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Abstract

For the increasing interest in the remote controlling systems, especially through the inter-
net, it was decided to work on an internet controlling system named Web-Based Mobile Robot
Control System.

The system allows the user to control a mobile robot wirelessly through the internet, us-
ing software on a web page. This robot is semiautonomous, meaning that the user and the robot
will share the control process, where the user controls and supervises the movement of the robot
through sending new coordinates to the robot. And in the absence of the network coverage the
robot will execute the orders according to an implemented intelligent procedure, this procedure
will give, the robot the ability of avoiding obstacles and then proceed its primary objective. The
robot will have an onboard wireless transceiver to allow control signal to flow from and to the
robot, and it will have an on board camera, so that the user can get a video feed from the robot to
supervise and explore the surrounding, The most important feature of this system is the mobility
of the robot, the robot has no wires attached to it, portable power supply and an implemented in-
telligent.

The system has the ability to operate in ad-hoc mode, having only the robot system and a
client device to perform the controlling operation, no need for access point coverage or internet

access.
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Chapter One

I ntroduction

1.1 Overview

In recent years, the development of computer and reduction in size and cost of integrated
circuits lead to create intelligent systems like mobile robot, which has a lot of mechatronics ap-
plications and uses; among them entertainment and educational purposes. In addition to that,
wireless networks have become lately attractive to engineering applications, since the implemen-
tations of wireless networks have rabidly increased everyday in order to meet up the needs of
wireless engineering applications which gives the advantage of mobility, reliability, and efficien-
cy compared to any similar projects with wired networks.

One of the interesting application comes through the integration of mobile robot field with
wireless field, so we can get a Web-Based Mobile Robot Control System , which is the idea of
this project, it meets the needs of mobility and controllability of the robot from anywhere in the
world at any time through aweb page.

The robot design is intended for entertainment and educational purposes since it has a
small size, no wiring limitation, implemented intelligence, high mobility and maneuverability.

The robot in this project will be controlled and driven wirelessly through the internet by
receiving coordinates (X, y) from the user, the robot system uses a built on camera to monitor the
surrounding environment, where it sends the video feed to alow user to modify the movements
of the mobile robot, and the onboard camera wirelessly through the internet using simple web-
page software. In the absence of the wireless network coverage, the robot will be able to reach
the given coordinates autonomously with the ability of avoiding obstacles using a group of ultra
SONiC Sensors.



1.2 Project Idea

The project ideais to design and build an educational robot system that could be involved
in local or internationa robotic competitions. The robot will be completely controlled by a hu-
man user; wirelessly through the internet (World Wide Web) using a web page, see figure (1.1)
which describes the whole process.

User Mohile
Robot

Figure (1.1) System General Diagram

We can say that this robot is somehow works like the nervous system in humans for many
reasons; first of al, let us discuss how the human nervous system works in general.

Let us say that a human wants to move his arm, the brain sends moving orders to the arm
muscles. These orders will not be directly transmitted to muscles, they have to go through a net-
work of nerves that connects the brain with muscles, and then will be sent to the right muscle
through a complex network of nerves in the arm itself; according to the direction that the brain
wants, and finally an external feedback (Eyes) and internal feedback (nerves) will tell the brain
whether the operation is completed or not.

But what if a flame source interrupted the arm while moving it in the absence of vision,
will the muscle wait until thisinterruption is transmitted to the brain?!

In fact, no, the muscle will send this interruption to the spinal cord which will deal with it
directly and sends new orders to move the arm away from this interruption, until new orders are
received from the brain.



Now let us compare the operation of human nervous system with the robots operation. The
user (brain) wants to move the robot (arm) to a specific direction and position (x, y); he will give
the coordinates to the software (nerves) that he deals with on his personal computer to make the
move, these orders are transmitted as control signals through the internet and networks (nerves)
to the transceiver (nerves) that isimplemented on the robot, then this transceiver passes the con-
trol signals to the PIC (complex nerves in the arm) which run the motors to reach the new coor-
dinates, and a feedback data will be returned from the robot to the user all the way back through
the internet to inform him if the operation is done or not. These data can be visua video feed-
back (Eyes) and electrical signals from the sensors (nerves) implemented on the robot.

Now for the interruption case, if the robot faces a disturbance while performing the opera-
tion like a wall for example in the absence of network coverage (no controllability or video
feed), it will not wait until thisinterruption is transmitted to the user to make the right decision, it
will follow alntelligent procedure and send the disturbances directly from the sensors to the PIC
controller (spinal cord) which will make the right decision for avoiding the obstacle and then re-
turn to its original path, and if the robot faces a dead end, it will follow a Failsafe procedure,
meaning that it will hold still in its place until the network coverage is back again, so the user
will make the right decision.

So this project improves the performance of the mobile robots through eliminating the li-
mitation of wired connection which will alow the user to control the robot from any place in the
world at any time. And also the ability of autonomous driving and obstacles avoidance through
the implemented intelligence.



1.3 Methodology

Since this project is a mechatronics system, which is integration between multi-
disciplinary sciences, it can be represented by figure (1.2), which shows the synergistic integra-
tion of three engineering fields. Three teams will be working individually and as a group on
these fields to complete the project, they are a mechatronics engineer, communication engineer
and a computer engineer.

Mechanical

system
Electrical s

Figure (1.2) Synergic Integration

Mechanical System:

Designing and building the mechanical structure of the robot and choosing the ap-
propriate dimensions and shape in order to fit in al the internal component of the robot
and achieve the best mobility and maneuverability, aso insuring a full traction between
the wheels and the ground all the time, then designing the steering mechanism in order to
get the best mobility, maneuverability and stability. This includes implementing the
wheels, gears and motors.



Electrical System (Control System):

Implementing the motors for the movement of the robot and the onboard camera,
also designing the control circuit of the robot to suit the application, and then implement-
ing the battery back that will supply the entire component with power.

Also building and programming the transceiver circuit which will alow the flow
of control signals from the web into the robot and vice versa.

Computer System:

Implementing the micro-controller (PIC), program it with C language, and imple-
ment an intelligent avoiding obstacle procedure in it in order to give the robot the ability
of avoiding obstacles, and then interface it with the electromechanical component and
wireless transceiver.

1.4 Motivation

The system has some important points that come from the following:

The big picture of this project is to be able to control a mobile robot wirelessly through
the internet, despite the mechanical design simplicity and concentrating more on the idea
of wireless mobile controlling.

The design process which includes a multi-disciplinary teams of mechatronics, commu-
nication and computer sciences.

The implementation of an intelligent web-based mabile robot.

To provide an example bases for local or international robotic competitions.

Can be used as atoy for entertainment.

A programmable mobile robot that could be programmed easily according the designer
ideas for many entertainment options.



15 Literature Review

1.5.1 Overview

According to Robotics Industrial Association (RIA),”a robot is a reprogrammable, multi-
function, manipulator designed to move materias, parts, tools, or specialized devices through
variable programmed motions for the performance of avariety of tasks.”[1]

And the classification of robots can be According to the Japanese Industrial Robot A ssoci-
ation (JIRA):

Class 1: Manual-Handling Device: A device with multiple degrees of freedom
that is actuated by an operator.

Class 2: Fixed-Sequence Robot: A device that performs the successive stages of a
task according to a predetermined, unchanging method and is hard to modify.
Class 3: Variable-Sequence Robot: Same as class 2, but easy to modify.

Class 4. Playback Robot: A human performs the task manually by leading the ro-
bot, which records the motions for later playback. The robot repeats the same mo-
tions according to the recorded information.

Class 5: Numerical Control Robot: The operator supplies the robot with a move-
ment program rather than teaching it the task manually.

Class 6: Intelligent Robot: A robot with the means to understand its environment
and the ability to successfully complete a task despite changes in the surrounding
conditions under which it is to be performed.

Since the mobile robot in the project is controlled by a human operator, and also has in-
telligent to avoid obstacles, so it can be classified under Class 5 and 6.

Mobile robots could be found in many aspects of life and industrial applications, especial-
ly in tasks that are dangerous for human; since machines are less sensitive than people to radia-
tion and toxic encountered during some tasks such as; repairing nuclear plant equipment and ex-
ploring or working in dangerous environment. In addition to this, mobile robots could be found
in repetitive tasks such material handling systems, and storing systems. Add to this and that the
scientific researches and entertainment purposes.



1.5.2 Application of Mobile Robot

1.5.2.1 Exploring and performing operationsin Danger ous Environment

Some mobile robots are used for performing operations or exploring dangerous environ-
ment which humans can’t perform or reach so instead of doing the job, they use mobile robots to
perform operation from safety distance, and some of these robots are:

I. CASTOR- explosive ordinance disposal robot

Is a small, remote controlled mobile robot (cable and radio) designed to carry out inspec-
tion and intervention in hostile environments providing complete safety for the operator, figure
(1.3). It is dedicated to handling and neutralizing explosives (EOD and IEDD) as well as carry-
ing out operations in nuclear, bacteriological or chemica (NBC) fields. Operational 24 hours
thanks to its battery pack that can be replaced within less than 10 seconds. Its small size allowsiit
to operate easily in towns, airports and in the areas most difficult access: trains, tubes, buses, air-
craft aisles.

Figure (1.3) Castor Robot



I1. COBRA miniature inspection robot

Is a remote controlled mobile vehicle designed to perform inspection and neutralization
in environments inaccessible by field operations, figure (1.4). It is capable of carrying accesso-
ries such as a small disruptor, laser, and sensors. Four oversized tires and invertible operation
allow for mobility on any type of terrain or conditions. Low weight and high shock resistance
allow the unit to be deployed even through a window so that rapid and safe inspection may be
done with minimal human involvement.

Figure (1.4) CobraM.R

1. INBOT

It is designed for audio and video inspection, surveillance and reconnaissance missions
in confined zones such as pipelines, vehicle underbodies and buildings. Weighs only 5.6 Ibs.
(2.1kg) and can be carried by a single person. The robot's engineered protective packaging has
been specifically designed for fast deployment in harsh and dangerous environment. The robot is
literally “throw able” for rapid, safe deployment, Figure (1.5).

Figure (1.5) INBOT

1.5.2.2 Robotsfor special needs people

People who care for physically handicapped persons have great burdens in mind and
body, the problem of care for them will become a social problem. To solve this problem:



I. A small mobile robot system is developed. The purpose of this system is to pick up and
bring daily using objects putting them somewhere indoors semi-automatically. This mobile
robot system consists of a manipulator, amobile unit, avisual sensor, a control computer, an
operator console and a wireless LAN modem. This system gives information about the sur-
rounding area to the operator through the visual sensor and the operator console. The opera-
tor can control the mobile robot on an internet browser; it can be controlled from any type of
computer and any place. The operator console using internet browser is very simple and
easy to operate the robot, the communication method using computer network makes it
possible to extend the service area of maobile robot.

I1. Wheelchair mobile robot is found. It is a holonomic vehicle with a continuous transmis-
sion; this vehicle has four ball wheels. Independently actuated by DC motors, enablesit for
moving the vehicle in any direction within the plane and rotating it around its center [3].
The balls are fixed at the terminals of two beams, these two beams are intersecting at a joint
which hold a chair upon it. This joint is provided with a differential gear mechanism. The
angle between the two beams can be changed to continuously varying the gear ratio. This
wheelchair is provided with ajoystick to determine the direction of motion.

1.5.2.3 Teaching Robots

An example of such arobot is Lego-mindstorm robots. The mindstorm robot is a pro-
grammable 9 bit computer housed within a large Lego brick. It has 3 input ports, for touch and
light sensors, and three output ports for driving motors. The robot kit comes with software that
runs under windows operating system and enable the user to program the robot to perform an
endless variety of tasks. The programs can be downloaded to the robot using an infrared trans-
mitter that attaches to the computer serial port.

1.5.2.4 Scientific research
|. Tutebot

It isavery smplerobot, that can follow awall and when it bumps into something, asig-
nal from the bump sensor directs two motors to reverse direction, and then it will backup and
turn, what makes it turn is an element of state, or timing, in the system that is implemented with
aresistor-capacitor (RC) circuit, one for each wheel. Tuebots brain is an analog computer, which
is programmed only by adjusting potentiometers. Tutebots consists of switches, relays, motors,
and discrete electronic components, all of which can be assembled rather easily, Figure (1.6) [2].
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Figure (1.6) Tutebot Robot

I1. C.R.I.S - Computerized Robot Intelligence System

CRIS is afully autonomous mobile; it was created as a flexible, easily programmed re-
search platform for the testing of various Al agorithms. At the time that it was entered in the
1997 Fort Worth Regional Science Fair, the robot’s main function was to travel through an un-
known space for a given amount of time and then fin its way back to its origin based solely on
sensor readings of its environment. CRIS implements with three bump switches, and interface
card. The robot is driven by two incredibly strong 6Vdc power motors which each have their
own Yuasa 6V, 10AH batteries. CRIS also uses another 12V, 7AH lead acid battery for the com-
puter. The robot is approximately 48” high and has a diameter of 18”. The construction time of
the robot was around 13 months after 14 months of research and planning, Figure (1.7).

iy I'Eﬁ. E.#-'l.ji.is'l'-lr'-lin:"i% }

Figure (1.7) CRIS
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1.5.2.5 Micro - Ingpection Robot

One type of these robots is arobot that is 23mm in diameter and 110mm in length. It can
travel through both vertical pipes and curved sections. Its rate of travel is 6 mm/s. several micro
devices and micro-mechanism are built in this micro-robot such as planetary wheel mechanism,
micro camera, and micro hand for manipulating small objects in pipes.

The need to carry out inspections inside small pipe lines has grown recently with particu-
lar demand relating to the 1-in pipe lines often found in chemical plants, heat exchangers, and
gas or water supply systems. The robot is controlled manually by an operator observing the cam-
eraimages and handling ajoystick and bottoms on control pendant.

1.5.2.6 Material Handling

The purpose of material handling is to transfer raw materias, tools, medicines, and sup-
plies from one location to another to facilitate the overall operations of manufacturing or servic-
es. The handling of material must be performed safely, efficiently (at low cost), accurately, and
without damage to materials.

1.5.2.7 Past projects

At 2002 in Palestine polytechnic university a wired mobile robot graduation project was
introduced to the mechanical department of engineering. The robot can be operated in an auto-
matic and manual operation. In automatic operation it can follow a predetermined path which
consists of moving in forward for a programmed distance, then turning right or left through some
angle (programmed angle), then moving again in forward direction for another programmed dis-
tance. After these motions the robot can reverse its orientation and stop for a period of time for
the purpose of loading and unloading, and then it can return back following the same path to its
starting position. This automatic loop can be repeated for a desired number if times.

In manual operation the user can determine where the robot will go through entering the
desired distances and angles to alow the robot to move maximally ten movements, which are
combinations of forward, backward, left and right. The user can determine a desired velocity that
must be less or equal to .5(m/s), and through the pulse width modulation the speed of the robot
could be controlled [4].
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1.6 Time Planning

The following tables explain the expected timing plan for the first and second semester.

Table 1.1 Project Timing for the 1st semester Plan Table

e
T Weeks

——

T
T
Tasks ~
'\-\__“_-\-
-\.‘"H_

11

11

14

13

14

Cheosing project

Flerialune oo

) rMechamical
Aol onies

Cesign :
& Electrical

Sinerpralic Modoling

Control Design

Dravurmisnlalion

Table 1.2 Project Timing for the 2nd semester Plan Table

T Weeks

B S
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H""‘-‘_._\_\_\_

A

10

11

12

13

14

15

Building the mechanical
structure

Driving and steering
mechanism

Motors Implementation

Micro-Controller

Sensors Implementation

Designing Control Circuit

Documentation
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1.7 Estimated Cost

The following table shows estimated hardware costs.

1 Mechanical Structure 150
2 PIC Microcontrollers 100
3 Video Camera 340
4 WLAN Transceiver + Antenna 540
5 Motors 50
6 Boards & Integrated Circuits 160
7 Battery 70
8 Sensors 2350
Total (NIS) 3760

Table 1.3 Operating hardware costs
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1.8 Contents

Chapter one: Introduction to mobile robots, and the reason of choosing this project, lite-
rature review, methodology, project idea, cost of project, time tables.

Chapter two: This chapter introduces the design process of the robot, where the mechan-
ical, electrical and micro-controller parameters will be identified and designed.

Chapter three: The kinematic analysis of the mobile robot and the wheels configuration
will be discussed, motion restriction and degrees of freedom the robot hasin a plane.

Chapter four: This chapter will discuss the Control parameters, methods to control mo-
bile robots, computer control process, type of controllers and the design of control circuit.

Chapter five: This chapter introduces all the experiments and results which had been
tested on the robot and its components.

Chapter six: Recommendation and Future Work.

Appendix A: Robots board connection diagram.
Appendix B: Stepper and DC motors.

Appendix C: DC motors and stepper motor drive circuits.
Appendix D: PIC code.

Appendix E: Encoders and ultra sonic sensors.

Appendix F: Testing Codes.

References.
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Chapter Two

Design Concept

2.1 Introduction

This chapter discusses the design concept of the project as an input for the mechatronics
design. This part includes the mechanical, electrical, telecommunication and computer compo-
nents implemented in the project.

2.2 General Design Concept

The design of the robot must fit the requirements and the applications which had been
discussed in chapter one, this means that there is some parameters that must be identified in or-
der to choose the best configuration of mechanical, electrical, telecommunication, computer
components.

2.2.1 System parameters

This robot will be designed for driving on flat terrain, which means that it will have a
constant speed up to (0.7 m/s), and in order to achieve this speed, a suitable motors must be im-
plemented, this motor must be small, light and an acceptable power consumption.

And since this project uses small motors, the total mass of the robot must suit the motors
abilities (torque, power, and speed), which means that we must calculate the total inertia of the
robots structure and add it to the motors inertia so we can get an equivalent inertia and then con-
struct the transfer function of the system to make sure that this motor suits the robots operation
and check the dynamic response of the system whether it’s appropriate or not.

Then power consumption rate will be calculated in order to find the amount of power re-
quired to operate the robot. Also the number of analog 1/0 and digital 1/0 will be defined in or-
der to use a specific PIC with the suitable number analog/digital 1/O ports.
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2.3 Mechanical Design

2.3.1 Mechanical structure

One of the simplest yet most effective ways to build a small robot is to use a body made
of formed structure of plastic. Plastic is easy to machine and can produce a lightweight, rugged
chassis.

In mechanical design there are two design strategies; the first one is assuming that all di-
mensions, locations of connectors, and kinds of material are known, then fixing some of them
and see the best dimensions and locations after doing the analysis. The second strategy is seeing
what is available of materials, dimensions, and expects the best locations of connectors and sup-
porters, then check for a desired factor of safety [5]. The second strategy will be used.

This project is concerned with the design of mobile robot whose wheel arrangement will
be a differential configuration, with two rolling wheels (ideal) for stability, according to the
comparison we made in section (2.3.2). In this comparison we studied almost all wheels configu-
rations in order to get the best mobility maneuverability and stability.

The basic structure of the robot was chosen after identifying al the components of the
robot in order to fit al of them inside. We brought a plastic box, and then we machined it to fit
the projects parameters. The structure of the robot is smple: a plastic box covered with a plastic
surface, the weight of the box was 2.7 kg, and the dimensions were (approximately
40*30* 13cm°). The basic shape is shown in figure (2.1).

(@) Left view (b) Right view

Figure (2.1) Basic shape of the mobile robot
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2.3.2 Whesl arrangement

While people and many animals walk on legs, most mobile machines roll on wheels.
Wheels are simpler to control, pose fewer stability problems and can go faster than legs. Stability
is maintained by ensuring that the center of gravity of the vehicle is always within the triangle
formed by three points touching the ground [1].

The most familiar wheel layouts for vehicles are shown in figure (2.2):

Figure (2.2) wheel arrangement [4]

In figure (2.2.8) four wheels are placed at the corners of a rectangle. Normally the two
rear wheels are used for driving, and the forward two for steering. Alternative arrangements in-
clude front-wheel drive, four-wheel drive, and four-wheel steering alowing some limited side-
ways motions. Most four-wheel vehicles have limited maneuverability because they have to
move a forward direction in order to turn [1]. Also, awheel suspension system is required to en-
sure that the wheels are in contact with the ground at al times. When moving in astraight line all
wheels rotate at the same velocity. When turning corners, the inside wheel rotate slower than the
outside wheels, to avoid scrubbing because the contact distance traveled by the inside whedl is
shorter. In a mobile robot, these requirements are met by a good mechanical design and by con-
trolling of the drive of the wheels independently.
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One way to reduce the problems of four-wheeled vehicles is to replace the coupled steer-
ing wheels with one wheel, figure (2.2.b). The problem still remains that for accurate control
turning, the two drive wheels must rotate wheels must rotate at slightly different speeds. Three-
wheeled vehicles have the advantages that wheel-to-ground contact can be maintained on all
wheels without a suspension system. Here the single whedl is the drive wheel as well as the
steering wheel. Combining drive and steering mechanisms in one wheel results in a more com-
plex mechanical design. In other three-wheeled vehicles, two wheels are driven independently
and the third isidle. Steering is accomplished by driving a wheel at different speeds. For the ro-
bot to follow straight lines and curves accurately, motor speed must be controlled precisely.

However, inaccuracies in achieving the desired trgjectory can be caused by mechanical
factors like whedl dlip. In this design, the vehicle turns around a point along the axis between the
driven whedls. If this axis passes through the center of the vehicle then the center of gravity has
to be offset toward the idle wheel to maintain stability.

Two-wheeled vehicles figure (2.2.d), like bicycles, have stability problems, and thus have
not been used in robotics. And for climbing vehicles there is a stair-climbing vehicle figure
(2.2.9). Skid-steer locomotion figure (2.2.€) is commonly used on tracked vehicles such as tanks
and bulldozers, but is aso used on some four- and six-wheeled vehicles. Robots that make use of
tread have much larger ground contact patches, and this can significantly improve their maneu-
verability in loose terrain compared to conventional wheeled designs. However, due to this large
ground contact patch, changing the orientation of the robot usually requires a skidding turn,
wherein alarge portion of the track must slide against the terrain. The disadvantage of such con-
figurations is coupled to the slip/skid steering. Because of the large amount of skidding during a
turn, the exact centre of rotation of the robot is hard to predict and the exact change in position
and orientation is aso subject to variations depending on the ground friction. Controlling straight
line travel can be difficult to achieve. Therefore, dead reckoning on such robots is highly inaccu-
rate. Thisis the trade off that is made in return for extremely good maneuverability and traction
over rough and loose terrain. Furthermore, a dlip/skid approach on a high-friction surface can
quickly overcome the torque capabilities of the motors being used. In terms of power efficiency,
this approach is reasonably efficient on loose terrain but extremely inefficient otherwise.

This project uses the wheel arrangement showed in Figure (2.2.c). This Turtle robot con-
figuration was chosen because it overcomes the stability problem by having two idling castors,
on an axis perpendicular to the axis of the drive wheels and adds maneuverability and mobility to
the movement of the robot. Unless the castors are supported by a suspension system, the turtle
arrangement is suitable only for flat or slowly varying surfaces; one of the wheels can lose con-
tact with the surface, and lose traction and control [4].
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Figure (2.3) shows the wheel configuration and the implementation of the wheels in the
structure of the robot.

Figure (2.3) wheel configuration

Where the diameter of the front and rear wheels (castors) are 4cm and they have bearings
between them and the bottom of the robot in order to reduce the friction while turning and ma-
neuvering as much as possible, so they will not affect the maneuverability and mobility of the
robot, while the middle wheels (drive wheels) has 10cm diameter of rubber material.

Since the diameters of the castors and the drive wheels are not the same, we made some
modification during the construction phase, where we used metal rings and screws to get a ba
lanced contact with the ground for all of the wheels all the time.
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2.4 Electrical Design

2.4.1 Energy supply

In mobile robot, energy supply is needed to perform the specific task we want autono-
moudly. This energy is stored in accumulators or normal batteries. In fact there is a difference
between these terms, the first ones are rechargeabl e, and the others are not. In this project we will
use rechargeabl e batteries.

Choosing a battery configuration is a key feature in the design process. The dimensions,
voltage, weight and recharge method of the battery configuration form restrictions on the entire
design process and determine directly the autonomy of the robot.

2.4.2 Battery Pack

The Robot has many different components, and each component may need a different
voltage value, meaning that the robot must have different voltage values onboard. So the robot
carries a ‘sealed lead’ 12v-4Ah and a power rate of (48Wh), seefigure (2.4).

Figure (2.4) 12 voltage-4Ah Battery
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This main voltage source where used to supply two type of regulators onboard the robot,
one of them is TS317 variable regulator that gives a variable voltages according to the con-
nected resistors, this regulator where used to supply the robots transceiver and camera.

All of the connection circuits are in appendix A.

The other regulator was 7805 fixed regulator; it gives afixed (5v) used to supply the PIC,
H-bridge, ICs and ultrasonic sensors, all of these components will be discussed in the coming
sections.

Table (2.1) shows the power consumption rate of all the components of the robot, to
check whether the battery is capable for the project or not.

Component Power Consumption(W)
PICs 2
Encoders 0.2
Motors 15
Ultrasonic .08
Camera 0.198
Power Transistors 12
Logic ICs 0.2
Transceiver 0.3
Regulators 6
Total 36.538

Table 2.1 Component Power Consumption
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Since the battery specifications are:
12V, 4Ah, 1.5kg and dimensions 100 *85* 65mm?.

=>» The total power that the battery can supply:

p=V*|

2.1)
p=12v* 4Ah = 48/\h

=>|f we considered the average power rating for the battery, since its voltage will drop to 10.5v
when the current capacity is almost zero, the power rating may be considered as 40Wh.

=>So if power consumption of the robot including all its internal components equals 36.538W,
we can calculate the operation time of the robot:

40(Wh) / 36.538(W) = 1h

(2.2)

Other specification of the battery back:
=>» Specific Energy 40Wh/1.5(kg) = 27(Wh/kg) . (2.3
=> Energy Density 40(Wh) * 0.100* 0.85* .065 = 22.1(Wh/ m®). (2.9)

2.4.3 Battery charging

In order to keep the robot at high performance capabilities, the battery must be recharged
after using it for more than one hour, this value were estimated through experiment were the ro-
bot suffered lack of power when it was operated for this time long.

So to charge the battery all we need is a (13.5v-13.7v) power source and a diode to pre-
vent the current from flowing back to the power supply after the battery is fully loaded. The
charging time must be between 6-9hours.
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2.5Motors

Motors are the parts that are responsible for the movement operation of the robot; they
convert the electrical energy they are supplied with into kinematic energy on their shafts, this
energy is used to move the robot and its camera base.

Two types of motors were used in this project, DC motors and stepper motor; they are
discussed in the next section.

2.5.1 DC Motor Specification

Since this project uses a differential configuration, then we had to use two motors for
steering and driving, each one is connected to a middle wheel at each side, so if want to drive the
robot in astraight line all we have to do isto equal the voltage on the two motors, and if we want
to turn left or right, we can make one of the motors to turn in the opposite direction of the other,
and if we want to drive the robot in an arc direction, we can vary the voltage of the motors where
one of them will be faster than the other according to the direction we want.

And in order to be able to control and vary the speed of the motors, which will mostly be
about (0.7 m/s), we chose the Compound-Wound RS445PA DC Motors; see figure (2.5); where
it’s a combination of the shunt wound and series wound types combining the characteristics of
both. Characteristics may be varied by varying the combination of the two windings. These mo-
tors are generally used where severe starting conditions are met and constant speed is required at
the same time. This motor needs one voltage source, and is fed from the drive circuit which will
be discussed later in this chapter.
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Figure (2.5) compound RS445PA DC Motors

This motor has an acceptable power rate (7.87w), small size, light weight (127g), high ef-
ficiency and wide operating voltage range, see appendix B.
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2.5.2DC Motor Driving Circuit

And to be able to control the direction of the each motor separately (cw or ccw) and rate
of voltage transmitted to each motor, LM 298 H-bridge were used on each motor, see figure (2.6),
it consists of four switches connected in the topology of H. Where al switches are opened and
closed so as to put a voltage of one polarity across the motor for current to flow through it in one
direction, or avoltage of the opposite direction, causing current to flow through the motor in op-
posite direction for reverse rotation.
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Figure (2.6) H-bridge using transistors

The previous figure shows the wiring connection of the LM 298 dual H-bridge, wherein-
put (1, 2, 3 and 4) receives the Pulse Width Modulation (described in section 2.6.2) and direc-
tion signals from the PIC through an external Logic Circuit that is described in the next section,
which passes these signals to the motors through output (1, 2, 3 and 4). The H-bridge is supplied
with two voltages, one is 5v used to operate the H-bridge and the other is 24v used as supply
voltage for the motors, also it has an enable signal that enables or disablesiit, these enable are
connected to the sensing element described below.

The connection diagram is described briefly in appendix C.

In order to protect the motors and the H-bridge from high current flow, two pinsin the H-
bridge are used as sensing elements for current sensing, they are connected to a 1A fuse, where it
allows only the current below 1A to flow through the circuit to since the motors can’t hold more

than (1.47A) at stall moment, so as long as the current is below 1A, these pins outputs will be
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high logic voltage meaning that the H-bridge is enabled, and at the moment the current exceeds
1A, the H-bridge is disabled.

2.5.3 External logic Circuit

The robot as mentioned before uses two DC motors, and this requires four signals for
each motor to control its speed and direction. And since we have one control PIC on the robot
which has only two PWM pinsin its configuration, we had to build an external logic circuit that
can supply each motor with a direction and speed signal, thislogic circuit consists of two IC’s,
thefirst oneis 7408 AND gate and the second is 7404 INVERTER gate, where the AND gate
receives the PWM and direction signals from the PIC and passes them to the H-bridge, so each
motor has four signals for controlling direction and speed.

Much more details are mentioned in the Appendix C.

2.5.4 Gear Reduction

As mentioned before, the voltage of the two motors will be controlled by the PIC, but
though, gears had to be implemented in order to reduce the speed of wheels and also to increase
the motors torque on the wheel, to allow the wheels to overcome internal motors friction, or fric-
tion between the wheels and ground.

Theratio of the gear reduction was chosen in away that reduces the speed of the wheel
with respect to the motors in acceptable way, and also to satisfy the torque required for overcom-
ing the friction.

The gear reduction ratio is as follow:

Motor
/

Belt

)
/

Coupled to wheel

Figure (2.7) Gear reduction
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Figure (2.7) shows the gear reduction that is coupled to the motors with 1:11 ratio, mean-
ing that the shaft of the motor must rotate eleven revolutionsin order to rotate the wheel one rev-
olution.

2.5.5 Stepper Motor Specification

Stepper motor is used in this project due to its flexibility, high output torque, high per-
formance with the PIC and wide range of step degree, this project has a stepper motor with (3.5°)
degree, input voltage of (12-24v) that suits the power rate see appendix B.
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Figure (2.8) Bipolar Stepper Motor

Where the stepper motor in figure (2.8) were used to move the camera base that carries
the robots camera, and since the camera had to be rotated a full rotation for more than one time,
the cable connection would have been a problem, so instead of connecting the cameras wires di-
rectly to the robots board, a handmade base where constructed to allow the camerato rotate
360° freely with no restriction, see figure (2.9).

This handmade base consists of two plastic gears, where the lower gear has four circular
shape copper wires that isfixed into it, and these wires are connected to the robots board, where
asfor upper gear, it has four copper pins, that isfixed into it, and the cameras wires were con-
nected to them.
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Figure (2.9) the handmade camera base

The copper on the two gears remainsin contact all the time, whether the camera rotates
(10°) degrees or (720°) degree.

The coupling with the stepper was with the lower gear, where the stepper was fixed on
the internal side of the robots cover and connected through the robots board to the drive circuit of
the stepper.

2.5.6 Stepper Motor Drive Circuit

Since the stepper motor requires a high power signal that the PIC cannot supply, an ex-
ternal drive circuit had to be interfaced between the motor and the PIC, this drive circuit consists
of four 120TIP NPN Darlington Power Transistor, these transistor are used to amplify the signal
coming from the PIC, and passes it to the stepper, the transistor works as a switch that connects
the supply voltage connected to the collector voltage (12v); to the motor when its base receives a
high logic signal.

Schematic of the connection diagram is in appendix C, also appendix D includes for the
code for moving the stepper.
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2.6 Microcontroller Design and Programming

A microcontroller (also microcontroller unit, MCU or uC) as defined in Wikipedia is “a
small computer on a single integrated circuit consisting of a relatively simple CPU combined
with support functions such as a crystal oscillator, timers, watchdog timer, serial and analog I/O
etc. [8]

Microcontrollers have long been a convenient interface for the embedded systems; they
represent the core of the control system for the electronic devices in dedicated applications.
Thus, in contrast the microprocessors that are used in general purpose applications like personal
computers that need high-performance. Microcontrollers contain data and program memory,
serial and parallel 1/0, timers, and external and internal interrupts [9], and many more peripher-
als, made them a strong choice when implementing control systems.

Microcontrollers are used in automatically controlled products and devices, such as au-
tomobile engine control systems, remote controls, office machines, appliances, power tools, and
toys. By reducing the size and cost compared to a design that uses a separate microprocessor,
memory, and input/output devices, microcontrollers make it economical to digitally control even
more devices and processes. Mixed signal microcontrollers are common, integrating analog
components needed to control non-digital electronic systems. [8].

Microcontrollers exist in many types and forms, for different applications and costs. And hereis
a list of some microcontrollers’ types that are known in the market:

1) MIPS (32-bit PIC32)
2) ARM processors
3) 8051

4) PIC (8-bit PIC16, PIC18, 16-bit dsPIC33/ PIC24)

In this project the PIC microcontrollersis the type that will be discussed.

The PIC microcontrollers are a family from Harvard architecture microcontrollersthat is
manufactured by Microchip Technology. The name PIC at the beginnings stood for “Programm:-
able Interface Controller” and shortly after that was replaced with the name “Programmable In-
telligent Computers”.
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PICs are popular with both industrial developers and hobbyists alike due to their low
cost, wide availability, large user base, extensive collection of application notes, availability of
low cost or free development tools, and serial programming (and re-programming with flash
memory) capability.[10]

Figure (2.10) PIC Microcontrollers

The PIC microcontroller is part that requires much of programming, because it combines
all the hardware of the robot system, the interfacing with them, communicating with them, and
performs processing needed for the robot movement, the intelligent system to avoid obstacles,
seefigure (2.11).

Robot Svstem

| USART | ApccHo USART |
Digital /O | : Digital /0 |
Video I ADC CH7 Control
PIC PIC
| Clock nput 1 sy PWM 1 |
0,1,2,3
| Clock nput 2 PWM 2 |

Figure (2.11) PIC Microcontroller Components that requires programming
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2.6.1 USART Programming.

USART stands for Universal Synchronous Asynchronous Receive Transfer, which is a
very important component in the system, because it is responsible for the serial communications,
in which is used between the PICs, the WiFly transceiver and the camera.

2.6.2 PWM Programming

The Pulse Width Modulation (PWM) is used in this system to drive the two DC motors that is
responsible for the robot movement. Two motors requires two PWM outputs which are provided
by the PIC18F4550.

The frequency of PWM must be calculated carefully to match the DC motors and H-
bridge frequencies, which is 20 KHz for both of them.

=>=>PWM period formula:
Period = ((1/Frequency)/4 x (U/Fos) X Timer2 Prescaler) -1 (2.5
Period = ((1/20 x 103)/4 x (1/8 x 106) x 1)-1
Period = 99;

After calculating the frequency of the output PWM signal, it is essential to determine the
value of the Duty Cycle for each signal; this value determines the value of the voltage of the
PWM signal.

