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Abstract	
 

In the Robot Race project, the best robot will finish ten laps on a figure-eight track with 
the shortest time. Successful robots will be capable of detecting and avoiding obstacles 
up front and also able to identify the destinated path. In response to the project 
requirements, our proposed solution is a robotic car built with mainly image processing 
functions to detect obstacles and to identify clear path. The decision-making logic will 
also depend on distance detection from the Infrared Sensors. To identify the correct 
direction the robot should move, a digital compass will be used. This approach will result 
in accurate autonomous navigation. 

  



iii 
 

Table of Contents 
Abstract ............................................................................................................................................ ii 

1.  Introduction ............................................................................................................................. 1 

2.  Design Requirements, Goals and Proposed Approach ............................................................ 1 

2.1.  Mechanical Design ........................................................................................................... 1 

2.1.1.  Chassis ..................................................................................................................... 1 

2.1.2.  Battery ..................................................................................................................... 2 

2.1.3.  Motor ....................................................................................................................... 2 

3.  Microcontroller .................................................................................................................... 2 

4.  Navigation............................................................................................................................ 2 

5.  Algorithm ............................................................................................................................. 3 

6.  Cost .......................................................................................................................................... 5 

7.  Team Organization .................................................................................................................. 5 

8.  Gantt Chart .............................................................................................................................. 6 

9.  Conclusion ............................................................................................................................... 6 

 

  



 

 

1. I
The 
build
com
and 
proj
proj
addi
the p

2. D

2

O
a
f
W
w
s

 

Introduc
Robot Race

ding autono
mpetition is t

hardware en
ect is thirtee
ect backgro
ition, details
project time

Design	R

2.1. Mecha

2.1.1. C
Our robot w
assembled w
form a 3D s
We will car
where the in
slip(see figu

ction	
e project is 

omous robot
to promote i
ngineering s
en weeks. T

ound and a m
s regarding 
eline is inclu

Requirem

anical	Des

Chassis	
will have an 
with 2D flat
structure. Th
refully desig
nner wheel w
ure.1) 

initiated to 
tic systems.
innovative e
skills and te

The maximu
more detaile
cost and tea

uded. 

ments,	Goa

sign	

all aluminu
t pieces of w
he design is 
gn our whee
will turn mo

Figure 1: 

1 

expose stud
The purpos

engineering 
eam building
um reimburs
ed descriptio
am organiza

als	and	Pr

um space fra
water jet cut 

still in prog
el and hubs w
ore than the 

Ackerman’s st

dents to the e
se of structu
ideas, to ac

g skills. The
sable budget
on of our de
ation are pro

roposed	

ame chassis.
aluminum p

gress.  
with Ackerm
outer whee

eering geomet

engineering
uring the pro
ccelerate stu
e maximum
t for each te

esign are out
ovided, and 

Approac

. The chassi
plates and b

man’s steeri
el in a turn to

ry 

g experience
oject as a tea
udents’ softw

m time for the
eam is $650
tlined below
a Gantt cha

ch	

is is going to
brazed toget

ing geometr
o minimize 

 

e with 
am 
ware 
e 
. The 

w. In 
art of 

o be 
ther to 

ry, 
wheel 



 

Sinc
pow
This
the L
How
whic
sure

As f
and 
cont
moto

3. M
The 
3.3V
the m
mod
We 
XBe
com

4. N
The 
in fr
on th
send
imag
cons
will 

2.1.2. B
ce our robot

wer, and to su
s means we 
Lithium Pol

wever, a cha
ch means w

e these batte

2.1.3. M
for the powe
programma
tinuous pow
or as the bra

Microcon
Arduino Fi

V and 8 MH
motors. It co
dule for com
chose this m
ee is a cheat

mpare with W

Navigatio
main senso

ront of the c
he track wa
d the wireles
ge to get a c
sidered as o
send a dire

Battery	
t is a racing 
upply enoug
need the mo

lymer batter
allenge with

we will have 
ries are in g

Motor	
er train, we 
able controll
wer rating to
akes to slow

troller	
io is selected

Hz and has 1
ontains a Li

mmunication
microcontro
ter, more ac
WiFi and Blu

on	
or for our rob
car and shoo
ll and other 
ss signal to 
clear shot of
pen spaces.
ction comm

vehicle, spe
gh power fo
ost energy d
ry takes the 

h using such 
onboard ba

good shape. 

are using a 
ler. These m

o propel our 
w down the r

d as our mic
4 digital I/O

ithium Polym
n with the m
oller mainly 
curate and l
uetooth. 

