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ABSTRACT

This document presents a prototype of a system designed to scan-iafestexrl area.

The area will be intelligently scanned via a robot that has been deployed. A server station
located remotely will communicate with the robot prorglit with necessary start/stop
commands. Also, the server will receive information regularly while the robot is scanning
the area. A visual map will be constructed. A user sitting miles away can access the web
application running on the server and actuate a live update the map he or she wants

to be scanned.

The robot deployed will have to navigate the area ensuring scanning every
accessible part for mines. Its mine detection scheme is based on metal detection. While it
is scanning, the robot will hawe detect and avoid obstacles. Detection is based on an
ultrasonic transmitter/receiver pair.

The overall scanning scheme is based on an intelligent algorithm running on the
robot. The algorithm was designed and tailored to fit this application spdyifimal also
proved to be applicable to many other scamnmalgted situations.

Finally, the robot is made to navigate while it is always tracking its own heading
and position. In addition, it utilizes multiple control systems to ensure smooth operation

ard robustness when deployed in different terrains.
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1 [INTRODUCTION

1.1 PURPOSEAND PROBLEM STATEMENT

This report details the work done bgtudentsin designing and implementing the
MineTracer proposal that was accepted on the 3rd of February, 2008 astthe d e nt s 6
ENGR 422 Engineering Design Project

AEvery month over 2,000 people are kille
of the casualties are civilians who are killed or injured after hostilities have efjdedn
every mine cleared, 20 are laid. In 1994, approxahgat00,000 were removed, while an
additional 2 million were planted. Argiersonnel mines are priced at $3 to $30 each. The
cost to the international community of neutralizing them ranges from $300 to $1000. The
cost to remove all 110 million active minesestimated at approximately $33 billion.

[2] ©

The high cost of landmine removal is a major obstacle for humanitarian agencies.
Theamount donated to demining is insufficient. Cheaper methods of demining need to be
used.

Before demining mines needo be located: a slow and dangerous process that
contributes to | oss of human | Manealmined hi nde
clearance is extremely dangerous currently accidents occur at a rate of one /6001
mines destroyef?] . 0
1.2 ACCEPTED SOLUTION TO PROBLEM
On 3rd of February, 2008, a propbsadesign a MineTracer Systewas presented and

accepted as the project for the ENGR 422 Engineering Design Project course. The

following is a description of the project taken directly from the project proposal.



The obot is wirelessly controlled from the base unit, where it is given the
specifications of the rectangular area to be scanned. The area is scanned by the robot
using mine detection sensors (electromagnetic metal detection) that enable the robot to
locate amine and other obstacles (detected using sonar detector mounted on the robot) in
the vicinity. Obstacles will be automatically avoided. On location of a mine and/or an
obstacle, the robot transmits the coordinates of the mine and/or obstacle to theitbase un
where this data is recorded and flagged. The data will be used to generate a map that
holds the mines and obstacles locations. This map is in essence one of the outputs of the
system.

A wireless link along with a base station will act as the intermiedidetween the
client and the robot. The client will transmit the necessary instruction to the robot. It will
provide the necessary information regarding the dimensions of the area to be scanned. It
will also override the operation of the robot if necegs#t will log the data received
from the robot in addition to generating a map of the terrace. The client will host a

suitable Graphical User Interface for the above functions.



2 ProJECT GOALS AND OBJECTIVES

2.1 OBJECTIVES

This project aims to help scan miimdested areas remotely and automatically. A robot

will be deployed in the corner of an area to be scanned and it will independently scan and
navigate the unbounded area recording the locations of mines and obstacles. The robot
will avoid obstacles usingnaultrasonic sensor system that will locate the position of
obstacles relative to a reference point. A metal detector mounted on the robot will scan
for buried objects which are classified as mines. This robot will navigate the whole
terrain automaticallyand without the need for a manual guide, such as a remote control.
The results will be sent to a base station via a wireless link. This base station provides the
abstraction level to the user who is monitoring the scanning process from a remote

location va a webbased application.

2.2 BENEFITS

1 Help scan areas infested with mines

1 No manual control required to scan the area
1 User can monitor the robot remotely

2.3 FEATURES

2.3.1 Portability

The robot is a standlone system that operates independent of the terrain and is

not limited to a single area scan.



2.3.2 Smart scan and navigation

The robot operates through a set of algorithms aimed at smart navigation of the
terrain while avoiding obstacles in addition to ensuring the scanning of every accessible

area of the terrain fanines.

2.3.3 User friendly interface

The user, who can be present in remote location, can view the operation of the
robot through a webased application that shows the updates on the findings of the

robot.

2.3.4 Modifiable

The system can easily be modified to inédudore features. Such features include
a direct markmine-ontfield system mounted on the robot and +t&ale image broadcast

from the field. Other features include having a meb#ésed user interface.



3 OVERALL SYSTEM SPECIFICATION

3.1 BRIEF OVERALL SYSTEM SPECIFICATION

Dimensions Base Station
and

instructions

&
<«

Robot+Mcu | — =/ || MCU T server Client

>
Coordinates
of mines and
obstacles

Figurel: Blockdiagramof overall Mine Tracer system.

Beginning from the right irFigure 1, the client will transmit to the mine tracer robot,
perimeter of the aee to be scanned by the robot. The robot (mounted with a
microcontroller unit (MCU) and associated sensors) will trace the field with simulated
land mines. Coordinates of landmines and related obstacles will be transmitted to the base
station as they are tbeted.

3.2 HARDWARE MOUNTED ON ROBOT PLATFORM

Figure2 shows the block diagram of the overall robot system.
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Figure2: Block diagram of Robot and MCU.

Tablel describes the functionality of each subsystem on the robot.

Tablel: Subsysterto-Functionality

Subsystem

Functionality

Microcontroller

Run the whole system

Ultrasonic Sensors

Obstacle detection

Metal Detector

Locate mines

Shaft Encoders

Localization (seHpositioning) and differential drive

Digital Compass

Heading Calculation

Wireless Module

Two-way communication with base station

Motor Control System

Control driving and steering of robot

3.2.1 Platformand Microcontroller Uhit

The platform is the body of the robot that will hold all the sensor systems that will be

integrated into the system.

The microcontroller unit will communicate with these systems and help

coordinate t he t asks carr i ek fieldurdbot islthe ot her

microcontroller unit.



3.2.2 Ultrasonic Sensors

This sensor system serves as the O6eyesd of
ahead of the robot. Not only it will calculate the distance from a nearby obstacle, but it
will also calculate the angle from the center of the robot.

The transmitter will send and ultrasonic signal. If reflected, then an obstacle exists
ahead. Two receivers will pick up the signal, and the microcontroller will take the
refl ectionsd iocessing tha sampled, signald, tare rit wil rcalculate

distance and angle.

3.2.3 Metal Detector

The main purpose of this subsystem is to locate buried mines. Although other metallic
objects can be found, this metal detector will be give a possible location ofeaandn
since the area is assumed to be infested initially, any metallic object is considered a
threat.

This detector is based on monitoring the change in the electromagnetic field as it
passes over the infested area. If a metal exists, there will be aecimatige field and
therefore, a metal/mine will be recorded by the microcontroller, using the localization

subsystem (see Shaft Encoders below).

3.2.4 Shaft Encoder

The field robot will be navigating and scanning the minfested area. These sensors
provide therobot with the information required for locating itself on the field. The robot
will know at al times where on the area it is currently. It will also provide feedback on the

driving speed which can be used as part of a feedback system.



The shaft encodemsill be used as a control system to ensure motion in a straight
l'ine. This wil!l be done through i mpl ementi nc¢
shaft encoders will monitor the two belts/wheels and adjust them accordingly. If there is a
differencein the speeds, and therefore directions, of the wheels, the microcontroller will
respond, through the motor control subsystem (see below), and adjust the operation
accordingly.

The shaft encoders will provide the microcontroller with the necessary
information regarding the rotation of the belts/wheels and the microcontroller will
process that information and come up with the current coordinates of the field robot. This

is referred as O6Localizationo.

3.25 Digital Compass

This module can calculate the absolutaltei ng t he robot i s facing w
magnetic fields. At any point in time, the robot can get the readings of the digital
compass and be able to orient itself if it went of course. Also, the compass is critical

when the robot needs to undemybeading change, such as in rotation.

3.2.6 Wireless Module

This module is responsible for establishing the-timay communication link between the
field robot and the base station.

Information regarding the dimensions of the mimkested area and other control
commands will be provided to the field robot from the base station.

The robot will update the base station with the location of the mines and obstacles

as soon as they are located.



3.2.7 Motor Control Subsystem

There are two motors controlling the two belts/else

A digital interface will help control the Hiridge circuits controlling the motors.

This subsystem will use information regarding the current position and the next
position in addition to speeelated information to control the operational speedhef t
motors as well as the direction of motion.

Steering is also controlled via this subsystesimg a digital compass module



4 TEAM ORGANIZATIONAL STRUCTURE (IN ALPHABETICAL ORDER)

4.1 AL SAID JAMALEDDINE

4.1.1 Biography
Ali is a senior electrical engineering stiatleHe has previously worked with

Tarig (see below) on an embedded systems course project that involved motor control /

navigation and obstacle detection.

4.1.2 Key Responsibility

Design interface between sensor systefsbaft encoder, compass, and
electromagnét metal detector)Jand MCU. Collaborative design of grid scan with
obstacle avoidance. Design of serial communication on the MCU side. Design of motor
direction and distance control. Design of overall MCU software structure.

4.2 RASHID KHAN

4.2.1 Biography
Rashid § a senior computer engineering student. He has previously worked as a

professional software developer. Rashid is particularly strong in developing web

applications using Java technology.

4.2.2 Key Responsibility

Design client / server architecture and userfates for base station and remote
machine Collaborative designs of grid scan with obstacle avoidance. Design of serial
communication on the server side.
4.3 TARIQ KHWAJA

1C



4.3.1 Biography

Tarig is a senior electrical engineering student. He has previously workied wi
Ali (see above) on an embedded systems course project that involved motor control /
navigation and obstacle detection. Tariqg is well versed in circuit simulation software such

as PSpice.

4.3.2 Key Responsibility

Design of complete sonar obstacle detectionesys Hardware design of voltage

regulation and implementation of power supply. Design of overall hardware assembly.

44 TARUN CHADHA

4.4.1 Biography

Tarun is a senior electrical engineering student. He has previously worked on a
senior design project involving deteon of cube using magnetic permeability and

electrical conductivity.

4.4.2 Key Responsibility

Designelectromagnetimetal detection circuitry

11



5 RELATED MATERIAL

The following includes detailed background information and theory behind the many

concepts used ithe implementation of the MineTracer System.
5.1 MICROCONTROLLER UNIT: RENESASM16C62PBOARD

Used at an evegrowing rate in control today, embedded systems have nearly taken over
a market ruled by ASIC long ago. The control of hardware through programsming a
Microcontroller Unit (MCU) is common place in applications all over the world.

