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SULIT DECS5052 : EMBEDDED SYSTEM APPLICATIONS

SECTION A: 60 MARKS 4
BAHAGIAN A: 60 MARKAH

INSTRUCTION: _

This section consists of FOUR (4) structured questions. Answer ALL questions.
ARAHAN:

Bahagian ini mengandungi EMPAT (4) soalan berstruktur. Jawab SEMUA soalan.

QUESTION 1
SOALAN 1

(a) A microcontroller is a heart of embedded system. Describe this statement.
Sebuah mikropengawal adalah jontung bagi sistem terbenam. Jelaskan
kenyatadn ini. ;

[3 marks]
[3 markah]

(b) A programmer decides to use TWO (2) solenoid valve at pin RC6 and RC7,
ONE (1) LED at pin RC5, TWO (2) digital sensor at pin RB0 and RB1 and
ONE (1) digital switch at pin RAO in his circuit. Complete the pins input and
output instruction for the program using bit addressable format in C language.
Seorang pengaturcara memutuskan untuk wmenggunakan DUA (2) injap
solenoid pada pin RC6 dan RC7, SATU (1) LED pada pin RC35, DUA (2)
penderia digital pada pin RBO and RBI dan SATU (1) suis digital pada pin
RAO dalam litar beliau. Lengkaplkan arahan untuk pin masukan dan keluaran
menggunakan _format bit pengalamatan dalam Bahasa C.

[6 marks]
{6 markah)
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DEC5052 : EMBEDDED SYSTEM APPLICATIONS

(¢)  Apply C language to perfofm operations below:
Aplikasikan bahasa C untuk melakukan operasi di bawah:

Set PORTB as output.
Setkan PORTB sebagai keluaran.

Set PORTD as input.
Setkan PORTD sebagai masukan.

Set pin REO as output.
Setkan pin REQ sebagai keluaran.

Set pin RCO as input.
Setkan pin RCO sebagai masukan.

Give 5V to pin RD4 to RD7 and OV to pin RD3 to RDO.

Beri 5V kepada pin RD4 ke RD7 dan 0V kepada pin RD3 ke RDO.
{6 marks]
{6 markah)
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SULIT DECS5052 : EMBEDDED SYSTEM APPLICATIONS

QUESTION 2
SOALAN 2

CLOL (a) Describe the role of TMROIF (TMRO Overflow Interrupt Flag) bit in INTCON
C2 (Interrupt Control) Register. _
Jelaskan peranan bit TMROIF (TMRO Overflow Interrupt Flag) dalam dafiar
INTCON (Interrupt Control).
[3 marks]
[3 markah]

CLO1 (b)  Timer0 in PIC18 is used to produce 3.072 seconds time delay. It uses XTAL =

3 10 MHz and prescale value of 1:256. :
| Timer( dalam PICI8 digunakan untuk menjana lengah masa selama 3.072
saat. la menggunakan XTAL = 10 MHz dan nilai praskala 1:256.

i Calculate the value for TMROH and TMROL.
Kira nilai untuk TMROH dan TMROL.

ii.  Calculate the largest time delay that can be generated by this Timer0
using suitable TMROH and TMROL value.
Kira lengah masa terpanjang yang boleh dijana oleh Timer( ini dengan

menggunakan nilai TMROH dan TMROL yang sesuai.

[6 marks]
[6 markak)
cLoy |(©  Listin detail the operation of Timer0.
3 Senaraikan dengan terperinci operasi Timer0.
| {6 marks]
{6 markah]
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SULIT | DEC5052 : EMBEDDED SYSTEM APPLECAT?GNS .
QUESTION3 = £

SOALAN 3

()  List THREE (3) interrupt sources for PIC18 microcontroller.

(b)

(c)

Senaraikan TIGA (3) punca sampukan untuk pengawalmilro PICI8.
[3 marks]
|3 markah]

Describe in detail the function of GIE (Global Interrupt Enable) bit in
INTCON (Interrupt Control Register) register.

