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All questions are based on a differential wheeled mobile robotics system. The system

arcf,itecture and a part of programming code are given in Figure 1 and Appendix I
resPectivelY.

QlThemobilerobotiscontrolledbyPIC18F4550withFosc=l0MHz.Thismobilerobot
needs two SVDC motors to drive left and right wheels that are conholled by using pulse

width modulation (PWM) at microcontroller's ccP pins. Its navigation.depends on two

right analog IR sensors io keep at certain distance to the wall and another IR sensor at

front is used to identifu the obstacles. These sensors use the same power supply as

microcontroller as well as their voltage references. An alphanumeric LcD is connected to

an inpuvoutput (vo) expander of lucp2lxtz. Two buttons have been assigned and

connected to-RB2 and RBj. The related components involved are given in Figure Ql '

(a)Designaschematicofcircuitforallrelatedcomponentstomicrocontroller.Choose
eith; MCP23SI7 or MCP23017 model as for VO expander 

(6 marks)

o)Basedonyourdesigr,explairrtheproposedinpuVoutputinterfacesignalbetween
microcontroller and other devices'

(6 marks)

(c) Referring to APPendix l.

(i) Develop a flow chart for program grven'

(ii) Explain the operation of roid main(void) '
(8 marks)

Q2 The IR Range Finder sensor has capability to measure distance from 4cm to 30cm with

scaling factor I 1.56cm/V'

(a) Based on your desigr in Ql(a), determine. the fastest conversion (Tap) and

acquisition (Tasq) times for each analog channel' 
(4 marks.l

(b)CompleteasubroutineofvoidADC_setup(voitt)toconfiguretheADCperipheral.
(3 marks)

(c) Write a subroutine of unsigned int Data-Dhtance(ansigned char position'

unsigneil char channel) by following sequence:

[1] Set channel

[2] Get result into dimernsion unit cm'

[3] Convert to decimal and ASCtr

i+i Oisptay to LCD by referring to unsigned char position'

[5] retum result to main application 
(13 marks)
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Q3 Both motors are conholled with the same period.

(a) Determine the proper setting to create PWM sigrral with frequency 5KHz and write a

code for void Motor_setup(void).
(10 marks)

O) Complete the following subroutine for motor control:

(i) voidRobot-Fonpard(unsignedintDaECycle-Motor-L,unsignedint
DutyCYcle-Motor-R)

(ii) r,oidRobot_Stop(void)
(10 marks)

e4 (a) Describe the write operation in your serial communication protocol interface for VO

expander.
(2 marks)

O) Detennine proper setting and complete a code for void lo-ExpandeLsetup(void)'
(6 marks)

(c) Write a subroutine to handle the data writing as for
void Io-Expander-wrttefunsigned char opcode, unsigned char reg, unsigned char

dala)
(12 marks)

Q5 (a) Referring to void msDelay(unsigned int iTime) subroutine, it will produce lms, if
iTime = 1.

(i) Determine proper time delay setting based on delays'h

(ii) Write a code for this subroutine.
(4 marks)

(b) Write three subroutines that related to LCD operation to

(i) initialize/configuretnvoidLCD-saap(void).

(ii) write command in void lcd-cmd(unsigned char value)'

(iiD write data in vard lcd-data(unsigned char value).
(16 marks)
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ROlAppl
Vss ls logic suPPlY voltage

V5 is supPlY voltage

(b)

lR RangeFinder

VDD is +5V, Vss is 0V

(a)

SPI sDeed: max. 10MHz

l'1c soeed: lookHz or 4o0kHz

ii act

GP62
6?Bt
ct€0

VDo ls +5V, vs5 is 0V

(c) (d)

Alpanumeric LGD

voD is +5V, Vss ls 0V

(e)
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Apoendix 1

thdud€ <plEf4sgt.h>
lirdude <ddays.h>

,tidud€ <qij|>
fidude <adc.h>
ttidude <putrn.h>

fiodude <tirnets.h>

//REGISTERS DEFIfl ITION

,fdefn€ ilcPz3x17 fi4o //op<ode and write mode

*define loDlRA o(D //co0trol St|s

fd€fina PDIRB ('|ol //Date Bus

td€fine locol,l (XlA //tocON.BAt{K = 0

l&fine GPK)A ox1l
*d€fne GPIoB ()(l3
td€fin€ LCD-Func{Co!-5€t Or3a //Fumtbn-Set
sdefin€ t-clr-Dbfllq oroB //Display oruofF etc

