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Abstract

In real life, the robotic is design in such a way that it can helps to assists and
entertain in human daily life, for example robotic vacuum is designed for daily
household cleaning, robotic pets designed to entertain human within a safety manner,
robotichand or leg for disable designed for helping disable to back to normal life and
etc. Robotic also used in medical purpose especially in surgery and physical therapy.
For surgery purpose, the robotic is used to assist surgeon to do a very details level,
speific and difficult surgery by using remote surgery hand and the wound area will
be even smaller compare with using normal hand while doing the surgery. While for
physical therapy, patient is assists by robotic to do some rehabilitation exercise. One
of the famous used in physical therapy robotic namely interactive motion technologies

robotic.

As mention in above task are operating in safe environment and condition
rather. However, a dangerous task in unsafe environment may bring harm to a human
body or may cause harm to public. In this case, a robot helper is needed to assists
human to complete the dangerous task, for example bomb disposal robot, resgue robot

fire detection roboand etc.

Thus, we propose to develop a low cost mobile rpbototypeto perform
somedangerous task. Throughout this project, a mobile rol#vslopedandis able
to alert user when detecting a fifEhe robot consists of a 4 wheels platform it
robotic handstructureattached to it. Videcamera is used for videstreamingso that
canperformsfire detection and alert user when detecting a Tirerobotc car
movementis controlled byjoystick wirelessly and the robotic hand can be controlled

using wirdess hand glove
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Chapter 1  Introduction

Chapter 1  Introduction

1.1 Problem Statement

Currently, commercialize robot are mainly for safe task that is not include in
any destruction crisis and may not bring harm to the rebath can be consider as
not designed for being destroy. We may need to think of the dangerous task is always
bring destruction and the robot may only use for once. However, currently the
production cost of a robot that designed purposely for dangerdusstasry
expensive, thus, it is not appropriate to be considering as using for one time only.
Besides that, a robot for dangerous must be designed with time sensitive manner,
which means that it should be more timely precise in doing a task and it seould
task specific. As a conclusion, there is very high demand in producing a robot that is

low production cost and perform a dangerous task in time sensitive manner.

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 1



Chapter 1  Introduction

1.2  Background and motivation

The technologies in industry are glowing sharply in this recent two decade. As
glowing day by day, more and more electronic products developed are more advanced
than the olden day. At the same time, the robotic industry is demand and desire to
producearbot thatodés able to catch up with tec
produced more and more robots that are useful to the public, especially for the high
risk work task. Due to technologies are getting higher, the development fees also
increase with it. Thyghe robots that produced that equipped with high technologies
are getting higher in price.

In this project, a mobile robot designed to perform the dangerous task will be
discussed. Dangerous task refers to any task that may bring harm to human body

while human try to solving the task.

However, to produce a mobile robot for dangerous task, it should be low price
in development fee and with high technologies integrated. If it is consider as
manufactured for one time purpose or one time use, tiskouid be as low cost in
production fee as well. However, currently commercialize robatie very expensive

and consumers are unaffordable to buy a single of it.

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 2



Chapter 1  Introduction

1.3  Project Objective

In this project, the objective is to design, implement auittita low cost
mobile robot for dangerous task. There are severabbjdzrtives need to accomplish

in order to successfully achieve our target which are as below:
1. Define, design and construct the structure of the robot

2. Define the grasping mechanism oé ttobot hand

3. Define the moving mechanism of the rabatar
4, Define the control mechanism of the remote controlling formbeile robot
5. Construct the RF remote controlling for the robot

By the end ofhis project,a mobile robotith handis developed and can be
controlby joystick and sensor glove wirelessiyne mobile robot is able wapture
the environmentideousingcameramounted on top of the mobile robot asehdit
back to user 0.aninageprooegsingbasére: Hetestisnhpplication
will be developedising the videoeceivedirom the camera.

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 3



Chapter 2  Literature Review

Chapter 2  Literature Review
2-1  Robotic Car

A research othree omnidirectional wheels mobile robfi] has been done
The physicaktructure consistsf 3 wheelsandthewheek arecoupledwith one motor
eachandaretie to a singleeenter Since all thevheels coupled with ntor are tie to a
single centereach wheelill have 120 degredistance witltheother 2 wheels,
assume that the length efd to endrom wheel to motor areame among 3 wheels, it

is forming a equilateral triangle as shown in below diagram.

Wheel

1200~ 1200

120°

Wheel Wheel

Figure 2-1-1: Omni-directional r obotic car conceptual view

To control anovement to aesire directionthree wheed arerotate with
specificvelocityin orderto allow the mobile robot towards the direction wanted
From the researghaperwi t h an exampl e t he ndegoee !l e
directionandthe following diagram shows the graphical descriptionasftrd the

velocity of each wheeh orderfor the mobile robot moving tdegreedirection.

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 4
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Chapter 2  Literature Review

Figure 2-1-2: Graphical view of robotic car motion

The green linshownin the diagramaboveindicate thdength of velocity, the
longer line thehigher velocity while the shorter linthe lower velocityWith 3
motor denoted asaFFs and kc and velocity as linear velocitf the robot following

formula shows howesearcheidentify the length of velocity of each wheel.

F A= velocity t cos(1501 DesiredDirection
F B= velocity t cos (307 DesiredDirection
F C= velocity t cos (2701 DesiredDirection

From this research, a series of calculation need to be taken out &@jare
the developmerdnd thus, it is not versuitable for a short period of development

time aswe planto do san this project.

Another type of locomotion based has been coméhatiisby using 2 wheels
[2]. The robot is able to perform sddalancingevenwith only 2 wheelsFollowing

diagram shows tharchitecture view of the robot design by the researcher

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 5
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NXT
Microprocessor

|| Motor + Gyro & Motor +
Encoder Accelerometer Encoder

- \ Wheels /-

Figure 2-1-3: Architecture view of 2 wheelsself-balancing car

Based on thdiagram, we can investigatieat extra hardware component are
needed by researehto perform balancing for the robot which gygoscope and
accelerometei-urthermorethis design requireomecomplexmathematic proven
before any of the development, includiegque applied to the D@&otors motion of
the wheelsthe static frictioml force producedvhenthe wheelsontactwith the

surfacefor therobot drives on and etc.

A research onabotwith six-wheelshas been come out by Viboon
Sangveraphunsiri and Mongkol Thianwibd@h. This robot consists of six wheels as
locomotion basedith each side of three wheelghe steering mechanism, which is
the way the robot turn directisis by putting4 steering jointn the rear and front
wheels Following diagram shows the mechanical viefithesix-wheelmobile robot

developed by theesearche.

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 6



Chapter 2  Literature Review

Bogie Wheel

Figure 2-1-4: Mechanical view of the sixwheel mobile robot

An exclusive view of this design is that it is equipped with suspension in
which to allowone wheel of the robot can be lifted vertically while other wheels
remain in contact witthe groundThis is very useful whemobile robotrun through
anextreme surface arefar example climbing up a slope, traversing over a ditch,
traversingover obstacleslimbing upstairs and etc. Following diagrams show the

view onhow the six-wheelrobot performsuch action as stated.

Figure 2-1-5: Six-wheel mobilerobot climbs up a slope

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 7



Chapter 2  Literature Review

Figure 2-1-6: Six-wheel mobile robot raversing over a ditch

rocker

Figure 2-1-7: Six-wheel mobile robot dimb s upstairs

However this desjn requires extra cofir heavycomponentsiseandextra
time to do the developmesincemajority of the time wasted in construction of the
robot Furthermore, thevheels in the middle seewasting resources sintieere is
nothing more than using it for balance the rolben traversing an uneven surface
Therefore, we proposed that using foureels as our locomotion basedshortenour

developmentime andmoresaving cost.

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 8



Chapter 2  Literature Review

2.2 Robotic Hand

For arobotic hand wittmultiple fingers, basicallythe actuationstructureof
the fingers can be classified intaypes, the underactuatedwustture and fully
actuatedFor underactuatedtructure the design uset coupledmore than on®OF
of the finger associate to a singletuator while fully actuated structuefineto
associate one degree of freedom to one actuator. @legeos and confor each
structure.The underactuated structuresisall in sizesincemount one actuator to
associate several DGHower weight easy tadevelopandlower cost of design since
usinglesser actuatoBut in terms ofaccuracysinceusing lesser actuator to control
more DOFsthe DOFsof the fingerwould be limited For fully actuated structurd,is
benefitthat it canaccurately achievall the DOFs of the finger since using one
actuator to contrabne DOF However,in another side of view, increasing in size,
weight, complexity of controklevelopment timandcost of developmemnould

restrictresearchert do anyfurther development.

