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- ABSTRACT

This project deals with a development of a tele-operated robot that utilizes I°C bus as
- the main communication medium. The development stages are comprised of structure
and mechanism construction, electronic circuit development and programming
algorithms generation. The tele-operated robot functions as a transporter. It has the
ability to transport objects from one location to another. This is done by the
mechanism part that includes the gripper and the lifter part. The function of the
gripper part is to grip or release desired objects. The lifter part on the other hand, lifts
the gripped object to a desired height. This makes the tele-operated robot a versatile
transporter medium that can be used in many industries such as to transport hazardous
chemical waste and to place objects of interest at a shelf in hypermarkets. The
communication between micro-controllers that controls the robot operation utilizes
the I2C bus. This bus is categorized under the serial bus. Serial bus is chosen as the
main communication link due to its capability of reduces circuit complexity and eases
system modifications when needed. In conclusion, the tele-operated robot is best
implemented with I*C bus as the communication medium between micro-controllers
that control the robot’s movement but not practical for the remote control
communication medium to the robot. This is due to the fact that a robot is usually
controlled from a far distance where else I°C bus has a limited length of bus. Wireless
communication such as blue-tooth, infra red and web based control are better suited

for this purpose.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

Robotics is vastly used in human’s life nowadays. Tasks that are normally done by
human are taken over by robotics periodically. They are used mostly in areas where
harmful and difficult environment are present. The project involves a development of
a robot that is remotely controlled by a remote-control. It has the capability of
transporting objects of interest from one location to anocther. It can be used to stacks
up books in libraries and to place goods on shelves in warehouses. The mobile robot
uses wired remote-control. Due to this, the robot is known as the tele-operated robot.
This project also focuses on the practicality of using a type of serial bus named Inter-
Integrated Circuit (I)C) as the communication medium between the components of
the circuits. The basic understanding of the bus that includes the communication
protocol, configurations, advantages and limitations are also covered. The bus which
is vastly used in semi-conductors has become a standard in semiconductors
manufacturing that includes sensors. Serial bus is considered as the better alternative
to parallel bus in terms for reducing circuits’ complexity and makes it easy for system

modifications when needed.

1.2 Problem Statement

Lifting and organizing of objects in warehouses and hypermarkets are normally done
by human. This fed to time wastage since certain objects are heavy and some of the
objects need to be placed at high level. This scenario caused difficulties to the
employees that are assigned to the tasks and this can cause an increase of cost of that
particular company. Thus, a mechanism needs to be developed that can replaced the
human dependencies and can perform works in a more efficient way.

Communication between chip to chip of devices is commonly done by parallel bus.
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Parallel bus allows only one bit of instructions flow through it. That is to say that the
communication requires many wires connected between the devices to perform
certain commands or actions. Commonly, patallel bus requires 8 to 32 wires at one
time. This will increase the manufacturing cost of products. FC Bus enables chip to
chip communication using 2 wires instead of multiple wires as in parallel bus.
Numbers of actions and commands can be executed by using the same two wires. It
minimizes the cost and the complexity of the circuit without affecting the

performance and the ability of the systems or devices.

1.3 Objectives

The main objective of this project is to design and develop a working tele-operated
robot that has the ability to transport objects of interest from one location to another,
The tele-operated uses I°C bus for the communication between micro-controllers that

control the robot operation.

1.4 Scope of Study

The project focuses on three essential aspects of a robot development. The aspects are
structure and mechanism construétion, electronic circuit. development and
programming algorithms generation. These three parts are integrated together to form
a robot that can be controlled by any control medium or strategy. The structure and
mechanism part deals with design and development of the robot’s structure using
different dimensions of aluminium rods and bars. The eleétronic circuit development
deals with electronic components that can control the robot’s operation. The
programming algorithms on the other part deals with operation sequence and

communication protocol between the parts of the robot.



1.5 Relevancy of Preject

The tele-operated robot is integration of electronic field with mechanical field. In
electronic side, electronic circuits that comprises of a remote-control and robot’s
controller are developed to control the robot maneuver and the mechanism. The
operation sequence of the electronic circuits is controlled by the programming
algorithms generated. The algotithms enable the system to transmit and receive
particular signals. It also controls the operation of external devices such -as DC
motors. In the mechanical side, the structure and mechanism are designed and
constructed by considering some foundation aspects such as weight distribution, load

capacity and motors specifications.

1.6 Feasibility of Project

This project had been divided into two parts. They are the electronic part and the
mechanical part, Throughout the project, focuses will be on the study of the 1°C bus
and its application, the current methods used, the existing product available in the
market and building a working prototype. A testing electronic circuit will be designed
and constructed to test the communication capability between microcontrollers by
using the I°C bus. The data sent from the remote control should be successfully
received by the other microcontroller. A testing platform is constructed to simulate
the mechanisms that are controlled by microcontrollers that are connected together by
the I°C bus. With all the resources provided, it will be feasible within the time frame

given.



2.1

2.1.1

CHAPTER 2
LITERATURE REVIEW

Overview

Definition of Robot

Robot is defined as an electromechanical system that conveys a sense that it has

infant or agency of its own [13]. It has the ability to make choices based on its

surrounding. A robot has numbers of movement axes that enables it to perform any

desired tasks. Combinations of axes joints make up a robot. Thete are many different

definitions of robots that are perceived by different organizations. According to
Robotics Institute of America (RIA), robot is a re-programmable multifunctional

manipulator designed to move materials, parts, tools and specialized devices through

variable programmed motions for the performance of a variety of tasks [13]. They

have classified four classes of robot [13]. And they are as listed below:

A, Handling devices with manual controi

B. Automated handling devices with pre-determined cycles

C. Progtammable, servo controlled robots with continuous of point-to-point
trajectories

D. Capable of C specifications and also acquires information from the

environment for intelligent motion

On the other hand, Japanese Industrial Robot Association (JIRA) had classified six

classes of robot and they are as listed below {13]:

Manual-handling devices actuated by an operator

Fixed sequence robot

Variable sequence robot with easily modified sequence of contro}
Playback robot which can record a motion for later playback

Numerical control robot with a movement program to teach its tasks manually



o Intelligent robot that can understand its environment and able to complete the

task despite changes in the operating conditions

Despite different definitions perceived by organizations, the most accepted one is the
one defined by the International Standard Organization (ISO). According to 1SO,
robot is a machine that is automatically controlled, reprogrammable, multipurpose,
manipulator programmable in three or more axes, which may be either fixed in place

or mobile for use in industrial automation applications [13].

2.1.2 Mobile Robots

A mobile robot is an automatic machine that is capable of movement in the given
direction [12]. It is not stationary on one physical location. There are many types of

mobile robot navigation. They are as listed below [12]:

o Manual Remote or Tele-Op
A tele-operated robot is normally controlled via joystick. The joystick could
be a wired-joystick or wireless-joystick. The robot is controlled by the
operator at a distance. The function of the tele-operated control is to protect

the operator from harm caused by the tasks environment.

¢  Guarded Tele-Op
A guarded tele-operated robot has the ability to sense the condition of the
surrounding in spite of being controlled by the operator. It has the ability to
sense obstacles even when it is being controlled by the operator, The guarded

tele-operated robot uses sensors to sense its” surrounding.

o Line Following Robot
A line following robot is an autonomous robot that moves along a line. It
operates by keeping its position at the center of the line, The robot moves unti
something has blocks its path, At this point, it stops and waits until the line is
not blocked anymore.



o Autonomously Randomized Robot
An autonomously randomized robot performs random motions. This includes
jump off the wall and turn at certain degree without set any conditions to be

met before that actions take place.

o Autonomously Guided Robot
An autonomously guided robot is a type of robot that operates automatically
with the information it perceived from the surrounding. it knows which path it
should take and how it is supposed to move from the information perceived.
This type of robot is also known as the Intelligeni Robot or Artificial
Intelligent (AI) robot.

2.1.3 Medical Robot

Robots are used periodically in medical field. They are normally used to perform
surgeries. The usage of robots in surgeries offers precision and miniaturization of
performance. There are basically three classes of robot surgery and they are as listed
below [10}:

» Remote Surgery
o Minimally Invasive Surgery

¢ Unmanned Surgery

Remote surgery is performed where the surgeon controls the robot movement from a
distance [10]. Specific buttons are pressed to perform certain actions such as move
from one place to another, pick and place objects and also cut the patient disease
areas. Minimally Invasive Surgery limits the surgeon control over the robot actions
[12]. The Unmamned Surgery does not involve the controls from the surgeon. The
robot performs actions based on its Artificial Intelligence (AI) created and
programmed into it. It is able to diagnose and treat the patient according to the
situation and the type of disease.



