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This examhastwo (2) questions.The marksfor eachquestionareasindicated. Therearea total of 22
marks. Answerall questions.Write your answersn the exambook provided. Shav your work. You may
answerthe questionsn ary order Books,notesandcalculatorsareallowed. You maykeepthis exampaper

Question 1 (11 marks)

This questionasksyou to designthe digital electronicdor a device thatmeasureshe depth
of thewaterundera ship.

The device transmitsa signalfrom the bottom of the ship. Sometime laterit recevesthe
echofrom theseafloor. By measuringhedelaybetweertransmittingthe pulseandreceving
theecho,your device candeterminethe depth.

Your device hasthefollowing inputsandoutputs:

e a1500Hz clockinput,cl k

e andactive-highinput, echo, thatindicatesanechois beingreceved
e anactive-highoutput,t ransni t, thatturnsonthetransmitter

e an8-bit output,dept h, thatindicatesthe depthin metres

Your device shouldtransmitone pulseevery 100 milliseconds(tentimespersecond).Each
pulseshouldhave a durationof ﬁ) secondsWhentheechois recevedyour device should
outputthe newly-measurediepthandhold it until the next depthmeasuremeris available.

Thespeedf soundin wateris approximately1500m/s. Sincetheclockrateis 1500Hz, the
numberof clock cycleselapsedsincethe startof thetransmittedoulseindicateshe depthin
metres.

You canassumehattherewill alwaysbeanechoandthatit will lastfor exactly oneclock
period.

Thefollowing diagramshavs anexampleof theinput andoutputwaveforms:
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Write a VHDL entity and architecturefor a circuit that is synthesizeabléy MaxPlus+ll
andmeetsthesespecificationsYoumayusest d_| ogi ¢, std_| ogi c_vect or orunsi gned
types. Apply type corversionfunctionsas necessary Any process in your VHDL code
must containexactly onei f statementontrolling one or more simple signal assignment
statements.You neednot include comments. Include any | i brary anduse statements
required.You neednot synchronizenputsor registeroutputs(for glitch removal).

Hint: You will needat leasttwo registers, oneto hold the outputand oneto implementa
counter

Question 2 (11 marks)

This questionasksyouto write an80x86assembly-languagerogramthatimplementsa car
headlightcontroller This controllerimplementsa delayfeatureso that the headlightsstay
onfor 30 secondsfterthedriver turnsthe headlightswitch off.

Theinterfacebetweenyour programandthe hardwareis throughtwo 8-bit ports(oneinput
port andoneoutputport). Both portsareati/o (not memory)address300H. The LS bit of
theinput portis a signalthatalternatevetweer) and1 every second(i.e. the frequeng of
the signalis 0.5Hz). The MS bit of theinput port indicatesthe headlightswitch position:
1 for “on” andO for “off”. TheLS bit of the outputport actuallycontrolsthe headlights:1
turnsthemon andO turnsthemoff:

. . 0=off
headlight switch {,_,,
0.5 Hz clock (alternating 0/1)
input port at 300H
output port at 300H

. O=off
headlight control

1=on

Your programshouldruncontinuously It shouldturntheheadlightsonwhenthedriverturns
the switch on. After the driver turnsthe switch off, thereshouldbe a delay of between30
and31 secondsaandthenthe headlightsshouldbe turnedoff. The driver shouldbe ableto
turn the headlightsbackon during this delaytime. The headlightsshouldcomeon within a
very shorttime (< 1 s) of the switchbeingturnedon.

You mustdeclarestoragefor any temporaryvariablesyou use, but you neednot include
commentor assembledirectvessuchassegment , assume oror g.

Hints: Write a pseudo-coddlowdart, or other high-level solutionbefore youstart coding!
Usefunctions.