The MCU forms the brain of the robbeing designed in this project. The MCU
used is modeled as M16C/62P is ahlt6singlechip microcontroller built by Renesas.
This project uses this microcontroller as part of Starter Development Kit Board, the

SKP16C62moard. TheSsKP16C62Moard is shown in Figur&

Figure3: SKP16C62P Starter Development Kit

The MCU is programmed in the C language on the High Performance Embedded
Workshop (HEW). The HEW compiles the high level source code into machinehaide t
can then be downloaded into the MCtThe block diagram of the microcontroller is

shown in Figuret.
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Figure4: M16C/62P Group (M16C/62P, M16C/62PT)-f?8and 106pin version Block Diagrarg][

The MCU has peripherals for embedded interfacing and corfeiipherals
include Digital Input/Output ports, Analog to Digital Converter, Timers, and
Communication Ports all of which are used in this project.

The clockspeed of this MCU is 24 MHz.

Memory wise, the MCU has 32kB of user RAM and 382kB of Programmable

flash memoryThe memory map of this microconlier is shown in Figur®.
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Figureb: Memory Map for the MCLAB]J.
Much of the information in this subsection of the report was taken f8pm [
5.2 SERIAL COMMUNICATION AND THE RS232PRrRoTOCOL

The ability to communiate serially refers to the transmission of digital data via a single
or couple of wires. This is as opposed to parallel transmission where each bit is
simultaneously transmitted on separate wires. Although it allows speedy access, parallel

communication ma&ns more wiring and over longer distances this is not feasible.
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There were many serial communication architectures developed over the years.

The RS232 protocol is one of the old standards. It was revised and used since 1969.

Many electronic devices nowadagtill use RS232 protocol'he main property of this
standard is the voltage level. The RS232 protocol defines aHdGiE as voltages in the
range from3 V to-15 V. This is called the mark. A logic LOW is defined as voltages in
the range from +3 V te15 V. This is called the spaf4]. This suggests that an interface

is required between RS232 communication link and standard digital interface using the
+5 V for its logic HIGH and 0 V for its logic LOW.

Serial communication introduces the trade off between transmission rates and
ensuring that data is transferred correctly. Start bits, stop bits, and parity bit exist to
ensure accurate transmission at the cost of slower bit rates.

The SKP16C62P enables serialntounication of seven, eight, or nine bits.
Several communication rates can be specified by settingailne rate generator register
and source Clock Speed in the SKPO6s UART

In order to communicate, the transmitter and receiver musttbdnad s a me i |

That is, they must be set to send and receive at the same baud rates (within a five percent

margin), with the same number of stop bits and same number of parity bits.

When a character (seven, eight, or nine bits) is to be transmiisefttst stored in
a buffer register. The data in the buffer register is emptied into the transmit register from
where it is transmitted bit by bit onto the channel. Once transmission is complete, the
buffer is emptied again onto the transmit register. dpyosite happens with the receiver.

Once data is completely received, the receive register is emptied into the receive buffer.

15
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As is apparent, serial is managed as a queue (FIFO structure). A function called
by main() enqueues the characters to be trattsohi An interrupt executes an Interrupt
Service Routine (ISR) that dequeues a character each time the transmission buffer

empties. The opposite happens in reception.

521 LM Technologie8luetoothSerial RS23Rdapter

The robot uses a wireless module for sec@inmunication. Thepgcifications of the

wireless adaptor (manufactured loyl Technologies) is quoted in Tak2d5].

Table2: Technical specifications of the wireless adap®r [

Chipset CSR BC4EDR

Bluetooth Rate 3Mbps

Bluetooth Profiles SPP and GAP

BaudRate 4.8/9.6/19.2/38.4/57.6/115.2/230.4/460.8Kk!

Transmission Class Class 1- 100 Meters

Spread Spectrum 2.4000 Ghz 2.4835 Ghz

Modulation Method ModulationGFSK1 Mbps, DQPSK2 Mbps,
and.8DPSK-3 mBPS

Transmitter Power 18 dBm

Receive Sensitivity -86 dBm

Operating Range 100 Meters Open Space

Operating Temperature 20°C to +75°C

Signal TxD, RxD, GND, CTS, and RTSR&32

Interface D_SUB 9pin female

Connections Mini USB and Female SMA

Weight 57 Grams

16



Dimensions 35 mm (W) x 65 mm (D) x 16mm

Certificates CE, FCC, RoHS and BQB

5.3 H-BRIDGE MOTOR CONTROL

5.3.1 Motor Operation Control

The robot uses two DC motors for navigating its surrounding. The motors only
require DC current flowing in a dain direction. One direction will cause the motor to
rotate clockwise while reversing the direction causes it to rotate anticlockwise. However,
reversing the current means that the polarity of the voltage applied across the motor
terminals needs to be renged.

In addition, the microcontroller unit will be driving the motor in the desired
direction and with the desired speed. However, the microcontroller can only supply
current in the range of milliamperes. A DC motor will require current in the amperes
range.

To overcome those problems, a motor driver, or controller, should be used to

easily interface the microcontroller to the motor. Th8Iiitige is the controller used.

5.3.2 H-Bridge Controller
The HBridge circuit serves as the main interface between th@rnaotd the
microcontroller. It has three major advantages:
1 Ease of direction control
1 Ease of speed control

1 Supply of the amount of the current required

17



The HBridge circuit consists of four transistors. The transistors can be bipolar
junction transistors BJT) or field effect transistors (FET). The transistors work in
switching mode. That is, they are either on (passing current), or off (blocking current).
The switching property is controlled by the signal supplied at the gate or base of the FET
or BJT respctively. The structure of the circuit allows achieving the advantages

described earlier. The-Bridge circuit is shown in Figurieelow.

.
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{
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Figure6: HBridge Circuif6].

The transistors are divided intwo groups: pulup transistors (pMOS or PNP)
and pultdown (nMOS or NPN) transistors.
The diodes shown in Figur@boveare called flyback diodes. They are used to

discharge the electromagnetic energy stored in the motors.

5.3.2.1 Direction Control

The first advatage is the ability to control the direction of flow of current. The
transistors work in pairs. Each pair constitutes aopland a puldown transistor. When
one pair is on and the other is off, the current flows in a single direction. This is shown in
Figurebelow. When Q and Q are on, and @Qand Q are off, then the current will flow

from the 5 volt power supply towards ground passing through the motor.

18



Figure7: Current flowing in single directide).

By reversing the operation, the current can be made to flow in the other direction.
This is shown in Figurbelow. Note that @and Q are off and Qand  are on.

|

Q3
D3 —
Q4

7 D4 _—::L

Figure8: Current flowing in other directiof6].

This demonstrates the ease of controllthg direction of rotation. The only

requirement is to switch the appropriate pairs of transistors.

5.3.2.2 Speed Control

The speed of the motor is related to the average value of the current supplied. The
higher the average value is, the faster the speed ofomtatior DC currents, the
magnitude is what determines the average value. The only way to manipulate the average
value is to lower the DC supply. If, however, the current supplied had a rectangular pulse

waveform, then the average value can be modifiedyeasi
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The rectangular pulse for the current is the result of the switching of transistors.
When the transistors of a single pair are on, DC current will flow. At the same time, DC
voltage will be applied across the terminals of the motor. When the trassastooff, no
current will flow through the motors. The voltage across the terminals of the motors will
go to zero.

The phenomenon used here is based on

supplied to the motor to start it and then that pulse is rethand the motor will rotate

freely. The pulse is supplied again before the motor speed starts dropping significantly.

This is helpful since it reduces the total power dissipated in the system.
The average value of the pulse waveform is characterizedebyutty cycle. The
duty cycle is the ratio of the time the signal is on to the total period of the pulse. Given
the voltage waveform with a maximum of 5 V, the average value is given by equation
below.
V, =d3V,,
Equationl

whered is theduty cycle of the signaRefer to Appendix C for more information
on the derivation of Equation 1.

By varying the duty cycle, the speed of rotation can be varied. All that is required
is supplying a rectangular pulse signal at the gate or the base BEtheor BJT
respectively, and this will cause the transistor to switch on and off in sync with the signal
supplied. The signal is often called a Pulse Width Modulated (PWM) signal. If the duty
cycle of the PWM signal is varied, the average value will vang so will the speed of

rotation.

20
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5.3.2.3 Supply of Current

The motor requires its own voltage supply. This supply is independent of the
PWM signal. This means if a microcontroller is supplying the PWM signal, thadde
will provide the required of the magnite of the current. This can be observed from the
transistors collectors or drains being connected to a voltage supply. The current going
through the transistors when they are on can reach to the range of amperes (to ensure the
motor rotates) even thoughetlPWM signal is being supplied by a microcontroller

(which provides very low current).

5.3.3 Choosing the PWM Frequency

Another important factor is the frequency of the PWM signal. The duty cycle
affects the speed directly. The frequency, however, affects thealbefficiency. To
understand the effect of frequency, it is important to first note that the motor is an
inductive load. If the frequency is low, then the motor will increase and decrease its
speed evidently. This can be explained by the ripple innithector current. The current
through the inductor will not change instantaneously. This means that the current will go
decrease during the off time. This causes
the stable speed (which corresponds to a DCeatjr On the other hand, if the PWM
frequency is high, then there will be significant amount of switching losses. Therefore, a
suitable PWM frequency should be chosen. Fighelew shows an example of Current

vs. Frequency plot.
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Figure9: Current vs. Frequency PIlaf.

The disadvantage of the low and high frequencies is evident in the plot. The
frequency axis can vary from motor to motor
inductance and armaturesigtance. Given those values, an approximate PWM frequency

can be decided upon for normal operations.
5.4 ELECTROMAGNETIC METAL DETECTION

The parallel RLC circuit will produce a stable sine wave when all its components are fine
tuned to the circuit requirememn This output is then compared to a regular 5V peak to
peak sine wave signal, and its differences in phase determine the metal properties
(electrical conductivity) of the mine. When the robot is in motion in the field the sensor
shall depict the electrad conductivity of the mine. This is done by using the principle of
eddy current sensors. An air core transformer shall be used, for this purpose. The
magnetic field between the sensor and the mine will be divided into two parts, the first
caused by the crent flowing through the sensor coil and the second resulting from

current generated in the mine.
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These alternating currents which produce a magnetic field will be used to
determine the required specifications of the mine in the field. As the colil isheeanine,
a current flow will be induced in the mine, because of the change in the magnetic field.
When the sensor coil is driven by an AC current it generates an oscillating magnetic field
that induces eddy currents in the mine. The response of ther s#gsends on the
electrical conductivity of the mine. If the mine or target is a metal it shall have a

significant phase change and hence will display that the mine has been located.
5.5 OBSTACLE DETECTION WITH SONAR

Ultrasonic sonar detection systems havisted for time immemorial. Bats, that
have no eyes, use such a detection system to determine the proximity of different objects.
Formal human use of sonar detection began in the edflg@ttury. The principal is as
follows.

