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Introduction 

Within the following assignment the outcome will be to demonstrate and apply the theory 

involved in designing complex electronic circuits with the understanding of needs to promote 

sustainable development. With critical analysis of the design and performance of the 

complex electronic circuit with adaptation of design to meet new applications.  

Research into traffic light systems and the use of FPGA and ASIC designs with comparisons 

and consideration for improvements in design to aid sustainability will be made. Circuit 

design of a traffic light system constructed from 3 separate circuits individually designed, 

constructed and tested before being combined together to create a large functioning circuit.  
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Research  

There are 5 types of traffic signal control pedestrian crossings that have different 

characteristics, these are Pelican, Puffin, Toucan, Zebra and Pegasus. Each type of signal 

control has its own characteristics and must comply with the BS 505: 1971. 

Pelican crossing – the pelican crossing is a pushbutton that starts a sequence once pressed 
by a pedestrian. The crossing uses far-side pedestrian signal heads and a flashing 
amber/flashing green crossing period, of a fixed duration, which is demanded solely by push 
button (Department of transport, 1995)The timings of the pelican crossing are determined by 
the location and conditions of the site with consideration with things like the length of the 
crossing, traffic and pedestrian use. The table below shows the sequences and the signals 
with the timings for each period. The pelican crossing is the only traffic system that has an 
amber flashing sequence. (Driving school Beckenham, n.d.) 
 

 
(Department of transport, 1995) Fig 1.1 
 
Zebra crossing – The zebra crossing is a crossing that has a continuous flashing amber 

beacons to make drivers aware that there is a crossing and to be alert in case of pedestrians 

waiting to cross. The flashing rates, the photometric performance of globes and construction 

and electrical requirements are set out in BS 873(16) (Department of transport, 1995). 

1201NI (05/01) Regulations, Sign Classification and Standards 

Puffin crossing – The Puffin crossing is similar to the pelican crossing with the addition of a 
pedestrian sensor that can extend the crossing time if pedestrians are still on the walkway. 
This achieved in 2 ways by using kerb side sensors and on crossing sensors. The use of 
near-side pedestrian signal heads and an extendable all-red crossing period which is 
instigated by a push button request accompanied by a pedestrian detector demand. It is 
intended that the Puffin operational cycle will become the standard form of pedestrian 
crossing at stand-alone crossings and junctions. (Department of transport, 1995) 
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The table below shows the sequences and timings of a puffin crossing  

 

(Department of transport, 1995) Fig 1.2 

Toucan crossings – Are similar as puffin and pelican crossings but also allow cyclists to 
cross as well as pedestrians. Toucan crossing are typically found in environments near 
parks and cycle paths and lanes. Like the puffin crossing the toucan crossing does not have 
a flashing amber sequence.  (Driving school Beckenham, n.d.) 
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The table below shows the sequences and timings of a toucan crossing  

Fig 1.3 

Pegasus crossing – Pegasus crossings or equestrian crossings are the least common types 

of crossings and allow horses and their riders to cross. There are 2 push buttons set at 

different heights. One at pedestrian level and one at horse rider’s level. The Pegasus 

crossing acts like a puffin crossing. (Driving school Beckenham, n.d.)   

Different technologies can be used to implement control circuitry of the traffic light system 

these include FPGA - Field Programmable Gate Array and ASIC – Application specific 

integrated circuit.  

FPGA is a functionally customisable programable circuit with digital logic circuitry. With the 

benefits of requiring less power and faster operation due to being programmed specifically for 

a desired application. (Maths Works, 1994-2022)  FPGA’s contain adaptive logic modules 

(ALM) and logic elements (LE) which are connected through programmable interconnects. 

(Trochimiuk, 2021) Unlike other types of CPU’s and microcontrollers the blocks within the 

FPGA create a physical array of logic gates that can be customised. (Trochimiuk, 2021) 

 

ASIC is an electronic circuit that consists of many integrated circuits (ICs) which are 

interconnected together to perform a particular function (Brooks, 2019) and is typically used 

for a product that will have a large run such as washing machines, mobile phones and other 

appliances with digital circuits. As the cost of ASIC design is high the use of ASIC systems is 

typically high-volume products as the larger quantities of the ASIC builds lower the price. 

(Electronics Nots, n.d.)  
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Both FPGA and ASIC circuits can be used together within the process of designing and 

implementing the control process of the traffic light system as the FPGA allows the design and 

simulation of the circuit and allows the ability to troubleshoot with the ability to amend errors. 

