Acknowledgement

We would like to acknowledge Florida International Univigreind the Electrical and
Computer Engineering department faculty, in particularfean for his guidance and support.

Acknowledgement

TABLE OF CONTENTS

ACKNOWLEDGEMENT

SECTION I: EXECUTIVE SUMMARY

EXECUTIVE SUMMARY I-1
SECTION Il: PROBLEM STATEMENT

OBJECTIVES -
CONSTRAINTS -
SECTION lIll: BACKGROUND

LINE FOLLOWING VAN -1
SUMMARY -1
TECHNOLOGY REVIEW -1
SYSTEM DESCRIPTION n-2
SECTION IV: OPERATING ENVIRONMENT

OPERATING ENVIRONMENT V-1
SECTION V: INTENDED USERS AND USES

INTENDED USERS V-1
INTENDED USES V-2
SECTION VI: INTELLECTUAL PROPERTY

METHOD AND SYSTEM FOR DETECTING OBJECTS

EXTERNAL TO A VEHICLE , US PATENT # 7202776 VI-1
SUMMARY VI-1
CLAIMS SUMMARY VI-1
AVOIDING PATENT INFRINGEMENT ViI-1

SECTION VII: STANDARDS CONSIDERATIONS

ROHS, RESTRICTION OF HAZARDOUS SUBSTANCE DIRECTIVE VII-1
SECTION VIII: HEALTH AND SAFETY CONSIDERATIONS

HEALTH AND SAFETY CONSIDERATIONS VII-1
SECTION IX: ENVIRONMENTAL CONSIDERATIONS

ENVIRONMENTAL CONSIDERATIONS IX-1
SECTION X: MANUFACTURABILITY CONCERNS

MANUFACTURABILITY CONSIDERATIONS X-1
SECTION XI: CONCEPT DEVELOPMENT

VEHICLE MOTOR CONCEPT FAN XI-1
OPTION1 XI-1
OPTION 2 XI-3
OBJECT DETECTION CONCEPT FAN XI-4
OPTION1 XI-4
OPTION2 XI-5
SECTION XII: END PRODUCT DESCRIPTION

AUTONOMOUS FUNCTIONALITY XI-1
H BRIDGE CIRCUIT XlI-4
SENSORINTERFACE XI-5
SOFTWARE DESIGN XII-6
SECTION XIII: STRATEGY.

PLAN OF ACTION XI-1
STATEMENT OF WORK XI-1
WORK BREAKDOWN STRUCTURE XlI-2
PROJECT MILESTONES Xi-2
GANTT CHARTS XII-3
RESULTS EVALUATION Xi-4

Printed with FinePrint - purchase at www.fineprint.com




SECTION XIV: MULTIDISCIPLINARY ASPECTS

MEMBER PROFILES Xi-1

SECTION XV: PERSONNEL

DMITRI CURBELO XIV-1
JORGE DUARTE XIV-3
EDGARD MEDINA XIV-5
RUDY VIVAS XIV-7

SECTION XVI: BUDGET

BUDGET SUMMARY XV-1
DETAILED BREAKDOWN XV-1

SECTION XVII: PROJECTION OF PROJECT INTO THE FUTURE

SUMMARY XVI-1

SECTION XVIII: CONCLUSION

PROJECT CONCLUSION XVIil-1

APPENDIX 1: VEHICLE PHOTOGRAPHS

APPENDIX 2: SOFTWARE CODE

REFERENCES

|. Executive Summary

The autonomous vehicle that was designed by our group hasbttit to parallel park
between two objects while maneuvering and avoiding objects path. There are various
objectives that our group tried to fulfill, including theitity to operate the vehicle in an
indoor/outdoor environment and the ability to operate otioess terrains, including tile,
carpet, and gravel paths while providing a compact, low paeasumption design. Certain
requirements were also met by maintaining the vehicles kieigder ten pounds and
providing thirty minutes of continuous activity with a gie battery.
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1. Problem Statement

The main goal of this project was to construct an autonomeuscie that can autonomously
parallel park between two objects and maneuver while amgidbjects in its path. The car is
easy to use with features such as self-initialization witlimittent pauses in its operation,
allowing the user to restart the vehicles operation or sbutrtthe vehicle. The vehicle also has
several marketable features, such as indoor/outdoor tipedturing the day or night, good
maneuverability on various surfaces, and a clean, atiadgsign.

Objectives
The following is the list of the objectives we were able to trieeour design:
1. Easyto Use
1.1.  Canbe turned on and off with the touch of a button
1.2.  Vehicle will be able to control its autonomous behavior
1.3. Battery can be changed easily and charged quickly
2. Marketable
2.1. Can be used indoors and outdoors
2.2. Canbe operated on various surfaces, including woaadd]dile, and carpet
2.3.  Vehicle can be used during day or night (light or dark simaide)
3. Functionality
3.1.  Vehicle will be fast and lightweight
3.2.  Vehicle will be able to control its speed depending emlistance from objects
3.3.  Vehicle will be able to make sharp turns

Constraints
The following is a list of the constraints with which the teaomplied:
1. Functionality
1.1. Vehicle must be able to travel at speeds of at least 15mph
1.2.  Vehicle must not weigh more than 10 pounds (includirttelbg weight)
1.3.  Vehicle must avoid objects located directly in its path
2. Easyto Use
2.1. Vehicle must initiate autonomous behavior automégica
2.2.  Must pause for 30 seconds after 5 minutes of continupasation
3. Marketable
3.1. Must be operable by children 6 years of age and older
3.2.  Vehicle circuitry must not be visible on outside of \&&i
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IIl.  Background

In this section we will review one project that requires sigonomous operation of a small
RC sized vehicle. We will provide an in-depth descriptidnthe technology used by the vehicle,
along with figures, drawings, system schematics, andtagof the vehicle. The project is
based on a design from students at Cornell University rejao a ‘Line Following Car’ that
follows a projected path. The in-depth project review fies background information on our
implementation of a parallel parking vehicle.