The da Vinci Surgical System which is becoming a popular robotic controlied surgery
consists of three components. They are the surgeon’s console, patienf-side robotic
cart with two arms manipulated by the surgeon and a high definition three-
dimensional vision system [10}. The surgeon can control and manipulate the robot
movement using the console. Then the arms behave as commanded by the surgeon.
The surgeries that had béen performed by using the da Vinci Surgical System include
the surgeries on prostate cancer and hysterectomy [10]. Other applications that are

related to robot surgery are cardiac surgery, gynecology, orthopedics and pediatrics.

2.1.4 Industrial Robot

The International Standard Organization (ISO) defines industrial robot as an
automatically controlled, re-programmable, multipurpose manipulator programmed in
three or more axes [9)]. Industrial robot that resembles a robotic arm is mostly used for
welding, painting, ironing, picking and placing objects, packaging and product
inspection. The usage of robots in industries mostly in manufacturing sector increases
productivity by providing enough speed, accuracy and vision guidance [9]. The only
limitation of having a robotic arm in industries is the flexibility in the hand part. It
requires the robotic arm to be able to hold different objects with different shapes,

sizes and orientations without any problems.

Figure 1: KUKA Robot



2.1.5 Military Robot

Influential countries such as the United States and the United Kingdom use robots for
military purposes. The autonomous or remote-controlled robots are used to serve
many functions. They include taking surveillance photo of the enemy territories and
launching missiles from the air [11]. However, the usage of robots in military
operations poses serious risks. The enemy may hacked into the robot’s system and
turn it around against the robot’s owner [11]. The robot also has the limitation against

moving across different terrains and obstacles.

e

Figure 2: b used for Military Operations

2.2 Principle of Operation
2.2.1 Telerobotics

Tele-operated robot is defined as the device that is controlled remotely by human
operator {15]. The tele-operated robot that has the ability to perform autonomous
work is known as the tele-robot [15]. There are two major components that form a
tele-operated robot. They are the visual system and the control applications {15]. The
visual system enables the operator to see the surrounding that the robot travels. From
there, the operator can instruct the robot to move in cettain directions or perform
specific movements. However, there are some problems pertaining to the robot’s

vision system [15]. They are as listed below:

¢ Inadequate resolution of the camera
e Lag in the mechanical and computer processing of the movement and the
response

e Optical distortion due to the lens condition



» Hand-eye coordination

For the vision system of the tele-operated robot, it is required to be equipped with
interface between the robot vision and the operator. This is t0 ensure that the operator
is able to see what the robot saw at that moment. The robot’s interface is normally
consists of a monitor, a mouse and a keyboard [15]. The images are displayed on the

monitor and the operator can controls the robot by using the keyboard.

There are many types of control applications of a tele-operated robot. One of them is
the usage of a remotely operated vehicle (ROV) for marine applications [15]. The
ROV is normally used for deep-water exploration and inspection. It is also used to
reach a location that is too dangerous for divers. This includes the location with high

pressure or temperature.

2.2.2 Wired Communication

The interface between the robot and the operator can be in a wired form. The wired
communication medium is known as the bus. The communication bus could be a
serial bus or a parallel bus. Parallel bus enables data to be sent bit after bit
simultaneously. This requires numbers of wires to sent one bit each simultaneously.
For instance, 8 address wires sends 8 bit simultaneously to the receiving device. Since
parallel bus requires 8, 16 or more data wires to send different data, the
communication would be much easier but requires many communication wires. This

increases the complexity and the cost of manufacturing.

Data and addresses sent through one wire must have its rules and synchronization.
This is important as data and addresses that sent through common wire tend to have
conflict with one another, Conflicts between them may cause the data or addresses to
corrupt. This type of bus is known as the serial bus where every devices share a
common wite to transmit and receive data [2]. On the other hand, data and addresses

sent through 8 to 32 wires simultaneously are known as the parallel bus. In serial bus,



all wires are eliminated except the data wire. Since the same wire is shared, all of the
data, the selection (addresses) and the direction info (rcad/Write) are multiplexed. A
set of rules need to be developed for the situation to be realized.

There many types of serial programming available nowadays. They include Universal
Serial Bus (USB), Controiler Area Network (CAN) and Inter-Integrated Circuit (I°C).
These types of serial programming vary in terms of data transmission speed to suit
any kinds of application. Table 1 shows the comparison of the serial bus types in

terms of data transmission speed.

Table 1: Comparison of Serial Bus [2]

Typé Data Transmission Speed
CAN (1 wire) 33 kHz
I'C 100 kHz
CAN (Fault Tolerant) 125 kHz
T°C (High Speed Mode) 3.4 MHz
USB(1.1) 1.5 MHz or 12 MHz
High-Speed USB (2.0) 480 MHz

The type of serial bus to be selected for different applications must consider 3
essential factors [2]. The factors are as listed below:

e Speed or data rate
¢ Number of devices allowed to be connected along the same bus
o Total length of the wiring

10



Table 2 shows the comparison of three types of serial bus in terms of the 3 factors

above.
Table 2: Comparison of Serial Bus Type in Terms of 3 Factors [2]
Type Data Rate Léngth (meter) | Nodes Typical | Node Number
(bits/s) Number Limiting Factor
I'C 400 k 2 20 400pF maximum
CAN 1 wire 33k 100 32 Load resistance
and transceiver
current drive
USB 1.5M 3 2 Bus
(low speed, 1.1) specifications
Hi-Speed USB 480 M 25 127 Bus and hub
(2.0) specifications

Universal Serial Bus (USB) is the most complicated type of serial bus. It has the
ability to service different applications with different data rates and requirements.
USB has 4 pin connector which comprises of power supply (2 pins), data and clock
[2]. It is limited to short distance data communication depending on the configuration.
Many devices can be connected to the USB since it is synchronous and transmits data

in special packets like a network [2]. The advantages of USB are as listed:

¢ Simple plug and play
o Up to 127 devices can be connected together

¢ Interfaces to other communication exist

Controller Area Network (CAN) was first proposed by Bosch. The main objective for
the development of CAN is to achieve reliable communications in critical control
system applications [2]. To date, CAN is only used for automotive applications.
Figure 3 shows the protocols of the CAN bus. CAN bus wires are pulled by resistors
to their resting state called a ‘recessive’ state. A voltage called the ‘dominant’ state is
forced when a transceiver drives the bus [2]. The identifier indicates the meaning of

the data. All nodes receive and filter the identifier and decide whether to act on the

11




data or not. Since many devices can act on the data, it is called the ‘multicast’ [2]. All

devices can check the message for fransmission error.

Start Of Frame

identifier

Remote Transmission Request

ldentifier Extension

Data Length Code
Data

Cyclic Redundancy Check
Acknowledge
End Of Frame
ttermission Frame
iSpace

Figure 3: CAN Protocols [2]

Inter-Integrated Circuit (°C) was first established by Philips to control the operation
of its television. I°C is a simple bi-directional 2-wire bus [2]. The two wires are the
Serial Clock (SCL) and Serial Data (SDA). In the industry nowadays, °C has become
an industry standard and is widely used by major IC manufacturers. Its main
operation is on the master-slave communication. Master device is the device that
conirols the whole system or other devices. The devices that are controlled by the
master device are known as the slave devices [4]. Slave devices could be receiver-
only devices or transmitters with the capability to receive and send data. I°C is also
capable to operate in multi-master mode [2]. In this mode, several devices c_mi contro}
other devices along the same bus. Each device or IC connected to the I°C bus (slave
device) is identified by its own unique address. The master device will select the
stave device based on the unique addresses [2]. The selected slave device will receive
the data send by the master device. The selection of slave devices and data
transmission is done through specific I*C bus protocol. The protocol follows 4 steps

process {4] that is shown below:

LA
AC STOP l BC WRITE
: ADDRESS

Ao
READYWRITE
DAT:

Figure 4: 4-Steps of I'C Protocol
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2.3  Existing Product in the Market

The current product that exists in the market is the Automated Guided Vehicle
(AGV). 1t operates autonomously and uses sequential algorithm programmed into it.
The AGV needs sensing assistance such as sensors to analyze its environment [13].
The signal from the sensors enables the AGV to react or perform specific actions in
accordance with its surrounding. It uses the Artificial Intelligence (Al) to perform
specific operations with the existence of obstruction near it. The AGV is widely used
in warehouses where it id used to transport goods from one place to another. The

limitations or risks posed by the AGV include the following [13]:

o The AGYV is out of control if it’s systems fail
¢ Constant monitoring is needed to ensure the AGV perform its’ tasks as
instructed

e The AGV needs to be re-programmed to carry out other tasks than the
specified one

Thus, a tele-operated robot is the better alternative since the robot operation can be
controlied from a distance by the operator. This type of operation can reduce any

mistake that can be done by using the autonomous one.
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CHAPTER 3
METHODOLOGY / PROJECT WORK

3.1 Procedure Identification

Collect data and information on I°C bus and its protocol

'

Design the robot’s structure and mechanisms

'

Identify components and tool to be used

L 4 ‘
Construct the robot’s base and install mechanisms

b

Design and construct the electronic circuitry for the remote and the robot |«

|

Develop programming algorithm using C language and °C programming
protocol

Integrate circuitry with programming

No

Working?

