UNIVERSITY OF RUHUNA

Faculty of Engineering

End-Semester 6 Examination in Engineering: February 2020

Module Number: EE6304 Module Name: Embedded System Design

[Three Hours]
[Answer all questions, each question carries 10 marks]

Q1 a) Briefly describe two advantages of using a microcontroller in an embedded
system than using discrete logic based circuits.

[1 Mark]

b) Briefly describe how an IDE is beneficial in embedded systems programming
than using a separate text editor and a compiler,

[1 Mark]

¢) i) Briefly describe the difference between a platform and an architecture with
respect to a microcontroller.
ii) Using a figure, illustrate how an executable is made.

iif) Why is it said that “the executable is platform dependent”?

[3 Marks]

d) i) Briefly describe what an interrupt vector is.
if) Using a figure, illustrate what happens when an interrupt occurs while a
program is running in a microcontrotler.
iif) List two types of interrupts associated with a microcontroller.
[3 Marks]
e) Briefly explain how you would guarantee the order of execution of three tasks in
a multi-tasking environment.

[1 Mark]
f) What are the three main tasks of a kernel?

[1 Mark]

Q2 a) Consider the assembly code written for PICI16F877A microcontroller which is
built in MPLAB-X IDE V5.15 given in Figure Q2.1.
Note: The register summary is given in Figure Q2.2 and Assembly instruction
summary is given in Figure Q2.3.

i) Which line will be executed after line 12?

if) What is the name of the register accessed in line 31 and the value set at the
register after execution of the line?

iii) Briefly describe the operation of line 38 including name of the register
accessed, value of the register after execution.

iv) Assume that the execution time of MOVLW, MOVWF, and GOTO
instructions is 1 microsecond and DECFSZ is 2 ps. How long does it take for
the program to come from line 14 to line 22 (including line 14 and excluding
line 22)?
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Rv) Briefly describe the key functionality of this program,
[5 Marks]

#b) You have been asked to write an assembly code for PIC16F877 A microcontroller
to implement the following functionality, - :

If PORTC pin 0 is HIGH
Set PORT A pin 4 LOW

Else |
Set PORT A pin 4 HIGH

Assuming that the data direction of the ports are already assigned, implement the
assembly code to implement the given functionality.

Note: You can either use instructions from the list given in Figure Q2.3 or any
branch instruction of your preference.

{3 Marks]
¢) Explain functionality or write a simple pseudocode equivalent to the following
assembly code.
START MOVLW 0x0A
MOVWE 0x20
LOOP INCF 0x20
INCFSZ  0x20, 0x01
GOTO LOOP
END
[2 Marks]

Q3 You are given a microcontroller with 8-bit, 16-bit, and 32-bit timers, namely, Timer0,
Timerl, and Timer2. Each has 5 prescale values (1, 8, 64, 256, and 1024). Each timer
consists of a timer register and a compare register which can be programmed to
generate timer overflow interrupt and compare interrupt. Further, the microcontroller
is equipped with a 12-bit analog to digital converter (ADC) with four channels. The
reference voltages Vief* and Vier are connected to 4 V and to the ground, respectively
and the CPU speed is set to 20 MHz,

a) It is required to perform a time sensitive operation which requires a timer
- interrupt every 750 ms.

i) Identify the timer to be used in the above application and justify your choice.
if) Identify the best prescale value to be used and justify your choice.
-tii) What should be the value set at compare register in order to generate an
interrupt every 750 ms?

[3 Marks]

b) What is the input voltage if the value obtained at the ADC output is 768?
f1 Mark]

c) You are required to program the microcontrolier to read data from an analog -
sensor every 750 ms.
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* Assume that the timer interrupt is already programmed to trigger at every 750
ms and a variable ‘read_Flag’ is set inside the timer interrupt service routine.

* A function ‘read_ADC( )’ is used to read the ADC output and the function
returns the discrete value.

* A function ‘display_Value()’ is used to display a value of type double in an
LCD screen. It takes a double as an input parameter and does not return
anything. Note that the function will limit the display to three decimal digits
by truncating the input double (eg. 1.234 V).

Ai) Use the given information to draw a simple flow chart to display the sensor

output voltage at the LCD screen if it is greater than or equal to 2.5 V.

ii) What will be the value displayed at the LCD screen if the input voltage is 3V.