A. Line Following Van

This project was accomplished by Willie Huang and Beili Liarh Cornell University in the
spring semester of 2007. The design was successful, glhihere did exist some minor
flaws, including the vehicles limited turn radius which didt allow the car to make effective
turns that were sharper than 45 degrees. They also dedaibme errors related to the
operation of the photosensors when operated at a heigletrlirgn 8cm from the ground.
Overall they listed their design and implementation as aass.

1) Summary: This project is a battery powered RC sized car with the fmetiity of
following a directed path on a background of contrastingcolThe car has the
ability to detect the future path of the vehicle through tke of various
phototransistors located on the front of the vehicle. &h@wtotransistors are able to
produce voltages depending on the amount of light absargtighered by the
sensors. The sensors work by determining the amount ofilégleicted in front of the
vehicle, and outputting the information into the microgotier. The amount of light
reflected depends on the color, for example, the color wiriteluces a high voltage
output, whereas the color black produces a low voltage autphe microcontroller
then translates this information into the vehicles dirdqiath and sends the necessary
information to the circuit controlling the steering.

2

Technology Review:The hardware used to create the line following van are
essentially a microcontroller to control the entire opierabf the vehicle,
phototransistors to detect the contrast of the surfaceoint f the vehicle, motors to
control the movement in the forward/reverse and left/ridjhections, and
miscellaneous electronic components to interface theaoantroller, sensors, and
motors. The microcontroller used in this project was a M&gaicrocontroller
manufactured by Atmel. The Mega32 is a high performarme,dower, 8bit
microcontroller with 131 available instructions, 32Kbstef programmable flash
memory, and 1Kbyte of programmable EEPROM. lIts low powerscanption and
four PWM channels made it the perfect choice for this singptgect. The sensors
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utilized were Phototransistor reflective object sens@®B1113) manufactured by Since the front motor is needed for turning the vehicle inléfieand right directions,

Fairchild Semiconductor. These sensors have the ahilitletect the radiation a full H bridge was utilized. The operation of the full H dgie circuit is essentially
emitted from a reflective object located in front of the \@&iwithout touching the the same as connecting 4 switches, but instead of usinglesit®JT transistors are
surface. This allows the microcontroller to detect casis in light by the voltage utilized. The circuit operates the motors by simultarspclosing (or powering) the
differences dictated by the phototransistors. A more ttalescription of the BJT transistors, causing the current to flow and causingrtb®r to turn in the
interfacing between these components is given below. forward or reverse directions. “When the top left and botraght switches are
turned on the current will flow in one direction. When the taght and bottom left
3) System Description:The hardware design of this vehicle includes three switches are turned on, the current will flow in the opposditection. When the two
phototransistors, a half H bridge, and a full H bridge whicd all connected to the top switches are turned on and the two bottom switches anedunff, it creates a
microcontroller. The three phototransistors are coteweto ports A.0 through A.2 of short circuit across the motor, causing the motor to spiroith blirections, simulating
the microcontroller and, as explained above, are used tbtheacolor contrast in a braking action or deceleration.” A schematic for the fulbktige is shown below.

front of the car to determine the directed path of the vehidlee half H bridge is
used to control the rear motor, which moves to car in the fodvead reverse
directions, and is connected to the microcontroller cirtwugh port B.3, the
microcontrollers PWM output. The full H bridge circuit ised to control the front
motor, which controls the turning of the vehicle, and is cected to ports A.3
through A.6 of the microcontroller. The entire vehiclgtvered by three separate
9V batteries, one to power the microcontroller and 2 to posesh separate motor. A
functional diagram of the high level design is shown below.

Figure 11I-2

Due to the simple nature of the rear motor control, only & Habridge circuit was
necessary. The design of the half H bridge differs fromftitieH bridge since only
one NPN, one PNP, and two opto-isolators are used, and oelganmirol signal is
needed to turn both BJT's on and off. The design schemattithe Half H Bridge is
shown below.

Section Ill, Page 2 Section Ill, Page 3

IV. Operating Environment

The autonomous vehicle was designed to operate in an incmoo@tdoor environment;
however, it will not be operable in heavy moisture environisgincluding rain) due to the
susceptibility of the vehicles electronic equipment toevatamage. Also, due to the sensitive
nature of the vehicles sensors located on the exterior afahethe vehicle will allow it to
tolerate minor hits to the body of the car and falls from shiistances as long as the sensors are
not directly impacted. This means that the car cannot beatget in a rocky or bumpy terrain
where the sensors would be exposed to damage by direct oeéndnpact that would cause
them to become loose.

The operating temperature range of the autonomous vebideally between 40 degrees
Fahrenheit and 120 degrees Fahrenheit. This is due to thgetatre requirements of the
various electric components of the car, including the ifdesensors, the microcontroller, and
the motor driver circuits. Although the vehicle will work wh operated slightly outside this
range, electronic component integrity is best maintainedmoperated in this temperature
range.

A picture of the final result of the designs mentioned abcae lse seen below.

Figure llI-4

Section I, Page 4 Section IV, Page 1
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V. Intended Users and Uses

In this section we will discuss the intended uses of ourqupjalong with the intended uses
of our design. This will provide information regarding avand how our project should be used,
as well as providing a foundation for possible future usesusfdesign, which will be discussed
in a later section in this report titled “Projection of theofect into the Future”.