Yes

Integrate complete circuitry with mechanisms

No

Working?

Yes

Optimization

Figure 5: Procedures for Designing and Constructing Tele-Operated Robot
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3.2 Project Implementation Steps

The project is implemented base on the activities flow diagram shown in the previous
.page. The activities cover the three aspects of the fcle-operated robot development;
structure construction, electronic circuits development and programming algorithms
generation. Listed below are the methodology used for the tele-operated robot

development.

3.2.1 Data Collection

Data pertaining to the three aspects of the robot development are collected prior to the
robot construction. This includes the existing product in the market, technical
specifications of the I°C bus, the components specifications and the electronic

circuits. The data are obtained through journals, internet, books and also datasheets.

3.2.2 Design the Structure of the Robot

The design of the robot is first sketched. The sketch includes the type of materials to
be used and their measurements. The parts of the material that will be drilled and
made holes are also marked so that correct joints between different parts can be done.
The design includes the base and the mechanism of the robot. The base is designed to
have adequate width to cater the robot’s stability. The gripper and the lifter part of the
mechanism are designed in a away that they can sustain the weight of the load.
Couplings to attach the wheels and the motor shafts together are also designed.

3.2.3 Components Identification

The components identification stage covers the identification and selection of
electronic components and the materials for the structure. The identification and
selection of the components are based on the requirement and the specification of
them. The components that met the required operating conditions are selected. In the

mechanical side, aluminium bars and rods are selected since they are light in weight

15



and stable enough to cater the load. The DC motor for the lifter part is chosen since it
has the capability of sustaining big load due to its gearing system that enables the
motor to have higher torque. The components are also selected based on the budget

allocated for this project.

3.2.4 Structure Construction

The structure of the robot is constructed based on the design drawn earlier with the
usage of the selected materials. The individual parts of the structure are first marked
and cut using the automatic cutter machine. The individual parts that have been
already cut are then join together. They are | joined by using rivets and screws. The
permanent joints used rivets, while temporary ones used screws. The constructed
structure is then ensured to be stable enough since the lifter part is about 1 meter in
height. DC motors are assembled at the desired location on the structure. The motors
are used for controlling the robot maneuver, the gripper and also the lifter. They are
equipped with individual couplings. The couplings are used to join the shaft of the
motors with the rotating parts of the structure.

3.2.5 Electronic Circuits Development

The electronic schematics obtained from the data collection stage are then developed.
There are a total of seven circuits developed for the robot control system. The ciréuits
include the remote-control, the robot controllers, power supply and motor drivers.
The circuits are developed and tested individually before being integrated together.
Every circuit is first developed on bread-boards and tested their functionality. The
circuits are integrated together and then transferred onto veroboards and tested as the

final product.
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3.2.6 Programming Algorithms Generation

The programming algorithms are generated for the use of the micro-controllers that
control the operation séquence of the robot. The micro-controllers used PC bus
communication protocol for inter-micro-controliers communication. The algorithms
are writfen into the micro-controller by using a compiler program and also a micro-
controller burner. Different styles of programming algorithms has been generated

and tested to suit the required control operations.

3.2.7 Electronic Circuits and Programming Algorithms Integration

The integration of the electronic circuits and the programming algorithms are meant
to observe the capability of the micro-controllers to control the whole operations of
the robot. They are integrated together by writing the algorithms into the micro-

controllers.

3.2.8 Three Parts Integration

The integration of the structure, the electronic circuits and the programming
algorithms are done by connecting the electronic circuits and the motors together.
This is to ensure the controllability of the robot movement by the remote-control. The
selected part of the robot should move and operated based on which buttons of the

remote-control is being pressed.

3.2.9 Troubleshooting

The troubleshooting stage comprised of the three aspects mentioned. The
troubleshooting part of the structure includes the re-positioning of the DC motors
onto the structure. The electronic circuits part troubleshooting is done by checking the
connectivity of the components along the veroboards and checking the output voltage

at the micro-controllers pins. This can be done by using multi-meter and logic probe.
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As for the troubleshooting of the programming algorithms, modified algorithms are

generated and re-write into the micro-controllers.

3.3 Tools Required

The project is delivered by constructing a working model of tele-operated robot

that communicates using the PC Bus and its programming protocol. The tools and

equipments required to carry out the project are as listed below:

L

Logic Probe

Multimeter

Soldering Iron

Solder Sucker

Riveter

Drilling Machine

Automatic Cutter Machine

Programmable Integrated Circuit (PIC) Programmer
PIC C Compiler
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Structure Construction

4.1.1 Base Construction

The structure construction of the robot is divided into two parts; the base part and the
mechanism part. The idea is to construct the base platform first to test the
workingness of the circuits’ part when they are integrated with the hardware. Then
the mechanism part is designed and added onto the base.

The robot’s base provides the basic testing platform for the remote control circuit and
programming algorithm via I2C communication, Shown below in Figure 6, 7, 8 and 9
are the completed robot’s base from different kind of views. The parts and materials

used in the construction are as listed below:

e 25mm x 50mm rectangular hollow aluminium bar
e Caster ball
s 2 DCmotors

» 2 wheels complete with couplings

Figure 6: From Top View Figure 7: From Back View
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Figure 8: From Front View Figure 9: From Side View

The base is made of hollow rectangular aluminium tube with the dimension of 50mm
x 25mm in the cross section. Two dc motors is placed at the back of the base. The dc
motors control the robot movement. The de motors had been coupled with their
respective wheels, Couplings are used to couple the dc motor and the wheel together.
This is to ensure that the wheels rotation synchronize with the dc motors’ rotation. A
caster ball is mounted at the front part of the robot’s base. The usage of the free
rotation caster ball eases the movement of the robot where the movement will only be
controlled by the two back wheels and does not depend on the front wheel. The
robot’s base must be wide enough to sustain any forces acting on it when the
mechanisms are installed to it. The dimension of the robot’s base gives an impact on

the centre of gravity of the robot and the total weight distribution.

4,1.2 Mechanism Construction

The tele-operated robot has the capability to lift and transport objects from one place
to another. A mechanism has been constructed to meet this requirement. The
mechanism (refer Figure 10) is attached to DC motors that are controlled by the
micro-controllers. The mechanism includes the lifting part and the gripping part. The
structure of the mechanism part used different sizes of aluminium tubes.
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Figure 10: Mechanism Part

4.2 Electronic Circuits

All the mechanisms of the tele-operated robot are controlled by electronic circuitries.

The controlling part integrates the hardware with the software. Components like the

Programmable Integrated Circuit (PIC) need to be programmed in order for the

mechanisms to work. The components used for the circuits are as listed in the

previous section.

4.2.1

Components Selection

Micro-controllers

The micro-controller used for the research is the Programmable Integrated
Circuit (PIC). It has a built-in memory, built-in functions, input and oufput
ports. Programming languages such as C, C++ and assembly language can be
used to program the PIC. There are numbers of PIC families. They are
segregated in terms of their capabilities and characteristics. They can vary
from those that have 18 pins and 40 pins. PIC that has more number of pins
will have more built-in functions and greater capability. The most common
PIC families are the 16F8x and the 16F8xx. Figure 11 and 12 in the next page
show the PIC 16F877 and 16F84 family that will be used in the research
work. PIC works on 5V DC power supply. Over voltage may cause the PIC to
explode. The built-in functions of the PIC include the following:

o Inter-Integrated Circuit (12C)
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o Pulse Width Modulation (PWM)
¢ Analog to Digital Converter (A/D)

s Transmitter and Receiver for R§232

Figure 11: 16F877 PIC (40 pins)

Figure 12: 16F84 PIC (18 pins)

e Resonator
The crystal clock or resonator provides the pulse to the PIC. These pulses are
needed for the PIC to operate. It has the variety range of values depending on
the need of reaction period. Basically there are two types of crystal clock; 2-
pins and 4-pins. The 4-pins crystal clock does not require ceramic capacitors
to be connected to it like the 2-pins. Figure 13 shows the 2-pins crystal clock
and Figure 14 shows the 4-pins resonator.