Sound travels at 340Msn ar. The echo of an ultrasonic sound wave generated
by the transmitter will be received after a tinheThe echo is received after the wave
reflects off an object and returns to its location of generation. The closer the reflecting

object, the smaller thieme, t is.
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Figurel0: Bats emit ultrasonic waves and sense the echo to determine proximity of refl@&ftor
Together with knowledge of the speed of sound inwaigndt, the distanced,
betweerthe source and the reflector may be determined.
1
d==wvt
2

Equation2

The constantl, comes from the fact that the distance traveled by the wave is

2

twice the distance between the source and the reflector.
5.6 RoBOT LOCOMOTION

Locomotion, ormotion behavior, is an essential descriptive factor of robots. There are
two major classifications of robots based on their locomotive properties: wheeled and

legged.
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5.6.1 LeggedRobot Systems

The | egged robot system i s |oeedrendoneopointidme c hani

another. These robots tend to mimic the human or insect/animal locomotive properties.
They are divided into three major classes:
1 Biped
1 They are based on having two legs, similar to humans.
1 Quadruped
1 They are based on having four legs.
1 Hexapod

1 They are based on having six legs.

Legged robot systems have their own advantages and disadvantages. One of the
most important design considerations with legged robot systems is stability. In this case,
the motion of the legs is criticalinmant ni ng t he O&épostured of
proper motion.

Since a legged robot moves using its legs from one point to another, the robot is
not required to contact every point on the line joining two points. This leads to an
appealing property of thidass of robots, and that is versatility. It can be adapted to many
terrains and many different applications.

This is a brief discussion of legged robot systems. For further information please

refer to P].
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5.6.2 Wheeled Robot System
Locomotion in wheeled robot systems is based on wheels. Like cars or tanks, these
systems wil |l 0slided6 across a surface rathe
own applications. These systems are further divided depending on the drive system
implemented in them. The most common drive systems are:
1 Differential Drive

1 Every wheel has its own motor.

1 It usually has a special wheel, called the caster wheel, which idrivam

but used for support.

1 Synchro Drive

1 One motor to control motion for alléhwheels (three or four wheels).

1 One motor to control the rotation of all wheels.
1 Cartype Drive

1 Two wheels are controlled by a drive motor (usually the rear wheels).

1 One or two wheels controlled by a single steering motor.
1 Skid-Steer Drive

1 More wheels oreach side with every side driven by its own motor.

1 Very similar to differential drive without the caster wheel.
1 Articulated Drive

1 Similar to castype drive.

1 Turning happens around a pivot point that deforms the structure (the pivot

point usually connectsvb separate structures).
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These are the main locomotion for wheeled robots. There are still two other drive
systems: the pivot drive and the ddé#ferential drive. For more information on both of
these system and the alrgadentioned systems, refer ttQ].

The robot used in this project uses a siteker drive type. The problem with
having two motors is the ability to control in a straight line. Also, skidding, whiehsre
to the set of wheels (i.delt) sliding on the floaorThis gives rise to problem for the
sensors sensing the actual rotations of the wheel.

Now that the drive type of the robot has been identified, the locomotive properties

and interfacing them with microcontroller is to be discussed.
5.7 RELATED PROJECTS IN THE FIELD OF MINE DETECTION

Having seen the humanitarian need to clean mine fields, the need for a mine detection
robot to locate and terminate these harmful mines, an obvious number of projects have
been carried out by various universities, independent¢arekers, companies and
military. A few closely related are discussed below with respect to our project.

Firstly a design selection had to be made for our robot, to best suit the area to be
scanned. Some designs and structures were looked and adequgite seésition aid
came from the paper published by the University of Geneva based on design of robot
[11]. We then decided to go with the best available design for our robot, best fitting our
budget.

There was a wide use of camagrin the projects researched, but we plan to have
our sensors locate these mines and then transmit the locations of these mines to the base
station. We are using guiding sensors and Ultra Motion sensors to structure the route of

grid scan our robot is ti@ake in the terrain to be scanned.
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A very important design element was the range of our mine detecting sensor. We
are still looking into and reading on the maximum depth our sensor can read before
successfully locating a mine. The following possibilities laeing looked into:

Firstly the possibility of using ground penetrating radar sensors, as was done by
Planning Systems Incorporated and the US army night vision department. Here the need
for Ground penetrating radars (GPRs) has been used as-mtmsive means of
landmine detectionlf?].

Secondly the use of Wireless sensors with signal processing is also being
considered to make our design more finely tuned to obtain the desired outcome. Papers
published by university of Bregls[13] and University of Rostock, GermafdA4] signify
how wireless sensors are used in the field and how digital signal processing is tweaked to
obtain a good metal detector sensor.

Further reseach has been done by the mine detection robot team, a group of
students from john Hopkins Universif§5]. Here they have again used a camera and a
joystick to steer and control the robot, where we intend on using guidancessensor
through ultra motion. They have also used an off the shelf coil for metal detection, where
we plan on building our own sensor.

A lot of projects have been done in this field and area, and we hope to gain as
much knowledge from these to help constructaesign. Further projects to aid us in our
design includeControlled mine detector research by University of Chibhé and

Implementation of wireless sensors for landmine dete¢lidh
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6 BASE STATIO N SOFTWARE M ODULE

6.1 SYSTEM OVERVIEW

The purpose of this software module is to provide central means for the remote end users
to communicate with the base station which will in turn communicate with the robot. In
discussions on this project it has been wheileed that it should be a free standing

application running a lightweight welased front end for end users.

Server

Controller

A

Payload Reques
A 4 Y

Serial Port Client

View
(Web
based)

Figurell: Model View Controller (MVC) Architecture of the Base Station Software Module.
6.1.1 Cudomers

The customers of this system are organizations such as military working on landmine

detection operations.

6.1.2 Assumptions

The following are the assumptions of the current system:
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1 The robot is initially at rest state, and therefore can be started withibdtom
remote location by sending to robot the scanning area dimensions and start command.

1 The scanning area is rectangular in shape and the dimensions are given in terms of
number of rows (length) and columns (width). The maximum allowed scanning area
size is 99 rows by 99 columns.

1 Only one user can control the robot from remote site at any point in time. In other
words, if one user starts the mine detection operation for the robot, that user has
exclusive excess to the robot until either he sendsttpecommand or the robot is on
override mode for some reason.

1 Only the locations (in x and y coordinates) of mines and obstacles are sent by the
robot to the base station, which is in turn displayed to the remote end users upon
refreshing their map viewage.

1 Each location (in x and y coordinates) of detected mines and obstacles will only be
sent once.

1 If stop command is sent to the robot, the robot ceases its operation immediately and

goes back to its initial state without fail.

6.2 SYSTEM REQUIREMENTS

6.2.1 Functional Requirements

Table3: Functional Requirements.

Req. # | Requirement Description

1 Provide input fields for thq The dimensions will be given in terms of num
remote user to enter th of rows (length) and columns (width).
dimensions of the area to
scanned.
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Req. # | Requirement Description

2 Provide start button, to start t| Upon the start button being clicked, the sys
mine detection operation ({ will send both the scanning area dimensions
robot. start command to the robot.

3 Provide refresh buth, to|Upon the refresh button being clicked, the sys
display the most recent locatio| will refresh the map view page and display
of detected mines and obstaclq latest update of locations of detected mines

obstacles as sent by the robot tlgioout the
course of its operation.

4 Provide stop button, to cease { Upon the stop button being clicked, the sys
mine detection operation. will send the stop command to the robot, Kill

current session and will revert back to its ini
state, sothat a fresh operation can be starte
needed.

5 Provide a visually appealing gr| Upon the refresh button being clicked, the sys
(or tabular) display of locatio| will fetch the latest update of the locations
of detected mines and obstaclq detected mines and obstacles from its tempo

storage, and translate this data to a tabular dis
whereby the cells of detected mines or obsta
will be marked respectively.

6.2.2 Interface Requirements

Table4: Interface Requirements

system shall show a log
dimensions, start and  stq
command that is sent to the rol
via RS232 protocol.

as shown in the log is exact
as sent to the robot.

Req. # | Requirement Description External
System
6 Each command sent to the rolf The robot expects th Robot
from the base station, should | commands sent to it to K
terminatéd (lgwo|{del i mi t-dd (Qwo
clarity) hyphen character. clarity) hyphen character.
7 On the base station server, { The format of the dimension RS2327 serial

port
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Req. #

Requirement

Description

External
System

On the base station server,

serial port identifier should b

configurable (example: COM1
COM2)

{ The serial port identifiers cg
be different or may need to |
¢ changed depending on t
other devices connected to {
serial port

RS23271 serial
port

Once the operation is started, T|
base station server, should alwa
be in a state where it can rece
the locations of detected min
and obstacles as sent by the rok

The robot will send eac
location of detected mines a
obshcles only once.

RS2327 serial
port & robot

6.2.3

Performance Requirements

Req. #

Performance Requirement

Description

Affected Req #

10

When start or stop button
clicked, the system sha
perform a check if thg
operation is already started a
start a newoperation or stof
the current operation within 1
seconds.

The speed is not of essern
here, as long as it is within 1
seconds, because it is mg
critical to send the command
proper format to the robot t
ensure conducting of corre
operation by theobot.

28&4

11

When refresh button is clicke
the system shall display th
map view of the detectg

locations of mines an
obstacles in less than
seconds.

The speed needs to be hi
here, as in this process t
basestation will not send an
commandgo the robot. Rathe
it will fetch the latest update ¢
the locations from its
temporary storage and displ
it accordingly. The user c3g
then opt to continue or stop t
operation  immediately |
needed.

3&5
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6.2.4 Qualification Requirements

Req. # Quialification Requirement | Description Affected
Req #
12 The system shall be us| The system shall be used by n¢1to5
friendly technical users, thus must be sim
and easy to use.
13 The system requires littl Help menus shall be available for { 1to 5

training

orntline query screens.

6.2.5 Use Cases

Dlire Tracer "Web OSpplication

SendDimension

-

User

/A

(\\xfjjfffart

—

@apﬁew

SendStop

Figurel2: Use Case diagram for MineTracer web application.

6.2.5.1 SendDimension

Use Case ID: 1
Use Case Name: SendDimension
Actors: User
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Description:

User enters the dimension of the areadosbanned in term
of number of rows and columns

Preconditions:

Robot must be at initial state

Postconditions:

Dimension of the area to be scanned is sent to the robot

Normal Flow:

User enters the length and width of the dimension of the
to be scaned in the provided text fields in terms of numbe
rows and columns

User clicks Start button

Dimension is sent to the robot from base station in ag
format

Alternative Flows:

N/A

Exceptions: If the robot is already at operational state, clickingStart
will cause an error page to be displayed.
If the communication between robot and base station fail
error is message is displayed.

