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1. Executive Summary

This report contains my understanding of digital electronics, through research or practical lab
work, the use of finite state machines, their merits and use as a design tool. It will also contain
my understanding on combinational and sequential logic and FGPAs. The report contains a
section on testing my circuit, both using simulation software logic analysers, and downloading
to hardware such as the Nexys 4 DDR.

2. Research into advanced design techniques

Combinational logic refers to circuits whose output is a function of the present value of the
inputs only. (University of Surrey, n.d.)

A ——-
! ; —
Multiple | o Combinational One or More
Inputs : Logic Circuit " Outputs
C —» I

Output = f(input)

Figure 1: combinational logic block diagram

Figure 1is a block diagram that shows that the output is a function of the inputs with no other
variables. Combinational circuits are made up using logic gates (AND, OR, NOR, NAND etc.)
and are combined together to make the circuit, hence, combinational circuit. (Electronics
Tutorials, n.d.)
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Figure 2: Sequential logic diagram




Figure 2 shows an overview of a sequential circuit. There are two types of inputs shown in
this, internal inputs, which come from the added memory device such as a flip flop, and
external inputs. Most sequential circuits are synchronous, meaning they are driven by a clock,
this is the case in applications such as counters and timers, due to it needing to know its
current value in order to work out the next value. (University of Surrey, n.d.)

“Field Programmable Gate Arrays (FPGAs) are semiconductor devices that are based around
a matrix of configurable logic blocks (CLBs) connected via programmable interconnects.”

(Xikinx, n.d.)

FGPAs are often reprogrammable. FGPAs are used in a wide range of fields, due to their
programmable nature. However, Application Specific Integrated Circuits (ASIC) are less
commonly used due to them being application specific so they cost more to manufacture and
use. That being said, the advantage with ASICs is that you can fit a lot of circuitry onto one
chip (Electronics Notes, n.d.)




3. Design method, choices and calculations

Using a finite state machine principle, a pelican crossing was designed. The light will always
show green for traffic until a ‘WAIT” button is pressed. Once pressed, a 5 second timer is
started, on its completion, it then goes the traffic light sequence to red. The red state then
starts a 15 seconds timer, which one the time has elapsed, triggers the second half of the

traffic light sequence to reinstate the green light.

Figure 3 below is a block diagram overview of how the circuit is controlled.

Wait Button Timer 5s
—_—

Timer 15s

Sequence
Controller

I Y

Figure 3: Circuit Block Diagram

From the block diagram, it is easy to identify that there are 3 elements, a 5 second timer, a

15 second timer and a RAG light controller.

5 second timer.
Firstly, the states need to be allocated for each count. This can be seen in Table 1.

Table 1: 0 - 5 Counter State allocation

State Count Input Output

S0 Count 0

s1 Fm—] B=0 Button rliot W=0 Button not press.ed
2 e presse or counter counting
S3 Count 3 B= Button Timer = 5 seconds,
sS4 Count 4 pressed W=1 trigger light

S5 Count5

From the state table shown in Table 1, a state diagram can be drawn which links the states

together, showing the conditions needed to move on. This can be seen in Figure 4.




Figure 4: 0 - 5 counter state diagram

From the state diagram, a state table can be drawn, showing the current state, its progression
and its binary value. This can be seen in Table 2.

Table 2: 0 - 5 Counter state table.

Current
Next urren 7=0 7=1

B=0 B=1 QA QB| QC QA QB QC QA" QB* QC'

State

So | So [ s Jo o/ ofo[o/of[o [0 1 0
S | s | ss|o o 1]o0o 1/0|l0 1 o0 0
S2 S3 S3 0O 1 0 0 1 |1 0 1 1 0
Ss | sa | sa]o 1/ 1|10 o1 o o 0
Se | Ss [ ss |1 o/ of1]o0o/1[1 0 1 0
S [ Ss [ so |1 0o 1[0 0o oo |0 o 1
ss | x [ x]1 1 o x| x x|[x | x x X
s | ox [ xrr [ x I x x| x| x o x X

From the sate table, a Karnaugh map can be drawn. See Appendix A for Karnaugh map.