For the hand structurdjree fingers robotic har{d] has been developed by
researcherthat can perform a set of challesgaskset by the reseehers. Following

diagram shows the structure of the robotic hand that been developed.

Figure 2-2-1: Structure of three fingers robotic hand

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 9



Chapter 2  Literature Review

There is 1 fingerepresenthe thumb of theobotichand Total of 5 actuatar
usal by this robotic hand wit& used by thumisinceit is afully actuatedstructure
thatconsisting of 2 DOEsL actuatoreachfor second fingerand third fingetto control
the underactuated structure of finger thatsists of 2 DOFs and thesst actuatoused
to control the horizontal distance of the second finger third finhee diagram below

shows the actuation schemiethe three fingers robotic hand discussed.

Actuation Scheme

Underactuated
Fingers
(1 Act. Each)

\

Coupled

Fully Actuated 3 Adduction/
Planar Thumb Abduction
(2 Act.) A 2o (1. Act)

Figure 2-2-2: Actuation scheme of the three fingersobotic hand

Without concern on thiilly actuated structuref the fingersince 2 actuatorareused

to control2 DOFs becauséé¢ contraction and threlaxing degree of the finger is

fully control by the actuator$nsteadwe may concern on the underactuated structure
fingers. The contraction ounderactuatedtructurefingers of therobotic hands done

by pulling a string that tie on eadimgertip. Following diagram shows thgasic

working principle orcontraction of fingepof therobotic hand discussed.

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 10
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iHY Finger Model )

Equivalent simplified four bar model
(tendon held fixed)

Figure 2-2-3: Basic working principle three fingersrobotic hand

To allow fingers relaxing after contracticglasticandflexure material has been put at

the joint ofeachfingeras shown in diagram below.

Figure 2-2-4. Elastic material put in each joint

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 11
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However, this desigof robotic handequiresdeveloper to make the hand on
their own sincegheresearchers are mgj 3D printer to printhe parts of the fingers

then only assemblethe partdo become a robotic hand.

Anotherresearchr also comes out witB fingers robotic hanb] but thehand
structure is differenfrom the previousesearch3 fingers are place and align together
andmounted to a palnit is aunderactueed structuresince the whole fingerre
constructwith only 1 sectiorpartwith no jointbetweereachsection The actual

design view of the robotic hand stated is showdiagram below.

Figure 2-2-5: Actual design view of thehree fingersrobotic hand

Based on the design, it is greatly for holding an obfsey. shape of the
object can be perfdgtheld by the robotic hand. éivever, there is also weakness for

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 12
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this designlt can holdthe objeciperfectly but it cannagraspa very smalbbject
from a flat surfaceFor examplewhen we putiring on the table, this robotic hand
canot act uriadahdyholdjitbeaasigsmall bbgct may easilstuckunder
the palm sideincethe palmis in curveshape

A research on constructing a robotic hédaded on human hand struct{6¢
has beempublishing This design of robotic hand consists of five fingeith each
fingersconsists of 3 jointsThediagrams below shotherobotic handstructure
designed bythe e s e ar ¢ h e r ss bane structuterkich Will e gsed t@
illustrate theroboticfinger structurdater.

Figure 2-2-6: Five fingers robotic hand structure

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 13



Chapter 2  Literature Review

__———— distal interphalangeal (DIP)

proximal interphalangeal (PIP)

metacarpophalangeal (MCP)

=
\

T metacarpophalangeal

interphalangeal

Figure2-2-72 Fi nger 6s bone structure

There are 10 actuators udggthis robotic handEach fingers had a
combination of underactuated and fully actuated struciireunderactuated
structure apply to thirst 2 joints,DIP and PIHoints coupledwhile thefully
structure apply tthe MCP jointsThe following diagranshows theactuation scheme

of therobotic hand stated.

MCP
pip/pip  DC Motor

DC Motor

Coupling

Figure 2-2-8: Fivef i nger s robotic handdés finger act

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 14



Chapter 2  Literature Review

2.3 Robotic Arm

To proceed withrobotic armdesign thereis some studpn thetheory need to
becarriedout firstbefore the development the structure dhe robotic arm.
Kinematic study is the most importance instd@dematic refers t@ study on
describing the motiorThere are Zroups divided by kinematic, which are forward
kinematic and inverse kinematM/ithout concern on thgroven offormulaand
theory, the forward kinematic meatasget the cordinateof an end effector from
given angles of all the joints includedeanwhle, inversekinematic is inopposite It
is define to get angles of all the joints includiexdn a givencoordinateof an end

effector

A robotic arm with 4 DOFs has bedaveloped bytheresearcherfg/] which

consistof 4 motors Following diagram shows the general struciofréhe robotic arm.

wrist motor

v
A
elbow motor " ' —\./}3.__\
[ P T ibf%@ji

f
~J

Figure 2-3-1: General structure of the robotic arm

Theresearchermainly concern on the inverg&amematicanalysis for the robotic arm
theydesign.The researchers able to get #mgleof thewrist motor, elbowmotor,
shoulder motoand thebasemotor of the robotic arm based on a given coordinate
Following diagram shows thparameteused tadefine he robotic arrand the

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 15
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mathematical steps define by the researabierg the parameter shown in the diagram

to get the respective anglesthe motor

'
L

Figure 2-3-2: Angle and parameter of the robotic arm

1) Given (X, y,2) coordinate of end effector.

2) Let base length = a, shoulder length = b, arm length = ¢, gripper length = d, gripper
angle=d and radi al l ength = r.
3) Base angle = tah(y/x)

Hr= w w,e=dxsing),f=dxcoq drp=ri dxcosfl),z€&Z + d - sin(d)

5)g= i o

6) Uy = cos'{[g®+ ( #(6zf16 ) / (2 , % Sbps{fy*+b’-&]Y @x g x B}
7) Shoulder angle £, + , U

8)b ces{[c*+b%g?]/(2x c x b)}

9) Arm angle = 180 b

10)d; = 1801 ( b 2)+d> 21807 (U + 90), = 90-d

11) Wrist angle =1807 ( o+ , €9

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 16
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2.4 Robot Control

Thereis a researchropose using hand gesture to control the robotic vehicle
[8]. The robotic car is able tmovingforward, reverse, leftor right by performng
somehand gestureA 2-axis accelerometer issed to gethe xaxis measurement and
the yaxis measurement of the human hand transmithe data to the robotic car via
RF. Thus, based on theaxis measurement and theyis measuremeiget from the
accelerometeresearchedecidel to usex-axis measuremenmd perform left and right
turn of the robotic car whilesaxis measurementd perform forward and reverse of
therobotic carDiagram below shows tHfell system flowof the progranthat

transformshand gesture into action of the robotic car.

INITIALISE

BRLEAD X AND Y

W

SET REFERANCE A

LEFT HIGHT

Xnew = Xref

Figure 2-4-1: System flow of the hand gesture control program

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 17
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Another research also used the hand gesture to control thg9ptmitthis
time, it is controlling the robotic arnfor the robotic arm part, total of 6 servos is
used to construct with 4 servos useaontrol each joints, 1 serused tocontrol the
rotationof the full robotic arm and servoused tocontrol thegripper The following

diagramsshow the mechanicalew of the robotic arm assembles in this research.

Figure 2-4-2: Robotic arm servo alignment front view

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 18



Chapter 2  Literature Review

Figure 2-4-3: Robotic arm servo alignment side view

In this research, total 3 sensors used by researcher to control the robotic arm, which
are 3axis acceleromete8-axis g/roscopeand flexible bend sensokccelerometer

and gyroscope are used together to control the motion of the robotic arm while the
flexible bend sensor is used fntrolling the gripper of the robotic arm.

A researclof using flexible bend senstw get thefingers motion10] has
beencarrying out. Theresearchers usdhe flexible sensor to measure more than 10
DOFs of the hand and h&olundout therelationshipbetween the joints. Following
equatios showtherelationshipbetween thgoints and therange of bendingegreeof

each joint

1)opd O .pp7 d
2)0°0 peld £ -9100)
3)0°O nho PO90°
4) PO webO 90
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Based on the equatioshown researcher able to get the accurate data of the
fingers motion and process the data into next level by identiifeekand gesture
Foll owi ng di agr am amlcationdevetopmentby usisgahadata h er 0 s
getfrom the flexible bend sensor.