Figure 13; 2-pins Figure 14: 4-pins
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Voltage Regulator

Voltage regulator is used to convert or regulate voltage from one level to
another. PIC requires 5V power supply and some power supply cannot supply
that specific amount of voltage. Thus, voltage regulator comes into the
picture. Voltage regulator has three pins; input, ground and output. 7805
voltage regulator regulates input power supply to 5V output de, where else
7806 regulates to 6V output dc. The input must have higher voltage level
compared to the required output voltage. Figure 15 shows the voltage
regulator.

el

Figure 15: Voltage Regulator

Transistor

Bi-polar Junction Transistor (BJT) is made up of two different substrates
known as the P-substrate and the N-substrate. The P-substrate has the ‘hole’
as its majority carrier and electrons as its minority carrier. The N-substrate has
the vice-versa majority and minority carrier. BJT is multi-function
semiconductor component. It can be used to amplify signals and can act as an
automatic switch. BJT has 3 pins known as the Collector (C), the Base (B) and
the Emitter (E). To turn on the BJT, the voltage barrier between the Base and
the Emitter junction need to be overcome. The amount of voltage supplied to
the Base pin must be higher than the threshold voltage of the Base-Emitter
junction which is known as the Vgg. For silicone-type BJT, the Vag is 0.7V
while for germanium-type BJT, the Vgg is 0.3V. Generally, BJT is classified
into 2 categories; NPN-type and the PNP-type. The common model for the
NPN-type is 2N3904 and for the PNP-type is 2N3906.

Figure 16: Transistor
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Relay

Relay is used to separate two circuits and can act as a switch when it is
triggered. It consists of 2 ends of a coil, 2 common pin, a normally closed pin
and a normally opened pin. The 2 ends of the relay’s coil are connected to the
primary circuit that will trigger the relay. The common pin together with the
normally opened pin or the normally closed pin is connected to the secondary
circuit. At a time, either normally closed pin or normally opened pin is
connected to the secondarj circuit. The unused pin will be grounded. The term
‘normally opened’ is defined as the pin that is not connected to the common
pin during the time which the relay is not triggered by the primary circuit. The
normally closed circuit on the other hand has the vice-versa condition. To
irigger the relay, the threshold voltage of the relay needs to be overcome. For
instance, the value of the relay is 5V. To trigger the 5V type relay, a voltage
level supplied to the relay through its coil must be higher than 5V. Onee it is
triggered, the common pin will latched together with normally opened pin.

Fi 17: Relay

Diode
Diode is used to allow only one direction of current to flow through it. It does
not allow the current to flow in the opposite direction. This is known as tl%e
forward-bias operation. Normally, diode is used to regulate voltage from the
alternating form to the direct form. On the other hand, diode is normally used
for circuits’ protection purposes to prevent voltage feedback that may cause
damages to circuits from happening. Listed below are some of the diode types
that have different operating current limit that suits different kind of
requirements: ‘

o BY299 - also known as the power diode that can sustain up to 8A of

current
o LN4148 — also known as the zener diode that operates in reverse-bias

mode and can sustain up to 800mA of current
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e 1N4007 - can sustain up to 7A of current

From the three mentioned above, only the 1N4007 type is not equipped with
“fast recovery’ mode. This mode is vital in preserving the life of the micro-

controller connected to it.

o DC Motor
DC motors have their own rotation rate known as the RPM. RPM (Rotations
per Minute) is normally inversely proportional to their torque. The RPM of
the motor used is low since the mechanisms connected to them must be
controlted carefully to ensure its accuracy. The power supply for DC motors is
normally 12V up to 24V. Figure 19 shows the DC motor.

Tl

Figure 19: DC Motor

4.2.2 Remote Control and Robot Controller

The tele-operated robot involves the communication between the remote circuit and
the robot’s controtler circuit. The PIC of the remote circuit gives command to the PIC
of the robot’s controiler circuit to execute any commands given. The PIC of the
robot’s controller circuit will then controls the movement of the mechanisms

connected to it.
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The figure below shows the 2 slave PIC circuits cbnnected to the master PIC circuit.
The 2 slaves are meant to control the robot’s wheel movement and the mechanisms
movement separately. Each slave PIC will be activated based on which buttons of the
remote circuit are being pressed. All three circuits shares the same crystal resonator to
enable synchronize operation between them. This cendition is the basic part for the
I°C to work. The value of the crystal resonator tested is 4 MHz. This means that the
operation of the circuit is ref)eated 4 million times in one second based on the

following formula:

Period (t) = 1 / Frequency (Hz)

3k
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Figuare 20: Master and Slave Circuits Integrated Together

Every device connected to the °C bus needs to have individual set of pull-up resistors
that connect the bus to the power supply. This is done due to the need of pulling the
I°C bus high whenever the bus is idle. An idle bus indicates that any Masters along
the F°C bus can initiate the START condition to enable them to communicate with
other devices along the bus. The value of the pull-ups varies according to the value of
the power supply voltage, bus capacitance and the number of devices connected along
the bus.
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The wiring pattern of the F*C bus needs to be taken into consideration to minimize
interference along the bus lines. The wiring patiern shown in Figure 21 is used if the

bus lines exceeds 10cm and includes the Vpp and Vgg lines.

SDA

Von

Vsg
SCL

 Figure 21: Wiring Pattern [4]

4.2.3 Power Supply

A 12V battery will supply power to the whole circuits. However, components like the
micro-controller (PIC) and servo require 5V and 6V supply respectively. Over
voltages for these 2 components can caused damages. Thus, the 12V supply needs to
be converted into 5V and 6V. In this case, a voltage converier circuit has been
designed and constructed as shown in Figure 22 below. The components used for the
conversion to take place are the 7805 and 7806 voltage converters. The 7805 converts
the 12V supply into 5V, where else 7806 convert the 12V supply into 6V. The LEDs
on the circuit board are used to indicate that the voltage converters are working. The
voltage converters have 3 pins; supply from battery, ground and the converted output
voltage. A capacitor needs to be connected between the supply from battery’s pin and
the converted output voltage’s pin. The presence of the capacitor is to ensure that the
output voltage is a stable one. Heat-sink is connected to the voltage converters to

allow the dissipation of heat generated at the voltage converters.
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Figure 22: Voltage Converter Circuit
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4.2.4 DC Motor Driver with Speed Control

DC motors cannot be driven directly from the micro-c_onfroller (PIC). This is because
the voltage output from the PIC is in the range of 3 to 5 volts. The standard operating
voltage of dc motors are between 8 to 12 volts. Thus, external circuit needs are
designed and constructed to control the operation of the dc motors and to interface
them with the PIC. This is where motor driver circuit comes into the picture. The
motor driver circuit has the ability to control the direction and the speed of the dc
motors. Relays will be used when it comes to control only the rotation direction of the
dc motors. To control the rotation speed on the other hand requires a specific
component calied the h-bridge. In the project, two types of DC motor drivers are
used. “DC motor driver with speed control’ is used to control the robots’ wheels while
the ‘DC motor driver without speed control’ is used to control the mechanisms’

movement.

Figure 23 shows the schematic diagram of the DC motor driver with PWM. PWM
means Pulse Width Modulation, It is used to vary the speed of the dc motors®
rotation. In the schematic given, the main component used is the 1298 h-bridge. It
can control the speed and the direction of the dc motors rotation. One 1298 can
control 2 dc motors at a time. It receives specific signal from the PIC to perform

specific command.

Figure 23: DC Motor Driver with Speed Control Circuit Schematic
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4.2.5 DC Motor Driver without Speed Control

H-bridge is not required when it comes to control the rotation direction of the DC
mbtors with constant speed. Relays are used to replace the h-bridge in this case. One
DC motor requires one motor driver circuit that uses relays as shown in the figure
below. The output from the micro-controller is connected to the transistor. The
transistor will act as an automatic switch when the voltage level provided to the Base
(B) pin of it exceeds its threshold voltage value. In this case, the threshold voltage
value is 0.7V since it is a silicon-type transistor. Each relay controls one end of the
DC motor. Thus, 2 relays are required to control one DC motor. The direction of the

DC motor rotation is varied by varying the output of the micro-controller (refer Table

3).
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Figure 24; DC Motor Driver without Speed Control Circuit Schematic

T_able 3: DC Motor Rotation Direction

[Relay 1 Coil State | Relay 2 Coil State | DC Motor Direction |
0 0 No Rotation
0 i Clockwise
1 0 Counter Clockwise
1 1 Not Allowed
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4.3 Programming Algorithms

4.3.1 Conditional Master and Conditional Slaves

The main idea of the programming algorithm for the “Conditional Master and
Conditionat Slaves” is to allow only one stave PIC to execute certain command when
it is called by the master PIC. This is done by assigning the 2 slaves with 2 different
addresses to differentiate them with one another, In this case, the slave 1 is assigned
with the address of 0x10 while slave 2 is assigned with 0x20,

Each slave PIC would only execute when individual 4 buttons are being pushed at the
master circuit. That means each slave will execute 4 commands only. Slave 1 has
been assigned to control the robot maneuver while slave 2 to controls the robot’s
mechanism. Whenever buttons to control the robot’s maneuver are pressed, the
master PIC will ‘call’ slave 1 and sends data to it while slave 2 remains in idle state.
The same goes when the robot’s mechanisms buttons are being pressed where slave 2
will execute commands and slave 1 remains in idle state. Both slaves will be in idle

state when neither buttons are being pressed.