Terangkan dengan terperinci fungsi bit GIE (Global Interrupt Enable) di
dalam daftar IN TCON (Interrupt Control Register).

A

[5 marks]
L5 markah]

Interpret the functions of Interrupt Enable (IE), Interrupt Flag (IF) and
Interrupt Priority (IP) bits for PIC18 interrupf operation. |
Interpriz‘asikan fungsi bit Interrupt Enable (IE), Interrupt Flag (IF) dan
Interrupt Priovity (IP) untuk operasi sampukan PICIS.
[7 marks]
[7 markah]
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SULIT ' DECS052 : EMBEDDED SYSTEM APPLICATIONS

QUESTION4 . .
SOALAN 4

CLO (a) Identify the most suitable internal features of PIC18 microcontroller that need
C2 to be used to handle input x and outpui y which are connected to it as

illustrated in Figure Q4(a) with justification.

Terangkan ciri-civi- dalaman pengawal mikro PICI8 yang paling sesuai

digunakan untuk mengawal peranti input x dan output y yang bersambung

kepadanya seperti yang di tunjulkan dalam Rajah Q4 (a) berserta justifikasi.

Analog signai bl

L&D

PICiI8F
Figure Q4 (a) / Rajah 04 (a)

[3 marks]
{3 markah]
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SULLT o DECS057 - EMBEDDED SYSTEM APPLICATIONS

CLO1 (bj An embedded system that uses digital door sensor to detect the door when it
3 opens, while a buzzer is used to alert the user. This system applies PICI8F

microcontroller to monitor the door sensor and when it opens, the buzzer will

make sound. Use C language to write a program for this system. An input and

output circuit of this system is shown in Figure Q4 (b).

Sebuah sistem terbenam menggunakan penderia pintu aufomaiik bagi

mengesan pintu yang terbuka, manakala “buzzer” digunakan untuk makluman

pengguna. Sistem ini menggunakan pengawal mikvo PICI8F untuk mengawal

sekiranya pintu terbuka maka “buzzer” akan terbumyi. Gunakan bahasa C
uniuk menulis aturcara sistem ini. Gambarajah litar masukan dan keluaran

bagi sistem ini ditunjukkan dalam Rajah Q4 (b).

Buzzer civcult

Digitat Door Sensor

HN

Active whoea Door

open \

SR

R1 i
W .

BICiSF

Figure Q4 (b) / Rajah Q4 (b)
[6 marks]
16 markah]
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SULIT ' DECS052 : TMBEDDED SYSTEM APPLECATIONS

CLO? (¢) A water level monitoring system has THREE (3} sensors 81, 52 and 53 that

C3 detect the Low, Intermediate, and Full water level respectively in the tank, The
sensors produce 5V when detect a water. Otherwise, the sensor produces OV
when no water detected. It is required THREE (3) LED colors which is red
LED, yellow LED and green LED to display thé low, intermediate and full
water level respectively. Moreover, the buzzer will be activated if the tank is
empty. This system used PICI8F microcontroller to monitor the water level
and thus display water level on the LEDs. If the tank is empty, then activate
the buzzer. Use a C language to wrife a pregram for this process. The

overview of this system is shown in Figure Q4 (c).

&

Sebuah sistem pemantauan paras air dilengkapi dengan TIGA (3) penderia
iaitu SI1, S2 dan S3 yang digunakan untuk mengesan paras air rendah,
perantaraan dan penuh di dalam tanghi. Sensor ini menghasilkan 5V apabila
mengesan air. Sebaliknya, menghasilkan OV apabila tiada air dikesan. Sistem
memerfukan TIGA (3) warna LED iaitu LED merah, LED kuning dan LED
kijai: ‘masing-masing untuk memaparkan tahap air rendah, pertengahan dan
penuh. Selain itu, “buzzer” akan diaktifkan jika tiada air dikesan. Sistem ini
menggunakan pengawal mikro PICI8F untuk memantau tahop air dan
seterusnya memaparkan paras air pada LED. Sekiranya tiada air dikesan,
malka aktifkan “buzzer” tersebut. Gunakan bahasa C untuk menulis proses ini.