= © =

Viewpoints  Navigation  Rendering  Simulabon  Recording  Help > Yew Pictwe Tools Help
cdP Ao da MR A L. W ishoncuts.. il ;4% Za LZEdRPicures. 18 AvtoComect

jid 2.3

'

' Finger Spelling
anrnnnese
EVIEINWENAY

2ialdlgldleled

~

blge Bk
AEIEIEIE

Sensor #2

Sensor #1

Figure 2-4-5: Result of hand gesture control
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2.5 Fire Detection

A research oimage processingasedire detectio11] using RGB and
YCbCr color space has beaarryingout. Thealgorithm used is based onlor
detectiorrather than motion detecti@nd edge detectiofollowing diagram shows
the system flow developed by thesearcher.

| Gainthe input RGB image

|

| Rule (1) - {2)

l

-
e — No

lvm

| RGEB-to- YCbCr I

l

| Rule {3)- {7} l

1

_— —_—
_— . . —— nNo
- Fire region? — -l
— -
— —
— —

lYes

I Fire region segmentad |

|

[ Fire Alarm J

Figure 2-5-1: RGB and YCbCr color space fire detection system flow

Foranormal color imageit is in RGB color space witB-bit valuein each layer
represent the intensity of the pixel from the range of 0 to R&5YCrCb color space,
Y represent the luminance of the ima@é, represent the chrominance blue wkite
represent the chrominance red of the imdgeconvert to YCbCr color space,

following shows the equatiaof the respective conversion.

Y 0.2568 05041 0.0979 | [R| | 16
Cb|={-0.1482 -02910 04392 ||G|+|128
Cr 04392 -03678 -0.0714{|B| [128
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Theresearcher has comest with a set of rules that caescuratelydetect the color of

the flame Following shows the rules that define by the researchers.

1if R(x.y)>Gx.y) >B(x,y)
0. otherwise

R,(X.¥) _{

)= {l.if(R(x y)=190)N (G(x.y)> 100)n(B(x. y)< 140

R Xy
2 3 0.otherwise
------- 2)
R (x.y) Lif Y(x,y) = Cb(x, y)
X,y)=
3 0, otherwise
—--(3)
R,(x.y) [Lif Cr(x.y)>Cb(x. y)
X_!\f =
A 1 0, otherwise
T — )

Lif (Y. V)2 Y ean® V) N (CbE, ¥) < Cbp o X, ¥))

A (1%, 1) 2 Clyggrfx. )

Rs(x,y)=
0, otherwise " (5)
1,if X y)-Cr(x.y)=Th
Rg(x,y)= Cot .‘) (xv)=
0, otherwise
- - (6)
Lif (Cb(x, v)=120) (Cr(x,y)=150)
R, (x,y)= .
0, otherwise
—(7)

For the rule 5, extra calculations are needed, whichacealatingthe mean of Y, Cb

and also Ch. Tharmulas for respective calculations are shown in below.

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 22



Chapter 2  Literature Review

1 ¥ § T
> > Ny
™M = 1T e o L 6OY)

el el

Yinean(X.¥) =

mean

M W
ST T Ch(x v)

Cb L V)= o -
mean( ¥) =T =

1 M T
C-rrnean(};- V)= ™o I ZZCI(}Z )

Ml Wl

Note that, all the rules applied are in spatial domadith a series of rules applied,
flame can be accurately extracted out from the original irmageesearcher
concludeghat it canachieved9% of flame detection rate.idyram below shows ¢h
resultof the algorithm developed by researcher.

Figure 2-5-2: Output result. a) Original image, b) Output image

However,since therarea lot of rules applied to detect the flame, and thus the

complexity of the program and the execution time of the application processing time
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alsoincreaseln order to overcome thgrocessing tim@roblem,parallel computing
would helpto increase thperformance of the application kihie number of CPU

coreswill be anamotherissue.

Another researcher using color detectiomnletect the flamgL2] has been
carryingout. For color space usedhe researcher using HSV and YCbCr color space
to detect thélame HSV color space contain tispatial domainnformation of the
image with H represent the hue of the im&gegpresent the saturation of the image
and V represent the intensity of the imagellowing equationshows the rules define
by researcher.

if ((0.02 < H(x,y) < 0.30) and
(0.20 <S(x,y) <1.00)and
(0.98 < V(x,y) <1.00)and

flx,y)=+ (Y(x,y) >= Ymean)and

(Cb(x, y) <= Cb mean) and

(Cr(x,y) >=Cr mean))

__f ) otherwise

After developed the applicationtbie algorithm, researcher conclude that the
final resultof this algorithm achiev80.73% accuracyon fire image and 98.13% on
nortfire image. However, in the sense of accurdicis rather low compare with the

previous research that discusséth accuracyateachieve 99%.
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Chapter 3  Hardware Development
3.1  Microcontroller and development board

In this project, dsPIC3G13 microcontrollers used athe controlling and
processing unit of the robdthis microcontroller isnanufactured by Microchip Inc.
It is a RISC ISAdesignCPUwith a total of 84nstructionsand t is a 16bit
microcontroller with each instruction of 23t wide. Following tableshowsthe basic
specification of thelsPIC30F40138nicrocontroller.

Device dsPIC30F4013

Pins 40

Operating Voltage 2.5V ~ 5.5V

Program Memory 24 kbytes (16k instructios)
Timer 5

PWM 4

ADC channel / resolution 13/ 12bit
Communication interface 2 XUART, 12C, SPI

Table 3-1-1: Specification of dsPIC30F4013 microcontroller

For ease of developmenihe SKds40A developmehbard is usedrhis
development board is designed and manufactured by Cytron Techn@dgi&hd
andit is supportfor dsPIC30F3011, dsPIC30F4011, dsPIC30F3014 and
dsPIC30F4013nicrocontroller.Following diagranmshows théoardlayoutof the
SKds40A development boaeshd the table shows the layout dgstton of the
development board
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Figure 3-1-1: Layout view of the SKds40A development board

Function

|—
D
o
@

DC power adaptor socket

Power indicator LED

Toggle Switch for power supply

Connector for UICO0B Programmer

ICSP Selector

Programmable LEDs

UART Power

I ¢ T m| O O W >

UART Connector

Tx Selector
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Rx Selector

Programmable Push Button

Turn pin for external crystal oscillator

Reset button

LCD contrast

JP5 for LCD Backlight

Header pin and turn pin

40 pin IC socketor microcontroller

O T O Z Z| | X <

Pads for 2x16 Parallel LCD

Table 3-1-2: SKds40A development board layout description
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3.2 Robotic car

In this projectrobotic car consists of 4 wheels is choose as the moving based
for the mobile robot. Each wheel is control by a dc motor to rotate clockwise -or anti
clockwise.Thebasi ¢ circuitry for each dc motor 0:¢

on H-bridge method in which is shown below.

T

AT L R — [ - SaITE
i .‘; f H - "1""|' l / 7

EWITEM SWITCH SNTTCH SWITCH
s Fo e | B
MOTOR NOT l N
L ALNNING l CLOCKWISE

— DIRECTION

= +

Figure 3-2-1: H-bridge working principle

=

Current
Florw

AWITG
a ](H / ! SWITCH

.-awgr.ﬁ + D/‘ » SWQ'CH

GOUNTER
CLOCKWISE
DIRECTION

"'T'

Figure 3-2-2: H-bridge working principle
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With refers to diagram above, when all 4 switcbkthe Hbridgeare operor
close the dc motor is not running and hence the richazrwill not moving forward
or backward. When switch 1 and 4 is closed, the dc motor rotates in clockwise
direction. When switch 2 and 3 is closed, the dc motor rotatesimer clockwise.

For this project, a L298N motor driver module is used. This module consists
of dualH-bridge circuitry intgrated inside chipnd5V regulated output voltagsith
maximum outputurrentupto 2A. Using 2 Hbridge circuit instead of 4 to control the
robotic car is more than enougimceit can significant reducky halfthe GPIO pinof
the microcontroller from 1Rinsconsists oB pinsto 4 H-bridgeand 4 pindor PWM
controlto 6 pinsconsists o#4 pinsto 2 H-bridge and 2 pins for PWM contrdlhe
PWM control will be discuss in section 4Besides that, from the mechanical view,
the front wheel and rear wheel of either left side or right, suthen moving towards a
direction,bothsides of dc motoare exactly moving for the same directidinus, for
4 wheels robotic car, instead using 4bkdge cicuit to control, it is better to
implement it with 2 Hbridge circuit with each Hbridge control for each side, either
left or right. Therefore, L298N motor driver module is very suitable for the robotic car
of this project.