State any assumptions you make.
[3 Marks]

d) Consider the following code to initialize the serial port of a PIC16F877A

Q4 a)

microcontroller, where the important registers are given in Figure Q3.

void USART_Init (void)

{
TRISC = 0x80;

TXSTA =0x24;
RCSTA = 0x90;
SPBRG = 65;

}

i) Evaluate the baud rate given that
BRGH =1 : High Speed SPBRG = (Fosc / (16 * BaudRate)) - 1
BRGH = 0 : Low Speed SPBRG = (Fosc / (64 * BaudRate)) -

ii) Identify the settings which needs to be matched with the other device
connected to this microcontroller in order to successfully communicate
between the two devices.

Hint: Use the data given in Figure Q3.

[3 Marks]

Assume that you are assigned a task to design two embedded devices given
below.

Device 1: a communication device to be installed in a train.

Device 2: a device be carried by a nature photographer.

i) Identify two design challenges for each of the device. If you identify more
than two, write the most important two of them (do no write more).

ii) If the photographer is supposed to leave the device in a rough terrain to
periodically capture photographs, briefly discuss on how you could guarantee
the fail-safe operation of the device through design?

[3 Marks]
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b} Selecting a proper microcontroller at the design stage is critical. Briefly explain

why it is important to choose a microcontroller with a bootloader.
[2 Marks]

Consider a sensor module developed for a line following robot which is shown in
Figure Q4, where Sa and Sp are the line sensors. Each of the sensor output is LOW
if it detects the line and HIGH if the line is not detected.

The chosen microcontroller consist of two I/O ports including two hardware

interrupt pins.

You are given a set of library functions including functions move_Left( ),

move_Right( ), and move_Straight( ).

i) Name a (kernel) design strategy to be used in your program.

if) Explain how you would design your program. You may use flow
charts/block diagrams/codes to illustrate your answer.

iii) If the same line following robot is to be used in an environment where it has
to follow a white line in a dark environment, draw and explain the changes
you would do in your hardware if the microcontroller program is to remain
unchanged. '

{5 Marks]

11 RES VECT CODE IX00I0

12 GOTO START

‘18

14 HMYSUB  MOVLW OFF

15 MOVWF  0x21

16 LCOPL  MOVLW OXFF

17 MOVWF  (0x22

18 LCOP2  MOVLW  0x02

‘18, MOVWF 0x23

20 LOCP3  DECFSZ 0x23,0x01

21 GOTO LCOP3
—|e22 - DECFSZ 0x22,0x01

23 GOTO LOCP2

24 DECFSZ 0x21,0x01

25 GOTO LCOPI

- 26 RETURN

27

28 START

29 BCF 0x93, 9x05

30° BCF 0x03, 0x06

31! CLRF  0x¢5

32 BSF 0XU3, 0OX05

33 MOVLW  0xC7

34 . MOVWE  0xsS

35" BCF 0x43, 005

36 BCF 0X03, GxGE

37 BLINK MOVLW  Ox23

33 IORWE  Ox0S5, oxdl

39 CALL  MysUz

40 MOVLW  OxDF

41 ANDWE  Ox05, Ox0l

42; CALL  MY3UB

43 END

Figure Q2.1
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Address Addrass Address Address

Indirect addr? | goh Indirect addr ! gon inditect addr(? | 1006 | Indirect addr.| 180n
TMRO 01h OPTION_REG| g1h TMRO 101h OPTION REG| 181k
PCL 0zh PCL 82h PCL 1024 PCL 182h

STATLIS 03h STATUS 23h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR ___ | 184h
PORTA DS5h TRISA 88h R L S| 18sh
PGRTB 0&h TRISB 86h PORTS 108% TRISH 186h
PORTC | O07h TRISC | 8n | 0 ot 107 o o o 1 187h
PoRTDY | 08h TRISD™ | s8h ol veen b 0] 188k
PORTE( | 0%h I TRISE® | gon G 108 [ s T 180k
PCLATH | 0Ah PCLATH 8AR PCLATH 10Ak PCLATH 18Ak
INTCON | 0Bh INTCON EBR INTCON 108h INTCON 188h
PIR1 4aCh ' PIE1 8Ch EEDATA 10Ch EECONt 18CH
PIR2 O0Dh PIE2 80h EEADR 100h EECON2 18Dh
TMRIL - | OEh FCON 8ER EEDATH | 10Eh "Reserved® | 18En
TMR1H 0Fh T I EEADRH | t0Fh | Reserved@ | 18Fh
TICON 10k ] oo t10h 190h
TMR2 i1h SSPCON2 | 4ih 11th 191h
T2CON 12k PR2 92h 112k 192h
SSPBUF | 13h SSPADD | 93h 113h 193h
SSPCON | 14h SSESTAT | o4h t14h 164h
CCPRIL | i8h i | g8k 115h 195k
CCPRiH 18h UL ] oen cencral 116h . | 198h
CCPICON | 17H S G ath neva 17h Snerd 197h
RGSTA | 18h TXSTA | a8k Reier | 1180 Remere | 198h
TXREG 19h SPBRG e ) 18 Bytes 118h 16 Byles 198k
RCREG 1Ah G oA 11 AR 16AR
CCPR2L 1Bh R aBn 11Bh 1868h
CCPR2H | 1Ch CMCON ach HCh 18CH
CCP2CON | 1Dh CVRCON 80h 11Dk 19Dk
ADRESH | iEh ADRESL aEh 11Eh 19Eh
ADCOND | TFh ADCONA arh 11Fh 19Fh
20h ACh 120h 1A0h