Duty Cycle Formula:
Duty Cycle = (Required Voltage/ Source Voltage) x 4 x PWM Period. (2.6)

The duty cycle value differsin this system by the function it is needed for, for example if
the motors are required to move in full speed, this requires the full scale of the voltage signa
from the PIC which is 5V, this can be accomplished by avalue of 396 for the duty cycle.

Much more detail s are mentioned with the code in appendix D.
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2.6.3 Timers Programming

Timers are very helpful modules in the PIC, they execute the required action in parallel
with the PIC execution, this was needed because the controlling of the robot movement must
work in parallel with sensors readings, and USART readings.

There are four timers in the PIC18F4550, TimerO, Timerl, Timer2, and Timer3. All of
them were needed in the code to implement the system functions. In this section a brief descrip-
tion of each timer will be discussed, why it was needed, and how it was programmed.

TimerO: This timer was configured to read the encoder (which is discussed in the coming
sections) of the left wheel, the output voltage of the encoder will act as the input clock of
the timer, making the timer working as a counter, reading the number of pulses from the
encoder and calculating the relationship between the number of pulses and actual distance
moved is described in section (2.7.3).

Timerl: Same as Timer0, but it is connected with the right wheel encoder.
Timer2: Used for the PWM operation, working as the counter of the period.

Timer3: Used also for the PWM operation, working as the counter of the Duty cycle.

More details and codes are described in the Appendix D.
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2.7 Sensors

The mobile robot in this project is controlled from distance, and probably most of the
time the user will not have a sight on the robot even if the user can supervise the driving through
the camera, yet he can’t have a full view at one time for the surrounding area, and so sensors are
used to assist the user in controlling the robots movement accurately, or to interrupt the driving
operation before any damage can harm the robot, which is called a failsafe. Sensors in this
project can be classified as.

2.7.1 External Sensors

External sensors measure the interaction of arobot with its environment. The range of ex-
ternal sensors are very large, an examples of them are touch, proximity, sound, gas-mixture,
pressure, temperature and vision camera sensor. In this project LV-MaxSonar-EZO sensors are
used, seefigure (2.12).

Figure (2.12) LV-MaxSonar-EZ0

These ultrasonic sensors can range objects up to 6.45m (even when ranging moving ob-
jects), it has small size, low power and high sensitivity. The ranging processis described in the
next section.

Eight LV-MaxSonar-EZ0 sensors are implemented around the robot in a way that helps
the robot to recognize the surroundings easily, this configuration was chosen also to fit the intel-
ligence procedure the robot will follow when it find an obstacle. And since the sensors have a
large beam width, when they recognize the ground as an obstacle when they were implemented
on the robot, so we had to reduce the range of 6 sensors (right, left and back side) to (20cm)
where as the front sensors were implemented at (15°) up to be able to set their range to (1.5m) to
give the robot the ability to check where it’s going before it start the operation, see figure (2.13),
also see appendix E.
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Figure (2.13) Ultrasonic Implementation

2.7.2 ADC Programming

The programming of the Analog-to-Digital converter module is very simple but essential
in this system, the ultrasonic sensors (discussed in the next section) are connected to this module,
they output a voltage signal, and its value determines the range of the closest obstacle.

To program the ADC to read the range, it isimportant to determine the Least Significant

value of the ADC, which is the value of voltage that is detected by the module referred to as the
resolution.

LSB= Input \oltage/2APC =N - \Where ADC-resolution = 10 bit (2.7)
LSB = 5V/1024= 4.8828125mV

Then to calculate the value of the ADC that represents the range in inches the sensors
sensitivity isimportant. So, the distance of the obstacle formulais:

Value of ADC (integer) = Distance (inches) x Sensitivity / LSB (2.8

Sensors sensitivity: A supply of 5V yields ~9.8mV/in.
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For example if the robot is needed to detect obstacles close than 30cm. the value of the
ADC will be:

ADC = ((30cm/2.5)(inches) x 9.8)/ 4.8828125 = 24. (2.9)

More techniques to deal with eight analog inputs one for each sensor will be fully dis-
cussed in the Appendix D.

2.7.3 Internal Sensors

As we said, this mobile robot is controlled from distance, and so the controller must en-
sure perfect tracking for the motors in order to control their rotation and position, and to be able
to do that, sensors must be implemented in the feedback branch of the controller, some of the
sensors that could be used for this job, is the optical encoder see figure (2.14), it consists of tran-
sistor (LED) and receiver (phototransistor) and a disc with many small holes or dots near the
outside circumference. The disc is attached to a motor shaft. The light from LED flashes on and
off each time the slots pass by as the disc rotates, producing digital signal which can be counted
and then converted into distance traveled.
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Figure (2.14) Optical Encoder

The CE incremental rotary encoder is used in this project, where it has (60pul se/rev) for
resolution, and has two phases in order to know the movement direction of the robot, see figure
(2.15).
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Figure (2.15) CE rotary encoder

And since the direction of movement is extremely important for the robot, an external
logic circuit was implemented in the robot to identify the movement direction (forward or back-
ward). It’s important because the robot will sum the distance reached to the value saved in its
memory, or subtract the value of the present data from the past datain order to calculate there-
maining distance to reach the new coordinates.

Thislogic circuit consists of a 7474 Flip-Flop, where phase A of the encoders were con-
nected to the Q pin, and phase B was connected to the Clock pin in the flip flop.

Much more details about the connection diagram and code are mentioned in the appendix
CandD.

The encoders are coupled to the motors back shafts directly, which means they are before
the gear reduction (ratio 11 motor: 1 wheel), so if the wheel makes a one revolution, the encoder
must rotate 11 revolutions, meaning that the relation of the pulses and the wheel rotation will be
asfollows:

2*p*R

>>P. (2.10)
N  11*60
* *
N = D 11760 2.11)
2*p* R
N = D711%60 (2.12)
2*p*5
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N = D66 (2.13)

Y
Where N: number of pulses.
D: distance reached (cm).

R: radius of whed!.

For example: if the robot is ordered to move 1m the timerQ reading must reach 955.

So after we found the relation between the number of revolution of the wheel and the
number of the revolution of the encoder, we can easily give the robot an order to move a specific
distance, which will be aswe said (X, y) coordinates, where these values will be transmitted
through the web server then it will be converted in the PIC into distance and an angle according
to the below equations, and then sends them to the microcontroller on the robot through the tran-

sceiver.
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Figure (2.16) calculating new coordinates

The PIC will receive the new coordinates through the transceiver and it will start compu-
ting the angle to rotate and the distance to move with respect to the reference axis at (X1, Y1)
through the following equation that will be programmed inside it.

L=, - )% +(X, - x)* (2.14)
f=tant Yz Y (2.15)
(Xz - X1)

And after the PIC calculates these values, they will be defined in aregister inside the PIC
and they will be compared with the encoders reading to indicate whether the robot has reached
its destination or not.

Much more explanation about encoder’s, moving functions and codes are in the appendix
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Chapter Three

Kinematic M odeling

3.1 Introduction

This chapter discusses the kinematic modeling of the robot and wheels. Kinematic is the
branch of classical mechanics that describes the motion of objects without consideration of the
causes leading to the motion [15].

In order to find the kinematic model of the robot and the wheels, we need to specify the
coordinate frames of them. Coordinate frames are assigned at both ends of each link. The links of
a wheeled mobile robot are the floor, the robots body and the steering link. The relationship be-
tween the body of the robot and the floor is modeled by two coordinate frames, one is attached to
the center of the robot and the other is attached to the floor. The degrees of freedom of the robot
are three (X, y, z), while a conventional wheel has only two degree of freedom, because the third
degree of freedom in model is eliminated when setting the z-component to zero since the wheel
will move on aflat surface.

3.2 Modeling assumptions

a) Therobot movesin aplaner surface.

b) The guidance axis are perpendicular to floor.
¢) Wheelsrotate without any slippery problems.
d) Therobot does not have flexible part.

€) During smal amounts of time, which direction is maintained constant, the vehicle
will move from one point to other following a circumference arc.

f) Therobot is considered as a solid rigid body, and any movable parts are the direction
wheels, which are moved following a command control position.
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3.3 Kinematic Restrictions

Consider the wheel of the mobile robot as shown in figure (3.1), wheel movement (speed)
in direction x is calculated by radius r and angle speed rotation q by:

X=rq (3.1)

%
R

£

Figure (3.1) speed of wheels

by /

Figure (3.2) Kinematic restriction of wheelsin 2D plane

X isthe speed in the x direction, it is directly proportional by the angular velocity of the
wheel. However, other restrictions appear in wheels when the movement is restricted to a 2D
plane (X, y). Assume the angular orientation of a whedl is defined by anglef . Then, while the

wheel is following a path and having no sippery conditions, the velocity of the wheel at a given
time, which isset by rq ’, has the following restrictive velocity components (x y)with respect to

coordinate axes X and Y.
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Figure (3.3) Remark restrictions for 2D plane movement

rq = - xsinf + ycosf (3.2

Derive equation (3.2), for a constant speed the acceleration will be zero, there for:

0= xcosf +ysinf (3.3

Consider now that the mobile robot follows a circular trajectory as shown in figure (3.4),
notice that the lineal and angular velocities of the robot are given by

v =Ds/Dt (3.4)

v =Df /Dt (3.5)
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Figure (3.4) Circumference movement of the vehicle

X

Where Ds and Df are the arc distance traveled by the wheel, and its respective orienta

tion with respect to the global coordinates. The arc distance DS traveled in Pt time is obtained
by:

Ds = RDf (3.6)
Where R is the circumference radius of the whed!.
The curvature is defined as the inverse of theradius R as:

g=1/R=Df /Ds (3.7)

The movement equations in the initial position are given by the following expressions:
(Dx) = R(cos(Df ) - 1) (3.8)
(Dy) = Rsin(Df ) (3.9)

An extension of the later equation is provided in the next expression, considering a spe-
cificinitial orientation of anglef . This is accomplished by rotating the earlier initial coordinates

(3.8) and (3.9).
Dx = Rjcos(Df ) - 1] cosf - Rsin(Df )sinf (3.10)
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Dy = Rlcos(Df ) - Jsinf + Rsin(Df ) cosf (3.11)

Assuming now that the control interval is sufficiently small Dt =0, then we can assume the
orientation change would be small enough, and

cos(Df ) @l (3.12)

sin(Df ) @Df (313
Substituting (3.12) and (3.13) into (3.10) and (3.11), we get

Dx = - RDf sinf (3.14)

Dy = RDf cosf (3.15)
Now, considering (3.6), we get

Dx = - Dssinf (3.16)

Dy = Dscosf (3.17)

Dividing both sides of equations (3.16) and (3.17) by Dt , and considering also (3.4), if Dt tends
to zero, we finally get

X =-vsinf (3.16)
y = vcosf (3.17)
Also, using (3.5) we can obtain the complimentary equation

f=v (3.18)
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3.4 Jacobian M odd

Assume that p represents a point in the space having n generalized coordinates, and q a
vector of m actuation variables (for n>m), and assume p” and q’ are the respective derivatives of
such vectors, then the direct model is obtained by the jacobian matrix, J(p) by

p=J(P) (3.19)

The jacobian expression can be written in the form (Zhoa and Bennet):

p=1(p)+a 9(P)4 (320)
é sinfu €00

cosf u'“\/+%03/ (3.21)

O B &

p:

@®D> D> (D>

Where v is the linear velocity of the vehicle, and v isits angular velocity. These equations can
also be changed to the form of equation (3.19) as:

éxu é sinf Ou,

A A =\Vj N

S4=goost O g (3.22)
& & 0

g6 € 0 1

For g=[v v ]

Notice that combining the first two equations from (3.22), and eliminating v, we get back the re-
stricted relationship (3.3) by

xcosq + ysinf =0 (3.23)
Thisis due that the vehicle can only move along its longitudinal axis by
tanf =-x/y (3.24)

In other words, the vehicle position (x,y) and its orientationf are not independent.
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The inverse model of the system involves the inverse of the jacobian. When the jacobian is not a
square matrix, it is necessary to calculate its pseudo inverse, by multiplying both sides by J', and

solving for g’, to obtain:

g={I(p)" I(P} " I(p)" P

Then, for model (3.22) and using (3.19), we obtain

5 sinf  cosf OUéﬂ
0 o 1@

CR

From the first relationship, we obtain the earlier restricted condition (3.3) by

o O

<

[ ey enid
I

D> P

v =- xsinf + ycosf

3.5 Configuration of mobile robot

b

Figure (3.5) Differential configuration of mobile robot

(3.25)

(3.26)

(3.27)

Figure (3.5) shows the differential configuration of mobile robot, it use independent ve-
locities in both wheels |eft and right (v, and vg respectively) to move in the 2D plane to a specif-

ic point (x,y) and specific orientationf .
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Assume for differential model, that v  and v , are the corresponding angular velocities of

the left and right wheels. Given the radius of the wheels as r, the corresponding linear and angu-
lar velocities of the robot are given by

v=(Vg+Vv )/2=1(v g +Vv )/2 (3.28)

vV = (Vg-Vv)/b=rlv;-v )b (3.29)

Where b is the bias of the robot (separation of the two central wheels). Also, if the linear and an-
gular velocities are provided, then the angular vel ocities of the wheel can be obtained by

v, =(v- (00/2Vv)/r (3.30)

V= (v+(bDI2V )/ (3.31)

Substituting equations (3.28) and (3.29) into model of mobile robots (3.21), we find

éxu & (rsinf)/20 & (rsinf)/20
gyﬂ e(rcosf)IZt}/ +$ (rcosf)/zg}/ (3.32)

é‘g g -r/b § é rlb ¢

éxu & (rsinf)/2 - (rsinf)/20,

gyﬂ e(rcosf)/2 (rcosf)IZlJ?/LE (3.33)
g4 & -r/b rib g ~Y
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3.6 Force Interaction with Ground

Since the total weight of the robot is balanced consider the following free body diagram
of the robot, figure (3.6), where the center of gravity (G) of the robot was computed using CA-
TIA, and its located on the driving axis.

Figure (3.6) free body diagram (@)

Where
M: mass of the robot=3.95kg G: center of gravity
Fx1, Fxe: friction forcewith ground  F1, Fp, Fz3: Normal Force from ground
C1=12.5cm g= 9.81m/s’

h=10cm a= 0.7m/s

The previous figure shows the free body diagram of the robot, we can see the force inte-
raction between the robot and the ground in vertical and horizontal direction, where we have two
situations, the first one when moving forward where the rear wheel loses contact with ground
(F2=0), the second situation when moving backward where the front wheel |oses contact with
ground (F;3=0).
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The following equation expresses the interaction with ground, through cal culating the
moments around the center of gravity of the robot according to vehicle dynamic equations [13],
these equations will be as follow:

For the Vertical forces:

é C, U 2h
2>F, =2Mgge—— 1 - Ma— 3.34
“ gécl +C, H C, ( )

(3.35)

(3.36)
F,, =Mg- MaZLCl
After substituting the values of the variablesin (3.34), (3.35) and (3.36), we get:
F, =34.276N
F,, =37.594N While Fz will be zero when moving backward
F,, =37.594N While F», will be zero when moving forward

= =>Since Mg= 3.95*9.81 (3.37)
=38.7495N

Thisvalueis sufficient enough compared to the normal forces that are exerted on the ro-
bot, meaning that the robot will not flip over when it starts moving in either direction.
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3.7 Equivalent Inertia

The equivalent inertia of the robot is a very important and critical branch in the robot sys-
tem, since its value affect the performance of the robot during movement action. Also it’s impor-
tant because it’s substituted in the system over al transfer function.

Transfer function is arelation between the input and the output of the system, through it
we can consider the system stable or unstable and all other properties of the system are involved
in the transfer function formula.

Aswe said in order to find the transfer function of the system, the equivalent inertia must
be calculated. In this project the equivalent inertia consists of a summation of the motors inertia
and the structures inertia, we can use the kinematic energy to find its value as in the next section.

3.7.1 Kinetic Energy

The kinetic energy is defined as the work needed to accelerate a body of a given mass
from rest to its current velocity.

For our system the general kinematic equation is:

KEzlJ ¢ :ljf'z 1 '2+1J .2_'_1‘”.2 1.,

— — +— 3.38
2eqm 2mm 2 m 2 w 22w 2WW ( )

Where:
Jeq: Equivalent Inertia Jn: Motors Inertia
Ji: Motors gear inertia Jg: Structures Inertia
J: Wheels gear Inertia Jv: Wheels Inertia
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And since the gear reduction ratio is

o N 55 T (3.39)
foN, 1
We get
3y =3, 43, +113, +11J, +113, (3.40)

Thisvalue contains al the inertias of the robots components. And since the gear box con-
sists of two small gears of plastic as mentioned before, their inertias can be neglected. So that the
formulawill be:

Jo =J, +113, +113,, (2.41)

We can divide equation (3.41) into two main components, the first one isthe inertia at the motors
branch and the other one is the structuresinertia.

We will find them separately in the next two sections, and then they will be combined
together.

3.7.1.1 Motorslnertia

Let us start with motors branch inertia, see figure (3.7) which shows the components at
the motors branch, and consider J = J,, +11J, .

Motor

Figure (3.7) Motor branch inertia
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The value of (J) were obtained through an experiment using the XPC Target, since the
motors are coupled to gears and wheels; we were able to measure the motors response through
the encoders that are coupled to the motors; using the DAQ which stands for Data Acquisition
Card.

Note:

We mention that the XPC Target experiment was made before changing the gear box.
We changed the gear box due to a fatal damage we encounter while testing the robot on
ground, thisfatal damage forced us to modify the gear box ratio and change it from (1:6) to
(1:12).

So we recommend replaying this experiment with the new configuration to get an ac-
curate response. Though we assumed no difference between the two configurations due to
shortage of time we had.

3.7.1.1.1 XPC Target Experiment

Target Scope
Id: 1

\

Scope (xPC)

PCI-QUADO4
Comp. Boards Count -K- Pp-|du/dt
Inc. Encoder

Target Scope
Id: 3

\

Gain Derivative

PCI-QUADO4 Scope (xPC) 2

Target Scope
1 2 D)
Outl

\

Scope (xPC) 1

Figure (3.8) XPC target model

XPC target is atechnology that can be used to analyze data and systems through running
the experiment on two computers, the first one captures the data from the tested system, and the
other computer analyzeit.
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The robot were flipped over on it back, and the encoders were connected to the first com-
puter through the DA Q, then we ran the robots motor for ten seconds and captured the encoders
signal, then sent them to the XPC target that anal yzed the data that has been quantized, figure
(3.9) shows thefirst order response captured from this experiments.

The following figure represents the data obtained through the X PC target experiment.

200
180
160
140
120
100
80
Tl
40
20

Figure (3.9) Speed response of the motors

From thisfigure (3.9), we know that the system isafirst order system, we can see that
thereis some noise signal combined with the encoders signal, and thisis due to the 50Hz elec-
tricity supplied to the laboratory the experiment were made at.
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3.7.1.1.2 Deriving J the first component of Jeq

Since the previous figure shows the response of the motors, wheels and gears, we can use
the following equation to find the equivalent inertia of these components.

Generd first order motor transfer function is derived in chapter four, section three, equa-
tion (4.19):

C(S) = Sq(S) = K = Km/(Rab+ Kme)

V,(s) s+a t . s+1
Where g(s) : position of the motor V, (S) : armature voltage
Km, Kp: motors constant t ,; Time constant

R, armature resistance of the motor b: friction constant (neglected)

K: gain a ltime constant

And from the data acquired, the actual transfer function can be found, according to the
following points.

200 ] ] ] ] ] ] ] ] ]
_____ v T [ AN Ot U R
: : : : I i IM—A I
] Tyl ;_,.L?JLQ“UMW:‘H xaes W
1 1 1 ) I. . 1 Y1885 1
Y:185.5
160+- <o SN Rhsatid IO S
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
140k ---- [ - lm = = — — __——— - = - = = P | |-
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
120 -t R RREERERER R
1 1 1 1 1 1 1 1
] A SR SO S ]
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
80f---- t- - === 1= - === F----t -———- L - - ==
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
60---- 1o o [ L [ R B [
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
T SR S RS Aeer e
1 1 1 1 1 1 1 1
20f---- S - - = - - SN - - - S N
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
o I I I I I I I I
0 0.5 1 1.5 2 3 3.5 4 4.5 5
Figure (3.10) speed response
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From figure (3.10), we can estimate:
1) Theamplitudeis 188.5

2) Time constant= 63%* Amplitude

=118.755 a t=2.383-2.25=0.133
3) t=l/a > a=7.52
4) K=amplitude*a K=1417.3

Now the transfer function formula can be acquired:

C(s) = sls) K _14173,1 (Dueto old gear box)

V.(s) s+a s+752 6

2362
S+7.52

314 K /(Rb+K,K,)
0.133s+1 t s+l

(3.42)
(3.43)

(3.44)

(3.45)

And to find the value of (Je), We need to find the motors constants, using the following

eguations:
e
2K, =—2
Wnoload
> K = Tstall Ra
m
ea
Where e, armature voltage W, i0aq - SPEEd @t no load

Tgar: stall torque
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The values of these variables can be acquired from the motors data sheet in appendix,
where the torque, speed, efficiency and rated voltage are specified in the specification figure of

the motor, seefigure (3.11).

RS-445PA-14233 42.0V
n ] Py
75| 1E| 7500
L K u
X ﬁm
I 5
50| 0| soomof \ /
I / i
25 | OE| 2,500 J
i)
Ty
1 1 1 1 1 1 1 1 1 1 1 1 1 1
- =0 [mifd-mi| 100
e ; E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
& g = BOD [gcm] 1,300
T = 3
g a TOA0LE
i o il
[ = n
i _ w3

Figure (3.11) Motor specification

After substituting the variables values we get:

> K, =0.06

> K, =779*10"°

= R.=40* 10°3kilo-ohm

So now the value of first component inertia can be found through equation (4.20):

J

_ta(KK,,) _0.133(0.06* 77.910°%)

R,

J =1.55*10 °kg.m?

40*10°
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Now that we found the J value, all we have to do isto find the robot structure inertia, and
add it to the motorsinertiato get the equivalent inertia of the system.

3.7.1.2 Robot Structureinertia

The robot in this project can be considered under vehicles systems, meaning that vehicle
dynamic can be applied on it.

In order to find the structures inertia, the traction force with ground must be taken under
consideration, this leads to the following equations, figure (3.12).

-9 @ o

Figure (3.12) free body diagram (b)

Using Newton’s law:

23 F,.=Ma, (3.49)
>F, =Ma, +R,
Where:
a. acceleration=——— = 0.7m/ s ; Rx: Rolling Resistance Force
Fo=—a +f,wg (3.50)
g

f,: friction factor for low friction surface

55



F, = @0.7 +0.002* 3.95* 9.81= 0.35N
9.81

T.N
And dlso, Fo=-2 N Jaowes (351)
r
. T.Nnr- F.r?
Thisleadsto Jstructurezenra—xr (2.52)
* Q% *R*10°2 - * (R*10-2)2
qucture=0'01 6*0.85*6*10 0.35* (6*10°°) ~0.003 4kg.m2
0.7
Now that found the structures inertia, we can sum it to the motorsinertia,
Jeq:Jm+Jstructure (3.53)

Jeq=1.55* 10°+3.4* 10"=3.4155* 10°%kg.m?

So now the overall transfer function formulawill be like this after modifying equation (4.20),
and we can neglect the internal damping (b) since its value istoo small:

_ Rq
B (Kme)

t

_ 40*10°*3.4155*10°°

=0.028
(0.06* 77.9%10°%)

So the transfer function will be according to equation (4.19):

C(S) = Sq(S) = K = Km/(Rab+ Kme)
V,(s) s+a ts+1

_1/(K,) _ 1/0.06
ts+1 0.028s+1
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> C(s) = sq(s) _ 16.667
V,(s) 0.028s+1

Now that we found the overall transfer function, we can use to design the controller in chapter
four.
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Chapter 4

Control design

4.1 Introduction to Control System

The purpose of control is to force or change the behavior of a system to follow a desired
criterion.

In this project, two control loops will be used; the first one consists of the operator and a
high level software, the operator supervises the whole operation through the video feedback
transmitted from the robot through the internet, and controls it through the high level software
which will be programmed by LABVIEW, this loop depends on the operator himself and how
fast he will be in the reaction with deferent situations.

The second loop is an autonomous control in the robot itself, this loop consists of the sen-
sors (discussed in chapter three) and the controller that controls the position of the robot. The
design of this controller will be discussed later in this chapter.

> Computer (High Level Software)
SEELETIEEEE | ZEECECEEEEE
. Controller (Low Level Software) H
] ]
: L :
! Steer/Drive .
Operator I Elecironics I
1 !
I + I Sensor
: Vechamics : Electronics
] ]
!
: v 1
]
: Motion L Sensors
S e SRR I
Figure (4.1) Control Loops:
Left loop with operator Right loop autonomous control with sensors
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4.2 Closed Loop Control System

To obtain accurate control of a process during the execution of an action, feedback con-
trol is used where the variables that are being controlled are continually measured by feedback
then compared to reference (error calculation), and the action is modified according to a control
law implemented in the PIC controller to overcome the error.

When speaking about a motor in open loop control, there is no feedback from the motor,
telling the robot program how fast the wheels are turning or how far the robot has gone, and so to
implement true velocity- or position-control algorithm, the robot needs sensors on wheels, such
as the shaft encoder for position or velocity feedback which was mentioned earlier. Such feed-
back enables what are known as closed loop control algorithms. Figure (4.2) represents the main
configuration of the closed loop system for a DC motor.

B DC Motor (tear Reduction Wheels
Desired , g | controtier Transfer *
Ouitgais ~ Function

Encoders

,
3

Figure (4.2) Closed loop configuration

The fundamental reason for using feedback, despite its cost and additional complexity are
[12].

1. Decrease in the sensitivity of the system to variations in the parameters of the
process.

2. Ease of control and adjustment of the transient response of the system.

3. Improvement in the regjection of the disturbance and noise signals within the sys-
tem.

4. Improvement of transient response and reduction of steady-state error of the sys-
tem.
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4.3 DC motor Transfer function

The dc motor is a power actuator devise that delivers energy to aload, as shown in figure
(4.3) [14].

L&
Rt ar, 8 Load
S b | i
, SIY i ; .
i L3S {’.—!_.fjc. }=inertia
I

- ——

i#(t) b= friction

Figure (4.3) dc motor wiring

The dc motor converts direct current (dc) electrical energy into rotational mechanical
energy. A major fraction of the torque generated in the rotor (armature) of the motor is available
to drive and external load. Because of feature such as high torque, speed controllability over
wide range, portability, well-behaved speed-torque characteristic, and adaptability to various
types of control methods, dc motors are still widely used in numerous control application, includ-
ing robotic manipulators, tape transport mechanism, disk drives, machine tools, and servo valve
actuators.

The transfer function of the dc motor will be developed for a linear approximation to an
actual motor, and second-order effects, such as hysteresis and the voltage drop across the brush-
es, will be neglected. The input voltage may be applied to the field or armature terminals. The
air-gap flux of the motor is proportional to the field current, provided the field is unsaturated, so
that

f =K,i, 4.2
The torgue developed by the motor is assumed to be related linearly tof and the armature current
asfollows

T, = Kei (OF = KK (0i, (1) (4.2)

It is clear from eq. (2) that, to have a linear element, one current must be maintained constant
while the other current becomes the input current. First, we shall consider the field current con-

60



trolled motor, which provides substantial power amplification. Then we have in Laplace trans-
form notation

T (8) = (KK 1)1 (8) = K1 (9) (4.3)

Where i=l, is a constant armature current, and K, is defined as the motor constant. The field
current is related to the field voltage as

Vi(8) =(R; +L9)1(9) (4.4)

The motor torque Tm(S) is equa to the torque delivered to the load. This relation may be ex-
pressed as

T.(8) =T () +T,(9) (4.5)

Where T (s) is the load torque and T4(s) is the disturbance torque, which is often neglected.
However, the disturbance torque often must be considered in system subjected to external forces
such as antenna wind-gust forces. The load torque for notating inertia as shown in figure (4.3) is
written as

T, (s) = Js’q(s) +bsq(s) (4.6)

Rearranging eg. (4.3) and (4.5), we have

T (8) =T (9) - Ty(9) (4.7)

T, (8) =K1 (9) (4.8)
_ Vi(9

I f (S) = m (49)

Therefore the transfer function of the motor-load combination, with Ty(s) =0, is

K. /JL
q(s) =G(S)= Km m f

= (4.10)
V() S(Js+b)(L;s+R;) s(s+b/J)(s+R,/L;)

The block diagram model of the field-controlled dc motor is shown in figure (4.4).
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Figure (4.4) Block diagram model of field controlled dc motor

Alternatively, the transfer function may be written in terms of the time constant of the motor as

q(s) _ G(S) _ Km /be
Vi (9) st s+t s+1)

(4.11)

Wheret . =L, /R, andt =J/b. Typicaly, one finds that t >t , and often the field time
constant may be neglected.

The armature-controlled dc motor uses the armature current i, as the control variable. The
stator field can be established by afield coil and current or a permanent magnet. When a constant
is established in afield coil the motor torqueis

T, (8) = (KK 1)1, (8) = K1, (9) (4.12)
When a permanent magnet is used we have
T (S) = K l.(9) (4.13)

Where K, isafunction if the permeability of the magnetic material.

The armature current is related to the input voltage applied to the armature as
Va(8) = (R, + L)1, () +V, (s) (4.14)

Where V() is the back electromotive-force voltage proportional to the motor speed. Therefore
we have

V, (s) = K,w(s) (4.15)
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And the armature current is

1, (9 =Yl KeW(S) (4.16)
(R, +L.9)
Equation (4.6) and (4.7) represent the load torque so that
T (s) = Js"q(s) +bsq(s) =T, (s) - T,(9) (4.17)
Therelation for the armature-controlled dc motor is shown schematically in figure (4.5).
Disturbance Speed Position
» Tis) -}
Vi) + . ¥ Ti(s) 2 (s) 8(s)
K (O 1=
R +Ls |T=() Js+b 5
By

Figure (4.5) Armature-controlled dc motor

Using equation (4.12), (4.16) and (4.17), or, aternatively, the block diagram in figure (4.5), we

obtain the transfer function (with T4(s) = 0)

ce=31 - =
V.(9) d(R,+L,9)(Js+b)+K.K, ] (4.18)
q(s) _ Ko |

G(s) = =
) V,(s) s(s®+ 2w, s+w?)
However, for many dc motors, the time constant of the armature, t , =L, /R_, is negligible, and

therefore

G(S): q(s) = Km :[Km/(Rab+Kme)] (419)
Vo9 d(R,(Is+b)+K,K,] s(t,5+1)
Where t, =RJI/Rb)+K,K,) (4.20)
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It is of interest to note that K, is equal to Ky,. this equality may be shown by considering
the steady-state motor operation and the power balance when the rotor resistance is neglected.
The power input to the rotor is (Kyw)ia, and the power delivered to the shaft is Ty,. In steady-state
condition, the power input is equal to the power delivered to the shaft so that (Kpw)ia= Tw; since
T=Knia equation (12), we find that Kp= K.

And after the motor transfer function is calculated, all we have to do next semester is an
experiment to find the values of Motor constant (K,), equivalent inertia of the rotor shaft added
to the robot structure inertia (transferred to the rotor shaft) (Jn,), field time constant (t¢), Rotor
time constant ().

4.4 Speed Control of DC motor

The control law in this project is in involved with position control of the motors as de-
scribed in section one. But though, speed of motors will be fixed to some values according to the
direction of motion as described in section (2.6.2), and since the user will send (X, y) coordinate
to the robot, which means that the robot might rotate for a calculated value of angle, and so the
motors velocity will be reduced to (0.4m/s) in order to reduce the slip and the effect of the struc-
turesinertia.

The most famous method of controlling the speed of DC motor is armature terminal vol-
tage. The speed is easily controlled from zero to maximum safe speed in either forward or re-
verse directions using this method.

In application in which power source is a battery, various circuits provide variable arma-
ture terminal voltage to DC motor, as a means of speed control. It must be noted that the DC val-
ue of a voltage or a current is its average value. The driving circuit is essentialy a switch that
turns on the battery for short time intervals. It may vary the average or the DC value of the ter-
minal voltage by varying the pulse width (pulse width modulation, or PWM described in chapter
2), or pulse frequency (PFM) see figure (4.6).
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Where to, is the time where the pulse equals V,

V is the maximum voltage could be applied,

T isthetime for one cycle and equal's (tonttof),

torr 1S the time where the voltage equal zero.
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4.5 Control Circuit Design

45.1 Overview

Aswe said in section one that the purpose of control isto force or change the behavior of
a system to follow a desired criterion, and to do so a suitable controller must be designed and
implemented to get the desired stable criterion.

In this project this criterion is position, this is what we want to control, where the motion
of the robot must be controlled during moving to the given coordinates as we mentioned before
in order to be able to perform the driving and steering operation as needed, so we need a position
controller.

In genera, let us talk about stability, and what affects it. Stability is defined as to main-
tain the system at the desired criterion that we want, what affects it, is the poles of the process
transfer function. Where the addition of stable poles on the open loop Transfer function increases
the stability, and the addition of stable zeros increases the stability and speeds up the system of
the closed loop response.

There are various types of controllers can be used for position control, such as[12]:
1) P controller:

It’s also called static compensator, where it makes a change to the output that is pro-
portional to the current error value. The proportional response can be adjusted by mul-
tiplying the error by a constant Ky, called the proportional gain.

Gc(s) =K Where K is constant

2) PD controller:

It adds a zero to the transfer function of the motor, and it’s used to improve the tran-
sient response problems.

Gc(s) = Kpt Kp*s Where Ky, Kp are constants
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3) PI controller:

It adds a zero and a pole to the transfer function of the motor, and it’s used to improve
the steady state error in the process.

Gc(s) = (Kp*s+ Kj)/s Where K, K; are constants

4) PID controller:

It adds two zeros and one pole to the transfer function of the motor, and it’s used to
improve transient response and steady state errors in the process.

Go(s) = (Ki + Kp*s+ Kp*s?) Is Where K, K;, Kp are constants
5) Lead controller:
It’s a generalization of PD controller, used to improve transient response.
G(s) =Kca (Ts+l)/a Tstl ,O<a <1

Where K a and T are constants

6) Lag controller:
It’s used to improve steady state errors.
Ge(s) = K¢ b (Tst1)/ b Ts+l ,1<b
Where b isconstant

7) Lag lead controller:
It’s used to improve both transient and steady state errors response.
Ge(S) = Giag(9)* Gread(9)
8) State feedback, or pole placement:

Is a method employed infeedback control system to place the closed-loop
poles of a plant in pre-determined locations in the s-plane. Placing poles is desirable
because the location of the poles corresponds directly to the eigenvalues of the system,
which control the characteristics of the response of the system [17].
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4.5.2 Controller Design

4.5.2.1 P Controller Design
P controller was chosen for many reasons, listed in the following points:

1) Duetoitssimplicity and that it does not require a huge control effort.
2) It was experimented on matlab and showed a perfect performance and results.

3) Thefina reason for choosing this type of controller is that we suffered shortage of inter-
nal timers on PIC18F4550. The number of internal timers is four as mentioned before,
and they were al used to operate the motors and the encoders, so it was impossible for us
to use any of these timers to implement a PD, Pl or State feedback controllers since they
all need timers to capture a sampling period of time required for differentiating or inte-
grating.

Now back to our controller, Through the transfer function we got from chapter three, we
can start designing our controller using matlab, were the transfer function were build inside the
matlab, and then we used the SISO TOOL to calibrate our controller to get the best performance,
but first we had to calculate the gain voltage ratio between the PIC and the H-bridge, were there
isaratio between the output voltage of the PIC and the output voltage of the H-bridge.

