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Total: 100 marks 

 

INSTRUCTION: Answer FOUR (4) from FIVE (5) questions only. 

Please use the answer booklet provided. 

 

 

Question 1 

 

(a) Define the Embedded System and choose one industrial area which use embedded 

system technology. 

(4 marks) 

(b) The following statements describe the Embedded Systems characteristic. Briefly 

discuss. 

i. Hybrid systems 

(3 marks) 

ii. Dedicated towards a certain application 

(3 marks) 

iii. Hardly recognizes 

(3 marks) 

(c) Define and discuss the following aspects of Embedded Systems dependability. 

i. Availability 

(3 marks) 

ii. Safety 

(3 marks) 

(d) Define and discuss the Embedded Systems efficiency in terms of: 

i. Run-Time efficiency 

(3 marks) 

ii. Power Consumption 

(3 marks) 
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Question 2 

 

(a) Explain the characteristics of the ‘Round-robin with Interrupt’ architecture below: 

i. Priorities Available 

ii. Worst Response Time for Task Code 

(5 marks) 

 

(b) What type of software architecture is being used in the following example? Briefly 

explain.  

unsigned char fDeviceA = FALSE; 

unsigned char fDeviceB = FALSE; 

void interrupt vHandleDeviceA(void) {  

!! Take care of I/O Device A 

fDeviceA = TRUE;   

} 

void interrupt vHandleDeviceB(void) { 

!! Take care of I/O Device B 

fDeviceB = TRUE; 

} 

void main (void) { 

while (TRUE) 

{ 

if (fDeviceA == TRUE) { 

fDeviceA = FALSE; 

! Handle data to/from Device A 

} 

if (fDeviceB == TRUE) { 

fDeviceB = FALSE; 

!! Handle data to/from Device B 

} 

} 

}  

(10 marks) 

 

(c) Figure 1 shows an insulin pump data flow. A system is used by diabetics to simulate 

the function of the pancreas which manufactures insulin, an essential hormone that 

metabolizes blood glucose. The systems measures blood glucose (sugar) using a 

micro-sensor and computes the insulin dose required to metabolize the glucose.  

 



 

SEPTEMBER 2014                                                                                                                                       CONFIDENTIAL 

FSB33403 EMBEDDED SYSTEM                                                                                                                                   3 

  

 

Figure 1: Insulin pump data flow 

 

i. State the type of appropriate software architecture might be used for such a 

system.   

(2 marks) 

ii. Justify your answer in Question 2(c)i. 

(8 marks) 
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Question 3 

 

(a) As an Embedded System Engineer you were given a task to develop a 

microcontroller based mobile robot controller. Following are the specifications of the 

selected microcontroller.  

 

Table 1: The microcontroller specifications 

Parameter Name  Value  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Features  
Program Memory Type  Flash 

 

 2 PWM 10-bit 

Program Memory (KB)  14  256 Bytes EEPROM data memory 

CPU Speed (MIPS)  5  ICD 

RAM Bytes  368  25mA sink/source per I/O 

Data EEPROM (bytes)  256  Self Programming 

Digital Communication 
Peripherals 

1-A/E/USART, 
1-MSSP(SPI/I2C) 

 Parallel Slave Port 

Capture/Compare/PWM 
Peripherals 

 2 CCP 
 

Timers  2 x 8-bit, 1 x 16-bit  

 
 

ADC 

  
 
8 ch, 10-bit 

          

Comparators  2  

Temperature Range (C)  -40 to 125  

Operating Voltage Range 
(V) 

 2 to 5.5 
 

Pin Count 40  

 

Based on the above specifications: 

i. List the interfacing method of expanding I/Os (input and output) by interfacing two 

microcontrollers together and briefly justify your answer. 

(4 marks) 

ii. Sketch and label all the interfacing method. 

(6 marks) 

 

(b) The interfacing design in Figure 2 is referred.  

 

 

Figure 2: Interfacing design 
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Briefly explain the function of signal pin below: 

i. SCLK.  

(3 marks) 

ii. MOSI. 

(2 marks) 

 

(c) Consider a telegraph system that allows you to connect a printer that has only a high-

speed serial port to a network. The functions of  telegraph are as follows: 

 Sort out the chaos on the network and provide a clean data stream to the printer. 

 Feed the printer at one print job at a time and somehow hold off the other entire 

computer. There might be many computers on the network, all of which might 

want to print on the same time. 

 Response quite rapidly to certain events. There are various kinds of network 

frames to which Telegraph must send a response within 200 microseconds. 

 

Describe on how the “Function Queue Scheduling” architecture may handle the 

system above. 

