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	1.
	The following devices are connected to an 8-bit parallel digital I/O port of a washing machine controller- 
Bit No.

Description

I/O

Comments

0

An LED                 

output
1

A thermostat         

input
2

A switch S1           

input
0 = open, 1 = closed

3

A water pump       

output
4

A water heater      

output
5

A water inlet valve

output 
0 = valve closed, 1 = valve open

6

A water level sensor

input
1 = full of water, 0 otherwise

7

Not used

-

The thermostat generates a logic 1 when the preset temperature is exceeded, a logic 0 otherwise. 

The LED, water heater and water pump are activated by a logic '1'

Two registers, DP4 and P4, are associated with the port:-
DP4 - is an 8-bit data direction register, where each bit of the byte determines the port direction:- 0=input, 1 = output  

P4 - the data output to the port or input from the port
	


	
	(a)
	Determine the port pin directions for the devices connected to the port and hence determine the value to be written to the DP4 register.

	[ 2 Marks]

	
	(b)
	Using masking techniques and the bitwise operators of the 'C' programming language show the 'C' language statement required to perform the following operations without affecting the other port bits.

	 

	
	
	(i)
	Turn the water pump on


	[ 2 Marks]

	
	
	(ii)
	Turn the water pump off
	[ 2 Marks]


	
	
	(iii)
	Turn the water heater off if both the thermostat and the switch S1 are logic '1'
	[ 4 Marks]


	
	(c)
	Using a state machine approach draw a state machine diagram and outline in pseudo-code or ‘C’ how you would control the following sequence:

· From an idle state, wait for S1 to be closed then turn on the LED and open the water inlet valve (set to logic 1).
· When the water level sensor becomes logic 1 close the water inlet valve(set back to logic 0)
· Turn on the water heater and wait for the thermostat to switch to logic 1 then turn off the water heater and the LED and return back to the idle state.
	

	
	
	
	
	[10 Marks]


	
	
	
	
	[TOTAL 20 Marks]


	2.
	a
	A data acquisition system is required to measure the voltage from 8 temperature transducers. A successive approximation ADC is to be used The output voltage range of the transducers is from 0V to +5V representing the temperature range of 0 to 100ºC. A measurement resolution of 0.1ºC is required.
	

	
	
	(i)
	Calculate the minimum number of bits that the ADC must use to achieve the desired resolution.
	[ 4 Marks]

	
	
	(ii)
	Draw a block diagram of the complete data acquisition system including the control signals that would interface to a microprocessor. 
	[ 6 Marks]

	
	b
	
	
	

	
	
	(i)
	If a UART is transmitting at 19200 baud how long would it take to output the string of 5 characters "HELLO". Assume that the output is continuous and that each character is transmitted as an eight bit value with one start and one stop bit.
	[ 4 Marks]

	
	
	(ii)
	Explain the role of the ASCII codes XON and XOFF in asynchronous serial communication?
	[ 4 Marks]

	
	
	(iii)
	Why is the clock signal provided to the receiver section of a UART often a multiple (typically 16 times) of the baud rate?
	[ 2 Marks]


	
	
	
	
	TOTAL [20 Marks]


	3.
	With respect to the Control Area Network (CAN) bus
	


	
	(a)
	What is meant by the terms dominant and recessive and how do they relate to the physical implementation of the CAN signals?
	[4 Marks]

	
	(b)
	Explain how the CAN message ID’s are used in bus arbitration to prioritise the CAN messages when two or more nodes try to transmit on the bus at the same time?
	[8 Marks]

	
	(c)
	List and briefly explain three major features of the CAN bus that make it suitable for use in automotive and similar application areas.
	[6 Marks]

	
	(d)
	Explain why the maximum data packet size of a CAN message is set at 8 bytes?
	[2 Marks]


	
	
	
	TOTAL [20 Marks]


	4.
	
	

	
	a
	Describe the software and hardware development tools and the software development process used in the development, testing and debugging of software for embedded microprocessor and microcontroller based systems. Explain the features of the tools and their specific role in the development process, particularly those related to testing and debugging of the target application.

	[10Marks]

	
	b
	
	

	
	
	(i)
	List and briefly discuss four key features of a typical microcontroller used in small embedded applications

	[4 Marks]

	
	
	(ii)
	Briefly compare and contrast the major architectural features of the following microprocessor types :

· A general purpose microprocessor such as the Intel Pentium used in many desktop PC’s.

· A Digital Signal Processor (DSP).

· A microcontroller such as the Infineon 167
	[6 Marks]

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	TOTAL [20 Marks]


	5.
	
	

	
	(a)
	What are the advantages of interrupts over polling in processing data transfers between a microprocessor and peripheral I/O devices?
	[6 Marks]

	
	(b)
	Explain the role of the stack and the Processor Status Word In a vectored priority interrupt system such as that used in the Infineon 167 microcontroller.
	[4 Marks]

	
	(c)
	What extensions to the 'C' language have been provided in the Keil C166 compiler to support vectored interrupt handling with the Infineon 167 microcontroller. Explain their usage with an example.
	[6 Marks]

	
	(d)
	Why must a function that is to service the interrupt be declared as returning void and receiving no arguments such as void isr( ) ....
	[4 Marks]


	
	
	
	
	TOTAL [20 Marks]


	6
	A microcontroller has the following features:-

· Two external interrupt inputs INT0, INT1 which are programmable to be either positive or negative edge sensitive.

· The interrupt system that uses a priority based vectoring system.

· Two 16-bit timer/counters T0 and T1 that count up when clocked.

· The timer/counters can be clocked either by the CPU clock or external inputs (T0IN or T1IN). The CPU clock is 1MHz which can be pre-scaled by a factor of 4, 16 or 64 before clocking the timer/counters.

· An overflow bit is set when the relevant timer/counter register increments from 0xFFFF to 0x0000 and may optionally be enable to generate an interrupt. The overflow bits are T0IF and T1IF respectively for each timer/counter
· Both Timers have an auto-reload register which reloads the timer when the corresponding overflow bit is set.

· The timer/counter modes are 

· Timer  - clocked by pre-scaled CPU frequency 
· Counter - clocked by external input

An application requires the speed of a motor shaft to be measured in revolutions per second(rps). A sensor is mounted near the motor shaft which generates a positive pulse at every complete rotation of the motor shaft. The maximum motor rotation speed is 100 rps.

Using the microcontroller information presented above, explain how you would design a system to measure the speed of rotation of the motor shaft. You should outline in pseudo-code or ‘C’ how the microcontroller features would be configured and used in your solution.

· State any assumptions you make in your answer.

· Comment on any limitations of your solution.




	

	
	
	
	
	


	
	
	
	
	TOTAL [20 Marks]
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