Gambaran keseluruhan sistem ini ditunjukkan dalam Rajah 04 (c).

T
REG

Sepsor |

Probe ™
.
RBO i) ﬁa

?I_ze}s? JUZZER

™ Water

Legends
$1,82 and §3 - Digital Water Sensor

Figure Q4 (c) / Rajah (4 (¢)
[6 marks]
16 markah)
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SECTION B: 40 MARKS
BAHAGIAN B: 40 MARKAH

INSTRUCTION:

This section consists of TWO (2) essay questions. Answer ALL questions.
ARAHAN: : _

Bahagian ini mengandungi DUA (2) soalan esei. Jawab SEMUA soalan.

QUESTION 1
SOALAN 1

An automation company has been assigned by a ball manuf‘actuﬁng plant to design
and install a packaging system for ball based on PIC 18 microcontroller. This system
used a motor to move a conveyer belt that carry and drop balls into a box. A counter
sensor will count the amount of balls that fall into the box. After TWO HUNDRED
(200) balls has fallen, motor will stop moving and buzzer will be switched on. Sensor
is ACTIVE LOW. Buzzer and motor are ACTIVE HIGH. As a designer of thé
company, you are required to design the packaging system. Using Timer( Interrupt as
a counter, use a C language to write program {o perform the operation. Use any pins
as output. Ignore any time delay funétions. '

Use Figure B1 (2) to Bl (b) s reference.

Sebuah syarikat aotomasi telah ditugaskan oleh sebuah kilang pengeluaran bola

untul  merekn dan memasang  sistem  pembungkusan bola menggunakan

mikropengawal PICI8. Sistem ini menggunakan sebuah motor untuk menggerakkan
tali sawat penyampai yang membawa dan menjatuhlan bola ke dalam kotak. Sebuah
penderia pengira akan mengira jumlah bola yang telah jatuh ke dalam kotak. Setelah
DUA RATUS (200) bola telah jatuh, motor akan berhenti bergerak dan “buzzer”
akan dihidupkan. Penderia adalah AKTIF RENDAH. “Buzzer” dan motor adalah
AKTIF TINGGL Sebagai perekabentuk syarvikat, anda diperlukan untuk
merekabentuk sistem pembunghkusan tersebut. Dengan menggunakan pengira
Sampukan Timer0, gunakan bahasa C untuk menulis program untuk melakukan
operasi tersebut. Gunakan sebarang pin uniuk output. Abaikan sebarang fungsi

lengah masa. Gunakan Rajah BI (a) hingga BI1 (b) sebagai rujukan.

120 marks}v

120 markah)]
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SCLIT ' ' . DEC5052 : EMBEDDED SYSTEM APPLICATIONS
o £ y
RIVLD RALE RO R0 AW ) B Y
GIEGIEH | PEIEGIEL | TMROE | INTOE | mEiE TRF | WTOE | RERtt
pes : . : o
Legend:
i = Readable by ¢ = kilable DY L = Unimplemented bit, read as T
-1 & e 8l POR = Blig sl ) 11 = By e clgaeed x = Bit @ uiinsd
bt ¥ @EEZQIEH: Gilolal Interent Ensbiz bit
FEM 5 9
is Enat%e" 2 unrrasked e rapts
o= [haableg alt éfTigméﬁ’a
Viher Bt '

1 = Enabies 5 Al %‘1!:3%1 preTily m[érr&.éﬁf\
o = [hsables 2 high provity sigrmaps

