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1. Executive Summary

This assignment involved the design, construction and testing of a traffic light system. The primary
aim of this assignment was to design and construct such a device which functioned to successfully
allow the lights to change according to what state the circuit is in. Research was carried out to
ascertain the difference between sequential and combinational logic circuits. Also, the relative
merits of ASIC and FPGA boards were found out. The use of modern electronic components and
designs to promote sustainable development was researched to find out how modern engineers can
better their designs to suit the environment.

During the designing stage of the traffic light circuit, multiple state diagrams and tales were created
for each section. These sections being the WAIT button, the 15 second timer and the light sequence.
From these tables karnaugh maps were drawn out to easily acquire the Boolean expressions that
were needed to construct each circuit. Following this, the circuits were then constructed using
Multisim. On there they were then tested using a logic analyser to easily see the sequence of the
different sections.
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2. Research into advanced digital design techniques

Combinational and Sequential Logic Circuits

According to Elprocus.com, combinational logic circuits can only retain the memory of its current
inputs whereas sequential logic circuits can retain the memory of both its current and previous
inputs at the same time. (ELPROCUS, 2017)

Combinational circuits are used in Boolean and arithmetic operations whereas sequential circuits are
mostly used for storing data so in RAM on computers.

From the images below it can be explained easier as to the differences between combinational and
sequential circuits. The image on the left is of a standard combinational logic circuit and the one on
the right is of a combinational logic circuit that has been converted into a sequential one.

In the left image, the input goes into the circuit and outputs go out of it. It doesn’t retain the
memory of the previous input; it just relies on what happens there and then. (See Figure 1)

In the right image, the input goes into the circuit and any outputs go out. Also, a positive feedback is
sent out to the memory used which is then brought back into the circuits. This shows that it doesn’t
lose the memory of its previous inputs. The output depends on both the current input being put in
and the input that has been put in beforehand. The memory part of the circuit is latch that can be
called flip-flops. (See Figure 2)
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Figure 1: Combinational Logic Circuit

(Dewansh, 2015)
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Figure 2: Sequential Logic Circuit

(Dewansh, 2015)

Clock Signal

‘An ASIC (application-specific integrated circuit) is a microchip designed for a special application,
such as a particular kind of transmission protocol or a hand-held computer.’ (Rouse, 2005)

These are similar to an FPGA in the sense that they are both specialized chips that are used for
different functions whilst operating at high performance levels. The one problem is that ASICs
cannot be reprogrammed after they are made. This means that the cost will go up due to a new one
having to be made for certain modifications. However, they are cheaper to use when used in high
volume applications such as routers.
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FPGA

‘Field Programmable Gate Arrays (FPGAs) are semiconductor devices that are based around a matrix
of configurable logic blocks (CLBs) connected via programmable interconnects.” (Xilinx, 2015)

A positive to using FPGA is it’s flexible to use. This means that when programming the logic, the
ability to reprogram it is there to use. This is helpful in the instance if a customer wants it for a
specific application. This allows it also to be reprogrammed out in the field for example when
upgrading a router for a customer so the lifespan is extended. FPGAs have contained within them
loads of gates and programming logic. However, the downside to this is that most of the logic is not
needed in certain applications because additional logic is required to connect the gates together.
This means that an FPGA is not optimized to the fullest it can be.

Sustainable Development

Sustainable development is about people’s current thinking and their practice when it comes to
dealing with things that could affect the environment for the future. This is mostly based on social
and economic needs whilst preserving the natural resources of the planet. The understanding of
sustainable development is constantly changing due to increasing scientific knowledge about the
impacts on the environment.

Environmental protection
and enhancement

Sustainable
development

Economic
development

Social progress

Figure 3: Sustainable Development Venn Diagram
(Foundation for Democracy and Sustainable Development, 2015)

Engineers when designing different circuits should think about that specific circuit will affect the
world environmentally. To do this, they should think about the different components that are being
implemented into said circuit. Components that can either be reused for future use or can be can be
salvaged later on after they are unusable should be used. This will benefit both costly and
environmentally. Only parts of the component need to be salvaged such as the connections legs or
the main casing for the part. However, if some parts are damaged within then a new one will need
to be made for obvious reasons.
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3. Design Method, Choices, Calculations, Testing, Results and
Analysis

5 Second Timer

A 0-5 counter counts from 0-5 then resets itself. In this case this counter is being used to act as the
wait button after the pedestrian has pressed the button for the lights. Figure 4 shows the state
diagram created for the circuit. The circuit constantly stays on state 5 hence the rotation arrow used
on the diagram. It stays on this state until the button has been pressed as shown below.

B=1

Figure 4: 5 Second Timer State Diagram

Figure 5 shows the state table used to create the karnaugh maps. ‘B=0" is when the button hasn’t
been pressed so nothing will happen and ‘B=1" is when the button has been pressed so that’s when
the timer will start counting to 5. The output column is when the 5 second timer has started
meaning that the button is pressed.