The FPGA works in the way of a prototype and once complete and working as expected the 

circuit can be finalised before being passed on to the ASIC production in order to singularly or 

mass produce the circuit design. (Trochimiuk, 2021) 

 

FPGA is a low cost reprogrammable and can be changed as required from error correction to 

circuit redesign, which is an advantage however, because of this there is very little security in 

terms of intellectual property protection and can be compromised via USB or other transfer 

methods. ASIC is a high cost hard programmed circuit with the information, once on the circuit, 

is secure and cannot be removed. This protects the intellectual property and allows the product 

to be sold onwards. The disadvantage of ASIC means that the circuit cannot be changed and 

if any errors are present, they can not be resolved  

 

Modern electronic components help promote sustainability and safety this has been shown 

with the transition from a 3-bulb system behind coloured lenses, used initially with traffic lights, 

to multiple coloured LED’s. The LED requires less power, less maintenance and have a longer 

life span than a light bulb. If the light bulb was to stop working, then the traffic lights will not be 

displaying correctly and could cause an accident. Whereas if a LED bulb or even a number 

fail the light will still be visible and will remain safe until LEDs are replaced. To further promote 

sustainability the use of solar panel or wind turbine can be used to power the traffic light 

system.   
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Circuit design 

Specification  

To design a sequential circuit for a traffic light system there are several stages to follow. The 

progress is split into 3 separate parts before combining. The first stage is to compile a truth 

table for the 0 to 5 sequence. This is followed by the state diagrams, state table and the 

Karnaugh maps. The final stage is the circuit design. 

State Diagram  

 

 

Fig 2.1 
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S3                                               
0

S4                                             
0
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State Table 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Current 

State 

Next state Current Next B = 0 Next B = 1 Output 

QA QB QC QA+ QB+ QC+ QA+ QB+ QC+ W 

S0 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 S6 1 0 1 0 0 0 0 0 0 1 

S6 X X 1 1 0 X X X X X X X 

S7 X X 1 1 1 X X X X X X X 

Michael Hall
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Karnaugh Maps  
 

BQA\QBQC 00 01 11 10 

00 0 0 1 0 

01 1 0 X1 X1 

11 1 0 X1 X1 

10 0 0 1 0 

QA+ = QAQ𝐶̅ + QBQC 
 

 
 

BQA\QBQC 00 01 11 10 

00 0 1 0 1 

01 0 0 X0 X1 

11 0 0 X0 X1 

10 0 1 0 1 

QB+ = QBQ𝐶̅ + Q𝐴̅Q𝐵̅QC 
 

 
 

BQA\QBQC 00 01 11 10 

00 0 0 0 1 

01 1 0 X0 X1 

11 1 0 X0 X1 

10 1 0 0 1 

QC+ = QBQ𝐶̅ + QA Q𝐶̅+B Q𝐶̅ 
 

 
 

QA\QBQC 00 01 11 10 

00 0 0 0 0 

01 0 1 X1 X0 

W = QAQC 
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Circuit Design  

 

Fig 2.12
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15 second timer 

Specification 

The first stage is to compile a truth table for the 15 second timer sequence. This is followed 

by the state diagrams, state table and the Karnaugh maps. The final stage is the circuit 

design. The Karnaugh maps are larger and more complex within the 15 second timer circuit.  

State Diagram 

 

 

 

 

 

Fig 2.2 
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15 Second timer state table 

Current 

State 

Next state Current R = 0 R = 1 Output T 

R = 0 R = 1 QA QB QC QD QA+ QB+ QC+ QD+ QA+ QB+ QC+ QD+ 

S0 S0 S1 0 0 0 0 0 0 0 0 0 0 0 1 0 

S1 S2 S2 0 0 0 1 0 0 1 0 0 0 1 0 0 

S2 S3 S3 0 0 1 0 0 0 1 1 0 0 1 1 0 

S3 S4 S4 0 0 1 1 0 1 0 0 0 1 0 0 0 

S4 S5 S5 0 1 0 0 0 1 0 1 0 1 0 1 0 

S5 S6 S6 0 1 0 1 0 1 1 0 0 1 1 0 0 

S6 S7 S7 0 1 1 0 0 1 1 1 0 1 1 1 0 

S7 S8 S8 0 1 1 1 1 0 0 0 1 0 0 0 0 

S8 S9 S9 1 0 0 0 1 0 0 1 1 0 0 1 0 

S9 S10 S10 1 0 0 1 1 0 1 0 1 0 1 0 0 

S10 S11 S11 1 0 1 0 1 0 1 1 1 0 1 1 0 

S11 S12 S12 1 0 1 1 1 1 0 0 1 1 0 0 0 

S12 S13 S13 1 1 0 0 1 1 0 1 1 1 0 1 0 

S13 S14 S14 1 1 0 1 1 1 1 0 1 1 1 0 0 

S14 S15 S15 1 1 1 0 1 1 1 1 1 1 1 1 0 

S15 S0 S0 1 1 1 1 0 0 0 0 0 0 0 0 1 

Michael Hall
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Karnaugh maps and Boolean equations 