Includes: SendStart

Priority: High

/> Mine Tracer - Windows Intemet Explorer

’('5 ’3‘ *'. http://localhost:8080/minetracer/

b4
-

Edit View Favorites Tools Help

W daf |BE |~ | & Global Acer.com

Dimension

Width: 85

D

Figurel3: Screenshot of home page.
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6.2.5.2 SendStart

Use Case ID: 2

Use Case Name: SendStart

Actors: User

Description: User clicks the Start button to begin the mine deteq

operation of the robot

Preconditions:

Dimension of the area to be scanned must be entered

Postconditions:

Dimension and start camand is sent to the robot

Normal Flow:

User clicks Start button

System sends dimension and start command to the robot
base station in agreed format

Alternative Flows:

N.A.

Exceptions: If the robot is already in operational state, clicking on S
will cause an error page to be displayed.
If the communication between the robot and base station
an error message is displayed and mine detection operat
not started

Includes: SendStart

Priority: High

6.2.5.3 RefreshMapView

Use Case ID: 3

Use Cas Name: RefreshMapView

Actors: User

Description: User clicks on Refresh button tefresh the map view pag

and display the latest update of locations of detected n
and obstacles as sent by the robot throughout the coursg
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operation

Preconditbns:

Mine detection operation of robot is started

Postconditions:

Location of detected mines and obstacles displayed

Normal Flow:

User clicks on Refresh button

Systemfetchesthe latest update of the locations of deteq
mines and obstacles from itsmporary storagand displays i
in tabular format

Alternative Flows:

N.A.

Exceptions: If the communication between the robot and base station
System displays the last recorded details of detected 1
and obstacles

Priority: Medium

/= Mine Tracer - Map View - Windows Internet Explorer

.

~

File Edit

*.. http://localhost:8080/minetracer/minetracer.do?action=mapview

Favorites Tools Help
S dhe 1ee ~ | 48 Global Acer.com 3 *" Mine Tracer - Map View
Time Elapsed: xxx
[ Refresh ] ‘ Stop ]

Mines
[22. 33]

[10. 15]

[23. 4]

Dimension of the area to be scanned = 99 x 50

Obstacles

Figurel4: Screenshot of map view.
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6.2.5.4 SendStop

Use Case ID: 4

Use Case Name: SendStop

Actors: User

Description: User clicks on Stop button to abort the mine deted

operation of the robot

Preconditions:

Robot is at mine detection opematal state

Postconditions:

Robot is at initial state and can start a fresh session

Normal Flow:

User clicks Stop button
System sends stop command to robot in agreed format

System kills the current session

Alternative Flows:

N.A.

Exceptions: If the robd is already in stopped or initial state, clicking
Stop will cause an error page to be displayed.
If the communication between the robot and base station
a warning message is displayed to the user

Includes: SendStart

Priority: High
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7 MICROCONTROLLER - SOFTWARE STRUCTURE

The microcontroller serves as the O6braind

and the motion of the robot. It is also responsible for handling communication between
the robot and the base station.

The microontroller will run a highly structured code. This hilgivel description of the
structure can be presented on three levels.

7.1 PRE-OPERATION

This portion of the code deals with all the required initializations. The timers, agalog
digital converter, the terrupts, the digital input/output ports, the serial communication

link, and all control flags will all be configured and set for operation.

7.1.1 Infinite Loop

This portion represents the bulk of the code and is responsible for the whole operation of
the robotlt deals with the following functionalities.

1 Receiving commands from base station

1 Sending the sonar pulses for obstacle detection

1 Processing the reflected ultrasonic signal

1 Monitor the shaft encoders for localization purposes

1 Generate the PWM signals ate appropriate direction signals for motor operation

9 Detect mines through a metal detector

1 Scanning the minenfected area according to a predefined algorithm

1 Avoiding obstacles while scanning every accessible area
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7.1.2 The PostOperation

This portion of the ade deals with the end of a single scanning operation performed by
the robot on a predefined arda.involves going back to base, and reinitializing the

variables and memory locations in preparation terer the infinite loop.

7.1.3 Microcontroller Peripherds

Before going into deeper discussion of each high level vieeastructure, the peripherals

of the microcontrolleused in the design should be clear.

7.1.3.1 Digital Input/Output (1/0O) Pins

The microcontroller has pins which can be used to obtain informé&tion external
sources, thus the name input, or can send information to other devices, thus the name
output. With input and output pins, the microcontroller can communicate with the sensor

systems and the interfaces installed in the system.

7.1.3.2 Analogto-Digital ConverterfADC)

The microcontroller responds to different logic levels. If, however, the external source
provides a continuodsme, or analog, signal, then the microcontroller cannot deal with
it. The analogo-digital converter takes an analog signad @onverts its values into new

ones that fall into predetermined levels.
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The microcontroller can operate its ADC in two different modes: tbi 8nd 10
bit mode. The only difference is the number of available levels. In-thierBode, there
are 2, or 256, levels. In the 18it mode, there are'% or 1024, levels. The voltage range
that is divided into the predetermined, equalbaced levels is from 0 V to +5 V. This
means that the incoming analog signal should be within this range. The converged valu
n, of an input voltage valuj,, can be calculated using equati®n
I YACES
é °
Equation3

7.1.3.3 Timers

One of the most important components to use within this microcontroller is the timer. As
the name suggests, timers can be used to
correspond to clock cycles of CPU speed to speeNients coming from an external
source. Timers also have multiple modésperation which makes increases the range of

application they can be used with.

7.1.3.4 Interrupt Pins

The last important set of peripherals to be discussed in this section is the setropin

pins available. These pins are used to give a priority for an external signal being
interpreted over anything the microcontroller is doing at any point of time. In other
words, if a certain condition is met at that pin, the microcontroller wilfespond
accordingly.

All the peripherals discussed will be used heavily in the design. Talkleows the

mapping between the periphkaad the function it is used for in the project.
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Table5: MCU peripherals and functions.

Peripheral Function

Digital I1/0 Reverse and forward in motor contr
ultrasonic pulse train output

Timer AO Position Updater

Timer A1 PWM signal for right motor

Timer A2 PWM signal for left motor

TimerA3 Control the operation of the ultrasor
pulse train generation

Timer A4 Ultrasonic sampling and minimum time

ADC Sample the reflected ultrasonic signal

External Interrupt Pif INT1

Shaft Encodei Right Belt

External Interrupt Piii INT2

Shaft Encoder Left Belt

External Interrupt Piii INT3

Metal Detector

UARTO

Serial Communication

Timer BO and B3

Left and Right Shaft Debouncing

Timer B1 Speed Control

Timer B2 Straight Line Catrol System
Timer B4 Digital Compass Readings
Timer B5 Rotation Speed Control
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7.1.4 Flag-based Control

The softwar e refl ects how

t he robot i

carrying out the different operations the robot needs to do. Thelmedd for this

project utilizes the usage of control flags that signal the next thing to be done on the

robot-ds

bit ®t 6. Jdhoe I gesntedr ad o ndttao ns t he

flowchart in Figurel5.

Initialize all variables, data, and interru
priority levelsand obtain all necessary
commands and data from base statio

v

Send pulse train to transnaitt

4&

v

Process Signal

v

Move the required number oélls in the
required direction

v

Stop motor

Figurel5: Flowchart of Software Structure.

It is important to note that every block is executed only if the correspofidingas been

set for

addi tion

t . Neverthel ess

to this general

f

served and then control will be transferred to the apprapitarations by setting the

control flags accordingly. The main (functibna s e d )

main categories.
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7.1.4.1 Obstacle detection

As soon as an obstacle has been detected, the robot stops in place and records the
obstacle location othe grid (represented by a twdimensional array). Then, the robot

will rotate in an appropriate direction and scans for obstacles ahead. If obstacle has been
detected again, the above pattern follows. If no obstacle has been found, the robot will be

ableto proceed in the new direction

7.1.4.2 Mine detection

As soon as the robot detects a mine, the robot will stop in place and record the location of

the mine. The robot will then proceed.

7.1.4.3 Motor Control

Throughout the movement of the robot, the motor will be peratlg controlled via the
pulse width modulation (PWM) signals. Moreover, a feedback system will be used to

ensure that special functionalities.

7.1.44 Command from base station

Throughout the operation of the robot, the receive queue will be periodically cHecked

special commands sent from the base station. Such commands include Stop Scan.

7.1.45 Shaft Encoder Reading

As the belt is rotating, the number of fractional rotations is recorded. This information is
used for localizations and motor er@ntrol purposes.

The above functionalities are integrated to the flowchart shown above. This will

provide a structured scheme for the robotds
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7.1.4.6 Digital Compass Reading

The digital compass interface is constantly generating readings reflecting the orientation.
The mcrocontroller should be interrupted whenever the heading information is required.

This mostly happens during rotation.
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8 SHAFT ENCODERSI|NTERFACING

The shaft encoders are the main components for localization and control. They are
designed with w slotted whkekthat is connected to an external shaft. That shaft will rotate
driving two outputs signals that have a’3thase difference (i.e.: quadrature outputs).
The slotted wheel has a predetermined resolution that is dependent upon the number of
slots in the wkel.

The shaft encoders used in this robot are the same ones used in Hewlett Packard
(HP)E optical mousesod6 scroll button. The
revolution. The encoders were mounted on the external drive wheels due to daek®f
for mounting on the motor shatt itself.

The operation of the encoder is not complex. All it does it toggling the output
with every tick. Therefore, the rotating wheel will cause the shaft encoder to output a
pulse. The frequency of the pulse traredainto speed and the number of pulses in any
given time interval corresponds to the distance traveled by the robot.

One important drawback of these particular shaft encoders is that, like most
mechanical devices, it does not give a clean transition fogio HIGH to LOW or LOW
to HIGH. In other words, the signal will have multiple toggles before settling down to the
actual toggled value. This will pose a problem when it comes to interfacing the encoders

with the microcontroller.

8.1 DIRECT INTERFACE
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The micraontroller will use two variables to monitor the two shaft encoders. One
variable records the number of ticks of the left encoder and another variable records the
number of ticks of the right shaft encoder. Since the shaft encoder will toggle its output
upon a tick, then the microcontroller can just be interrupted as soon as a tick occurred and
all it needs to do is increment the corresponding variable.