Bt 8 PEiEfG!EL ?wfip?sﬁ-réai isaﬁfru@t&szalﬁe bl
|

ex o unerasked pennleral nilEps N
o = Thnalies all genghgmé intermpts
When PEN 2 10 '
i = Enalies gi%%gw; FiEily panpfergl nfemupts
= Phughits 20 wry srionty penphersl alenupis

bitd THIROIE: THRS Crarfiow Intesrupt Enalie G
3 = Enabies e THED gverioe intemgt
i = [hsables the TMRD puarlipe inteript

kit 4 TDIE: INTO External interrupt Evabls bt
+ = Evalies the BTE exerea intsrupt .
& = Thizbies the INTE ederoal aderupt

bt 3 HBIE: B Part Change et £nabie b
4 = Enables the BE por changs ikerupt
o = [hsabies the RE sof chame inemupl

i d TMEOIE: TMRG Crvarfinw tnmrunt Flag bl
1 = TR regiger has ¢ peetfinvent (reust by cieared in softwars)
o = TRFE remsier gid ngd ot

Bl {BETOE: 1T Eernal Insrrnt Fiag D

) 4 = The [MTE sxterma interup? voaured frist fie cested in wfbears]

o = The INTE extemal interng i At Booyr

b ABIE: ©E Port Change Intemapt Frag oit®
i = Atiazt png of the RE7 REd pag changed wate st e cleared i sofhemeel
o = Hare of e FBTREE ping iave shanged siak

Figure Bl (a) /Rajoah Bl (0) Interrupt control register.
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SULIT DEC5652 : EMBEDDED SYSTEM APPLICATIONS

E‘TMEBON “mserr! Tocs l TOSE l PEA l._T@Psz i TOPS1 ITHPS{I

THMIROON D7 Timerd ON and OFF control hit

1 = Enable (start) TimerD

0 = Stop Timerl
TOBBIT Da TimerD 8-bitf16-bit solector bit

1 = Time0 ig configured as an 8-hit imearfcounter.

0 = Tima0 iz configured as a 16-hit mer/counter.
TOCS ) TimerD clock source select bit

1 = Eaternal clock fom RA4TICKI pin

= Internal clock (Fose/d from XTAL asaill atur}

TOSE D4 "E‘imerl] source sdge select hit

1 = Increment on H-te-L transition on TOCKI pin

0 = Increment on L-to-H wransition on TOCKI pin
PRA 3 Timer( prescaler assignment bit

1 == Times0 cdock input bypasses prescaler.

8 = Timer clock input comes from prescaler output.
TOPSZE: TAPSO D201 DD Timeri} prescaler selector

goggs=1i2 Frescale value (Fosc /4 7 2

goi=14 Prescale value (Fosc /4 7 4)

010=138 Prescale value (Fosc /4 / 8)

011=1:146 Prescale value (Fosc 4/ 16) =
i00=1:32 Prescale value {Fosc 74/ 32)

101 =164 Prescale value {Fosc /4 f 64)

110=1128 Prescale vaue (Fosc /4 128

111 =1256 Prescale value (Fosc /4§ 256)

Figure B1 (b) /Rajah BI (b) Timer0 Control.

QUESTION 2
SOALAN 2

CLO2 Design an embedded system for controlling the fluid in a storage tank using PIC

G5 Microconiroller. The purpose of this system is to maintain an appropriafe tevel of
fluid by controlling the inlet and ouﬂet‘ valve. Also, the embedded system must
control the temperature of the fluid within a cerfain range. To maintain the
temperature, an analog temperature sensor is used to read the fluid temperature,
output specification of this sensor is 10 mV/ ° C. The embedded system produces a
HIGH to turn on a heating element when too-cold conditioﬁ. is indicated; otherwise,
the heating element is turned off. When a too-bot condition is indicated, an alarm is

activated. When the low-level sensor produces a HIGH output (indicating that it is

immersed) and when the temperature of fluid is greater than temperature too-cold

(indicating a correct temperature), the system opens the outlet valve. If the I_owélevei
sensors output goes LOW or if either temperature less then too-co}d, the system closes
the outlet valve. Figure B2 (a) shows the tank control system. The system input and

outpuis arc summarized in Table B2. Use Figure B2 (b) to B2 (e) as reference.