A. Intended Users

The intended users of our autonomous vehicle design prajegbeople interested in adding
autonomous functionality to electronics, including, bat limited to, toy car manufacturers

and automobile manufacturers. Our design could also belsettructors and students to
enhance their knowledge of electronics, in particular tieraction of microcontrollers with

peripheral devices such as sensors and motor driver @rcuit

B. Intended Uses

The principal intended use of our design is a method for RGré&hicles to Parallel Park
between two objects and avoiding collisions into walls ahjets. Furthermore, our design
has the potential for other various different uses, not omlyehicles for autonomous
behavior, but also as a collision detection system for mpwibjects. This collision detection
system could be used for machines to detect safe boundariepération, or for vehicles
operating within confined spaces where signaling theadist available for maneuvering or
when an object is approaching would prevent damage or injury

Section V, Page 1

VI. Intellectual Property

In this section we will discuss one patent that relates ¢odisign and implementation of our
autonomous car design. We will include in our discussionrarsary of the patent, along with
its claims that relate directly to our project. This seatwill conclude with an explanation on
how our “autonomous car design” will not infringe with thairhs in the patent.

A. Method and System for Detecting Objects External to a Vehile, US Patent 7202776

This patent by David S. Breed was granted on April 10, 2007veiticbe discussed in the
following sections.

1) Summary:This patent is for a system that has the ability to detectatbjthat are in
the path of the moving vehicle for a pre-specified distaacel the ability to avoid
collisions with these objects. It claims that it is able te@uplish this task by
projecting laser beams into the vehicles environment,ingusbjects present in the
vehicles surrounding environment to reflect this lasembéawards the vehicle. The
analysis of the reflections will allow the isolation of obje present within a given
range, analysis of their location, and maneuvering of threcke to avoid possible
collisions.

2

Claims Summary: The patent claims that by directing a laser beam into the plath
the vehicle, it will be able to receive a reflection of thajeuih on the vehicle. It will
be able to analyze that reflected laser beam, and by usimg @ating, will be able to
form an image of all the objects located around the objedtphgected the laser
beam onto the vehicle. Range gating also allows the isoiati@bjects that are
within the range of the detected object. The patent alsonslahat it will be able to
avoid collisions with objects surrounding the vehicle bplgming the image
collected from the reflections of the laser beam, and onaabgatt has been
determined to be present, analyze the area around that odbgecting other
obstacles within the range of the detected object. If it iedeined that an object is
present in the path of the vehicle, a countermeasure wilrbeiged to avoid
collision with the object. The patent goes on further,rolag that by projecting two
laser beams from the vehicle, the first laser at a fast sogrspeed, and a second, at a
much slower scanning speed, it will be able to more effetyianalyze all objects
present in front of the moving vehicle.

3

Avoiding Patent Infringement:Our “autonomous car design” did not infringe this
patent since our design utilized infrared sensors to defgjects in the vehicles path,
not lasers. The design ideology is similar to that clairimethe patent, but due to the

Section VI, Page 1

different technology utilized in our project, there is ndgut infringement. Also, the
patent describes the microcontroller forming an image efahjects situated in front
of the vehicle and, by using range gating, isolating thosatied within a given range.
Since our design is only concerned with any object locateetdy in front of the
vehicle and our microcontroller only analyzes the voltagesls provided by the
sensors, it does not use range gating to analyze the pdagsifibther objects

forming obstacles for our vehicle. These differencestinimplementation do not
cause any patent infringements.

Section VI, Page 2

VII. Standards Considerations

Standards are a set of guidelines to assure product intetiifiy and safety to the users of
certain products. In this section we will analyze standahds most closely relates to our
autonomous car design. Below you will find a standard thiates to our design along with an
explanation on how we complied with it.

A. ROHS, Restriction of Hazardous Substance Directive

This standard is related to the use of certain hazardousades in electrical and electronic
equipment. The directive restricts the use of the followtimgjc substances: lead, mercury,
cadmium, hexavalent chromium, polybrominated bipherassl polybrominated diphenyl
ether. The maximum concentrations allowed are 0.1% or i@0for all except cadmium,
which is limited further to 0.01% or 100ppm. This direetiapplies to equipment in the
following categories: IT equipment, telecommunicatiogeipment, consumer equipment,
lighting equipment, electronic and electrical tools, tdgssure, and sports equipment, and
monitoring and control instruments. The main benefitahplying with RoHS standards is
the immediate health benefits of using lead-free soldedscamponents.

In order to make our product safe to use by all consumers agytearade, we purchased and
utilized only lead free products on our vehicle.

Section VII, Page 1
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VIIIl. Health and Safety Considerations

Our design for an “autonomous vehicle” poses some minotheald safety
considerations since our design might potentially be usednsumer vehicles. The parallel
parking feature implemented in our vehicle design wouldaztse any health and safety
problems. However, the object avoidance on the vehicleccpatentially cause safety problems
if the collision avoidance system is flawed when instatheda consumer vehicle. It is therefore
imperative that the design be thoroughly tested beforallest on systems that could potentially
put consumers’ safety in jeopardy.

The second health and safety consideration was discussked previous section while
describing the RoHS directive. This directive prohiltite use of toxic substances in electronic
devices. This would be beneficial to the health and safétze operators by not exposing them
to substances that could potentially harm their healthalBinthe last consideration is regarding
the safety of people and objects around the vehicle, whigtiswe implemented the object
avoidance system, not only to protect the operators of é¢iéicle, but also of the people around
the vehicle.