F{:..?.enegénl General ggnerai

Gorera i Rapsee i

Register 80 Bytes 80 Byles 80 Bytes
o6 Bytes EFR 16Fh 1EFh
8CCSs5eS FOh accesses 170h BCCEsses 1FOh

70h-7Fh 7Oh-7Eh 70h - 7Fh
7Fh FFh 17Fh 1FFh

Bank O Bank 1 Bank 2 Bank 3

Figure Q2.2: Register Banks for PIC16F877A
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Address|  Name sa7 | Bits | BRS Bitd 8r3 Bit2 Bit1 | BHO P";g:";gn on pote:
Bank 0
oon®  [iNDE Addressing this location uses contents of FSR to addrass data mamory (ol a physical rogitar)] 5000 5000 31,150
o1h TMRO Timer0 Moduie Registar axan x| 56,150
oz [Pl Program Counter [PC) Lesst Significan! Byte seng oooa| 30, 150
o [sTATUS me | me1 | mro | 70 | m | 2z | oc | € l|ever woex| 22 150
04n® | FER hdxactDahMamwAddmsPom!w x| 31, 150
05h  |PORTA =" | =77 [PORTA Data Latch when written: PORTA pins when read --0x Go00| 43, 150
08h PORTE PORTB Dats Lateh when writtan: PORTE ping when pead Axus wxxx{ 45, 160
07h PORTC PORTC Data Latch when witlen: PORTC pias when read xxx xxnx| 47, 150
oah® | PORTD PORTD Data Latch whien written: maro pinwfmmad AR xuxx] 48, 150
oh®  1PORTE s — o=l ] RE2 ] REN | RED [0 x| 48, 150
oA | PoLATH e wmaumturmupmﬁﬁiumumpmgmmcumzer ---0 aoen| 30, 150
o |inteoN GiE PEE | TMROIE | mTE RBIE | TMROF | INTF RBIF |cono poowx| 24, 150
oCh PiR1 ADIF ROWF UF SIPIE CCPUF | TMRIIF | TMRIIF |ooo 5090 ] 26, 150
8Dh PiR2 e CMIF | | EEIF BCLIF | e o COPIF | -0-0 0--0f 28,180
BEh TMRIL Ha!dingﬁagtslarformmat Significant Byte of tha 168-b1 TMR1 Ragmr sonsoe x| 60, 150
OFh TMRH Hotdlng Rephster for the Most Sigrificant Byle of the 18-bi TMR 1 Register ek e | 60, 150
10h  [T1CON [ iz [71ekes1] THexpso [Ts0scen] TISYNG | TMRICS [TMRION| -0 caoa] 57, 150
11h TMR2 Tmarzmnnagism 2000 peon 62,150
2 [T260N = "[routrsa| rouresz] TouTPs1 [TOUTPS0] TMERRON | T20KPS! [T26KPS0| <000 cone] 61, 150
13h SSHEUF Symmm&em;‘uﬂmm Buffed/ Ttansmit Register wixs guxx| 79, 150
14h SSPCON WCOL | S50V | SSPEN CKp BEPM3 | SEPM2 | SEPMI | SSPMD |cono scon]| &2, B2,
169
15h COPRIL CaplutsiCompanasPM Register 1 (LEB) oo xxwx| 83,150
18h COPRIH CaphrreiCompare/PWMW Reglster 1 (MSBY xuxx xxax| 63, 150
i7h cepicon |5 b cePIx | cePiy [ COPIMA | COPIMZ | CORIMT | COPIMG |00 cote| 64, 150
18h RCETA SPEN RXg SREN | CREN | ADDEN | FERR | OERR | RXSD {o0go coax| 112, 150
f8h TXREG USART Transtnit Data Register 2000 4000 118, 150
1Ah RCREG USART Recsivi Data Register ao00 zeao| 148, 150
18h CCPRIL Caphure/Compars/PWh Registar 2 {LSB) oo x| 63,150