So, the shaft encoders will be connected directly to external interrupt pins. The
pins chosen are INT3 dniNT4. Both of these external interrupts can be configured to
respond to both falling edges (representing the transition from logic HIGH to LOW) and
to rising edges (representing the transition from logic LOW to HIGH). This is exactly the
operation requed to capture all the toggling events. To ensure the response of the
external interrupts to both edges, two bits in the Interrupt Request Cause Select Register.
Those two bits are the IFSR3 and IFSR4. Also, external interrupt, INT4 is shared with
serial irpput/output and therefore the bit IFSR6 in the same register needs to be configured
as well. In addition, the bit IFSR26 in the Interrupt Request Cause Select Register 2 is to
be configured because Timer B3 is to be used (explained below). The configisation
obtained through the Microcontroller M16C/62P Hardware Marfljal [

The settings of the request bits, in additionthe interrupt control registers are

shown below.

ifsr3 = 1J/ Setting up the external interrupt pins to respond to both
ifsr4 = 1}/ rising and falling edges

ifsré = 1;

ifsr26 = 0;

ifsr27 = 0;

int3ic = 0x03;
intdic = 0x03;
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The interrupts contd registers are used to configure the interrupt priority levels
(IPL). An IPL of zero represents a disabled interrupt and an IPL of 7 represents a highest
priority interrupt.

The interrupt service routines are shown below.

#pragma INTERRUPT r_shaft_ist/ ISR to respond a single shaft encoder tick
void r_shaft_isr(void) /I for both left and right wheels
{
r_shaft++;
intdic &= OxF8;
tb3s = 1;
}

#pragma INTERRUPT |_shaft_isr
void |_shaft_isr(void)
{

|_shaft++;

int3ic &= OxF8;

tbOs = 1;

Thevariables r_shaft and |_shaft store the number of counts of the right and left
shaft encoders, respectively. The use of timers is explained next and the modifications of

the interrupt control registers.
8.2 DE-BOUNCING THE ENCODERS

However, as described earj the transition itself will contain many toggles before

settling down. This is a source of inaccuracy since the variable holding the current
number of counts of the encoders will be incremented multiple rimes during a single
toggle event. This observah results in unreliable measures and therefore, the shaft
encoder will prove useless in control and localization since it does not reflect real

information.
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The microcontroller, however, can be programmed to take this effect into account.
The microcontrd! e r needs to do fidebouncingo, whi ch
oscillations or the 6ébouncesdéd from the singl
Debouncing, as implemented in this project, involves getting the first interrupt
and then disabling that particular interrupt and i@isome time. After the waiting time,
the interrupt is enabled once again. Two separate debouncing routines are required to
handle the separate shaft encoders. The only software component required to debounce
are software timers. The timers will handlee ttvaiting time. As soon as the timer
underflows (which means the wait time is over), the interrupt is enabled again since all
the bounces have finished.
Disabling interrupts is done by setting the IPL in the corresponding interrupt
control register to 0. Ais can be done without altering the whole register by masking the
three least significant bits. Masking is done by bitwise ANDing the three least significant
bits with zero while the rest is ANDed with ones. This means the interrupt control
register willbe ANDed with OxF8.
The disabling of the interrupt and start:
of the encoder itself. The#enabling of the interrupt occurs during the ISR of the timer
upon timer underflow. The timer is also stopped during its ISR
The timers controlling INT3 and INT4 are Timer BO and Timer B3, respectively.

The ISRs of the timers are shown in below.

#pragma INTERRUPT debouncer_left /I De-bouncing the right and left shaft
void debouncer_left(void) /I encoder edges
{

tb0s = 0O;

int3ic = 0x03;
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#pragma INTERRUPT debouncer_right
void debouncer_right(void)
{

tb3s = 0;

intdic = 0x03;

The very last issue involved in debouncing is the waiting time. The waiting time
should be long enough to allow all bounces to occur batlomg to start losing
consecutive counts. The appropriate waiting time was found experimentally. The motors
were allowed to run freely (without floor friction) )at a very high speed (which will not
be the case during normal operation) and the frequendpheofencoder output was
recorded. The oscilloscope waveforms shown in Fig@néustrate the signal supplied to
the motor and the encoder output. Figdréshows the duty cycle of the signal supplied

to the motor.

% Agilent Technologies

bz .. maly

LT LT LY

|
AX = 32.0ms 1/AX = 31.250Hz
~ Mode |~ Source < YIQ X1 O X2 ] % xz

Normal <MNone> v BOZ2.0ms 714.0ms

Figurel6: Encoder Output and PWM Signal.
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Figurel?: Duty cycle of PWM signal.
The bounces are shown in the waveform in Fidu#eA clean transition is shown

in Figurel9.

%% Agilent Technologies
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Figurel8: Bouncing Signal.

5C



-5 Agilent Technologies

-na

07 o -

AX = 50.00us |
1/AX = 20.000kHz |
AYC]) = 0.0V |

FRIMNT_10

Figurel9: Clean Transition.

At this speed, which corresponds to a duty cycle of approximately 87%, the
period of the pulses represent the maxi mum t
the bouned waveform represents the minimum time to wait for.

From the waveforms, the time to wait for should be between 100 ps and 32 ms.

An appropriate wait time is around 10 ms.

Timers BO and B3 are configured as shown below. The configuration includes
setting loth timers in timer mode, dividing the frequency by 8, and storing in the decimal
value 0x7530, which corresponds to running the timer for 10 Ths. hexadecimal

equivalent has been calculated as follows:
tb0 = wg 0.01=30000Q, =753Q,

Also the interrupt contralegisters have been set.

/I Timer BO- Debouncer Left /I De-bouncing timer settings
tbOic |= 0x03; /I Setting IPL
tbOmr =0x40; /I Setting Mode
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tb0 = 0x7530; /I Loading Value

/I Timer B3- Debouncer Right

tb3ic |= 0x03;
tb3mr = 0x40;
tb3 = 0x7530;

Now that the shaft encoders have been configured and set for operation, the next

step is to control the robotdéds motion.
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9 STRAIGHT LINE DRIVE AND CONTROL

9.1 MOTOR DRIVE HARDWARE

The main component in driving the both DC motors is aBridge Module,
LCHB-100. The module is shown in Figubelow a[]. A floor plan of the module is
shown in Figurebelow b[]. The module includes a quadruple Ralfdriver integrated

circuit (IC) chip. The chip number is the SN754410.

Figure20: LCHBLOO Module.
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Figure21: Module floor plan.

The pin diagram of the SN754410 IC chip is shown in Figpetew[].
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1,2EN [} 1 o 16]] Veer
1A ] 2 15[] 4A
1Y [} 3 14]] 4y

HEAT SINK AND {[ 4 13 ]} HEAT SINK AND
GROUND _[}5 12[] J GROUND

2Y [} 6 11]] 3y
2A[) 7 10{] 3A

Veez [} 8 of] 3.4EN

Figure22: SN754410 IC.

The pins labeled,yEN (where X, y) are either (1, 2) or (3, 4)poespond to the
PWM signals used to control the switching of the transistors. The pins lak&led
represents if the transistor is on or off. If the valuexatis logic HIGH, then the
transistorx is on.

Every number corresponds to a Hadlfdriver. Everytwo of them constitute a
single full Hbridge that is used to drive a single motor. The module, LABIB
abstracts the direct connections to the pins of the SN754410 IC chip and provides an easy
interface to control the motor operation.

The microcontrolle will connect directly to the module and supply the
appropriate signals.

Therevl, fwdl, rev2 andfwd2 will be connected to output pins which are set or
cleared depending on the direction of motion. Also, the right motor is controlled by driver
1 and thdeft motor is controlled by driver Z'able 6 below shows the function table of
these pins.

Table6: Motor Direction Control

fwdl revl fwd?2 rev2

Forward 1 0 1 0
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Reverse 0 1 0 1

Left Rotation 1 0 0 1

Right Rotation | O 1 1 0

The 1EN and 2EN accept the PWM signals used to drive both motors. The

generation of these signals is discussed next.
9.2 MOoOTOR DRIVE AND PWM SIGNAL GENERATION T SOFTWARE

The motors are controlled via anBtidge circuit. The inputs tthe HBridge include a
pulse width modulated (PWM) signal. The duty cycle, which represents the ratio of the
onttime of a pulse to the period of the signal, controls the power supplied to the motors
and therefore the speeds of rotation of the motors.

The microcontroller is used to generate the PWM signal. This involves using
timers. The external timers can be configured to operate in PWM mode. The PWM mode
can be used in two ways, the-i6 mode and the-Bit mode. The 16 bit mode has a
fixed cycle timewhich is dependent on the count source frequency. The cycle time is
given by theEquation4 [2].

_216_1
f.

J

T

Equation4

wheref; is the count source frequency and can equal to 24, 12, 3, or 0.75 MHz for

j equaling to 1,2, 8, 32, respectively.
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This provides the following frequencies: 366.2, 183.1, 45.77, and 11.44 Hz.
Motors usully require frequency in the beginning of kHz range and thditénode
cannot reach even 400 Hz. This might cause the motors to run with lower efficiency.
Also, a high PWM means that there will be a lot of switching losses. This requires using
the alternee PWM mode of the microcontroller: theb@ PWM mode.

The 8bit PWM mode uses two variables to tune the cycle time and the duty

cycle. The cycle time is given lsquation5 [2].

Lo 1)]c§§m+1)

]
Equation5

where fj is the count source frequency (identical tebitéGnode) and m is the
variable to control the frequency. The variableésyonly 8 bits unsigned and therefore
can go between 0 and 255.

A frequency between 1 and 1.5 kHz is generally an acceptable value. By setting
the value of m to 72, with fj set to 24 MHz, the frequency obtained is 1.3 kHz.

The other variable, n, inthel8i t mode wi | | control the PW

The duty cycle is given bgquation6
=" aom
255
Equation6

The microcontroller uses timers A1l and A2 to generate the PWM signals for the
left and right motorsiespectively. The timers are configures using the following lines of

code.
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/l Timer Al- Motor 1 ¢ left /I Timer Initializatbns

talic |= Ox03; /I setting the IPL

talmr = 0x27; /I Setting the mode- PWM

pwm_l = (n_I << 8) | M; /I Setting the duty cycle and frequency values
tal = pwm_l;

/I Timer A2- Motor 2 - right

ta2ic |= 0x03;

ta2mr = 0x27;
pwm_r=(n_r<<8) | M;
ta2 = pwm_r;

The 16bit registerstal and ta2 contain the duty cycle selecton, and the
frequency selectom. The duty cycleselector makes up the most significant byte and the
frequency selector makes up the least significant byte. Thergfone, landpwm_rare
16-bit variables which are loaded with the duty cycle seleatol ¢r n_r), which is a
single byte value. Then, i$ shifted to the left by 8 (zeros are shifted in). The result is
then ORed with the frequency selectdvl, which is also a single byte. This is how the

PWM signal 6s duty cycle, and consequently th

9.3 DRIVING THE ROBOT

931 The Rddcaontotive Properties

The robot will have two basic modes of motion:
i Straight line motion
1 Zero-Degree Rotation

As mentioned earlier, the properties of sktder drive make it difficult to
maintain motion in a straight line. Therefore, a control systenequired to ensure the
robot moves straight with as low of an error as possible.

Rotation in the other hand will hatappen in increments of 90°.
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9.3.2 The Control System

The robot has two important variables that should be monitored and controlled. These
variables are speed and heading. The requirements of the control system are to ensure
straight line motion and to ensure the speed stays within a reasonable range.