Next Current B=0 B=1
Output
State B=0 =1 Qa | a | ac Qa+ Qb+ Qc+ Qa+ | Qb+ Qe+
o so s1 0 0 0 0 0 0 0 0 1 0
| s2 52 0 0 1 0 i 0 0 1 0 0
2| s3 $3 0 1 0 0 1 1 0 1 1 0
3 sa s4 0 1 1 1 0 0 i 0 0 0
a s $5 1 0 0 1 0 0 1 0 1 0
5| so 50 1 0 1 0 0 0 0 0 0 1
6 x X 1 1 0 X X X X X X X
71 x X i 1 1 X X X X X X X

Figure 5: 5 Second Timer State Table
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Figure 6 shows the karnaugh maps created using the state table.

Qa+ 0 1 11 10
0 0 0 1 0

1 1 0 X X

11 1 0 X X

10 0 0 1 0
Qb+ 0 1 11 10
0 1 0 1

1 0 0 X X

11 0 0 X X

10 0 1 0 1
Qc+ 0 1 11 10
0 0 0 0 1

1 1 0 X X

11 1 0 X X

10 1 0 0 1

Figure 6: 5 Second Timer Karnaugh Maps
Using the karnaugh maps, the following Boolean expressions can be derived. These are then used to
create the circuit on Multisim.
Qa+= Qa.Qc + Qb.Qc
Qb+=Qa.Qb.Qc + Qb.Qc
Qc+= Qa.Qc + B.Qc + Qb.Qc
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Figure 7 shows the circuit that was created using the above expressions. ‘B’ acts as the button so
when this is changed to 1 the timer will start. During the 5 seconds, output ‘W’ will turn to 1. After
the 5 second timer has finished, the wait light (output “W’) will turn off and the red light will come
on and the 15 second timer will then kick in.

x8

25V p
X4
Button & Q,? 13
NOT_Qc
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AND2
X6
F A:ZI:Q e U0 ? 25V
{
Qe ¢ .
NoT. ¢ L i . p
AND2 OR3 NOT.?-QC
Qb m_clk —ps CLE R
NOT_Qc ¢ vz |
1 FF D0

AND2

Figure 7: 5 Second Timer Circuit Diagram

To clearly see what is going on during the testing stage, a logic analyser was inserted into the circuit.
Figure 8 shows the analyser when the circuit is running. When the red line goes up and across, this
means that the input is on, in this case when Qa and Qc are on the 5 second timer is on. However,
when the red line goes down and across, this indicates the time that the input has gone off, in this
case when Qa and Qc turn off the timer has stopped.
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15 Second Timer

A 0-15 counter counts from 0-15 then resets itself. In this case, the counter is being used to act as
the time for the lights to stay on red meaning the pedestrian can cross the road. Figure 9 shows the
state diagram created for the circuit.

Figure 9: 15 Second Timer State Diagram

Figure 10 shows the state table used to create the karnaugh maps. The output ‘T’ is when the timer
has started.

R=0 R=1 Qutput
State Qa+ Qb+ Qc+ Qd+ Qa+ ]Qb+ Qct Qd+ T
0] 0 0 0 0 0 0 0 1 0
1 0 0 0 1 0 ] 1 0 0
2 0 0 1 0 0 0 1 1 0
3 0 0 1 1 0 1 0 0 0
4 0 1 0 0 0 1 0 1 0
5 0 1 0 1 0 1 1 0 0
6 0 1 1 0 0 1 1 1 0
7 0 1 1 1 1 0 0 0 0
8 1 0 0 0 1 0 0 1 0
9 1 0 0 1 1 0 1 0 0
10 1 0 1 0 1 0 1 1 0
11 1 0 1 1 1 1 0 0 0
12 1 1 0 0 1 1 0 1 0
13 1 1 0 1 1 1 1 0 0
14 1 1 1 0 1 1 1 1 0
15 1 1 1 1 0 0 0 0 1

Figure 10: 15 Second Timer State Table

10
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Figure 11 shows the karnaugh maps created using the state table.

| R=0 [ R=1
Qa+ 0 1 11 10 Qa+ 0 1 11 10
0 0 0 0 0 0 0 0
) 0 1 0 il o 0 1 0
u 1 1 0 1 | 1 1 0 1
0] 1 1 1 1 1o 1 1 1 1
Qb+ 0 1 1 10 Qb+ 0 1 11 10
0 0 1 0 0 0 1 0
i 1 1 0 1 il 1 1 0 1
|l 1 1 0 1 1| 1 1 0 1
10] o 0 1 0 0] o 0 1 0
Qc+ 0 1 1 10 Qe+ 0 1 11 10
0 1 0 1 0 1 0 1
] o 1 0 1 1l o 1 0 1
ul o 1 0 1 ul o 1 0 1
10] o 1 0 1 0] o 1 0 1
Qd+ 0 1 11 10 Qd+ 0 1 11 10
0 0 0 1 1 0 0 1
i 1 0 0 1 il 1 0 0 1
1| 1 0 0 1 1| 1 0 0 1
0] 1 0 0 1 o] 1 0 0 1

Figure 11: 15 Second Timer Karnaugh Maps

Using the karnaugh maps, the following Boolean expressions can be derived. The following Boolean
expressions were used to construct the 0-15 counter circuit on Multisim.