From the Karnaugh map a Boolean expression can be determined. From the Boolean
expressions you can get what inputs are needed for the logic gates for. Each of these then
went into its own flip flop. Table 3 shows the Boolean expressions and Figure 5 below is the
design for the 0 — 5 counter.




Table 3: 0- 5 counter Boolean expressions

Map Boolean expression
QA+ AB + BC ‘
QB+ BC + ABC

Qc+ ¢ ‘

In addition to this, once the count reaches 5, it needs to give an output, which will be used as
a trigger later when all circuits are combined.
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Figure 5: 5 Second Timer Circuit
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15 Second Timer

Table 4: 15 Second Timer State Allocation

State Count Input Output

S0 Count 0

s1 Count 1 - _ ;

s Count 2 R=0 Do nothing T=0 When Counting
S3 Count 3

S4 Count 4

= SoRnES R=1 Start counting T=1 When Count is 15

S6 Count 6
57 Count7
S8 Count 8
S9 Count9
S10 Count 10
S§11 Count 11
512 Count 12
$13 Count 13
S14 Count 14
§15 Count 15

The states are allocated in Table 4 above. A state diagram can then be produced. This is shown
in Figure 7.

From the state diagram, a state table can be drawn, showing the current state, its progression
and its binary value. Table 7 displays this located in Appendix B.

From the sate table, a Karnaugh map can be drawn. See appendix A for Karnaugh map.

From the Karnaugh map a Boolean expression can be determined. From the Boolean
expressions you can get what inputs are needed for the logic gates for. Each of these then
went into its own flip flop. Table 5 shows the Boolean expressions and Figure 6 below is the
design for 15 second timer.

Table 5: 15 Second Timer Counter Boolean Expression

Map Boolean expression

‘ QA+ AB + AD + AC + ABCD
QB+ BD + ACD + BC

‘ ac+ ' CD+CD
QD+ ' AD +BD +CD +RD
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Figure 6: 15 Second Timer
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Figure 7: 15 Second State Diagram




Controller

Table 6 shows the state allocations for this circuit.

Table 6: Controller State Allocation

Input Output
Button not pressed R=0 Rediorf
W=
0 or cour\ter — Sadion
counting
A=0 Amber off
W= Timer = 5 seconds,
N trigger light A=1 Amber on
G=0 Green off
T=0 Counting G=1 rmp—
T=1 Count 15
A state diagram can then be drawn (Figure 8).
SO
W=0

Figure 8: Controller state diogram
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Figure 9 shows the RAG controller. As there is no flip-flop for input T, an inverter is needed to

give the ‘Not T’ signal.
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Figure 9: RAG controller

shown in Figure 10.

Once all three circuits were built and proven, they were used as the sub circuits in the circuit
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[ 1
Key = Spac:
‘Wait Buttg
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X13
i 25V ‘ 25v ()

25v

5 Second Count

PLD]

101

103
102

IC4

o3

I0€ Ios

RAG Controller

15 Second Count

Figure 10: Combined Circuit
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Once the circuits had been tested, a modification to turn the circuit from a pelican crossing
to a puffin crossing control circuit, the difference being a pressure pad. Using an AND gate, a
pressure pad sensor to the wait button, but also to the output of the counter to the input of
the controller, that way, if the pressure pad was to be released, the sequence to move the

lights states will not start. Figure 11 shows the adapted circuit.

u1s

u42
S0ka Key = Space
'Wait Button'
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Figure 11: Adapted Circuit
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4. Testing, results and analysis

Each circuit was tested individually before it was combined together to make the final circuit.
For testing purposes, digital constants were used as opposed to what would be the signal
from anther circuit. To test all of the three circuits, each circuit was connected to a logic
analyser as well as being downloaded to a a Nexys 4 DDR board.