This value was calculated using matlab, were we made an experiment through rising the
duty cycle in a step of 20 from its minimum value to its maximum as described before (0-396),
and while we was rising the duty cycle value, we recorded the voltage values of PWM that is
going from the PIC to the H-bridge, and also we recorded the output of the H-bridge, then we
transferred the data to matlab and we got the relation between the PIC voltage and H-bridge vol-
tage which is represented by a gain between the plant and the input. The experiment data is
placed in appendix F.

The battery voltage when the experiment was made was 19v; the following table shows
the captured data.
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Figure (4.7) Relation between PIC voltage and H-bridge voltage

So we can see from figure (4.7) that the relation is linear between them, and the gain4 in
the next figure can be considered (0.24) since (0.026) would not have a large effect on the gains
value.

Now since we calculated the gains value, and we have already found the transfer function
from chapter three, we can start the controller design.
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Figure (4.8) open loop model
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Figure (4.9) open loop response of position
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Figure (4.10) open loop response of speed

We can see from the previous figures that the position of the robot will not reach steady
state and will increase with time as long as the PWM is opened, and also the speed will not decay
to zero unless the PWM is closed from the PIC meaning that the step input becomes zero.

So now we need a controller to ensure an accurate tracking for the input for the position
of the robot, and also a speed that decays to zero when the robot reaches its new destination.

Closed loop modd!:

L |
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0.02352+s
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Figure (4.11) closed loop model
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For the same input value we can monitor the velocity response and the position response were:

’upusitiun [ﬂlﬁw
S8 LPLL ARE B AT ~

irie offzet: 0

Figure (4.12) closed loop response for position

(B velocity e
SELLL HABE BPAS »

Figure (4.13) closed loop response for velocity
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We can see from figure (4.12) and figure (4.13) that the position of the robot has reached
the input value in an acceptable time, whereas the vel ocity decayed to zero after short time,
meaning that the robot has stopped without the need of closing PWM.

The value of gain K was calibrated using the on matlab as follow until we got an accept-
able response for the system, were we took in our consideration an acceptable time to complete a
task, avoid overshooting and an acceptable velocity that would not harm the hardware compo-
nents.

Thisgain is used to correct the error in the system through multiplying it with the encod-
ers reading as a deference equation programmed on the PIC.

Now what if adisturbance affected the system, such disturbance may be from one motor
on the other one, since they are both supplied from the same source; aso the disturbance may be
due to low performance of regulators or H-bridge due to heat effect.

Such disturbances will affect the response of the system, and to show there effect asimu-
lation had been experimented on matlab as follow:

Closed loop with disturbance:

o -

Band-Limited Zaind Disturbance
White Moise
-
Welacity
——a
+ 16.6
| Pro—> = g I s g
0028z

Step ain GainZ

Figure (4.14) closed loop model with disturbance

Noise signal generated using matlab, it represent any losses or disturbances that can af-
fect the system.

Let ustry anoise value of (0.01), assuming that thisisthe effect of heat lossesin ICs, see
figure (4.15).
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Figure (4.15) generated noise signal with gain (0.01)

Response of system with disturbance:
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Figure (4.16) Response of system with disturbance of (0.01) position to the left and velocity to
the right

We can see from the previous figure that the effect of the generated noise did not affect
the response that much, meaning that the controller was able to compensate for any value that
equals or isless than this value.

Now what if the system is affected by alarger value of noise, let us assume anoise gain
that equals (0.1), the system response would be:
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Figure (4.17) generated noise signal with gain (0.1)

Response of system with disturbance:
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Figure (4.18) Response of system with disturbance of (0.01) position to the left and velocity to
the right

We can see from the previous figures that such a disturbance with this value would make
the job difficult for the controller to compensate the error, especially the velocity error, and this
is due to high frequency the system inhabits during such a disturbance.
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And here comes the need for the other type of controllers, so they would be able to track
the input and keep the response of the system in a perfect way. Such controllers that might be
used for this case is the state feedback controller and robust tracking controller, since they have
the ability of overcoming the disturbances and insure a stable and fast response.

4.6 Computer Process Control

Computer process control is defined as the use of a stored program in digital computer to
control an industrial process. For the computer to be used in process control; the computer must
collect data from the operation to process. If the computer is utilized to control process directly,
data must be communicated to the process. The data flowing back and forth between the com-
puter and the process can be classified into three types:

1. Continuous analog signals.

A continue variable is one that assumes a continuum of values over time. The variable
is uninterrupted as time proceeds; an example of it is force, temperature, pressure, ve-
locity.

2. Discrete binary data.

Which are the data that can either of two possible values, such as on or off, open or
close.

3. Pulse data or discrete that is not restricted to binary; in other words, more than two
values are possible. Pulse data are a train of pulse signals. Thistype is used in digita
sensors as optical encoders.

And since this project has a PIC micro-controller, and the gain of the controller had been
found in the previous section, the difference equation and its programming is under develop-
ment.
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4.7 Implementation of intelligent system

During the operation of the robot, the network coverage might be lost, and at this stage,
the robot will run autonomously, which means it will need a routine program to execute during
absence of network coverage and other status. This program will be programmed inside the PIC
controller to help the robot to avoid obstacles during the absence of supervision, it will depend
on the sensors signals and according to these signals, the robot will find his way to avoid the ob-
stacle and then return to its original path and complete it operation. If the robot faces a dead end,
it will hold still inits place until the network is back again, so that the user is back in the process
again to solve the problem and get the robot away from disturbance.

4.7.1 Problem Definition

Since a two independent motorized middle wheel is implemented in this project,
and each one has one input, we can control two variables on the plane (as discussed be-
fore), in this case we will use (xs, ys) to define the final position of the robot, and then
leave the path planning techniques which is under devel opment in the mean while [18].

The problem to direct the robot from an initial posture to a final position (goal)
while avoiding an obstacle is defined as:

The robot is at a specific posture (x;, Vi, d;), and it’s given new coordinates to

reach (x:, yr) while avoiding obstacles if they are in the robots path, this problem can be
described for the following aspects:

4.7.1.1 Reaching the Goal

The problem of reaching the goal in figure (4.20) is defined as the direction and
velocity in which the robot should be directed in order to reach the goal.
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Figure (4.19) problem definition of reaching the goal

First of al, let us recal the equations (2.14/15) which we derived in chapter 2, section
(2.7.3), and they are:

L :\/(yz - 3/1)2 +(X2 - X1)2

q= tan'l (yz B yl)

(Xz - X1)

And we can modify them according to our problem definition, so they would look like:

L, :\/(Yf -y (X - x)? (4.22)
d, :tan'l—(yf "~ %) (4.23)
(Xf - Xi)
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And the error angle would be:
qe :qg - qi (424)

Then therobot is directed from initial posture X, = (xi, ¥i, 9;), to thefinal position using the fol-

lowing rules:
évmax If‘dg‘ > Krl;I
v=E, o (4.25)
€mac  f|d,[£K, U '
eK, ’ e

Where viax IS the maximum heading velocity (0.7m/s) and K, (equals 1 meter) is the radius of the
docking area.

w=w_. Sn(q) (4.26)
Where wma 1S the maximum angular velocity of the robot platform.

With these rules (4.25/26), the robot is directed to the final position at the maximum li-
near velocity when it is outside the docking area, and it will be approaching slowing down when
itsinside the docking area.

On the other hand the robot will be correcting the heading angle as a function of the sine
of the error angleq, , where the maximum angular vel ocity w=+wma Will be achieved at

g, =*90°, and the minimum angular velocity w=0 will be q, = 0°.

4.7.1.2 Obstacle M odeling

Since the robot may encounter obstacles while its executing operation, so it must have an
intelligent procedure that it can follow in order to avoid that obstacle, this procedure is un-
der development for the mean while. And it’s going to be programmed in the PIC in a pro-
cedure that responds to the sensor that interrupts the operation indicating that an obstacle is
reached or in the docking area of around the robot.

79



4.8 Delay in control process

In its general sense, delay refers to alapse of time. In this project delay must be involved
in the system in order to be able to deal with it and implement it in the controller and compensate
it when required.

This project faces three components or delays (Tiota=Tm+TntTh):

1.

(Tm) The processing time consumed by the micro controller during execution of
instructions, which had been reduced to its minimum value through the interrupts
technique, were the PIC deals with objects and operation only if it happens, with-
out the need of checking for change every period of time, and for the time con-
sumed during the ADC operation, it was reduced also through using the same
concept which isinterrupts.

(Tn) Delay in the network, this value varies according to the pressure the network
has, it’s discussed in the computer and communication part. But since the robot
will get the coordinates from the user, this component of delay will not affect the
performance, because the new coordinate will be transmitted to the robot, and the
robot will immediately start calculating the angle and the distance to move, then

executes them, and so it will not depend on the user to compl ete the job.

(Tr) Human interaction delay, which is a period of time elapses between the rec-
ognition of the object, and making the decision to give new orders [13]. And in
order to be able to find a specific value for this component, we must study the
reaction time of humansin general and take the maximum value. See table (4.1).

Personal factors influencing reaction time

Psvcho-physical reaction MMuscular reaction

— b

Perieivay
obiectiig

wall]

Percelve

-

Incipient Move

IESpOnse

Parceve Decide

Actusted
|
contral

Acuity of

elem=nt

Mhental

processing

Ferzonal
response tizie

Loco motor
system

Perception and

vision understanding

Table 4.1 Reaction Time

80



Thereaction timeis not fixed value; it ranges from 0.3 to 1.7 s, depending upon the user
and on external factors. Seetable (4.2).

Reduction down to 0.3 s «——» Extensionupto |.7 s

Trained, reflexive response Inexperienced response

Good [ame of mind, vptimun | Poor frame ofmind eg. Catipue

A) Personal facters

perfermance potential

Highlv skilled user

Youth

Low level of user skll

Advanced age

Anticipation

Inattertiveness, disTacton

Phvsical and mental health

Health disord=rs in responsze
greups

BlExtraneous tactor {obstacle
sitnation)

Uncompliceted, easily
comprehended, predictable,
familiar.

Complicated, ditficult to
comprehend, unpredictable,
rarelv encountered

Tvpe of perceived chiject

Explicit, Conspicuous

Equivocal, inconspicuous

Location of perceived object

Within field of vision

At edge of field vision

Namre of control element

Logical lavout of mechanic
control

Poor layout of mechanical
controls

Table 4.2 effect of persona and extraneous factors on reaction time
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Chapter Five

Testing & Experiments

5.1 Introduction

This chapter shows all the results and experiments that had been experimented on the ro-
bot were the wheel arrangement, open loop test, closed loop test, sensors, transceiver, micro con-
troller and all other components were tested separately then all together to ensure a perfect per-
formance of the robot.

5.2 Wheel Arrangement

In this experiment, we tested the alignment of the wheels and whether they are arranged
in the right place or not.

This test was made after the wheels and gears were implemented on the robot, and that
was through connecting the battery directly to the motors, and see whether the robot will approx-
imately move in a straight line or not to ensure that there is no misalignment in the structure and
the wheel configuration.

This experiment was configured on three types of terrain, which are carpet, asphalt and
flagstones.

On flagstones, the robot showed afast but inaccurate performance dueto slip of wheels
on this type of terrain. So we made a modification on wheels through exchanging them with rub-
ber wheels instead of the old plastic one, and after that the robot showed fast and accurate per-
formance.

On asphalt and carpet, the robot moved accurately, but there was lack of power, since the
first battery back supplied 12v 4Ah, so we increased the power of the robot through connecting
another battery back of 12v 1Ah on series with thefirst one, so that the total power would be 24v
5Ah.

After that the robot showed fast, accurate and reliable performance.
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5.3 PIC Programming

In this experiment we tried multiple codes on the PIC to ensure a good response during
execution of code.

Some of these codes were simple yet important to adjust the timing of the internal clock
of the PIC, and other codes to make sure that all output and inputs are working properly. LEDs
were used to simulate the output of the PIC.

Other experiments on the PIC was with DC motors, where multiple codes were pro-
grammed on the PIC to monitor the DC motor performance, and it capabilities of changing direc-
tion suddenly and continuously with variable values of voltage.

These codes arein Appendix F.

5.4 Voltageratio between the PIC and the H-bridge

In this experiment we estimated the ratio of voltage between the PIC and the H-bridge, in
order to calculate the gain ratio between these components.

We set astep of 20 for duty cycle from (0-396), and recorded the voltage value of the
PIC and the H-bridge, and then we derived an expression to represent the ratio between them as
Follow:

PIC(v) H-Bridge(v) Duty Cycle

0 1 20
0.42 19 40
0.64 2.8 60
0.86 3.7 80
1.08 4.7 100
13 5.5 120
1.52 6.4 140
1.74 7.4 160
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PIC(v) H-Bridge(v) Duty Cycle
1.96 8.25 180
217 9.2 200
2.39 10.1 220
2.62 11 240
2.84 11.9 260
3.06 12.8 280
3.28 13.9 300

35 14.7 320
3.72 15.7 340
3.94 16.5 360
4.16 16.5 380
4.41 18.3 396

Table 5.1 Data collected from the voltage of the PIC & H-bridge experiment

The derivation isin chapter four, section (4.5.2.1)
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5.5 Open Loop Experiment

In this experiment we programmed the robot to move in a pre-determined path, to check the PIC
performance with timers and DC motors in amulti task operation.

Where the robot was programmed to follow a pre-determined path through moving forward for
some value of delay, then turn left for other value of delay, and then move backward, then turn right and
repeat the program, code is in appendix F.

The following figures show the actual and experimental paths:

4 e

~

Robot

Figure (5.1) programmed path to the left and actual path to the right

Through this experiment we made sure that the timers of the PIC work properly, and the
DC motors responds to sudden and normal changesin voltage value and direction despite the
error of destination.

5.6 Encoders

In this experiment we made sure that the encoders give atrue value reached, and checked
its sensitivity, through connecting it to the flip flop circuit explained in Appendix E. then we
moved the wheel manually without any supply, and the encoders showed high sensitivity to di-
rection change whether the displacement was big or small.

After that we interfaced the encoders with the PIC through the flip flop circuit, to get a
pulse and direction reading, code isin appendix F.
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5.7 Ultra Sonic Sensors

In this experiment we checked the ultra sonic sensors sensitivity and accuracy, through
interfacing them with the PIC, and we monitored the angle of sonar to realize the best position
for sensors on the structure of the robot.

After that we implemented the sensors on the robot and monitored the stability perfor-
mance of the sensors, to ensure that they will not detect any obstacle that passesin front of the
robot for less than 1 sec.

Then we modified the angle of the sensors in order to prevent them from detecting the
ground as an obstacle, also to make sure that we can detect the maximum distance around the
robot.

After experiment the detection range was calibrated for the sides and rear sensors up
30cm, and for the front sensors up to 1.5m.

After that we checked the delay time during the ADC conversion for the eight sensors, to
modify the speed of robot if necessary.

All codes and the procedure to deal with eight sensors arein appendix F.

5.8 Transcelver

The computer team checked the receiving rate of the transceiver and whether datais
transmitted accurately to robot and it’s all described in part two of this documentation

5.9 Moving the Robot According to a Pre-determined Path with the Assist of
Encodersand Sensors

This experiment is divided into six parts, each part isinvolved with a particular operation
of the robot, and they are as follow:

5.9.1 Closed L oop Response

In this experiment we tested the motors and encoders performance with the PIC, were we
programmed a code to read from encoders and then compares the value of encoders with the goal
distance, and check whether the robot reached that distance or not.

The code is appendix F.
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The robot showed very good response in this experiment despite the absence of controller. The
pre-determined path was programmed as follow:

Qnpe= ; .
E'EI:/‘# Lno \ IfE'U—]{IZE‘_}i 1.2 meters %ﬂ o

&

mEter 0.9 meter

5
—meters 1. 9meters

Robot

Figure (5.2) Pre-determined path to the left and actual path to the right

5.9.2 Checking for Obstacle

In this experiment we tested the ranges that the robot can detect, and aso checked wheth-
er the speed of the robot suits the sudden stop after checking the obstacle.

We programmed the robot to search for a path that has no obstacle for arange of one me-
ter, so that if the robot finds this path it will move toward it, after that if the obstacle exists, the
robot will research for another path and repeat the sequence.

After this experiment the robot were able to find the path and move toward it for many
times, were we but some obstacle in its way suddenly and normally, so that if the obstacle exists
for more than one second, the robot will consider it as areal obstacle and will starts searching for
another path.

Otherwise the robot stops for one second, and if the obstacle is no morein front of it, the
robot will consider it as a negligible obstacle and resumes its operation.
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5.9.3 Combining the Encoder s with Ultra Sonic

In this experiment we tested the performance of the robot when it has encoders and ultra
SONiC sensors assi stance.

The two codes of encoders and sensors were merged together into one code, see appendix F.

This code enabled the robot for searching for a path that has no obstacle in arange of one
meter, and if this path exists the robot will execute the program of the closed loop response de-
scribed before.

The robot showed a very good speed and position performance, though it has drifted a
little distance from its destination, so the controller must be implemented to eliminate this drift-
ing as much as possible.

5.9.4 Controller Assistance

After programming the controller in the PIC, the robot were able to reach the given dis-
tance accurately without any error, the encoders were used to measure the distance reached and
then compared with the desired distance, then multiplied by 0.5 which is the gain of the P-
Controller derived in chapter four.

5.9.5 Obstacle Avoiding Procedure

The robot in this experiment were able to avoid many types of obstacles, U shape, L
shape and sguare shape obstacle, where the robot was given a distance to reach, and while mov-
ing, it faces the obstacle mentioned above, the robot showed avery intelligent and fast decision
and performance of avoiding these obstacles

5.9.6 Receiving Coordinates from I nternet

This experiment is described in the computer and communication part of this documenta-
tion.
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5.9.7 Final Test

In this experiment the robot were given adistance to reach wirelessly, starts moving to
reach the goal distance with the assistance of the encoders, ultra sonic sensors and the controller.

The robot responded accurately to the given commands, and performed immediately
without any delays.

The video results of this experiment are included with the CD of this project.
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Chapter Six

Recommendation and Future work

6.1 I ntroduction

This chapter introduces the recommendations for our project for the mechatronics part; in
order to get better results and response.

Also it introduces the future work that might enhance the operation of the robot.

6.2 Recommendation

1) It would be better and much more reliable if the wheel configuration of the robot were
modified in away that ensures afull contact with ground for al wheels, whether the robot
encountered a small stone or arough road. One of the solutions might be through designing
a suspension mechanism that ensures the required contact despite the terrain varying.

2) Werecommend using another type of micro controllers that may have more than four
timers, to be able to program a state feedback, robust tracking or PID controller, aswe
mentioned in chapter four. PIC18F8X 20 and PIC18F6X20 can be used since they have five
timers (timerQ, timerl, timer2, timer3, timer4).

3) It would be more acceptable and much more accurate if the controller were replaced by
state feedback or robust tracking controller, to overcome any disturbance that may affect
the system as we described in chapter four.

4) Werecommend using a covered gear box to protect it from any environmental effect that
can damage it or damage the wheel configuration, since we encounter such damage that
broken the gear box and the motors with their drive circuits due to stall state the motor
reached when the gear box was broken, thislead to current overflow in the electronic cir-
cuit then damaging it.

5) We aso recommend using a comparator circuit besides the fuses to protect the drive cir-
cuit and all other electronic components from current overflow.
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6.3 Future Work

Due to the fast development in technology field, and especially in the energy field, it
would really be a fantastic idea to implement a solar panel on the surface of the robot instead of
the solid cover it has, so that the robot will not need any charging operation if it has an electric
system that can collect the solar energy and store it in accumulators onboard the robot.

Also since the robot has an onboard camera, it would be a brilliant idea to program an
image processing system that would help the robot to identify its environment easily, meaning
that it will have the assistance of image processing beside the sensors, making it much more eas-
ier to search for a new path that is free of obstacles.

And finally, since the robot has a PIC micro controller, and it executes multiple tasks in
the same moment, such as moving to new coordinates while rotating the camerato check for the
environment, this mechanism can be updated to alifting and grabbing mechanism, that can be
used to move parts or object from place to place according to the users need.
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Chapter One

| ntroduction

1.1 Overview

Wireless networks have lately become a huge field for engineering projects, its applications
are enormous. The implementations of wireless networks have increased over the last decade
upon the new technologies discovered or developed everyday to meet up with the needs of
wireless applications that gives the advantage of mobility, reliability, and efficiency compared to
any similar applications with wired networks.

One of the fields of wireless communicationsis controlling systems. Thisis the main idea of
this report, Web-Based Mobile Robot Control System. The System meets the needs of
mobility, and performing control process from anywhere. The robot system includes a built on
camera to monitor the surrounding territory. The video feed of the camera can be stored online,
through a web page with member’s access control.

1.2 Motivation

Mobile robots have become a wide area for development due to their effective applications
like the ones that can reach places that are hard to reach by humans and other applications that
needs inspecting, surveillance etc.

The robot is mobile, which means that it has no wires attached and no limitations on its
movement compared to wired robots, so it can be used indoors and also outdoors.

Remote control of the system makes it much easier for the user to control the robot wherever
it is. This system can be used as a mobile surveillance camera in buildings, banks, universities,
etc. So the security staff can observe the surroundings from anywhere they are. Another
application of this system is inspecting sewer systems which are places that hard to be reached
by workers, the inspector of the sewers can inspect the whole system while setting on his
comfortable office.

1.3 Literature Review

Many projects have been developed in systems control field, but few had used wireless
technology. An example is the project entitled by “Internet- Based Robot Control System
Using Matlab.”[1] This project was developed at PPU, Matlab software was applied as the
programming language to perform remote control operations via the internet. The robot was
connected directly to the web server through the paralel port and other hardware devices in
order to perform the controlling operations. This project lacks the ability to control mobile robot
wirelessly.
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In this system LabVIEW program was chosen instead of Matlab that lacks speed, also due to
the simple programming requirements using LabVIEW program, because most of the functions
are implemented not by writing a code, but building the algorithm using graphical blocks acting
as the code. Additionally, using PIC microcontrollers instead of video acquisition card, due to
the programmable characteristics of the PIC’s. Further, a wireless transceiver was implemented
in this system instead of the parallel port, because the robot is mobile. Beside al that, the robot
in this system has the ability to avoid obstacles by an implemented intelligent system.

Another project in the robots controlling field is the “Security Guard Robot (SG-
Robot)” [2] which was developed by a group of departments in a number of Korean universities.
This project operates using CDMA networking. The controlling is done through cellular phone
software with video feedback from the SG-Robot. An ARM microcontroller was used in this
project. A PXA255 controller was used for image processing. The controllers exchange
commands through an ad-hoc LAN network.

= Streaming Image
‘( * Resporse Comimand Navigation
-

S Robot

. ——— « CDnIaZ 0007 x Modem
=4 Camera
* FobotTmage Controller

* Robot Control Corrumiand )

COMAL NN fx
Nenvorking

! 3
CDMA Phone 5G-Robot / S20
Relay Server E@I oy

Security Guard

Figure 1.1 Configuration of SG-Robot using CDMA networking[2].

There are number of differences between Web-Based Mobile Robot Control System
project, which was developed throughout this report and the SG-Robot program project that
applies the CDMA infrastructure which is incompatible to use for such projects in Palestine,
rather GSM is the operating network for cellular phones which has a limited bandwidth. In
addition to that, applying GSM-based controller would cost much more money compared to a
web-based controller due the charge per second system in the GSM network, while the internet
network costs per month. Another difference is using the PIC microcontroller instead of using
the ARM microcontroller and PXA255 controller. PIC’s systems are much simpler than dealing
with two controllers.

1.4 Time Planning

This section summarizes the expected timing plan for this project.
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1.4.1 Time Schedule

The following table explains the expected timing plan.

Table 1.1 Project Timing Plan Table.

System Definition 6 Weeks
Requirement Analysis 2 Weeks
System Design 6 Weeks
System Implementation 13 Weeks
Testing and Modification 2 Weeks
Documentation 16 Weeks
Total 32 Weeks

1.4.2 Schedule Table
Table 1.2 Schedule Table.

“~..  Weeks

Tasks TS

Syslern Delinilion

Requirement Analbysis

Syslom Dosign

Nocumentatinn

T g Weeks

-

Tasks i -So

-

software
Irnplemoentalion

Hardware
Implemantation

System Tesfing

Locumenlzlion

98




1.5 Cost Estimation

In this section, estimated hardware and software costs are presented.

1.5.1 Hardware Cost

The following table shows estimated hardware costs.

Table 1.3 hardware costs.
1 PIC Microcontroller 15% x2
2 Video Camera 100%$ x1
3 WLAN Transceiver + Antenna 150% x1
4 DC Motor 20% x2
5 Stepper Motor 10$ x1
6 Battery 20% x1
7 Proximity Sensor 45% x8
8 Encoders 130$ x2

Total 870%

1.5.2 Software Cost

The following table shows estimated software costs.

Table 1.4 Software Cost.

1 LabVIEW 7.1 $100

2 Microchip MPLAB 120%

3 XAMPP Web Server 40%

4 Hosted Server Online with 2GB Capacity and 1MB Traffic 25% Annually

Total 258%
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1.5.3 Human Resources Costs
The following table shows the estimated human resources costs.

Table 1.5 Human Resources Costs

1 105 Days x 50$ 5250% x 4 Persons

Total 21000%

1.6 Report Contents.

This report consists of a number of chapters. Each discusses a subject related to the
project.

Chapter one discusses the idea, the motivation, the time scheduling, and the requirements
of the project, to give readers general view about the project.

Chapter two discusses the theoretical background. It starts with general information about
the system, and then discusses the important aspects of the system including PIC
microcontroller, wireless transceivers, video camera and sensors.

Chapter three presents the general system design concepts. It includes system objectives,
general system block diagram, system flow control, system and brief description of system
operation.

Hardware design implementation is discussed in chapter four, it includes a general
description for the system interfacing, detailed interfacing techniques and requirements to
connect the system components together, a division between both the mechanical part and the
electrical part is aso discussed.

Chapter five discussed the software design implementation. It contains a detailed block
diagrams to show how the software requirements in this system were designed and implemented
to perform the required function of the robot.

Chapter six presented the testing operation of the system. Testing time schedule, testing
procedure and testing strategies presented through black box testing and white box testing.

Chapter seven suggests future work that could be added to this system.
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Chapter Two

Theoretical Background

2.1 Introduction

As stated in chapter one, the system under development is a mobile robot that can be
controlled via the Internet. It consists of two main parts. The first is the robot system, and the
second isthe LabVIEW program that controls the robot.

The system depends on an online web server that is configured by installing the necessary
web server software. The web server runs software that connects the user to the robot and
performs some processing on the control operations that come from the user and send them to the
robot. The robot is connected to the internet through a wireless transceiver module, and contains
other hardware devices necessary for the controlling operations.

The controlling process will give the system’s user the ability to control the robot
according to his needs. The system will give the user the option to record the video feed from the
camera on the robot, and store it online. This camera acquires the video from the surrounding
environment and sends it to the PIC microcontroller, which in its part transfer it to the web server
through the wireless transceiver. According to the video, the user can modify the commands and
send them to the web server for processing, and then the web server sends them to the robot.

2.2 Mobile Robots

In recent years, the development of computer and reduction in size and cost of integrated
circuits led to create intelligent systems like mobile robots, which has a lot of applications and
uses, one of them is surveillance and another one is exploring of some environments that humans
can’t reach.

Mobile robot is *“an automatic machine that is capable of movement in a given
environment *“. Mobile robots could be found in many aspects of life and industrial applications,
especialy in tasks that are dangerous for humans, since machines are less sensitive than people
to radiation and toxic encountered during some tasks, such as repairing nuclear plant equipment
and exploring or working in dangerous environment. In addition to this, mobile robots could be
found in repetitive tasks, such as material handling systems, and storing systems. Add to this the
scientific researches and entertainment purposes.

There are many types of mobile robot control [3]
1. Manual remoteor tele-op

This robot is controlled by a driver using a joystick or other control device which could
be plugged directly to the robot, a wireless joystick or an accessory to a wireless computer. As
the idea of the Web-Based Mobile Robot Control System, the tele-op is used to help the
operator to stay out from the harm way and to reach places that is hard to be reached by humans.
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2. Guarded tele-op:

The Guarded tele-op robot can sense any obstacle in its way and avoid it, also it could
be adriver.

3. Linefollowingrobot

This robot is an early Automated Guided Vehicles (AGVS). It has the ability to follow a
line painted or embedded on the ground or even an electrical wire in the floor. Most of these
robots use a "keep the line in the center sensor” algorithm to do this. If any obstacle faced them,
they can’t avoid it and move around it as Guarded tele-op, they just stop and wait until this
obstacleis removed.

4. Autonomously randomized robot

Such kind of robots can bounce off walls. The walls can be sensed by electronic sensors
or by physical bumpers. The agorithm used in these robots is a ssmple "bump and turn 30
degrees’, which enabled the robot to cover most of or al of the floor or the surface to be
covered.

5. Autonomously guided robot

Thiskind of robots knows some information about it is position and its waypoint to reach various
goals. "Localization" or knowledge of its current location, is calculated using sensors such as
motor encoders, vision, lasers and global positioning systems. Positioning systems often
determine the location and orientation of the platform from which it can plan a path to its next
waypoint or goa using triangulation, relative position and/or Monte-Carlo/Markov localization.
It can gather sensor readings that are time- and location-stamped

6. Sliding autonomy

These robots combine multiple levels of navigation under a system called sliding autonomy.
Most autonomously guided robots, such as the Help Mate hospital robot, also offer a manual
mode. The MOBILE ROBOT Sinside guidance system, which is used in the ADAM, Patrol Bot,
Speci -Minder, MapperBot and a number of other robots, offers full diding autonomy, from
manual to guarded to autonomous modes.

2.3 Microcontrollers

A microcontroller (also microcontroller unit, MCU or uC) is “a small computer on a
single integrated circuit consisting of a relatively simple CPU combined with support functions
such as a crystal oscillator, timers, watchdog timer, serial and analog 1/0 etc. Program memory
in the foom of EEPROM (Electrically Erasable Programmable Read Only Memory) or
ROM (Read Only Memory) is also often included on chip, as well as atypically small amount of
RAM (Random Access Memory).”[4]
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Microcontrollers have long been a convenient interface for embedded systems, they
represent the core of the control system for electronic devices in dedicated applications. Thus, in
contrast the microprocessors that are used in general purpose applications like personal
computers that need high-performance, and multitasking. Microcontrollers contain data and
progran memory, serial and parald 1/O, timers, externa and internal interrupts [4], and
peripherals. These make them a strong choice when implementing control systems.

Microcontrollers are used in automatically controlled products and devices, such as
automobile engine control systems, remote controls, office machines, appliances, power tools,
and toys. By reducing the size and cost compared to a design that uses a separate microprocessor,
memory, and input/output devices, microcontrollers make it economical to digitally control even
more devices and processes. Mixed signal microcontrollers are common, integrating analog
components needed to control non-digital electronic systems. [5].

Figure 2.1 Intel 8-bit microcontroller

Microcontrollers exist in many types and forms, for different applications and costs. And hereis
alist of some microcontrollers’ typesthat are known in the market:

MIPS (32-bit PIC32)

ARM processors

8051

PIC (8-bit PIC16, PIC18, 16-hit dsPIC33/ PIC24)

In this system the PIC microcontrollers are used.

The PIC microcontrollers are a family from Harvard architecture microcontrollers that is
manufactured by Microchip Technology. The name PIC at the beginnings stood for
“Programmable Interface Controller” an shortly after was replaced with the name
“Programmable Intelligent Computers”.

PICs are popular with both industrial developers and hobbyists alike due to their low
cost, wide availability, large user base, extensive collection of application notes, availability of
low cost or free development tools, and serial programming (and re-programming with flash
memory) capability.[6]

P
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Figure 2.2 PIC Microcontrollers

The PIC chips (or PICmicro chips) are as stated above, programmable chips,
programmed to perform a specia operations for dedicated applications in embedded systems,

they provide strong interfacing abilities with many peripherals and other microcontrollers in
other embedded systems.

Programming PIC microcontrollers is a simple three steps process, write the code,
compile the code, and upload the code into a microcontroller. Writing the code can be developed
in many Integrated Development Environments (IDE’s) for example, MPLAP IDE, which is a
software developed for the Microchip appliances like the PIC microcontrollers. Compiling the
code can be done by the compiler of the MPLAP IDE. There are different compilers associated
to work with PIC chips, C compiler, or assembler for assembly language codes, and many more.
The decision of which compiler to use, is a developer choice, depending on the application
which the PIC is a part of. The final step of programming the PIC chip is uploading the code into
the microcontroller. This can be done also in MPLAP IDE or in different programs that are
connected to the PIC kit (figure 2.3). The uploading process can be done through a USB cable or
other connecting technique depending on the kit that contains the PIC chip.

Figure 2.3 PICDEM™ FS-USB Evaluation Kit for PIC18F4550

The PIC microcontroller architecture makes interfacing most peripherals with the PIC a far from
hard task, the 1/0’s are organized as ports, PORTA, PORTB, etc. each port can be treated as a
unit or as single 1/O pins, 8-bit, 5-bit or other organization. Each port was initially configured to
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do a specific operation, seria data operations, Analog-to-Digital conversion, and many more, but
it’s not always necessary to stick with the initial configuration, each port or single 1/O pin can be
configured to do different operation from what initially configured.

In this project the PIC18F4550 is used. This is due to its availability, cheap cost, easy
programming (75 Instructions single-word instruction), and the most important factor, suitability
to be used in robotic applications as in this system. The PIC18F4550 has all what is needed for
the implementation of this project, enough 1/0O Ports, ADC, timers and counters, and variable
operating frequency up to 48MHz.

. -
MCLR/\VPP/RE3 — [ 1 40 [] =— RB7/KBI3/PGD
RAO/AND =—[1]2 39 [] =—» RBEKBIZIPGC
RAT/AN] =—=[]3 38 [] «—» RBS/KBI1/PGM
RA2AN2VREF-ICVREF =—[] 4 37 [] =—= RB4/AN11/KBIO/CSSPP
RAZ/ANINREF+ =-——=[] 5 38 [] =—= RBIANS/CCP2IINVPO
RA4/TOCKIC1OUT/RCY <-—=[]8 35 [] «—= RB2ANB/INT2VMO
RAS/AN4/SS/HLYDIN/C20UT <—=[]7 34 [] =——= REBUAN10/INT1/SCK/SCL
REQ/ANS/CK1SPP =[] 8 0o 33 [] =—= RBO/AN12INTO/FLTO/SDI/SDA
RE1/ANS/CK2SPP =—=[] 9 E E 32 [] =—— Voo
REZ/ANTIOESPP =—=[1 10 il 31 [] =——Vss
Voo —= [ 11 % & 30 | =—— RD7/SPPT/IPID
Wss —=[] 12 OO 29 [] =— RDE/SPPE/PIC
OSCA/CLKI —= [] 13 oo 28 [] =— RD5/SPPS/P1B
QSCUCLKQ/RAE = 114 27 [] =——= RD4/SPP4
RCO/T10SOIT13CKlI =—=[] 15 26 [] =——= RC7/RX/DT/SDO
RC1TI0SICCP2VUOE =-—=[] 18 25 | | =—= RCBTX/CK
RC2/ICCP1/PIA =[] 17 24 [] == RCS/D+VP
VUSE «+—a[] 18 23 [] «—» RC4/D-VM
RDO/SPP0 <«—[] 18 22 [] =—» RD3/SPP3
RD1/SPP1 =—=[] 20 21 [J =—= RD2/SPP2

Figure 2.4 PIC18F4550 Pin Diagram

As shown in figure 2.4, the PIC18F4550 provides 33 single I/O pins, divided into 5 ports,
PORTA 6 pins, PORTB, PORTC, and PORTD 8 hits, and finally PORTE 3 pins.
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Figure 2.5 PIC18F4550 I/0O Organization

The PIC18F4550 as shown in figure 2.6, contains a built on Analog-to-Digital converter
(ADC) with 10-bit resolution, up to 13 channels, and three timers. Figure 2.5 shows the
interfacing of the ADC with the 13 input analog channels. The ADC is used to connect the 8
ultrasonic sensors which give analog readings for the distance of the obstacles in the range of the
Sensors.
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Figure 2.6 PIC18F4550 ADC Inputs
2.4 Wireless Transceivers

The wireless transceiver is a device that contains both transmitter and receiver which are
combined in a common circuitry, it transmits and receives data wirelessly. In this project, the
transceiver connects the PIC microcontroller with the internet through an access point. It receives
the video feed from the PIC, modulates it and sends the modulated signal to the access point.
Also, the transceiver receives the commands coming from the access point, demodulates them
and passes them to the PIC.