i SULIT -




SULIT DECS052 : EMBEDDED SYSTEM APPLICATIONS

Rekabentulklan sistem terbenam unfuk mengawal bendalir di dalam tangki Simpdnan

menggunakan PIC Microconiroller. Tujuan sistem ini adalah uniuk mengekalkan

tahap yang sesuai bendaliv dengan mengawal bahagian masuk dan keluar iﬁjap.

Selain itu, sistem ini perlu mengawal suhu bendaliv dalam julat tertentu. Untuk
| mengekalkan suhu penderia suhu jenis analog digunakan untuk membaca suhu

bendalir, Spesiﬁkdsi output penderia ini adalah 10 mV/ ° C. Sistem ini menghasilkan

HIGH untuk mengh.idupkan elemen pemanas apabila keadaan terlalu sejuk dikesan;

Jika tidak, elemen pemanasan dimatikan. Apabila keadaan terlalu paﬁas dikesan,

penggera diaktiftan. Apabila sensor tahap rvendah menghasilkan outpur HIGH
(menunjukkan bahawa ia tenggelam) dan apabila suhu bendalir adalah lebih besar
suhu terlalu sejuk (vang menunjukkan suhu yang betul), sistem yang membuka injap
outlet. Jika penderia peringkat rendah menghasilkan LOW atau Jika suhu kurang dari&
suhu terlalu sejuk, sistem menutup injap saluran keluar. Rajah B2 (a) menunjukkan
sistem kawalan tangli. Input sistem dan Output divingkaskan dalam Jadual B2,

Gunakan Rajah B2 (c) ke B2 (e) sebagai rujukan.

Intet valve - ﬁ

Vineer

CAlari e A Embedded Systemn
L Using PIC Micrgeontrolier
Low level sensor
".
Heating
y 7 element Temperature Outlet valve
o T i s
a_?a Y

Figure B2 (a) / Rajah B2 (0)

12
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SULIT DECS5052 : EMBEDDED SYSTEM APPLICATIONS

~ Table B2/ Jadual .32 :
EN%UT TO EMBEDDED SYSTEM
Variable  Description Active level Comments
L, High-level sensor HIGH (1) _ Sensor is immersed
L Low-level sensor HIGH (1) Sensor is immersed
7 Temperatuie offluid | 757900 Temperature too hot
T <35°C Temperature 00 cold

OUTPUT FROM EMBEK_)DEB SYSTEM
Vizr | Inlet valve HIGH (1) Valve open
Vourysr | Outlet valve I—IIGH (1) Valve open g
H Heating element HIGH (1) Heat on ]
A Alarm HIGH (1) Too-hot condition
[20 marks]
[20 markah)

B ) i
L OANGAR | i ;

Legand: :
B = Reasabla 131 W s Wriahie b i = Unimplemanted bil. regd a5 1y
-0 = Yalue af POR 1 Bizes gal = B i3 gleared _ %= Bitss unknewn _
bit it Uriiripdernemed: Readaz
w18 ANBAS: RAS Ansiog Sefect bt
« = Digial input bufer disghisd
% Digetal inpul butter anablag
i Unimpbementad: Read az '+ _
bit 3.0 ANSA=Z0 Ba=S Anglog Sslect by