The main components of the control system are the shaft encoders. The shaft
encoders act as thieedback loop that is providing the microcontroller with the heading
and speed information. The main control system will adjust automatically to the error.

The basic control system is modeled in Fige@e

> Microcontroller Right/Left Motors

vy

Shaft EncodeSystem

A A

Figure23: Basic Control System Structure.

The general operation is that the microcontroller will provide theoraodvith
PWM signal s. The motorsdé rotations wild.l
encoders will feed the number of ticks the encoder has recorded and the microcontroller

will respond by modifying the PWM signals supplied to the motors.

9.3.21 ControlSystem I: Heading Control

The first part of the control system is to respond and correct errors in heading. From the
architecture of the robot body and belt, the error in heading will be zero if both wheels
are moving at the same exact speed. If eitherleags (or lags), then there will be a
slight shift in the heading.

Lagging or leading wheels will occur frequently due to many factors, some of

which include, but not necessarily limited to:
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1 Non-uniform friction

1 Slight discrepancies in body design

1 Slightdiscrepancies in motor design

1 Battery charge not affecting both motors at the same time
1 Slipping and skidding on the surface

The above factors act as disturbances to the straight motion of the robot and will
cause it to swerve readily. Therefore, a consydtem will be used with the current
heading being fed back and compared against a threshold. Any error should be accounted
for.

Before examining the internal structure and mechanism of thiscanibol
system, the actual error should be looked into @&srth

If the robot is indeed traversing a straight line, then the distances traveled by the
wheel will be exactly equal. Furthermore, the number of counts, as recorded by the shaft
encoders that each wheel will have should be the same. This implies thdtettls are
in sync.

If, however, one of the wheels leads the other due to any other factor, then the
faster wheel will have a higher shaft encoder count relative to the other at any point of
time as long as that wheel is leading. If that wheel lags bethied,it will be reflected in
the lower number of shaft encoder counts relative to the other wheel.

In other words, if at any point in time, the number of counts recorded for each
wheel does not match, then that implies swerving. It is important to raitié the counts
do indeed match, this implies straight line motion but does not give any information

about the heading.
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Once again, the measure of error is obtained through subtracting the shaft encoder
counts of each wheel. A nonzero difference impliegersing. To counteract this
swerving, the |l agging wheel ®silpdulwd tlhe tdec olt
(faster) wheel. Similarly, the leading wheel can be made decelerated in order to allow the
ot her wheepoétionodiceaa a hofthe cariemhpolver supplied to leach
motor can be sufficient to decide of which approach to choose.

However, this approach poses a slight problem. If the robot is assumed to follow a
straight line and it suddenly swerves, by making one wheel-cgt¢heother one will
cause a slight shift of this straight line the robot was initially following. This is because
only one wheel is affected in this control system. To avoid this huge shift, both motors
can be affected simultaneously. By increasing the powsveled to one motor (the
lagging motor) and decreasing the power delivered to the other motor (the leading
motor), the robot will be able to counteract the swerving more effectively and still be able
to move along the initial straight line it was supmbsefollow.

This describes the general mechanism of the control system. However, there is
another major drawback. The current control system does not account to how bad the
swerving is. In other words, if the swerving was huge or just small, the roboesybnd
in a similar way and therefore undsgsrrection might occur in the former case and over
correction might occur in the latter. This gives rise to the last component of this control
system: the proportionality factor.

Simply put, if the error obseed was huge, correction will be huge, and if the

error observed was tiny, the correction will be tiny.
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A final note here is that the power delivered to the motor will be adjusted by
altering the duty cycle of the PWM signal supplied to the motors.

The abee discussion describes the operation of the control system. However,
there are factors that describe the integration of this system into the overall system. Due
to the lack of the complete mathematical model of the robot, the exact relationships
between &ctors had to be estimated and fine tuned experimentally.

The main factors include
1 The amount of PWM duty cycle increment
1 The frequency of accessing the control subroutine

The main variable affecting the above factors was again the amount of error. If
erra was big, the PWM duty cycle will be incremented more compared to if the error
was smaller. The frequency of control subroutine access should be chosen such that it is
not too slow or too fast to correct errors. Slow frequency will result in accumulated e
which the system might fail to correct effectively. Fast frequency might cause the robot
to oscillate about the straight line simply because the-emwection frequency which

translates into multiple fagtaced PWM duty cycle modifications.
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The exmrimental tests suggest that accessing the control subroutine every
(approximately) 350 ms and adjusting the PWM duty cycle by a maximum of 6%
provides acceptable results. After testing for many runs, the maximum error accumulated
during the 350 ms was 5oent difference. This number is used directly in the
proportionality factor. The 6% duty cycle modification helped correct the 5 count
difference. From the notion of the proportionality factor, the 6% correction should be
done when 5 count difference haseh realized in the 350 ms time delay. If however the
error turned out to be less, then a portion of the 6% should be utilized. This suggests that
a ratio can be used to act as percentage factor multiplied by the duty cycle increment.
Intuitively, the rato is taken to be as follows:

.__current_error _ current_error
ratio = = = =
max_error 5

Equation7

Thecurrent_errorwill be in the range of 0 to 5 inclusive.

A final note on this sulcontrol system is that if heading changed without being
correctly reflected in the shaft encoder csurihrough slipping for example, then this
control system will assume the current heading is still correct and will ensure it continues
in a straight line. This issue is still under the testing phase and different solutions are
being tested. Most probablg secondary heading system will be required.

The code implementing this portion of the control system is discussed next. It is
important to note that many tests were run with this control configuration and the robot
was let to drive variable distancesdastraight line motion has been observed within an

acceptable margin of error.
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err = |_shaft r_shaft; /I Finding the error

if(err > 0)
diff_gain =1, /l Finding the direction of swerving towards the right
else
{
if(err < 0) /I Finding the direction of swervingtowards the right
{
diff_gain =1;
err =-1*err; /I Taking the absolute value of the error
}
else

diff_gain =0; // Finding the direction of swerving No swerving

}

void control_heading(void)
{
if(err > err_threshold) /I Modify the PWM signal according to error
{
if(diff_gain > 0)
{
if(n_I >= pwm_incr_8)
n_I-= ((doube)err/5.0)*pwm_incr_8;
if(n_r <= pwm_max_8)
n_r += ((double)err/5.0)*pwm_incr_8;
}
else
{
if(n_I <= pwm_max_8)
n_| += ((double)err/5.0)*pwm_incr_8;

if(n_r >= pwm_incr_8)
n_r-= ((double)err/5.0)*pwm_incr_8;

}
}
else
{
n_| = initial_n_1;
n_r = initial_n_r;
}

pwm_l = (n_I << 8) | M;
pwm_r = (n_r<<8) | M;
tal = pwm_l;
ta2 = pwm_r;

speed_update++{ Speed Control Counter
if(speed_update == 10)
{

speed_update = 0; /I Initialize a peed control check
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cur_speed_left = |_shaft;
cur_speed_right =r_shaft;
tbls = 1;

The variablediff_gain de<ribes the direction of the error. In other words, if the
error is positivediff_gainis positive and set to 1. If the error is negatié, gainis set
to-1. If the error was zerdaliff_gainis set to zero.

Also, the absolute value of the error is garted. Then, the proportionality factor
can be included in the modification routine.

Thespeed_updatportion is described in the next part of the control system.

The timer used for this control routine is Timer B4. The configuration of this
timer and itdSR is shown below. It has been configured to operate in timer mode and to

count 87ms. The flagupdate is the flag controlling the accessing of the control

subroutine.

/I Timer B4 - Debugger - Control System

tbdic |= 0x04; /I Initialization of the timer responsible to
tb4dmr = 0x80; /I entering the control routine

tb4 = OXFFFF;

#pragma INTERRUPT debug
void debug(void)
{

overflows++;
if(overflows == 4) /l used as a software timer to
[/l record 320 ms
overflows = 0;
update = 1;
tbds = 0;

64



9.3.2.2 Speed Control

The speed control portion of the overall control system deals with two major
requirements:
1 Keeping the speed below a maximum value
1 Keeping the speed above a minimum value

It is important to note that a constant speed is not reqtmrethis application
since the only important thing is to visit all accessible areas of the grid to be scanned.

The standard operation of this subsystem is to measure the current speed and
compare against the threshold values. It will then modify thedspgealtering the PWM
signal sé duty cycl es.

However, this will cause the system to interfere with the heading control system.
That is because both systems will be affecting the same variables independently and
therefore, if the speed control system causdse PWM si gnal sd6 duty cyc
and the heading control subsystem causes t he
increasing one and decreasing the other), then the overall system will lose its stability.

Therefore, the speed control systeshould operate independently and alter

another set of variables (which are not directly affected by the control system).

65



Since speed, as argued before, is not required to be constant, then the speed
should not be corrected as soon as it changes. Alsdyeth@ing control, as discussed
earlier, resets the speeds of both motors when a zero error has been encountered. Another
important observation is that the modified speeds will revolve around the base speed. If
for some reason the current speed is lowerigindr than desired, the base speed can be
modified accordingly. In other words, if the robot is moving at a slow speed, the base
PWM signal 6s duty cycl e wild/l be increased.
PWM signal 6s dut ysedcThis fepresemts thé badiceopehtor of ¢ha
speed control system.

Another factor to consider is the frequency of executing this subroutine. Since the
actual value of the speed is not a crucial value, the time period between two calls of this
routine ca be somehow relaxed. In fact, the accessing was set to occur after 10
executions of the heading error control. The accessing of this function is controlled
through a flag that is set through a timer counting down the 1 second period. A

The code implementg this control subsystem is shown and discussed below.

/I This is part of the heading error control system

if(speed_update== 10)
{
speed_update = 0;
cur_speed_left = |_shaft;
cur_speed_right = r_shaft;
tbls =1;
}

void speed_ctrl(void)
{
if(lspeed_tweak)
return;

speed_tweak = 0; KK [/ 2YLlziAy3a GKS OKIy3aSs
Ispeed = final_speedeft - cur_speed_left;
rspeed = final_speed_righttur_speed_right;

ax
>

<
c
A
(0p))
[N
A
w
(0p))
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if(lspeed < min_desired_pulses) // adjusting the PWM signals
{

if(initial_n_| < pwm_max_8)
initial_n_I +=spd_incr;

}
else if(Ispeed > max_desired_pulses)
{
if(initial_n_I> spd_incr)
initial_n_I-=spd_incr;
}
if(rspeed < min_desired_pulses)
{
if(initial_n_r < pwm_max_8)
initial_n_r += spd_incr;
}
else if(rspeed > max_desired_pulses)
{
if(initial_n_r > spd_incr)
initial_n_r-=spd_incr;
}

The initial part will record the values of the right and left wheels as observed by

the shaft encoder. Then a timer that counts 87s®dbnds is started. Upon underflowing
12 times (which corresponds to approximately 1 second), the timer will record the values

of the right and left counts as observed by the shaft encoder and it sets the speed_tweak

The minimum and maximum speedhits are identified by a certain number of

pulses. Assuming the minimum speed is to be 3.5 cm/s, the robot is supposed to at least
cover 3.5 cm in the 1 second period (as controlled by the timer). Three and half
centimeterscorrespondto approximately 7.77ncoder counts or 8 for convenience.