0-5 Counter

Time (s)
g?S.UEH}m 677.000m 679.000m 681.0C

Term 1 . | I—

Term 2 | |

Term 3 | | | |

Term 4
Term 3

Term 6 1

Term7

Term &

Term 9

Term 10
Term 11
Term 12
Term 13
Term 14
Term 13
Term 16

Clock_nt | | ] [ ] | ] [ - r

Clock_Qua

Trigg_CQua

Figure 12: 0 - 5 logic analyser trace

Following the logic analyser, you can see that the circuit functions correctly by following the
binary count, the circuit functions correctly. Terms 1 — 3 show the current count while term 6
shows the output of the counter when it reaches 5.
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0 - 15 counter

Figure 13 shows the logic trace for the circuit. Trace labelled ‘15’ is the output trace, meaning
that when it goes high, the counter has hit 15 seconds.

Time (s)
000m 4.000m 8.000m 12.000m 16.000m 20.000m

Figure 13: 0 - 15 logic analyser trace

Figure 14 below shows the trace for the RAG Controller. The first trace is for Red, then amber
and then green. From the trace you can see that sequence is correct, starting on green, going
through to amber, red, red and amber and then back to green.

PLD1103 | I
PLD1N04 | I ' 1
PLD11105 I :

Tarm 4

Figure 14: RAG Controller trace
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5. Conclusions and recommendations

The circuit that has been built mainly meets the criteria. The circuit has lights which controls
the traffic and a wait input button. To add the lights for the pedestrian, you would just
connect the lights to the reverse of the traffic (green pedestrian in parallel with red traffic and
vice versa for the green). The circuit is fully automatic running off a clock and internal timers.

The circuit was then turned into that which replicates a puffin crossing by adding a sensor to
ensure the pedestrian is still there,

To further sustainable development, alternative power sources could be looked at.
Renewable energy such as solar panels would be good to power the circuit as traffic lights are
used outdoors. Using LED lamps would help promote sustainable development as they use
less power than other lamps.
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GRADING FORM: ASSIGNMENT RUBRIC 2018

JONATHON WILLIAMS

46

ENGAGEMENT WITH LITERATURE

[

y‘ There was some evidence of further reading and
research and your interpretation and understanding
of the additional research was satisfactory and
demonstrated an underlying appreciation of the
subject. Your references still rely on a small
selection of mostly credible sources and you need
to be more consistent with your referencing
conventions e.g. citing diagrams as well as text.

KNOWLEDGE AND UNDERSTANDING

[

y‘ The knowledge and understanding of the subject
demonstrated by this assignment was generally
adequate. The circuits worked and the explanation
of how this was achieved was included, but only to a
descriptive level, there was little evidence of any
critical understanding. Your report lacked depth and
detail at times and didn’t really extend your
knowledge beyond that contained in the course
notes. Further work — Research results need to be
in much more detail and written in a more logical and
clearer way.
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COGNITIVE AND INTELLECTUAL

[

y‘ Your analysis of the task was generally satisfactory,

both in class and as shown in this assignment,
however it did tend more towards descriptive rather
than analytical. You have demonstrated some
analytical skills and your approach to the task was
logical. You wrote a short conclusion that
demonstrated some skills in analysing quantitative
and qualitative data, however this was generally
basic in nature. Further work — in your conclusion,
you should relate the results to the original
specification and to accepted theory and provide a
detailed critical analysis of this.

PRACTICAL APPLICATION

9

[

y"’ Your application of practical skills for this task was

generally good. You used the resources available
appropriately when designing the circuit and you
used appropriate options for testing and evaluating
the circuit performance. You managed to design an
efficient circuit that functioned within the
specification and achieved this by only asking for
assistance when appropriate. Your results were
comprehensive and allowed for a good conclusion
to be attempted.

TRANSFERABLE SKILLS FOR LIFE

12

[

y‘ In this assignment you have demonstrated skills in

working individually and also collaboratively. Your
written report was generally good and contained



most of the required detalil, it was also written in a
coherent and logical way. The available word count
was in the main effectively used.
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