Next, with implementing Horidge for eaclside either left of rightthe roboic
carcan now moving forwardsr backwardswith left side motor rotate clockwise and
right side motor rotate antlockwise orvice versawhich means left and right side
rotating directioralways counter with each othétext, in order for the robotic car to
turn either left or right, followindigures show the bashysical mechanisrtat
allow the robotic car tdo so.
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Turn right Turn left
Forward Forward
i OO - -] oc 9 y o (=] Y
oo f'e] 000 L= -] Dco
Wheel 1 00 oo O Wheel3 Wheel 1 0°° .. 04 Wheel3
° H |;| s ° H |;| H °
o o
Wheel2 o, T 69° Wheel4  Wheel2 %, T  go° Wheel4
°00° oo go° / L 0000 © oo o°°o /
Backward Backward

Figure 3-2-3: Robotic car working direction

From theabovediagram, to turn right, wheel 1 and wheel 2 dc motor are
selected to rotate forward meanwhile wheel 3 and wheel 4 dc motor rotate backward.
Whereas to turn left, wheel 3 and wheel 4 dc motor are selected to rotate forward and

whee 1 and wheel 2 dc motor rotate backward.

In mechanical viewthe robotic car imow able to move in 4 directions, i.e.
forward, reverse, left and right. In order to make the rolwatienoreflexible to

control, t should be designitt 8 directionsmoving i.e. forward, reverse, left, right,

forward-left, forwardright, reversdeft and reverseight. Theexisting mechanical

partof the robotic cars completelysatisfiedfor all 8 directiors anddiagram below

shows how the basic concept for théotic car to move to all 8 directions.
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Moving
—_— — — Sop

Figure 3-2-4: Robotic car 8-direction moving

Sincehardware part had satisfy the concep8 diirection moving, the
implementatiorremainingcan only bedone by using software control in which will
bediscussedn section 4.3With the concept being discussed in this section,
following diagram show the circuit connection for the robotic car with the

microcontroller.
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dsPIC30F4013 , cc
1M D
1 kMCLR AV DD 48 E M A OuT4
2, 4 ME S RED AN EE a3 + EMNE ouT3
3 M1 REBEL ANT SRED ET) IM1 QuT2
P M2 S REZ AMNIG/RBELA a7 e InZ auT1
= M2 SREZ AN11 S REBELI 3g Iz
& M4 S EBE4 AMNIZ/RBLZ2 ag In4
e W MS S RBS oCl /RDO a4
Y 1 ME SRBS DCZ o sRD 33
4 W INF A RET W DD a2
L@, MBS REZ WEER 31
31 [5]0] RF@ a8
Lz, =5 FF1 20
(W =01 LIZREXHFE 4 el
L4, SCZ2/RCLS L2THARFS 27
15, TATX/RI13 UIRX/SDRI1ARFZ 26
L5, TARX/7RC14 U1 TXA8DO1 /RFI 25
17, INTE RALL ECK1 “HFE 24
£ INTZ/RO% INT1/RDE 23
14 C4 /ROI OC3sRD2 232
28, == VDD 21

Figure 3-2-5: Schematic view of pbotic car

From the circuit diagram, we can conclude that the robotic car ee\davi

signal and 45PI0O in order to fully functional as discussed.
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33 Robotic hand

One of the interesting parf this project is that its equipped with one
robotic hand The robotichand in this project is humdike hand, in which consists of
five fingers and can perforactionalmo st | i ke a n aAcooadingthh u mand s
our analysisusing human hantike robotichand takesdvantage in holdingr grasps
the objecimore tightly ancperfectfit compare to other pattern of robotic hamtie

generabktructureofe ach r obot i ¢ dhavniddiagransbelonger i s as

Figure3-3-1: St ructure of rbatoroviewc handos finger

Figure 3-3-2:Struct ur e of r obddpview handds finger

From thediagramsabove, the robotic fingeemremade umpf metal, and thus it
is more durabléo useandmorestrengthwhenhold an objectFor normal human
fingers fingers other than thumb ha@goints, i.e.distal interphalangeal joint (DIP),
proximal interphalangeal joint (PIP), metacarpophalangeal (MCP). The thumb has
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only 2joints, whichareinterphalangeal joint (IPAnd metacarpophalangeal (MCP).

Following diagrams show the human fingers bonecstime.

— . distal interphalangeal (DIP)

proximal interphalangeal (PIP)

metacarpophalangeal (MCP)

=
\

T metacarpophalangeal

interphalangeal

Figure 3-3-3: Bone structure of thumb

Distal ] » a

Interphalangeal
Joints

Proximal
Interphalangeal
Joints

Metacarpophalangeal
Joints

Figure 3-3-4: Bone structure of other fingers
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With eachjoint represenasonebending section or degree of freedatithe
metal fingers except thumb can lbendinginto 3 sectionswhile thethumb caronly
bend into Zectionswhich is similar as theormal human fingersdowever, br the
case of metal thumb fingesnly 2 bending section limit the thumb to hold or even
grasp for an object. Thus,is purposely to desigiihe metalthumbwith 3 bending
section.Following diagram shows the fullland structure bgombine all 5 metal

fingers and connect it with a metal palm

Figure 3-3-5: Robotic hand assembly view

Another thing that we can investigate from the diagram ababatshere are
5 servognountto themetalpalm. The mainusages of the servos dcecontrol the
bending degree of the fingehe more theservo turngrom the originalposition, the
tighterthe finger islnitially, the fingerscontrol byservois designsuch thaa cable

tied top endpartis tie to the fingertips while another endieson the servo
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Figure3-3-6: Robot i c smigahappioachf i nger

The main problem for this design is thaten all the fingers are bending and
wanted to grasp an object, it is less stremgtienholding the object. Furthermore, the
maximum load for a robotic hand is reduce, i.e. each servo isceslpport a

maximum torque of 2kg/cm and thatluewill be reduceif usingthe initial design

Thus, the second approach has been comesaubur second approache
hadmake the cable tie act as a spriagthe robotic fingesince the cable tie is elastic
and adding fishing strings to pull by servo motor wontrol the bending degres
whichit is for fingerés contracting purposé&headvantagef this design is thatthen
grasps or hold an objedt,js much stroger than the initial desigfhe robotic fingers
bending moranarrow than before and able tofully usethe maximum torque of the
servo. The fishing string used is ablehtd up to25 Ibs. and hus, it isable strong
hold the position for the roboticigers.Following diagram shows thgraphical view

of the second approach.
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- . fishing string
fishing string tied here
(@) (@) D ‘
Pulled by servo <—— [ O PR e
cable tie
Figure 3-3-7 : Robotic handdés fingers second app

However, there is disadvantage for this desighheadvantage of this design
benefitsfor fingers contracting but in contrast, it véeak when the fingetfip backto
relax positionSince the cable tie is used as the spring for the robotic findigy to
back to original positiont is rather depends on the elasticity of the cablé/Xieenit
became frequently t he cabl e ti e gowdkerandihusitiper f or m:

unable to perform finger relaxing well.

Therefore, the third approach which is the final approach come$hauthird
approach is success bgding another fishing strgnto the back of the cable tik
meanghatthere exist 4ayersfor the robotic fingersvhich are fishing stringobotic
finger, cable tie and fishing stringhe graphical description of the design of our third

approachs isshown in the next diagram

Robot finger Cable tie

Fishing string
Robot finger
‘/C‘abletle
outer inner
Hshing string
Pull here to Pull here to
Pull here to ¢ contract relax Pull here to
relax l contract

Figure 3-3-8: Robotichanddés fingers final approach
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In order to perform relaxing and contracting of the robotic fingers well,
anotherend of both fishing strirgthat will tie on the servanotor are tie in opposite
direction. It means that when first fishing strisgoull toward 180 degre®f the servo
thesecond fishing string will be in @egree of the servo motor wice versa in which

both strings are always different for 180 degree.

With realizingall the mechanism into the robotic hand, the remaining part is
thatthe software control part whichtig program the PWM in order to control the
servomotorto rotate and pulled tHeshing string tie on eactingers so that can bend

to wanted degree.

e (i 7805
] ] LI
servo
—
dsPIC30F4013 :
1 e MCLR ANDD ‘n r
z |5 i REd ANSS a8
N bl FRB1L AMTCRBET au
4, I HZ ARB2 AMID-FREL1QA ar SErvVo
5 bk FRE A AM11/RELL 36 )
., i rld AR AM1E /RBELZ aa —H
T b PE A RES ool RO Ge
. e A RBES oLz R0 i3
s i1l 7 FRET YO0 a2 r
16, aMESREA was[ gy
11 oo RFQ an
13, WS FRFEL1] s
1, PECL UZRX/RF4[ e servo
14, hEC2 RCLE Lz TxsRFS T T—
1%, L1 aT® RC1% ULRXAERDI1ARF2 16 3
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H
servo

Figure 3-3-9: Schematic view of robotic carobotic hand
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3.4 Robotic arm

With the complete robotic hand constructed, next is to construct a robotic arm
as to usdt to connect with robotic hand aradtachthe whole parto the robotic car
unit. By connecting robotic hand and grthefinal productmayperform some action
like a humarhand and arm action, for example, after grasp an obguitic hands
lift up by robotic arm Following diagram shows the working mechanism of the

robotic arm.