Fi

bot will be a
ots out a hor
r robots (Fig
our comput
f the laser li
 If the open

mand signal t

2 

eed is a big 
or a long per
dense batter
crown as th
battery is th

attery monito
 

high-end 1/
motors are h

robot throu
robot.  

crocontrolle
O pins, 6 of 
mer battery 

main comput
because it’s

lower power

igure 2: Arduino

a wireless w
rizontal line
gure 4). The 
ter via radio
ne. From th

n space is wi
to the contro

design goal
riod of time
ry available 
he ideal batt
hat they can
oring hardw

/10 scale RC
igh in powe

ugh the racet

er for the rob
which can b
connection

ter which is 
s designed f
r consumpti

o Fio 

webcam. A l
(Figure 3). 
webcam w

o wave. The 
he image, pla
ider than ou
oller.  

l. To gain sp
, we need lo
on the mark

tery for our 
n explode if 
ware and sof

C car brushl
er density an
track. We w

bot (Figure 
be used as P

n and an XB
used for im

for wireless 
ion wireless

 

laser pointer
The laser b
ill capture th
computer w

aces withou
ur robot widt

peed, we nee
ots of energy
ket. At 180W
applications

f mishandled
ftware to ma

less DC mot
nd have high

will also use 

2). It runs a
PWM outpu
ee wireless 

mage process
application

s solution 

r will be pla
beam is proj
he image, a

will process 
ut laser lines
th, the comp

ed 
y. 
Wh/kg, 
s. 
d, 
ake 

tor 
h 
the 

at 
uts for 

sing. 
ns. 

aced 
ected 

and 
the 

s are 
puter 



 

We 
cons
dete
the m
direc

Sinc
the b
varia
up b

We 
dista

5. A
The 
conn
The 
is se
show

will put a d
stantly read,
ection for dir
microcontro
ction. 

ce a black ta
bottom of th
able. When 

by 1.After fi

will place tw
ance with ot

Algorithm
video signa

nected to a f
video is the

ent back to t
wn in Figure

digital comp
, and the da
rection. How
oller will use

ape will be p
he car to det
there is a p

inishing the 

wo IR senso
ther objects 

m	
al is transmi
frame grabb
en processed
the robot via
e 5. 

C

Fig

Figure 4: Befo

ass on our r
ta will be st
wever, if ou
e the previo

placed as th
tect the blac
ositive read
required nu

ors on the si
 too short, w

itted from th
ber that conv
d in MATLA
a Xbee on th

ar 

wall

3 

gure 3: Triangul

ore and After Im

robot. Durin
tored in regi
ur robot got 
ous direction

e finishing l
ck tape. In o
ding from th
umber of loo

ide of the ro
we will send

he camera to
verts the cam
AB on the m
he Arduino 

lation 

mage Processin

ng the race, t
isters. The i
hit or had a

n data as ref

line. A colo
our program
he colour sen
ops, the rob

obot as a blin
d an interrup

o an AM rad
mera analog
main compu
microproce

 

ng 

the digital c
mage signa

a sudden cha
ference and 

our sensor w
m, there will b

nsor, the loo
ot will stop 

nd spot che
pt to our ma

dio receiver
g signal to d
uter. The con
essor. The fl

 

compass wil
l will be our
ange in direc
adjust the 

will be placed
be a loop co

op count wil
automatica

cker. If the 
ain program

r which is 
digital at 30f
ntrol signal 
low chart is 

ll be 
r main 
ction, 

d on 
ount 
ll add 

ally.  