After researching, it was found that the WiFly GSX transceiver is the most suitable
wireless transceiver available in the markets that could be used in this project.

Why WiFly GSX

The WiFly GSX was chosen to be used in this project due to a number of factors, it has
an extremely small size and light weight, which make it more appropriate to be implemented on
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the robot without slowing down the robot movement. Also its low cost and availability in the
market, and the most important factor isits suitability for this project, its characteristics meet the
project objectives.

One of the important factors of choosing the wireless transceiver was the consideration
whether the transceiver has the ability to associate with an access point. This is because the
system depends on the access point to receive the commands, and to transmit the video feed, this
transceiver can associate with an 802.11g\b access points. It can be aso connected to PIC
microcontroller, and support serial communication between them. Further interfacing details will
be discussed in chapter 4.

Control Signals

)

WiF|
PIC18F4550 m:,irzlff
Microcontroller Video Feed >

Transceiver

Figure 2.7 WiFly GSX with host microcontroller

It is very important to think about the power consumption for the system. As described
earlier, this system is a mobile system, there are no wires attached to it, so the power
consumption has to be limited as much as possible. The WiFly GSX transceiver was considered
as a breakthrough in the wireless communication, because it has the least power consumption
between the wireless transceivers, it has three modes, sleep mode of 4pA, standby of 15mA and
active mode 40-212 mA. With this little power consumption the WiFly GSX can live on the
regular AA batteries for many years.

The WiFly GSX wireless transceiver is a programmed module, it has a specific
commands to programmed with. The system designer can communicate with the transceiver
through the CMD on any computer with windows on it, or a software can be downloaded to the
computer, such as the TeraTerm software. This software creates a connection between the
computer and the transceiver wirelessly, and after the connection is completed, the transceiver
will be able to receive from the developer. Or it can be connected to a PIC microcontroller and
receives ASCII code formiit.
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Figure 2.8 WiFly GSX RN-131G

As shown on figure 2.9, the WIFLY transceiver has 44 pins. One of these pins is left
unconnected (PIN 35), some of them are connected to the ground (PIN 19) and (PIN 36-44)
these pins must be connected for proper antenna performance. Some pins are used for a sensor
interface, with analog input.

There are two sources for the input power to the transceiver, it could be from a battery (
2-3.3 V) which could be connected into (VDD-BATT PIN20), or a (3.3-3.7 V) voltage source
which could be connected into (VDD-IN PIN 21).

There is adedicated pin for forcing the transceiver to wake up from the sleep mode which
is (FORCE_AWAKE PIN 9).

The pins that are used to connect the transceiver with the PIC microcontroller are the
UART-RX and the UART-TX (PINs 12 & 13). The UART-TX sends data from the module to
the PIC, and vice versafor UART-RX.

This transcelver has an on-board ceramic antenna that operates at the 2.4GHz for
transmission and reception, and other U.FL connector for optional external antenna.
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Figure 2.9 WiFly GSX Pin Diagram
2.5 Sensors

Sensors are devises used to transform a physical state to a form of data that can be
understood by electrical devices, circuits, etc. There are many types of sensors, temperature,
humidity, chemical, and many more. In this system ultrasonic sensors are used.

Ultrasonic sensors can be used to detect the presence of something in the range of the
sensor and the distance between the sensor and that body, sometimes called range finders. There
are many types of these sensors, the type implemented in this system is the LV-MaxSonar-EZ0
(seefigure 2.10).

Figure 2.10 LV-MaxSonar-EZ0 Range Finder.

The LV-MaxSonar-EZO sensor operates at range of voltage between 2.5V to 5.5V
provide ranging up to 6.45 meter (255 inch) with a controlled beam width. This sensor output
ranges in three manners, as a Pulse Width Modulation (PWM) representing the range with
scaling factor of 147uS per inch. Another output as a serial data represented in ASCII code. The
third output as an analog voltage with sensitivity depending on the voltage source, for example

with asupply of 5V yields ~9.8mV/in. and 3.3V yields ~6.4mV/in. The analog output is the type
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used in this system, due to the simplicity of reading the range in analog signal using the PIC
microcontroller that provides up to 13 analog inputs, and the most important reason, the serial
module in the PIC is connected to the WiFly transceiver and the Video Camera, while the PWM
module is connected to the DC motors. More about interfacing the LV-MaxSonar-EZ0 with the
PIC microcontroller is described in chapter 4.

2.6 Serial Video Cameras

In this system there are many hardware components, connected to the PIC
microcontroller, so, the intention was to minimize the wires and the complexity of interfacing.
Serial communication was the much suitable to implement in this system, much less wires than
any equivalent hardware in parallel communication, a single wire to transfer data and another to
receive.

The video camerais needed in this system to capture the surrounding, and transfer video
data to the PIC microcontroller through serial connection between the USART in the PIC, and
the UART in the video camera.

In this system the ITM-C-328 serid camera was chosen, it performs as a JPEG
compressed still camera, or video camera. It was chosen due to its cheap price, small size, low
power consumption, programmable, and suitable to the project requirement.

As mentioned above, the ITM-C-328 is a programmable camera, the user can choose the
baud rate, the frame size, shooting mode (video or still, compressed or uncompressed), and many
more configurations.

The Transfer rate is 115.2Kbps for the JPEG still pictures, and 160X 128 preview at 8bpp
with frame rate from 0.75 to 6 fps.
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Chapter Three
System Design

This chapter discusses the design concept of the system. It describes the project
objectives, the system block diagram as well as presenting system entities.

3.1 Project Objectives
Project objectives can be summarized in these points:

To provide amobile robot that can move freely with no wired attached.

To provide a robot control system that performs a set of motion actions, for both the
robot and the camera base.

To provide an option of controlling the robot in both ad-hoc network as well as
infrastructure network.

To provide suitable and easy web application for robot control.

Enable the user to configure the robot wireless module over a TCP connection.

To give the user the option of recording the video feed through the controller program on
the web page, and storing it on the client.

To give the robot the ability to associate with the best access point that has the strongest
signal power.

To provide the robot with an intelligent system to protect it from obstacles for safe
movement.

To ensure arespective level of security in the system.

3.2 General Block Diagram

In this section, a general system block diagram is presented. The general block diagram is
shown in figure 3.1:

Client

@ Web Server

Access Point

{

Mobile
Robot System

Figure 3.1 System General Block Diagram.
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3.3 System Operation

The system user logs in with his account on the web page to gain access to the robot
controller software. When he does so, the video feedback is transmitted from the carried camera
on the mobile robot to the controller software. The user sends the control command from the
controller software to control the movement of both the robot and the camera base. The robot has
an intelligent system implemented to avoid obstacles.

Web Server

Access Point

= Internet Connection
x}} ADSL,ISDN, etc
Internet )/( > -/
WLAN

Internet Connection
ADSLISDN, etc

Robot System Wireless
¥ Imu_l [ransceiver
Client T _ )
amera WV
Web Page Base PIC 5&“‘“&31
Robot Controll Motor b
(HH, ML e T g
Software
| Battery |
Figure 3.2 System Operation.

Figure 3.2 shows the main system components. In this section, a detailed description of
each component is included.

In order to understand each component, the components are specified into two categories,
software components, and hardware components.

3.3.1 Software Components

The components that have a software form, code or graphical blocks or applications or
any other form of programming, these components are very important because they program the
hardware to function as required.

1. Client

The client is categorized as a software component, because the user uses the applications
to enter and use the system.
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The client is the remote controlling side of the system. Any device in the world with an
internet access and a web browser and has the authorization to control the system can be called a
client, whether it’s a computer, PDA, cell phone, or any other device.

As shown in figure 3.3, the client runs the robot control software. This software is a part
of a web page, the system user logs in with a username and password to gain access to the
software as shown in figure 3.3. When the software is running the user can perform the control
operations on the robot and the camera base. The video feed can be recorded optionally.

The system users can control the system anywhere they are with no geographical
limitations, which means that the user and the robot can be distant from each other.

Client
Web Page

Robot Control
Software

Figure 3.3 Client
2. Internet

To access the web page that runs the control software, the user obviously must connect to
the internet, and then use the software to perform control operations. As the internet bandwidth
increased the control commands and the feedback from the robot will be faster and more
effective for the user, also the video feed will bein abetter quality.

The functionality of the internet in this project is connecting the client to the robot
system, as shown in figure 3.4, through the internet the controller software connects to the
mobile robot through the home network’s access point.

Client

Robot System

Figure 3.4 Internet Connects Client to the Robot System
3. Web Server

The dedicated web server is hosted on a domain online to have a better bandwidth, and
enough capacity to store the videos online for the user to check them out whenever he desires to.

As shown in figure 3.5, the web server consists of three main parts. The first one is the
server program it should support PHP pages. For that reason XAMPP server (Apache Server)
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software is installed to open the web pages. The second part is LabVIEW software which is
needed to run the third part which is the robot control software that is described below.
Additionally a storage space is needed to store the client’s recorded video feeds from the robot’s
camera. Also to store the client’s information and accounts side by side with the web site.

LabVIEW

Robot
Control
Software

Figure 3.5 Web Server

The web site that the client uses to log into the robot control software is hosted on a web
server. The web site was developed using Adobe Dreamweaver CS4, written in PHP language.
This was due to the strength and simplicity of the PHP scripts when dealing with databases
needed for the web site. The databases used in the system will be developed using
PHPMyAdmin that is in the XAMPP server installation package. This system deds with
databases for retrieving and storing the system users’ accounts, and storing or watching recorded
videos from the robot’s camera.

4. Robot Control Software

Whenever the robot is powered up it will automatically try to connect to the web server
through the 1P address of the web server and the connection is done through a port which number
is determined. The web server address and the port number is programmed in the WiFly
transceiver which is built on the robot, this allocates the robot’s location, in which network it
exists.

When the web page that contains the software is opened by the system user, the user
deals directly with the user interface that has the options of moving the robot and observing the
video, etc.

The robot control software maps every command the user makes from a LabVIEW event
to an ASCII characters command so that the PIC microcontroller can later decode, then the

command is sent to the mobile robot through a TCP connection.
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The robot controller software has two options regarding the connection with the robot:

. Automatic Connection: when the robot is powered up it will automatically try to connect
with the web server. This option requires that the robot control software is always up and
dunning so the robot can connect to whenever it is powered up.

Manual Connection: the user can connect directly to the robot using a known IP address
and a port number of the robot’s WiFly transceiver. This option is helpful in debugging
the transceiver, if a system developer trying to connect to the robot without the web
server, the devel oper must have the robot controller software installed in his device.

Navigating the robot is done through sending coordination of the required
destination, or sending the distance and the direction of the required movement.

The robot control software can also be used to program the wireless transceiver
over a TCP connection.

The robot controller software is developed using LabVIEW program. The
decision to use LabVIEW was made due to its strong functionality when dealing with
TCP functions (TCP open connection, TCP Read, TCP Write, etc), which was helpful in
the implementation of this project, beside that, LabVIEW provides a ssimple web server
capabilities to any application that is built using the software.

3.3.2 Hardware Components

Physical components that is programmed or interfaced with each other to provide the

system functionality.

1. Wireless Access Point

As shown in figure 3.6, the wireless access point is essential for the system operation.

The robot searches for a wireless access point to connect to through the robot’s wireless
transceiver. When the best access point (strongest signal) is found, the transceiver try to
authenticate with it, if it succeeded, association occur to make the robot ready for controlling.

—
o ",

.-JI; J
(_ Internet . ) Act:_ESs
\ o Point

S

Figure 3.6 Wireless Access point Rule

2. Mobile Robot System

The mobile robot is the main part of this project, it contains the parts that helps the user

doing the control operations, motors, camera, wireless transceiver, ultrasonic sensors, and a
rechargeable battery. In addition to all that, the main part of the controlling system, the PIC
microcontroller.
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Motors

The robot contains three motors, two DC motors for driving the robot (figure 3.7), and
one stepper motor to turn the camera base around as shown in figure (3.8).

Figure 3.7 Driving DC Motors. Figure 3.8 Stepper Motor.

Video Camera

A visual feedback for the systems user is required for the controlling operation. So, a video
feed is needed from the robot to the client to help the user move around as if he was in the area. The
video camera used in this system is the ITM-C-328 Serial Camera which has a built on compression
engine.

Figure 3.9 ITM-C-328 Serial Camera.

The main advantage of the ITM-C-328 isthat it is serial, which leads to easy implementation
and programming, aso, its small size makesit easy to be built on the stepper motor so that it can be
rotated 360 degree.

The video camera was programmed to operate at a baud rate of 38.4kbpsin the serial
connection with the PIC microcontroller.

WLAN Transcever

The robot is mobile, no wires attached to it, the power source is portable, so connecting it to
the internet is an application for wireless LAN (WLAN). Thisis done using the wireless transceiver.
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The wireless transceiver is connected to the PIC microcontroller, the transceiver is
responsible for searching for networks, choosing the network with strongest signal power, sending
and receiving both control signals and data from and to the robot, forward them to the PIC
microcontroller or forward them from PIC to the access point which sends them to the web server.

Wireless
Transceiver

Figure 3.10 Wireless Transceiver Rule

The WLAN transceiver used in this system isthe WiFly GSX. It was programmed to operate
at abaud rate of 38.4kbpsin the serial connection with the PIC microcontroller.

Encoders

Its very important for the robot movement to be calculated every step, the direction its going
and how many steps it has moved, this is done using two encoders one at each motor, they are both
connected to the PIC microcontroller as an input, the PIC receives a frequency signal from the
encoders and calculate the number of times this signal became high (pulse), every time the signal
became high it means that the encoder detected a step from the motor. The relationship between
number of pulses and the steps the motor moved is not fixed and is related to the type of encoder
used and the gear ratio of the gears the motor is connected to.

Figure 3.11 CE Rotary Encoder.

Asshown in figure 3.11, the encoders used in this system are CE rotary encoders.

Sensors

There are some measurements done by the PIC microcontroller, distance from objects to
avoid crashing. For this reason, eight sensors are needed, two at each side of the robot, figure 3.12.
Thisis needed to check if there is a close object to insure safety movement for the robot, and to help
implementing the intelligent system.
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3.12 Sensors Distribution.

Battery

The Robot has many different components, and each component may need a different voltage
value, meaning that the robot must have different voltage values onboard. So the robot carries a
‘sealed lead’ 24v-5Ah and a power rate of (80Wh)

Figure 3.13 24V -5A Battery.

PIC Microcontroller

The whole robot is built around the PIC microcontrollers. The PICs connect all the robots’
components together, receives the instruction signals from the wireless transceiver, and sends the
video feed back to it.

The PIC microcontrollers used in this system are both PIC18F4550, programmed using
MPLAP software.

Since the internal oscillator of the PIC microcontroller has an 8M Hz frequency, the baud rate
cannot exceed 38.4kbps at which it was programmed.

Figure 3.14 shows the components of the mobile robot system, the PIC microcontroller
connects them all together.
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Figure 3.14 Mobile Robot System.
3.4 System Flow Control

Figure 3.15 shows the system flow contral, it helps to understand and analyze the steps and
the problems might appear and needs to be solved, in order to make the system as flawless as
possible.
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Figure 3.15 System Flow Control Diagram
3.5 System Operating Requirements

In order to guarantee an efficient operation for this system, a number of requirements must be
available. Some are essentia for the system to work properly, and others to increase the systems
performance.

Some of the systems components represent the core of systems operation, without them, the
system can’t run at all. Each one of these components must meet up with certain requirements in
order to operate the system without any delay or any unanticipated problems, this system can be
operated in an infrastructure network or adhoc network.
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3.5.1 Infrastructure Networks
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3.16 System Operating in Infrastructure Network

To operate the system in an infrastructure network, figure 3.16, which is any network with
access point, the existence of an internet network running on the IEEE standards is essential, in both
the client side, and the robot side. In the client side it is essential to run the system in an internet
bandwidth with capacity suitable to view a video feed which is about 38.4kbps, and send control
instructions to the robot which doesn’t require a bandwidth more than few number of bytes. These
two operations occur at the same time. So the minimum bandwidth required for this system to work
is 39k bps.

The user must have web browser software installed in the client device. It is important that
the web browser supports ActiveX Controller, and LabVIEW Run-Time Engine 7.1 or above for
the robot control software.

The web server must have a suitable traffic bandwidth to run the system properly. The
client bandwidth requirement applies also on the server.

The robot system needs to run at a Wireless LAN network operating at the |EEE 802.11g/b
standards, with bandwidth requirement just like the client and the web server. Using access point
with suitable range to enable the robot to move freely is also a very important factor. A range of
150-300 ft is fairly enough for amost every indoor application. For other applications, the range
depends on the coverage area of the robot. A stronger access point is needed if the robot reaches for
more than 300 ft.

Further requirements maybe needed in order to increase the system performance. Increasing
the Internet bandwidth in the client side, the web server, and the robot system side, al this, decreases
the possibilities for a delay in the system. Also running the client side on a wired network is more
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efficient than using a WLAN network. This is because the wired networks have a good Quality of
Service (QoS) while wireless networks are known with lacking at this matter.

Summarizing the above, the essential requirements to operate the system at an infrastructure network
are:

Minimum assigned bandwidth of 39kbps.

At the client side, Web browser software supporting ActiveX Controller, and LabVIEW Run-
Time Engine 7.1, the system was tested and worked efficiently using Internet Explorer 8.0
Browser.

Access point with range of 150-300 ft, and operating at the | EEE 802.11g/b standards.

3.5.2 Ad-hoc Networ ks

Client Ad-hoc Network Robot System

3.17 System Operating in Ad-hoc Network
For the system to operate in ad-hoc network, figure 3.17, all what is needed at the robot side,
isto run the transceiver in the ad-hoc mode, this can be done simply by turning the ad-hoc switch on.
On the client side, the user must associate with the ad-hoc network which the transceiver has creates,
and the robot control software installed on the client device with LabVIEW software. The user must
be in the transceiver’s range for this mode to operate successfully.

3.6 Delay Factors

Delay is a very important factor for the operation of the system, it should be considered to
avoid system instability.

There are four main sources of delay.
3.6.1 Human Delay

Human interaction delay is the period between the recognition of the object, and making the
decision to give new orders [7]. In order to find a specific value for this component, we must study
the reaction time of humansin general. Seetable (3.1).
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Table 3.1 Reaction Time

Personal factors influencing reaction tims

Psyrcho-physical reaction Whisenlsr reaction
. . :
. v TRl I Incipient ¥

Perceived Percerve Percerve Decide P Move :

i i response ACTuate

object(ie. S s

e control
wall) | &
Acuity of Perception and Mental Loco motor Personal | oot

vision understanding processing system response time

The reaction time is not fixed value; it ranges from 0.3 to 1.7 s, depending upon the user and
on external factors. Seetable (3.2).

Table 3.2 Effect of Personal and Extraneous Factors on Reaction Time

Peduction dovwn to 0.3 5 -]

- = FExtensionupto 1.7 s

A Personal factors

Trained, reflexive response

Incxpericnced response

Good frame of mind; optimum
performance potential

Poor frame of mind e.g. fatigue

Highly skilled n=er

T.ow level of user skill

Youth

Advanced age

Anlicipalion

Inattentiveness, disbiacion

Phvsical and mental health

Health disorders in response
Oroups

B) Extraneous factor (ohstacle
situation}

Tvpe of perceived object

Uncomplicated, easily
comprehended, predictable,
familiar.

Explicit. Conspicuous

Complicated. difficult to
comprehend, unpredictable,
rarelv encountered

Equivocal, inconspicuous

T.ocation of perceived ohject

Within field of vision

At edge of field vision

Mature of control element

Logical lavout of mechanic
conmol

Poor lavout of mechanical
conmrols

3.6.2 Wired Network Data Rate

Most networks these days uses internet with bandwidth shared among users. Each user
benefits from a part of the bandwidth, and this part is not fixed, sometimes the user may get the
whole bandwidth as he subscribed, and sometimes uses his minimum sharing amount which is called
the shareratio.
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Assuming that the minimum share ratio in ADSL lines is 1/32, and assuming that the client
and the robot uses a bandwidth of 128 kbps which is the minimum bandwidth available in ADSL,
and also assuming that the network is full with users, in this rare case, both the robot and the client
will have the minimum bandwidth of 128 kbps divided by 32, and that equals 4 kbps which is very
limited bandwidth which may cause a respective amount of delay in the system.

Figure 3.18 shows the relationship between the Internet bandwidth, and the number of users
sharing this bandwidth.
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Figure 3.18 Bandwidth relation with the number of users

3.6.3Wireless Network Data Rate

As the robot system runs wirelessly, the delay in the robot’s network must be calculated. The
delay in the wireless network increases with the increasing of the network users and the increasing of
the robot distance with from the access point. As mentioned in the system operating requirements,
the bandwidth requirement needed for the robot’s network is to provide a data rate of 9kbps.

When operating the robot at a wireless network with data rate of 1Mbps which is rarely used
these days due to its very limited bandwidth, the delay would be at maximum value when the
network is full with users, and the robot reaches the maximum range of the access point.

There are many |IEEE wireless technology standards on the market today, like Bluetooth,
802.11b, and 802.11a, and 802.11g, etc.
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The 802.11b standard operates in the 2.4 GHz frequency range but uses the Direct Sequence
Spread Spectrum (DSSS) modulation method. This results in a maximum data rate of 11 Mbps. It
has a range of 60 -150 feet indoors. As the distance between the access point and robot increases, the
datarate falsto 5.5, 2, and 1 Mbps, respectively.

802.11a operates in the 5 GHz frequency range (UNII band) and uses Orthogonal Frequency
Division Multiplexing (OFDM). Dueto OFDM, the maximum data rate of 54 Mbps can be obtained
within a distance of 60 feet between wireless devices. Asthe distance increases, 802.11a devices will
auto scale the data rate down to 48, 36, 24, 18, 12, 9, and 6 Mbps. A comparison of distance versus
datarateisillustrated in Figure 3.19 below for the 802.11a, 802.11b, and 802.11g technologies.
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Figure 3.19 comparison of distance versus data rate

The 802.11g standard combines the best features of 802.11a and 802.11b. It operates in the
2.4 GHz range using OFDM which results in a maximum data rate of 54 Mbps at arange of 150 feet.
The data rate will decrease incrementally from 48 Mbps to 6 Mbps as the distance between access
point and client increases.

Figure 3.20 shows the decreasing of the bandwidth of the 802.11g when the number of the
networks users increase.
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Figure 3.20 802.11g Data Rates Mbps for Number of Users

The tradeoff with 802.11g is in alower capacity, versus 802.11a, to serve a large number of
high speed WLAN users. The OFDM modulations allow for higher speed but the total available
bandwidth in the 2.4 GHz frequency band remains the same because 802.11g is still restricted to
three channelsin the 2.4 GHz band, unlike the eight that are available in the 5Ghz band.

The primary factors are the data rate and the distance or area the robot can cover and still
maintain connectivity. Below in Table 3.3 is a comparison of each standard.

Table 3.3 Wireless Technology Standards Comparison

Distance Modulation
Technology Frequency Data Rate (indoors) Scheme
802.11b 2.412 - 2.462 GHz 11 - 1 Mbps 150 - 300 ft DSSS
802.11a 5.15 - 5.825 GHz 54 - 6 Mbps 60 - 180 ft OFDM
802.11¢g 2.4 GHz 54 Mbps 150 - 300 ft OFDM

The decision of which technology to apply will depend on the requirements of the system.
Each access point can practically service between 32 to 64 users, depending upon manufacturer.
The bandwidth will be shared by all users. The number of radio channels associated with each
technology will vary by technology and product manufacturer. Multiple channels alows for
multiple access points to be collocated in order to provide access for alarger number of users.

Assuming that 802.11b is the applied wireless standard, and the robot is 200ft far from the
access point, in a network with 20 users, the data rate at this far would be 2Mbps and the whole
11Mbps bandwidth is shared among 20 users. So, even if we assume that the 2Mbps is assigned to
the robot, the throughput of this bandwidth will not be enough to operate the system properly.
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In order to limit the delay as much as possible, it is recommended to run both the client side
and the robot on a network with bandwidth that guarantees an assigned bandwidth of at least 39 kbps
which is farly suitable for this project, because the bandwidth requirement for this system as
discussed before is about 39kbps, and also using 802.11g access point with bandwidth of 54Mbps
with rang of 150-300 ft.

There is only one unavoidable case related to network delay may cause a robot to stop
receiving instructions and sending the video, it would be losing the connection with the ADSL
network. To avoid unstable state of the robot in this case, the robot can be programmed to freeze and
stop any running component.

3.6.4 Processing Delay

This system deals with a respective number of peripherals connected to the PIC
microcontroller, three motors, video camera, wireless transceiver, and sensors. This may cause a
noticeable delay when executing two operations at one time (sending the video feed, and receiving
the control instructions), the PIC can’t perform multitasking such as PC’s or other complex
microcontrollers. To overcome this obstacle two PICs were used, one for the video feed, and the
other for the control instructions.

Each PIC operates at 8M Hz frequency or 0.125 uS cycle duration, and as known that PIC’s
are from the RISC architecture which means, one instruction per cycle, except branching
instructions.

The processing delay is not related only to the PICs, there is Analog-to-Digital converter
(ADC) which consumes time when doing conversions.

There is a minimum acquisition time for the ADC that must be taken into consideration.
Figure 3.21 shows a snipped image form the PIC18F4550 datasheet contains the calculations for the
minimum acquisition for the ADC.

TACQ = Amplifier Seftling Time + Hold Capacitor Charging Time + Temperature Coefficient
= TAMP + TC + TCOFF
= 2 us+ TC + [(Temperature — 25°C)(0.05 pus/*C)]
IC = CHOLD (RIC + RSS + RS) In(1/2047)
= =120 pF (1 kL2 + 7 k€2 + 10 k£)) In(0.0004883)
= 1647 us
TACQ = 2us+ 1647 us+[(50°C —25°C)(0.05 ps/°C)
= 19.72 us

Figure 3.21 Minimum Acquisition Time in the PIC18F4550 ADC.

The ADC acquisition time value is essential when writing the code, to avoid incorrect
readings for the ADC.
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3.7 System Security

Security in this system is very essential. It protects the system from being hacked, or spying
on the transferred data, it protects the control system from being entered by anyone who is not
authorized. In this system, there are two levels of security, the first level is on the web site (user-
level), and the other one is between the robot control software on the web site and the transceiver
(connection-level).

At the web site, each user wants to use the system he should have an account, with username
and password. Any user that tries to enter to the robot control software web page and he does not
have an account, he will not be able to access to that web page, he will be redirected away. Also if
the user has an account, but he typed the user name and password incorrectly, he will also be
redirected away.

If auser has an account with user name and password, and he entered both of them correctly,
then he will access to the robot control software web page, but still does not have the authority to
control the robot yet. At first he must be sure that no other user is using the control software. If the
software is aready in use, a message will appear to the user that the control of the software has been
granted for another user. This prevents controlling the robot by more than one user.

Username — :
Logging If Exists |  Robot Control
Weh Page ' Software
Password ——— -
- 3 " ik
1 If Doesn't Exist ErroriogEing
e Page
User
Accounts
Database

Figure 3.22 User-Level Security Diagram

The previous security level was to secure who have the privilege of controlling the robot.
Another security level that is crucial and had to be applied in this system, it is the security on the
connection itself, the connection between the WiFly transceiver and the web server, including the
transferred data, devices ID, users, etc. This level of security is applied in the transceiver by a
password that is sent by the web server and must be accepted by the transceiver at the beginning of
every connection. The strength of applying the password, is that it must be sent in one TCP packet,
and if the first character sent does not match the stored password in the transceiver, the connection
will be dropped.
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Web Server

Send Password
In One TCP Packet

More security in this system is related to the security methods implemented in the WLAN
networks, between the transceiver and the access points. The video and the commands that are
transferred must be encrypted before transmitted, and decrypted at the receiving side. The encryption
and decryption occur at the wireless phase of the transmission, which is between the access point
and the transceiver.

The WiFly GSX transceiver uses the Direct Sequence Spread Spectrum (DSSS) as an
encryption method as well as a modulation method. The access point also well use the same
techniques for communicating with the transceiver since a handshaking process happened between

WiFly GSX
Transceiver

If Mateh

Connection
Established

Stored
Password

If Doesn't Match

Figure 3.23 Connection-Level Security Diagram

them at the authentication and the connecting phase.

These techniques make it amost impossible for anyone to know the transmitted data between

the access point and the transceiver unless the code for the DSSS is known.
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Chapter Four

Hardware Design | mplementation

4.1 Introduction.
4.2 Electrica Part
4.3 Mechanica Part
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Chapter Four

Hardware Design | mplementation

4.1 Introduction

Building robotic systems have always been a multipart projects, mechanical part, electrica
part, maybe chemical part, or even biologica part, depending on the robot application that it was
built for. A division must be made between these partsin order to build the system.

In this project, the hardware design will be divided into two parts, the mechanical part and
the electrical part. The mechanical part includes the mechanical components of the robot, the DC
motors, the stepper motor, and the sensors. The electrical part includes the electrical circuits of the
system, the wireless transceiver, the PIC microcontrollers, the video camera, and the battery.

In figure 4.1, a general system interfacing block diagram is shown, it represents the
interfacing of the whole system. In the coming sections, detailed interfacing techniques and
requirements will be discussed in both the mechanical and electrical parts.

o NideoFeed | pic1srasso ‘if
Microcantroller
ThI-328 Video Feed
Lz I 7
N Video PIC WiFly GSX
Wireless
Transceiver
Video Commands
i Controd Signals
Stepper
Mgt’;r < Dutpul Control | Signals
LUItrasonir, Sensor #1 % Cratput PYWHM | IIM
[ Uitrasonic Sensor #2 j—Sstl—y k= :E

Read (Phase Amd DNrection)
| Ultrasonic Sensor #3 I&I—b PICIBFA550  1g I Encoder #1 |

Microcantroller

Ultrasonic Sensor #4 L Output PWM =
. Read - M
Ultrasonic Sensor #5 - Contral PIC s i #3
. mad ] e o e
| Ultrasonic Sensor #6 jr—————# . ol [Ercoder 82
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| Ultrasonic Sensor #8 j————== VDD4 4 GND
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Figure 4.1 General System Interfacing Block Diagram.
4.2 Electrical Part

In this section, the electrical part of the system will be discussed. This includes
Interfacing techniques, requirements, and ideas to connect the electrical parts together,
the wireless transceiver, the video camera, and the battery al with the PIC
microcontroller, figure 4.6.
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4.2.1 Interfacing Two PICs

This system requires multitasks, which means two or more tasks at the same time, sending
the video feed while receiving the control instructions, and reading the sensors. Implementing thison
asingle PIC would produce a great amount of delay that would make the system unstable.

A solution of using two PICs is produced in this section. Using two PICs for this system
would increase the performance, one PIC is connected to the camera and is responsible for sending
the video to the WiFly GSX. This PIC is called the Video PIC. The other PIC is responsible for the
movement of the robot, rotation of the camera base, and the sensors. This PIC is called the Control

PIC.

As shown in figure 4.2, the two PICs communicate with each other through three digital 1/0
pins. For example (RBO, RB1, and RB2), this is needed to exchange some data between the control

PIC and the video PIC needed for the configuration of the serial camera.
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Figure 4.2 Interfacing Two PICs
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4.2.2 Interfacing WiFly GSX Wireless Transceiver

In order to connect the wireless transceiver to the PIC microcontroller, a brief study was
made about the pins for both the PIC and the WiFly GSX wireless transceiver, and the idea was that
serial communication can be applied between them. The PIC18F4550 supports serial communication
through the built in USART, two pins are available, one seria datainput (RC7/RX), and the other is
the serial data output (RC6/TX). The WiFy GSX also supports serial communication through the
UART_TX (output) and UART_RX (input) pins.

The WiFly GSX is connected to both PICs (figure 4.3). The connection to the video PIC is
done through the UART_RX pin connected with the RC7/RX pin, because the video is an output
from the PIC to the WiFly GSX, and connection to the control PIC is done through the UART_TX
pin connected with the RC6/TX pin, in order to send control instructions to the PIC.

Due the difference in the voltage levels between the PIC Microcontroller (5V) and the WiFly
GSX transceiver (3.3V), connecting the USART_TX of the PIC with the UART_RX of the
transceiver is done through three 10K Q resistors connected serialy, and the wire of the UART _RX
istaken from a 20K Q. The values of these resistors were found using the voltage divider rule.
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Figure 4.3 Interfacing WiFly GSX Wireless Transcelver
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The WiFly GSX baud rate can be configured to be from 2400 bps, to 1IMbps which is
suitable to the project requirements.

4.2.3Video Camera Interfacing

The video camera is a very important component in this system. It is responsible for the
visual feedback for the user while doing the control operations.

The ITM-C-328 camera which is the one used in this system has only four pins, voltage pin
(Vcc), ground pin (GND), transmit data pin (Tx) ,and the receive data pin (Rx).

Connecting the video camera to the PIC is done through the seria data line from the camera
transmit data pin (Tx) to the video PIC through the USART input pin (RC7/Rx), figure 4.4. And the
data pin (Rx) is connected with the Control PIC with the USART output pin (RC6/Tx), through a
voltage divider circuit as the WiFly, because the camera operates at 3.3V.
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Figure 4.4 Video Camera Interfacing.

The Camera is connected to both PIC’s because it is programmable and a connection must be
established with it using the Rx and Tx pins, and because the Tx pin in the Video PIC is occupied by
the WiFly Transceiver, the camera receives the commands to start connection from the control PIC
and sends the video feed to the Video PIC.
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4.2.4 Battery

The battery is the portable power source for the system, it feeds all the systems’ component
with power.

In order to connect some components with the battery, regulators are needed to control the
power entering the components, to avoid any problems of overloading the components with power,
and burning them.

Figure 4.5 presents the connection of the electrical components with the battery.
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Figure 4.5 Battery Interfacing.
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4.6 Electrical Components Interfacing
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4.3 Mechanical Part

In this section interfacing the mechanical part of the system will be discussed, the DC
motors, the stepper motor, and the sensors. Mechanical part means the part that is performing
mechanical operations despite the fact that the components are electrical components in their nature,
for example, the stepper motor is an electrical component in the system that performs mechanical

operation, which is rotating the camera base.
For more discussion about the mechanical components see Part One the Mechatronics Part
Chapter Two, (page 16).

140



Chapter Five

Softwar e Design | mplementation

5.1 Software System Design

5.2 Detailed Design Description

5.3 System Configuration

5.4 Web Site Design and Implementation.
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Chapter Five

Softwar e Design | mplementation
5.1 Softwar e System Design

The implementation of aweb based control system requires a number of tools and methods
provided by some applications such as the LabVIEW software. This software supports powerful
methods to handle TCP/IP communications, which is the mean of communication between the robot
and the user.

