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1. Research.

1.1 Logic Circuits

There are 2 types of logic circuits, Sequential logic and combinational logic circuits. Both use Logic
gates, but the difference is a sequential logic circuit also uses memory elements. The Output of the
combinational Logic gate is the function of the present inputs only, whereas the output of the
sequential logic circuit is obtained from the present inputs and past outputs. The feedback loop is
not needed within a combinational logic circuit, but is essential in the sequential so that it can track

past outputs. The clock signal will also be required in the sequential circuit for synchronization.
There is no need for clock signal in the combinational circuit. All these suggest that the
combinational circuits are much simpler to design as they are less complex.

The table in Figure 1, Combinational logic V Sequential Logic shows the key differences between the

two.

PARAMETERS

Definition

Memory

Element

Feedback loop

Output obtained

Examples

COMBINATIONAL LOGIC
CIRUIT

It 1s a logic circuit which
generates output based upon

present inputs.

Memory element is not
present in combinational logic

circuit.

Feedback loop is not present.

Combination of operands not

necessary in same sequence.

Half Adder, Full Adder,
Encoder, decoder, multiplexer,

demultiplexer etc.

SEQUENTIAL LOGIC
CIRCUIT

It 1s logic circuit which
generates output based on
present input as well as past

output.

Memory element is present in

sequential logic circuit.

Feedback loop is present.

Sequence of operands is
necessary in sequential

circuit.

Finite state machine

Figure 1, Combinational logic V Sequential Logic Table

(ElectronicsCoach.com, 2020)




1.2 Finite state machines

Finite state machines (FSM) is a computation model that can be used to simulate a logic circuit, itis a
handy design tool which can be used in a variety of fields including artificial intelligence, linguistics,
mathematics and games. Real life examples of FSM are coin-operated turnstile, traffic lights and
pedestrian crossings, and a safe.

(medium.com, 2020)

1.3 Field-programmable Gate array (FPGA) and Application specific integrated circuit.
(ASIC)

A FPGA is a integrated circuit which is designed to be configurated or programmed when itisin a
circuit to enable its functionality to be modified or updated.

Advantages of FPGA’S Is flexibility, it can be programmed during the manufacturing process, then
later re-programmed when any changes are necessary.

Disadvantages are they are slower than equivalent ASIC’s (Application specific integrated circuit’s)
and they also are more expensive.

(Electronic-notes.com, 2020)

ASIC's are used to satisfy a requirement of a particular application. Unlike the FPGA’s they cannot be
modified, this makes them less flexible, but they are quicker and cheaper then the FPGA's.

(Elsevier, 2020)

1.4 Electronics impact on sustainable Development.

Electronics components have advanced to more sustainable, There are now sustainable electronics
which are electronic components made with no toxic chemicals, recyclable parts and reduced
carbon footprint on production. Sustainability is a relatively new business concept, because of that
we lack uniform guidelines or standard applicable for the industry sector that can help companies
establish best practices. Many hazardous chemicals and materials are used in the production of
electronics.

Sustainable ICT will enable us to protect and enhance human health, wellbeing and environment
over generations, while minimising the adverse lifecycle impacts of devices, infrastructure ands

services.

Electronics contact a lot of chemicals hazardous to human health, a lot of these chemicals also can
affect the environment.

By using Sustainable electronic principles such as Green engineering, chemicals can be prevented
from entering electronics in the first place, or can be removed after the component completes its life

cycle.




Green Engineering is the process of sustainable materials and methods to create product that van be
used for long periods of time and can be taken apart and reused. Ultimately adopting a sustainable
way of build and use technology.

To have sustainable development we need to find a solution to the waste and hazardous materials
which are used in technology today.




2. Designing a traffic light control system.

To design the Pelican crossing, the different design elements have been broken down into stages.
The required specifications are as follows.

Specifications;

Traffic Lights. To stop the traffic to allow pedestrians to cross safely.

Pedestrian lights. To indicate to the pedestrians that it is now safe to cross.

‘WAIT button. To illuminate when pressed so that the pedestrian knows to input has been
accepted.