Figure Q2.3: Special Function Register Summary for PIC16F877A
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Mnaimonic, 14-Bit Opcode Status
Operands Description Cyclos VSO L8t Aftocted ‘Notan
BYTH.ORIENTED FiLE REGISTER OPERATIONS
ADERWF f.d Add W and | 1 90 511y AEEE FEfEl CACZ 1.2
ANDWF I d AND Wwith f 1 a0 9101 dEFff EEEf 2 1.2
CLRF t Claar f 1 oG oon1 Lfff EE£Ff Fd 2
CLRW - Clear W 1 0% DO00L DXHX  XMXN 4
COMF f.d Complemant f 1 ot r00: AEEf EEEF pa 1.2
DECF td | Decrament § 1 99 ouii dEFf EFFE Z 12
DECF8Z f.d Gecrement f, Skip i 0 H2) ag  10ly AEEf E£EfF 123
INCE Fd ineremant 1 1 nE 1010 JdEEFf £FEE z 1.2
INCF82 1.4 Incramant §, Skip if § 12} gn 1113 dfff fEFF 1.23
LORONE Ld Inclusive QR W with § 4 an  pion JEEE EFEf 2z 12
MOVF f.d dove f 1 a0 1po0 dEEE (FEF Z 1.2
MOVAF f Meova Winf 1 0G  popo LEfE Efff
NOP - No Operation 1 g0 000D 0xxd 380D
ALF fd Rotate Laft f through Canry 1 06 1191 JdEEf EEfE c 1.2
HRF f.d Rotate Right ¢ through Caorry 1 ag  ilan JdE£E E£fF G 1.2
SUBWF f.d Subtract W frem ! 1 a2 polo 4fff ffff| CDCZ 12
SWAPE 1.4 Swayp nibbies in 1 g0 1110 AdFfE LEEF 1.2
XORWF fd Exclusive O W with { 1 a¢  p1lo dEEE EEEE ¥ 1.2
BIT-ORIENTED FiLE REGISTER OPERATIONS
8CF b Bit Clear f 1 01 oobb nfff FEELF 12
BSF fb Bit Sat f 1 U1  flhb bBEEE £EEF 12
BTFSC Lo Bit Taut 1, Skip Jf Clear 1{2) a1 Lobb BEFE fEEF 3
8IF38 f.b | Bit Yestf, Skip f Set 1(2) | b1 1ibb BEfL f4Ef 3
UTERAL AND CONTROL OBERATIONS
ADDLW K Add Literal and W 1 21 111x kxkk kkkk | CDCZ
ANDLW 3 AND Literal with W 1 11 1gar kkkk kkkk Z
CALL k Cali Subtautline 2 10 Okxk kikkk kkik|
CLRWDT - Clear Watchdog Timar 1 ot autoen olrg azoe) TOPD
GOTO K GO 1o Address 2 23 1kkk kkkk kkkk
IORLW k inclosive OR Literal with W 1 11 1008 kkkk kkkk z
MOVLW X Mzve Literal to W 4 11 0oBxx kkkk kkkk
RETKE - Return from interrupt 2 oc 0880 00O 1noy
RETLW k Ratum with Literal in W 2 11 glxx kkkk Rkhkk
RETURN - Return from Subrouting 2 ag  0GaD 8R0T 1080
StLEEP - Go into Standby mode 1 ge  pooo 0110 0811 TOFD
sSuBiwW k Subtract W from Literal 1 31 ilax kkkk kkkk(| CDCZ
XORLW X Exclusive OR LReral with W 1 31 1010 kkkkx kkkk z
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BCF Bit Clear f
Syntayx: [label]BCF fb
Operands: O=fs127
Ozbhsa?
Gperation; 0 — {f<b>)
Status Affected:  None
Descriptiony: Bit ' in register 'f is cleared.
GOTO Unconditional Branch
Syntax: [fabell GOTO k
Operands; O<k< 2047
Onperation: K PC=10:0>
PCLATH=4:3» 4 PC<{2:{1>
Status Affected: Nons
Description; @10 is an unconditional branch.
The efeven-bit immediate value is
loaded into PC bits <10:0~. The
upper bits of PC are loaded from
PCLATH=4:3> aoro is A
two-cycle instruction.
DECFSZ Decrament f, Skip if 0
Syntax. {/abel] DECFSZ 1d
Operands. << 127
de 0,13
Cperation; {f} - 1 s (destination);
skip ifresust =0
Status Afiected: None
Descriptiony The contents of register 'f" are
decremented. If'd’is o', the resuit
is placed in the W register. if ‘" is
‘1, the result is placed hack in
register '
if the resuit is 1", the next instruc-
tion is exerubed. If the resultis 'o",
then a Nor is executed instead,
making it a 2 Toy insfruction.
ANDWF AND W with
Syntax: label] ANDWF fd
Operands: 0afs 127
de 0.1}
Operation: {W) _AND. (f) — {destination)
Status Affected: Z
Description: AND the W register with register

