UNIVERSITY OF RUHUNA

Faculty of Engineering

End-Semester 6 Examination in Engineering: May 2026

Module Number: EE6352 Module Name: Embedded System Design(C-18)
[Three Hours]

[Answer all questions]

Q1. a) Compare the differences in between 16F84 A and 16F877A microcontrollers
[2 Marks]

b) Briefly explain in few words the purpose of the address 0x0004 in the
program memory of the PIC 16 series microcontrollers. [2 Marks]

c) What is meant by the statement; PIC 16 series microcontrollers are 8-bit
microcontrollers. [2 Marks]

d) State the difference between a microprocessor and a microcontroller.

[2 Marks]
e) State the advantages of flash ROM, compared with other memory types

[2 Marks]
f) State the function of the EQU directive. [2 Marks]

Q2. A matrix keypad consists of matrix switches (one switch for each key) as shown
in Figure Q2 (a). In order to scan the keypad, each column is pulled to logic one
in turn whilst each raw is read in turn. Figure Q2 (b) demonstrates the flow chart
of the scanning process. Once the key is identified it should be displayed ona 7
segment LED which is connected to a Microcontroller. The task of the program
is to produce software which will scan the keypad and determine which key is
pressed. Refer the table Q2 for coding.

a) Draw a complete flow chart to demonstrate the overall operation of the

keypad. [2 Marks]

b) Write a algorithm to demonstrate the scanning and identification process.
[3 Marks]
c¢) Draw a complete circuit diagram with Microcontroller. [2 Marks]

d) Write a program in assembly language to execute the given task. [3 Marks]

Page 1 of 7



Q3.

You are developing firmware for a low-power indoor air quality monitor using
the ATmega328P, where a potentiometer connected to ADCO (PC0) simulates the
analog output of a gas sensor. The system reads the sensor value and sends it to
a virtual terminal every 2 seconds via UART, triggered by a Timerl Compare
Match Interrupt. Timer] is a 16-bit timer, and both ADC conversion and USART
transmission occur inside the ISR. Refer to Figure Q3.1 for the setup.

You are given a partially completed C program in Figure Q3.3. Answer the
following questions based on your understanding of the ATmega328P
microcontroller and register configurations.

a)

b)

i)

iii)

iii)

Define polling in embedded systems and briefly state its main
disadvantage. Identify where polling is used in the given code in
Figure Q3.3 and specify the corresponding line numbers

[1.5 Marks]

Select a prescaler, justify your selection with calculations, and complete
line 49 by setting the appropriate TCCR1B prescaler bits. Refer to
Figure Q3.2 and Table Q3.1 for assistance. [1.5 Marks]

Complete lines 50 and 51 of the given code by calculating and setting
the correct values for OCR1AH and OCR1AL to generate an interrupt
exactly every 2 seconds. Show your full calculations clearly. (Note: In
CTC mode, Timerl compares its count with the OCR1A register.)

[1 Mark]

Based on the provided C program in Figure Q3.3, calculate the baud
rate of the microcontroller. Show all steps clearly. [1 Mark]

A user observes that random or corrupted characters (junk values) are
displayed on the virtual terminal instead of the expected output. List
four (04) possible reasons why this issue could occur. [1 Mark]

Configure the ATmega328P microcontroller to operate at its minimum
possible theoretical baud rate. Clearly show all steps of your
calculation. Also, modify the provided code at the appropriate place to
match the new configuration. [1 Mark]

What is a Real-Time Operating System (RTOS) in the context of
embedded systems? [1 Mark]

List any four (04) basic functions of a real-time kernel in embedded
systems. [1 Mark]

In point form, outline the roles of the watchdog timer and bootloader
in microcontroller applications. [1 Mark]
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4.

g)

State the difference between a microprocessor and a microcontroller.

[1 Mark]
Explain why a pull-up resistor is needed with a switch input. [1 Mark]
Briefly explain why hardware timers are useful in MCUs. [1 Marks]
Explain how a pre-scalar extends the timer period [1 Marks]

Explain why the plain 7-segment LED display needs a code table. [2Marks]

What is 12C communication. Explain the structure of the I2C message. Write
down the pros and cons of I2C communication (2 each). [2 Marks]

Write the stepwise explanation of how SPI works. Explain CPOL and
CPHA? [2 Marks]
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Figure Q2 (c): Pin diagram of 16F8XX.
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Table Q2: Instruction set

