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Executive Summary

Research showed that the technical characteristics of pedestrian crossings involve flashing
beacons and various sensors that detect pedestrians and vehicles. It also showed that LEDs and
solar panels can be used to make these crossings more environmentally friendly by having their
own power source and consuming less energy. A traffic light system was now designed using
finite state machine principles. As for the method, a 5 second timer was created which gave an
output 5 seconds after a wait button is pressed to the RAG controller. A 15 second timer was
created to turn the lights turn amber, then green 15 seconds after they were red to allow
pedestrians to cross. An RAG controller was created to sequence the lights and have them
operate in order. These subcircuits were then combined into one circuit to function as a full
pedestrian traffic light system. The circuit was then modified to function as a puffin crossing by
modifying the 5 second timer and adding an additional input as a pressure pad. The circuit would
function by the wait button being pressed while the pressure pad is activated. After 5 seconds the
lights will turn red, however if the button was pressed and input from the pressure pad is lost, the
5 second timer will reset, and the lights will remain green to allow traffic to pass. Each stage was

completed using Multisim.
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Research
Technical characteristics of various UK pedestrian crossings:

Zebra Crossings — Stated in Rule 19 of the highway code, these feature two flashing beacons at
each side of the crossing. It features striped, white lines to indicate it is a zebra crossing, as seen
in figure 1 (Department for Transport, 2015).

oa

Figure 1 - Zebra Crossing (Department for Transport, 2015)

Another type of zebra crossing exists that features a central island that creates two crossings.
This features a third flashing beacon which is situated on the central island as seen in figure 2
(Department for Transport, 2015).

Figure 2 - Zebra Crossing with Central Island (Department for Transport, 2015)
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Pelican Crossings — These feature pedestrian operated control signals, in which a pushbutton is
pressed to activate the traffic lights. It allows the pedestrians to cross when the green figure is
shown and wait when the red figure is shown. Pedestrians are not allowed to cross if the green

figure is flashing (Department for Transport, 2015).

Puffin Crossings — Unlike a pelican crossing, these have the red and green figures placed above
the control box on the pedestrian’s side of the road and has no flashing green phase (Department

for Transport, 2015).

Puffin crossings also have sensors that detect the presence of a pedestrian, which can either be
situated above in the control box or buried underneath the waiting area. There are also other
sensors that can spot if pedestrians are crossing. The benefit of having these sensors, is traffic
will not need to stop if a pedestrian presses the button and walks away from the crossing, which

reduces traffic delays (nidirect, unknown).
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Analysis of technologies that could be used to implement the control circuitry of a traffic light
system (FPGAs and ASICs):

FPGAs (Field Programmable Gate Arrays) are programmable integrated circuits that allow the
customer to configure its hardware to match their requirements, which contain configurable logic
blocks (Arm Limited, 2023).

Traditional traffic lights are unable to react to live traffic conditions due to them being relied on
fixed time schedules, which results in traffic waiting longer at intersections. They also struggle
with timing of traffic to optimise signal timing when there is traffic flow. A technology that can be
used to enhance traffic light systems is a FPGA. They can be programmed to perform specific
tasks by processing a lot of data in real time. The sources of data they use are cameras and
sensors and can detect traffic at different intersections. This allows the FPGA to adapt to altering
conditions of traffic. Since they are programmable, they can be programmed to fit unique traffic
patterns. They can also be monitored remotely to identify faults in the traffic light system or
damage (R, 2023).

ASICs (Application-Specific Integrated Circuits) are circuits that are programmed for specific
applications. They are efficient in that they are designed for one task, which also makes them
faster at processing data (Rouse, 2023). Implementing these in traffic light systems will also result
in faster signal timing which optimises traffic flow. These should be faster than FPGAs due to

being task specifically programmed.
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Use of modern electronics to promote sustainable development:

There are various ways of using modern electronics to promote sustainable development when it

comes to traffic light circuitry.

One of these methods is using LEDs instead of traditional iridescent bulbs. LEDs can provide
visibility even in harsh weather conditions. They use significantly less energy than iridescent bulbs
in which most energy provided is transferred to light, whilst iridescent bulbs lose most of their
energy as heat. LEDs also have a significantly longer lifespan and respond much faster, which
will also reduce traffic delays (Sinowatcher Technology Co., 2022).