Audible beeper. To help the visually impaired to know that the pedestrian lights is on green.

2.1 Traffic lights.

The best design for this circuit would be to split it into 3 sub circuits, which will be connected to form
the complete circuit. The 3 sub circuits will be :

1. 5second timer: This will start the sequence when the ‘WAIT’ Button is pressed, This is a

delay before the traffic lights go through its sequence and turning to red

2. 15second timer: This will be to time the traffic light sequence, going from RED through to

GREEN and back to its starting position at RED.

3. Red Amber Green controller (RAG): This will assign the Colour to the correct step so that the

traffic light sequence works.

RAG

CONTROLLLER

Figure 2, Circuit layout




For each sub-circuit | will be following a design plan and going through each step. The steps are

Allocate states and draw state diagram
State table

Karnaugh maps

Circuit Build

Circuit test

ik wne

2.2 "WAIT’" Button (5 seconds delay)

2.2.1 Allocate States and draw state diagram.
Only when the button is pressed will the sequence start.

S50= RESET, 51=1 SEC, 52=2 SEC, 53=3 SEC, 54=4 SEC, S5 5 SEC.

This is the wait button input

IF BUTTON O, Stay at SO, IF 1

B GOTOS1

This is the output, this will connect
with the RAG controller.

| \./

Figure 3, 5 second state diagram




2.2.2 State table

SO S0 S1 0 0 0 0 0 0 0 0 1 0
S1 S2 S2 0 0 1 0 1 0 0 1 0 0
s2 S3 S3 0 1 0 0 1 1 0 1 1 0
S3 S4 S4 0 1 1 1 0 0 1 0 0 0
S4 S5 S5 1 0 0 1 0 1 1 0 1 0
S5 S0 S0 1 0 1 0 0 0 0 0 0 1
S6 X X 1 1 0 X X X X X X X
57 X X 1 1 1 X X X X X X X

Table 1, 5 Second State Table

Using the State table, we can produce Karnaugh maps, these Karnaugh maps can then give us the
Boolean expression at the simplest form for each output.




2.2.3 Karnaugh maps.

QA+
QB ac
B QA 0.0 0.1 1.1 1.0
0.0 0 0 0
01 1 0 X
11 1 0 X
10 0 0 0
QA+=0QAQC+QB.QC
Table 2, Karnaugh map QA+
QB+
asQac
B QA 0.0 0.1 11 1.0
0.0 0] o
01 o] (4] x
11 0 4] x
10 0 0
QB+ =QAQB.QC + QB.C
Table 3, Karnaugh Map QB+
Qc+
QB Qc
B QA 00 01 11 ¥0
00 | o 0 o | J1
01 1 0 x
11 1 0 x

QC+=QAQC +B.QC + QB.aC

Table 4, Karnaugh Map QC+
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Table 5, Karnaugh Map W

2.2.4 Building The circuit

Now that we have created the Karnaugh maps and got the Boolean expression we can start building
the circuit. The circuit will be combinational logic circuit consisting of ‘AND’ and ‘OR’ gates. This is
shown in Figure 4, 5 Second Circuit 1.
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Figure 4, 5 Second Circuit 1

These OR gates can then be connected into D type flip flops. This flip flops are connected to a Digital
clock. An input was also created to be used as the button ‘B’. This can be seen in Figure 5, 5 second
Circuit 2
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Figure 5, 5 second Circuit 2

So that we can test that the circuit is working properly Probes were added which are connected to
the outputs. Also alogic analyser is added to aid with the testing of the circuit. These are shown in
Figure 6, 5 Second Circuit 3.
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Figure 6, 5 Second Circuit 3

The 5 second delay circuit is now complete. The complete circuit is shown in Figure 7, 5 second
Circuit complete.
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Figure 7, 5 second Circuit complete

2.2.5 Testing the circuit.

For testing the circuits probes were placed on the outputs and checked if they were counting up
correctly. For this the clock was slowed down to 10hz.