In this chapter, a detailed discussion about the system will be covered. Figure 5.1 shows the
software detailed system diagram.

Client Computer

MM Web Server
L

XAMPP ot LabVIEW
PHP Server Web Server

L
W

LabVIEW
Software

{

LabVIEW
- Robot Control Software
Virtual Instrument (V1)

A

i |
TCP TCP TCP TCP
Functions Listen Read Write
Robot System
WiFly

Video Camera i
Tra nsgewer

v

PIC Microcontrollers

Figure 5.1 Software Detailed System Diagram.
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5.2 Detailed Design Description

In this section a detailed description about each software component is presented. It discusses
the importance of each component and itsrule.

5.2.1 Client

The client is the remote controlling side of the system. Any device in the world with an
internet access and a web browser and has the authorization to control the system can be called a
client, whether it’s a computer, PDA, cell phone, or any other device.

In the client side, in order to perform the controlling operations, only a web browser with
ActivX controller is needed, and LabVIEW Run-Time Engine 7.1 which will be provided for the
user to download when the page is opened. ActiveX controller isinstalled into most known browser,
Internet Explorer, Firefox, and many more. It is needed to run the LabVIEW Virtua Instrument (V1)
that is recognized by the browser as a Plug-in. So, when the user opens the robot control software
page, the only thing the user needs to do is enabling the plug-in pointed by the ActiveX controller as
shown infigure 5.2.

Wirly GEX *PPUT - Winnduws Jnleriel Explorer /2

Z]

CLilaS el e sedll e e 4sle

|' Erﬁ . ':f_'.r' 'i' Sezr IT - e :.giu

TN S PA ) aluaon |

T e Y T s 2 Loadl
'["'-,ﬂ_- tlczz adl fhliadl vi Lo

(af] D1 20| BESIAEaa B O B

i rAte s e WiFy GEN

Figure 5.2 Enabling ActiveX controller.
5.2.2Web Server

The web server requires two different web server applications, the XAMPP web server to
handle the PHP pages, and the LabVIEW web server which enables remote access to the Virtual
Instrument (V1) that runs the robot control software.

XAMPP Web Server

The XAMPP web server is needed to run Apache web server, which is generally recognized as the
world's most popular Web server (HTTP server). Beside the Apache server XAMPP supports
MySQL, and PHP. All of them are need in this system.
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As shown in figure 5.3, the XAMPP web server receives requests to open web pages. It
fetches the required page from the root file of the server, which is the file containing the files of the
web site (pages, connections, images, etc), then maps the PHP page to its HTML equivalent, so that
any browser can compile the HTML code and present the user with the required web page.

LabVIEW Web Server

The LabVIEW development environment and any applications built from VIs contain an
integrated Web server. This web server enables remote controlling of the VI in a specific port
number. The web server makes publishing the VI over the internet very easy, as the VI will be
hosted in an HTML web page with a specific address, and the access to this web page is done

through any HTTP port.

Figure 5.3 XAMPP Web Server Rule.

LabVIEW Web Server

HTTP
Port

Vi
Port

HTML Web Pzge

Virtual Instrument (V1)
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Figure 5.4 Hosting VI in HTML webpage




The combination between two web server applications requires, splitting ports among them
and uniting the 1P address of both web servers so that they can run as one unit, figure 5.5.

Since the user uses the HTTP protocol to log into the web site, and that protocol occupies
specific port numbers like 80 and 6060, the XAMPP server can output the HTML pages into port 80,
and the LabVIEW server can publish the VI into an HTML page through port 6060, and the VI
access can go through port 3363. In this way ports are specified for each server and no conflict in
ports is suspected to occur.

Each web server requires a static IP address so it can be accessed through it. The existing of
two web servers requires two IP addresses, but in this system the two web server applications must
have only one IP address so that the user can connect with the robot through a single web server.
Thisis accomplished by using the same root file for both of the web server applications.

W
LabVIEW Web Server ;::3"* XAMPP Web Server
; HTTP Port HTTP Port ;
Root File 6060 i Root File

Same Root File

M

IP Address

Figure 5.5 Combining Two Web Server Applications In on Web Server.
5.2.3 Robot Control Software

As described in section 3.3, the robot control software is the user interface of the controlling
process over the robot.

In this section the main concepts of programming the software will be mentioned, but the
developed VI’s will be presented in the Appendix.
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Figure 5.6 Robot Control Software Flow Chart.

As shown in Figure 5.6, the controller software can connect to the robot automatically upon
power up of the robot. If this option is not needed, a connection using the IP address of the WiFly
transceiver and the port number can be done. Anyway, after a connection is established, the
transceiver request the password from the web server in order to authenticate the connection, if the
authentication completed successfully, the software is ready to receive the video feed from the

camera, and to send the user commands to the robot.
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Figure 5.7 shows the Robot Control Software user interface, with al the options and
feedbacks from the robot. The Block diagram which holds the code of the robot control software will
be presented in the Appendix.

Robat Cahtrol Saftware2 3 ehi ' Wob-Basod Mokile Bebot Contiel Sysicm |

Figure 5.7 Robot Control Software User Interface.
The Robot Control Software VI Block Diagram (code) is presented in Appendix H.

5.24 WiFly GSX Transceiver Programming

Upon power up, the transceiver’s behavior is shown in figure 5.8. The first thing the
transceiver does when it’s turned on is looking for a wireless networks, it has 13 channels at which
scan for WLAN’s occurs. After the scan is completed, the transceiver will try to associate with the
network that has the strongest Received Signal Strength Indicator (RSSI). If a connection is
established, the transceiver will try to connect with the web server using the stored IP address of the
server, and the connection is done through the stored port number which is 3000 in this system. The
authentication is done as follows. The transceiver will challenge the web server for a password. The
web server is programmed to reply with the correct password. After a successful authentication, the
transceiver will be ready to exchange data with the web server.
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Figure 5.8 WiFly GSX Behavior Upon Power Up.

For the transceiver to function as required, it must be programmed by typing a number of
commands in a terminal program using Telnet service, for example TeraTerm software. When the
transceiver is programmed and the configurations are set, it should be able to access Wi-Fi networks

and transfer or receive data

In this project connecting with the WiFly transceiver at the first time was done wirelessly by
connecting with the transceiver in the adhoc mode. Enabling adhoc mode via hardware was done by
connecting PIO9 pin to the 3.3V line at power up. Later, the adhoc mode was no longer needed.
Connecting with the transceiver was done through an access point the transceiver automatically

associated with.
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When the module powers up in adhoc mode the WiFly module creates an adhoc network
with the following information:

SSID: WiFly-GSX-7d where 7d are the final two bytes of the transceiver’s MAC address, which is
00:06:66:00:3c:7d.

|P address: 169.254.1.1

Starting a Telnet session using TeraTerm to set up a connection with the module was done as
follows:

Tzra Term: Mew connection

ETCRP Host: |160.254.1.1] “|
E History __-,
Service: @ Telnet TCF port: %
18311 33! yersien: - 501
) Other

Protocal: | UNSPEL v
i) Serial

| (.9 | | LCancel Help

Figure 5.9 Starting a Telnet session using TeraTerm in adhoc

As shown in figure 5.9 the module replied with the string *HELLO* indicating that the
connection has been established. In termina window, the WiFly GSX module was entered into
command mode by typing $$$. A CMD reply confirmed that the transceiver was running in the
command mode.

B 169.254.1.1 - Tera Term VT
File Edit Setup Contral Window Help

HELLO»= -~

Figure 5.10 A Telnet session using Teralerm

The message which indicates that a connection with the transceiver has been established
*HELLO*, was modified in this project and replaced with the * PPU* message. This was done by
this command (set comm remote * PPU*).
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Figure 5.11WiFly in Command Mode

The (set wlan chan) command is used to determine in how many channels between the 13
channels of the transceiver the scan can be performed. If this command was followed by a “0”, this
means that the scan will be performed across al the 13 channels returning the SSID for the WLAN’s
in range. In this project the (set wlan chan 0) command is used to perform the scan at all the 13
channels.

The (set wlan join) command is used to determine the policy for association with network
access point. If the user wants to join with a network manually, the command must be followed
by”0”, this prevents the transceiver to join a network automatically. If the user wants to join a
network with the stored SSID, then the command must be followed by “1”. A very useful feature for
this transceiver is that it can automatically scan and connect with the network which has the
strongest signal, this can be done by writing the command followed be “2”. In this project the (set
wlan join 2) is used, which makes the transceiver more powerful cause it connects with the strongest
access point.

The transceiver must have an IP address to be a part of any network, this IP could be
assigned manually using the (set ip address) command followed by the wanted IP, or, if the DHCP
client is turned on, the transceiver will be granted an IP address automatically from the network
during association. The DHCP client can be configured using the (set ip dchp) command. If this
command was followed by “07, then the DHCP client is off, and the transceiver will use the stored
static IP. If the command was followed by “1”, this means that the DHCP client is on and the
transceiver will be given an IP address and use the gateway address of the access point. In this
project, the (set ip dchp 1) is used, because it is essential for the transceiver to use an IP addressin
the range of the network, since the user and the robot will be in different places many times, and the
fixed IP does not always match the IP range of all networks.
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Figure 5.12 Programming Auto-association Commands.

Since in this project the sleep mode will not be implemented, the auto sleep configuration
must be disabled, this is done by using the (set sys autoslegp 0) and the sleep timer must be zero,
this is done using the command (set sys sleep 0). In this case the transceiver will always be in the
active mode.

P b

[ 10005 TeraTem T o[ (e
blz: kdit Sebup Lontrcl  \Window  Help

218> el nws avluzleey B
(K

2_L&> et cyz zleep @
L

2.1¥> cava

toring in conf ig
c2.18>

Figure 5.13 Disabling Autosleep Mode.

The (set sys autoconn) command is used in TCP mode to determine the value of the auto
connect timer. The value that follows the command determines how often the transceiver should try
to connect to the stored remote host (web server), if the value is “1”, the transceiver will only
connect once upon powering up. If the value is “2”, which is the value that is used in this project, or
more, then if the connection is closed the auto connect command will make the transceiver open the
connection after the number of seconds defined.

To configure the web server IP address and Port number of the connection these two
commands were used, (set ip host WEB_SERVER _IP) and (set ip remote 3000).

10006 - Tera Term VT e | = ey
File Edit Setup Cortrol Window Help

K2 AR mek sys antncnnn 2
g]:::l.ﬂb sek dip host 18.A.8.5
%Elﬂ} sekt ip remote JHHH

tgaigr?gg?ﬁenunfig

rz.1a> [

Figure 5.14 Programming Web Server Connection Commands.
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The WiFly GSX has an option that if the transceiver has been idle for a specific time, the
connection will be disconnected. The command (set comm idle) sets the idle disconnect timer. If the
command was followed by “0”, the idle disconnect will be disabled, as the case in this system.

The default case for the transceiver is to receive a flush size value before forwarding, this
flush size value is the number of bytes that should be received on the UART of the transceiver
before starting to forward to the TCP connection, this value is determined by the command (set
comm size), the default value for this command is 64 bytes, and the maximum is 1420 bytes. If this
command can be followed by “0” or “1” as the case in this system, this case makes the transceiver
start forwarding immediately without the need of the flush size.

' 10,006 - Tera Term VT RO
File Edit Setup Control Window Help

k2.18> set comm idle 8
0K

2.18> set comm si=e A
0K

2.18> save

toring in config
2.18> 1

Figure 5.15 Programming Transferring of Data commands.

For a successful serial communication between the transceiver’s UART and the PIC
microcontroller USART, they must have the same baud rate. The command that sets the
transceiver’s baud rate is (set uart baud) followed by the value of the baud rate that is the same in
both the transceiver and the PIC microcontroller which in this system is (38400) bytes per second

(Bps).

| 10.0.06 - Tera Term VT e[ =
File Edit Setup Control Window Help

E%ﬁ18> set uwart baud 2488

2.18> save
toring in config
F2.18>

Figure 5.16 Programming UART Sittings.

For each command to be successfully accepted by the transceiver, a (save) command must be
used after any new commands. If the commands were successfully handled by the transceiver, it will
reply with (AOK), if any error in the syntax of the command, the transceiver will reply with (ERR:
?- Cmd) , and (ERR: Bad Args) in case of error in the parameters.
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%ﬁ18> set uwart baud 2488

2.18> set uwart bad sdadasdas
RR: Bad Args

ﬁ2.18>

w2.18> =zadsa

FRR: 7—Cmd

w2 18>

l

Figure 5.17 Errorsin Commands.

All the commands that were mentioned above are from the set category of the commands.
There are another four categories, get, status, action, and 1O commands.

(1 10,006 - Tera Term VT = | =[]
Eile Edit Scun Cortrel Wirdow Help
| -
w2.18> get uwart

audrate =2 468

low-—-8xA

ode —BxH
2.18> B

Figure 5.18 A GET Command Example.

5.2.5 PIC Microcontroller Programming

The PIC microcontroller is part that requires much of the programming, because it combines
al the hardware of the robot system, the interfacing with them, communicating with them, and
performs processing needed for the robot movement, the intelligent system to avoid obstacles.

Robot System
| USART |  ADCcHO USART |
Digital I/0 | ; Digital /0 |
Video [ anc Ci—l 7 Control
PIC PIC
[ Clock input 1 || Timers PWM1 |
0,1,2,3
| Clock Input 2 PWM 2 |

Figure 5.19 PIC Microcontroller Components that requires programming.

USART Programming

USART stands for Universal Synchronous Asynchronous Receive Transfer, which is a very
important component in the system, because it is responsible for the serial communications, in which

is used between both the WiFly transceiver and the camerawith the PIC.
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The first step in programming the USART is configuring the Baud rate to make sure that the
datais sent and received correctly. In order to configure the baud rate correctly the value of the
SPBRG register must be calculated. The SPBRG is the baud rate generator.

Formulas for SPBRG
SPBRG = (Fosc/(16 x Baud rate)) -1, in the case of BRGH=1
Fosc: Frequency of Oscillator of the PIC microcontroller which is SMIHz.
BRGH: High Baud Rate Select bit, 1 = High speed 0 = Low speed, which is (1) in this system
Baud rate implemented in this system is 38400 Bps
SPBRG = (8x10°%(16 x 38400)) -1= 12

The second step is to enable the interrupt on receive option (USART_RX_INT), so that
whenever the PIC receives commands from the web server, it decodes that command and perform
the requested operation.

More USART programming techniques and concepts are fully described with the code in
Appendix D.

PWM Programming

The Pulse Width Modulation (PWM) is used in this system to drive the two DC motors that
is responsible for the robot movement. Two motors requires two PWM outputs which are provided
by the PIC18F4550.

The frequency of PWM must be calculated carefully to match the DC motors frequency,
which is 20KHz for both of the motors.

PWM period formula

Period = ((I/Frequency)/4x(1/Fosc)xTimer 2 Prescaler) -1
Period = ((1/20x10%)/4x(1/8x10%)x1)-1
Period = 99;

After calculating the frequency of the output PWM signal, it is essential to determine the
value of the Duty Cycle for each signal, this value determines the value of the voltage of the PWM
signal.

Duty Cycle Formula:
Duty Cycle = (Required Voltage/ Source Voltage) x 4 x PWM Period.

The duty cycle value differsin this system by the function it is needed for, for exampleif the
motors are required to move in full speed, this requires the full scale of the voltage signal from the
PIC which is 5V, this can be accomplished by avalue of 396 for the duty cycle.

Much more detail s are mentioned with the code in Appendix D.
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ADC Programming

The programming of the Analog-to-Digital converter module, is very simple but essential in
this system, the ultrasonic sensors are connected to this modul e, they output avoltage signal its value
determines the range of the closest obstacle.

To program the ADC to read the range, it is important to determine the Least Significant
value of the ADC, which isthe value of voltage that is detected by the module.

L SB= Input Voltage/2*PCTe=ution  ApC-resolution = 10 bit
LSB = 5V/1024= 4.8828125mV

Then to calculate the value of the ADC that represents the range in inches the sensors
sensitivity isimportant. So, the distance of the obstacle formulais:

Value of ADC (integer) = Distance (inches) x Sensitivity / L SB;
Sensors sensitivity: A supply of 5V yields ~9.8mV/in.
For example if the robot is needed to detect obstacles close than 30cm. the value of the ADC will be:
ADC = ((30cm/2.5)(inches) x 9.8)/ 4.8828125 = 24,

More techniques to deal with eight analog inputs one for each sensor will be fully discussed in
Appendix D.

Timers Programming

Timers are very helpful modules in the PIC, they execute the required action in parallel with
the PIC execution, this was needed because the controlling of the robot movement must work in
parallel with sensors readings, and USART readings.

There are four timers in the PIC18F4550, TimerO, Timerl, Timer2, and Timer3. All of them
were needed in the code to implement the system functions. In this section a brief description of each
timer will be discussed, why it was needed, and how it was programmed.

TimerO: Thistimer was configured to read the encoder of the left wheel, the output voltage of
the encoder will act as the input clock of the timer, making the timer working as a counter,
reading the number of pulses from the encoder and calculating the relationship between the
number of pulses and actual distance moved is described in thisformula:
Number of Pulses = (Distance x 66)/ 1
For example: if the robot is ordered to move 1m the timerO reading must reach 2102.
Timerl: Same as Timer0, but it is connected with the right wheel encoder.
Timer2: Used for the PWM operation, working as the counter of the period.
Timer3: Used also for the PWM operation, working as the counter of the Duty cycle.
More details and codes are in Appendix D.
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Intelligent System Programming

To implement an intelligent capability in the robot, the robot is programmed to calculate the
coordinates of its position at every point. At system start-up the robots coordinates are (X=0, Y =0)
and at every step the robot calculates the coordinates of new position through a programmed code in
the control PIC. Navigating the robot according to coordinates is an option for the system user. The
user can send the coordinates to the robot to go to and the robot is expected to move to those
coordinates. The unit of the coordinates is in square centimeter, so a transition from point (X=0,
Y =0) to the point (X=0, Y=1) isal cm step forward.

When the robot reaches its destination, it stores the coordinates of that point into a two
dimensional array containing the path coordinates as shown in figure 5.20. The robot also stores the
coordinates when it stops after detecting an obstacle, so it can use that coordinates to calculate the
path to avoid that obstacle and try to reach the destination point.
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Figure 5.20 Robots Path Storing Technique

The robot is aso programmed to avoid obstacles by detecting them using eight ultrasonic
sensors, if the robot was ordered to move to some point and in its path to that point an obstacle was
detected, the robot is programmed to avoid that obstacle and try to return to its original path.

The C code to implement this system is under development and expected to be finished at the
end of this semester.

5.3 Web Server Configurations

To configure the web server, a number of applications must be installed, and a few
configurations must be chosen. In this section an explanation for the steps to configure the web
server will be described.
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At first the server must have an operating system installed and ready for applications to be
installed.

Step One: Install XAMPP software version 1.7.2 or above.

After installing the XAMPP software, run the XAMPP Control Panel and enable the Apache server,
and MySQL, as shown in figure 5.21. For the web site to operate, this step must be done.

Step Two: Instal the web site files (pages, connections, databases, etc) in the XAMPP root
directory, which is normally:

C:\xampp\htdocs\(Name Of the Website folder)

The web site files must include the Published Web Page of the Robot Control Software VI, see
figure 5.22.

Step Three: Install LabVIEW software version 7.1 or later.

After installing the LabVIEW software, the LabVIEW web server must be enabled. This is done as
the following, figure 5.23:

In the software menu >> Tools >> Options >> from the drop list Web Server: Configuration >>
Enable Web Server >> Choosing the Root Directory the same as web site folder >> choosing the
HTML port number 6060 to avoid conflict with the XAMPP software which occupies the HTML
port number 80.
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Figure 5.21 XAMPP Control Panel
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Figure 5.23 LabVIEW Web Server Configuration.

Step Four: To prepare the web server to be accessed by users, al of the above applications must be
running, and also the Robot Control Software must be opened.
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5.4 Web Site Design and I mplementation.

As shown in figure 5.24, that shows a flowchart of the steps the user must do to use the
Robot Control Software to control the robot. The user must first log into his account in the web site.
If the authentication completes, when the user go to the robot controller webpage, if another user is
using the software, a message will appear to the user that the software is busy. But if the user is the
first to use the software, the permission will be granted to him and he can use the software and try to

connect with the robot.
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Figure 5.24 Web Site Design Flow Chart.
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Chapter Six
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6.1 Introduction
6.2 Testing Scheduling
6.3 Testing Procedure
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Chapter Six
System Testing

6.1. Introduction

The testing steps are very important to the system. The system after al the works has been
done, was placed under spot to see if it is working as expected, and to find out the mistakes,
problems.

6.2 Testing Scheduling
The table below shows testing time schedule.
Table 6.1 Testing Schedule

Days

Testing Process

Unit Testing

Sub-System Testing

System Testing

Acceptance Testing

6.3 Testing Procedures
The system testing procedures are shown in table 6.2.
Table 6.2 Testing procedures.

Unit testing:

To implement such testing, each unit must be tested, so each task of the project would be
tested individually. The WiFly GSX transceiver was tested alone, the PIC microcontroller, ITM-
C-328 seriad camera, DC and stepper motors each was tested separately. Additionally, the
connecting cables and all the pins were tested. Finally, testing each part of the robot’s physical
construction was done.

The software components also were tested. The web server, the LabVIEW web server,
the XAMPP web server, and the robot control software, the connection of all of them with the
internet. The consistency of the web site and the flow of datain it were tested.
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Sub-System Testing:

The main aim of this testing part is to test the main operations in the system. There are
Six main operations in the system. The first one is the robot movement. The second operation is
the camera base horizontal movement. The third operation is exchanging of data between the
WiFly transceiver and the PIC microcontroller. The fourth one is sending the video camera
streaming to the PIC. The fifth operation is the sensors readings transfer to the PIC. The last one
is the connection between the WiFly transceiver and the web server. All the operations
mentioned before fulfilled the expectations, except the video streaming, it needs more time to be
fulfilled.

The major software components were tested also, The connection between the web server
and the transceiver using TCP connections function, the web site security and user
authentication, the robot controlling. What is left to be tested is capturing video streaming, and
recording the video.

System Testing:

This section is to test system work. It should be tested by using a complete process of
connecting the electrical system components, the robot’s physical components, moving the robot,
rotating the camera, capturing video and avoiding obstacles. By implementing this process, the
system works very well except the video streaming which is not finished yet.

The software component in the system was tested. User authentication, starting the robot
control software, configuring the system as required, controlling the robot and the camera base
movement, and closing the system. Only viewing video streaming has not been tested yet.

Acceptancetesting:

In this section, the system will be tested to seeif it meets the requirements the system was
built for, and at this point the system did meet the needed task of the system. Except the video
streaming part.

6.4 Testing Strategies
This part of the project shows the system Testing Strategies.
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6.4.1 Black Box Testing
This type of testing depends on suggesting specific problems, starting the system and

then checking the behavior of the system in these suggested problems.
Table 6.3 Black Box Testing.

I nputs Expected Values Actual Values Notes
Client running XP, The system should The system worked Not recommended to
Vista, 7 Windows work properly. properly. operate using Unix

operating systems, or
Linux.

operating system,
(errorsin .dll files)

Client using Chrome
browser.

The system should
work properly.

Chrome browser did
not support LabVIEW
Run-Time Engine 7.1.

The system was tested
using Internet Explorer
8.0 and worked

properly.

Invalid user login
information.

Access denied.

Access denied.

The user will be
redirected to the Error
Login Page.

Two userslogin to the
Robot Control
Software at the same
time.

Allow thefirst one,
and deny the other.

Grant control to the
first user, and show a
message to the second
user that the control is
aready granted to
another user.

The second user will
see a snap shot of the
Control Software.

Therobot is not turned
on.

Failed attempt to
establish connection.

Failed attempt to
establish connection.

A message will appear
to the user.

Robot Shutdown, Connection with the Connection with the A message to the user
Access Point control software should | control software will will be displayed.
shutdown. be disconnected. be disconnected.

Web server shutdown. | The robot should The robot will operate | The robot can be

operateintheidle
mode*, and the user
should not be able to
browse the web site.

in the idle mode, and
the user will not be
able to browse the web
site.

controlled in ad-hoc
mode

No Access Points were
found, or no
association or
authentication with
Access point.

Failed attempt to
establish connection,
and the robot should
operateintheidle
mode.

Failed attempt to
establish connection
and the robot will
operateintheidle
mode.

If the network has a
security constrains, the
transceiver could be
programmed to associate
with that network using
SSID, the PASS Key, or
any other security

parameters
An attempt to connect | The WiFly transceiver | The WiFly transceiver
with the WiFly should deny the denies the connection. | None
transceiver without connection.

web server or not
running in ad-hoc
mode, using invalid
password.
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The user sendstwo or | The robot should If the robot started None
more consecutive executethem in order. | executing thefirst one,
commands. and the second one
arrived, the robot will
stop executing the first
and execute the
second.

User disconnect Robot should returnto | Robot returned to
operate in idle mode. operate in idle mode. None

* |dle Mode: when the robot is not connected with the web server and not running in ad-hoc mode, it will wait
for aremote connection or to be operated in the ad-hoc mode by the ad-hoc mode switch.
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6.4.2 White Box Testing
This test will be done according to the critical paths on the flow chart. A value will be
expected, and then an observation will occur to see thereal value.

( Start )
0}

Web Site Main Page
|

1

10

Authorized
User

Robot Control
Software Web Page

3

11

Software
Already
In Use ?

4 No

L'

Robot Control Software
User Interface

5

12

Connection
Established

6 I Yes
Capture Video
7 s

Move The Robot

Figure 6.1 White Box Testing.
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Table 6.4 White Box Testing.

Branch Inputs Expected Values Actual Values
0,1 Web Server Running. User Browse Properly. | User Browse Properly.
0,1,10 Unauthorized user. Redirected to login User redirected to login
page. page.
0,1,2 Authorized user. Enter Robot Control User entered Robot Control
Software web page. Software web page.
0,1,2,311 Software already inuse. | Deny access to robot Show a message to the user
control software. that the control is already
granted to another user.
0,1,2,3 Software not in use. Grant control to the Control granted to the user.
USer.
0,1,2,3,4,5,12 Failed attempt to A message will appear | A message appearsto the
establish connection. to the user. user.
0,1,2,3,4,5,6 Capture Video. Receive video stream. | Not yet accomplished.
0,1,2,3,4,5,6,7 Move the motors. Robot Respond to Robot Responded to
commands. commands.
0,1,2,3,4,5,6,7,8 User disconnects. Drop connection. Connection dropped.
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Chapter Seven
FutureWork

7.1 Future Work
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Chapter Seven

Future Work
7.1 Future Work

In this project, there are some ideas that could be done or added to improve its performance,
or add some capabilities, some techniques that are efficient and meet worldwide needs. Some of
these ideas are mentioned below:

System could be improved to handle number of robots, controlled by a number of users at the
same time. This could be accomplished by updating the robot control software for that
manner by listening to a number of portsin which each robot uses.

The robot could be improved apply handover capability between the networks. This could be
applied by writing a certain code in the PIC to send commands to the WiFly transceiver
serialy, to scan for networks periodically and force it to associate with the strongest taking
into consideration the Ping Pong effect.

A special controller device with LCD and keypad... etc, could be designed, and used to
replace the client computer.

A new capability could be added to the system, to enable the user to listen to the voices
around the robot, using a microphone, and enable the user to speak through a speaker on the
robot.

A memory could be added to the robot system to store videos on board in case of connection
dropped. This could be done through serial connection between the memory and the SPI
module in the PIC microcontroller.

The robot could be programmed to receive commands via voice recognition, this could be
applied by a voice recognition program on the robot control software, converting voice
commands into text commands to send them over TCP connection to the robot.

An improvement to the video quality could be applied, by using a high resolution camera, or
any other microcontroller or microprocessor with higher frequency.

The two PIC microcontrollers could be replaced with a single microcontroller or
microprocessor that supports multitasking, and high performance.

More commands and operations could be added to the robot, like searching for objects (using
image processing or certain sensors).
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Robots Board Connection
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Appendix B

DC Motor RS-445PA

Stepper Motor
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RS-445PA/PD

(@ MABUCHIMOTOR

Carbon-brush motors

OUTPUT : 3.0W -55W (LPPROX)

Typical Applications  Precision Instruments : Printer

WEIGHT : 127g (APPROX)

VOLTAGE O L0AD AT WUKIIE. I EFTHOENCY STkl
wiE SFEIATRG — iSEED | CUREENT | SPEED | CLRREMT TDRIE oENR TOEDLE CLRZERT

ARNE mn A rin L Alm gam [ i 3| A
R5-345PL-14233 12-42 =4NS CONSTANT | 6500 | 0060 | 5410 030 13.7 rAD 7.78 BLE B34 147
RS-445PE- 15200 12-&2 *4AS CONSTANT | TE00D | 0.0E7 429 036 146 T4E 977 337 955 18E
RS-HASPD-161T5 12-42 =4S CONSTANT | 7400 | 0055 B350 035 15.3 156 2.3 (RE 162 13B

*Thiz aperating woltage Indiczte the avorage or r.ma in msa of pulse-widih medulation (PN power =apply. Besides, s withatand voltage, 1BIOV for one second cam not bo

guzrantead,

DIRECTION OF ROTATION

RED MARE

150 M3.0X 0.6 TAPPED HOLE
2 PLACES

Usable maching scrow langth 5.0 max. from
mefor moanting suriace

#11 R5-445PA : 25.108EF
R5-445P0: - 30.0REF.

BL0
1340 470
36 25 .
=
- il [
3 i |
= L q’@ e
g| [ === =l = e
ol i
E Ea
[ il
5.0 FEE | #1 JBHRER

#2} AS-EPA (232 TMAXL
AS-445PD (& 33 EMAX.

LW MILLIMETERS

RS-445PA-14233 2.0V R5-445PD-16175 42.0V
| 18| 7see = z
E £
E »
= | m;m }/ 2| 1
= i
=) 05| 25m =
*
fi"'h
T 3 IS e |n:-ﬂ»:-|| R 7 - = : |-:F.Iq:-. ' L= 8
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H - B TORIRIE = - g TORCEE
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MITSUMI

Stepping Motors
M35SP-11NK

Stepping Motors

JOUTLINE

M3sSP-11NK. which has the thinnest body
amaong the model series with @35 diameter,

realizes step angle of 3.75, high resolution and

high speed responsiveness.
It 1= ideal for use in the small electronic
equipment of the future.

-~
e
I SPECIFICATIONS
items MISSP-11NK
Rated Voltage DC 12V DC 24W
Working Voltage DC 108133 DC 21.6-26.4Y
Rated CurrentPhase H0mAPEAK) 30mA(PEAKD
No. of Phase 2 Phase 2 Phase
Coil DC Besistance 250/ phases TS 2500/ phase:T%
Step Angle 175" fstep 375 fstep
Excitation Method 22 Phase excitation{Bipolar driving)
Insulation Class Class E m=unlation (Class E insulation
Holding Torque 14.TmMN-m omN-m
Pull-out Torgque E.9mN-m/1200pps= 12 1mN-m/ 1| 80pps
Pull-n Torque 10 8mN-m/400pps 13.8mN-m /&0pps
Max. Pul-out Pudse Rate 1500pps Tpps
Max Pull-in Pudze Rate T0pps 1250pps
I CHARACTERISTICS

Torgiued gem)

SDI"."I:'_-'IEEF‘-HNK[EELI DC 12v)

[

ﬁ'\—-— Pull-0u Toragus

e

Puit

-in Toagem \

=

\

Pulse Rate|pps)

e}
0 200 400 B00 BOD F000 1200 T80 1600 1800 S000

000

g B
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o
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E o & ﬂ“""--q._f‘::lle-m
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=
x Pufi-in Tompua 400
2 &0 \ \
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o a
1] B0 1000 1500 2000 26500 3000
Pulsa Rate{pps)]
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Appendix C

H-Bridge L 298
Drive Circuit Implementation
L ogic Circuit Implementation for DC motors

Stepper motor drivecircuit Implementation
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L298

DUAL FULL-BRIDGE DRIVER

OPERATING SUPPLY VOLTAGE UP TO 46V
TOTALDC CURRENT UP TO 4 A

LOW SATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

« LOGICAL "07 INPUT VOLTAGE UP TO 15 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L2498 is an integrated monalithic circuit ina 15
lead Multiwatt and PowerSO20 packages. itis a
high vaoltage, high cument dual full-bridge driver de-
signed to accept standard TTL logic levels and drive
inductive loads such as relays, sokencids, DC and
stepping motors. Two enable inputs are provided fo
enable or disahlethe device indepandently of the in-
put signats. The emitters of the lower transistors of
each bridge are connected together and the come-
sponding external terminal can be usad for the con-

BLOCK DIAGRAM

Multiwatt1s PowerS020

DRDERING HUMBERS - L238M (Multiwatt Vert.)
L2G8HN (Multiwatt Hanz. |}
L28EP (Power3O20)

nection of anexternal sensing resistor. An additional
supply input is pravided so that the logic works at a
lower voltage.

e Is
Yoot A ]
- e
o L
y ~= o
SRy

Jenuarny 2000

1113




L298

ABSOLUTE MAXIMUM RATINGS

Symbaol Parameter Value Linit
Ve Powwer Supply &0 W
Vas Lagic Supply Voltage T )
WiWan Input and Enable Yoliage 0317 W
lo Peak Output Current (2ach Chanmel)
— Mon Repetitive (t= 100ps) 3 A
—Repstitive (0% on —20% off; t.m = 10ms) 25 A
—DC Operation 2 A
Wemns Sensing Voltage —1to23 it
Pice Total Power Dissipation (Tase = 7575 25 W
Top Junction Operating Temperaiure —25 to 130 c
Tag T Storage and Jurnction Temperature —340 1o 150 C
PIN CONNECTIONS (top view)
/ I. -1 — CURRENT ZEMTING B
."+"l. (LI — Ty
t_+_;' 11 2 OUTRUT 3
=1 I
11 ] ENABLE 2
m 3 wmruT3
ER| — LOGIS BUPPLY WOLTAGE Wy
Pultiwatt 15 3 : SHD
p - | BIFUT 2
§ 1 EMABLEA
s——— =2 MFUT 1
s 3 DUFPLY WOLTAGE Vg
,r"h 3 = OUTRUT 2
l""l"'l 7 ouTRUTH
"‘\_\ |‘ N — CURRENT ZENZING &
Z TAE COMMECTED TO PN B RSN
"4
GHMD ] 1 a [ sMD
Sarse A | 2 15 ] SensaB
H.C 3 1B ] M.C
out1 1 4 17 [ ocats
outz ] 5 PowerSO20 4 7 cut3
Wy 1 5 15 [ input4
Imput 1 [ 7 14 ] Enadled
Enaded 1 8 12 [ Input3
mput 2 [ 3 12 ] WES
GHD [ 10 11 ] GHND
DIRRRDSE
THEREMAL DATA
Symbol Parameter PowerS020 Multiwatt15s Umit
Bt fcaze | Themnal Resisiance Juncticn-case Mazx. - 3 Y
Fepame | Themnal Resistance Juncticr-ambient P30 13 (") 35 Lo
{") Mounted on aluminum subsTate
I
213 <7}




L2598

PIN FUNCTIONS (refer to the biock diagram)

MW.15 Power50 Hame Function
i:15 219 Sense A Sense B |Betaeen this pin and ground is connecied the sense resistor o
cantrol the current of the load.
23 4.5 Ot 1; Ot 2 Cutputs of the Bridge A; the cument that fiows throwgh the load
connected between thess two pins is monitored at pin 12
4 i s Supply Volage for the Power Cutput Stages.
& non-inductive 100nF capacitor must be connected betweasn this
pin and ground.
5.7 T2 Input 1; Impue 2 TTL Compatible Inputs of the Bridge A
&1 814 Enable A; Enable B | TTL Compatible Enable Input the L state disables the bridge A
{enable A) and'or the bridge B (enable B
8 1,10.1%,20 GHD Ground.
12 WES Supply Voltage for the Logic Blocks. A 100nF capacitor must be
connected between this pin and ground.
10; 12 13:15 Input 3; Imput 4 TTL Compatible Inputs of the Brdge B.
13 14 1L Ohat 3; Ot 4 Ciutputs of the Bridge B. The cumant that fows throwgh the load
connected between thess two pins is monitzred at pin 15.
— 318 H.C. Mot Connected

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

Symbol Parameter Test Conditions Min. Typ. Max Wnit
W =upply Vaoltage (pin 4} Operative Conditon Vi +2.5 45 1
Vs Logic Supply Volage (pin 8) 4.5 5 T 1)
= Cuiescent Supply Cument (pin4} |V =H; Ip=0 Wi=L 13 22 mf,
Vi=H 50 70 ma,
Wem =L V=X 4 mé,
lz= Cluiescent Current from Vag (pin 8} |V =H; I =0 Wi=L 24 s m&,
Vi=H T 12 s,
Wer = V=X L] e,
Wi Imput Lowe Vaoltage 0.2 1.5 W
ipins 5, 7, 10, 12}
Vi Imput High 'Veoitage 2.3 WES )
fpins B, 7, 10, 12}
g Low Voltage Imput Current Wi=L —10 e
{pins 5, ¥, 10, 12}
I High oltage input Current Vi=H= Ve —0.0Y a0 100 [T
{pims'f, 7, 10, 12}
‘en =L |Enable Low \oitage (pins 8. 11} 0.3 145 W
‘er = H |Enable High Voliage {pins 8. 11} 2.3 Vas i
lem = Low Voltage Enable Cument Ve =1L -10 7Y
{pims 8, 11)
len=H |High Voltage Enable Cument Ve = H £ Vaz 0.8V 30 100 1A
{pins 8, 11}
iegsmin | Source Saturation Voltage IL=1A [RR3] 135 1.7 W
IL=2A 2 2.7 W
Wegsatny |Zink Saturation Voltags IL=1& (&) oes 1.2 1.8 W
h=2A (5] 1.7 2.3 W
Vioema | Total Drop iL=1A (5] 1.50 3.2 W
=24 (5] 4.8 W
Weenz  |Sensing Voltage (pins 1, 15) =1 (h 2 v

ﬁ a3




L298

ELECTRICAL CHARACTERISTICS {continued)

Symbol Parameter Test Conditions Min. Typ. Max. Wnit
Ti Vi) |Source Curent Turn-off Delay 05V 0BlL (2% 4) 1:5 Us
T2V |Source Curent Fall Time OB el (2% 4] 0.2 LS
Tz V) |Source Curent Turr-on Delay DoV el (2% (4) 2 LS
Tz {))  |Source Currert Rise Time 010 w8k (2% {4) 0.7 LS
T 1) |Simk Cument Tum-off Delay 05V DBl (3k{4 0.7 us
Tz (V) | Sink Cument Fall Tims 081 wlily [3k{4) 025 us
Tr Vi) | Sink Cumrent Tum-cn Delay OS5V DBl 3k 1.8 1
Ta Vi) | Sink Cument Rise Time 0.1l Bl (3 4] 02 us
foV)) |Commutation Frequency I, =24 25 40 kKHz

Ty (Wanl [Source Current Turn-off Delay 05V w3 E {2k (4) 3 US

T2 {Venl |Socurce Curment Fall Time D81 o1l (2 {4) 1 Us

T3 {(Ven) |Source Current Turn-on Delay 05 Vel k(2K (4} 03 LS

Ta(Wanl |Source Curent Rise Time 011 DBl [2) ) 04 [T

Te (Wen) [Sink Curment Turm-cff Delay 08 Wentic DB L (3% (4] 2.2 us

Ts (Wen) |[Simk Current Fall Time 0Bl il (3% 0.35 LS

T7 (Waql [Sink Cument Tum-cn Delay 05 Wi DB L (3[4 025 us

Ty (Ven) [Bink Cumrent Rise Time O, el (3 4] 0.1 LS

11 1¥5enzing woltage can be —1 W for t ¢ 50 psec; in steady state Ve min =—-0.5V
2 Seafig 2.
J) Seefig 4.
&) The load mmust be a pure resisior
Figure 1 : Typical Saturation Voltage vs. Output Figure 2 : Switching Times Test Circuits.
Current.
e
Vsar
4]
uBY

24 H

0 L

LE }-‘5;—"

12 o

a8 a

04

o 04 0B 12 %8 20 2% 1| ] Mote - For INPUT Seitching, set EN=H

oAl For ENABLE Switching, st IN = H
| r

413 2l
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L298

Figure 3 : Source Current Delay Times vs. Input or Enable Switching.

i

Imax(Za)
0% —

S-ARME

Figure 4 ; Switching Times Test Circuits.