+ = Oigstal mput buffer dsabsed
@ = Digial mpu) bufer snsbled

Figure B2 (b) / Rajat B2 ) A_NSELA-PORT 4 Analog select register.
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. RAHT RAD 0 RED PR R RIFD BAG
T ey - | GoboNe | anow

g
o .
Rl

Lepand:
= foadabie oi 94 = riablg Bt
HoVake g POR V=B m e

il mad g
ﬁ%ﬁ'ﬁﬁﬁ%&f&& L= Bil & unkeoan

WY Unimpiamented: fead 53 7
g €i£§€4 !3? ﬁmaiag {hannal Belect bitg

z gﬁﬁt
z 5_}{?{1#
2 AN
% ARG

= éé\ég{?ﬁ
= Ay
3 AlgpAY
= ANl
%24“3

= DAL
_ Siiil= EVRBUFZ (1 G242 BA0V 088V Vo Pred Viollage Q&@fg—ﬁé@ﬁ?*
HER sl} DONE: A1 Convarnn Sals 13
3= A0 eofwirign byl in (ogfess Betlg 193 B4 H1AN8 50 AU onvaision oyte
Thia Bl 2 maametie a8y tlearal] By Rardedie wiSh (e A/D ConubiLn 133 sompiated
o= MY eorviesion comglatedingt m proareEs
g ﬁi}ﬁf% éj“; Enabie b
. = ADC & engblag

-: = AL % aahind il consumas Iio oieiing St

Figure B2 (¢) / Rajah B2 (c) ADCONO: A/D Control register 0.
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SULIT ' DEC5652 : EMBEDDED SYSTEM APPLICATIONS
m bW U TRWO RS RWG Rwe
R N S T |
;bz ?
ngeng: ________ S— : SRS —
R Readable it W = Wrstahle bit U= Unimplemented bit, read as 0
“ sVoeaPOR TEBtlsser pegi Bdaated - we i Nsumnown
bit 7 TRIGSEL: Special Trigger Select bit
1 = Belects the special trigger from CTHU
¢ = Belacts the spacial trigger from CoPS
bl 62 Unimplemented; Read as "
hit 5.2 ?VQF‘E%% lt=: Fasitive Voltage Refarance Configuration bits
o = Al VRER+ eonnested to intemal sgnat, AVon
1= ADVRER+ cannedted 10 exteraal pin, YRES+
- = A0 VRER+ canngeted to intemal signal, FUR ﬁiiFE
t = Resarvad (by default, A/D VRer+ conecled to internal signal, AVos) *
bit 10 BWCFE@? w=: Negalive Yaltage Referance Configuration bits

i A0 VRes- connected 1o internal signal. Avss

i # AL YREF- connected 10 enteral pin, Vier-

i Reserved (by defauil, VD VYRer- connested o intermal signal, évssa
. = Resarved thy default, A/D VREF- connected ta intemal signal. Alss;

Figure B2 (d) / Rajah B2 (d) ADCONI: A/D Control register 1.
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TRWD | ud mwn | fewd wwe | Rwo | Bwe | RMio
ALIFA - ACOT=I g _ ADEBE 05
Bt? - 5t 6
Lageml: .
£ = Readable bil W= Wetlalsle bl LB = Ulsimplemented bl regd 630
41 = Vahee 3l 575;}%' Vs Belis aed 7 & = Bit ez clagrad % = Bl 15 uhknaan
bt ¥ © ADEE: AD Conversion Result Fomat Seigsind

i = Right stifisd
4 = Lk prstifed

mia Unimplementad: Read a3 % _
hit 5.3 ACOT<2:02: A4y Acquisthon tme sefec? nls. Avauisition Hine = e duration that e AD charge

bolding capacitor remains connacted 16 AD channat fion the sstent the GOODHNE bitis set unit
CONYETSIONS baging '
L

27an
4 Tap
& Tap
& Tab
12 T
1% Ian

ol 20 ADCB=R0x AD Convarsan Clogk Spiecs tals
235 = Fogn? '
Foech
Fuscis2
Frelt folock denvedt frem o dodicsled mteenal nselator = 600 kb poavnal)
: Frueid
Fraci e
Fogetd
Facl¥ (oionk demvad from s cedealed mternsl mscilator = 500 kHZ nomial)

Figure B2 (e) / Rajah B2 (e} ADCON2: A/D Control register 2.

SOALAN TAMAT
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