The outcome from the testing is that the communication between them works. Each
slave is able to execute command when the corresponding buttons were pushed.
However, some problems had risen during the testing. The output LEDs at slave 1 are
dim and not bright as compared to the LEDs at slave 2. This may happened due io
low level of output voltage at the LED. The troubleshooting patt of this problem has
been completed where resistors are connected in series with the LED. The output
voltage at the specified pins has the value between 3.3V to 5V whenever the output is
HIGH.
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4.3.2 Real-time Master and Conditional Slaves

The programming algorithm for the “Real-time Master and Cbnditional Slaves”
repeats the 4-steps of the J°C serial programming; étart, call address, write data and
stop. The repetition is done to call and send data to the both slave micro-controllers at
the same time. In reality, slave 0x20 should have some delay compared to the slave
0x10 since it received data from the master micro-controller later than slave 0x10,
Although the delay between them exists, it is negligible for slow or medium rate

communication.

The objective of the programming algorithm generated is achieved where both slave
0x10 and 0x20 responded to the push buttons that are being pushed at the master
micro-controller side. As expected, 0x20 responded later than 0x10 with a very
minimum period of time and almost undetectable. However, some problems are

detected as the circuit is tested. The problems are shown below:

¢ Only one slave responded as the push buttons are being pressed

o None of the slaves responded and seems to be in the idle state

Even though the problems stated above occurred, their occurrences are at the minimal
levet where most of the time both slaves responded to the data sent by the master

micro-controller.

The ‘real-time master and conditional slaves’ is more practical and ideal compared to
the other since the master PIC continuously sends binaries to slave PIC. The
execution part only happens in the slave PIC. This ensures that any modifications of
the programming algorithm only need to be done in the slave PIC. This is what a
standard remote-control is made of. On the other hand, the ‘real-time master and
conditional slaves® is not suitable when it comes to devices that perform their own
operation that are not related to the whole system. This is due to the fact that the
devices are continuously called by the Master even when the remote buttons that are

not related to them are pressed.
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4.4 End Product

Figure 25, 26 and 27 show the end product that integrates the 3 parts of the robot. The
parts are the structure and mechanism, the electronic circuits and the programming
algorithms.

Figure 25: The End Product Figure 26: The Robot Grips the Object

Figure 27: The Robot Lifts the Object
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CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

In this project, the objective of developing a tele-operated robot that has the capability
as a transporter is achieved. It is able to transport objects from a location to another
by using its gripper and lifter. I°C bus has been fully utilized in developing the tele-
operated robot. The project has lead to understanding of many robotics aspects
including the mechanism construction, electronic circuit development and
programming algorithms generation. The project has shown that PC bus is an ideal
communication bus between micro-controllers since it has the ability to cater the
problems faced by parallel bus usage in electronic systems. I2C bus has the ability to
reduce the circuits’ complexity, reduce the cost, has better accuracy and eases
systems modifications. The understanding of 1°C operations enables any electronic
components in systems to be manipulated at ease. The project aiso highlighted some
set-backs in terms of the communication between the electronic circuits. This
includes the F°C bus length limitation, real-time programming algorithms operation
and the proper selection of pull-up resistors. The improvements that can be made in
the future includes replace the wired communication with wireless communication
and add more capabilities to the robot. This includes by adding vision system and

making the robot able to cross different kinds of terrain without losing its balance.
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APPENDIX A
PIC 16F84 MICRO-CONTROLLER (PIN LAYOUT)
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MICROCHIR

PIC16F8X

18-pin Flash/EEPROM 8-Bit Microcontrollers

Devices Inciuded in this Data Sheet;

« PIC16F83

« PIC16F84

* PIC1BCR83

* PIC16CR84

* Extended voltage range devices available
(PIC186LF8X, PIC16LCRBX)

High Performance RISC CPU Features:

* Only 35 single word instructions to learn
* All instructions single cycle except for program
branches which are two-cycle
= Operating speed: DC - 10 MHz clock input
DC - 400 ns instruction cycle

Pin Diagrams

PDIP, SOIC
RA2 =t e1 N 18[] == RA1
RA3 =[] 2 175 - RAD
RA4TOCK «—=[]3 5 1 16 ~+— OSCICLKN
MCIR—=[]4 O O 150--» 0sc2cLKOUT
ves w15 @ & q4]-—vin
Om
RBOANT <—{]6 % 13[~—Re7
REBT =—s-[]7 § 12|} = RES
RB2 -—[18 11{] =—w RBS
RB3 +—-[] 9 10[1~—=RB4

Program Data | Data Max.

Device |Memory RAM |EEFROM |Freq
(words) (bytes) | (bytes) {MHz)

PIC16F83 [512 Flash 35 64 10
PICi8F84 |1 K-FElash 68 64 10
PIC16CRE3 1512 ROM 36 64 10
PIC16CRB4 |1 K ROM 68 64 10

+ 14-hit wide instructions
= B-bit wide data path
* 15 special function hardware registers
+ Eightfevel deep hardware stack
. Dir"ect, indirect and relative addressing modes
* Four interrupt sources:
- External RBO/INT pin
- TMRO timer overflow
- PORTB<7:4> interrupt on change
- Data EEPROM write complete
* 1000 erasefwrite cycles Flash program memory
- 10,000,000 erasefwrite cyc[és EEPROM data mem-
ofy
* EEPROM Data Retention > 40 years

Peripheral Features:

* 13 VO pins with individual directon control

* High current sink/source for direct LED drive
- 25 mA sink max. per pin
- 20 mA source max. per pin

* TMRO: 8-bit imerfcounter with 8-bit
programmable prescaier

Special Microcontrolier Featurss:

* In-Circuit Serial Pragramming ({CSP™) - via two
pins (ROM devices support only Data EEPROM
programming)

* Power-on Reset (PCOR)

Power-up Timer (PVWRT)

+ Oscillator Start-up Timer (OST)

* Watchdog Timer (WDT) with its own on-chip RC
oscillater for reliable aperation

» Code-protection

» Power saving SLEEP mode

* Selectable oscillater options

CMOS Flash/EEPROM Technology:

* Low-power, high-speed technology
« Fully static design
+ Wide operating veoltage range:

- Commergial: 2.0V to 6.0V
- Industrial 2.0V to 8.0V

+ Low power consumption:
- <2 mA typical @ 5V, 4 MHz
~ 15 pAtypical @ 2V, 32 Kriz
- <1 uA typical standby current @ 2V

1998 Microchip Technology Inc.
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APPENDIX B
PIC 16F877 MICRO-CONTROLLER (PIN LAYOUT)
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MicrocHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

* PIC16F873 * PIC16F878
= PIC16F874 = PiC16Fa77

Microcontroller Core Features:

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

* Al 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 BK 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 Memoary

* Pinout compatible to the PIC16CT73B/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 (PWRT) and
Oscillator Start-up Timer {O8T)

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

* Programmable code protéction

* Power saving SLEEP mode

+ Selectable oscillator options

* Low power, high speed CMOS FLASHIEEPROM
technology

* Fully static design

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

* Singie 5V In-Circuit Serial Pragramming capability

* In-Circuit Debugging via two pins

* Processor read/Mwrite access o program memory

* Wide operating voltage range: 2.0V to 5.5V

*+ High Sink/Source 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 A typical standby current

Y

© 2001 Microchip Technology Ihc.