Section VIII, Page 1

IX. Environmental Considerations

While designing the parallel parking vehicle, there weneesal choices that were
decided upon that directly impacted the environment. Wlttd make sure that the choices we
made were the most beneficial to the environment. Thedhsice that we made regarding
environmental concerns was regarding the battery thatavoeiused to power the vehicle. We
tried to use a power system for the vehicle that would be thstewergy efficient, which
included implementing an energy efficient design, whileiding on the most efficient battery
technology. There were also other minor environmentasitterations implemented throughout
the design of our project, including the reduction of papeste during the design process. We
decided that we would use electronic copies rather thanrgagmes throughout the drafting and
testing phases of our design, only printing when it was alist} necessary. We further
enveloped this concern while we printed the report by lalgeéiach page number with a section
number at the beginning, reducing paper waste by avoidiegeprinting of the entire report if
changes need to be made.

Section IX, Page 1

X. Manufacturability Considerations

While implementing our design we tried to keep the manufaetuprocess in mind,
making sure that the choices we made would not make the metouifag process of the vehicle
any more difficult or complicated than necessary. Thegiethat we implemented utilized
printed PCB boards with ribbon connectors that reduced ehirgter and improved the vehicles
exterior appearance. This allows for a much neater eleictassembly while assuring the
components fit inside the vehicles body.

Section X, Page 1

XI. Concept Development

In this section we will explain in detail the reasoning brehthe choices made on two important
concepts essential to the design of our autonomous vehidie.first concept to be analyzed is
the choice of motor use to move the vehicle and the secone iss of external sensors to
detect and avoid objects.

Figure XI-1

As can be seen from figure XI-1, there are various combinatfmossible regarding the choice of
motor type, the motor driver, and the manner in which speedngrolled. We will be analyzing
two options that are of practical importance with our vehidésign.

A. Option 1

This option is an effective method for controlling the veéithat provides an H bridge to
power the DC motors, allowing for a limited amount of curtefihe speed is controlled by
the microcontroller, which receives the current speedrinfition from a wheel mounted
infrared sensor. The combination is described in figureXielow.

Section XI, Page 1
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Table XI-2

B. Option 2

This option allows for better control of the vehicles spegditilizing a DC motor with a
PWM signal from the microcontroller as its input. The $tepmotor receives its current to
spin from the H bridge which is connected as the bridge betwee motor and the
microcontroller. The combination can be seen from figkrs below.

Section XI, Page 2

Table XI-3

Section XI, Page 3

The second concept development that will be discussed i©thject Detection Concept
Fan'’ that discusses the choice of sensors and their intenaetth the microcontroller. As
can be imagined, this was an integral part of the design ihistwlictates the vehicles
autonomous behavior. Below you will be able to see the carfeepin figure XI-4, along
with a brief analysis of two choices that were of importarfamtighout our design.

Figure XI-4

A. Option 1

The first option utilizes infrared sensors with a trangistod op amp circuit to amplify its
small signal power. The sensors are then directly cornetct the microcontroller. As can
be imagined, having the microcontroller perform all the kisrnot ideal, but it is easy to
implement. Below you will see the combination for this ctein figure XI-5.

Section XI, Page 4

Table XI-5
B. Option 2

This second option utilizes infrared sensors connectediieehop amp circuit that is used
for signal amplification. This provides a second mi@wtroller with the sensor readings,
which in turn interprets the information and relays thistie tmicrocontroller controlling the
vehicles movement. This is an effective manner in contiglthe vehicles entire operation,
however, it is much more difficult to implement. The combina of this choice can be seen
below in figure XI-6.

Section XI, Page 5
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XIl. End Product Description and Functionality

In this section we will provide a description of our autormrs vehicle design, along with a
breakdown of its functions and specifications. We will balgming schematics from a black
box approach, and then explain the inner workings of thatibleox.

Hardware Design
Autonomous Functionality

The main goal of this project is to design and construct aormrnous vehicle that can parallel
park between two objects. This behavior will simulate whatotor vehicle operator must
perform while parallel parking his car on the side of thestr The vehicle will begin its
operation parallel to the spot where it will be parking, amt®activated by the user, will
calculate if there is enough space for the vehicle to parle diculation process begins with the
calculation of the horizontal distance (length of car) gaittrasonic ping sensors mounted at 45
degree angles on the two corners of the vehicle on its riglet sThe second distance measured
is the distance to the curb (width of car). Using these twtadises, the vehicle will calculate if

it fits in the parking space, and will continue parking ifséthe space is adequate. Figure XII-1
Table XI-6 below shows the minimum required space the vehicle wiltteepark (red), and the necessary
space needed to be able to maneuver into the parking sptiv(ygteen). The vehicles
maneuvering process is also described below in figure XII-2

Figure XII-1

Section XI, Page 6 Section XlI, Page 1

Describing in more detail the design of the microcontrotieard, we describe the Level 1
functionality in Figure XII-4 below, along with a more deiad schematic in figure XII-5.

Sensor _ | Sensor
Inputs Board

H Bridge
Microcontroller Motor [, DC
Driver Motors
— Circuit
Voltage
Regulator
Figure XII-2 Voltage
Source @
Here we will be describing the various modules that comprisevehicle design. We will begin 7.6v
with the most basic model, the level 0 microcontroller fumeality, analyzing the various
components that pertain to the vehicle design. The LeWirztionality is illustrated in figure
XI1-3 below. Figure XII-4
Front Sensor Input
—
Rear Sensor Input Microcontroller DC M otor Output
—_—
Power Supply Board
Figure XII-3
Module Microcontroller Board
Inputs Front and Read Sensor Voltage Reading
9.6V DC Voltage Source from NiCD battery
Outputs DC Motor Control Source
Functionality Receives input signal from infrared sessatterprets signal, and
computes speed and direction vehicle should be travelling.
Table XII-1
Figure XII-5
Section XII, Page 2 Section XII, Page 3
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H Bridge Circuit

