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

Q1

Q2

a)

b)

d)

i} Design steps of an embedded system can be listed as

1. Requirements and specifications of hardware and software

2. Define architectures of hardware and software

3. Coding and implementation as per architecture,

4. Testing, validation and verification of system.
Draw a flow chart to show how these steps are being used.

[1 Mark]

ii) In embedded systems, the design should support hassle free/efficient methods for

testing and validation. Briefly explain the above statement.

: [2 Marks]
i) State the meaning of a real-time requirement with respect to an embedded system,

[1 Mark}
ii) State one requirement each for functional requirements and quality requirements of an
embedded system.

[1 Mark]
i) List three key components of a microcontroller.

[1 Mark]
ii) State the main difference between the platform and architecture.

f1 Mark]

iii) Using a figure, illustrate the relationship between the main program, an interrupt
service routine, and the interrupt vector.

_ [1 Mark]

Briefly explain how you would assist resource sharing using a semaphore.

[2 Marks]

Consider the assembly code written to control a set of LEDs using a push button shown in

Figure Q2.1. 1t is targeted for a PIC16F877A microcontroller and is written using MPLAB-X

IDE V5.15.

Note: Required register summary and Assembly instruction summary are given in Figure

Q2.2 and Figure Q2.3, respectively.

i) Identify the addresses of the registers accessed in line 20 and line 23

: [1 Mark]

ii) Identify the possible functionalities of line 20 and line 21.
[1 Mark]

iif) Line 23 sets the interrupt to trigger at the rising edge of the input to the external interrupt

pin. Identify the functionality of the code written inside the ISR.
[T Mark]
iv} Identify the functionality of lire 2. '
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Q3

b)

a)

[1 Mark]

: v) When you run this program in the debug mode, you may not see if the program is

running even if it is running properly. State a technique you can adopt to identify if the
program is running. '
[1 Mark]
vi) State in point form what you would do if you are to test the functionality of the interrupt
before uploading the compiled code to the microcontroller. '
[2 Marks]
i} Identify the property of Atmega328P microcontroller which allows you to program it
using Atmel Studio and a USB cable. :
' [1 Mark]
ii} Identify the important functionality/feature that should be turned off when sending a
microcontroller to the debug mode.

[1 Mark]

iii) State an advantage of using an IDE than using a simple text editor to program
microcontrollers.

[1 Mark]

You are required to write a C program to drive a stepper motor, Figure Q3 gives the code for
stepperMotor.c file written for this purpose. The Motor structure consist of four integer
variables. ,
1. phaseA and phaseB corresponding to two phases of the stepper motor.
2. currentSteplndex is to store the index of the step that you currently execute.
3. nextStepTime is to set the time at which next step should occur,
Following two functions are written in a different C file which you can access by prototyping as given
in line 10 and line 12. You can call these functions by their name in you code.
1. getTime ()is to get the current time as an integer -
2. driveMotor () takes an input parameter of type Struct Motor and set values
to the corresponding pins of the motor.
The initMotor () function receives a pointer (by reference) to a parameter of type struct
Motor and it initializes all motor attributes inside its body.
Answer part (i) to (vii) in Figure Q3 itself and attach it to the answer script.

i) Suppose that a parameter of type struct Motor is passed by reference (as a pointer)
into the generateNextPattern () function. Complete the function prototype in line
16.

[1 Mark]

ii) Suppose thata the pointer used inside generateNextPattern() functionis named
as this_motor. Complete the function definition given in line 39.

[1 Mark]

iii) Complete line 24 to implement reading the current time into the variable curentTime.
' [1 Mark]

iv) Suppose that we can execute what is inside the ‘if’ condition in line 25 only when current
time is greater than the time to set the next step (nextStepTime). Complete line 25 to
implement this condition. ,

" [1 Mark]

v) Complete line 27 to call the function to set required pins to drive the motor.