Mote - For INFUT Switching, set EN = H
For ENABLE Switching, setiM=1L

ﬁ 513
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L2598

Figure 5 : Sink Current Detay Times vs. Input 0V Enable Switching.
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Figure 6 : Bidirectional CC Motor Control.
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L2398

DM, i e OUTLINE AND
MIM. | TYP. | MAX | MIM. | TYP. | MAX.
" 5 01o7 MECHANICAL DATA
B 265 0. 104
i 1.8 0083
O 1 0038
E .48 055 | D018 Qo222
F .66 075 | 0.026 0030
= 1.02 1.27 1.52 | 0.040 | D.050 | C.OB0D
G1 1753 | 17.78 | 18.03 | O.8680 | D700 | 0.710
H1 186 0772
H2 2.2 0.785
L 2148 222 225 | D.862 0874 | 08358
L1 217 221 2258 | D854 | 0870 | D886
L2 17.65 181 0.8685 [l
L3 17.25 | 175 | 17,75 | 0.872 | D820 | OG89
L4 10.3 107 108 | 0408 | D421 | 0420
7 285 20 0.104 o114
Bd 4 25 4 /5 485 (D167 | 0178 | D018l
M1 4 /3 5.08 553 (0.t82 | 0200 | 0218
5 1.8 28 0.075 o102
=1 | 1.9 28 | 0075 0.102 Multiwatt15 V
Ciat 385 385 | C.1d4a 0. 152
Hi
A s
G ~ —.I—..
| D1 J
s |
—
=
r
B
E
M N
10413 E
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SEMICOMNDIICTOR TH

DM7408

August 19245
Revised February 2000

Quad 2-Input AND Gates

General Description

This device contains four mdependent gates sach of which

performs the logic AND function.

Ordering Code:

Order Mumber | Package Mumber

Fackage Description

DMFA08M M14A

14-Lesd Plastic Duakin-Line Package (FPDIF), JEDEC MS-001. 0.200 Wide

Connection Diagram

Function Table

.,'_|
' H - HIGH Logis Leval
| - LOW Logic Levsl

i A3 ¥3 ¥=AB
Wil ¥ & Inputs Crhurtput
A B Y
L L L
H L L
H -

= ]

L
Al i i A2

H 1] 7
Az LE OHO

sajeg gNV Indul-z penp gov.LNa



DM7408

Absolute Maximum Ratingset o

Supply Vohage FAY
Input Voltage .50
Dperating Free Alr Temperature Range 0FC fo +70°C

Storage Temperature Range —65C 1o +150°C

Recommended Operating Conditions

Mote 1: The “Absoiule Maximum Ratnge" ane ose vales beyond which
the eafely of the device cannot be guaranteed. The device shouid not be
poeEted 31 these miis. The parametic valuss defined In the Elecrical
Characiensics Bhiss ans not guarantsed a the sbsolute masmum ratings.
The *Recommended Cperating Condifons” table will define the condiions
Tor actual fevics ppemnon.

Symbaol Parameter Min Mom Max Units
Voo Supphy Voltage 476 5 525 W
YVin HIGH Level Input Vollage 2 v
ViL LOW Levet input Voltage 08 v
loH HiGH Level Dutput Current -0.8 A,
laL LOW Level Output Current 1d mA
Ta Free Air Operating Temperaiure i) 7 C
Electrical Characteristics
over recommended operating free ar temperature ange [unkess ofhenwise nobed |
Symibol Parameter Conditions Min Typ Max Units
{Note 2)
W, Inpast Clamp Woltage Veo=Mn, [=-12mA -1.5 v
Vou HiGH Lews! Wop = Min, [y, = Max i S v
Output Vottage Wy = Max
VoL Lo LEI:.nEl :«';; = Min, I = Max 0.2 04 Vv
Cutout Violtage Wiy = Min
L Inpast Curment §@ Max Input Voktage Voo =Max, V= 55V 1 mA
lay HiGH Lewsl Inpat Curment Vo= Max, V=24V pd
L LOW Lewel Input Current Voo = Max, W, =04V -1.B s
lns Short Circut Cutput Cument Voo = Max [Mote 3} -18 55 mé
loesy Supply Current with Cutputs HIGH Ver = Max 11 21 mé
b Bupply Carrent with Cutputs LOW Wep = Max 20 3 mA
Wols 2: Al TypICaIE e 3 Vp = 5, T4 - 25°C
Mo 37 Mot more fan one oufput showd be shorted 2 a fime
Switching Characteristics
at Vop =W and Ty =205C
Symbod Parameter Conditions Min hliax Units
| Propagation Delay Time Cy=15pF - .
LOWHD-HIGH Lewed Dutput Ay = <4000
tere Propagation Delay Time " s
HIGH-o-L Y Lewed Output

185




Physical Dimensions inces (millimaters) unless othenwise notad
DTH0-00
"' (L3010 5

L

i o286

[ [ [ie] [1] i [5] (B]

; .’r?l 026020010

' (635040 154
7 i
CELTS I i ‘

M [ﬂlﬂlﬂlﬂli/fﬂli
/

L2, O/
(8T (0762 DEFTH

0500
FREEOR -
0145 -0.200 noE ., ' b
Lt e — L) TP
13 680 5. 080} ‘ TR | bt ) I1.881]
T | .
|
11 g )
| - 1
+ ‘ ! LR
ey 04T P A - 0,406
o5e | o
W 1248 ‘ T oomoms
‘3 T5-3 810 -+ 1508 060
001 - 0024 | (11—
SR Ty [
0386 - 1584) I e 0 HD0N s N
PR P
| L1060 T
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(! 255' WEJ WM ALY

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC M$-001. 0.300 Wide
Package Number N144
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SOLS029

SN5404, SN54LS04, SNG4504,
SN7404, SN74L304, SN74504

HEX INVERTERS

DECCVMBER ME0E—REVISED MARDH 1584

® Package Options Include Plastic **Small
Outline’’ Packages, Ceramic Chip Carriers
and Flat Packages, and Plastic and Caramic

DiPs

® Dapendable Texas Instrumants Quality and

Rallabliity

description

Thase devices contain six ndepandent inverters.

The SN5404, SNEALS04, and SNS4504 ore
characterized for oparation over the full military

temparatuie ange of =58°C w 125°C. The
SN74504 ars

SN7404, SNT4LS04, and

characiericed for operotion from O°C 1o 7O,

FUNCTION TABLE |e=ch inusrrar

INPUTS

DUTPUT
‘I

-

logic u'rmlml"'

e L

24 (1)

Ih)

FA ———

PP

&a 1111

PP L )

"'Tiia aywmibol is in scoordence with ANSIAIEEE S1d, 31-1584 and

IEC Fylslivaimn 817-13.

2 gy

i) 2¥
(R} 3
(8l

¥ wy

&Y

i1
4] .

Fin rumbera shawn are for D, J, end N packages,

logie diagram [positive logic)
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FAAMOSPEC

DARLINGTON COPLEMENTARY
SILICON POWER TRANSISTORS

...designed for general-purpose amplifier and low speed switching
applications

FEATURES:
* Collector-Emitter Sustaining Violtage-
Vegomus = 45 V (Min) - BDX53,BDX54
= B0V (Min) - BDX53A, BDX54A
= 80 V (Min) - BDX53B BDX548
= 100 \/(Min) - BDX53C,BDX54C
* Monolithle Construction with Builtin Bass-Emittar Shunt Resistor

NPN PNP
BDX53 BDX54
BDX53A BDX54A
BDX53B BDX54B
BDX53C BDXSs4C

B AMPERE
DARLINGTON
COMPLEMENTARY SILICON
POWER TRANSISTORS
45-100 VOLTS
60 WATTS

MAXIMUM RATINGS
Characteristic Symbol| BDX53 | BDX53A | BDXS3B |BDX53IC | Unit
BDX54 | BDXE4A | EDX54B | BDX54C
Caollector-Emitter Voltage Veeo 45 80 BO 100 v
Collector-Base Voltage Veso 45 1] BO 100 v
Emitter-Base Voltage Veso 5.0 v
Collector Current - Continuous s 8.0 A
Peak low 12
Base Current Iy 0.2 A
Total Power Dissipation Po
@r.=25°C 60 W
Derate above 25°C 0.48 wWic
Operating and Storage Junction| T, Tepq °C
Temperaturs Range =65 to +150
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance Junction to Case | Raje 2.08 “CW
FIGURE -1 POWER DERATING
a0
70
E
g &0
§ 50 =
& 4 M"“hq.h
g2 -
@ HH'“‘-..
% =
- 10 -
£ a
o P2 & 75 100 128 180
To , TEMPERATURE("C)

DIM MILLIMETERS
MiN WA

A 148 | 153
B B.TE | 1042
c s 652
D 1208 | 1462
E 35T 407
F 242 a8
G 1.2 138
H a7z 088
| 422 458
J 1.4 138
K 23 287
L 033 0355
M 248 258
Q am 280

188




BDX53,A,B,C NPN / BDX54,A.B,C PNP

ELECTRICAL CHARACTERISTICS ( T, = 256°C unless otherwise noted )

Characteristic

Symbol Min Max Unit

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage(1)
(le= 100 mA, Ig=0)

BDX53, BDXS4

BDXS3A, BDRS4A
BDXS53B, BDX54B
BDX53C, BDXS4C

Veeojsus)

2g22s

Collector Cuteff Current
(V= 22V, [,=0)
(V= 30V, [,=0)
(V= 40V, [=0)
(Ve% 5oV, 2 0)

BOXS3, BDX54

BDX53A, BOX54A
BDX53B, BDX548
BOXS3C, BDX54C

0.3
0.3
0.3
0.5

Collector-Base Cutoff Current
(Vep= Rated Veg, [g=0)

Emitter-Base Cutoff Current
{ vn- s-u u! IE- u }

2.0

ON CHARACTERISTICS (1)

DC Currant Gain
(I=30A Ve=30V)

Collector-Emitter Saturation Voitag
(1= 30A, 5= 12mA)

20

Bagse-Emitter Saturation Veoltage
(I=30A lg= 12mA)

2.5

Diode Forward-Voltage
(l,=3.0A}

25

(1) Pulse Test: Pulse Width =300 us,Duty Cycle = 2.0%

BDX53 Series NPN

3Ll
e me

INTERNAL SCHEMATIC DIAGRAM

BOX54 Serles PNP
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SN54F74, SN74F74

DUAL POSITIVE-EDGE-TRIGGERED D-TYPE FLIP-FLOPS

® Package Options Include Plastic
Small-Outline Packages, Ceramic Chip
Carriers, and Standard Plastic and Ceramic
300-mil DIPs

description

These devices contain two independent positive-
edge-triggered D-type flip-flops. A low level at the
preset (PRE) or clear (CLR) inputs sets or resets
the outputs regardless of the levels of the other
inputs. When PRE and CLR are inactive (high),
data at the data (D) input meeting the setup time
requirements is transferred to the outputs on the
positive-going edge of the clock pulse. Clock
triggenng occurs at a voltage level and is not
directly related to the nse time of the clock pulse.
Following the hold-time interval, data at the
Dinput may be changed without affecting the
levels at the outputs.

The SN54F74 1s characterized for operation over

the full miltary temperature range of —-55°C fo
125°C. The SN74F74 s characterized for
operation from 0°C to 70°C.

FUNCTION TABLE
INFUTS DUTPUTS
PRE CLR CLK D Q Q
L H X x® H L
H L X X L H
L L, X X HT HT
H H 1 H H L
H H T L L H
H H L X Ty Qg

TThe output levels are not guarantesd to mest the
mimimum levels for YWoH. Furthermore,  this
configuration is nonstable; that is, it will not persist
when PRE or CLR retums to its inactive (high)
level
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WITH CLEAR AND PRESET

SDFS0464 - MARCH 1887 - REVISED OCTOBER 1982

SN34FT4 . . _J PACKAGE
SNT4FT4 ... D OR N PACKAGE

[TOF VIEW)

em 1~ aflVe

oz nafzxer
1wk lls 2020
PRE[l4 11| 20K

1alls [l 2PRE

10l s s|l20
GND [| 7 gl 20

SN54FT4 . FK PACKAGE
{TOF VIEW)

5, o3
olg 9 g

N WO ) I I
32 1 2018
1ICLK [] 4 12[] 2D
NC [Is 17[] NC
1PRE [ & i8[] 2CLK
NG []7 15[ NC
1a[]e 14[| 2PRE
B 10 11 12 13
| o e o Y o o |
lggglgg
[}

NC — Mo intemal connection



SN54F74, SN74F74
DUAL POSITIVE-EDGE-TRIGGERED D-TYPE FLIP-FLOPS
WITH CLEAR AND PRESET

SOFS048A — MARCH 1887 — REVISED OCTOBER 1882

logic symbolt

— 4
1FRE 5 5
1 10Q
1CLK == 4
2
10 D 6 _
T e G
1CLR =
10
2FRE 3
11 24
2CLK
12
20 g S
13 e 0
2CLR

T This symbol is in accordance with ANSVIEEE Std §1-1884 and IEC Publication 617-12.
Fin numbers shown are for the [, J, and M packages.

logic diagram, each flip-flop (positive logic)

PRE *

CLK %c
- & Lol > —>—

i

3 —

—
| —
3_

Doz

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)?

Y |l—
O|l—
Ol—

CLR *

Supply voltage range, Ve .. .. e .. DAV T Y
[nput woltage range, U|{seeﬂnte1] e e e L B A e et canrE s — 2O TY
Input current range ... .. SR Ll DEA L pred drsil cosis =30 MATD 5mA
‘nmlt:agerang&appiledmanynumullnthemghstate T | i [0 [h g P
Current into any output in the oW state . . e 40 mA
Cperating free-air temperature range: SN541-_."4 —55”{311]125“(3

SWEETS: it TR i isam tven, DG TG
Slorage temperature ranQe ..o o Lo ol oo iin il it Lad s s cos o, —BAYC e 15070

¥ Stresses beyond those listed under *absclute maximum ratings” may cause permanent damage to the device, These are stress ratings only ard
functional cperation of the device at these or any other conditions beyond those indicated under “recommended operatimg conditions” is not
imphed Exposurs io absciute-maximum-rated conditions for extended perods may afect device reliabiling.

MOTE 1: The input voltage rafings may be exceeded provided the input current ratings are cbserved.
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SN54F74, SN74F74
DUAL POSITIVE-EDGE-TRIGGERED D-TYPE FLIP-FLOPS
WITH CLEAR AND PRESET

SDFS040A - MARCH 1087 — REVISED OCTOBER 1803

recommended operating conditions

SME4FTA SNTAFT4 P
MIN NOM  MAX MN HOM MAX
Voo Suppty voltsge 4.5 5 55 45 5 55 W
ViH High-level input voltages 2 2 W
ViL Low-level input voiltage 0.e 0.8 W
K Imput clamp current -18 —18 A
Loy High-level output current -1 =1 mA
oL Low-level output cument 20 20 A
Ta Operating fres-air temperature -85 125 o To G

electrical characteristics over recommended operating free-air
otherwise noted)

temperature range (unless

SNB4FT4 SHT4FT4
PARAMETER TEST CONDITIONS LEMNIT
MmN TYPT max| MmN TYPT MAX
Wik Voo =458 lf==18 ma -1.2 -1.2 W
Vop =45\ log=—1méA 25 34 25 34
Vo - W
Voo =478V, loH=-1mA 2.F
VoL Voo =4aY, lop =20 m& 0.3 o5 0.3 0.5 W
] Voo =55, V=TV 0.1 0.1 s
4 Vi =58 Wp=2T WV 20 20 i
Cata. CLK -0e —0.8
|||'_ ——r——— V.:C =584 "u'[ =05W s
PRE or CLR. -1.8 —-18
lgsT Voo =584, Vio=0 —a0 —180 -G —1560 mé
e Veo=58W, Ses MNote I 10.5 G 10.5 18 mA

T Al typical values are at Vop = 5V, Ty = 25°C.
T Hat more than one autput should be shomed at a tine, and the duration of the shart circuit should not exceed one second.
NOTE 2= ioe is measured with D, CLE, and PRE grounded then with D, CLE, and CLR grounded.

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

Voo =5V,
Tp=25C SHS4FT4 SHTAFT4 S
Fi4
MIN @ MAX] MIN MAX MIN  MAX
frook  Chock frequency a 100 ] 80 0 100 | MHz
CLK high, PRE or CLR low 4 = 4
T Puise duration - ne
CLK low 5 i 5
High 2 a 2
Sotup fime, data before CLKT
L Low 3 4 3 s
Setup time, inactive-state before CLK TS | PRE or CLR to CLK 2 3 2
) = High 1 2 1
th Hold time, data after CLKT ns
Low 1 2 1

§ Inactive-state satup fime is also refered to as recowvery time.
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KEE SEMICONDUCTOR KIA7805AP/API~
TECHNICAL DATA KIA7824AP/API

MOREA NLNOTRONICS. oo,LTD. RIPOLAR LINEAR INTEGRATED CIRCUIT

THREE TEEMINAL POSITIVE VOLTAGE HEGULATORS

BV, 6V, 8V, 9V, 10V, 12V, 15V, 18V, 20V, 24V,
FEATURE= .
+ Sutable for O-MOS, TTL the Other N
Digital IC's Power Supply: : :EE
« Intemal Thermal Overioad Protection. t "t
¢ Internal Shoot Cirewit Curtent Limiting, . o
« Onpat Current in Excess of LA T W
. Satsfies TEC-85 Spedfication. E—
Incernational Electromical Comorizsion), : |a{’ ;.r
L 10
: L'ﬂllH.'l
MATIMUM RATINGS {Ta=5T) 2 -
CHARACTERISTIC | SYMBOL | RATING | UNIT i R
£ TN A o A
KIATHISAR/ AT~ - e L e
e KIATRIDAP/APL | é .
L YOS RIATIBARAR~| " 5
KIATRZ4 AP/ AFT TO-220AB
Power THesipation (Te=257T) Pn LA W
Power Dissipation | KIATIDGAPT~ P a0 W
1Without Hestsink) | KLAT224APT A o
‘ ol BILLEETE RS
Operating Junetion Temperature ™5 -W=150 | T o L _;_:f:;ﬁ_
i w TS
Stcrage Temperature Taig -5~150 | T — 8| _aain
A
8] WG
‘Il__l i [l it
K ELC
"
[ 1] 5
...IEI_. A bl nd
F
o #I:?;W
b =
| [eFeR T
L] Adkd iE
1. INPET
2 CDAHNY
& OITFirY
To—=2013
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Jute TS317
3-Terminal Adjustable Output Positive Voltage Reqgulator

To- 2200 TO-263 T 353 ST 223
. = . —— Output Voltage Range From
c o 3 13 '23 1.25V to 37V
TI 123 Output Current up to 1.54
i Pin assignment:
I 1. Adjustable
. 2.0
123 E-.InL|:I--t|..I|:l'cl“It

{Heatsink surface connected 1o pin 2

General Description

The T5317 is adjusiable 3-iemminal positive woliage regulator capable of supplying in excess of 1.54 over an output
wvoltage range of 1.25 VWV to 37 V. This voltage regulator is excepticnally asy to use and require only two extemal resistors
to st the ocutput voitage. Further, it employs imtemal curent fimiting, thermal shutdown and safe area compensation,
making it essentially blow-out proof.

The TS317 is offered in 3-pin TO-220, TO-283, TO-252 and S0T-223 package.

Features Standard Application

%  Dutput current wp to 154
' TO-220M0-283 for 1.54 Input 2 . 2 Cutput
* TO-252/50T-223 for 500mA CO—§—in out 99—
Clutput Adjustable betwesn 1.25 V and 37 W adj R1
Intérnal Thermal Overload Protection + 1 +
Imternal Shor-Circutt Current Limiting Constant with — T Ca

0.1uF =] 1uF
Temperaturs
" Tant. Tant.

Clutput Transistor Safe-Area Compensation

Floating Operation for High Voltage Applications ;.,; ':;

Eliminates Stocking Many Fixed Voltages Vout=125V " (1 + R2/R1 )+ ladj " R2

%

Chuiput voltage offered in 4% tolerance
Since lag is controlled to less than 100 pA. the emor

associated with this term is negligible in most applicatians

A common ground is required between the input and the

output voltages. The mnput voliage must remain fypically
Part No. Operating Temp. Package 2.0 above the output voliage even during the low point

Te31TCT 0290 on the Input ripple voliage

" = Zin is reguired if reguiator is located an appreciable

Ordering Information

TSIITCM TO-263

distance from power supply fiker.
TSIITCP =20 ~ +150°C TO-252 " = Cois not needed for siability; however, it doss
TSITOW =OT-223 improve transient response




Appendix D

P1C18F4550 Microcontroller

Datasheet & C Code
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PIC18F4550 Datasheet Snapshots

MicrocHIP PIC18F2455/2550/4455/4550

28/40/44-Pin, High-Performance, Enhanced Flash,
USB Microcontrollers with nanoWatt Technology

Universal Serial Bus Features:

53 V2.0 Complant

= Low Speed (1.5 MOYs) ard Full Speed (12 Mods)

= Suppors Control, Intermupt, Iscchronous and Bulk
Transfers.

« Suppors up o 32 Endpaints (16 bidirectional)

1-Kiwyte Dual Access RAM for LISB

Cn-Chip USB Transceiver with Cn-Chip Voltage

Regulator

Intertaca tor O-Chip ISR Transcaiver

Streaming Paraliel Port (SPP) for USB streaming

transfers (40/44-pin devices only)

Power-Managed Modes:

= Run: CPUon, perpherals on

Idle; CPLE off, peripherals on

Slezp. CPU off, peripherals off

IdlE Mode CUrrents 0own 1o 5.8 pA Typical

= Slesp mode currents down o 001 pA typical
Tirer! Osrillator;: 1.1 pA typical 32 kHz, 2V
= Walchdog Timer: 2.1 pA typical

= Two-Speed Oscillator Start-up

Flexible Oscillator Structure:
= Fowr Crystal modes, including High Precision PLL
for USB
Two External Clock modes, up to 48 MHz
Internal Lsciiaton Bock
- Buser-szleciabe frequencies, from 31 kHz

tn A MH?
- User-turable o compensate far frequency drift
Secondary Oscilletor using Timer! @ 32 kHz
Crual Oscllator opions allow microcontrofler ard
US3 module to run at different dock speeds
= Fai-Safe Clock Monktor;

- Allows Tor safe shutdown I any clock stops

®

Perlphural Highlights:

+ High-Current Sink/Source: 25 mA25 ma

| nrea External intemupts

Four Timer modules (Time 0 o Tmer3)

Lipta 2 CaphirsfCompare=WA (DOP) modules

- Caplure is 16-bit, max. rasolubion 5.2 ns (Tey/16)
- Compare is 16-bit, max, resoluion 83,3 ns (Tcy)
- PWM output: PWM resciufion is 1 to 10-bit
Enhanced Caplure:Compare/PWIM (ECCP) module.
- htultiple oatpul modes

- Selectable pofanty

- Programmabile dead time

- Aito-shutdown and auto-restan

Enhanced LSART module

- LIN bus suppor

Masier Synchronous Send Porl (MSSP) module
supporting 2-wire SPI fall ¢ modes) and FC™
Masier and Slave modes

10-bit, up 0 13-channe! Analog-to-Digital Sonmverter
modude (A/D) with Frogrammable Acguisifion Time
Dual Analog Comparators with Input Mulliplexing

Special Microcontroller Features:

C Cempiler Dptimized Architecturs with optional
Exlended Instruction Set

100,000 Eraseitrite Cycle Enharced Flash
Program Memory typical

1,000,000 Erasentile Cyue Dald EEPROM
Memary typical

Flash/Data EEPROM Retention: > 40 years
Self-“rogrammable under Software Control
Prionty Levels for Interrupls

8 x 8 Singie-Cycle Hardware WMullplier
Extended Watchdog Timer {WODT)

- Programmabile pericd from 41 ms to 131s
Programmabie Coce Protection

Singe-Supply 5V In-Circult Senial
Frogramming™ (ICSF ™) via two pina

In-Circuit Debug (ICD) via bwo pins

Oplicnal dedcated ICDNCSP port (44-pin devices only)

« Wide Operating Voitage Range (2.0V o 5.5V)

Program Memory Daa Memory MASF =
10-Bit | CCRECCP = Timers
; ; I :
Device | Flash | # Single-Word | SRAM |EEPROM| VO | wm cinl " oy | PP o) Master| £ BAB.Bit
(oytes)| Instruciions | (Dytesy) (Dyies) el R
PIC1BF2855 | 24K 12282 2048 | ¢ | M| W 20 Ne Y | Y [1[2] W
PIC18F2550 [ 32K 16384 48 | 256 [M] 10 210 N Y | Y [1[2] i3
PIC1BF4455 | 24K 12382 a4 | 266 [3E [ 12 1 ves ¥ | ¥ |[1]2] 8
PIC18F4500 | 22K 10384 2048 | 200 [ac | n 1" Yeo ¥ | v [1]2]

@ 2007 Microchip Technology Ing

Preliminary
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MCLRVFE/REZ ———=

RAD/AND
RATANT
RA2/AN2NVREF-/CVREF
RAJANINREF+
RA4/TOCKIIC 1OUT/RCY
RAS/AN4/SS/HLVDIN/C20UT
REJIANSICK1SPP

RE 1/ANBICK2SPP
RE2/ANT/OESPP

Voo

Vss

0SC1/CLKI
OSC2ICLKO/RAB
RCOT10SOIT13CKI
RC1/T10svccP2"UGE
RC2/CCP1/P1A

VUsB

RDO/SPPO

RD1/SPP1

OO~ T Wk D

PIC18F4455
PIC18F4550

40| | «=—= RBZ/KBIZPGD

39 [] =— RBE/KBI2/PGC

38 [ ] =—= RBI/K3ITPGM

37 [ =—» RB4/AN11/KBIO/CSSPP
36 (1= » RBIANICCP2!WPO
35 [ ] =— RB2/ANS/INT2VMO

34 [] =— REVANTOINT/SCKISCL
32[] == RBO/AN12INTO/SLTO/SDISDA
532 [ =— Voo

31 [] =——Ws3

30 [ ] =— RO7/SPF7/P1D

29 [ ] =— RDE/SPFEPIC

28 [ ] =—= ROS/SPFEP1B

27 | =—= RO4/SPF4

26 [1 =— RC7/RX/DT/SDO

25 [] =—= RCETXICK

24 | ] =-—= RCE/DHVP

23 [ =—» RC4/D-WVM

22 [ «+—-» RD3I/SPP3

21| | == ROI/SPFZ

TABLE 1-3:  PIC18F4455/4550 PINOUT I/O DESCRIPTIONS

Pin Number
Fin Name Pin. | Buffer Description
PDIP | GFN | TQFP | T¥PE | Type
MCLRAPPRES | i} 18 Master Clear {input) or programming voltage {input)
MCLR | 5T Master Clear (Reset) input This pin s an activedow
Raset to the device
VPP p Programming voltage input.
RE3 | 5T Chigital input.
OSCUCLKI t3 32 30 Cacillator crystal or extemal clock input.
0sCH | |Analog|  Oscllator coystalingul or exlemal clock source input.
CLKI | |Analog| Extemal dock source inpul. Always associated with
pin funcion OSC1_(See OSC2ICLKD pin )
DSC2CLKOMRAS 14 13 31 Oscillator crystal or clock output.
0sc2 Q —_ O=cillator crystal culput. Connects to crystal or
resonator in Crystal Oscillator mode
CLKO o - In RC mode, OSC2 pin outputs CLKC which has 144
the frequency of OSC1 and denotes the instruciion
cycle rate
RAG o | TIL General purpose 10 pin

Legend: TTL = TTL compafible mput

O =0Output

CMOS = CMOS compatible input or output
ST =Schmitt Tngger input with CMOS levels |

=

— ||1F|L|'[
= Power

Note 1; Allemate assignmenl for CCP2 when CCP2ZMX Configuration bat is cleared
2:  Dedault assignment for CCP2 when CCP2MX Configuration bit 15 set.

3. These pins are No Connect unless the ICPRT Configuration b 1s set. For NC/ICPORTS, the pinis No
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared,
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TAELE 1-3: FPIC18F4455/4550 FINOUT 11O DESCRIFTIONS (CONTINUEL)

Pin Number ;
Pin Mame Pin | Buffer Description
PDIP | QFN |TQFP TYPe | Type
PORTA is a bidirectongl VO por .
1RALAMU 2 14 1:
A0 ' 1L Lrgital 1402,
ANO I |Analog| Analzg inputC.
RA1 AR 3 20 20
R4l IC | TTL Dragilal 110
AN I |Analng| Analog inpot
RALAN2VEEF 4 21 21
CAVREF
Raz o | TTL Di.gital 0.
AM2 | |analog| Analzcginputa.
VREF- I [Analog|  AD relerence vollage (ow) inpul.
CVREF O [Andloy | Analog compeiralon reference oulpul,
RA3AN2 VR 5 22 2¢
183 LG I IL Lraital 1.
AN | (analog|  Anslcg input 2.
\VREF+ | |4&nalog| A/D reference voltage (high) input.
RALTOCKYZIDUT! i 23 23
RCY
Fad e 5T Drqital 10
TOCKI I ST Timerl external clock input.
CToUT ] — Comparator 1 output.
HUW I I 1L External USE transceiver REV mput.
RASIANA/SS! i 24| 24
HLVDIN/CZoUT
FAas5 'z | TTL Drgital 110,
A I (Analoy|  Anaslog mpul d.
55 | TTL SFI slave selzacl inpul,
TN I |Analng| [ligh!l ow-Voltage Defect inpuit
C20UT O — Comparator 2 output.
HAG Soc the ORCHCLKLYRAS pin.
Legend: TTL = TTL compatible mpul CMOS = CMOS compalible mpul or oalpul
ST = Schunill Trigyges inpul wilh CMOS levels | = Inpul
O - Outout P — Power

Note 1: Alemats assignment for CCP2 when CCPIN X Configuration bit is clearsd.
2: Default assignment for CCP2 whan CCP2ZIMX Configuraticn bit is sst.

3: Thesa pins are No Connect unless the ICERT Configuration bit (s set. For NC/ACPORTS, tha pin is No
Connecl unless ICFRT s sel anc the DEBUG Conlgur abon bil s clased,

198



TABLE 1-3:

PIC18F4455/4550 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number

Pin | Buffer
Pin Name Description
PDIP | QFN | TQFP | TYPe | Type PHe
PORTE is a bidirectional I'0 port. PORTE can be software
programmed for intemal weak pull-ups on all inputs

REBO/ANTZANTOY 33 a9 8
FLTO/SDESDA

RBO 110 | TIL Digital 110,

AN12 | |Analog| Analoginput 12

INTO | sT External interrupt 0.