R = 0 
 

R = 1 

 

AB\CD 00 01 11 10 

00 0 0 0 0 

01 0 0 1 0 

11 1 1 0 1 

10 1 1 1 1 

 

AB\CD 00 01 11 10 

00 0 0 0 0 

01 0 0 1 0 

11 1 1 0 1 

10 1 1 1 1 

QA+ = A𝐵̅ + A𝐶̅ + A𝐷̅ + 𝐴̅BCD 
 

 

R = 0 
 

R = 1 

 

AB\CD 00 01 11 10 

00 0 0 1 0 

01 1 1 0 1 

11 1 1 0 1 

10 0 0 1 0 

 

AB\CD 00 01 11 10 

00 0 0 1 0 

01 1 1 0 1 

11 1 1 0 1 

10 0 0 1 0 

QB+ = B𝐶̅ + B𝐷̅ + 𝐵̅𝐶𝐷 
 

 

R = 0 
 

R = 1 

 

AB\CD 00 01 11 10 

00 0 1 0 1 

01 0 1 0 1 

11 0 1 0 1 

10 0 1 0 1 

 

AB\CD 00 01 11 10 

00 0 1 0 1 

01 0 1 0 1 

11 0 1 0 1 

10 0 1 0 1 

QC+ = 𝐶̅𝐷 + 𝐶𝐷̅ 
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R = 0 
 

R = 1 

 

AB\CD 00 01 11 10 

00 0 0 0 1 

01 1 0 0 1 

11 1 0 0 1 

10 1 0 0 1 

 

AB\CD 00 01 11 10 

00 0 0 0 1 

01 1 0 0 1 

11 1 0 0 1 

10 1 0 0 1 

QD+ = C𝐷̅ + 𝐷̅𝑅 + B𝐷̅ + A𝐷̅ 
 

 

T = ABCD 
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Circuit Design 

Fig 2.22

Michael Hall
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Red Amber Green (RAG) output 

Specification 

The final stage is to compile a truth table for the RAG controller sequence. This is followed 

by the state diagrams, state table and the Karnaugh maps. The sequence is simpler than the 

15 second timer sequence and contains repeated states and variable.  

State diagram 

 

 

 

 

 

 

Fig 2.3 
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Karnaugh maps and Boolean equations 

W = 0 
 

W = 1 

 

TQA\QBQC 00 01 11 10 

00 0 0 0 0 

01 1 0 X X1 

11 1 0 X1 X1 

10 0 0 1 0 

 

TQA\QBQC 00 01 11 10 

00 0 0 0 0 

01 1 0 X X1 

11 1 0 X1 X1 

10 0 0 1 0 

QA+ = QA𝑄𝐶̅̅ ̅̅  + TQBQC 

 

 

 

 

W = 0 
 

W = 1 

TQB\QBQC 00 01 11 10 

00 0 1 1 1 

01 0 0 X1 X1 

11 0 0 X X1 

10 0 1 0 1 

 

TQB\QBQC 00 01 11 10 

00 0 1 1 1 

01 0 0 X1 X1 

11 0 0 X X1 

10 0 1 0 1 

 

QB+ = QB 𝑄𝐶̅̅ ̅̅  + 𝑇̅QB + 𝑄𝐴̅̅ ̅̅  𝑄𝐵̅̅ ̅̅  QC 
 

W = 0 
 

W = 1 

TQB\QBQC 00 01 11 10 

00 0 0 1 1 

01 1 0 X1 X1 

11 1 0 X X1 

10 0 0 0 1 

 

TQB\QBQC 00 01 11 10 

00 1 1 1 1 

01 1 0 X1 X1 

11 1 0 X X1 

10 1 1 0 1 

 

QC+ = QA 𝑄𝐶̅̅ ̅̅  + QB 𝑄𝐶̅̅ ̅̅  + W 𝑄𝐶̅̅ ̅̅  +  𝑇̅ QB 
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RAG Output truth table 

 

 

 

 

 

 

 

 

Current 

State 

W=0 W=1 W = 0 [T=0] W=0 [T=1] W=1 [T=0] W=1 [T=1] Output 

T= 0 T= 1 T = 0 T = 1 QA QB QC QA+ QB+ QC+ QA+ QB+ QC+ QA+ QB+ QC+ R A G 

S0 S0 S0 S1 S1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 

S1 S2 S2 S2 S2 0 1 0 0 1 0 0 1 0 0 0 1 0 1 0 

S2 S3 S3 S3 S3 0 1 1 0 1 1 0 1 1 0 0 1 0 1 0 

S3 S3 S4 S3 S4 0 1 1 1 0 0 0 1 1 0 1 0 1 0 0 

S4 S5 S5 S5 S5 1 0 1 1 0 1 1 0 1 1 0 1 1 1 0 

S5 S0 S0 S0 S0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 

S6 X X X X X X X X X X X X X X X X X X X 

S7 X X X X X X X X X X X X X X X X X X X 



20 
 

Circuit design 

Fig 2.32
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Pelican crossing circuit  