Similarly, the maximum number of pulses can be set to 20, corresponding to a speed of 9

67



If the observed speed was out of range, the corresponding base speed is
incremented. The value of the increment had to baimdd experimentally. A duty cycle
increment of approximately 5% proves to give acceptable results.

Below is the code showing the configuration of the timer used, Timer B1 and the

ISR of the timer.

/I Timer B1- Speed Modifier

tblic |= Ox03; /I Timer Initialization (IPL, mode, and value)
tblmr = Ox80;
tbl = OXFFFF;

#pragma INTERRUPT modify_speed
void modify_speed(void) /I using a software timer to record 1s
{
overflows_speed++;
if(overflows_speed == 12)
{
overflows_speed = 0;
final_speed_left = |_shaft;
final_speed_right = r_shaft;
speed_tweak = 1;
tbls = 0O;

9.3.3 Position and Distance Calculation

After implementing the straight line and rotational motion for the robot, the next step is to

be able to recogni #zien. Snbeethe rantobsystet is @lways e n t p
accounting for the count discrepancies, the counts are assumed to be equal. However, this

is not completely accurate. Therefore, it is not reasonable to use a single wheel as the
distance calculator. A better apghmation is to take the average between both wheels. In

case, the wheel counts are not equal, then the average will reduce the count error to half

the difference.
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To calculate the distance traveled by the robot, the average number of counts is to
be multigied by the distance traveled in a single count.
The distance traveled by a single count was calculated in the discussion of

rotation. It was given bfquation8:

10 CtheeI
(countsperrevolution

count —

Equation8

whereDuneelis the diameteof the wheel.

Given that the diameter of the wheel equals to 3.5 cm and the counts per
revolution equal to 24 counts, the distance moved in a single count is a constant number
that equals 4.5 mm.

The actual distance traveled is calculated uEiggation9:

aleft count+right countd ..
== ght_countge

overall — &= 2 = count

d

Equation9

As mentioned earlier, the average number of counts was used to reduce error. The
error can be assumed to be a random variable. The control system ensures the absolute
error does not incese above 5. The minimum absolute error is 0. This can be expressed
by the inequalityshown inEquationl0.

0 ¢ |(right_coun) - (left_coun)|¢ 5

Equation10
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In the case where the error is maximum and equal to 5, the average number will
reduce the error in distance to a distance corresponding to 2.5 counts. This isirshown

Equationll.

count,, = geleft_count+ right_countg

o 2 =
and, (left_coun) - (right_coun) =5
Y count,, =(right_couny +2.5
or, count,, = (left_coun)- 2.5
eror = agar = d

Y d,, =°25d

calculated

error count

Equationll

Equation11 comes from the fact that the actual distance magiitespond to
either thdeft_countor theright_count Either way, the calculation of the average number
of counts removes any dependency on either wheels and makes the worst possible
distance in error to be equal to +2.&d, or £1.125 cm. This, of cose, is the worst
possible error and usually, if the control system is performing as desired, the error will be
less.

Of course, this calculation will yield inaccurate results if the robot slipped or
skidded since the counts do not reflect the actualrdistenoved by the wheels anymore.

The code for calculating the position is straight forward and shown below.

avg_count = (I_sift + r_shaft)/(2.0); /I finding the average count
get_distance();

The functionget_distance(js shown below

void get_distance(void) /I calculating the distance corresponding to
{ /I specific count
dist = avg_count*distance_per_count;
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Using the distance, the exact position in the grid can be ctddulBurthermore,
if the robot is instructed to move a singldl edead, then this distance can act a sentinel
value after which the robot will stop or adjust itself according to the operation.

The basic assumption is that the robot will start in the bottom left corner of the
grid. That point is denoted (@, The nekpoint of interest will e along the »axis which
is (10) and that cell will be determined by the initial orientation of the robot. Also,-the x
axis corresponds to the length of the grid and tHaeiy corresponds to the width of the
grid.

The traversalof the grid is dependent on the gedan algorithm, which is
discussed later. However, one basic concept underlying that algorithm is that the current
and target cells are known. So by moving a distance corresponding to the cell size, the
robot can move dtween cells keeping track of row and column indices. The only
requirement is to update the row and column indices as soon as one cell is traversed. The
update is done by storing what wused to be t|

in more dedil when explaining the gridcan algorithm.

9.4 ROTATION AND CONTROL

9.4.1 ZeroDegree Rotation

The other functionality is rotation. Rotation will occur only in place when the robot is not
moving. Furthermore, the rotation will have a zdegree curvature (i.eit will rotate
around its center axis). To do so, both wheels are supposed to be rotated at the same

speed but in opposite directions.
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In addition, shaft encoders have a very low resolution and cannot perform well
with precise rotation requirements. Refer Appendix D for the behavior of shaft
encoders during rotation.

The alternative source of information when it comes to rotation is a digital
compass. The compass will be used to fine tune the rotation. The compass module is

discussed next.

9.4.2 Compass

The control system implemented takes care of basic straight line motion; however, the
robot does not have, at any point of time, any sense of direction. In other words, the robot
my have changed its heading without knowing due to miscellaneous factors, saarch as
inconsistent terrain, or skidding of the belts on a very smooth terrain.

To be able to calculate absolute heading
digital compass needs to be added. The digital compass will output the absolute heading
wi t h HRearth ashhé eference point.

Being able to know the direction the robot is actually facing at any point in time
can add more precision in operation and can actually help increase the robustness of the
robot motion.

The compass module used is describexkt,ngefore explaining how it can be

integrated into the robot.

9.4.3 CMPSO03 Digital Compass Module

The compass module is shown in Figure below.
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Figure24:CMPS03 Compass Mod{is3].

The internal operation of the compass module can be foud8at [
Simply put, the compass module will output a unique representation of the
ooientation of the compass with respect

can be expressed in two different ways: a PWM signal and abytieadata.

9.43.1 PWM Mode

The compass outputs a PWM signal where the frequency of the signal translates
to theorientation of the compass. In fact, the length of the positive width of the signal

maps directly to the orientation of the compass in degrees.
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.4 Agilent Technologies

Figure25: Positive width mapping to 93.5°.

Agilent Technologies
I

Figure26: Pasitive width mapping to 66.0°.
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Figure27: Positive width mapping to 86.8°.

The PWM signal has a period that ranges between 66 ms and 101.99 ms. The low
width of the signal has a constant value of 65 ms. In other words, thes@asidth can
range from 1ms to 36.99 ms. This traverses thé @59.9) of the circle.

This information can be used to calculate the increment per degree as.follows

3699ms- Ims
3599

=100m8/
Equation12

Note that the initial offset is 1 ms.

Knowing the increment per degree allows us to calculate the orientation any time
by knowing just the length positive width. This can be done as follows.

Let t.v be the length of the positive width dfet PWM signal. The orientatiod,

can be found usingquationl3.

Equation13
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The PWM signal is fed in the Renesas microcontroller for measuring the length of
the positive width. Measuring the width can be implemented in various ways. The way it
was implementedor this robot is using a timer operating in Pulse Width Measurement
Mode.

The Timer B Pulse Width Measurement Mode counts how many clock cycles
occur between two consecutive edges. The mode register should be configured to operate

in this manner. The d@tg of the mode register is done using the following C line.

tb4dmr = Ox8A; /I Setting timer in pulse width measurement mode

The settings ensure the measurement happens between a falling and a rising edge
or between a rising and a falling edge.

The timer will store the number of clock cycles that occur between the
consecutive edges. The timer is-li6 timer and will be counting continuously until it
underflows or when the pulse has been captured.

Also, from the hardware manual, the interrupt requeltbe generated when of
the two above conditions has been met: underflow or a second edge. Therefore, the ISR
should take care of the case when an interrupt has been requested due to an underflow.
This can be done by checking the MR3 bit intthmrregister. If this bit is set, it means
an underflow has occurred, and the value stored in the timer is meaningless. In the other

case, the value can be recorded.
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The above operation measures both positive and negative widths. Since the
positive width of the®WM signal coming from compass is of interest, then the length of
the negative width is to be ignored. This can be done by checking the polarity of the input
signal. If the signal is low at the point of the servicing the interrupt, then the value stored
corresponds to a positive width and therefore recorded; otherwise, the value is just
ignored.

The ISR, which explains the above operation, is shown below.

#pragma INTERRUPT pwm_analyzer
void pwm_analyzer(void)
{
if (mr3_tb4mr == 1) // check for timer overflow
{
tb4mr = Ox8A, // if so clear flag and
return; // data invdid

}

if (p9_4 ==0) /Il positive edge has been nasured
norm_pwm = th4;

The variablenorm_pwmstores the number of clock cycles that correspond to a
positive width. It ha to be converted to a quantity of time before using it in the equation
to convert from positive width to angle in degrees. The conversion from number of clock
cycles to time is done usirigpuationl4.

_ norm_ pwm
f

t

Equation14

From the settings of the mode registas, set to 750 kHz.

The quantityt can now be converted to an angle measure in degrees.
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9.4.4 Using the Digital Compass

The first use of the digital compass is in rotation. The shaft encoders, as discussed
before, have a very low resolution. With the compass, the rotation can be fine tuned to a
resolution of 0.1°. To fine tune the rotation, a target heading will be calculated.
Continuous readings of the heading are taken and when the heading is withinghe targ
heading, with acceptable error, the robot is instructed to stop.

There are two factors that should be taken into account when tuning the rotation:
the speed of rotation and the margin of error.

The margin of error is of high importance for this appiaratin fact, the rotation
can be done at the minimum speed which ensures rotation. Slower speeds can improve
the margin of error since the rate of change of the heading is slow compared to having a
very fast rotating robot.

The target error margin is2 .