A logic analyser was also set up and used to test the circuit. This can be seen in Figure 8, 5 Second
Circuit Testing.
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Figure 8, 5 Second Circuit Testing

After testing the circuit using simulation methods. | then altered the circuit so that it could be tested
on a Nexys 4 DDR board.

To make it compatible for a Nexys 4 DDR board, Changes had to be made to the circuit. The digital
clock was replaced by the m_clk, and the output probes was changed to physical LED’S on the board.
And inputs were changed to start the clock, btnC was used to set the clock, and sw0 was to act as a
Button The PLD Circuit can be seen in Figure 9, 5 Second Circuit PLD.
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Figure 9, 5 Second Circuit PLD

This Circuit was uploaded to the Nexys 4 DDR board and tested. This worked as expected.

16




2.315 Second Delay Circuit.

Following the same steps as creating the 5 second timer, the 15 second delay circuit can be
designed.

2.3.1 Allocate states and draw state diagram

S0 0
51 1
52 2
53 3
54 4
55 5
56 6
57 7
58 8
59 9
510 10
511 11
512 12
513 13
514 14
515 15

Table 6, 15 Second delay State allocation

Figure 10, 15 Second delay state diagram
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2.3.2State table

S0 51 0 0 0 0 0 0 0 1
s1 52 0 0 0 1 0 0 1 0
S2 S3 0 0 1 0 0 0 1 1
S3 54 0 0 1 1 0 1 0 0
54 S5 0 1 0 0 0 1 0 1
S5 56 0 1 0 1 0 1 1 0
56 57 0 1 1 0 0 1 1 1
s7 58 0 1 1 1 1 0 0 0
S8 S8 1 0 0 0 1 0 0 1
S9 S10 1 0 0 1 1 0 1 0
S10 S11 1 0 1 0 1 0 1 1
S11 S12 1 0 1 1 1 1 0 0
S12 S13 1 1 0 0 1 1 0 1
513 514 1 1 0 1 1 1 1 0
514 515 1 1 1 0 1 1 1 1
515 50 1 1 1 1 0 0 0 0

2.3.3 Karnaugh Maps

Table 7, 15 Second delay state table

From this state table it's possible to get our Karnaugh maps.

QA+

Qcap
QAQB 0.0 0.1 1.1 1.0
0.0 0 0 0 0
0.1 0 0 1
11 1 1 0 1
1.0

QA =0A.QB +QA.QC+QA.QD + QA.QB.QC.QD

Table 8, 15 sec Karnaugh Map QA+

18




QB+

QB =QB.QD+QB.QC+QB.QC.QD

Table 9, 15 Sec Karnaugh Map QB+

Qc+
Qcap
QAQB 0.0 01 1.1 10
00 | © | 0
01| o | 0
11 | o | 0
10 [ o0 | 0 |
QC=QcC.aD+Qc.ap
Table 10, 15 Sec Karnaugh Map QC+
QD+

Table 11, 15 sec Karnaugh Map QD+

The Boolean expressions can now be used to build the circuit.

19




2.3.4 Building Circuit.

Using these Karnaugh maps and Boolean expressions, we can now start building the circuit. Using
‘AND’ and ‘OR’ gates | created The outputs for QA+, QB+ AND QC+. AS QD+ Is only NOTD it can be
added later. This is shown in Figure 11, 15 Second Delay Circuit 1

Figure 11, 15 Second Delay Circuit 1

These outputs can then be connected into D type Flip flops. | also added a fourth Flip Flop with the
input coming from the output NOTD. This is shown below.
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Figure 12, 15 Second Delay Circuit 2

Ainteractive digital input was also added to control the clock. This will be used for testing purposes.
As shown in
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Figure 13, 15 Second delay Circuit Complete

The outputs of the flip flops where then connected through to a 4 input and gate, which is then
giving the output T. This will be used to connect the 15second timer to the other circuits.

4 probes on the outputs where also placed to aid with testing and fault finding while building the
circuit, also a logic analyser is installed so the the circuit can be tested.