Solar panels are another method of sustainable development when involved with traffic light
circuitry. This technology is already popularly used on traffic signs, as seen in figure 3. Solar
panels take energy from the sun and convert this to electrical energy. This does not harm the
environment in any way which makes it clean. This type of energy can be supplied to traffic lights,
even in unusual areas where it is difficult to obtain electrical power. This can make traffic light
placement more versatile. They are also low maintenance, due to not being supplied by the
national grid and are not susceptible to power cuts. No required electrical cables also eliminates
the cost of fitting them (Messagemaker Displays, 2021).

Figure 3 Solar Powered Traffic Sign
(Messagemaker Displays, 2021)
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FPGAs also promote sustainable development when used in traffic lights, due to having optimised
energy consumption. When there are no vehicles or pedestrians, they are able to dim, or even

turn off the traffic lights and re-activate them when necessary. This increases the life of the traffic

light components and also saves on energy (R, 2023).
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Method

a) 5 Second Timer:

A 5 second timer was designed and simulated using finite state machine principles in order to
satisfy a certain specification. The timer was used to simulate traffic stopping 5 seconds after the

‘WAIT’ button is pressed by a pedestrian. The specification is as follows:

 Count from 0-5, then stop.
e Input — B (Wait Button Pressed)
e Qutput — W (Count =5)

The states where then allocated as follows:

S0 -Count=0
S1 - Count = 1
S2 —Count =2
S3 -Count=3
S4 — Count = 4
S5 -Count=5

3 flip flops were chosen to accommodate the number of states there are, since 2 flip flops aren’t

enough.
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A state diagram was then created to interpret which inputs and outputs are on at each state. The

diagram below demonstrates this:

SO \  B=

}
/s
NG

Figure 4 - 5 Second Timer State Diagram

From the diagram above, it can be seen that once the input B is initiated from the wait button
(B=1), the timer will start counting and will move onto SO to S1 and so on until it gets back to step
0. What happens with B during S1 to S5 does not matter, since B=X. If there is no input from 'B’,
SO will just keep cycling (B=0) and there will be no output from ‘W'. Since there is an output

required after 5 seconds, ‘W’ will equal 1 once it reaches S5, which is count 5.
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A state table was then created to assign equations generated from Karnaugh maps. This then

decides what the state of input ‘B’ and output ‘W’ are at each count:

Table 1-5 Second Timer State Table

Next
Next Present B=0 B=1 Output
Present | B=0 | B=1 | QA | QB | QC | QA+ | QB+ | QC+ | QA+ | QB+ | QC+ w
SO SO 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 SO SO 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

From the state table above, it can be seen that the output ‘W’ goes high at state 5.
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Karnaugh maps where then used as a method of assigning QA+, QB+, QC+ and ‘W’ from the
state table with their Boolean equations.

- PA w0 1 11 10
00 0 0 1 0
01 1 0 X X QA+ = QBQC + QAQC
11 1 0 x o
10 0 0 1 0

Figure 5 - QA+ Karnaugh map (5s Timer)

BQAQBQC 00 01 11 10
00 0 1 0 1
01 0 0 X X QB+ = QBQC + QAQBQC
11 0 0 X x
10 0 1 0 1

Figure 6 - QB+ Karnaugh map (5s Timer)
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QC+ = QBQC + QAQC +BQC

W =QAQC

QsQc
00 01 11 10
BQA
00 0 0 0 1
01 1 0 X X
11 1 0 X X
y
10 1 0 0 1
Figure 7 - QC+ Karnaugh map (5s Timer)
Output:
QsQc
00 01 11 10
BQA
0 0 0 0 0
1 0 [ 1 X X

Figure 8 - W Kamnaugh map (5s Timer)

From the Karnaugh maps above, it can be seen how the equations form. Each group of colours

form a Boolean expression which has been identified as the same colour as the group.
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The image below shows the built circuit using AND gates and OR gates that satisfy the Boolean
equations, which also includes the 3 flip flops from the state table:

Figure 9 - 5 Second Timer Multisim Circuit

A logic analyser was used to simulate and test to see if the circuit was counting properly from 0-
5. The sequence starts after ‘W’ goes high and is as follows:

After W goes high QA, QB and QC are all low, which represents 0.
QC then goes high to represent 1.

QB then goes high to represent 2.

QB and QC goes high to represent 3.

QA then goes high to represent 4.

QA and QC both go high to represent 5.