Pin Diagram

PDIP
MCLRIVPP ——=-[] 1 C 40 El-—- RB7V/PGD
RADIANG ——w [ 2 38 [} w—» RB&/PGC
RAUANT -—-{T 2 38 (] «—» RBS
RAZIAN2VREF- -—[T4 37 [ a—» RB4
RAB/ANZVREF+ -5 36 [] +—= RBYPGM
RAYTOCK] w—w ] [ 35 [ | w—-m RB2
RAS/AN4/SS -] 7 <  3¢[1~—=Ra1
REG/RD/ANS ~—[] 8 b 23] RBOINT
REAARIANE =[] g LY P
REZTHANT w—=110 RO 31 [0 <—- ves
VDD — e [ 44 E 30 [J =—= RD7/P3P7
ves . .42 © 28 [[]~—= ROGPSPE
OSCUCLKIN —— [ 43 6 28 [ -—» RDSPSPS
OSCUCLKOUT w— [ 44 E 27 [] =—a RD4PSP4
RGMiéSéﬁ‘lC:KI -~ 15 26 7] ~—= REWRADT
RCHTI0SIICCP2 - [ 18 25 |3 ~+—» RCBITXICK
RCUCCP1 4—w [ 47 24 [7] w-—= RCHSDO
RCISCHISCL ~—w [T 18 23 { | +—= RC4/SDISDA
RDUPSPO <—w [ 10 22 [1=—» RO3PSP3
RDHPSP1 4—--q 20 21 (] w—= RD2PSR2

L

Peripheral Features:

= Timer0: 8-bit timer/counter with 8-bit prescaler
*» Timer1: 16-bit timerfcounter with prescaler,
can be incremented during SLEEP via external
erystaliclock
* Timer2: 8-bit timer/counter with 8-bit period
regisier, 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-hit
10-bit multi-channel Analog-to-Digital converter
* Synchronous Serial Port (SSP) with SPI™ (Master
mode) and I°C™ (Master/Slave)
Universal Synchronous Asynchronous Receiver
Transmitter (USART/SGI) 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)

DS30292Cpage 1
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TR R IR B BRE T HIRG S
NINGBO TIANBO GANGLIAN ELECTRONICS CO.,LTD
HJR-3FF 3%k 354w

5 SPECIFICATION
. NUMBER: P-08KB201A DATE: 2001/11/02
CONTACT DPATAfL S5 ¥
act Formfilt ST 1A/1C
act Materialfih S48} Silver Alloy
A:10A 240VA
t R BADSAC | ICTAMIVACIOA 0vACRSVDC
12A 120VAC/24VDC
Switching Voltage & K # i & 250VAC/30VDC
Switching Currents A #: 81 15A
Switching Power AR HITE 2770VA/240W
act ResistancedZ fiilr 1 PH 100m Q Max at 6VDC 1A
Expeciancy Electrical H= 100, 000 Operations(at300perations/minuie)
MachanicalHLHg F 10, 000, 000 Operations
GENERAL DATA &%
ation Resistance#/t 2 A {E 100M QMin  at 500VDC
ctric Strength Between Open Contactsfilt & 8]} & 750VAC(for one minute)
een Contacts and coilf /5 525 B A & 1500VAC(for one minute)
ite Time R & 5 18] 10ms
se TimeR§ i 7] Sms
erature RangeF 50 fF ~40°Cto+85°C (105°C)
 Resistancelhst Operating .Ex'tremesf;tﬁ’ﬁﬁliﬁ 10G
Damage Limitsf¥ b 5 B2 100G

tion Resistancelz3) 10-50Hz  1.5mm
dity ¥ /% 40—85%
HEE Approx 10g
 Standard %= 4 hE e ULCUL TUV CQC
“OIL DATAZ B S:4
inalVoltage | Coil Resistance at20'C£10%( Q )| Max Operate Voltage Min ReleaseVoltage | Max ApplicableVoltage
IEHEE 2R P FH{E BARABIE AR BREHEEE
VDC) (0.36W 0.45W VDC vDC vDC

3 25Q 2.29 0.3 3.9

5 70Q 3,75 .5 6.5

6 1000 4.5 0.6 7.8

9 2250Q 6. 7b 0.9 1.7

12 400Q 9 1.2 15.6

18 300 Q 13. 5 1.8 23.4

24 1600 Q 18 2.4 31,2

48 64000 +15% | 5100Q +-15% 36 4.8 62, 4




WORDERING CODE & WALH

HJR-3FF—12VDC—S—7Z

) ]— ZForm C fil U

] HForm A

Sealed &H
Coil Nominal Voltage 25 [B&75%E /&
Relay Model 23555

EOVERALL AND MOUNTING DIMENSIONS 2235 F]

9.5

0414 #-Ji_ﬂ .06 034
0.3
0.4 190
TAZE 4-01.350. %4
ﬁt} % ®1.4+0.1
g T —HF
- &
ie.2x0.1 2.0+0.1
—0 5
\ﬁ
] 33
b Lo
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Philips Semiconductors

Product specification

NPN switching transistor 2N3904
FEATURES PINNING
¢ Low current {max. 200 mA) PIN DESCRIPTION
s Low voltage (max. 40 V), 1 collector
2 lbase
APPLICATIONS 3 emitter

* High-speed switching.

DESCRIPTION

NPN switching transistor in @ TO-92; SOT54 plastic
package. PNP complement; 2N3806.

1

/2
%3

-

MAM2?E 3
Fig.1 Simplified outline (TO-92; SOT54)
and symbol.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
Vero collector-base voltage open ermitter - 60 vV
Veeo collector-emitter voltage open base - 40 Vv
Vegpp emitter-base voltage open collector - 6 vV
le collector current {DC) - 200 mA
lewm peak collector current - 300 mA
Ighi peak base current - 100 mA
Piot tolal power dissipation Tamb < 25 °C; note 1 - 500 vy
Teyg storage temperature -85 +150 - |°C
Tj Junction temperature - 150 °C
Tamb operating ambient temperature -85 +150 | °C

Note

1. Transistor mounted on an FR4 printed-circuit board.

1999 Apr 23




Philips Semiconductors Product specification

NPN switching transistor 2N3904
THERMAL CHARACTERISTICS

SYMBOL PARAMETER ' CONDITIONS VALUE - UNIT
Rinia thermal resistance from junction to ambient note 1 250 KW
Note . .

1. Transistor mounted on an FR4 printed-circuit board.

CHARACTERISTICS
Tarb=25°C.
SYMBOL PARAMETER CONDITIONS MIN. MAX. | UNIT
 leBO collector cut-off current It =0; Vep = 30 V o - |50 nA
lego emitter cut-off current le=0; Veg =BV - 50 nA
hee DC current gain Vee =1V, note 1
' lc = 0.1 mA 60 -
I =1mA 80 -
lc =10 mA 100 300
fc =50 mA 60 -
le =100 mA 30 |-
ViEeat collector-emitter saturation voltage ! Ic = 10 mA: Iz = 1 mA: note 1 - 200 mv
) le =50 mA 1z =5 mA; note 1 - 200 mv
VBEsat base-emitter saturation voltage le =10 mA; t3 = 1 mA; note 1 - 850 mv
Ic =50 mA; Ig = 5 mA; note 1 - 950 my
Ce¢ collector capacitance lg=ie=0;Vea=5V. f=1MHz - 4 pF
Ce emitter capacitance e=ie=0, VEea=500mV; f= 1 MHz |- -8 pF
fr transition frequency =10 mA; Ve =20 V: =100 MHz | 300 - MHz
F noise figure g =100 pA; Veg =5V, Rg = 1 k2 - 5 dB
: f= 10 HZ 10 15.7 KMz
Switching times {between 10% and 90% levels); see Fig.2
ton tum-an time foan = 10 MA; Iggn =1 mA; = 65 ns
g delay time lBosr = —~1 MA - 35 ns
t rise time - 35 ns
o turn=off time = 240 ns
ts storage time - 1200 ns
1 falf time - 50 ns
Note

1. Pulse test: t, < 300 us; 5 < 0.02.

1990 Apr23 3
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[S77

L298

DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGE UP TO 46 V

« TOTAL DC CURRENTUP TO 4 A

= LOW SATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

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

DESCRIPTION

The L.298 is an integrated monolithic circuit in a 15-
lead Multiwatt and PowerS020 packages. it is a
high voltage, high current dual full-bridge diiver de-
signed to accept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enable inputs are provided to
enable ordisable the device independently ofthe in-
put signals. The emitters of the lower transistors of
each bridge are connected together and the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

Multiwatits PowerSQ20

ORDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (Power§8020)

nection of an external sensing resistor. An additional
supply input is provided so that the logic works at a
lower voitage.