2.3.5 Testing the circuit.

To test the circuit, 4 probes were placed on the outputs, and the clock slowed down to 10hz, and the
probes were watched and checked if they were counting up correctly.

The frequency of the clock was then increased up to 1000hz, so that the logic analyser could be used
to test the circuit.
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Figure 14, 15 Second Delay Testing

The logic analyser proves that the 15 second timer works; the inputs count up to 15 then T pulses to
reset the counter.

After testing the circuit using simulation methods. | then altered the circuit so that it could be tested
on a Nexys 4 DDR board. The altered circuit can be seen in Figure 15, 15 Second Delay PLD and
Figure 16, NEXYS DDR board
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Figure 15, 15 Second Delay PLD

Figure 16, NEXYS DDR board
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After downloading the circuit to the board, it was tested and worked as it should.




2.4 RAG Controller.

Again we will follow the same steps to create the RAG circuit as we did in the 5 second timer and
15 second delay circuits.

2.4.1 Allocate states and draw state diagram.

SO= RED, S1= RED/AMBER, S2= RED/AMBER, S3=GREEN , S4=AMBER, S5=AMBER

IF T= X OR W=0 STAY AT S0, IFW =1 GO TO 51

|
|
!

R.A.G

Figure 17, RAG State Diagram
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2.3.2 Statetable

0| sofso|so|stfojojofjojojofofojofojojifojojifof0o|o|1
sty (s 2foejojrjojprpofoyptjoeyrojojopo]prpofstyo]1r0
2 |8 (8s|s0|8s8fojrjofojrjrfoyt|jrfojojrfo]rf{rf{2y0}1yf0
53 S48 S0 |40 1 1 0 1 1 1 0 0 0 0 1 1 0] 0831 0 0
4 |50 s trjojoftrjo oy rjof1f4|tr]1ryfo0
$5 |0 fsosojsoftrjojrfojojofoyojofojojofojofofs|r]1r4o0

/A O O T N A A N A A N N N O - D GO I G A

P o e x [ x| x| x| x ] x| x| x[ST]X|X X

2.4.3Karnaugh Maps

wW=0

aBac
TQOA

Qe Qc

QC+=AC+BC+WC+TB

Table 12, RAG State Table

w=1

QeQc
TOA

asQc
TOA

aeac
TOA

Table 13, RAG Karnaugh Maps
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AN. D 01 11 10
R o 0 0 1 o
1
R=A+BC
BC
A o 01 11 10
0 0 1 0 0
A 1
A=A+B.C+BC
BC
AN 0 01 11 10
G o 0 0 0
1 0 0 X X
G=ABC

Table 14, RAG Karnaugh Maps 2
2.4.4 Building the circuit.

After completing the Karnaugh maps and getting the simplest formulas we can start building the
circuit. The outputs for QA+, QB+ and QC+ can be seen in Figure 18, RAG Controller Circuit .
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Figure 18, RAG Controller Circuit

We also need to add an inverter so that we can use NOTT, this was added along with the 3 d type
flip flops. Also added a digital interactive constant to simulate the wait button. These are shown in
Figure 19, RAG Controller Circuit 2
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Figure 19, RAG Controller Circuit 2

29

ae




Also the circuit needs to include the RED, AMBER and GREEN outputs, these can be made by using
the Karnaugh maps created. Coloured probes were added to aid in the testing of the circuit. This is
shown in Figure 20, RAG Controller Circuit 3,

c-Qc-ap - e

. U19

“ANDZ - -

Figure 20, RAG Controller Circuit 3

The circuit is now at a stage where it can be tested.

2.4.5 Testing the circuit.

To test the RAG controller, the easiest way was to use the probes that were inserted at the outputs,

for this the clock frequency would have to be decreased so that the probes don’t flash too fast. This
was set at 1HZ

For a more accurate representation of the circuit working a digital analyser has been inserted. This
can be seen below.
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Figure 21, RAG Circuit Testing
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To use the logicanalyser, the frequency had to be increased, for this it was set at 1Khz .The circuit
was simulated and the results of the digital analyser can be seen below
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Figure 22, RAG Logic Analyzer Data

Now that the RAG controller circuit has been proven to work, the components could be changed so
that its compatible with the nexys board.
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Figure 23, RAG Controller PLD

The red, amber and green outputs were replaced with LED’s and the clock was replaced by the
internal clock on the board, and a button (btnC) was used to simulate the wait button to start the

sequence.

