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[bookmark: _Toc238526186]Embedded Microcontrollers



TIME:  2 Hours 
answer all questions 

Questions are not equally weighted -  make note and distribute your time accordingly



Equipment or materials required – None
The Candidates are not permitted to bring calculators, dictionaries; text books/case studies or any other reference materials into the exam room.
Show any calculations in your exam book


ANSWER ALL QUESTIONS

QUESTION ONE  (35 marks total)
[image: ]


The system diagram above is of one of the case studies covered during the course of the term. It illustrates the design of a microprocessor controlled device that calculates the concentration of Carbon Dioxide in the air, based on time of flight information of an ultrasonic pulse sent through an air cavity but also utilising a compensation value from a temperature sensor.

a) Identify and explain the purpose and general function of each of the blocks in the above diagram. (15 marks)

You are now given the task of updating the design to try and reduce the overall component count and base as much as possible around an embedded microcontroller instead of a discrete microprocessor and associated peripheral/support circuitry. 

b) Sketch a rough circuit/system diagram using a typical PIC microcontroller. You do not have to specify an exact model, but you should explain the basic functionality of the device type chosen and indicate the function of any pins used in your diagram. 
(10 marks)

c) [bookmark: _GoBack]Explain why you have chosen that device type, detailing what features does it have that replace the original discrete ‘blocks’,  and any other issues that factored into your choice. Are there any items of the original design that might  not be able to be directly replicated within your choice of PIC? If this is the case, what would be your design solution? (10 marks)



QUESTION TWO (15 marks total)

What is JTAG? Explain its original purpose and give examples of how its standards have been extended to provide additional functionality.









QUESTION THREE (30 marks total)

Sometimes, the design of an embedded system involves significant complexity that would be better realised by utilising more sophisticated hardware and software than a simple microcontroller can easily provide. The PC104 standard is one such platform.

a) Produce a brief report explaining what it is and highlighting its general features. 
(10 marks)

b) What types of operating systems typically run on such devices? (3 marks)

c) Why do many such embedded systems require a specialised RTOS (Real Time Operating System)? (5 marks)

d) Explain what is meant by:
A Non Real Time System
A Soft Real Time System
A Hard Real Time System
	(12 marks – 4 marks each)


QUESTION FOUR (20 marks total)

[image: ]


The Circuit above shows a purely analogue implementation of a simple ‘suntan timer’ where the light falling on a photodiode causes the sounder to operate after a time period that can be adjusted by the 500K potentiometer.
The circuit below is an alternative implementation based around an ATmega microcontroller. 
[image: ]
Explain the principle of operation of:
a) the analogue version (5 marks)
b) the microcontroller version, detailing the function of each component and every pin of the micro. (15 marks)
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