5 14-Bit Opeode "
Hnemanic, 2 < Status
Operands Dessripion Cycles 5 Lsp | Affected Notes
BYTE-ORIENTED FILE REGISTER DPERATIONS
ADCWE f.d AgdWa=d? 1 AL s SDCZE t2
ANDWF fd AHED W owith T i an o 923l e 12
CLRF f Clear f ] q0 2042 z 2
CLRW - Clear ‘W 1 Jo0 Jodz 2
COMF f.d Cemplement T t 30 19d2 z t.2
DECF fd Decrement f 1 ac o a0iz z 12
DECF3Z f.d |Decremsntf, Skip D 12y | 90 o1z 123
NCF f.d Incremsnt 1 a0 1010 1.2
WCFSZ fd Increment f, Skig if 0 112y an 121z 123
IORYWF f.d Inclusive DR W with: 1 LTl b T2
MOCNE f.d Move f 1 a0 1090 12
MOVWE f Move Wit 1 ac 3034
NOP - Mz Operation 1 a0 1090
RLF i Retate Ledt f through Carry 1 10 113z t2
RRF f.d |Remte Rignt fthough Carry 1 a0 1190 - t2
SUBWF f.a Bubtract W Som 7 1 g0 ao1d t.2
SWAPF fd Swap nibbles 1 ac 111D - .2
XORNF f.d Exelusve OR % with § 1 a0 3110 t2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f b Bit Cloar § t 1T dokk t2
asF fb B#t Sett t 32 Jikbk 1.2
STFSC B Bit Test f, Skip & Clear 102 | 9z 1okd 3
BTFSS f b Bit Test I Skip i Sef i | 32 1Ibh 3
LITERAL ANE CONTROL OPERSTIONS
ADCLW k Add [Heral and W 1 1 131x kikk iksgk | CDC2
AMCLN k AND Hteral with W t IT 0 100 xikk ek il
CALL k Calf subrautine bed 10 Jkxk xkkk wkEk|
CLEWNDT - Clear Watchdog Timer 1 ap Joas L1lo J1ac | TGPD
S0T0 k Go to address 2 10 1kkk Xxkk ik
ORI k Inchsive OR literal with W 1 1T 1000 ki akidk z
MOVLIW k Mowe Ferat to t 12 d0xmx kikk kkk
RETFE - Refmm frem remnt 2 Jn  a040 EOS0 1B31
RETLW k Return with Steral in W 2 1 Jixx wkkk Ekkk
RETURN - Retum frem Subroutne 2 0 040 mICO 1gaAp|
SEEEP = Go i standby mode i a0 40ag 210 As1l | TEPR
SUBEW k Eubiraet W Tom fiteral t 11 110z kikk kx| CDCZ
XOHRLW k Bxclusive QR lfaral with ¥ 1 1T 1010 kixrk xkkic z
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Figure Q3.1: Indoor Air Quality Monitor
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Bit 7 3] 5 4 3 2 i 0

(OxB 1) ICNC1 | ICESt - | WGM13  WGM12 | CS12 | CS1t | CS10 | TCCR1B
Read Write RW RW R R W RW R RW RAY
Inttial Vaiue o 0 0 0 0 o 0 0

Figure Q3.2 TCCR1B — Timer/Counter] Control Register

#define F.CPU 16000000UL -~ |

1
2 (#include <avr/io.h> ;
3 |#include <avr/interrupt.h>»
4 |#include <stdlib . h> E
5) 1
6 | // ADC Initialization |
7 void ADC.init{} { |
8 AIMUX = (1 << REFS0) : // AVee as reference . ADCO |
selecled
9 ADCSRA = {1 << ADEN) | (1 << ADPS2) | {1 << ADPS1} | |
(1 << ADPS0}: // Prescaler = 128 1
0|} |
131

12 1 // ADC Read |
13 tuinti6.t ADC.read({} { |

181 ADCSRA |{= {1 << ADSC): // Start conversion |

13 while {(ADCSRA & {1 << ADSC): // Wait for conversion |
to finish 5

16 return ADC:

i7 |}

13

19 | // USART Initialization !
20 | void USART.init {unsigned int ubrr) {

21

» /e

%3 #« USART ts configured to operate in Asynchronous
Normal Mode.

24 v UBRR is a 12-bit register (UBRROH [4 bits] +

UBRROL {8 bits]).
+/

23

26

w UBRROH = (unsigned char){ubrr >> 8§}):

p UBRROL = (unsigned char)ubrr:

29 UCSROB = (1 << TXENOQ): // Enable transmitter

30 UCSRIC = (1 << UCSZ01) | (1 << UCSZo0): // §-bit data
. 4 stop bit. no parity

3L}

335 | // Send a single char over UART
34 {void USART sendChar{char data) {

35 while (!{UCSROA & (1 << UDRE0})}): // Wait for
transmit buffer to be empty

36 UDRO = data: // Load data inte buffer

37 |}

3=

Page 6 of 7



sy Serief 2 ~frrn gooarerp l: iii’[

Wovold USART sendString: const chare <1y f

H while {«xtr:

82 USART sondClinr{ e stp o« 3

%] }

1o}

£

16

T 1SS Temer! Instrafization

% |void Timeri_init i {

49 TCCRIB = {1 << WQRAN2) | oo .. coooo.. e i

CTC mode. Seleet suitable prescater

W OCREAM == . ___. :

3t OCRIAL = Q= e g

72 TONTY = 6 S Indttinlize Toner! counter to starf from @ |

A TIMSKT = {1 << OCIEIA:: Y Enaebfe Toncrl Compare |
. Muatebh A interrupt

5 [}

% [ISRITIMERL.COXMPA veetd

57 nintl6.t val = ADCoreadi}:

3% char buffer (31

50 itaaival . buffer. 103: /7 Convert the integer A

vafue “ral ' intoe a  decimal fhase b string wnd
| stare ¢t din haffer
o0 |

61 | USART sendString{ "Gas: 7 1
62 | ESART sendString{ buffer ) :
3 USART sendString{ " irin™ )
61 |}

65 |

O :_-".’ Maa fruncteon
67 |int main{void) {

68 | ADC.iniv{};

69 | USART . init {311}

70 Timerlinit{}:

il sei{}: f/ Enablc global tntcrrupts
2 |

73 | while {I}{

1 |;.

=%

76 1}

Figure Q3.3: C Program for the Atmega328p-Based Indoor Air Quality Monitor System

Table Q3.1: Clock Select Bit Configuration for Timerl Prescaler Selection in CTC

Prescaler CS12 CS11 CS10

1 0 1

ol Ll (=2 (=2 (=]
[l K== Lol Keo]

1
1
0
0
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