This was tested on the board and worked as it should.
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2.5 Combined circuits.

After Testing each sub circuit, they can now be combined to create the full circuit, the full circuit can

be seen below, inside each PLD is a sub circuit.

Before downloading the circuits and program to the nexys board, a digital input constant was added,
to simulate the wait button, and a 10hz clock was connected to each sub circuit clock to simulate the

clock, also on the outputs | added a red probe to RED, amber probe to AMBER and green probe to
GREEN. These were all added so that we can simulate and test the circuits.

Wail Butlon jotnc

' | o

Nexys 4 DDR Board.

|
5 second timer
1 !

10H [ =

JAl

poclk e

15 second timer

RAG Cemtroller

Figure 24, Combined Circuits

When the wait button was simulated the probes, after a slight delay went through the sequence, we

now know the circuits are working.

For the circuit to work on the nexys board, the wait button was changed to a btnC, (Button Centre)
the digital clock was replaced with the m_clk, the memory clock built in the nexys board. And the

Probes were replaced by LED’S 12 and 3.
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The m_clk has been connected to a D type flip flop and an input, this will control the clock of each

sub circuit.

This final circuit was then downloaded to the nexys board. BtnC was pressed and after 5 seconds the
lights went through the sequence. The sequence was also timed and was 15seconds. This proves all

Figure 25, Combined final Circuit

the sub circuits and combined circuits were accurate and working.

An addition to the circuit can be an audible sounder, this will sound when the red light is shown, The
benefits of this is to aid people who are visually impaired to know it’s safe to cross.

btnC

dAY
O

n clk
o

FF_D_CO

i

Nexys 4 DDR Board.

FLOY
5 mecend timer l PLD3

RAG Controller

15 second timer

led2

Figure 26, Final Circuit Audible Beeper.
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3.0 Modifying and Improving the circuit

For the modification the Pelican crossing will be modified so that it becomes a puffin crossing. The
difference between a Pelican and a puffin crossing is that a puffin crossing can detect a pedestrian is
there. The advantages of this is that it will only stop traffic when a person is waiting, as opposed to a
pelican crossing where somebody could press the button and then walk away, this will interrupt
traffic for no reason.

A Simple way to change this is to included a pressure pad, this will be under the floor where
pedestrians will wait to cross.

Wait button

Pressure pad RAG

CONTROLLLER

Figure 27, Modified Circuit Layout

3.1 Designing the modified circuit.

Using the same process as the other circuit we can create the modified circuit.
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3.1.1 Allocate states and draw state table.
S0= RESET, S1=1 SEC, 52=2 SEC, 53=3 SEC, 54=4 SEC, S5 5 SEC.

P=1
W=1
Start 5sec
timer

P=0 STAY AT S0

P=1 W=x
send
output to
rag
controller.

P = PRESSURE PAD.

3.1.2 State table.

Figure 28, Modified Circuit State Diagram

S0 S0 S0 51 51 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
51 52 52 52 52 0 0 1 0 1 0 0 1 0 0 1 0 0 1 0
52 53 83 53 53 0 1 0 0 1 1 0 1 1 0 1 1 0 1 1
53 4 A 4 4 0 1 1 0 1 0 0 1 0 1 0 0 1 0 0
54 50 55 50 55 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1
55 S0 50 S0 50 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0
56 X X X X 1 1 0 X X X X X ¥ X X X X X X
S7 X X X b 1 1 1 % X X X X X X X X X X X