Qa+= Qa.Qb + Qa.Qc + Qa.Qd + R.Qa.Qb.Qc.Qd
Qb+= Qb.Qc +Qb.Qd + Qb.Qc.Qd
Qc+= Qc.Qd + Qc.Qd
Qd+=R.Qd + Qc.Qd + Qb.Qd + Qa.Qd

Figure 12 shows the Multisim circuit of the 15 second timer created using the above expressions.
The red light will come on after the previous 5 second timer has finished. When the red light is on,
the timer will start counting so output ‘T’ will turn to 1. After the 15 seconds has finished, output ‘T’
will turn to 0 and then the lights will turn back to red/amber and then to green.

Figure 13 shows the analyser when the circuit is running. Qa, Qb, Qc and Qd are all connected to the
output. Qd comes on first for 1 second then turns off, Qc comes on for 2 seconds after this then
turns off. Qb comes on for 4 seconds after this and then turns off and finally Qa comes on for 8
seconds then turns off after this. When Qa turns off, this indicates that the 15 second timer has
finished so the lights have turned to green allowing the cars to drive past.

11
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Controller

The controller circuit will act as the main body for the workings of when the lights should turn on or
off. Below is the order that the lights will come on. Figure 14 shows the state diagram of the order
shown below for the circuit.

e State 0—Green W=0
* State 1-Amber W=1
e State 2 — Amber

e State 3-—Red T=0
e State 4 - Red/Amber T=1

e State 5-Red/Amber

R/A

In|:_'uts Figure 14: Controller State Diagram

¢ W =0-No button or counting
¢« W=1-Count=5

¢ T=0-Counting

e T=1-Count=15

Outputs

e R/A/G-0=OFF
e R/A/G-1=0ON

Figure 15 shows the state table used to create the karnaugh maps. The input ‘W’ is the wait timer so
the 5 second timer previously created and the input ‘T’ is the time for the lights to stay on red so the
15 second timer.

NEXT
MEXT W=0 W=1
W=0 W=l Current =0 T=1 T=0 1
State T=0 T=1 T=0 T=1 Qa ab Qc Qa+ Qb+ Qc+ Qa+ Qb+ Qc+ Qa+ Qb+ Qc+ Qa+ Qb+ Qc+
50 50 50 51 51 0 D] o] 0 0 0 D] 0 1] D] o] 1 0 0 1
s1 52 52 s2 52 0 o 1 0 1 0 o 1 0 o 1 0 o 1 o
52 53 53 53 53 0 p! [+] 0 1 1 Q0 1 1 Q0 1 1 0 1 p!
s3 53 54 s3 54 0 1 1 0 1 1 1 1] 0 [1] 1 1 1 0 [1]
54 55 55 55 55 1 L] 0 1 0 1 ! 0 1 ! 0 1 1 0 !
55 50 S0 S0 S0 1 0 1 1] ] 0 0 o 1] 0 1] 1] ] 0 0
S6 x X X X 1 1 1] X X X x X X x X X X X x
s7 X X X X 1 1 1 X X X X X X X X X X X X

Figure 15:

Controller State Table

14
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Figure 16 shows the karnaugh maps derived from the state table.

| W=0
TQa/Qb Qc 0 1 11 10
0| 0 0 0 0
1 1 0 X X
11 1 0 X X
10 0 0 1 0
TQa/Qb Qc 0 1 11 10
0| 0 1 1 1
1 0 0 % X
11 0 0 X X
10 0 1 0 1
TQa/Qb Qc 0 1 11 10
0| 0 0 1 1
1 1 0 X X
11 1 0 X X
10 0 0 0 1

Figure 16: Controller Karnaugh Maps

I
iy

TQa/Qb Qc 0 1 11 10
0 0 0 0 0

1 1 [ X X

11 1 0 X X

10 0 0 1 0
TQa/Qb Qc 0 1 11 10
0 0 1 1 1

1 0 0 X %

11 0 0 X X

10 0 1 0 1
TQa/Qb Qc 0 1 11 10
0 1 0 1 1

1 1 0 X X

11 1 0 X X

10 1 0 0 1

Using the karnaugh maps, the following Boolean expressions can be derived. The following Boolean
expressions were used to construct the controller circuit on Multisim.