U

(See results section a, pg.36).
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b) 15 Second Timer:

A 15 second timer was then designed also using finite state machine principles, similar to the 5

second timer. This timer is used to simulate allowing 15 seconds for the pedestrians to cross

when the traffic lights turn red. An output ‘T’ then goes high when the count is 15. The timer has

an input ‘R’ which activates the timer. The specification is as follows:

e Count from 0-15
« No loop
e Start counting when Input Red =1

¢ Qutput T =1 when count =15

4 flip flips were chosen to accommodate for the number of states used.

The state diagram is as follows:

R=X
s13 R=X s12 R=X s11 R=X 10 R=X m R=X s8
=0 T=0 T=0 T=0 T=0 =0

Figure 10 - 15 Second Timer State Diagram

From the state diagram, it can be seen that the timer will not count until R = 1. T then stays at 0

until step 15 where it turns 1. At this point, the red traffic light should go off and go green to allow

traffic to pass.
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Another state table was created to assign equations generated from Karnaugh maps. This then

decides what the state of input ‘R’ and output ‘T’ at each count:

Table 2- 15 Second Timer State Table

Next
Next Present R=0 R=1 Output
Present | R=0 | R=1 | QA | QB | QC | QD | QA+ | QB+ | QC+ | QD+ | QA+ | QB+ | QC+ | QD+ w
SO SO0 | St 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 | 812 | 1 0 1 1 1 1 0 0 1 1 0 0 0
S12 S13 | 813 | 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 | 815 | 1 1 1 0 1 1 1 1 1 1 1 1 0
S15 S0 | SO 1 1 1 1 0 0 0 0 0 0 0 0 1
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Karnaugh maps where then used as a method of assigning QA+, QB+, QC+ and QD+ from the
state table with their Boolean equations.

R=0 R=1
cD CcD
AB 00 01 11 10 AB 00 01 11 10
00 0 0 0 0 00 0 0 0 0
01 0 0 1 0 01 0 0 1 0
N )
11 1 1 0 1 11 1 1 0 1
10 1 1 1 10 |1 1 1 1

Figure 11 - QA+ Karmaugh maps (15s Timer)

QA+ = QAQB + QAQC + QAQD +

00 01 11 10 00 01 11 10

00 0 0 l 1 , 0 00
01 1 1 ] 0 1 01

o
D E
o

1) -
B

11 1 1

10 0 0 1 0 10 0 0 1 0

1 I
Figure 12 - QB+ Karmaugh maps (15s Timer)

QB+ = QBQC + QBQD + QBQCQD
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R=0

ABCD 00 01 11 10
00 0 1 0 1
01 0 1 0 1
11 0 1 0 1
10 0 1 0 1

Figure 13 - QC+ Karnaugh maps (15s Timer)

QC+ =QCQD + QCAD

R=0
cD
AB 00 01 11 10
00 0 0 0 1
pa—
01 1 0 0 1
[
11 1 0 0 _Z_l_
10 1 0 0 1
—— ——

Figure 14 - QD+ Karnaugh maps (15s Timer)

QD+ = QDR + QBQD + QAQD +

R=1
cD
AB 00 01 11 10
00 0 1 0 1
01 0 1 0 1
11 0 1 0 1
10 0 1 0 1
R=1
cD
00 01 11 10
AB
— p—
00 1 0 0 1
01 1 0 0 1
11 1 0 0 1
10 1 0 0 1
pm— _—_——




15 Second timer circuit:

QA
e ¥
NotGhA
S
o Not0A ANDZ FF_D_CO
c
ap @
- AND4
QB
NotQC
AND2 (O TP O a5v O a5v 26V
aB aB l@n lQB l@c QD
HotaD — SN 3 o |5
—_IRH}D‘Z —.‘E.E;' Clock NotGB
il P
NotQB
" FF_D_CO
ap @ —f -
e
R AND3
Koy = Space NotQC Qn
) T
Clock ac ae -
[ma- . L9 P I,
100Hz NotQC i acl B
$ QB T o
QC ¢ ol
ANDZ Qo . Qa
FF_D_CO ¢ <R
NetGD AMD4 P —
v
R car
AND2 v
QB an
NotQD -
o T
NowgD
¥ - F?
QA
NotQD FF-D-CO

QC
NotQD

AND2

Figure 15 - 15 Second Timer Multisim Circuit

A logic analyser was again used to test this sequence. This sequence occurs similar to the 5
second timer, where QA, QB, QC and QD change between 0 and 1 to represent counts between
0-15. ‘R’ triggers the timer and once the count reaches 15, ‘T’ goes high.

