANANANNNY
DMK / N\
HITE LINE}

08V
@) CATHODE PULSE INPUT —J:E—lo\fu
TS @ ANODE
] D vo

@ GND
® vee

Sos
E
i
4.2

Tolerance unless olharwise
7 notad: £0.2
! T ] Shaded area indicates bur.

KPCCODO1EA

254 |
(SPECIFIED AT THE LEAD ROOT)

049837

08403
3.5 MIN.

0 43
SOLDER THE LEADS AT A
PGINT BELOW THS POS|TION,

KPCAQGOZEA

k“ n“ ATS“ Information furnished by HAMAMATSU Is belleved to be rellable, However, no rasponsibility Is assumed for possible inaccuracies or omissions.
Spacifications are subject 1o change without natica. No patent righis are granted to any of the circuits described herein. ©2001 Hamamats Photonics KK.
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