The schematic shown below is for an H Bridge circuit that bl used to power the front and
rear DC motors. The rear DC motor will be used to control trevrd and reverse movement
of the vehicle, while the front DC motor will be used to contite steering. The H Bridge
circuit will be controlled by a PWM signal obtained from tirécrocontroller which will be able
to output a maximum current of 20 amps to each motor. The éhiématic for the H Bridge is
found below in figure XII-6.
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B |,
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= ~
IRF9Z34
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16 KM\ 17
W
MOTOR
D3 D2
1N400L 1N4001
8 0 0
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8
R8
1000
Q1
10 -
) IRFZ44
R6 0
10kQ =
0
= 5
3
Figure XII-6
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Sensor Interpreter Interface

The sensor interface circuit will provide power and signgrpretation from the four infrared
and four ultrasonic ping sensors. Each sensor, infrarddiirasonic, has three connectors, one
for the 5V power supply, the other for its ground referencel is last connection is for the
sensor output. The sensor output connection requires@ fé€iistor between the output pin on
the sensor and the 5V power supply. A sensor illustratingsémsor connections can be seen

below in figure XII-7.

Figure XII-7

Section XllI, Page 5

Software Design

The software design for this project entailed incorpoatiti aspects of the hardware design,
from the H-Bridge circuit that drives the motors and regesathe vehicles power, to the sensors
used to detect and calculate the distance to objects in thieles path. The software was
designed dividing the program into subroutines, allowiogtfetter control of the vehicles
parallel parking and object avoidance functions. Deteimgitthe vehicles subroutines entailed
developing state diagrams for the vehicles two functiorsdatermining the most repeated
commands from analysis of the diagrams. The state diagaaendescribed in detail below.

Object Avoidance State Diagram

The vehicles object avoidance function is accomplishedgufsiur of the sensors on the vehicle,
two ultrasonic sensors pointed directly forward and backleand two infrared sensors located
on the two front corners of the vehicle. The four sensorsabite to detect when objects are
located in the vehicles path while allowing the vehicle taeaver backwards while avoiding
objects. The sensor layout is described in figure XII-®hel

Figure XII-8

Section Xll, Page 6

The state diagram for the object avoidance function of thermmous vehicle is shown below in
figure 4. The characters located above each path indicateethisor conditions that need to be
fulfilled in order for the vehicle to maneuver in that diriest. The four characters stand for the
states of the four sensors, the first digit pertaining tosser1 and the last digit pertaining to
sensor #4; the sensor numbers correspond to the locatitve sEnsors in figure 3. For example,
when the vehicle begins its maneuvering process at the ‘S$@f, the vehicle travels forward
if the ultrasonic sensor reads a ‘HIGH’ and the remaindehefdensors read a ‘LOW'. The full
state diagram can be seen below in figure XII-9.

Figure XII-9

Section XlI, Page 7
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Parallel Parking State Diagram enough distance and either maneuvers into the space orthkipsrallel parking feature and
continues with the object avoidance functionality. If thés enough distance available, the

The parallel parking feature of the autonomous vehicle é@eplished using the four ultrasonic parallel parking maneuvering process begins and parksathiete directly in the center of the
sensors located on thg veh|cles exterior, two on the frodnwn on.the rear F’f the vehicle. parking spot. If it occurs that the vehicle is not parked eotly, the parallel parking process
Since the parallel parking is performed on the right sidthefroad in the United States, we only repeats until it is. Once it is verified the vehicle is parkedrectly, the parallel parking feature

allocated sensors for object detection and distance mesasunt on the right side of the vehicle.
The sensors on the front and rear of the vehicle are used tsureethe distance from objects
located directly in the path of the vehicle, while the sesgminted off the corners on the right
side of the vehicle measure the horizontal distance to the dthe sensor locations can be seen
below in figure XII-10.

is complete and the object avoidance functionality featsienabled. The state diagram for this
process is shown below in figure XII-11.

Figure XII-10

The state diagram for the parallel parking function of thevaomous vehicle is more
complicated than that for the object avoidance. The vetiielins its parallel parking routine Figure XII-11
while adjacent to the parking spot and measures the vesiwhhorizontal distance available for
the vehicle to maneuver. Once the distance has been meagutetrmines whether there is
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XVII. Strategy C. Work Breakdown Structure
In order to successfully complete the Senior Design Prdjeatonomous Vehicle” our team The individual phases of the Work Breakdown Structure aseideed below.
has developed a management strategy. In this document W@yddphases, task and milestones .
that are significant for the completion of our design. Weiwgplemented our detailed Work Phase 1.1- RC Car Selection

Breakdown Structure in form of Gantt and PERT Charts.
Objective: Chose a suitable RC car for the design, and itbcatipns.
A. Plan of Action ) .
Approach: There are two types of RC cars that could be coresidier our design. First type
is a TOY RC CAR that offers affordable solution, but has majeawbacks in the hardware,
steering and spacing. The second type is Hobbyist RC Carcthi delivers a full house of
features, with a design very similar to original car, featg great servo and torque.

We will present a detailed WBS that will outline the scope @irlvand task involved with it.
Based on the WBS we will construct a Gantt and PERT chartseNfen seventy present of
our planning information would be included in these chaRissources, budget, locations and

equipment are also part of these charts. Expected Results: A suitable for design RC Car

List of Required Tasks:

B. Statement of Work RC Car Research
Order the Car
Our starting point is the deliverables based WBS showrgmré XVII-1. The arrows are Dissembling
pointing out from the phases to the tasks, which must be aplisined in order to complete
the particular phase. A phase could be viewed as a majortanilef our project design. Phase 1.2- Motor Driver (H-Bridge)
Tasks are description of work and activities for a particplaase. The relation between
phases and tasks could be described as sequential. Tadkskad from start to finish, it is Objective: Design a DC motor driver (H-Bridge).
possible that some tasks could be accomplished from statatoor in parallel. For Approach: The major concern of the design is current hagdhbility of the circuit.
sequential links please refer to PERT chart in figure XVII-3 Depending on the motor a suitable H bridge must be implenderitéggh current motors

found in Hobbyist RC car require a design using power MOSF&Thigh current handling.
Less powerful dc motor found in Toy RC car could be designgi$@s or regular MOSFET
drivers.