(See results section b, pg.36)
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c) RAG Controller:

The next part was to design an RAG controller to control the sequence of the traffic lights. It has

two inputs and three outputs. They are as follows:
Inputs:

W =1 — Change lights from green to red.

T =1 — Change lights from red to green.
Outputs:

R — Red

A — Amber

G — Green

The specification is as follows:

S0 - Green (If W=0, stay in state 0. If W=1, move to state 1)
S1 - Amber

S2 - Amber

S3 - Red (If T=0, stay in state 3. If T=1, move to state 4)
S4 - Red/Amber

S5 - Red/Amber

SO0 - Return to Green

This specification requires 3 flip flops.
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State diagram:

W=0
T=X
1?’:; [ s0 K} \J'IY:;i
s \ 001 )
=N e
——

W=X W=X
T=X T=X
84\\ W=X ./ 82\
110 / T=0 '-\010/'
T W=X / = T W=X T
T=1 \%oo// T=X

Figure 16 - RAG Controller State Diagram

From figure 16, it can be seen that S1 only activates until W=1 which changes the green light to
amber for the next two states. When it reaches state 3, the lights turn to red and waits for ‘T’ to
equal 1 to move onto step 4, which makes the lights red and amber for the next two states, then

returns to SO where the lights return to green. The numbers under the state represent which light

is activated.
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State table:

Table 3 - RAG Controller State Table

Next ‘

Next W=0 W= ‘

W=0 =1 Current T=0 =1 T=0 =1 Cutput
Current | T=0 [ T=1 | T=0 | T=1 | QA | QB | QC | QA+ | QB+ | QC+ | QA+ | QB+ | QC+ | QA+ | QB+ | QC+ | QA+ | QB+ | QC+ A
S0 so [so [st]|]s1|ofo [i [i [i [i [i [i [i [i [i 1 [i [i 1 [i
St s2 | s2|s2|s2 |00 1 0 1 0 0 1 0 0 1 0 0 1 0 1
s2 s3 [ s3|[s3|[s3]| o 1 0 0 1 1 0 1 1 0 1 1 0 1 1 1
s3 S3 | sS4 | s3|s4 | 0 1 1 0 1 1 1 0 0 0 1 1 1 0 0 0
S4 S5 [ s5 [ s5 ] s5 | 1 0 0 1 0 1 1 0 1 1 0 1 1 0 1 1
S5 so | so [so] so| 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1
S6 X X X X 1 1 0 X 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 X
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Karnaugh maps where then used as a method of assigning QA+, QB+ and QC+ from the state
table with their Boolean equations:

W=0

QB Qc

TQA 00 01 11 10
00 0 0 0 0
01 1 0 X X
11 1 0 X X

—

10 0 0 1 0

Figure 17 - QA+ Karnaugh maps (RAG Controller)

QA+ = QAQC + TQBQC

W=0
':'ICB[:C 00 . 01 s 11 10
00 0 u rl_ 1
01 0 0 L X X
11 0 0 X X
10 0 F\ 0 1

Figure 18 - QB+ Karnaugh maps (RAG Controller)

QB+ =0QB

9]

C + TQB + QAQBQC

W=1
QB Qc
Taa 00 01 11 10
00 0 0 0 0
o1 1 0 X X
11 0 X X
10 0 0 1 0
W=1
QB QC
TaA 00 01 11 10
00 0 ﬂ ( 1 1
o1 0 0 | X X
11 0 0 X X
10 0 , 1 | 0 1




W=0 W=1

QB QcC QB QC
00 01 11 10
TQA 00 01 11 10__ TQA
00 0 0 | 1 . 1 l 00 1 0 ( 1 1
01 1 0 l X d" 01 | 1 0 I X X
11 1 0 X X 11 1 0 X X
e —— —
10 0 0 0 1 10 1 0 0 1
Figure 19 - QC+ Karnaugh maps (RAG Controller)
QC+ =QCW + TQB + QAQC +
Outputs:
QB Qc
00 01 11 10
QA
0 0 0 1 0 R=0QA + QBQC
1 1 1 X X
—
QB QC
00 01 11 10
QA
0 A=0A+ +QBQC
1
QB QC
00 01 11 10
QA
o 1 0 0 0 G = QAQBQC
1 0 0 X X