*defne tcD-deaf 0,O1 //clear Display

tdeffne aT l PofiIBb|'tr.R82
rdefin€ Bn'tA POflIEbatrREt

//FUNCNOI{ PROTOTYPES

void peripheral-setuP(vt*l);
void ADc-setuP[rdd);
undgned irfr Data-Didalntunsiglt€d dlaf Pqtitim, unsigled d|ar dsrne4;

void Mdot_seh4Foid);

-,a noOot-ro."i"iqurisgneO int outycyae-Mot6-l.unCgn€d int tutycFte-rylotd3;
void Roh-stoP(void);
roid lo-t4ander-cetrytwil);
*u io-r.ir.ta"r-*"tit',r*irrea dra opcod€, un$srred char rq, uni6ned dw data);

wid lf|sNa unrigned irt illne);
rckl LcD-setup(vor:dl;
rcid lcd-cmd(unsi8ned char vahre);

vokl lcd-datalunigncd char vduel;
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void rnain(voit )

I
unsigned char MSSG10=i Robot stop ";
uoei8ned char lttSSG2[=" Rohot fvlow ';
urEi8n€d cbal ij
ufti6l|ed inl Se|lsofl,seror2, semor3;
tbat stop-dist e=5.0; Ilql
periptErai-s€iup(); //allrelatedre6iJtetsorperiphetabconliEntation
lcd_cmd(Kll;
for{i=0;kl6;i++}
I- 

lcd-data{Msscrlil};

wbile(Bl tl;
while(lBT{1};
lcd_cmd(otEO);
for(to;i<r6;ir+)

lcd_rlata(ffisez[1];
I
while(BTltl2l

{ Sensod = Data-Dfutanoe{Orc0, ADc-CXt};
Seosor2 = Data-Itirtame{trd6, ADC-cllf );

sensor3 = Dota-Dfutame{orcg ADc-cH2},

il{sensorl >- siop-distace &&{Semo]2 > SeDsor3}}

T

Robot-Fon|srd(s0,7ol; //tlove nigtrt

]
eke if(s€ossl >= stop-&nce A&(Sens42 < senso€ll
I

Robot-Fonrard(70,f'oh //Moi'e I'eft

)

"t* 
it(s"to-f t= 

"toP-Oi"t 
t &&(sc||sc2 -= serpr3l)

{
Robd-forwrd{70,701; //Mov€ str'nSht

l
Robot-StoP0;

)

uoid pedphcreLsetdtt*tl
{

ADC-setsP{};
lrotot-setuP0;
lo-ExPander,rsetup{};
tcD_3etuP{h
TRlsglit! 'rRSE! = 1;

IBlSShr'ts.mSA3 = 1;

l

)
eFe

{
break;

I
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void Alrc_lctup(vdd )

t
I lo2(bl

)

unsign€d iot Data-oistance{uns[ned dral pooition, unsi6ned chal drannef

{
lla{cl

)

rckt Motor-3et4{Ydd I
{

I lotlal
]

Yoid Robot-Fo ard(uft*n€d int 0|t1cYde-li,Hor-Luft*nd int llrtycyclelilotor-R)

{
/la3{b}( i}

)

void Robot-stop{vokl)

{
//43{b}(i0

i
Yoid lo-E4ander-rendYdd)
{

//04(b)
)

void lo-Expendet-write(uni6ned ciar opclde, unsittled char reE' unti8ned 6a' data)

{
. ilu$l

i

Yoid msDeht (|n|sEned im ifttE)
{

I los(al
]

Yold tcD-s€tup(Ydd)

t
//o5{b}(i}

)

vokl lcd-cd(untiEned char valw)

{
//ostbxi0

)

wkl kd-date (un5{'ned (hat Yalt|e)

{
//45(bxii0

)