.  

fps. 
then 



 

The 
are c

software al
controlled a

lgorithm fol
according to

Figur

llows the log
o the image p

Figure

4 

re 5: System Alg

gic shown in
processing s

e 6: Software A

gorithm 

n Figure 6. 
signals. 

Algorithm 

The servo a

 

and DC mot

 

tors 



 

6. C
The 

IR

Lith

D

7. T
Our 
elec
Mac
Duri
by a
up a
rese
Eac
Othe
mem
have
 
 

Cost	
budget analy

Item 

Microcontr

IR rangefi

R reflection

hium Polym

Wireless ca

Laser poi

ServoMo

DC brushless

Rotary enc

Xbee wire

Team	Or
team consi

ctrical and co
cLean. To e
ing each me

an open disc
and address
earch docum
h member i
er responsib
mber’s intere
e been assi

ysis is outline

Q

roller 

inder 

n sensor 

mer battery 

amera 

inter 

otor 

s Motor 

coder 

eless 

ganizatio
ists of three
omputer en
nsure conci
eeting, an o
cussion of th
sed, and the
ments are of
s responsib
bilities and t
ests and str
gned to eac

 

ed in the cha

Quantity

1 

3 

1 

2 

1 

2 

1 

1 

2 

1 

on	
e third-year s

gineering p
ise commun

oral progress
he overall s
e team sche
ften sent via

ble for resea
tasks were 
rengths. He
ch of the fou

5 

rt below. 

Price

$25.00

$15.00

$4.00

$30.00

$40.00

$15.00

$15.00

$80.00

$4.00

$60.00

Total 

students an
program: Ric
nication, ou
s update is 

standing of t
edule is revi
a email.  
arching and 
discussed a
re is a tenta
ur team mem

 
 

$

$

$

$

$

$

$

$

$

nd one fourth
cky Gu, Jam
r team mee
given by ea
the project. 
ewed and re

building on
and agreed 
ative list of i
mbers:  

Total

$25.00 

$45.00 

$4.00 

$60.00 

$40.00 

$30.00 

$15.00 

$80.00 

$8.00 

$60.00 

367.00 

h-year stude
mes Li, Tony
ets every Tu
ach member
All the conc
evised. Betw

e compone
upon based
ndividual re

 

ent in the 
y Lin, Alliste
esday and 
r. This is fol
cerns are br
ween meeti

ent of the pro
d on each 

esponsibilitie

er 
Friday. 
lowed 

rought 
ings, 

oject. 

es that 

 



 



 


 


 


8. G
Figu
proj

9. C
We b

capa

sens

symb

 Ricky G
met and
concern
research

 James L
image p

 Tony Lin
image p

 Allister M
color se

Gantt	Cha
ure 7 is Gan
ect. 

Conclusio
believe the R

able of gener

sors. Using a 

bol on the tr

Gu, the team
d all the mem
ns from othe
hing and bu

Li is in charg
processing.  

n is in charg
processing. 

MacLean is 
ensor. 

art	
ntt chart that

on	
Robot Race p

rating more a

digital comp

ack.  

m leader, is i
mbers are d
er members 
uilding the m

ge of resear
 

ge of resear

responsible

t illustrates t

Fi

project is a va

accurate data

pass to track t

6 

n charge of
doing their s

in the team
mechanical c

rching and w

rching and i

e for related

the tasks an

igure 7: Gantt C

aluable learn

a than using 

the correct d

f making sur
share of wor
m. In addition
component 

writing the r

mplementin

d work with 

nd the expec

Chart 

ing experien

only Infrared

direction elim

re that all th
rk. He will a
n, he is resp
of the robot

robot contro

ng the Infrar

the microco

ted complet

ce. Our prop

d sensors and

minates the n

he deadlines
lso address
ponsible for
t.  

ol software a

red sensors 

ontroller and

tion dates fo

posed solutio

d ultrasonic 

need to ident

s are 
s any 
r 

and 

and 

d the 

or our 

 

on is 

tify the 