Expected Results: Appropriate Motor Driver supporting sipecification of the motor used
in the design

List of Required Tasks:
Theoretical Research
Order Components
Build the Circuits
Test the Circuits

Phase 1.3- Sensor Selection
Objective: Select application appropriate sensor for titeromous vehicle
Approach: Sensors are chosen upon the behavioral apphsadif the design. Two types are

considered IR sensors and Ultrasonic sensors. Each typethagpecific features and

application. We must imply both of the types in or design.
Figure XVII-1 PP Py P 9
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Expected Results: Proper selection of sensors and thelicapipns

List of Required Tasks:
Theoretical Research
Order the sensors
Test Sensors

Phase 1.4- Microcontroller Programming
Objective: Program a microcontroller to operate the automas vehicle

Approach: Programming skills are needed to be elevatedesrd the hardware of the
microcontroller. There are several ways to complete thgiamming using the assembler or
a higher level language like C or C++.

Expected Results: A working program that would operate &re ¢

List of Required Tasks:
Theoretical Research
Programming the Microcontroller
Test the Program

Phase 1.5- Complete the Design
Objective: Combine hardware design with software desi¢m anfinal prototype

Approach: All hardware components must be properly mouintside the frame of the car.
Sensors should be correctly spaced out to avoid blind sptitairing must be need, in case
for further additions.

Expected Results: Have a complete functional autonomaus ca

List of Required Tasks:
Put together all Hardware and Software
Test the Autonomous Vehicle

D. Project Milestones

The first project milestone that we encountered was theraraging of the
microcontroller since we could not test any circuits thathwilt until the microcontroller
could interact with the components. The second milestbaewe encountered was the
designing and building of the H bridge circuit since we cbubt operate the motors until
we could power the DC motors. Finally, the third major mitest that we encountered
was the integration of the various hardware componentstivéhmicrocontroller since a
program cannot be finalized until the hardware is built drelhardware cannot be

Section XIIl, Page 3

finished completely until it is tested with the microcoriteo. This last milestone was
surpassed by testing the integration and making the apptemhanges to the hardware
and the program.

E. Gantt Charts

The Gantt chart shows the timing for the scheduled task. @migiht side of the chart the
tasks and phases are displayed within the calendar; alse thsks could be linked in a
sequential network that would generate the PERT chartsh@teft of the chart, the
phases and tasks are shown in a list view, with the ability oalify them and change
their time frames. Applying the 100% completion rule on tbenpleted tasks could

fulfill each phase. In general the Gantt chart demonstifescope of the entire project
in one single view. The Gantt chart is shown on the negepa figure XVII-2.

PERT chart represents plainly timing and dependencieseatia$k, as a combination of

information from the DSM and Gantt charts. The tasks amwshin sequences, which
can cascade or be in parallel, if the tasks overlap and stimitar activities.

Figure XVII-3
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XVIII. Multidisciplinary Aspects

Our team consists of four members, Dmitri Curbelo, Jorgerf@u&dgard Medina, and
Rudy Vivas. Due to the project requiring knowledge of bothdweare design and software
programming, it is necessary to form a balanced team costpa$three electrical engineers and
one computer engineer. Below you will find a list of the fosam members, with a list of their
background, and the various fields in the project desigretvttiey will be contributing.

Dmitri Curbelo is majoring in Electrical Engineering and has a strong basknd in
power systems, audio instrumentation, and hardwareitilesign. He is able to
contribute in the following fields:

o Hardware design for microcontroller peripherals

o Vehicle power supply and equipment/sensor applications

Jorge Duarte is majoring in Computer Engineering with a strong backgimsoftware
programming, circuit design, and telecommunications. dHebie to contribute in the
following fields:

o Microcontroller programming using Java and C/C++

o Hardware design and simulation for microcontroller ansbagted circuits

Edgard Medina is majoring in Electrical Engineering and has a strong bemlgd in
control systems, power systems, and panel assembly. Hieisaacontribute in the
following fields:

o Design of DC motor control to steer vehicle

o Assembly of vehicle parts into effective unit

Rudy Vivas is majoring in Electrical Engineering and has a strong bemlgd in
microcontroller design and programming and telecommditina. He is able to
contribute in the following fields:

o Programming microcontroller in C/C++

o Hardware design relating to interaction with microcorigotircuit

Section XIV, Page 1

XIX. Personnel
A. Dmitri Curbelo, B.S. Electrical Engineering, FIU

Dmitri Curbelo is seeking his Bachelor of Science degreeléttical Engineering at
Florida International University. His studies in circuitaysis and design, electronics,
power systems, and integrated circuit design with openatiamplifiers provide a good
background for working on our “Autonomous Vehicle” projediis participation on various
school projects provide experience in simulating circeigns and implementing these
circuits on breadboards and PCB boards; this includes thlersog of the components. His
knowledge of electrical systems and commercial eledtdeaign will prove useful in the
design of our vehicles electrical system. His backgroundlionx computer systems and
programming languages will help in understanding the i@ahip between our vehicles
hardware and the software that controls the vehicle. Hexésts in audio applications,
including the designing of audio amplifiers and home stuttiisigns and implementations,
will help in advancing our “Autonomous Vehicle” project inthe continuation of our senior
design project. Dmitri's resume can be seen on the follovpiage.
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1103 NW. 185. Ave.