+ VY
T m(:;z 3 W00nF 0$3 ouTs
2 3 % 3 W%
+¥%g
I
00nF
Int : Ing
o—42 ] b
n2 In3
P £ 10 brly
EnA % Vi EnB
O
1 [ 15 —0
SENSE A ! _L ——OSENSE S 2
Rsa Rsy
Jenuary 2000 3




L298

ABSOLUTE MAXIMUM RATINGS

Symbel Paramefer Valiie Uiit
Vs Power Supply 80 v
Vss Logic Supply Voltage 7 Vi
V1, Ven IipLit ahd Ehable Valage 03167 v
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100us) 3 A
~Repetitive (80% on —20% off: t,, = 10ms) 25 A
—~DC Operation 2 A
Veens Sensing Voltage -11023 v
Ptat Total Power Dissipation (Teaee = 75°C) 25 _ w
Top Junetion Operating Temperature ~2510 130 °C
Tsig, T;  |[Storage and Junction Temperature —40 to 150 °C
PIN CONNECTIONS (top view)
/ 1 ~ (EH B—— CURRENT SENSING B
) 14 777 oUTPUTA
‘Q} (I IR QUTPUT 3
(P SE— 1T
AN N ENABLE 8
(LN Em— T
s LOGIC SUPPLY VOLTAGE V,
[futiwattts B
A A INPUT 2
6 " ENABLEA
G I INPUT 1
4 "7 SUPPLY VOLTAGE Y
$_ al T UTPUT 2
2T Y QUTRUT A
\ [ ~ ' F——3  currenTsensmca
Z TAB CONNECTED TG PIN & DISINEA
d
GND [ 1 20 1 GNp
SenseA [ 2 19 777 Sense B
NC. 13 18 [ ncC.
outd ] 4 17 1 oud
ouz 45 PowerS8020 15 [ out3
vs s 15 77 input4
mputt T 7 14 1 Enable B
EnableA [ 1 a 13 [ Input3
input2 ] o 12 7] vss
GND : 10 11 71 eND
09518239
THERMAL DATA
Bymhol Parameter PowerS020 Multiwaitis Unit
Rinjease | Thermal Resistance Junction-case Max. - 3 °CWY
Ripjamb | Thermal Resistance Junction-ambient Max. 13( 35 SCAN

(*) Mounted on alurinum substrate

2113

3




L298

PIN FUNCTIONS (refer to the block diagram)

MW.15 PowersS0 Name Function
1,18 219 Sense A Sense B |Between this pin and ground is connected the sense resistor fo
_ control the current of the foad. ) .
23 4,5 ‘Out1; Qut 2 Outputs 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 non-inductive 100nF capagitor must be connected between this
pin and ground.
57 7.9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
611 814 Enable A; Enable B | TTL Compatible Enabile Input: the L state disables the bridge A
{enable A} and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VES Supply Valtage for the Logic Blocks. A100nF capacutor must be
connected between this pin and ground.
10; 12 13;15 Input 3; Input 4 TTL Compatible Inpuis of the Bridge B.
13, 14 16;17 Out3; Out 4 Outputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored &t pin 15.
- 318 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V; V55 = 5V, T = 25°C; uniess otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. { Unit
Vs Supply Voltage (pin 4) Operative Condition Vig +2.5 45 v
Vsg Logic Supply Voltage {pin 9) 4.5 5 7 v

Is Quiescent Supply Cument (pin 4)  [Vea=H; 1, =0 Vi=L 13 22 mA
Vi=H 0 70 mA
Ven = Vi = X 4 A
lss  |Quiescent Current from Vas (pin 9) [Ven=H; 1, =0 Vi=L 24 36 mA
Vi=H 7 12 ma
Ven=1L V=X 6 mA
Vi Input Low Voltage 03 15 A
{pins 5,7, 10,12)
Vin Input High Voltage 23 VSS \'4
{pins5,7,10,12)
I Low Voltage Input Current Vi=L -10 pA
(pins 5, 7,10, 12}
lin High Veltage Input Current Vi=H 2 Vas L8V 30 100 HA
(pins 5,7, 10,12)
Ven = Enable Low Voltage {pins 6, 11) 0.3 1.5 V'
Ven=H |Enable High Voltage {pins 8, 11) 2.3 Veg \
len =L |Low Voltage Enable Current Ven=L -10 A
(pins 8, 11)
len=H |High Voltage Enable Current Ven = H < Vss ~0.6V 30 100 uA
{pins &, 11)
VeEsat ) [Source Saturation Voltage iL=1A 0.95 1.35 17 v
ho=2A 2 27 v
Veesaipy {Sink Saturation Voltage L=1A (5 0.85 12 1.6 v
L=2A (5) 1.7 23 v
Veesat | Total Drop L=1A (5) 1.80 32 v
IL=2A (5) 4.9 v
Vsens | Sensing Violtage (pins 1, 15) -t (1) 2 v
kyy 313
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master

//////////////////////////////////////////////////////////////////////////
slave: 0 (slave 1 to control robot movement)
0x20 (slave 2 to control robot mechanisms)

input: B0 = robot forward
Bl = robot reverse
B2 = robot turn Tefrt
B3 = robot turn right
B4 = mechanism up
B5 = mechanism down
B6 = mechanism grip
B7 = mechanism release

I2C pins = A0 (SDA)

Al (scL)

FIHLTELTIELITIFLITII 7110771177707 07F1 7717477777 17277777177777771477171777

#include <16F84A:h>
#use de?ay(c]ock 4000000)

#use I2C(MASTER;SDA=PIN_AQ, SCL=PIN_A1,

#define slave_address_1 0x10
#define slave address_2 0x20

int

keypress;

void hantar(int slave_address;int command);

void main()

output_high(PIN_A2);
?h11e(1)

keypress = input_b();
}f(keypress==0b00000001)
hantar(slave_address_1, 0x00):

}
?1se if(keypress==0b00000010)
hantar(slave_address_1, 0x01):

}
%1se 1f(keypress==0b00000100)
hantar(slave_address_1, 0x02);

}
?1se if(keypress==0b00001000)

Page 1
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master
hantar(s]ave_address_l, 0x03);
}
i]se 1f(keypress==0b00010000)

hantar(s1ave_address*2, 0x00);

}
?15e if(keypress==0b00100000)

hantar(s1ave&address_2, Ox01):

}
?1se 1f(keypress==0b01000000)

hantar(slave_addFESs_Z, 0x02%;

}
alsa if(keypress==0510000000)

hantar(s?ave_addressnz, 0x03);

'0id hantar(int sTave_address,int command)

i2c_start();

delay_ms(1):
i2c_write(s]avemaddress);
delay_ms(1):
iZcJNrite(command);
delay_ms(1);

i2c_stop();

delay_ims(1):

Page 2



stavelfypz

55////////////////[{/{///é{/é///!//////////f///[/////{////////!//////;/

Program: Slave 0x1 or. robot movément contro /j
?; i2c Pins: pin_cd4 (SDA), pin_c3 (SCL) ' ;;
/7 output: 84 = right motor (terminal 1) //
/7 BS = r1%ht motor (terminal 2) -/
/7 B6 = left motor (terminal 1) /7
;/ B7 = left motor (terminal 2) 77

/ /7
LIITTIIIIIIIITII L7177 00 11701071 117777777777777777077777717777777771777

#include <16F877a.h>
#fuses XT, NOWDT , NOPROTECT ,NOPUT
#use delay(clock=4000000)
#use T2C(SLAVE; SDA=PIN_C4,SCL=PIN_C3;ADDRESS=0x10; FORCE_HW)
#define slave_address 0Ox10
#INT_SSP
void robot_forward();
void robot_reverse();
void robot_turn_left();
void robot_turn_right();
void robot_stop();
void ssp_interrupt()
setup_ccpl(CCP_PwM) ;
setup_ccp2 (CCP_PwM) :
setup_timer_2(T2_DIV_BY_4, 127, 1);
int rcvd_address, rcvd_data:
revd_address = i2c_read();
revd_data = i2c_read();
}f(rCVd_QerQSSE?S1ayg_ﬁderSS && rcvd_data==0x00)
) robot_forward(});
%15e if(rcvd_address==slave_address &R revd_data==0x(01)
robot_reverse();
else if(rcvd_address==slave_address && revd_data==0x02)
robot_turn_left();
else 1f(revd_address==slave_addrass && rovd_data=-=0x03)
robot_turn_right();
else

robot_stop();

roid main()

Page 1



void

void

void

void

s/oid

slavelfyp2

//enable interrupts
enable_interrupts(GLOBAL);

enable_interrupts(INT_SSP);

//1oop until interrupts take place

while(1)
{

) output_high(PIN_B?7);

robot_forward(}

output_high(PInN_B86);
output_low(PIN_B7);
set_pwml_duty(255);

output_high{(PIN_B4);
output_Tow{PIN_R5);
set_pwm2_duty(255);

robot_reverse()

output_low(PIN_B6):
output_high(PIN_B7);
set_pwml_duty(255):

output_low(PIN_B4);
output_high(PIN_R5);
set_pwm2_duty(255);

robot_turn_left()

output_low(PIN_B6);
output_high(PIN_B7);
set_pwml_duty(200):

output_high(PIN_B4);
output_low(PIN_B5):
set_pwm2_duty(200);

robot_turn_right()

output_high(PIN_B6);
output_Tow(PIN_B7);
set_pwml_duty(200);

output_low(PIN_B4):
output_high(PIN_BS);
set_pwm2_duty (200);

robot_stop()

output_low(PIN_B6);
output_Tow(PIN_B7):
set_pwml_duty(0);

output_Tow(PIN_B4);
output_Tow(PIN_B5);
set_pwm2_duty(0);
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slave2fyp2