 (10 marks) 
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Question 4 

 

(a) The sensors of LM34 series are precision integrated-circuit temperature sensors 

whose output voltage is linearly proportional to the Fahrenheit temperature. By 

referring to the datasheet given in the Appendix 1, answer the questions below: 

 

i. Find the output voltage scale for each degree of 1 Fahrenheit.  

(2 marks) 

ii. The voltage reference, VREF is set to 2.56V. Discuss this voltage selection when 

using LM34 sensor. 

 (3 marks) 

 

(b) Write a program to read and display the temperature as shown in Figure 3. The 

following points must be noted: 

 The LM34 is connected to channel 0 (ADC0 pin); 

 The 10-bit output of the A/D is divided by 4 to get the real time 

temperature. Thus, left-justified data option is used; 

 The interrupt service is used in the program. 

 

 

Figure 3: LM35 and LED display connection to AVR  

 

Note:   LM35 datasheet, WINAVR C programming reference and register description are 

attached in Appendix 1, 2 and 3. 

 (10 marks) 

 

(c) Calculate the digital values for 50 degree temperature and state the involved register(s).   

  (10 marks) 

 

 

Port D          8 
 

LEDs 
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Question 5 

 

Thermocouples are used extensively in the steel and iron industries to monitor temperatures 

and chemistry throughout the steel making process. A signal conditioning chip is needed to 

convert the analog value to digital. Given the datasheet of MAX6675 (refer Appendix 4). All 

questions below are based on the information given in the datasheet. 

 

 

(a) What type of peripheral interfacing method used between the microcontroller and the 

K-Thermocouple to Digital Converter chip? 

(2 marks) 

 

(b) Draw a general block diagram, complete with pin assignment to show the connection 

between the Thermocouple sensor - MAX6675 Chip – Microcontroller. 

(5 marks) 

 

(c) We are designing a temperature monitoring system for two boilers. Thus, two 

thermocouple sensors are needed for the stated task and eight LEDs is used to 

display the temperature value in binary form. Modify the block diagram in Question 

5(b) to fulfill the system design.  

 (5 marks) 

 

(d) Write a pseudo-code to capture the temperature values from two thermo-couple 

sensors using plain Round Robin architecture. You are advised to use for loop 

statement which allows the code to be iteratively capturing digital values from the 

sensors. 

(8 marks) 

 

(e) Each task in plain Round Robin architecture has specific time for execution. System 

above will read the converted temperature value from the MAX6675 and display the 

digital value on LEDs. What will be the maximum time (second) needed for the 

MAX6675 to convert the analog value to digital and explains why this method 

programming design is sufficient to the system. 

(5 marks) 

 

END OF QUESTION

http://en.wikipedia.org/wiki/Steel
http://en.wikipedia.org/wiki/Iron
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APPENDIX 1 

LM34 Datasheet 
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APPENDIX 2 

WINAVR C Programming 

 

Code Comment 

DDRB = 0xff; All port B pins as output 

PORTB = 0xff; All port B pins set to “1” 

DDRB |= 1<<DDB2; Set port B pin 2 as output 

DDRB &= 

~(1<<DDB2); 

Set port B pin 2 as input 

PORTB |= 

_BV(PB2); or 

PORTB |= 

1<<2; or 

PORTB |= 

1<<PINB2; 

Set port B pin 2 to “1” 

PORTB &= 

~_BV(PB2); or 

PORTB &= 

~(1<<2); or 

PORTB &= 

~1<<PINB2; 

Set port B pin 2 to “0” 

if (PIND & 

(1<<PIND3)) 

{ 

... 

} 

Check if port D pin 3 

equal to “1” 

if (!(PIND & 

(1<<PIND3))) 

{ 

... 

} 

Check if port D pin 3 

equal to “0” 
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APPENDIX 3 

Analog to Digital Converter: Register Description 
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APPENDIX 4 

MAX6675 Data Sheet 



 

SEPTEMBER 2014                                                                                                                                       CONFIDENTIAL 

FSB33403 EMBEDDED SYSTEM                                                                                                                                   16 

  

 



 

SEPTEMBER 2014                                                                                                                                       CONFIDENTIAL 

FSB33403 EMBEDDED SYSTEM                                                                                                                                   17 

  

 
 
 



 

SEPTEMBER 2014                                                                                                                                       CONFIDENTIAL 

FSB33403 EMBEDDED SYSTEM                                                                                                                                   18 

  

 
 
 



 

SEPTEMBER 2014                                                                                                                                       CONFIDENTIAL 

FSB33403 EMBEDDED SYSTEM                                                                                                                                   19 

  

 
 
 
 