Table 15, Modified Circuit State Table
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3.1.3 Karnaugh maps

w=0 W=1
QA+ QA+
.BC BC
PA N 00 01 11 10 PA N 0 01 11 10
0| o 0 0 w0l o0 0 1
0| 0 0 X X on| 0 0 X
a1 o | x |[IX al 1] o [|x [[x
BOOLEAN EXPRESSION = QA+ = P.A.C+W.B.C
Table 16, Modified QA+ Karnaugh Maps
QB+ QB+
_BC 8 c
PA N 00 01 11 10 pa N 00 I o1 | 1 10
o L RSN Y | of o [|lad] o [[1]
] 0 ] O X | X ml o[ o | x [[x
1| 0 0 X X
11| 0 0 X X
0 0 1 1 1 —
10 0 1 0 1]
BOOLEAN EXPRESSION = QB+ W.AC. + B + WA B.C+BC
Table 17, Modified QB+ Karnaugh Maps
Qc+ Qc+
\ Gl B
PA N 00 01 11 10 P W 01 11 1V
0| 0 0 0 1 00 \;) 0 0
on| O 0 X X on| 0 0 X
1m| 0 0 X X mf 1 0 X X
wl oo o] wl /D o | o [K1

7/

BOOLEAN EXPRESSION = QC+ = W.B.C + W.PAC+A.C

Table 18, Modified QC+ Karnaugh Maps
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QA 00 01 11 10

0 0
10[1_W

BOOLEAN EXPRESSION W =0QA.QC

Table 19, Modified W Karnaugh Map

With these new Boolean expressions, we could modify the circuit to include a pressure pad, this
would then change the pelican crossing to a pelican crossing.
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4.0 Conclusion.

After conduction research into Finite state machines | was able to design a complex electronic
circuit. This circuit was designed to satisfy the assignment specifications. The circuit was tested by
various methods including simulations and practical methods. From my results | was able to analyse
the design and performance of the circuits.

In task 3 | demonstrated an ability to modify and improve the design to meet new applications. This
was achieved by changing the pelican crossing into a puffin crossing.

4.1 Recommendations.

For sustainable development, this circuit could be implemented as a ASIC and mass produced as it
can be used on any pelican crossing. As we know a ASIC is much cheaper and faster than FPGA’S. As
they cannot be reprogrammed this circuit will be used on a crossing of two traffic lanes, there might
need to be longer timer so that the red stays on longer if using on a road containing 4 traffic lanes
for example.

A recommendation for the circuit | designed would be to include a 7 segment display, so that when
the sequence starts and the pedestrians have a countdown until the traffic light goes back to green.
This will let them know if they have enough time to make it, or wait and press the button to start the
sequence again.
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RESEARCH-INFORMED LITERATURE

[

yﬂr

There was very good evidence of further reading and
research from credible and reliable sources. Your
interpretation and understanding of the additional
research was good and demonstrated a very good
underlying appreciation of the subject. Your
references were appropriate to the task and applied
with few errors or inconsistencies. Your reference list
was of an appropriate length for this assignment.

KNOWLEDGE AND UNDERSTANDING

[

i#

The knowledge and understanding of the subject
demonstrated by this assignment was reasonably
extensive. 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 have
demonstrated some critical understanding of the
main concepts and expanded your knowledge

21




beyond that contained in the course notes, however
your explanations need to be more detailed and
written with a greater emphasis on critical evaluation
rather than description.

ANALYSIS

[

y"’ Your explanation of the design process was good
and the conclusions showed that you can interpret
guantitative and qualitative data, although this was
often descriptive. You could have evaluated the
results and specified whether they concurred with
theory suggesting reasons for any discrepancies.
You have however demonstrated good analytical
skills and your approach to the task was logical.
Arguments made in the conclusions were mostly
valid and demonstrated a good understanding of the
topic. Further work — in your conclusion, you should
relate the results to the original specification and to
accepted theory.

PRACTICAL APPLICATION AND DEP.

[

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.



SKILLS FOR PROFESSIONAL PRAC.

[

i#

In this assignment you have demonstrated skills in
working individually and also collaboratively. Your
written report was written in a professional and
confident style, however you still need to be more
efficient with your word count. The report was very
well presented, with excellent diagrams in
appropriate places, good sentence/paragraph
structure and clear calculations.
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