18¢°

120°
Connect to robotic hand

18¢°

180° Mount on robotic car |

Figure 3-4-1: Working mechanism of the robotic arm

From the diagram abovedggree of freedor(DOF) implemenedfor the
robotic arm and thutotal 5servos are used tmnstuctthe robotic arm. The material
usedto construct the robotic arm is acryhoard since itis strong, light and cheap in

price, which is the most suitable material to build a robotic arm.

To control the roboti@rm,the next thing to do isonnectthe roboticarmto
the microcontrollerThe action of the robotic arm is defthby the degree of rotation

of the servo motor. In order tmntrol the degree of rotation of the servo, P\silyhal
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needs tdegeneratd by the microcontrollerApart from this, besides using the PWM
peripherals of the microcontrollansing the timer of the microcontroller and generate
out the PWM signal through GPIO is alstbainable From previous sectiorsjnce
dsPIC30F4013 hdastimersintegrated inside cpi by assuminghe TIMERL1 of the
microcantroller is used by system aidMER2 andTIMERS3 areused by PWM

module the robotic car has used 2 PWidtputto controlthe movement of the car

and left 2 more PWM\peripheralsand 2 times to usewhile the robotic hand has used
4 PWM moduleand TIMERA4 to control theservo motor of the robotic hamehdonly

left 1 timerto use To fully utilize the resource instead adding anothere
microcontroller chipit is exadly perfect to fit 4of the servo motors of the robotic

arm to theoboticcabs mi crocontr dl ter t Wkei rebanotchénm

microcontroller.Thecircuit connection will be as following diagram.
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Figure 3-4-2: Schematic view of robotic car robotic arm
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3.5 Sensor glove

To control the robotic hand accurately, using a sensor glove is always a better

choice rather controlling using joystick. There exists many combination of action of
the robotic hand and thus it is rather hard to cover all the combinatiomnigy us
joystick controlling. Using sensor glowan helps to decrease the efiarterns of
identify the hard codeldand gesturéor the robotic hand to perform. To construct the
sensor glove, the flexible bend sensor is used and diagram below shows how the

flexible bend sensors are being placed inside a glove.

Figure 3-5-1: Placing of flexible sensor to hand glove

Next, in order to get the sensor value of the flexible bend sensor, study of
working principle of the flexible benskensor need to be carry out and following

diagram shows how actually the flexible bend sensor is working.

Decreases Resistance

Nominal resistance

Decreases Resistance

Figure 3-5-2: Flexible bend sensoxvorking principle
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With refers to the previous diagram, one thing can be conclude is that the
flexible sensor can be act as a potentiometer. Whenever any tuning, the resistance
val ue wi || be affected. Next, I's to get b
fingers and conveit into electrical signal. To get the resistance value of the flexible
sensors, it must be converting into voltage value since A&ioQuleof the
microcontroller can only read the voltage of a circuit and thus voltage divider circuit
is applied. Followingeircuit diagram shows the voltage divider circuit connection of
the flexible bend sensor.

10k

To ADCof the
microcontroller

/l'

Hexible sensor
L

Figure 3-5-3: Voltage divider circuit connections

With using the voltage divider circuit as above, we may get the accurate value
of resistance when bending to certain degreenaxtl step to do is tdecode the value
get and send it to robotic handds microco
attach to the robotic hand so that to perform the action as perform by the human hand
when dohand gesturesing hand glove. In order to complete the controlling system,
the sensor glove is connected to the microcontroller and following diagram shows the

connection of both components.
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RF @
18K RF 1
flexible sensor RX/RF4
18K l :{'/,%.;.:.
flexible sensor 01 JRF 3
10K “K1 /RF&6 24
flexible sensor 5 T1/R0D8
Lok C3/RD2 22
flexible sensor VY —
10K
flexible sensor

Figure 3-5-4: Schematic view of sensor glove
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3.6  Joystick controller

To control the motion of the robotic car and robotic arm, the jdystic
controller is usedThe joystick shield used originally is design for Arduino UNIGs
mainly plug-andplay for Arduino UNO and no extra circuit need&ar our case,
since thedevelopment board and microcontroller 8i€ds40A and dsPIC30F4013
respectively instead of Arduino UNO wikirmega328P microcontroller insideo
plug-andplay for the development board of this project artta circuitryinterfacing
is neededFirst thing to do is to identify the originadterfacing circuit between
Arduino UNO and joysticlshield that meanso find out the pin allocation of the
joystick shield and identify the function of each gimagram below shows ¢h
joystick shieldmoduleand thepin diagramof Arduino UNO interface withoystick
shield

. 0900000 FEEEEREE) “T:Zoi

uoLL‘('X
D
1a 5110 m

T JoyStick Shield Ul '“(

k’t LT

- \

/
/

/

/

Funduino —=me=e -

Figure 3-6-1: Actual view of Arduino joystick shield module
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Y &8

10
11
12

Figure 3-6-2: Pin diagram of Arduino UNO

Thetable below describeke pin function of the joystick shiefdodule

L

Hardware Development

RST
3V3
oV
GND
GND
V IN

AQ
Al
A2
A 3
A 4
AS

Arduino

VREF
GND
D13
D12
D11
D10

D9
D8

D/
D6
D5
D4
D3
D2
TX/Dl1
RX/D0

28
27
26
25
24
23
22
21

|

20
19
18
17
le
15
14
13

KEY

>mOooOomm

Pin Pin Function

X x-axis of the analog joystick

Y y-axis of the analog joystick

A Assert highwhen buttorA is released
Assert low: when buttoA is pressed

B Assert high: when buttoB is released
Assert low: when buttoB is pressed

C Assert high: when butto@ isreleased
Assert low: when butto ispressed

D Assert high: when buttoD is released
Assert low: when buttoB is pressed

E Assert high: when buttoB isreleased
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Assert low: when buttok ispressed

F Assert high: when buttoR isreleased
Assert low: when buttoR ispressed

KEY Assert high: when button of the analog joystickeleased

Assert low: when button of the analog joystpessed

Table 3-6-1: Joystick shield modulefunction description

After identify the pin functiorof the joystick shield moduleve may proceed
to theconnection of the dsPIC30F4013 microcontroller with the joystick shield
module. Warn thathe joystick shield moduleas 2 analogutput pinwhich are X
and Y andooth outputwill needthe ADC of the microcontrolleto handle Following
diagram shows the schematic of the connection of joystick shield module with
dsPIC30F4013 microcontroller.

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 47



Chapter 3  Hardware Development

dsPIC30F4013
1 x MCLR AVDD 40
2 ANG /RBO AVSS 39
3 AN1 /RB1 ANS /RB9 38
4 ANZ /RB2 AN1® /RB1@ 37
5 AN3 /RB3 AN11/7RB11 36
6 AN4 /RB4 AN12/RB12 35
7 ANS /RBS OC1 /RD® 34
8 ANG /RB6 O0C2/RD1 33
9 AN7 /RB7 VDD 32
10 ANB /RBS8 VSS 31
L VDD RF®@ 30
12 VSS RF 1 29
13 0SC1 UZ2RX/RF 4 28
14 OSC2/RC15 UZ2TX/RFS 27
15 U1 ATX/RC13 UIRX/SDI1/RF2 26
16 U1l ARX/RC14 U1TX/SDO1/RF3 25
17 INTO /RAL11 SCK1/RFe6 24
18 INT2/RD9 INT1/RDS8 23
19 OC4 /RD3 OC3/RD2 22
20 VSS VDD 21
Joystick

1 RST VREF 28

2 3V 3 GND 27

3 =A% D13 26

4 GND D12 25

5 GND D11 24

6 V IN D1© 23

D9 22

KEY 21

7 X
g 4

) A ;___Jw

10 A 3 = L2

I A 4 - L

S— =

A 15

IX/D1 14

RX/D@ 13

Figure 3-6-3. Schematicview of joystick controller

After complete the connection according to the schematic as diagram,

next thingis the software handling whiaowill be discuss in section4
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3.7  Wireless module interfacing

Before this sectiorthe robotic hand, arm and car can be only coillydhe
hardcodeal program codéhathasbeehur n i nt o t he microcontro
It can be describe as doing tiaskto a set of rules or it i®lly control by the
mi crocontroll erés program, which is indir-r
is develop by humarkor direct control by human, specifiterface need to be
connected, for exampleiired joystick, Bluetooth joystick, RF joysticksmatphone
with Bluetooth connection or \Aki connectiorcapability, computer with Bluetooth
connection or Wi connection capabilitgnd etcln this project, a wireless joystick
with sensor give is used as controlling unit. Since it is wirelélssreis several
wireless communication protos@llow to do so, for example: Bluetooth, RFID,
ZigBee, WiFi and etcRHD is choosingas the wireless communication protocol for
this project and the chip modulsed is nRF24L0Following diagram shows the
chip diagram of the nRF24L01.