When the motors are rotating, they have inertia. As soon the motor is instructed to
stop, the inertia will cause it to skid slightly on the floor. This property affects greatly the
acceptable margin of error since the motor can stop rotation within theaueemnge,
but will go off slightly. This requires increasing the margin of error. After a series of
experimental runs, a margin of error of £50 yields final headings which are within the
initially selected margin of error of +20. However, this is notogtimum solution. A
different terrain would make this better or worse. Yet, this approach performs well with
the limitations (dc motors and imperfect belts). The code implementing this rotation
scheme will be discussed after introducing the basic compoiheading into the final

rotation.
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9.4.5 Defining theBaseDirections

Before the robot starts to do anything, it has to set its base directions of motion.
The directions include: the relative north, the relative east, the relative west, and the
relative southThe o6rel ativitydé factor flows from th
any direction. However, the initial directic
for motion. This way, the robot can only turn to face four different directions @hly.
is sufficient since the r obo°troladonsmot i on i s | i
After computing the relative north direction, the remaining base directions can be
calculated. This is slightly trickier than what it first looks like. Since thragass gives
absolute angle measures, then 1 f the O6relat
guadrants, then special calculations are required. For instance, if the andietlseB0
adding 90 yields 120 which is a valid angle. However, sudtting 90 will yield -60°.
This has to be converted to its complement angle, in this case 300

This circular property of the readings is dealt with in the following lines of.code

void read_heading(void)
{
orig_heading = (((float)norm_pwm/(750000.0)).001f)/(0.0001f); // Calculating
/Il the initial heading
if(orig_heading > 269.9f)// Taking care of boundary conditns

{
orig_heading_right = orig_headin@70.0f;
orig_heading_left = orig_headinr®0.0f;

}

else if (orig_heading < 90.0f)

{

orig_heading_right = orig_heading + 90.0f;
orig_heading_left = orig_heading + 270.0f;
}

else

{
orig_headig_right = orig_heading + 90.0f;
orig_heading_left = orig_headin®0.0f;

}
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orig_heading_down = orig_heading + 180.0f;

if(orig_heading_down > 359.9f) // Boundary conditions
{

}

orig_heading_down= 360.0f;

The above lines simply calculate the complement of the angle if it goes out of the
00-359.9° range. The complement is calculated by subtracting 360° iéshé& will be
above 360°, and adding 360° if the result will be below 0°.

As far as the relative south direction, 180° needs to be added. There are two cases
were the sum ends up being greater than 360° and that is if the relative north heading is in
the third or fourth quadrant. That case, like the previous cases, can be dealt with by
subtracting 360° from the result.

Apart from defining the heading in terms of angle degrees, the headings are also
given numberings. This will prove useful when a headihgnge is required. The
convention used is shown in Table

Table7: Mapping the Headings.

Heading Numerical Representation
Relative North 1
Relative East 2
Relative West 3
Relative South 0
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9.4.6 The Rotation Sequence

Rotation follows a very precise sequence. The current heading should be first
established. Then, by passing the current headingenanvalue to the function
modify _heading()the left and right target rotation angles will be loaded. Then the setup
for rotation takes place.

Rotation setup is done through choosing the direction of rotation. This is done by
preparing the wheels to rogain opposite directions. Then, the PWM timer registers will
be loaded with the value in order to generate the appropriate duty cycle for rotation. The
preparation for rotation is done through the funcseh rotate() The function is shown

below.

void set_rotate(char d)

{
if (d==1) /I Directions towards right

{

}

elseif (d == 0) // Directions towards left

{

}

n_| = pwm_init_rotate; /I Setting PWM values
n_r = pwm_init_rotate;

pwm_l = (n_I << 8) | M;
pwm_r = (n_r<<8) | M;

tal = pwm_l;
ta2 = pwm_r;

81



As soon as the motors have started, the robot goes into the heading evaluation. As
soon as the robot enters the required zonthé range of the target angle), the motors are

requested to stop. Normal operation resumes in the new direction.

( Start )

A 4

Modify heading to
reflect current heading

A\ 4
Set wheel directions

A\ 4
Start motors

A 4
Read current heading

A

Target antg
reached with
acceptable
error

No

Stop motors

Figure28: The full rotation cycle.
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9.4.7 Ending Rotation

The robot s r omeatédiusing a dahile loop.bTae Idopnailllbe
maintained via a flag. As soon as the flag indicates reaching the desired heading, the loop
will be terminated (i.e.: end of rotation). The reason for using-atdie loop is that the
check for the flag needes be done at least once. Also, this does not require keeping track
of when the flag should be reset.

The flag used is calleat_err_dir. The functionget_heading(nodifies the value

of this flag.

do /I Rotation

{
get_heading();

Ywhile(rot_err_dir);

9.4.8 The Condition

The functionget_heading()controls when to stop the rotation. This function
calculates the heading, using equatiainolvg. Then it compares the value of the heading
against the target angle. The computation of the target angledseperthe direction of
rotation. The function which modifies the angle which represents the right and left turns
will be discussed later. The functiaget_heading(will choose the the angle which
corresponds to right or left.

When the heading reading istlin the acceptable range, the flag is cleared which

causes thdo-whileloop is terminate.
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The range is set to £5To know whether the current heading is within the range
or not, the difference between the targeir(rot_anglg¢ and currentgwm_va) headings
needs to be computed. If the difference betwaem_valandcur_rot_angleis greater
than 5 or less thatd (5 represents the acceptable error), then the robot still did not reach
the acceptable range of error, and it should continue rotation.vigkeit stops.

To make programming the condition easier, the absolute value of the difference
can be calculated and compared against the magnitude of the acceptable degree error. The
significance of the absolute value is that it is independent of thaidireof rotation.

This however leaves a gap in computation. If one angle lies in the first quadrant
and the other lies in the fourth quadrant, or vice versa, taking the difference does not
reflect the actual difference in degrees. To overcome this protienshecking condition
should be modified by adding another check which takes the complement angle into
account. In other words, if the complement of one angle is added to the other angle, it
will reflect the actual angle difference for the two spedcales presented.

After taking care of the boundary condition, the general condition can be

formulated using equatiombélow).
|pwm_val- cur_rot_anglé¢Berror, or,[360- pwm_val+cur_rot_angl¢Berror
Equation15

The functionget_heading(Js shown below.

void get_heading(void)
{
pwm_val = (((float)norm_pwm/(750000.06P.001f)/(0.0001f); /I Calculating
/I current heading in degrees

if(dir == 0) /I Choosing the apmpriate angle to rotate to
cur_rot_angle = cur_orig_left;
else if (dir == 1)

cur_rot_angle = cur_orig_right;
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if((abs(pwm_vat cur_rot_angle) < degree_err) || (abs(360.00wm_val + cur_rot_angle) <
degree_err)) /I checking the condition

{
fwd_| ~=1;
rev_|"=1,

fwd_r"=1;
rev_r =1,
DisplayDelay(50);

rot_err_dir = 0;

else
rot_err_dir=1;

Note that the reversal of the direction of motion momentarily is just a braking

scheme before finally coming to a stop.

9.4.9 Rotation Speed Control

A last yet important check is to ensure that both wheels are rotating. If either one is not
moving, that means &lding on the floor is taking place. If both are not moving, then
rotation seems to have been hindered and the motors, therefore require a boost.

The control is both simple and intuitive. If the either shaft encoder counts, or
both, have not changed in eedetermined amount of time, then the motor corresponding
to the nonmrotating wheel requires an increase in the duty cycle of the PWM frequency.
Also, the increase should not go beyond a maximum or else the error condition of the
rotation will suffer. In ¢her words, the faster the rotation is, the less likely the robot will

stop within the desired range accurately.
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The speed check routine is controlled via a timer. Timer B5 is used for this

purpose.The time for the check needs to be relaxed enough shcédaks can quickly

increase the speed while the need is otherwise. Also, the increment can be made

arbitrarily small. For this application, the speed check happens every 320 ms and the

speed increment is 2%. The C code implementing this speed chéckvs kelow.

/I Timer B5- Rotation Speed Control

tb5ic |= 0x03;
tb5mr = 0x80;
tb5 = OXFFFF;

#pragma INTERRUPT rot_speed
void rot_speed(void)

{
rot_ctrl++; /I software timer
if(rot_ctrl == 4)
{
if(r_shaft == chk_val_r) /I checking right motor of rotating
{
if(n_r < max_rot_speed)
{
n_r +=0x05; /[ adjusting PWM
}
}
if(I_shaft == chk_val_I) /I checking left motor if rotating
{
if(n_I < max_rot_speed) // adjusting PWM
{
n_| += Ox05;
}
}
pwm_l = (n_I << 8) | M;
pwm_r = (n_r<<8) | M;
tal = pwm_l;
ta2 = pwm_r;
chk_val | =1 _shaft; /l'load new comparison values
chk_val_r=r_shaft;
rot_ctrl = 0;
}
}
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10 ELECTROMAGNETIC METAL DETECTION

10.1 INTRODUCTION

The objective of the sensor design is to tdgrand locate mines in a field. The
mine or target is a flat metal sheet, and the sensor coil is placed on the mechanical robot.
The robot will travel through the field in a designated path and will successfully locate
and identify the mine locations Withe help of its metal detection sensor.

First a search coil was made by winding copper wire. The coil was made by
winding it around a bottle of water to get it to be circular in shape and to become an
inductor. After it was wound with the required turitswas then insulated and tightly
held in place by using electrical tape. The two required nodes (ends) were scraped, so that
its copper coating is completely removed and it can be used for induction purposes, and is
then connected to the sensor circlitie circular search coil in our design has 255 turns,

a diameter of 12.6m and an inductance of 5.4H.

The choice for the metal sensor design circuit was a resonant circuit (a parallel
RLC circuit). This choice was selected as RLC circuits are known tifieir
telecommunication properties and to have a selected resonant frequency, which is later
used to determine the maximum displacement in phase to hence detect the metal mine.
The theory behind the design was to use the principle of eddy currents and
electromagnetic theories, to determine the metal mine. As the coil is placed near the
mine, a current flow will be induced in the metal mine, because of the change in the

magnetic field.
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This in turn is then connected in parallel to form the parallel Rlc€uiti
(sensor circuit) and was compared with a sine wave to identify the maximum difference
in phase at a required frequency. The testing and analysis of the circuit operations were
proceeded from hence on and are documented accordingly. Attached b#levgystem

block diagram for the mine sensor circuit and its components

- Placed on Robot Signal comparison Pha
Sine wave differences
generator

A W / v
i Coil v Sensor Circuit Logic
e S Parallel RLC —»  Conductivity Circuits
- circuit
Mine ]
(Metal sheét T
\ 4
Low pass RC
Filter
Identification of LED DC value /

mine < Display Comparator \ DC Volts averagd

value

Figure29: System block diagram of mine detection sensor design

The approach methodology and design details of each block pleenexd in the

following sections.

10.2 SINE WAVE GENERATOR
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As the circuit lays independent of any function generators or power supply a self
inducing AC sine wave generator is required to produce an input AC sine wave signal of
4khz frequency with a 5 volt p& to peak. This is identical to the output of the RLC
circuit, and at these values it demonstrates no phase difference and are identical. Two op
amps 741CN and a bunch of resistors and capacitors are used to build this circuit. This is
the input signal ashwill be compared to the output of the RLC circuit to check for phase
difference detection. Attached below is the schematic and output of this circuit.

|—‘—’W\/
0.001uF == 715 ohm

4

VCC_Power 5V

Figure30: Schematic of sine wave generator.

Figure31: Output waveform of sine wave generator from circuit see: Scope 1.
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