. Hd is ‘0", the resultis stored in

the W register. if 'd'is '1’, the

result is stored back in register °F.

BSF Bit Setf
]
Syntax: [fabel1BSF b
Operands: 0212127
Dsbe?
Operation: 1 — (b}
Status Affected:  None
Description: Bit D in register ' is sel.
IORLW Inciusive OR Literal with W
Syndax: [label] HORLW k
Cperands: O<ck=258
Operation: (A} OR. K — (W)
Status Affected. 27
Description: The contents of the W register are
OR’ed with the eight-bit iiteral *k".
The result is placed in the W
registar.
INCF&Z increment f, Skip i 0
Syntac flabel} INCFSZ {d
Cperands: Bsfs127
de {0.1]
Cperation: {f1 + 1 - (destination),
skip if result = 0
Slatus Affected:  None
Description: Tha contents of register ‘f' are
incremented, i °d’ is "o’ the result
is placed in the W register. i 'd' is
1", the result is placed back in
register T.
if the resultis ‘1, the next instruc-
tion is executed. if the resutt is ‘o',
@ NP Is executed inslead, making
it a2 2 Toy instruction.
IORWF Inclusive OR Wwith {
Syntax: [fabef] 1ORWF f{d
Operands: Oz 127
de [0,1]
Operation: {7} .OR. (f} — (destination)
Status Affected: 2
Description: Inclusive OR the W register with

register T. °d" is '0°, the result is
placed in the W register. if 'd’ is
'3', the result is piaced ack in
register ',

Figure Q2.5: Detailed Description of some Assembly Instructions for PIC16F877A
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7 6 5 4 3 2 1 0

- 1 CSRC TX9 TXEN SYNC - BRGH TRMT TX9D
CSRC: Clock Source Select bit BRGH: High Baud Rate Select bit
Asynchronous mode: Don't care. 1=THigh speed

0 = Low speed
TX9: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission TRMT: Transmit Shift Register Status bit
0 = Selects 8-bit transmission 1 =TSR empty

0 =TSR full
TXEN: Transmit Enable bit
1 = Transmit enabled TX9D: 9th bit of Transmit Data, can be Parity
0 = Transmit disabled bit
SYNC: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode
“RCSTA - 7 6 5 4 3 2 1 0
co ] SPEN RX9 SREN | CREN | ADDEN | FERR | OERR | RX9D
SPEN: Serial Port Enable bit ADDEN: Address Detect Enable bit

1 = Serial port enabled

{(configures RC7/RX/DT and
RC6/TX/CK pins as serial port pins)
(0 = Serial port disabled

RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
() = Selects 8-bit reception

SREN: Single Receive Enable bit
Asynchronous mode: Don't care.

CREN: Continuous Receive Enable bit
Asynchronous mode:

1 = Enables continuous receive

0 = Disables continuous receive

Asynchronous mode 9-bit (RX9 = 1):

1 Enables address detection, enables
interrupt and load of the receive buffer
when RSR is set

0 = Disables address detection, all bytes are
received and ninth bit can be used as parity
bit

FERR: Framing Error bit

1 = Framing error (can be updated by
reading RCREG register and receive next
valid byte)

0 = No framing error

OERR: Overrun Error bit

1 =Overrun error (can be cleared by clearing
bit CREN)

0 = No overrun error

RX9D: 9th bit of Received Data (can be

parity bit but must be calculated by user
firmware)

Figure Q3: Important Registers for UART Configuration in PIC16F877A
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