Figure 3-7-1: Pin diagram of nRF24L01
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NRF24L01 transceiver module, which is a RF module that allows the data
transfer to be in full duplemeaning that it can transmit and receilata

simultaneouslyFollowing table shows thepecification of the nRf24L01 module.

Name NRF24L01 transceiver
Mode Transmitter + receiver
Voltage range 19~36V
Frequency 2.4 GHz

Transfer rate Up to 2 Mbps

Duplex mode Full duplex
Communication interface| SPI

Table 3-7-1: Specification ofthe nRf24L01 module

With refers to the table abovie communication interface that used to
connect the nRF24L0&ith the microcontroller is the SPI peripherBhereis 1 SPI
moduleintegratednside the dsPIC30F40Ehdfollowing diagram shows the
connection of the nRF24L01 with the dsPIC30F4013 microcontroller.
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dsPIC30F4013
1 * MCLRE ANDD
z AND SRER AVESE
3 ANT /RE1L AN SREZ
4+ ANZ SREZ ANIB A 7RB1G
5, AMNI/REBI ARNLT LI ZREELL
& ANL SEE4 AMNLZ7EELZ
7. ANS SRES oCl/RD®
8 ANE SREG& DCZ A RDOL
3 ANT SREY wDD
Lo, ANE /RES W33
11, VDD RFE®
12, WSS RFE1
13 0s5C1 UZREX/7HRF4
14 OSC2Z/RC1S U2 THARFS
15, JITATHARC13 UIRX/3DI1/RFZ
Léy, IJ1TARX/-RC14 UITX/3D01/RF3
17 INTD RATL SCK1/7RF&
18 INTZ/7RD9 INT1 A RDE
19 oC4 SRD3 DCIASRDZ
2@ VESS WD

22

E— 5Vto 3.3V
L 39
38
37 n] I
36
35
34
33
32
21
‘QB
29
Z8
27
26
25 1
4
L 23

= I ]

Figure 3-7-2: Schematic view ofnRF24L01 with dsPIC30F4013

The next stepo dois that the softwarkandlings of the data transnamnd

receiveandit will be discussed in sectidi2-2 - Wireless Packet Transmission

Protocol

vco NRF24L01

GMND
CE

CSh
SO
MOS I
MIe0
IRQ

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR

51




Chapter 4  Software Development

Chapter 4  Software Development
4.1  Programming tool and equipment

In this projectthe microcontroller used RIC microcontrolleandit is
develop by Microchip Inc. To ensure developer taly use their product, an IDE
hasintroducedwhich is the MPLAB X IDE. Tis IDE allows developer to write the
program code in C language and compile the code into the machind badbE
supporta variety of microcontroller developed by Microchip Irfmwever, to allow
the C program codeompile into machine code thiatlow the instruction setsf the
microcontroller used in this project which is the dsPIC30F4@&3ratool chairs are
neededo include which are the C30 compiler, ASM30 assembler and Link30 linker.
Following diagram shows th®IPLAB X IDE.

File Edit View Navigate Source Refactor Run Debug Team Tools Window Help

7 B oot 1T B DR R QB oo [novecomsro| Howsor
i @xiFiles [iC.. [:5. |[strtPage @ systemn w|Emanc =] ™=
3 hand |E @ - - EEICE T

& Joystick

@G e W e

10]27 |ms

(f E =l E b e — 7t 7/:;;/?0“:5

Figure 4-1-1: MPLAB X IDE

After compile the codethehex file will be store infuser file]\[project_nameX\dist\
defaultproduction [project_name].X.productioffo burn the hex code to the

microcontroller, a software to@nda hardware tool are needed which Rekit2 and

Bachelor of Information Technology (Hons) Computer Engineering

Faculty of Information and Communication Technology (Perak Campus), UTAR 52



Chapter 4  Software Development

the UICO0OB USBICSPPIC programmerespectivelyFollowing diagram showthe
PICkit2 and the UICOOB programmer.

(B pickit 2 Programmer W @
Fle DevicFomly Progronmer ook Hep <« MenuBar
Mideange Configuration
Devios:  PICIGFEI0 Corfiguatore  (FFF <+——— Device Configuration
UserlDs:  FRFFFFFF
Checkeumc  FFFF (:
- < Status Window
PICKit 2 found and connected, @ MICFIDCHIP

FIC Devica Found,

__ Progress Bar

@ seaii SiinRaNaiIIBERANNINRGERRTNE] - J
fiead | [ wate | [ Verty | [[Erese | [ Blark Crock E i8>0 & Device Voo
Program Memory

[¥] Enatied [Hex_nn!y B Source: [Nore (Emply/Erazed) <+—— Memory Source

000 3FFF SFFF 3FFF 3FFF 3FFF 3IFFF SFFF 3FFF. (&
008 IFFF 3FFF 3FFF IFFF 3FFF IFFF 3FFF 3FFF
010 IFFF 3FFF 3FFF 3FFF 3FFF IFFF 3FFF 3IFFF
018 3FFF SFFF 3FFF 3FFF 3FFF JFFF 3FFF 3FFF
020 3FFF SFFF 3FFF 3FFF 3FFF JFFF SFFF 3FFF
028 3FFT 3FFF 3FFF 3FFF SEQE LFFF IFFF AFFE H’ogram Memory
030 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
038 3FFF 3FFF 3FFF 3FFF 3FFF 3IFFF 3FFF 3FFF
040 3FFF 3FFF 3FFF 3FFF 3IFFF 3IFFF 3FFF 3FFF
048 3FFF SFFF 3FFF 3FFF 3FFF JIFFF 3FFF  3FFF
0s0 3FFF 3FFF 3FFF 3FFF IFFF JIFFF SFFF 3IFFF
058 3FFF 3FFF 3FFF 3FFF 3FFF IFFF SFFF 3IFFF v

G e ko Impatt Hex
Ensbied [HexOrly  |v| +Vite Device

00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 4 ?MDHN?_:‘;
10 FF FF FF FF FF FF FF FF FF Ef FF FF FF FF FF FF sport Hex
20 FF FF FF FF FF FF FF FF FF FF FF FF FF FF §F FF —— — ~ EEPROM Data Memory

30 FF FF FF FF FF FF PP FF FF B¢ PF P eF fr #F 77 v| | PICKit” 2

Figure 4-1-2: PICkit2 programmer application

Figure 4-1-3: UICOOB programmer
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42  System and timer frequencyconfiguration

For this sectionit is importantthat topre-configurethe system setting in order
to turn the microcontrollegoing tolive. First thing to do is by reading the datasheet
written by the manufactureAfter read the datasheet, we need to define the system

frequency. Based on the datasheet, the system frequency can be calculated based on

following table

Oc'.‘ilc': Fosc oy @ MIPS®) MIPS® MIPS® MIPS®)
SN‘f;;e"’ (MHz)(" (usec) wio PLL w PLL x4 wPLL x8 wPLL x16
EC 0.200 20.0 0.05 — — —
4 10 10 40 8.0 16.0
10 04 25 10.0 200 —
25 0.16 250 — = —
XT 4 10 10 40 8.0 16.0
10 04 25 10.0 200 —
Remark: 1) ECrepresent external clock, XT represent external oscillator

2) MIPS represent milliomstructionsper second

Table 4-2-1: dsPIC30F4013 clock frequency table

The system performance is define by how much MIPS that system able to
perform.To calculate th&MIPS of dsPIC30F4013, firstveneed to identify the clock
sourcespeedfor examplewe usedan external oscillator with 10IHz. The 10Mhz is
then divide by 4 and multiply with the prescaler value, for examgle)es prescaler
produce (10MHz 4) x 8 =20Mhz, which meanthat the microcontroller is able 20

MIPS witheach clock cycle time of 50 nanosecands

Since the clock source for the microcontroller used in this project is generated
by external oscillatoand we desire to maximum use for the performance design with
the microcontrollewhich is 20 MIPSIn order to achieve ithe external oscillator we
usal is 10MHz and th@rescalewvalueis set ta8 times Next, to allow such condition
occurs, register8SCneed to be rewrite for every time microcontrofyewer onin
whichthe C program code can handle for gitsation Following diagram shows the

FOSC registeand the table shows the register funct@scription
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FileName | Addr | Bits2346 | Bit15 | Bit14 | Git13 | Bit12 | Bitt | Bit10 | Bit9 | Gt | Git7 | Bit6 | Bitd | Bitd | Bitd |Bit2 | Bit1 | Bit0
FOSC fB000 | - FOKSH<t 02 == = FOS<2te = |=| = FPR4(>

Figure 4-2-1: FOSC register

00 Switching between different sources of the clock is enabled.

Clock monitoring is enabled.