Pembroke Pines, FL 33029

Dmitri Curbelo
954-441-9891
dmitrix@bellsouth.net 954-292-5267

PROFESSIONAL PROFILE

OBJECTIVE

Seeking a position that will enable me to utilize excellengiaeering skills

EDUCATION

Barbara Goleman Senior High
Florida International University (MajoElectrical engineering

EMPLOYMENT EXPERIENCE

Assistant project manager

AGC Electric Inc. 2660 W 79 ST, Hialeah, FL 33016, 305-82822

Supervisor: Farach
Duties:

10/2002 — present

- Conducted drawings on Auto Cad
Estimates of projects

Computer repairs

After School Teacher Assistant

02/2001 05/2002

Centro Mater West 8420 NW 103 ST., Hialeah, FL, 305-827-4040

COMPUTER SKILLS

#

QuickBooks, Excel, MS Word, MS Outlook, Turbo Pascal, FoxsP|

LANGUAGE SKILLS

English, Spanish and Russian

Hobbies
- play guitar

- build computers
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B. Jorge Duarte, B.S. Computer Engineering, FIU

Jorge Duarte is currently seeking his Bachelor of Sciengeagein Computer
Engineering at Florida International University. His seglin digital electronics,
microcomputers, and design with operational amplifiesvjate a good foundation for his
work on the “Autonomous Vehicle” project. His knowledge lretfield of computer
programming, specifically in the languages of C/C++ andaJawnd his work programming at
the assembly language level, will prove useful in prograngnthe microcontroller for its
autonomous behavior. Working in the telecommunicatiodsistry for the past 5 years, he
has developed skills in radio frequency communications|i® communication systems,
and computer networking design and troubleshooting adtiffesent mediums (Ethernet and
fiber optic networks). His experience in the telecommutios industry also includes the
maintenance and repair of broadcast equipment, includiiB’Y, professional cameras, and
high-power amplifiers. His overall knowledge will help ingt designing and implementation
phases of our “Autonomous Vebhicle” project, along with digering possibilities for
advancing our “Autonomous Vehicle” project into the secpadt of our senior design
project. Jorge’s resume can be seen below.

Jorge Duarte Jr.

EDUCATION Florida International University Miami, FL
Intended Bachelor of Science in: 05/2008
Computer Engineering
GPA: 3.0

HONORS Member of FIU’s Honors College, FIU Presidential Seinship Recipient,
Florida Bright Futures Scholar

WORK

EXPERIENCE Univision Communications, LTD Miami, FL

Broadcast Engineer 11/07-Present
Maintain and repair broadcast equipment, including digiassette
recorders, digital video cameras, and video monitors
Monitoring of On-Air video servers and maintenance of sehardware,
server software , and newsroom clients
Deployment and maintenance of network FTP servers usedre video
transfers
Successfully integrated mobile non-linear editing withFFRlideo transfer
utilizing WAN technology
Responsible for deployment and maintenance of non-liediing stations
using Velocity HD and Final Cut Studio software
Maintenance and repair of linear editing stations
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SKILLS

ACTIVITIES

Univision Network 4/03- 11/07
Satellite Operator/Coordinator
Coordinate and manage daily worldwide satellite feed deteefor Univision
Network and its Affiliates
Position antennas, setup IRD’s (integrated receiver dexs), and ingest
satellite video feeds
Monitor and maintain video servers and editing stations
Develop, assign, and manage FTP video procedures fgpaaympersonnel
and worldwide correspondents
Review and improve internal departmental procedures
Operate satellite truck and satellite flyaway during lexeents
Coordinated and processed satellite feeds for the foligwevents:
2004 Olympics, President Reagan ceremonies, 2004 UeSidential
election, 2004/2005 hurricane seasons, 2005 Papal ca;e2895 Latin
Grammy's, 2006 FIFA World Cup, 2006 Latin Grammy's, 2006xitan
and Venezuelan Presidential elections, 2007 Copa Ame2ia7 FIFA
Women'’s World Cup, 2007 Democratic Foruni'(ive Presidential forum in
Univision's history)

Duartech Solutions Miami, FL
Owner 8/05-Present
Design, assemble, and program server systems and pecsonputers
Engineer, implement, and maintain computer networlastiuctures

Manage and maintain server-side and user-end applitati

Engineering Applications:
National Instruments Circuit Design Suite, Orcad PSpleodesk Autocad,
Mathworks Matlab, Netbeans IDE, Xinox JCreator
Software Languages (Development):
Java, C/C++, Assembly Language, and Microcontroller Raogning
Productivity Software:
Microsoft Word, Excel, PowerPoint, Publisher, Outlob¥opath, and
Groove, Intuit QuickBooks and Quicken, Avid iNews
Video Editing:
Velocity HD, Apple Final Cut Pro, Adobe Premiere

Association. of Computing Machinery 2004 Leadership Repnéative,

Member Society of Broadcast Engineers, Member Societyisgfanic
Professional Engineers
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C. Edgard Medina, B.S. Electrical Engineering, FIU

Edgard Medina is currently seeking his Bachelor of Scieremgrek in Electrical
Engineering at Florida International University. His sealin control systems, circuit
design, digital electronics, and design with operatiomapéfiers will help in the design of
our project. His knowledge of control systems, automation electronics will prove helpful
during the implementation of our project and his work withatics at Miami Dade College
has also helped the team when problems throughout the ingpletion arise. His
knowledge in communications has also proved helpful dutiegbrainstorming and proposal
of our project for the second phase of our senior design projdis work experience with
Panel assembly for Automation control of motors and pumgshiedped the group with the
design of the project and the building of the RC car. His ie¢és in electronics and their
functionality will come useful in the construction, assdyndnd testing of the car’s
functionality. Edgard’s resume can be seen on the next.pag
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Edgard Medina