 

Fig 2.4 
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Testing results  

Logic analysers placed on each individual circuit which simulate individual parts of the 

pelican crossing sequence. The 5 second counter analyser is placed on the circuit outputs 

fig 5.1 with the parameters of the analyser set fig 5.2 and when run the analyser graph fig 

5.3 shows the sequence following the state diagram as designed in fig 2.1 with W = 1 once 

the count has reached S5. This circuit is the waiting sequence from when the pedestrian 

waits for the flow of traffic to stop when the traffic lights move through the sequence. 

The 15 second counter is placed on circuit outputs and the inverted buffer fig 5.4 with 

parameters set 5.5 with the simulation run the analyser graph fig 5.6 shows the sequence of 

the state diagram designed in fig 2.2 with R=1 then T = 1 sequence continues until T= 0 

when S15 is reached. As the sequence for the 15 second is larger and more complex there 

are more analyser connections. The connections of W and T remain at a flat high level due 

to the simulated digital high input that represent the functioning circuit. This circuit is the 

activated timer sequence of the pedestrian crossing the road. 

The final individual circuit tested is the RAG circuit where the analyser placed in fig 5.7 with 

the set parameters of fig 5.8 displays the graphs fig 5.9, fig 6.0 and fig 6.1. This shows the 

sequence from the state diagram 2.3 where the sequence of the traffic light system is 

constructed. The sequence of the pelican crossing is Green, Amber, Amber, Red, Red 

Amber, Green.   

After testing each individual circuit by placing components such as high digital inputs and a 

clock to simulate a final circuit the final circuit is constructed and tested. The complete circuit 

fig 2.4 contains the sub circuits with the substituted components removed and replaced with 

the digital inputs and outputs. The analyser is placed on the red, amber and green lights and 

the sequence is run where the green light is activated, with the button then pressed to 

activate the RAG sequence. The analyser graphs fig 6.2, fig 6.3 and fig 6.4 show the pelican 

crossing sequence working as a complete circuit. The complete circuit operates fully 

automated and uses internal clocks and timers.  
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Conclusion  

The result and operation of the designed and constructed circuit in the outlined specification 

of a finite state machine that will control a pelican crossing worked as required where a 

pedestrian activates the crossing by pressing the wait (W) button to start the sequence of 

traffic light changes that would control the flow of traffic. The initial design is made of 3 

separate PLD circuits that is combined to create the final circuit. The final circuit is fully 

automatic and runs from an internal clock with interval timers. The circuit mirrors the pelican 

crossing with puffin crossing sequence as outlined through in researched theory in fig 1.2. 

As the pelican crossing features a flashing amber sequence and does not contain an amber 

and red with amber sequence as shown in fig 1.1. As the puffin crossing is safer as it allows 

longer to cross by delaying the sequence with the use of sensors it would be more beneficial 

to alter the initial design of the 5 second counter to include a sensor that detects the 

pedestrian and interrupts the sequence if no pedestrian is detected. The new design will 

improve safety as well the flow of traffic if the pedestrian leaves the area and is the desired 

method of crossing outlined by the department of transport.  

In order to promote sustainability within the system the use of LED’s in the physical 

application of the traffic light system helps reduce the cost and usage of electricity of the 

system and increases the longevity of the lights. The safety is improved as there are several 

LED’s in clusters if one or two fail then the light can continue without disrupting traffic and 

pedestrian flow.    

With the system designed and tested and in a working order the circuit design could be 

implemented as an ASIC. As the cost of ASIC can be high with small production orders the 

constant improvement of old traffic light systems and the installation of new will benefit from 

the sales and implementation for the circuit. ASIC are compact and use very little power to 

operate this helps with continued sustainability improvements. Intellectual property is 

protected and the information and design on the ASIC boards cannot be compromised or 

copied.    
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There was evidence of further reading and
research with the inclusion of a reference list and
appropriate in text referencing. Your interpretation
and understanding of the additional research was
good. Your references were appropriate to the task
and your reference list was of an appropriate
length for this assignment.
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The knowledge and understanding of the subject
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.

Your explanation of the design process was good
and the conclusions showed that you can interpret
quantitative 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.
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some basic problem solving skills. Your results
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conclusion to be attempted.
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most of the required detail, it was also written in a
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