Qa+= Qa.Qc + T.Qb.Qc

Qb+= Qb.Qc + T.Qb + Qa.Qb. Qc

Qc+=Qa.Qc+ T.Qb + Qb.Qc + W.Qc

15
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RAG

The RAG section of the controller circuit controls the order in which the lights come on. The outputs
‘R’,/A” and ‘G’ are the red, amber and green lights respectively. Figure 17 shows the state table used
for the circuit.

State Qa Qb Qc R A G
SO
S1
S2
S3
S4
S5 1

Figure 17: Controller RAG State Table

= O O O O

[N N N -]
== =00 O

== =]
= RO R RO
o o O O O =

Figure 18 shows the karnaugh maps created from the state table.

Qa/Qb Qc 0 1 11 10
0 0 0 1 0
1 1 1 X

Qa/Qb Qc 0 11 10
0 0 1 0 1
1 1 1 X X

Qa/Qb Qc 0 1 11 10
0 1 0 0 0
1 0 0 X

Figure 18: Controller RAG Karnaugh Maps

The following Boolean expressions were derived from the above karnaugh maps. These expressions
were then used to construct the RAG section of the controller circuit on Multisim.

R=Qa+ Qb.Qc
A = Qa+ Qb.Qc + Qb.Qc
G =Qa.Qb.Qc

Figure 19 shows the circuit that was created using both sets of expressions. Using the inputs ‘W’ and
‘T’ have been used to implement the design of the previous two circuits. When nothing is happening
the green light will remain on. However, as soon as the input ‘W’ turns to 1, the lights then turn to
amber and then red. After input ‘T’ turns to 1, the lights will turn to red/amber and then back to
green.

16
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Traffic Lights

The 5 second and 15 second timers and controller circuits have heen modified into sub circuits to
allow them to be easily implemented together as one combined circuit. When ‘B’ is pressed this acts
as the pedestrian button being pressed at the lights. After 5 seconds the lights go from green to
amber and then red. The lights will stay on red for 15 seconds after which the lights will go from red
and amber being on at the same time and then to green. Figure 20 shows the combined circuit.

PLD3

us1 But_ton —] :“:S,k =
’ X1 X2 X3
Key=B —
e 15 sec timer ? 25V ?st 25V
U52 'l' Ea('.pI:\DE L W
[} —] 2 = '
10Hz
5 sec timer controller
Figure 20: Combined Circuits
To get the logic analyser of the circuit, the input ‘B’ has to be put into free run mode by keeping the
input as constantly on (1). Hence, this will act as the button being held in. Figure 21 shows the logic
analyser diagram for the traffic lights. As the red and amber lights turn off, the green comes on.
Then when the button is pressed, the green light turns off and the amber comes on. The amber then
turns to red. After the 15 seconds, the lights then go to red/amber and then green. This process
repeats whenever the button is pressed by the pedestrian.
Time (s)

1.739 1749 1758 1769 1779 1789

|
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Figure 21: Traffic Lights Logic Analyser 18
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4. Conclusions and recommendations
Overall, the process was a success. Using the logic analyser for each circuit, it was easier to see if the
circuits were working properly according to the specification. On the 5 second timer, the analyser
displayed the correct information for the count from 0 to 5 meaning that it met the specification.
The 15 second timer, the information was displayed correctly showing that it counts from 0 to 15.
Finally, the combined circuit with the 5 and 15 second timer implemented with the controller circuit
worked properly. As soon as the input ‘B’ was pressed, the circuit would work automatically going
through the correct sequence. Also, the lights were coming on in the correct order as they would in
the real world whilst the sequence was running.

The recommendation suggested would be when this combined circuit is put into the practical use
out in the real world, the times should be changed to accompany how long it would averagely take
for a pedestrian to walk across the road. This information can then be used to determine how long
the 15 second timer should be. This would require some modification to both the states design and
the circuit design.

19
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ENGAGEMENT WITH LITERATURE

[

y"’ There was very good evidence of further reading 6
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

(

y‘ The knowledge and understanding of the subject 1 8
demonstrated by this assignment was reasonably
detailed and mainly accurate. There were very few
gaps in your knowledge of the basic concepts 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.
Further work — Your explanations need to be more



detailed and written with a greater emphasis on
critical evaluation rather than description.

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

10

[

y“ Your application of practical skills for this task was

generally adequate. You used the resources
appropriately when designing the circuit and you
used appropriate options for testing and evaluating
the circuit performance. You managed to design a
basic circuit that functioned within the specification
and achieved this by only asking for assistance
when appropriate thus demonstrating some basic
problem solving skills. Your results were adequate
and allowed for a reasonable conclusion to be
attempted.

TRANSFERABLE SKILLS FOR LIFE

12

(



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