4230 SW 157 Ct
Miami, FL 33185
(786) 253-5142

e-mail: EdgardM1@gmail.com

EDUCATION :
Florida International University B.S Electrical Eng. @32008
0 Specialty in Computers, Communications and Controls
Miami Dade College — Kendall Associates in Arts 2004 - 2006
JOBS:
Project ManagerEngineering Control Service  April 200@gamt
Volunteer Alpha and Omega Church
June 2007-present
Computers Sales Associate Best Buy  Aug 2006-June 2007
Calculus & Physics Tutor — Title V Program MDC 2005 — 2006
Volunteer Miami Dade Public Library 2003

MEMBERSHIPS:
Florida Engineering Society Miami Dade College-member
ROV and Robotics Club Miami Dade College-President
IEEE/FIU IEEE Member
Golden Key Int. Honor Society Member

AWARDS AND CERTIFICATES :

National Deans List 29edition 2005/2006

Welding 555 AWS Welder Skills Training Course August 2005

1% Place MDC ROV competition June 2005

Second Round Math Olympics (Costa Rica) 1999-2001
SKILLS:

Fast mathematical and logical thinking

Courses taken: Circuits, Fields and Waves, Solid Statesti®inics, Material Eng
C++, C++.Net, AutoCAD, Controls

Currently taking: Computer Design, Senior Design, InteggeCircuits , Statistics for
Engineers, Filter Design

LANGUAGES:

Spanish as Native Language
Fluent English as second Language
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D. Rudy Vivas, B.S. Electrical Engineering, FIU

Rudy Vivas is currently seeking his Bachelor of Science degn Electrical Engineering
at Florida International University. His background inatiit design, including digital
electronics, power systems, and operational amplifietiegiions, along with his
background in computer programming, has allowed him toi@pate in the design of the
interaction between the vehicles hardware and its softwiis experience in
microcontrollers based projects at the University of ApgiBciences in Lima, Peru
allows him to give the team support on the programming aspietie project. His two
years of experience while interning at Impsat in Peru altbien to work in the areas of
Network Operation Center and Technologies and his onegfeaork at Impsat as a
Radio Engineer. The acquired knowledge at Impsat relategtworking, wireless
systems (terrestrial and satellite), troubleshootingjgut planning and execution, help
desk, and SQL databases management will be very useful imgslementation phase of
our project and in the design our the second part of our selgisign project. Rudy’s
resume can be seen below.
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XVI. Budget

In this section we will be explaining the budget needed tmiete this project, including the
equipment utilized for the design and the space needed tsehthe equipment and materials
for the project. Although we will use the university's labory for our design purposes, we
will be describing the cost associated with the equipmestiming that any contract for the
design and implementation of this project would requireghechase of these equipments.
Also, since we will utilize our personal computers and spfac storage of all materials
associated with the project, the contract for the designimpiementation of the project will
incur an expense for warehouse space to store the mateTiatdes XX-1 and XX-2 below
describe the budget for our project.

-/ -0/
11 & -02/ 3 -02/
Y4 #44 5/ 3/
-3/ 3 -3/
64 7 -0/ 3 -0/
# -/ 3 -
8 1 9
#44 -2/ 3 -2/
84 1 9 -0/ 3 -0/
83, 9
1 < -/ 3 -/
% =7> 8?2 79 -2/ -3 /
# 8% ?-2 79 -2/ 30 -@ /
60 ) J3A 7
B 1 .3 7 ?-32
79 -32/ 2 -22/
| iy
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XVII.Projection of the Project into the Future XVIII. Conclusion

The “Autonomous Vehicle” project that we implemented wilkur a fairly simple The parallel parking vehicle project with autonomous fimwality was successfully
production process since it will only entail modifying t&in aspects of existing products. implemented after many weeks of hard work designing andepénfy the hardware and

All that is needed is the modification of the electronicsab® account for the software for the vehicle. Throughout the design processynobstacles were encountered,
microcontroller and the sensor connections and the bodye€ar to mount the sensors. The the most troublesome dealing with the vehicles motor drb#euit, mainly due to issues
vehicle design could also be utilized in the field of autoif®manufacturing since with the manufacturing of our PCB board. The next issue withraotor driver circuit was
autonomous features are constantly being added to conswt@nobiles. This can be seen testing various types of Mosfets that would supply enougheni to our powerful motor.

in vehicles that have the ability to alert the driver of an imemt collision, as well as the Programming the microcontroller was the next milestonewesuccessfully overcame after
feature to Parallel Park itself. detailed design and sleepless nights testing the progr@werall it was a great learning

experience of which will definitely be useful as professibangineers.
With further research and more advanced designs, our basio@mous vehicle design
could also be used in other types of vehicles with safetyufes that prevent certain types of
collisions. The remainder of our senior design projedt bé the advancement of this
autonomous vehicle into a vehicle that will be able to pat@ark between to objects, as
well as the lighting of an LED on the top of the vehicle thatibrighter as the vehicle
approaches an object in front of it.

In order to further our knowledge on the autonomous behafietectronic vehicle and
objects, we will need to keep researching various sengastgnd different types of
microcontrollers to find an effective combination or sengmximity effectiveness with
microcontroller features and speed.
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Appendix 1: Vehicle Pictures

Figure Appendix1-1: H Bridge PCB Board

Figure Appendix1-2: Birds Eye Views
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Figure Appendix1-3: Front View
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Figure Appendix1-4: Rear View
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