FLTO | ST Enhanced PWM Fault input (ECCP1 module).

sDi | ST SPI data in.

SDA o | ST | Rc™datalio
RE1VANTOINT1/SCK! 34 10 9
SCL

RB1 /o | TIL Digital 'O

ANTD | |Analog| Analog input 10

INT1 | ST External interrupt 1.

SCK 110 5T Synchronous sernal clock input/output for SP1 mode

SCL 8] 5T Synchronous serial clock input/output for IFC mode
RB2/ANS/INT2ZVMO s | 11| 10

RB2 10 | TTL Drigital 110

ANB | |Analog| Analog input B.

INT2 | ST External interrupt 2.

VMO 0 — External USB transceiver YMO output
RBIANIYCCP2VPO 36 12 1

RB3 o | TTL Cigital 11O

AN | |Analog| Analog input 9

ccp2ih 0 | ST | Capture 2 input/Compare 2 output/PWM 2 output.

VPO 9] — External USB transceiver VPO oulput.
RB4/ANT1/KBID/CSSPP| 37 | 14 | 14

RB4 iQ | TTL Digital 110,

ANTT I JAnalog| Analog input 11

KBIO | TTL Interrupt-on-change pin.

CSS5PP 0 — SPP chip select control output.
RB&S/KBI/PGM 3a 15 15

RB5 110 | TIL Digital /O

KBI1 | TTL Interrupt-on-change pin.

PGM 8] 5T Low-Voltage ICSP™ Programming enable pin
RBE/RBIZ/IPGC 39 18 16

RBG 10 | TTL Digital 11O

KBI2 | TTL Interrupt-on-change pin.

PGC 110 ST In-Circuit Debugger and ICSP programming clock pin.
RET/KBIZ/PGD 40 17 17

RBT 10 | TTL Digital 110

KBI3 | TTL Interrupt-on-change pin.

PGD 11O ST In-Circuit Debugger and 1CSP programming data pin.

Legend: TTL = TTL compatible input

ST

Note 1:

CMOS = CMOS compahtble input or output

= Schmitt Tngger input with CMOS levals |
0 = Output
Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.

P

= Inpurt
= Power

2: Default assignment for CCP2 when CCP2MX Configuration bit is set.

3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared
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TABLE 1-3:

PIC18F4455/4550 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number Pin |Buffer
Pin Name Description
PDIP | QFN |TQFP | TVPe | Type i
PORTC iz a bidirectional U0 port

RCU/TIOSOMTI3CKI 15 34 3z

RCO 1o ST Digital 1/O.

T1050 8] — Timer! oscillator output.

T13CKI I ST Timer1/Timer3 external clock input.
RC1UT10SICCP2/ 16 a5 35
UOE

RC1 (8] ST Digital VO,

T10sI | |CMOS|  Timer| oscillator input

ccpaidl o ST Capture 2 input/Compare 2 output/PWM 2 output.

UOE 8] — External USB transceiver OE output.
RC2/CCP1/P1A Vi 36 35

RC2 (Hlw} 5T Digital /0.

CCP1 1o ST Capture 1 input‘Compare 1 output/PWM 1 output,

Pi1A o TTL Enhanced CCP1 PWM output, channel &
RCA/D-VM 23 42 42

RC4 I TTL Digital input.

D- o —_ USE differential minus line {input/output).

VM I TTL Extaernal USB transceiver YIM input.
RC5D+VP 24 43 43

RC5 | TTL | Digital input.

D+ o — LSB differential plus line (input/output ).

VP [ TTL External USB transceiver VP input.
RCB/TXICK 25 44 44

RCS o sT Digial V0.

TX 8] — EUSART asynchronous transmit.

CK o ST EUSART synchronous clock (see RX/DT)
RCT/RX/DT/ISDO 20 1 1

RC7 1o ST Digital I/0.

RX | ST BEUSART asynchronous receive.

DT 1S 5T EUSART synchronous dala (see TX/ICK).

SDO O — SP| data out.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Tngger input with CMOS leveis | = Input
0 = Cutput =} = Power

Note 1: Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared

2: Default assignment for CCP2 when CCP2MX Configuration bit is set

3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is Mo
Connect unless ICPRT is set and the DEBUG Configuration bit is cleared
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TABLE 1-3: PIC18F4455/4550 PINOUT /O DESCRIFTIONS (CONTINUEL)
Fin Number
Fin Mams TF'In E:rurfl‘er Description
PDIP | QFN |TGFP | '¥Pe | ype
FPCRETDIs a bidirectional /O port or a Streaming
Farallel Fort (SPF) Thase pins have TTI input buffars
when e SPP module is enabled
RDOSTTO 15 35 38
ROJ e ST Dhgital 110,
SFPFO o | TTL streaming Paralle! Port data.
RDOM/SFF1 20 a9 a9
RD1 e ST Dhggilaal 110
SHEA 1] 1 Streaming Parallel Port data
RD2/'SFF2 | 40 40
Roe [ =11 Digital 1/,
SPF2 /| TTL Streaming Parallel Port data.
RD3'SFF3 23 41 11
RD3 11 ST Dhigital 110
SPF3 1O | TTL Sheaming Paiallsl Porl dala.
{04514 21 2 2
RD4 [ ST Drigilal 11D,
SFF4 I | TIL streaming Parallet Port data.
ROWSFRL/FIB 28 3 3
RDE 11 ST Dhgital 112
S5FF5 1 | T Streaming Parallel Port data
P1B 8] — Enhances CCP1 PWM oulpul, chanel B.
RD&/'SFP6T1C 20 £ 4
RDA 11 ST Digilal 112
SPFEG Q| TTL streaming Parallel Port data.
P1C [ — Znhanced CCP1 PWM outout, chanel C.
RD7/SFET/F1D 30 5 5
RO7 11 ST Mgital 110
SFPFET o | TTL Streaming Parallsl Port data.
[#11) (1 — ~nhancen COCPYT TWN ool channed 1)
Legend: TTL = TTL compalible nipul CMOS = CMCS compaliole ipul o oulpal
ST = Schmitt Trigger input with CMOS lovels | = nput
O — Cufput P — Power
Note 1: Alternate assignment for CCP2 when CCR2MX Configuraton bit is clzarsd.
2. Defadl assgument o CCF2 when CCP2ZMX Conliguralion bil is ssl.
3. These pins are Mo Connecl unless the ICPRT Configu ation bilis sel. Fur NCAZPORTS, e pin is Mo

Connect unless 1P L s set and the DEBUC Conbguration bifas cleared
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TABLE 1-3: PIC18F4455/4550 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name b Description
PDIP | QFN | TQFP | TyPe | Type
PORTE is a bidirectional /O port

REQ/AMS/CKISPP 8 25 25

RED (8] ST Digital 1/O.

AMS | |Analog| Analog input 5.

CK1SPP (8] — SPP clock 1 output
RE1/ANG/ICIC2SPP Q 28 26

RE1 10 ST Digital 11O,

AMEG | |Analog| Analog input &

CK25PP 0 - SPP clock 2 output
RE2Z/ANTIOESPP 10 27 .y

RE2 (Fa] 5T Digital 11O

ANT | |Analog]  Analog inpul 7.

OESFPP 0 —_— SPP output enable output
RE3 — — — — —  |See MCLRAVPR/RES pin.
Vss 12,31(6,30, | 6,20 | P — | Ground reference for logic and V'O pins.

31
Voo 11,32 7,8 |7,28| P — |Positive supply for logic and VO pins.
28,29

Vusae 18 ar 3 Q — |Intemal USBE 3.3V vollage regulator output.
Neincekicpael) i | = | AR No Connect or dedicated ICD/ICSP™ port clock

ICCK o 5T In-Circuit Debuggaer clock

ICPGC 110 5T ICSF programming clock
NCHCDTICPGDR! — | = | 43 Mo Connect or dedicated ICD/ICSP port clock

1ICDT o ST In-Circuit Debugger dala.

ICPGD e ST ICSP programming data
NC/ICRSTACVYRPY) — | = | 23 No Connect or dedicated ICD/ICSP port Reset.

ICRST | — Master Clear (Reset) input.

ICYPP P — Programming voltage input.
NC/ICPORTSH — | —= | 34 = —  |No Connect or 28-pin device emulation.

ICPORTS Enable 28-pin device amulation when connected

o Wss.
NC — 13 — — — |Mo Connect
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Oulput P = Power

Note 1: Allernale assignment for CCP2 when CCP2MX Configuration bil is cleared
2: Default assignment far CCP2 when CCP2MX Configuration bit 1s set.

3: These pins are No Connect unless the ICPRT Configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG Caonfiguration bit is cleared
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FIGURE 1.2.

PIC18F4455/4550 (40/44-PIN) BLOCK DIAGRAM
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[ 31 Level Stack
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Program Memaory STKFTR
{24032 Klwytes)
Diata Latch

Instruction Bus <16>
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[BSR] |[Access

State Machine
Contral Signats

REGAN1 ZWNTOFLTOSDWSE0A
RBUANININT1/SCHISCL

| RE2IANBINT2NMO
RBAUANSICCPZMINPD

RBAANTIKBID/CISPP
RESHBIT/PGM
RBEKBIZPGC
RET/HBIVPGD

ROOMIOSQITIZCKL
RCAMIQSICCPANUDE
RCZCCPUPTA
RCAD-VM

RCSTH+VE

RCETRICK
RCTROTISO0O

r Y ¥

PORTD
Voo, Vss |E—I-
c.!'smgﬂ Fower-up RONVSPPIROM/SPPY
TF3) Clltator t
osci® [X—wy| Oscltar Timer »[X| ROS/SPPSFIB
osca® [ Hator »{%| ROBISPPEIEIC
NTRC i siavip T RDT/SPPTIP1D
T1081 IE—F
Toso Dd—w| BMHz ot
Oscillator Resel
Watchdog
icPGC® D™ [single-supply Timer
i E b Frogramming Brown-out
o In-Cireutt Rasat FRIE REMANS/ICK1SPP
icPorRTSP | Debugger ofansae b =] REVANGBICKZSFF
o Band Gap b= | REJIANTIOESERP
RS o=
cRsT [ Reference MGCLR/VPRRE
[reE= U P LSB Voitage
Regulator
ves e 4
BOR Data
HLVO EEFPROM Timasld Times] Time2 Timer3
v v v v v
Comparator|  |ECCP1 CCP2 MSEP EUSART| | ADC uss
Note 1: RE3 s multiplexed with MCLR and is only availabie when the MCLR Resals are disabled

21 OBCACLEl and OSC2CLED are only available in select oscillator modes and when these pins are nof baing used as digital 10, Refer
1o Section 2.0 “Oscillator Configurations™ for additional information
¥ These pins are only available on dd-pin TOFP pachages under cerain condiions. Refer to Section 25.0 “Special ICPORT Fealures
(CDesignated Packages Only)” for additional information.
4: RB3 s the allermata pin for CCP2 multiplexing.
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28.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings'T!

Ambian temperatime UMEE DS . e e e e et e m it e Rt ~£0°C to +85°C
0 =T L= == R - - it 04 (s S = 04
Vdtage on any pin with respect to Vss {exceot Voo, MCLR ard RAS) ... .. ... -0.3V fo (Voo = 0.3V)
Vg ON VO W PR IO N85 o i s o B e e L S o r i {.3Vio-75v
Valtage on MCLR with respect 1o VS5 INOE 2)........covooeiveves crnomicsesrmsseerssneres sissssssasssmnnasisssnessisncasesnese OV 10 +13.25Y
Tl power diSSiD Ao (N O T . e e et e e 1.0W
I Y T Y O Ol T I o L e o e e i i by et ey AR Nt b 0 300 mA
I Ty T A T R Y s e e s B o s s o T TN
Inpit CEMD CUITENL, TIK 1V) € 008 W 2 VD) it s it iias i b ks b bbb b M S i b +20 mA,
Output clamp current, 10K (VO = D 0 VIO = VED) cmiimmmsissmsssssmissssmssesssssssssmas o ssssmsmssssessssemsassscss 20 A
Maximum culput curreiit SURK By S0 VO PINL ... e dbasieht e simicses st et embe s ottt o 8 A b bt S e s s 25 mA

Maximum output current sourced by any VO DI . e 25 TNA

MOAMUM CUITENR SUNK DY all POMS .. oot e resesmssscms st st mmmims i e mt b e m e e ssiessnmsan sns mn s ses 20 VLA
M@XAMUM CUENT SOUTCET DY AH DOTIS oo oottt e eeet et et e e e e ettt ettt et mea L 200 mA

MNote 1: Power dissipation i calculated as follows:
Pdis = Voo x {loo — T loH} + T {(Voo — Vou) X loH + T{VoL x loL)

2: Voltage spikes below Vss at the MCLR/VP=/RE3 pin, ind.cing currents greater than 80 mA, may tause
latch-up. Thus, a senes resistor of 50-1004 shoull be used when applying a “Iow” level 1o 1he MCLRVPEY!
RE3 pir, rather than pullng this pin directy to Vas

T NOTICE: Stresses above those listed undar “Absolute Maximum Ratings” may cause permanent damrage to the

device This is a stress rating only and functional operation of the device at those or any other cenditions above those
indicated In the operation listings of this specification Is not impiled. Exposure to maximum ratng conditions for
exftended perods may affect device reliability.
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FIGURE 28-1: PIC18F2455/2550/14455/4550 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)
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FIGURE 28-2: PIC18LF2455/2550/4455/4550 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)
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Note: VooasesiM is the minimum voltage of the PIC" davice in the application
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Control PIC Code Developed In C Programming Language

#include<p18f4550.h>
#include<delays.h>

#include<adc.h>

#include<PWM .h>
#include<timers.h>

#include<usart.h>

#include <math.h>

#pragma config FOSC = INTOSC_HS
#pragma config WDT = OFF

float pi=3.14;
int FromRCW=0,FromRCCW=0,FromM F=0,FromM B=0,StopM otors=0,interupt=0,nX=0,nY =0,0X=0,0Y =0,i=0;
void checksensors(char side);
void RotateCW(int degree);
void RotateCCW/(int degree);
void MoveF(int distance);
void CalculateXY (int X, int Y)
{
int distance=0, degree=0;
distance = sgrt((X-oX)*(X-0X) + (Y-oY)*(Y-oY) );
DelaylOKTCY x(10);
degree = (atan ( (Y-0oY) / (X-0X) ))*(180/pi);
DelaylOKTCY x(10);
RotateCW (degree);
Delayl0OKTCY x(10);
MoveF(distance);
oX=X;
oY=Y,;

void stepper(char clock)

int i=0;

switch(clock)

{

case'c{

while(i<=20)
{

/ICounter Clocl Wise
PORTDDbits.RD4=0;
PORTDDbits.RD5=0;
PORTDbits.RD6=0;
PORTDbits.RD7=1,
DelaylKTCY x(400);
PORTDbits.RD4=1,
PORTDbits.RD5=1,
PORTDbits.RD6=0;
PORTDDbits.RD7=1;
DelaylKTCY x(400);
PORTDDbits.RD4=1;
PORTDDbits.RD5=1;
PORTDDbits.RD6=1;
PORTDDbits.RD7=0;
DelaylKTCY x(400);
PORTDbits.RD4=0;
PORTDbits.RD5=0;
PORTDbits.RD6=1,
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case'a’{

}
}

PORTDDbits.RD7=0;
DelaylKTCY x(400);
i++;

}

i=0;

break;

while(i<=20)
/IClock wise

PORTDbits.RD4=1;
PORTDbits.RD5=0;
PORTDbits.RD6=0;
PORTDbits.RD7=0;
DelaylKTCY x(400);
PORTDbits.RD4=1;
PORTDbits.RD5=0;
PORTDbits.RD6=1;
PORTDbits.RD7=1;
DelaylKTCY x(400);
PORTDbits.RD4=0;
PORTDbits.RD5=1;
PORTDbits.RD6=1;
PORTDbits.RD7=1;
DelaylKTCY x(400);
PORTDbits.RD4=0;
PORTDbits.RD5=1;
PORTDbits.RD6=0;
PORTDbits.RD7=0;
DelaylKTCY x(400);
i++:

}

i=0;

break;

PORTDbits.RD4=0;
PORTDbits.RD5=0;
PORTDbits.RD6=0;
PORTDbits.RD7=0;

int ToDecimal (char number)

{

int dnumber=0;
if(number =="'0")

{ dnumber=0;}
else if(number =='1")

{dnumber=1;}
else if(number =='2')

{ dnumber=2;}
else if(number =='3")

{ dnumber=3;}
else if(number =='4")

{ dnumber=4;}
else if(number =='5")

{ dnumber=5;}
else if(number =='6")

{ dnumber=6;}
else if(number =='7")
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{ dnumber=7;}
else if(number =='8")

{ dnumber=8;}
else if(number =='9")
{ dnumber=9;}
else
{dnumber=-1;}
return dnumber;
}
void MoveF(int countcm)
{

unsigned int count=0,Counter1=0,Counter2=0,Rwheel=0,L wheel=0,Rspeed=0,L speed=0;
int Sens1=0,Sens2=0;

char side;
count=countcm*21;
Rwheel=count;
Lwheel=count;
Rspeed=396;

L speed=396;
PORTBbits.RB4=1; //left
PORTBDbits.RB5=1; //right
side="F;

SetChanADC( ADC_CHO);
ConvertADC();
while(BusyADC());
Sensl=ReadADC();
SetChanADC( ADC_CH1);
ConvertADC();
while(BusyADC());
Sens2=ReadADC();
if(Sensl<=16 || Sens2<=16)
{

SetDCPWM2(0);
SetDCPWM1(0);

}

{

WriteTimer1(0);
WriteTimer0(0);
SetDCPWM2(L speed);
OpenPWM2(99);
SetDCPWM 1(Rspeed);
OpenPWM 1(99);
if(countcm<=8)

else

{
while(Counterl<=Rwheel & & Counter2<=Lwheel & & StopMotors==0 & & interupt==0)

{
Counter1=ReadTimer1();
Counter2=ReadTimer0();
if(Counterl< Counter2)

{

Counter1=Counter1+(Counter2-Counterl);

else if(Counter1> Counter2)

{

Counter2=Counter2+(Counter1-Counter2);

checksensors(side);
SetDCPWM2(L speed);
SetDCPWM 1(Rspeed);
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}
else
{
Delayl0OKTCY x(80);
while(Counterl<=Rwheel & & Counter2<=Lwheel && StopMotors==0 & & PORTDDbits.RD0==0 & &
PORTDbits.RD3==0 & & interupt==0)
{
Counterl=ReadTimer1();
Counter2=ReadTimer0();
if(Counterl< Counter2)
{
Counter1=Counter1+(Counter2-Counter1);
else if(Counter1> Counter2)
{
Counter2=Counter2+(Counter1-Counter?2);
checksensors(side);
SetDCPWM2(L speed);
SetDCPWM 1(Rspeed);
}
}
SetDCPWM 1(0);
SetDCPWM2(0);

WriteTimer1(0);
WriteTimer0(0);

Counter1=0;
Counter2=0;
interupt=0;
StopMotors=0;
}

}

void MoveB(int countcm)

{

unsigned int count=0,Counter1=0,Counter2=0,Rwheel=0,L wheel=0,Rspeed=0,L speed=0;
int Sens3=0,Sens4=0;

char side;
count=countcm*21;
Rwheel=count;
Lwheel=count;
Rspeed=396;

L speed=396;
PORTBbits.RB4=0; //left
PORTBbits.RB5=0; //right
side='B";

SetChanADC( ADC_CH2);
ConvertADC();
while(BusyADC());
Sens3=ReadADC();
SetChanADC( ADC_CH3);
ConvertADC();
while(BusyADC());
SensA=ReadADC();
if(Sens3<=16 || Sens4<=16)
{

SetDCPWM2(0);
SetDCPWM1(0);

else
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{

WriteTimer1(0);
WriteTimer0(0);
SetDCPWM2(L speed);
OpenPWM2(99);
SetDCPWM 1(Rspeed);
OpenPWM 1(99);
if(countcm<=8)

{
while(Counterl<=Rwhedl & & Counter2<=Lwheel && StopMotors==0 & & interupt==0)

{
Counterl=ReadTimer1();
Counter2=ReadTimer0();
if(Counterl< Counter2)
{

Counter1=Counter1+(Counter2-Counter1);

else if(Counter1> Counter2)
{

Counter2=Counter2+(Counter1-Counter2);

checksensors(side);
SetDCPWM2(L speed);
SetDCPWM 1(Rspeed);

else

Delayl0OKTCY x(80);
while(Counterl<=Rwheel & & Counter2<=Lwheel && StopMotors==0 & & PORTDbits.RD0==1 & &
PORTDbits.RD3==1 & & interupt==0)
{
Counter1=ReadTimer1();
Counter2=ReadTimer0();
if(Counterl< Counter2)

{

Counter1=Counter1+(Counter2-Counter1);

else if(Counter1> Counter2)
{

Counter2=Counter2+(Counter1-Counter2);

checksensors(side);
SetDCPWM2(L speed);
SetDCPWM 1(Rspeed);

}
SetDCPWM1(0);
SetDCPWM2(0);
WriteTimer1(0);
WriteTimer0(0);
Counter1=0;
Counter2=0;
interupt=0;
StopMotors=0;

void RotateCW(int degree)

{
unsigned int count=0,Counter1=0,Counter2=0,Rwheel=0,L wheel=0,Rspeed=0,L speed=0;

210



count=degree* 7.25;
Rwheel=count;

L wheel=count;
Rspeed=320;

L speed=320;
PORTBDbits.RB4=1;
PORTBDbits.RB5=0;
WriteTimer1(0);
WriteTimer0(0);
Counter1=0;
Counter2=0;
SetDCPWM 2(L speed);
OpenPWM2(99);
SetDCPWM 1(Rspeed);
OpenPWM1(99);
while(Counter1l<=Rwheel & & Counter2<=L wheel)

{
Counter1=ReadTimer1();
Counter2=ReadTimer0();
if(Counterl< Counter2)

{

Counter1=Counter1+(Counter2-Counterl);

else if(Counter1> Counter2)
{

Counter2=Counter2+(Counter1-Counter?2);

}
SetDCPWM2(L speed);
SetDCPWM 1(Rspeed);
}

SetDCPWM 1(0);

SetDCPWM2(0);

WriteTimer1(0);

WriteTimer0(0);

Counter1=0;
Counter2=0;
}
void RotateCCW(int degree)
{

unsigned int count=0,Counter1=0,Counter2=0,Rwheel=0,L wheel=0,Rspeed=0,L speed=0;
count=degree* 7.25;

Rwheel=count;

Lwheel=count;

Rspeed=320;

L speed=320;

PORTBDbits.RB4=0;

PORTBDbits.RB5=1;

WriteTimer1(0);

WriteTimer0(0);

Counter1=0;

Counter2=0;

SetDCPWM 2(L speed);

OpenPWM2(99);

SetDCPWM 1(Rspeed);

OpenPWM 1(99);

while(Counterl<=Rwheel & & Counter2<=Lwheel)

{
Counter1=ReadTimer1();
Counter2=ReadTimer0();
if(Counterl< Counter2)

{
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Counter1=Counter1+(Counter2-Counterl);

else if(Counter1> Counter2)
{

Counter2=Counter2+(Counter1-Counter2);

}
SetDCPWM2(L speed);
SetDCPWM 1(Rspeed);
}

SetDCPWM1(0);

SetDCPWM2(0);

WriteTimer1(0);

WriteTimer0(0);

Counter1=0;

Counter2=0;

}

void avoidfront(void)

{

int Sens1=0,Sens2=0,Sens3=0, Sens4=0,Sens5=0, Sens6=0, Sens7=0,Sens8=0,count=0 ,Counter1=0,Counter2=0;
SetbCPWM 1(0);
SetDCPWM2(0);
Delayl0OKTCY x(200);
SetChanADC( ADC_CHO);
ConvertADC();
while(BusyADC());
Sens1=ReadADC();
SetChanADC( ADC_CH1);
ConvertADC();
while(BusyADC());
Sens2=ReadADC();
if(Sensl<=16 || Sens2<=16)

{

SetChanADC( ADC_CH4);
ConvertADC();
while(BusyADC());
Sens5=ReadADC();
SetChanADC( ADC_CH5);
ConvertADC();
while(BusyADC());
Sens6=ReadADC();
SetChanADC( ADC_CH6);
ConvertADC();
while(BusyADC());
Sens7=ReadADC();
SetChanADC( ADC_CH7);
ConvertADC();
while(BusyADC());
Sens8=ReadADC();
if(Sensb<=12 || Sens6<=12)
{

SetChanADC( ADC_CH6);
ConvertADC();
while(BusyADC());
Sens7=ReadADC();
SetChanADC( ADC_CH7);
ConvertADC();
while(BusyADC());
Sens8=ReadADC();
if(Sens7<=12 || SensB8<=12)

while(Sens7<=12 || Sens8<=12)
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SetChanADC( ADC_CH6);
ConvertADC();
while(BusyADC());
Sens7=ReadADC();
SetChanADC( ADC_CH7);
ConvertADC();
while(BusyADC());
Sens8=ReadADC();
MoveB(30);

}
RotateCCW(85);
interupt=1;

else

RotateCCW/(85);
MoveF(20);
RotateCCW(85);
interupt=1;

}
}
else if(Sens7<=17 || Sens8<=17)

SetChanADC( ADC_CH4);
ConvertADC();
while(BusyADC());
Sens5=ReadADC();
SetChanADC( ADC_CH5);
ConvertADC();
while(BusyADC());
Sens6=ReadADC();
if(Sensb<=17 || Sens6<=17)
{

while(Sens7<=17 || Sens8<=17)

SetChanADC( ADC_CH6);
ConvertADC();
while(BusyADC());
Sens7=ReadADC();
SetChanADC( ADC_CH7);
ConvertADC();
while(BusyADC());
Sens8=ReadADC();

MoveB(30);
}
RotateCCW/(85);
interupt=1;
}
else
{
RotateCW/(85);
MoveF(20);
RotateCW(85);
interupt=1;
}
}
else
{
RotateCCW(170);
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}

void avoidback(void)

MoveF(20);
interupt=1;

{

int Sens1=0,Sens2=0,Sens3=0,Sens4=0;
SetDCPWM 1(0);
SetDCPWM2(0);
Delayl0OKTCY x(200);

SetChanADC( ADC_CH2);
ConvertADC();
while(BusyADC());
Sens3=ReadADC();
SetChanADC( ADC_CH3);
ConvertADC();
while(BusyADC());
Sens4=ReadADCY();
if(Sens3<=16 || Sens4<=16)
{

int Sens1=0,Sens2=0,Sens3=0,Sens4=0,Sens5=0,Sens6=0,Sens7=0,Sens8=0;

MoveF(30);
interupt=1;
}
}
void checksensors(char side)
{
switch(side)
{

case'F" {

SetChanADC( ADC_CHO);

ConvertADC();

while(BusyADC());
Sens1=ReadADC();
SetChanADC( ADC_CH1);

ConvertADC();

while(BusyADC());

Sens2=ReadADC();

if(Sensl<=16 || Sens2<=16)
{
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SetChanADC( ADC_CH2);
ConvertADC();
while(BusyADC());
Sens3=ReadADC();
SetChanADC( ADC_CH3);
ConvertADC();
while(BusyADC());
SensA=ReadADC();
if(Sens3<=16 || Sens4<=16)
{

SetDCPWM2(0);
SetbCPWM 1(0);

Delayl0OKTCY x(200);
RotateCCW(90);
interupt=1;

}

else
{



avoidfront();

}
break;

case'B": {
SetChanADC( ADC_CH2);
ConvertADC();
while(BusyADC());
Sens3=ReadADC();
SetChanADC( ADC_CH3);
ConvertADC();
while(BusyADC());
SensA=ReadADC();
if(Sens3<=13 || Sens4<=13)

{

SetChanADC( ADC_CHO);
ConvertADC();
while(BusyADC());
Sensl=ReadADC();
SetChanADC( ADC_CH1);
ConvertADC();
while(BusyADC());
Sens2=ReadADC();
if(Sensl<=16 || Sens2<=16)
{

SetDCPWM2(0);
SetDCPWM 1(0);
Delayl0OKTCY x(200);
RotateCCW(90);
interupt=1;
}
else
{
avoidback();
}
}
break;
}
}
}
#pragma interrupt aa
void aa(void)
{

unsigned char c;

char u;

int i=0, distance=0, degree=0, f1=0,f2=0,f3=0;
char data[ 8], status;

if(PIR1bits.RCIF)

for(i=0;i<=8;i++)
{ while(! DataRdyUSART());
datai] = ReadUSARTY();
if(}data[0]=='M )
{ i{f(data[ 1]=="F)

f1=ToDecimal (data[2])* 100;
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f2=ToDecimal (data[ 3])* 10;

f3=ToDecimal (data[4]);

distance=f1+f2+{3;
MoveF(distance);
for(i=0;i<=8;i++)

while(BusyUSART()==1);
u = datd[i];
PUtcUSART (u);

}
elseif(data[1]=='B)

f1=ToDecimal (data[2])* 100;

f2=ToDecimal (data[3])* 10;

f3=ToDecimal (data[4]);

distance=f1+f2+f3;
MoveB(distance);
for(i=0;i<=8;i++)

while(BusyUSART()==1);
u = datd[i];
PUtcUSART (u);

}
elseif(data]1]=="T")
f1=ToDecimal (data[2])* 100;
f2=ToDecimal (data[3])* 10;
f3=ToDecimal (data[4]);
nX=f1+f2+{3;
f1=ToDecimal (data] 5])* 100;
f2=ToDecimal (data[6])* 10;
f3=ToDecimal(data[ 7]);
nY =f1+f2+{3;
CalculateXY (nX,nY);
for(i=0;i<=8;i++)

{
while(BusyUSART()==1);
u = datd[i];
putcUSART (u);
}
i
elseif(data0]=='R")
{
if(data[1]=="T")
{
if (data[2]=="1")

{
f1=ToDecimal (data[3])* 100;
f2=ToDecimal (data[4])* 10;
f3=ToDecimal (data[5]);
degree=f1+f2+f3;

RotateCW (degree);

for(i=0;i<=8;i++)

while(BusyUSART()==1);
u = datd[i];
PUtcUSART (u);

}
elseif(data[2]=='0")
f1=ToDecimal (data[3])* 100;
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f2=ToDecimal (data[4])* 10;

f3=ToDecimal (data[5]);

degree=f1+f2+f3;
RotateCCW (degree);
for(i=0;i<=8;i++)

while(BusyUSART()==1);
u = datd[i];
PUtcUSART (u);

}
elseif(data[1]=="C)

{
if(data[2]=="1)
{

f1=ToDecimal (data[3])* 100;
f2=ToDecimal (data[4])* 10;
f3=ToDecimal (data[5]);

degree=f1+f2+f3;
stepper(‘&);
for(i=0;i<=8;i++)
{
while(BusyUSART()==1);
u = datd[i];
putcUSART (u);
}

}
elseif(data[2]=='0)

f1=ToDecimal (data[3])* 100;
f2=ToDecimal (data[4])* 10;
f3=ToDecimal (data[5]);

degree=f1+f2+f3;
stepper('c);
for(i=0;i<=8;i++)
{
while(BusyUSART()==1);
u = datd[i];
putcUSART (u);
}
}

}
dseif(data[1]=="M")

{

if(data[2]=="1")

{
f1=ToDecimal (data[3])* 100;
f2=ToDecimal (data[4])* 10;
f3=ToDecimal (data[5]);
degree=f1+f2+f3;
f1=ToDecimal (data]6])* 100;
f2=ToDecimal (data[ 7])* 10;
f3=ToDecimal (data[8]);
distance=f1+f2+f3;
RotateCW (degree);
MoveF(distance);
for(i=0;i<=8;i++)
{
while(BusyUSART()==1);
u = datd[i];
putcUSART (u);
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}
elseif(data[2]=='0)

f1=ToDecimal (datg[3])* 100;
f2=ToDecimal (data[4])* 10;
f3=ToDecimal (data[5]);
degree=f1+f2+f3;
f1=ToDecimal (data[ 3])* 100;
f2=ToDecimal (data[4])* 10;
f3=ToDecimal (data[5]);

distance=f1+f2+f3;
RotateCCW (degree);
MoveF(distance);
for(i=0;i<=8;i++)
{
while(BusyUSART()==1);
u = datd[i];
PUtcUSART (u);
}
}
} }
elseif(datal0]=='S & & data[1]=="T' & & data[2]=="0' & & data[3]=="F & & data[4]=='M")
SetbCPWM1(0);
SetbCPWM2(0);
StopMotors=1,;

PIR1bits.RCIF = 0;

#pragma code high_vector=0x08
void high_vector (void)

{ _asmgoto aa_endasm }
#pragma code

void main(void)

{
unsigned int spbrg;
RCONDbits.|PEN=1; // IPEN=1
INTCONDits.GIEH = 1,
PIR1bits.RCIF = 0;
OSCCON=126;
spbrg=12;
ADCON1=7;
TRISB=0;
PORTB=0;
TRISD=15;
PORTD=0;
SetbCPWM 1(0);
ClosePWM 1();
SetDCPWM2(0);
ClosePWM2();

OpenUSART(USART_TX_INT_OFF & USART_RX_INT_ON & USART_ASYNCH_MODE & USART_EIGHT BIT &
USART_CONT_RX & USART_BRGH_HIGH,spbrg);
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OpenADC( ADC_FOSC_32& ADC_RIGHT_JUST& ADC_12_TAD,ADC_CHO &ADC_REF VDD _VSS&
ADC_INT_OFF,ADC_8ANA);

OpenTimer3(TIMER_INT_OFF & T3_16BIT_RW & T3 SOURCE INT & T3 PS 1 1& T1 CCPL T3 CCP2);
OpenTimer2(TIMER_INT_OFF& T2 PS 1 4& T2 POST 1 1& T1_CCPL_T3 CCP2);

OpenTimer(TIMER_INT_OFF & T1_16BIT RW & T1 PS 1 1& T1 OSCIEN_OFF & T1 SYNC_EXT_ON & T1 SOURCE_EXT
& T1_CCP1 T3 CCP2):

OpenTimer0( TIMER_INT_OFF & TO_16BIT & TO_SOURCE_EXT & TO_EDGE_RISE & TO PS 1 1);

while(1)
{
SetDCPWM1(0);
SetDCPWM2(0);
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Appendix E

CE Series|Incremental Rotary Encoder
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INCREMENTAL ROTARY ENCODER

Outside Diameter 30mm (Shaft @ 4) PCD 22
Economical

Voltage output type

Suitable for General or Industrial Applications

B STANDARD MODELS

2L Senal Momber CE ‘3|]¢:|
&0 CE— 60
100 CE- 100
200 CE—200
50 CE-250
300 CE—-300
350 CE- 360
400 CE— 400
500 CE-500

Add "5 " at the end of Model No. for 1 signal output (only signal A,
ax, CE-1005

B CONNECTIONS

Red Fower Supply
[are-=n Dutput A
Wit Cutput B

Black Vol
Shield

Encoder
B OUTPUTWAVEFORM

—+ clodiwise rotation when viewed from the top of the shadt,
P

phase &

[
(M

b-||: d|

phasef ——— S

[ OUTPUT WIRING

Powwar Supply

v Dutpt Sigral [A- B

ov

B SPECIFICATIONS

CE

Power Supgply 5= 12V DC 5%

Oustpart Sgral Voltzge / 307 Duadrsture x 2 Signaks

Dutpi Vokage e
8 [ Wesimum Resporse B0 Kz
E Curnant Comsumption 40mA  maximum (I mAforsTyps)
2 Sink Currans WmA  maxkmum

Dutput impadancs IR

Dpemting Temperature APC= 700

Mzmimuom of

Mlnpmm ok

:J";T;T" afinerta Jgom Masimam
& Stariing Torque 1 Cagf-om Maximum
5| AngulsrSpeed 1% W'/ s
E Mzeimum: Radizl Loading 1Kg

Masmum faal Loading L5Kg

Vibration |0Hz to 50Hr« 1.5mme2h

Shock S0GS11ms

Weight {Appronimatesy) 100 graims

= Signal A and Signal B are 90° quadrature

1
PPR

s Accuracy

p p
a‘h-c:d = — 22—
4 8

P
h=Pt —
2

B DIMENSIONS

04

a30
314k
gh?