////////[[///////k/////!////////////////f/////l////////////////////////
// 1 2 (0x20) f 1 /7

Program: Slave 2 ( or robot's mechanism contro v/
;? i2c Pins: pin_c4 (SDA), pin_c3 (scL) ;;
// output: pin_bl = mechanism for up/down (terminal 1) //
// pin_b2 = mechanism for up/down (terminal 2) /7
4/ pin_b4 = mechanism for grip/release (terminal 1) //

mechanism for grip/release (terminal 2) ¥

[/ pin_b5 = mes , .
?/////////////?////////////////////3///////////////////////////////////

#include <16F877a.h>
#fuses XT,NOWDT;NOPROTECT,NOPUT
#use delay(clock=4000000)
#use IZC(SLAVE@SDA?PIN_C4;SCL%PIN_C3gADDRESS=QX203FQRCE_HW)
#define slave_address 0x20
#INT_SSP
void mechanism_up();
void mechanism_down();
void mechanism_gripQ;
void mechanism_release();
void mechanism_stop();
void ssp_interrupt()
int rcvd_address,revd_data:
revd_address = 12c_read():
rcvd_data = i2c_read();
1{f(rcwi_.a:.ddr'essz—,--‘s:l‘="=L\,afe~r'suidress & revd_data==0x00)
mechanism_up();
?]se 1f{rcyd_address==s!aveﬂaddress & revd_data==0x01)
}

alse if(rcvd_address==slave_address &% rovd_data==0x02)

mechanism_down():

) mechanism_grip(Q;
else if(revd_address==slave_address && revd_data==0x03)

; mechanism_release();

else

) mechanism_stop():
oid main()

//enable dinterrupts

enable_interrupts(GLOBAL):
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void

void

void

void

void

slave2fyp?
enable_interrupts(INT_SSP);

//Toop until interrupts take place

hile() |
output_high(PIN_B7);
output_Tow(PIN_B1):
output_Tow(PIN_B2);

output_low(PIN_B4);
output_low(PIN_RS5);

mechanism_up ()

output_high(PIN_B1);
output_low(PIN_B2);

output_low(PIN_B4);
output_Tow(PIN_B5);
mechanism_down ()

output_low(PIN_B1);
output_high(PIN_B2);

output_low(PIN_B4);
output_Tow(PIN_B5):
meshanism_grip()

output_low(PIN_B1);
sutput_Tew(PIN_B2);

output_high(PIN_B4);
output_Tow(PIN_BS5);
mechanism_release()

output_low(PIN_BL);
output_Tow(PIN_B2):

output_low(PIN_B4);
output_high(PIN_RB5);
mechanism_stop()

output_low(PIN_B1);
output_Tow(PIN_B2);

output_low(PIN_B4);
output_Tow(PIN_B5);
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mastervl

#include <16F84a.h>
#fuses XT,NOWDT,NOPROTECT,NOPUT
#use delay(clock=4000000)

#use I2C(MASTER;SDA=PIN_AQ;SCL=PIN_Al,slow)
int data;
void main()
t while(1)
%nt data;

port_b_pullups(TRUE);
data = input_b();

i2c_start();
deTay_ms(1);
i2c_write(0x10);
delay_ms(1):
i2c_write(data);
delay_ms(1):

i2c_start();
delay_ms(1);
i2c write(0x20):
delay.ms(1);
i2c_write(data);
delay_ms(1);
i2c_stop();
§e1ay_ms(1);
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slavevl

#include <16F877a.h>
#fuses XT, NOWDT, NOPROTECT s NOPUT , NOLVP
#use delay(cTock=4000000)
#use I2C(SLAVE; SDA=PIN_C4,SCL=PIN_C3, ADDRESS=0x10, FORCE_HW)
#define slave_address 0x10
#INT_SSP
void ssp_interrupt()
int i=0;
setup_ccpl(CCP_PwM);
setup_ccp2 (CCP_PwM) ;
setup_timer_2(T2_DIV_BY_4, 127, 1);
int rcvd_address, datain;
revd address = 12¢_read();
}f (rcvd_address==s1ave_address)

datain = i2c_read();

if (datain==0b00000001)

¢ motor_forward():
else 4f (datain==0b00000010)
¢ motor_reverse();
gTse if (datain==0b00000100)
¢ motor_left();

é?se if (datain==0b00001000)
{ motor_right():

}
%1se
) motor_stop();
}
else;
oid main()

//enable interrupts
enable_interrupts(GLOBAL);

enab1e_interrupts(INT_SSP);

/{1000 until interrupts take place
?hi1e(1)' ' ' o '

: output_high(PIN_D2);
Page 1



vaid

void

void

void

void

motar_forward()

output_high(PIN_BO);
output_Tow(PIN_B1);
set_pwml_duty(255);

output_high(PIN_B2);
output_low(PIN_B3);
set_pwm2_duty(255);

motor_reverse()

output_Tow(PIN_BO);
output_high(PIN_B1);
set_pwml_duty(255);

output_low(PIN_B2);
output_high(PIN_B3);
set_pwm2_.duty(255);

motor_left()

output_Tow(PIN_80);
output_high(PIN_BL);
set_pwml_duty(200);

output_high(PIN_B2);
output_tow(PIN_B3);
set_pwm2_duty(200);

motor_right()

output_high(PIN_BO);
output_low(PIN_B1);
set_pwml_duty(200);

output_low(PIN_B2);
output_high(PIN_B3);
set_pwm2_duty(200);

motor_stop()

output_low(PIN_RO):
output_Tlow(PIN_B1);
set_pwml_duty(0);

output_Tow(PIN_B2);
output_low(PIN_B3);
set_pwm2_duty(0);

slaveyl
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slave2factvte at same time]

#include <16F877a.h>
#fuses XT,NOWDT » NOPROTECT, NOPUT, NOLVP
#use delay(clock=4000000)
#use T2C(SLAVE;SDA=PIN_C4;SCL=PIN_C3, ADDRESS=0x20, FORCE_Hw)
#define slave_address 0x20
#INT_SSP
void ssp_interrupt()
int rcvd_address; datain:
rcvd_address = iZc_read();
if (revd_address==slave_address)

datain = i2c_read();

}f (datain==0b00010000)
mechanism_up():

?]se if (datain==0b00100000)

}
$1se if (datain==0b01000000)

mechanism_down():

mechanism_gripQ;

}
?TSE if (datain==0b10000000)

mechanism_release();

oo

else

) mechanism_stop();
} .
else;

/0id main()
//enable interrupts
enable_interrupts(GLOBAL);
enable_interrupts(INT_SSP);

//1oop until interrupts take place
?hi1e(1) o

) output_high(PIN_D2):

oid mechanism_up()

output_high(PIN_BO);
Page 1



slave2factvte at same time]
output_Tow(PIN_B1); :

output_Tow(PIN_B2);

. cutput_low(PIN_RB3);

void mechanism_down()

output_Tow(PIN_BQ):
output_high(PIN_B1);

output_low(PIN_B2);
) output_Tow(PIN_B3):

void mechanism_grip()

output_low(PIN_BQ);
output_Tow(PIN_B1);

output_high(PIN_B2);
) output_Tow{PIN_B3);

void mechanism_release()

output_Tow(PIN_BO):
output_low(PIN_B1);

output_low(PIN_B2);
) output_high(PIN_B3);

void mechanism_stop()

output_Tow(PIN_BD);
output_Tow(PIN_BL1):

output_low(PIN_B2);
output_low(PIN_B3);
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PROJECT’S GANTT CHART

43



uonejuasald (el

(42r00 piey) poday jeutd -
Hoday [eouyoe] -

(1on00 Yos) poday jeuld -
Hoday yeiq -

2 Hoday ssauiboig -

| Joday ssaibold -
yooqboT Apjeepa -
uoisspugns suodey

Jo0ysaignal] pue iss] -
SOMYNOHD YIM SInjons ajelbeju;

SWISILRYOSL jjelsu) -
aseq ayj PONJsuon -

pash aq 0} sjeualell Aiuapi -
suisiueyosW pue aunnis ubisag -
aseq $J0q0y JO UOONASU)

jooyse|gnol . pue ise} -
Anoaia joqoy -
Algnond sjoulsy -

Aninoxo suonoeie au BuiBisacl

JOOYSNOJL pue 3sa] -

Old eAelg -

Oid 4158 -

wiaoby mEEEEmEm_ Buidojanag

e

o

2

£l

Ll

ol

[ (o]

i~

AS9OM

uopduosaq] YoM