1 Mark]
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+ vi} After each step, two phases of the stepper motor has to be inverted (i.e. one to zero and

zero to one). Complete line 40 and line 41 to update the two phases of the motor. -
[1 Mark]

vii) Update the time for next step and step index using line 42 and line 43,
[1 Mark]

Consider a microcontroller running at 16 Mhz consisting of an 8-bit and 16-bit timers each
having the prescalar values 1, 8, 64, 256, and 1024.
i) Suppose that you need to set a time interval between 1 second and 4 seconds. Identify
the timer and the prescalar to be used in order to implement this time interval.
Note: Show the steps and calculation used for your selection,
' [2 Marks}
ii) Out of the overflow and compare modes, select the mode would you select to generate
this timer interrupt.
[1 Mark]

Q4 Suppose that you are taking part in a project to implement a vehicle fleet monitoring system.,
The device you are supposed to design should satisfy following requirements.

1. Obtain the GPS location every few seconds.
2. Send number of GPS locations at once to a central server at constant intervals.
3. Manually adjust the interval between successive GPS locations and successive

transmissions to the server.

4. Display the time interval between successive GPS locations and successive

transmissions to the server.

Further, you are requested to use an Atmel 328P microcontroller to implement the device.

2)

b)

1) Draw a block diagram to implement the given device.

: [1 Mark]
ii} Draw a flow chart to implement the given functionalities.
[2 Marks]
iii) Identify the components/modules to be used for each block.
[1 Mark]

iv) If the GPS module is to be connected via UART, identify the interfaces to be used for
each of the other components/ modules.
[1 Mark]
Suppose that you are asked to implement the 3td requirement using a different technique
than what you have given in (a). State in point form, how you would implement it.
[2 Marks]
i) Suppose that you are to take a digital input from a particular port. Using a figure, show
how you would connect an input which is low when it is active and floating wher it is
inactive.
[1 Mark]
ii) Suppose that you are required to use a push button to implement a “sleep button’, which
you need to push for a certain duration to activate. Explain in point form how you would
implement this functionality.
Note: you may have to focus on the input type, the unplementa‘aon logic, etc.

{2 Mark]
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; LEDs CONTROLLED BY SHITCH

#INCLUDE
RES_VECT

S0TO

INT_VECT
GOTO

«PleF8T7A. TN

CCDE OxQQOQ

3TART

CODE OxQ0G04
I3R

MAIN PRGG CODE

START
BSF
CLRF
CLRF
BSF -
BCF
CLRF
BSF
BSF
BSF
BSFE

CLRF
CLRF
BSF

LOOP
80TO

ISR

' CLEW
INCF

3TATTIS, RPO
TRIZE

TRISD

TRIZE, O
STATIS, RPUO
INTCOH
INTCOM, INTE
INTOON, GIE
STRIUI, RPU
CBRTION REG, INTEDG
5TATUS, RPO
BOERTS

PORTID

PORTE, 1

LOCP

BORTID

BCF INTCON, INTIF
RETFIE

END

Figure Q2.1
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:

“PORTEN

PCLATH

INTCON

PIR1.

PIR2

THMRIL

~TMRTH

TICON

TMIRZ
J2COM
SSPAUF

SSPCON

CCPRIL

CCPRIA

CCP1CON

RCSTA__

TXREG
RCREG

COPR2L

CCPRM

OCP2CON

ADRESH

ADCONG

General
Register
93 Bytes

Bank ¢

38
-h
-

2EESE

2
F

FESgE8E

tDh
tEh
1Fh

7Fh

:
ndirect addr.(?| son
OPTION_REG| 8th
PCL &2h
STATUS | san
FSR Bdh
TRISA 8sh
IRISH A6h
o &
TRISE 89k
PCLATH | 8Ah
INTCON | aBh
8Ch
8bh
BEh
B0h
#1h
i
94h
84h
1 ssn
46h
9
88h
9o
o] 8AR
8h
8Ch
CVRCON | som
ADRESL 4€h
ADCON1 h
ACh
General
0 Byles
EFh
accesses | FOR
T0h-7Eh
FFEh
Bank {