ECKSM 01 Switching between different sources of the clock is enabled.
Clock monitoring is disabled.

1x Switching between different sources of the clock is disabled.

Clock monitoring is disabled.

00 Low power 32kHz internal oscillator (timer 1)

01 Internal fast RC oscillator
FOS

10 Internal low power RC oscillator

11 Primary oscillator selected by FPR

000x | XTL

001x | HS

0100 | XT

0101 | XT PLL 4x

0110 | XT PLL 8x

0111 | XT PLL 16x

1000 | ERCIO- OSC2 pin is I/O
FPR

1001 | ERC- OSC2 pin is system clock output (FOSC/4)

1010 | Reserved

1011 | EC

1100 | ECIO

1101 | EC PLL 4x

1110 | EC PLL 8x

1111 | EC PLL 16x

Table 4-2-2: FOSC register function table
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For our case, in whichs previous stated to achieve the highest performance of
the dsPIC30F4013 microcontroller that is 20 MiRigre the clock source is generate
by the externabscillatorwhich 10 MHz frequencythe FOS is set to 11 and the FPR
is set b 0110.

While for the timerfrequencysetting,l e asfue the timer to set is TIMER2
since all of the timers inside the microcontroller are same in configur&ton.
TIMERZ2, it is consists of 14bit value of the period, which means that it is count from
0 to 65535 and it iable to count fo65536 cycle and then reset back tcadd start
another loop of counErom previous system frequency,ltaak cycle is equivalent to
50 nanosecondsvhich meansfor a full period of TIMERZcount is equivalent to
3.2768 millisecondsHowever,TIMER2 will be used to generate the PWM signal for
the servo motor. The working frequency for the servo motiamisto 50Hz, which
equivalent to 20 millisecond order to fit the TIMER2 with the requirement of the
servo motorthe TIMER2 need to be prescaled another time to make a shtvekr
cycle, warn that sloimg down the TIMER2 clock cycle will not affect to the system
clock cycle timeDiagram below showthe registesetfor configuring the TIMER2

and its functional description

SFR Name | Addr. | Bit15 |Bi114| Bit13|Bit12| Bit 11 ‘Bi110| Bi19| BitE—‘ Bit 7 | Bit 6 | Bit5 | Bit 4 | Bit3 | Bit2 | Bit 1 | Bit 0 Reset State

TMR2 0106 Timer2 Register UULL UL U0 Uui
TMR3HLD | 0108 Timer3 Holding Register (for 32-bit timer operations only) ULLL LU0 US0U Uui
™R3 0104 Timer3 Register ULLL LU0 US0U Uui

PR2 010C Perod Register 2 1111 1111 1111 1111
PR3 010E Parod Registar 3 1111 1111 1111 1111
T2CON 0110 | TON — | T8IDL| — - - - - - TGATE | TCKPS1 | TCKPSO | Ta2 - TC5 - 0000 0000 0000 0000
TICON 0112 | TON — |[TsIDL | — - - - - - TGATE | TCKPS1 | TCKPSO [ — - TCS - 0000 0000 0000 0000

Figure 4-2-2: TIMER2 module register set

Register | Function| Selection | Function
name
TIM2 Store TIMER2 counting value with each count
represent 1 cycle
PR2 Store themaximum value of the TIMER2, TIM2
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will be reset back to 0 after reach PR2

TON 0 Stop the operation of TIMER2 module

1 Start the operation of TIMERZ2 module

0 Continue operation of TIMER2 when in IDLE
TSIDL mode

1 Stop operation of TIMER2 whan IDLE mode

0 Timer gated time accumulation mode disable
TGATE : : :

1 Timer gated time accumulation mode enable

T2CON

00 1:1 prescale value

01 1:8 prescale value
TCKPS

10 1:64 prescale value

11 1:256 prescale value
T32 Reserved for 3bit count(join with TIMER3)
TCS 0 Clock source from internal clock

1 Clock source from external clock from pin T2CK

Table 4-2-3: TIMER2 module register set function table

To meet the requiremerthe TIMER?2 isreconfigure by set the TCKPS to 01,
whichis8system cl ock cycl e r eprOesgneallg,the TI MER2 6 ¢
system clock cycle time is 50 nanosecqondsereby after prescaled for the TIMERZ2,

50 nanoseconds multiply by 8 and 400 nanosecoridsepresent clock cycle time
of the TIMER2.Thus, for a full period count of TIMERZ2, which is 65536 multiply
with 400 nancsecondsis equivalent t®6.2144milli second.
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4.3  Robotic car programming

With refers to section-2, in this section, we will develop a program code that
is able tocontrol the robotic car to movement to desire directhmnstated in section
3.2,atotal of 2 PWM signal ardlGPIO signas need to be generate out from the
dsPIC30F4013 microcontrollefhe first thing to identify is that the speed of the
robotic car, inwhich is define by the rotaticspeed of the dc motofhe PWM
signals generated by the microcontroller can be used to control the rotation speed of
the dc motoin termsof the duty cyat produceBy assuming the dc motor can
perform with aperiodof 200 Hz use TIMER?Z to generate the PWM sigaatl using
the timer setting as discuss in secte?, theformula to calculate thEeR2of the
TIMERZ2 is shown below:

0 wOn Qi QENY p  "YOi ocDEE W yRi1 Qi Goa Qi
wherel) PWM period = 1/200Hz
= 5 milliseconds
2) FOSC =20 MHz

3) System clock =50 nanoseconds

4) TMR2 prescaler = 8

According to the formula above, the calculated PR2 is 12499, wh0D3H
in hex valueNext is to identify the duty cycle which duty cycle will affect the
speed of the dc motofhe duty cycle islefined as the percentage of high logieer
the each period-or examplein the case of 200 Hz periachich is 5 milliseconds per
period if we choose ttnave50% of duty cycle, then the logic high wkiéepfor 2.5
millisecondseach period and another 2.5 milliseconds for logic lovarder to
maximize thespeed othe dc motor, we define 99% as tihaty cycleof the PWM
signal generated and 99% of duty cycle repreaerit2375which is 3057H in hex
value After a serief calculation, now is the time ttevelop thgrogramcode so
thatthe robotic car caperform as stategreviousby set or clear the register value of
theregister file inside the dsPIC30F4013 microcontrofeilowing diagram shows
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the rdated register file that requifer this sectiorand the register function

desciption.

