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1.Introduction, Aims and Obijectives

The aim of this assignment is fo undertake research into digital design techniques and then design a simple
traffic light controller using finite state machines and an FPGA development board.

This will use reduction fechniques such as Karnaugh maps to reduce the legic required to minimal levels and
a simulator to simulate the operation of the circuits before they are uploaded to the hardware.
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2.Research into Advanced Digital Design Techniques
Finite State Machines

The term 'state machine’ is a generic name given to sequential logic circuits. A circuit with n binary state
variables has 2" possible states. As large as it might be, 27 is always finite, never infinite, so sequential
circuits are sometimes called finite state machines (Wakerly, 1999).

The state changes of most sequential logic circuits are triggered by the pulses of a free running clock
signal. A circuit can either be friggered by the rising edge of the pulse, known as active high, or by the
falling edge, active low.

State machines usually consist of three main sub-circuits. The state memory, which uses a number of flip-
flops to store the current state of the machine. These are all connected to a clock input and the flip-flops
change state according to their trigger characteristics. The Next-state logic takes the state memory and

Moore Machine
A Moore machine is a finite state machine which has an output that is determined only by its current
state.

Mealy Machine
A Mealy machine is also a finite state machine but in contrast to the Moore machine, the output is
determined by both the current state and the value of the inputs.

State Reduction Techniques
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3.Design Method, Choices and Calculations

The design of circuits that use sequential logic follow a set development path that takes the basic function
of the of the circuit and will end with a PLD design that will instruct the FPGA to carry out the desired
operation.

The traffic light system will require two time delay circuits. One to time the five second wait from the time
when the pedesirian button is pressed and one 15 second to set the time that the red light is on.

3.1 5second wait

3.1.1 States
S0 COUNTO
S1 COUNT 1
52 COUNT 2
S3 COUNT 3
sS4 COUNT 4
S5 COUNTS

3.1.2 Truth table

Current Next
Current |Next QA QB Qc QA+ QB+ Qc+ Output
S0 S1 0 0 0 0 0 1 0
51 52 0 0 1 0 1 0 0
S2 S3 0| 1 0 0 1 1 0
S3 54 0 1 1 1 0 0 0
sa s ss | T o I ol " "1 o
S5 SO 1 0 1 0 0 0 1
3.1.3 Karnaugh Maps
QA+ BC QB+ BC

A 0o (00| 11| 10 A 00 |00 11} 10

0O of o 14 O o of 11 0f 1

1| 1| ofx |x 1| of olx |x
BC+AC BC+ABC
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QC+ BC
00|00 | 11| 10
o] 14 of of 1
1] 1} Ofx |x

C ué W

AND2

u12

FF_D CO
AND2
NotC u10
T S Q JNotC
Us :—?
Button
S FF_D_CO
Clk
D—>EI.F: -2 fp—
FF_D_CO
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3.2 15 Second Timer

3.2.1 States
S0 COUNTO
S1 COUNT 1
52 COUNT 2
S3 COUNT 3
54 COUNT 4
S5 COUNT5
S6 COUNT6
S7 COUNT7
S8 COUNT8
S9 COUNTS9
S10 COUNT 14
511 COUNT 11
S12 COUNT 12
S13 COUNT 13
514 COUNT 14
S15 COUNT 19

3.2.2 Truth Table
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Output

QD+

Qc+

0
0
0
0

QB+

1
1
0
0

Next

QA+

Qap

1]
0|
1
0|

Qc

1
0
1
0

QB

Current

QA

Next
S1

00 |01 [11 |10

52
53
54
S5
56
57
58
59
510
511
514
515
S0
CD

Current

SO

01|10 [0 |1 O

11
10

o e e i ] ————— o ———— T ———— ] ————— o ————— ——————————————— —————

S4

S8

3.2.4 Karnaugh Maps
AB |00 |0 [0 [0 |O

S1
S2
S3
S5
S6
7
S9
S10
S13
S14
515
QA+

QA+=AC+AD+AB+ABCD

{0

00 |01 (11 |10

CD

1
1

01

11

100 [0 J1 |O

AB |00 )0 |0 1 |O

QB+

QB+=BC+BD+BCD
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QC+=CD+CD
QD+ €D
00 |01 |11 |10
AB [00]1 Jo |0 |2
01[1 Jo [0 1
111 Jo [0 |2
1011 Jo [0 |2
QD+=D
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3.3 Sequence Controller

3.3.1 Specification
Red, Red/Amber, Green, Amber, Red
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3.3.2 State Diagram
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Complete circuit
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4 Testing and Improving the Design
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The circuit was externally supplied with a 1KHz clock signal from a function generator.

(iNi®Y I3 KIS CHI2»
(RIS) (M3 (L1 <15

Then button C was pressed starting the 5 second counter. Once the counter reached five seconds the next
part of the sequence was initiated with LED 2 turning off and LED 1 amber turning on.
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3. 21 0.
NI® 1D (4, ¥y

(RIS MY (LI® NI®D

Then LED 1 turns off and LED O red turns on.

|

E—’

Jiwr 2w
CNL® LD

(RIS MD (LI‘) (D
—— —

At this point the 15 second timer is triggered tfo start counting and the red light stays on.

When the count has finished, the next stage starts with both LED O and LED 1 being turned on.
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And after a moment the light returns to green
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and the program waits for another input.
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5 Conclusions

Overall the assignment has been brought to a satisfactory conclusion with the circuit tested to the original
specification and passing with no faults. The only issue encountered was the output from the sequence
control initially being connected the LEDs in the wrong order. However this problem was quickly found and

resolved.

A possible further development of the circuit could be to add stop/go lights for the pedestrians and delays
in their activation after the traffic light has gone red and PIR sensors to check the crossing is clear before
the traffic lights return to green.
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GRADING FORM: CSG-RUBIC

CHRISTOPHER MILNER

47

RESEARCH-INFORMED LITERATURE

[

Iﬁ

There was some evidence of further reading and
research and your interpretation and understanding
of the additional research was OK. The sources
were insufficient at this level given the amount of
potential research areas for this assignment.

KNOWLEDGE AND UNDERSTANDING

[

yﬁr

The knowledge and understanding of the subject
demonstrated by this assignment was generally
good. There were very few gaps in your knowledge
of the basic principles and your understanding of
the higher level concepts was demonstrated to a
limited degree - you could have explained in more
detail how the circuit evolved. The design process
was mainly included in the annex and it was not
referenced by the main report. Further work — Your

explanations need to be more detailed and written in

a clear manner within the report, do not rely on
extensive annexes.

15




ANALYSIS

[

y‘ Your analysis of the task was brief and lacked a lot

of the required detail. You have demonstrated
reasonable analytical skills and your approach to the
task was logical. You carried out a reasonable
evaluation of the results, but the conclusions were
very brief.

PRACTICAL APPLICATION AND DEP.

[

yi

Your application of practical skills for this task were
generally OK, you used the resources available in
MultiSim appropriately when designing the circuit
and you used appropriate options for testing and
evaluating the circuit performance - albeit to a
limited fashion. Testing generally lacked a lot of the
required detail however and you should have
included a comprehensive set of results for each
stage.

SKILLS FOR PROFESSIONAL PRAC.

15

(

i#

In this assignment you have demonstrated skills in
working individually and also collaboratively. Your
written report was of an appropriate length, you
could however be more efficient with your word
count. The report was well presented, with good
diagrams in appropriate places, good
sentence/paragraph structure and clear calculations.
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