Address

Indirect addr. V| 1000

TMRO | 10th

PCL 102h

STATUS | 1080
FSR

Genaral

Register
80 Bytes

accesses
T0h-7Fh

Bank 2

Page 5 of 7

| 104h

110k
11th
112h
N3
114h
115h
1i6h
117h
118h
118h
1Al
11Bh
11Ch
110h
HEh
11Fn
120h

16Fh

170k

17Fh

Figure Q2.2: Register Banks for PIC16F877A

Addreas

indirect addr. ™! 1a0n
OPTION _REG! 181h
FCL 182h
STATUS 183h
FSR 184h

F(}mrai
urpose
Register
18 Bytes

Senéral
Register
B0 Byles

accesses
10h - TFh

Bank 3

1 1908

18th
192h
193h
144h
185h
196h
197h
168h
189h
18Ah
158h
18Ch
190h
Eh
19Fh

1ADh

1EFh
1FOh

1FFh



¥

TABLE24:  SPECIAL FUNCTION REGISTER SUMMARY

. , Value on: | Delata

Address|  Name B7 | sue | BHS | mws | ew3 | em2 | eat | mo POR, BOR |on page:
Bank ¢ '
0ok [iNDE mﬂqmmMman&mmuwmmamm} 0000 0000/ 31, 150
oth  |vmro Tinat) Modide Ragister , oo x| 585, 150
0. [peL Progratn Counter (PC) Least Siiicant Byte , ooen go0a| 30, 150
o |smarus ®* | RPI | RO | TO m r4 be € o001 Lwe| 22 150
T indiect Data Mamory Adhess Pointer , e oee| 31, 150
®h [poRTA | {2 | PORTA Dt Laich when wiiter: FORTA pine when 109 --0x 0o0a| 43, 150
0h  |PORTE mﬁmmmmmmﬁmmm xaxx x| 45, 150
0Th  PORIC PORTC Dt Lakch whan weitan: FORTG pins whes resd scxx sooce| 47, 150
ot porr mmmmmmmmmmm ek socex| 48, 160
Wl Jrorre R PR TERE e | REt | RED |- -ocx| 45,150
0AN'S |pci A mmmummsmmmmmcm« --~0 G00a| 34, 150
08k | TOON E| INTE | RBE | TMROF | INF | RBIF |eaoo ooox| 24, 180
OCh B TXIF | SSPF | COPUF | TMRZF | TMRIF [oaso oooo| 26, 150
h  [PIRZ I et EEIF | BCLF CCP2F |-0-0 0--a| 28, 150
0Eh  |TMRIL Hoiding Ragister for the Least Sigrilicant Byl of the 16-bit TMR! Regatar sonee soeex| 60, 150
OFh  [TMRYH Hokding Registar for tha Most Significant Byt of ha 16-bit TR Register soeex ooee| 60, 150
T [MEON e b o] Tickess T10sCeN] TISTNC | TMRICS | TMRION| -0 000a) 87, 150
11k a2 i " 0U00 Goan| 82, 150
TN b i‘muwsslmmml ToutPst {TouTPse| TMRzON | T26Ps [TaCKPS0] 000 000 81, 150
1ah S&paLE WMMWEMMW sxxx ok | 79, 150
14h SEPCON WOOL | S8POV | SSPEN | kP | sSPM3 | sSSP SSPM1 | S3PMO Joooo ogon| 82 &2
180}

1h  (CCPRIL  |Capture/Compare/PWM Registar | (L3B) woee ook | 63, 150
t6h  |CCPRIH cqmmmaegws{m} , xxsee xoeex| 83, 150
7 JCCPICON B GCPIX | CCPIY | COPIM3 | CCPIMZ | CLP1Mt | CCFIMO|--00 o000| 84, 180
h  |RCSTA #EN | RO | SREN | CREN | ADDEN | FERR | OERR | RX#D |cuon oaox| 112, 50
1Gh TAREG UBART Transmit Data Rogister 0000 oh0a| HB, 150
1A ROREG USART Receive Dats Ragister 2008 oa0d) 118, 150
1Bh  |COPRZL CaphrarCormpare/PWH Regiser 2 (L 58) e | 83, 150
1Ch  |CCPRIH MMQMAR@EMZ(&@ xxxx awex| 63, 150
10h  |coPcoN | Cep2x | copzy [ cerams [ copan [ coramt [Copan |- o0 oaoa] 64,130
hm*m&mﬁm&h e ewwel 133 1500

Figure Q2.3: Special Function Register Summary for PIC16F877A
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