SFR Name | Addi

Bit15‘Bit14‘Bil13 ‘ BiM2|Bitﬁ‘BiMD‘ Bit9 ‘ Bitg | Bit7 | Bit6 ‘ Bit5 | Bit4 ‘ Bit 3 ‘ Bit2 | Bit 1 ‘ Bit0

Reset State

OC1RS 0180

Oufput Compare 1 Secondary Register

0000 0000 0000 0000

OC1R 0182

Output Compare 1 Main Register

0000 0ODO 0000 0000

OC1CON | 0184 —

Jocsil] —

‘ — | — | — ‘ — |OCFLT‘OCTSEL‘ OCM<2:0> 0000 0000 0000 0000

OCZRS 0186

Oufput Compare 2 Secondary Register

0000 0ODO 0000 0000

OCZR 0188

Output Compare 2 Main Register

0000 0ODO 0000 0000

OC2CON | 018A | —

JocsiL] —

‘ — | — | — ‘ — |OCFLT‘ OCTSE‘ OCM<2:0> 0000 0000 0000 0000

OC3RS 018C

Oufput Compare 3 Secondary Register

0000 0000 0000 0000

0C3R 018E

Output Compare 3 Main Register

0000 0000 0000 0000

OC3CON | 0180 =

JocsiL] —

= — [ = [ — Jocrr [ ocrseL | oCM<2:0>

0000 0000 0000 0000

OC4RS 0192

Quiput Compare 4 Secondary Register

0000 0000 0000 0000

OC4R 0194

OQutput Compare 4 Main Register

0000 0000 0000 0000

OCACON | 0196 | —

JocsiL] —

| — ‘ — | OCFLT ‘ OCTSEL ‘ 0CM<2:0> 0000 0000 0000 0000

Figure 4-3-1:

Output compare module register set

Register

Function

name

Selection

Function

OCxRS

Store theduty cycle valug¢ Secondary

OCxR

Store the duty cycle valueMain

OCSIDL

active in IDLE state

inactive in IDLE state

OCFLT

no FAULT occurred

FAULT occurred, hardware reset only

OCTSEL

TIMER2 selected

| O] k|l O | O

TIMERS3 selected

OCxCON

000

Output Compare Module disabled

001

Single compare match mode, pin OCx driven h

010

Single compare match mode, pin OCx driven Ig

011

Single compare match mode, pin OCx toggles

OCM

100

Dual compare match mode, single output pulse
pin OCx

101

Dual compare match mode, sequence of outpu

pulses at pin OCx

110

PWM mode without fault protection input
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111 PWM mode with faulprotection input

x=1,2,3and 4

Table 4-3-1: Output compare module register set function table

With refers to the requirement and the register set of the microcontroéiestetps of

setting the register value are as below:

1)  Set PR2 0x30D3

2) SetOC3CON and OC4CON t@x0006 since the robotic car PWM signal pin
is connected to the OC3 and QO0%0006 is represent 0000 0000 0000 0110
in binary form and isetting the OC3 and OC4 to active in IDLE state, no
FAULT occurred, TIMER?2 as clock sourcandselect PWM mode without
fault protection input

3) Set TCKPS of T2CON discussed in previous section to 01 to indicate 1:8
prescalevalues.

4) Start the TIMER2

In orderto control the directionf the robotic carthe GPIO pin that connected
to the L298Nmustbe set or clear according to direction wantefore assigned any
value to the GPIO registat,must be indicate the direction of the GPIO, either input
or output through the TRISX register, where x = A, B, C, D anthE.related register
file thatrequire by the GPI@ shown in the diagram below.

SFR Name |Addr.| Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | BitS | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 Reset State

TRISA 0260 | — - — — |TRISAM) _ — — — — - - = = = — | 0000 1000 oooo cooo
PORTA 0262| — - — — RA11 - — — — — - - — — — — | 0000 oooo oooo sooo
LATA 02C4| — - — — LATAT - — — — — - - — = = — | 0000 o000 oooo cooo
TRISB 0zcE | _ __ | TRISB12 |TRISB11 | TRISE10 | TRISEO | TRISES | TRISET | TRISEG | TRISBS | TRISB4 | TRISE3 | TRISBZ | TRISE1 | TRISBO | 0001 1111 1111 1111
PORTE  |02C8| _ _ _ RB1Z | RB11 | RBIO | RBS | RBS | RB7 | RB6 | RBS | RB4 | RB3 | RB2 | RB1 | RBO | o000 0000 D0OD 000D
LATB 2CB| _ _ LATB12 | LATB11 | LATB10 | LATBS | LATBB | LATE? | LATB6 | LATES | LATB4 | LATE3 | LATBZ | LATE1 | LATBO | cooo oooo oooo oooo
TRISC 02CC | TRISC15 | TRISC14 | TRISC13 | — = — = = — — — — — — — — [ 1110 oooo oooo cooo

PORTC 02CE| RC15 RC14 RC13 —_ —_ —_ —_ 0000 0000 D000 0000

LATC 0200 | LATC15 | LATC14 | LATC13 = = = = = = = = = = = = = 0000 0000 0000 0000
TRISD 0zD2 —_ —_ —_ —_ —_ —_ TRISDS | TRISD8 —_ —_ —_ —_ TRISD3 | TRISDZ2 | TRISD1 (TRISDO | 0000 0011 0000 1111
PORTD 02D4 —_ —_ —_ —_ —_ —_ RDS RD8 —_ —_ —_ —_ RD3 RD2 ROD1 RDO 0000 0000 D000 0000
LATD 02D6 —_ —_ —_ = = —_ LATDS | LATD8 —_ —_ —_ —_ LATD3 | LATDZ | LATD1 | LATDO | 0000 0000 0000 0000
TRISF 02DE = = = = = = = = = TRISFE | TRISFS | TRISF4 | TRISF3 | TRISFZ | TRISF1 | TRISFO | 0000 0000 0111 1111
PORTF 0ZEO —_ —_ —_ —_ —_ —_ —_ —_ —_ RFE RFS RF4 RF3 RF2 RF1 RFO 0000 0000 D000 0000
LATF 0zE2 —_ —_ —_ —_ —_ —_ —_ —_ —_ LATFE | LATFS | LATF4 | LATF3 | LATFZ | LATF1 | LATFO | 0000 0000 D000 0000

Figure 4-3-2: GPIO module register set
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To be able tanake a pin as output TRISx of the related pin rbestiear or
set toindicate as inpufThe initialvaluesof the TRISXx registers are all set, it is
indicate that all the pins act as input aieeset.To be able to use the related pins to
controlthe direction of the robotic car, which are RB9, RB10, RB11 and RB12 with
latches outputhe registefile corresponohg are TRISB and LATBThe TRISB
register is written witfDx0000 and following table shows tiialue of LATB of each

direction.
- Pin LATB
Direction
RB9 | RB10| RB11 | RB12 value
Forward 0 1 0 1 0x1400
Reverse 1 0 1 0 0x0A00
Left 0 1 1 0 0x0CO00
Right 1 0 0 1 0x1200
Left- Forward | O 0 0 1 0x1000
Right- Forward | O 1 0 0 0x0400
Left- Reverse |0 0 1 0 0x0800
Right- Reverse | 1 0 0 0 0x0200

Table 4-3-2: Direction control codetable

Anotherfeaturecan be implementing that when th& MR2 of TIMER?2
equals to PR2, overflow occurs afMER?2 interrupt flag will be set by the
microcontroller. Althoughthe overflow of TIMER2 will be not affect thegnal
generated in whiciMR2 will be reset back t6x0000 after reach PR2. Biar good
programming practices and to ensureangruntime error happen while
microcontrollerin execution, extra codes need to be added. The extra code is that the
Interrupt Service Routine (ISR) portion of cod@ese portions of code performo
other than clearing the overflow flag of the related tiared start back the timer again.
The flow chartbelow shows therogram flow that hatbleen develogdto handle and
generate the PWM signadith extra ISR handlingor therobotic car.
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Assign PR2
value

Assign OC3RS
and OARS
value

A
Assign
OC3QON and
OCAQON value

Enable TMER2
overflow interrupt,
TRIE=1

v

Qear TIMER2 flag, T2IF=0

v

Set TOKPSof
TIMER2to 1:8
prescale value

v

Sart the
TIMER2

TMRR increase

—  Jumpto IR

Figure 4-3-3: Robotic car PWM signal generation program flow

The directionof movingof the robotic car can be directtpntrol by amend

the LATB registeras stated ithe previougable
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4.4  Robotic hand programming

With proceed with the TIMER configurationtiag as discussed in tisection
4-2, now is to develop the program flow and code for the robotic hand. Before
develop theeode, some basic theory needdarn first that is the working principle of
the servo motor since there are 5 servo mased to control theobotic fingers
bending degred he following diagram shows the basic working theory of a servo

motor in which the timing requirement of the PWM signal generated.

Figure 4-4-1: Servo motor timing requirement

For a servo motor to work, the basic requirement isgbaerated a signal of
20 milliseconds of period with consists of 1 to 2 milliseconds of duty cideever,
note that not every servo motor will had exactly the sduaty cyclerange evenfor
the same brand and model. Due to this reason, every servousetbin this project
needgo havetestingonthe duty cyclegange in order taccurately control on the
rotating degreeTo test for the duty cycle range, the firstmis to develop thesst
code and the test codgll also be reused for theeveloping the actual program code.
By the end ofast section which is section3¥ robotic car programming, we would
beable to generate the PWM signal. However, in order to generate the accurate duty
cycle, a series of calculation needs to be takelowing shows the working steps to
define the duty cycle of the servo motor to perfoassume that the duty cycknge

is from 1to 2 milliseconds.
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