1

f| |

n

342, Smem
Pl - B

o3 0
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Appendix F

Testing Codes
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F.1 Open Loop Response

#include<p18f4550.h>

#include<delays.h>

#include<PWM .h>

#include<timers.h>

#pragma config FOSC = INTOSC_HS

#pragma config WDT = OFF

void main (void)

{

TRISD=4;

PORTD=0;

TRISC=0;

PORTC=0;

TRISB=0;

PORTB=0;

OpenTimer3(TIMER_INT_OFF & T3 16BIT_RW & T3 SOURCE_INT & T3 PS 1 1& T3 SOURCE_CCP);

OpenTimer2(TIMER_INT_OFF & T2 PS 1 4& T2 POST 1 1& T3 SOURCE_CCP);

while(1)

{
/*Forward*/
PORTBDbits.RB4=1,;
PORTBDbits.RB5=1,;
SetDCPWM 1(396);
OpenPWM 1(99);
SetDCPWM2(396);
OpenPWM2(99);
Delayl0KTCY x(100);
[*Left*/
PORTBDbits.RB4=1;
PORTBDbits.RB5=1;
SetDCPWM 1(396);
OpenPWM 1(99);
SetDCPWM2(198);
OpenPWM2(99);
Delayl0OKTCY x(100);
/*Backward*/
PORTBDbits.RB5=0;
PORTBDbits.RB4=0;
SetDCPWM 1(396);
OpenPWM1(99);
SetDCPWM2(396);
OpenPWM2(99);
Delayl0OKTCY x(100);
[*Right*/
PORTBDbits.RB4=1,;
PORTBDbits.RB5=1,;
SetDCPWM 1(198);
OpenPWM1(99);
SetDCPWM2(396);
OpenPWM2(99);
Delayl0OKTCY x(100);

}

}

F.2 Closed L oop Response

#include<p18f4550.h>
#include<delays.h>
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#include<PWM .h>
#include<timers.h>

#pragma config FOSC = INTOSC_HS
#pragma config WDT = OFF

void main(void)

{

unsigned int Counter1=0,Counter2=0;
ADCON1=6;

TRISB=0;

PORTB=0;

OpenTimer3(TIMER_INT_OFF & T3_16BIT_RW & T3 _SOURCE_INT & T3 PS 1 1& T1 CCP1 T3 CCP2);
OpenTimer2(TIMER_INT_OFF & T2 PS 1 4& T2 POST_1 1& T1_CCP1 T3 CCP2);
OpenTimer(TIMER_INT_OFF & T1_16BIT_ RW & T1 PS 1 1& T1 OSCIEN_OFF & T1_SYNC_EXT_ON & T1l SOURCE_EXT
& T1 CCP1 T3 CCP2);
WriteTimer1(0);
OpenTimerO( TIMER_INT_OFF & TO_16BIT & TO_SOURCE_EXT & TO_ EDGE _RISE& TO PS 1 1);
WriteTimer0(0);
while(1)

{

PORTBbits.RB4=1;

PORTBbits.RB5=1;

WriteTimer1(0);

WriteTimer0(0);

SetDCPWM2(396);

SetDCPWM 1(396);
while(Counter1<=1910 || Counter2<=1910)

{
Counter1=ReadTimer1(); // Right Wheel Steps 1cm = 9.55 Counts
Counter2=ReadTimerQ(); // Left Wheel Steps 1cm = 9.55 Counts
}

WriteTimer1(0);

WriteTimer0(0);

Counter1=0;

Counter2=0;

}

PORTBDbits.RB4=1;

PORTBDbits.RB5=1;

WriteTimer1(0);

WriteTimer0(0);

SetDCPWM2(396);

SetDCPWM 1(396);

while(Counter1<=200 || Counter2<=200)
{
Counter1=ReadTimer1(); // Right Wheel Steps 1cm = 9.55 Counts
Counter2=ReadTimer0(); // Left Wheel Steps 1cm = 9.55 Counts

}
WriteTimer1(0);
WriteTimer0(0);
Counter1=0;
Counter2=0;

}

PORTBbits.RB4=1;

PORTBbits.RB5=1;

WriteTimer1(0);

WriteTimer0(0);

SetDCPWM2(396);

SetDCPWM 1(396);
while(Counter1<=1433 || Counter2<=1433)
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{
Counter1=ReadTimer1(); // Right Wheel Steps 1cm = 9.55 Counts

Counter2=ReadTimer0(); // Left Wheel Steps 1cm = 9.55 Counts
}

WriteTimer1(0);

WriteTimer0(0);

Counter1=0;

Counter2=0;

}

PORTBbits.RB4=1,;

PORTBbits.RB5=1,;

WriteTimer1(0);

WriteTimer0(0);

SetDCPWM2(396);

SetDCPWM 1(396);

while(Counter1<=200 || Counter2<=200)
{
Counter1=ReadTimer1(); // Right Wheel Steps 1cm = 9.55 Counts
Counter2=ReadTimerQ(); // Left Wheel Steps 1cm = 9.55 Counts

}
WriteTimer1(0);
WriteTimer0(0);
Counter1=0;
Counter2=0;

}

PORTBbits.RB4=1;

PORTBbits.RB5=1;

WriteTimer1(0);

WriteTimer0(0);

SetDCPWM2(396);

SetDCPWM 1(396);

while(Counter1<=955 || Counter2<=955)
{
Counterl=ReadTimer1(); // Right Wheel Steps 1cm = 9.55 Counts
Counter2=ReadTimer0(); // Left Wheel Steps 1cm = 9.55 Counts
}

WriteTimer1(0);

WriteTimer0(0);

Counter1=0;

Counter2=0; }

F.3 Checking for Obstacle

#include<p18f4550.h>
#include<delays.h>
#include<adc.h>
#include<PWM.h>
#include<timers.h>
#include<compare.h>
#pragma config FOSC = INTOSC_HS
#pragma config WDT = OFF
void main(void)
{
unsigned int Counter1=0,Counter2=0;
ADCON1=6;
TRISB=0;
PORTB=0;
OpenADC( ADC_FOSC _32& ADC _RIGHT_JUST& ADC 12 TAD,ADC CHO &ADC REF VDD _VSS&
ADC_INT_OFF,ADC_8ANA);
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while(1)

{

int Sens1=0,Sens2=0,Sens3=0,Sens4=0;

SetChanADC( ADC_CHO);

ConvertADC();

while(BusyADC());

Sensl=ReadADC();

if(Sensl<=16)

{

SetDCPWM 1(0);
SetDCPWM2(0);
Delayl0KTCY x(50);

}
SetChanADC( ADC_CH1);
ConvertADC();
while(BusyADC());
Sens2=ReadADC();
if(Sens2<=16)

SetDCPWM 1(0);
SetDCPWM2(0);
DelaylOKTCY x(50);

}
SetChanADC( ADC_CH2);
ConvertADC();
while(BusyADC());
Sens3=ReadADC();
if(Sens3<=16)

SetDCPWM1(0);
SetDCPWM2(0);
DelaylOKTCY x(50);
}
SetChanADC( ADC_CH3);
ConvertADC();
while(BusyADC());
Sens4=ReadADC();

if(SensA<=16)
{
SetDCPWM 1(0);
SetDCPWM2(0);
DelaylOKTCY x(50);
}

133

F.4 Combining the Encoderswith Ultra Sonic

#include<p18f4550.h>
#include<delays.h>
#include<adc.h>
#include<PWM .h>
#include<timers.h>
#include<compare.h>
#pragma config FOSC = INTOSC_HS
#pragma config WDT = OFF
void checksensors(char side);
void Move(char dir, int countcm)
{
unsigned int count,Counter1=0,Counter2=0,Rwheel=0,L wheel =0,Rspeed=0,L speed=0;
char side;
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count=countcm*9.55;

switch(dir)
{
case 'F': {
Rwheel=count;
Lwheel=count;
Rspeed=396; 1 5V
L speed=396; 1 5V
PORTBbits.RB4=1;
PORTBbits.RB5=1;
side="F;
break;
}
case'B" {
Rwheel=count;
Lwheel=count;
Rspeed=396; 1 5v
L speed=396; 1 5V
PORTBbits.RB4=0;
PORTBbits.RB5=0;
side='B";
break;
}
}
SetDCPWM 2(L speed);
OpenPWM2(99);
SetDCPWM 1(Rspeed);
OpenPWM1(99);

WriteTimer1(0);
WriteTimer0(0);
while(Counter1l<=Rwheel || Counter2<=Lwheel)

Counter1=ReadTimer1(); // Right Wheel Steps 1cm = 9.55 Counts
Counter2=ReadTimerQ(); // Left Wheel Steps  1cm = 9.55 Counts
checksensors(side);
}

WriteTimer1(0);

WriteTimer0(0);

Counter1=0;

Counter2=0;

void Rotate(char clock, int degree)
{

/IRotation parameter: clock:c=clockwise,a=anticlockwise, degree=0-360;
unsigned int count=0,Counter1=0,Counter2=0,Rwheel=0,L wheel=0,Rspeed=0,L speed=0;
switch(clock)

{ [P
case'c":
{
count=degree*1.5;
Rwheel=count;
Lwheel=count;
Rspeed=300;
L speed=300;
PORTBbits.RB4=1,
PORTBbits.RB5=0;
break;
. }
case 'a
{

count=degree*1.5;
Rwheel=count;
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Lwheel=count;
Rspeed=300;

L speed=300;
PORTBbits.RB4=0;
PORTBbits.RB5=1;
break;

}
SetDCPWM2(L speed);
OpenPWM2(99);
SetDCPWM 1(Rspeed);
OpenPWM 1(99);
WriteTimer1(0);
WriteTimer0(0);
while(Counter1<=count || Counter2<=count)
{
Counterl=ReadTimer1(); // Right Wheel Steps 1cm = 9.55 Counts
Counter2=ReadTimer0(); // Left Wheel Steps 1cm = 9.55 Counts

}
WriteTimer1(0);
WriteTimer0(0);
Counter1=0;
Counter2=0;

void avoidfront(void)
{
Move('B',50);
Rotate('a,180);

void avoidback(void)

{
Move('F,50);

void checksensors(char side)

{

int Sens1=0,Sens2=0,Sens3=0,Sens4=0;

switch(side)

{
case 'F": {
SetChanADC( ADC_CHO);
ConvertADC();
while(BusyADC());
Sensl=ReadADC();
SetChanADC( ADC_CH1);
ConvertADC();
while(BusyADC());
Sens2=ReadADC();
if(Sensl<=16 || Sens2<=16)
{

avoidfront();

}
break;
}
case'B": {
SetChanADC( ADC_CH2);
ConvertADC();

while(BusyADC());
Sens3=ReadADC();
SetChanADC( ADC_CH3);
ConvertADC();
while(BusyADC());
SensA=ReadADC();
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if(Sens3<=16 || Sens4<=16)
{
avoidback();

break;

void main(void)
{
unsigned int Counter1=0,Counter2=0;
ADCON1=6;
TRISB=0;
PORTB=0;
OpenADC( ADC_FOSC_32& ADC _RIGHT_JUST& ADC 12 TAD,ADC_CHO
&ADC_REF VDD_VSS&ADC_INT_OFF,ADC _8ANA);
OpenTimer3(TIMER_INT_OFF & T3 16BIT_RW & T3 SOURCE INT & T3 PS 1 1& T1 CCP1 T3 CCP2);
OpenTimer2(TIMER_INT_OFF& T2 PS 1 4& T2 POST 1 1& T1 CCP1 T3 CCP2);
OpenTimer(TIMER_INT_OFF & T1 16BIT_ RW & T1 PS 1 1& T1_OSCIEN_OFF & T1 SYNC_EXT_ON & T1_SOURCE_EXT
& T1 CCP1 T3 CCP2);
WriteTimer1(0);
OpenTimerO( TIMER_INT_OFF & TO_16BIT & TO_SOURCE_EXT & TO EDGE_RISE& TO PS 1 1);
WriteTimer0(0);
while(1)
{Move('F',200);}}
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Appendix G

Datasheets For WiFly GSX Transceiver & ITM-C-328 Serial Camera
& EZ0 MaxSonar Ultrasonic Sensor

230



WiFly GSX Transceiver

ROUING IR

WIRELESS FOR LESS

2

www.rovingnetworks.com

RN-131G

m=13 1=ds v2.3 5728/ 2009

“"WiFly GSX"” 802.11G Module

Features

= (Clualifled 2.4GHz IEEE 802.11b/g transceiver

= High throughput, 1Mbps sustained data rale
with TCP/IP and WPA2

= Ltra-low power - 4uA sleap, 40mA Ax,
210mA Tx (max)

=  Small, compact surface mount module

= (On board ceramic chip antenna and LLFL
connector for external antenna

s A Mbit flash memory and 128 KB RAM

= UART hardware interface

» 10 general purpose digital 'O

= 8 analog sensor interfaces

» Real-time clock for wakeup and time stamping

= Accepls 3.3V regulated or 2-3V battery

= Suppors Adhoc connections

« Onboard ECOS -0S, TCP/IP stacks

s  Wi-Fi Alliance certified for WPA2-PSK

= [FCC/CE/ICS cerified and RoHS compliant.
Applications

= \Wirgless audio

= Remote equipment monitoring

= Talemetry

= Sacurily

= Industrial sensors and controls

= Home Automation

= Medical devices

Description

The WiFly GSX module is a stand alone, embedded
wireless 802.11 networking module. Because of its
small form factor and extremely low power
consumption, the RN-131G is perfect for mobile
wireless applications such as assel monitoring, GPS
tracking and battery sensors, The WiFly GSX module
incorporates a 2.4GHz radio, processor, TGP stack,
reaktime clock, crypto accelerator, power
management and analog sensor interfaces. This
complete solution is preloaded with software to
simplify integration and minimizes development of
your application. In the simplest configuration the
hardwars only requires four connections (PWR, TX,
RX, GND} o creale a wireless dala connection.
Additionally, the sensor interface provides
tempearature, audio, mofion, acceleration and other
analog data without requiring additional hardware. The
WiFly GSX module is programmed and controlled with
a simple ASCIl command language. Once the WiFly
GSX is setup it can scan to find an access point,
associate, authenticate and connect over any Wil
network.

. On-boam
Block Diagram chip antaana
2.4 GHe
TH/RX
X
G—1

W.FL connectar A

For ocptional extamal

anlamna

'H“;"‘f 32-bit 2MB Flazh
cPU ROM Memory
24 GHz o
Radio & L.._..J T 5Pl
[el=1Ts)
E S
24 GHz LIARAT
2 P || GRIO e
Cryplo ADC H friset | VDO BATT
accelerator
j=tn] ] Boost
| Sensor Interlace | | EPC/RFID | 3.3V 800 | Enable
=1 Regulator |~

BO9 University Avenue - Los Gatos, CA 95032 « Tel (408) 395-6538 « [nfo@BovingMNetworks.com
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A NETIORKS

WIRELESS FOR LESS

RN-131G

m-131-ds v2.3 5/28/ 2001

Overview

Host Data Rate up to 1 Mbps tor UART

Intelligent, built-in power management with programmable wakeup

Gan be powered from regulated 3,3-3.7V source or 2,0-3.0V batteries

Real time clock for time stamping, auto-sleep and auto-wakeup

Configuration over UART using simple ASCII commands
Web Server or Telnet configuration over WiFi

Cwver the air firmware upgrade (FTP)

Memory 128 KB RAM.2MB ROM, 2 KB battery-backed memory, & Mbit Flash.
Secure WiF| authentication WEP-128, WPA-PSK (TKIP), WPA2-PSK, EAP-TLS for WPA1 & WPAZ

Enterprise

Built in networking applications DHCP, UDP, DNS, ARP, ICMP

802.11 power save and roaming funclions

Envirenmental Conditions

| Parameter Value
Temperature Range (Operating}) -40°C ~85°C
Temperature Hange (Storage) -40°C ~85°C
Relative Humidity {Operating) <90%
Relative Humidity (Starage) <009
ical Characteristics

Supply Voltage Min Typ. Max. Unit
Supply Valtage VDD 3.0 3.3 3.7 VDO
Supply Voltage (VBATT opticn) 2.0 3.0 a3 VDo

Powaer consumption

Sleep 4 uA
Standby (doze) 15 ma
Connected (idie, RX) 40 mA
Connected (TX) 140 212 ma

Radio Characteristics

Parameter Specifications
Frequency 2402 ~ 2480MHz
Modulation DSSS(CCK-11, CCK-5.5, DQPSK-2, DEPSK-1)
Channel intervals 5MHz
Channels 1-14
Transmission rate (over the air) 1— 11Mbps for B02.11b/ 6 - 54Mbps for 802.11g
Receive sensitivity -85dBm typ.
Output level (Class1) +18dBm
Maximum RF input to U.FL connector 10 dBm

809 University Avenue - Los Gatos, CA 05032 « Tel (408) 305-6530 « Info@HovinaNatworks.com
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AT RETUORHS

WIRELESS FOR LESS

RN-131G

ri-131-ds w23 57282000

Pin Description

Ll el N NN B

1R EAT R N

Tegavw s
(pasctn oo v laitdes o 1o )

Pin Mame Description Default

i SENSOR-A Sensor interface, analog input 1o module, 1.2V No connact

2 SEMNSOR-4 Sensor interface, Analog input to module, 1.2V Mo connect

3 SENSOR-5 Sensor Interface, Analog input to module, 1.2V No connect

4 SENSOR-T Analog input fo module, 1.2V Mo connect

5 RESET Module reset, Active Low, reference to VDD-BATT, 160 min, pulse Pull up

5 EPC-ANT-A EPC porl, BFD anlenna A No connect

T EPC-ANT-B EPC porl, BFID anlenna B No connect

8 SUPERCAP Balance center pin voltage on stacked super capacitors, Analog 3.3V Mo connect

] FORCE AWAKE | Force the module to wakeup, input to module, 31us min. pulse

10 GPIO-13 UART RTS flow control, 8mA drive, 3.3V tolerant

11 GPIO-12 UART CTS flow control, 8BmA drive, 3.3V tolarant

12 LIART-RX RX to the module, BmA drive, 3.3V 1olaran

13 UART-TX TX from the module, 8mA drive, 3.3V tolerant

14 SPI-MOS| SP1 master data out (Contact Roving Networks for details) Mo connect
15 SPI-CLK SP1 clock, (Contact Hoving Metworks for details) No connect
16 SPI-MISO SP1 master data in (Contact Roving Metworks for details) Mo connect
17 3.3V-REG-OUT | boos! regulator control output, connect to 3.3V-BEG-IN to enable No connect
8 3.AV-REG-IN boost regulator control input, connectlo 3.3V-REG-OUT to enable GND to disable
19 GND Ground

20 VOD-BATT Battery input, 2.0-3.3V with boos! regulator in use, 3.0-3.7V otherwise

21 VOD-IN 3.3 to 3.7 voltage, do nol connect when boost regulator Is in use

22 DMA-TX Cebug port Mo connect
23 DMA-RX Debug port Mo connect
24 GPIG-9 Hestore faciory resets, &mA drive, 3.3V tolerant

25 GPIC-8 GPIO, 24mA drive, 3.3V tolerant Weak pull down
26 GPIO-7 GPIO, 24mA drive, 3.3V tolerant Weak pull down
27 GPIO-6 Association STATUS, 24mA drive, 3.3V lolerant LED, Weak pull down
28 GPIO.5 Data transfer STATUS, 24mA drive, 2.3V tolerant LED, Weak pull down
29 GPIO-4 Connaction STATUS, 24mA drive, 3.3V tolerant LED, Weak pull down
a0 SENSOR-A Sensor interface, analog input to module, 1.2V

3 SENSOR-2 Sensor interface, analog input to module, 1.2V

3z SENSOR-3 Sensor interface, analog input to medule, 1.2V

33 SENSE-PWR | Voltage output from module 1o power extarnal sensors, 1.2-3,3V

34 SENSOR-0 Wakaup from extermal condition

a5 NO CONNECT No connact

36-44 GMND Must be connected for proper antenna performance

BO3 University Avenue - Los Gatos, CA 95032 - Tal (408) 395-6539 - info@RovingNetworks.com
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.MHI]U”][: NOTWORKS
N WIRELESS FOR LESS RN-131G

www. ravingn oiwerks.com m-10l-ds v SP08 200

L

Keep out areas. When tesigning your PCR
avod exposed trace and vic beneatn tha meddle.

&, Powering the moedule. The WiFly mocule can
be powered from either 3.0V0C batteries or
3.3VD0 regulated power,

Keap out areas: Thare ae o
1 mm round tostpads an the
bottomn of thererulke. Avoid
Flacing amy axacsadaces

or vias inthesearess

3.0WDC battery powear
= Apply power to pin 2C (VDD-BATT)
=  Short cin 17 (G3V-HLG-0UT) to pin 18
'3, 3W-REG-IN)

3.3 VDo el 0.5 nm
o Apply power o pin 20V DC-BATT) and
pin 21 (VOD-IN)

L
T EN RS ¥ snm
FEEE=

« Connect pin 18 (3.3V-FFG-IN) 10 ground G Emey
ard leave pin 17 (3.3V-REG-QUT] un Bottor view
sonnecled. ' ’

7. Sensor lnterfaces. Inpuls musl rol exceed 1.2V, Sensilivily salurales al 400 mV,
8. Adhoc mode and Restoring Factory Settings.  Adhoc made is eontrollas trough GPIO-9. Itis 2 goad idea o
connect pin 24, GPIC-9 to a switch or jumpsr connected 1o a pull up, When GPIO-9 is driven high al power up

thz modale will 2e in Adnoe mode. [T GPIO-3 is then togaled low S times, the initial ractory detaull configuration
will be RESTORED. This is useful for cases whete the module is mis configured and is ne lorg resconcing.

Compliance Information

«  FCOC Corlifled for us in lhe Unitzd Slales and CE approved lor use in Europe ang olher countriss,
«  Ervironmertally fiendly RoHS compliant

Ordering Inlormation

Part Number Dascription
RBH-121G Wilh ehiz anlenna
FEN-131G-EVAL | Davelopment Kit for the BN-131G {Includes the BN-151G moduls)
BH-UFL-SMa& | & inch caolz wiln U.FL conreclor on one end and SKA cn the olhesr
Far ather configuratians, cantact Raving Netwarks dirsetly.

Visit bt waww rov ingnetwo ks.com far current pricing and a list of distributars carrying our products.

Copyright © 2008 Roving Networks. All rights resemved.

Roving Weworks resenes the right to maks correcticns, modifications, and other changes to ite products,
documsantation and services at ay tme. Customars should obtalr the latest relevant information befors alacing
orders and should verily Lthal such information s currenl and complele,

200 Unlvarsity AvenLa = Los Gatos, CA 95032 - Tl 1408 295-6520 - Info@RevingMNeworks eom
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Serial-Color-Cam-Module

with JPEG-Gompression

B General Descrintion

The ITM-C-328 JPEG compression module per-
forms as avideo camera or a JPEG compressed
etill camera and can be attached to a wireless

or PDA hest. Users can send out a snapshot
command from the host in order to capture a full
resolution single-frame still picture. The picture is
then compressed by the JPEG engine and trans-
ferred via R5-232 to the host.

B Features:

- Lowr-cost, & low-powered solution for high resclution image
capire

- Built=inn dowr-sampling, clamping and windowing circuils for
VEAGIF/ IR D CIF 16021 28/80x64 image resolutions

-A3-232. 115 2K bps for mansfzming JPEG st picturss ar
160128 preview @ 8hpp with 0.75-€ fps

- JPEG CODEC wity variable quelity sattings for difierent
resolutions

- Built-in color conversion circuils for 4 grayA 6 gray'256
gray/1 2-bit RGB/16-bit FGB/Pallat 256 RGB previsw imagss
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ITM-C_—328 Serial Camera

|

Comporents

M Specification:
Imager: ..., OVTE4E
Moray Sizat w340 % 420 pix
Pl 5ize e 3,0 % 3,5 pm
SZEAING feiciinciee. PTOgreszive
Image Aresc.. ... 3527 mm
SN Ratie: . 4idR
Operafion Vinttage: .. ... 3.3 VIC
LBRB: . icsiiminiunmnies: 1 40MMF2.2
Dimension:.... wewewssenna: 200X 28 mm

N DU528 Serial Bridye

The CV528 Serial Bridge is a controllar ship thet can transicr
image data from CamersChips t axterral device. The DWVR28
takes 8-Lit YORG: 4:2:2 progressive video data from an CV7640
CMOS-Chip.

The camera inferface synchronizes with input vidze daz anc
periorms down-sampling, clamping and windowing functions
with desired resclution, a5 well as color comversion that is
requesied by the user through serial bus hest commands.

The JPEE GOUEC with vanable quality sattings tan achiese
higher compression ratic & better image quality for various
image resolutions.




M Pin Discription: ¥ Board Measurement

T et 30 P4
R 7 H
B = I(t = )
D | |vee - 4?1'_
©||w I
Q| |ro -
=r |
2
|
[1 o
] |
N Electrical Specification
Voo = 3.3V+10%, TA = 0 to 25°C
Symbol Parameter Condition Min Typ Max Unit
Voo |DC supply voltage 30 33 3.6 W
lo  |Mormal Operation Cumrent Operating &0 maA
s |Suspend Current Suspend 100 uh,
Vit |High level input voltage TIL 20
Vie  |Low level input voltage TIL 0.8
H Lens Specification
Description Parameter
Imager Format 1/4"
Fi# 2.8
Focal length (mm) 4.63
Field of View Diagonal (deg) 57
Horizontal (deg) 42
Vertical (deg) 16.5
Distortion -3.3%
Relative lllumination 67%
Filter Option IR-cut filter included
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EZ0O-MaxSonar Ultrasonic Sensors

LV-MaxSonar™-EZ0 ______
Data Sheet
LV-MaxSonar-EZ0™ e ———

o,

High Performance :
Sonar Range Finder !

With 2.5V - 3.5V power the LV-MaxSonar” -
EZ0™ provides very shorvt ro long-range
detecrion and ranging, in an incredibly
small package. The LV-MaxSonar®-EZ0™
derects objects firom 0-inches 1o 254-inches
f6.45-meters) and provides sonar range

‘l'l

information from 6-inches out ro 254-inches Al 0785 |1eamm| [A] 0000 | 254 mm
: . : : . y; K B DBfD [22imm]| [J] 0645 | 164 mm
" ith 1 HJH_J re.saf:rnou. ﬂbjﬂ.:"f:.'i_ﬂ‘ ot 0 e i oo B oy B o
ihches to 6-inches range as 6-inches. The D| 0100 | 25amm]| [L] D735 [18.7mm
to . Brmar ; - E| DBFYT [ 17.0 mm ) 1.7 mim
LS N R, o ke WER .29 — 3 —-| F| 0510 [126mm| [N[O038 e |10 mmaa
width entput, analog voltage ontput, and Ak a e Bimme Weight, 2 3 prams
serial digital output. il viee Vi b Homiet
Features Benefits Beam Characteristics
¢ Contmmuously variable gam = Very low cost sonar | The LV-MaxSonar*-EZ0" has the most
for beam control and side ranger sepsitvity of the MaxSonar product line, vielding
lobe suppression * Relable and stable | a controlled wide beam with lugh sensitivaty.
o Olbyject detection wcludes range data Sample results for measured beam pattemms are
zero range objects * Sensor dead zone shown below ona 12-nch gnd The detection
¢ 25V to 5.5V supply wath virtually gone pattern 15 shown for:
1 ; ; " Lowest power 1angst | (A) 0.25-mch dy dowel, il 7 be
2mA typcal current draw p E LA U 2I5-ine ameter dowel note the narrow beam
s * Quality beam fior close amall ohjects,
* Readings can occur up to b ]
every 50mS, (20-Hz rate) charactenstics (B) lanch chameter dowel, note the long narrow
= Mounting holes detechion pattem,
e Free run operation can = i :
2z 1 T d .
conunually measure and prov Idﬂki :rﬂd the (C .‘:.:- ;Lulh d:';n:em rod, note the long controlled
! circut i e .
t
. Tﬂ“rpul;;tn?e Il.:tiinmmﬂ?n des | ® Very low power (D) 11-mnch wide board moved left to nght with
Sggf ope . °”_F:i° e " rancer excallent for the board parallel to the front sensor face and
N SOMEl P & B eyl multiple sensor or the sensor stationary. This shows the sensor’s
o All wterfaces are active it basisd range capability :
Situlisneoaily T:E{} : N Th;da Layed i dth of (D) 3 ];, |
; systerns Nota: splaved beam width o isa Q1Y) a0m
* Senal Ota Vee = Can be tnggerad fumetion of the specular namre of sonar and i
# 9600Baud. 81N E‘{Iﬂmﬂ":rhnr the shape of the board (1.2 flat marror like)
o Analog (Vee/512) Minch : and should never be confused with achual 4
ol h"dm T4TuSinch) internally cembie beam widih i1l.5n
¢ Fse wiclh, LUA/USAnch) |« Sensorreports the C 1
» Learns nngdown pattern range reading - == =S u t |l
when comumanded to start directly, frees up "3V ﬁ_i\ h‘ L4t 1om
tanzug Lser Processor A T - 11 - 111
» Designed for protectad = Fast measurement FEa i anns 8 i HH
mdoor enviromments cycle ot T ik
* Sensor operates at 42KHz = User can choose any | ] f o ! i & 1 HHEH
» High output square wave of the three sensor A O ® : ‘Pq"' B W
sensor drive (double Vee) outputs o arn P e
beam characteristics are approimate

MaxBotix ..

MaxBotix, MaxSonar & EX) are trademaris of MaxBotix Inc. ; S "
LV-EZO™ = v3.0c » 0772007 - Copyright 2005 - 2007 Email mnfoffmazherte com Web: www maxbonx com
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LV-MaxSonar -EZ0

LV-MaxSonar -E20" Pin Out

GND — Retum for the DC power supply. GND (& Vec) mmst be
ripple and noise free for best operation.

+BV =Vee — Opezates en 2.5V - 5.5V, Recommended current
capability of 3mA for 5V, and 2mA for 3V

TX — When the *BW 15 open or held low, the TX output delivers
asynchronous senal with an R5237 format, except voltages are 0-
Vee The owtput is an ASCII capital R, followed by three ASCTI
character digits represenhng the range in inches up 1o 2 maxmam of
233, followed by a carniage remm (ASCII 13), The baud rame is
D600, 8 buts, no panity, with on= stop bit. Although the voltage of (-
Ve 16 outside the ES232 standard. most RS232 devices have
sufficient margin to read 0-YVoc semal data. If standard volage level
RE232 is dasired_invert and connectan RS232 converter such a2 a
MAX232. When BW pin is held high the TX output sends a single
pulze, suitable for low noise chaining. (no seral dat)

RX —This pin is wnternally pulled high. The EZ0" will continually
micasure ange and output if RX data 15 1eft uncoanccied or held high
If held low the EZ0  will siop ranging. Brng high for 20uS or more
0 command a range reading

AN = COutpurs analeg voleaze with 2 sealing factor of (Vee/512) per
mch. A supply of 5V vields ~9 EmViia. and 3 3V vields -6 4mV/in
The output 15 buffered and comresponds to the most recent range data,

PW — This pin ontpuis 2 pulse width representation of range, The
distance can be caleulated usmg the scale factor of 147uS per mch

BW ="Leave open or hold low for senal ouwtput on the TX output
When BW pin is bheld high the TX output sends a pulse (instead of
senal data), suitable for low nease chaning,

Data Sheet, pg. 2

LV-MaxSonar -EZ0  Circuit

The LV-MaxSonar -EZ0" sensor funchions using
active components consising of an EM324, a diode
arcay, a PIC16F676, together with a vanety of
PAsSIVE COMPONenis

! £ Rt
5

e

T

G *am

o T

g
|

i

L3
BT
i

i
;lﬁ

- |= |8

LV-MaxSonar -E20" Timing Description

250mS afier power-up. the LV-MasSonar -EZ0° is readyv 1o accept the RX command, Ifthe RX pin 15 left open or
held bugh the semsor wall first run a calibration eyele (49mS), and then st will take a range reading (49mS). Therefore. the

first reading wall take ~100m5S. Subsequent readings will fake 49mS. The LV-MaxSonar -EZ0 checks the RX pin at the

end of everv cvcle. Range data can be acquired once every 49ms

Each 49mS penod starts by the RX being high or open, after which the LV-MaxSonar -EZ0" sends thirteen 42KHz
waves, after which the pulse width pin (PW) 15 set high. When a target is detected the PW pin is pulled low. The PW pin is
high for up to 37.5m5S if no target iz detected. The remander of the 49mS time (less 4. TmS) 15 spent adjusting the analog
voltage to the correct level When a long distance 15 measured immediately afier a short distance readmg. the analog
voltage may not reach the exact level within ome read cycle. Duning the last 4. 7mS. the senal data is sent. The LV-
MaxSonar -EZ0 tunng 1s factory calibrated to one percent at five volts. and 10 use 15 better than two percent. In
addion, speration at 3.3V typacally causes the objects range, to be reported, one to twa percent further than actual

LV-MaxSonar -E20" General Power-Up Instruction

Each time after the LV-MaxSonar -EZ0° is powered up, it will calibrate during is first read cvele. The sensor nses this

stored mformanon 1o range a close obyect. Ir 15 mportant thar obyects not be close o the sensor dunng this calibranon
cyele, The best sensitivaty 1= obtamed when it 1s clear for fourteen inches, but good results are common when clear for at

least seven mches. If an obyect 15 too close durng the calibration cyele, the sensor may then ignore olyects at that distance.

The LV-MaxSonar -EZD does not use the calibration data to temperatire compensate for range, but metead to
compensate for the sensor nngdown pattern. IF the temperature. humidity, or apphied voltage changes dunng operaton. the
sensor may require secahbration to reacqure the ningdown pattern. Unless recalibrated, 1f the temperature mncreases, the
sensor 15 more hikely to have false close readings. 1f the temperature decreases, the sensor 15 more hikely to have reduced up
close sensivaty. To recalibrate the LV-MaxSonar -EZ0" . cycle power, then command a read cvele.

Product | specifications subject t0 change without notice.  For more info visit www maxbobx.comMaxsonar-EZ1_FADQ

MaxBotix .

MaxBotix, MaxSonar & EZ0 are rademarks of MaxBolix Inc.
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Appendix H

Robot Control Software Block Diagram (Code) LabVIEW 7.1 Software

239



Manual Connection Using

0 o 5 o 5 o o o 6 o o e e e

.| m “m .| mimim

|P Address of the Robot And Port Number

“m .| L L

L L L

||'.-'! ‘alop 3 Waloe Thange * i
=

Iype
Tie
It Pet
Cleal

*lewwual

O] %- _’

preor oot

43333333330 CCC L 0 L L L L 0000000000000 0000
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Automatic Connection by Listening Some Port Number (3000)

= : ] stapd
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Communication with the WiFly Transceiver on the Robot
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Closing the Connection

1 o e e e o o o o 6
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