Figure 20 - Output Karnaugh maps (RAG Controller)
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RAG controller circuit:
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Figure 21 - RAG Controller Multisim Circuit
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The logic analyser was then used to test the circuit to check if it is sequencing correctly and

ensuring it satisfies the state diagram. (See results section ¢, pg.36).
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d) Combining All Circuits:

The 5 second timer, 15 second timer and RAG controller were now converted to sub-circuits and

combined into one circuit to perform as a fully functioning traffic light system. See circuit below:

WAIT Button
FPGA Chip
Red ?
| 0 I B W W R
—] CLE —eeeeees T R
Key =W CLE G
Amber
5 Second Timer RAG Control ?
Green?i
|‘rLr|I CLE
10Hz
15 Second Timer

Figure 22 - Combined Circuits

The circuit was now tested for two complete cycles, (see results section d, pg.36).
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e) Modifying and Improving the Design
The design was modified by adding an additional input to the 5 second timer to simulate a
pressure pad. The input ‘B’ will need to be pressed along with the pressure pad ‘P’ being activated

throughout the 5 seconds to make output ‘W’ go high. The modified specification is as follows:

« Count from 0-5, then stop.
e Input — B (Wait Button Pressed) and Input — P (Pressure Pad Activated)
e Qutput — W (Count =5)

States:

S0 -Count=0
S1 - Count = 1
S2 —Count =2
S3 -Count =3
S4 — Count = 4
S5 -Count=5

3 flip flops were chosen to accommodate the number of states.
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State diagram:

oo
px [ v\?OO -
/85\\] N | //S 1““\\{
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Figure 23 - Modified 5 Second Timer State Diagram

From the diagram above, it shows that the pressure input

5 seconds, otherwise it will go back to state 0.
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State Table:

Table 4 - Modified 5 Second Timer State Table

Next
Next P=0 P=1
P=0 P=1 Current B=0 B=1 B=0 B=1 Output

Current | B=0 | B=1 | B=0 | B=1 | QA | QB | QC | QA+ | QB+ | QC+ | QA+ | QB+ | QC+ | QA+ | QB+ | QC+ | QA+ | QB+ | QC+ w

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

S1 S0 S0 s2 s2 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0 0

s2 S0 S0 S3 S3 0 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0

S3 S0 S0 54 5S4 0 1 1 0 0 0 0 0 0 1 0 0 1 0 0 0

S4 S0 S0 S5 S5 1 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0

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

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

57 X X X X 1 1 1 X X X X X X X X X X X X X
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Karnaugh maps were then assigned below:

P:O P= 1
QBQcC QBeQc
00 01 11 10
BQA BQA 00 01 11 10
00 0 0 0 0 00 0 0 1 0
01 0 0 X X 01 1 0 X X
11 0 0 X X 11 1 0 X X
_—
10 0 0 0 0 10 0 0 1 0
Figure 24 - QA+ Karnaugh maps (Modified 5s Timer)
QA+ = PQBQC + PQAQC
P:O P= 1
QBeQc QBQC
00 01 11 10
BQA BQA 00 01 11 10
00 0 0 0 0 00 0 1 0 1
01 0 0 X X 01 0 0 X X
11 0 0 X X 11 0 0 X X
10 0 0 0 0 10 0 1 0 1

Figure 25 - QB+ Karnaugh maps (Modified 5s Timer)

QA+ = PQBQC + PQAQBQC
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P=0

Bc;:\QC 00 01 11 10
00 0 0 0 0
01 0 0 X X
11 0 0 X X
10 0 0 0 0

Figure 26 - QC+ Karnaugh maps (Modified 5s Timer)

QA+ = PQBQC + PQAQC + PBQC

P=1
:‘&QC o0 o1 11 10
00 0 0 0 1
01 1 0 X X
11 1 0 X X
10 | __J 0 0 1

Output:
QsQc
BQA 00 01 11 10
0 0 0 0 0 W =QAQC
1 0 [ 1 X ] X

Figure 27 - W Karnaugh map (Modified 5s Timer)
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Modified 5 second timer circuit:
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Figure 28 - Modified 5s Timer Multisim Circuit
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The sequence was then tested using the logic analyser. The final modified circuit was then tested.

(See results section e, pg.36).
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Analysis of Results at Each Stage

a) 5 Second Timer:

From the test conducted from the logic analyser, it can be seen that it satisfies the state diagram.
The timer begins to count from 0 — 5 and resets once ‘W’ goes HIGH. QA, QB and QC show this
when their pulses occur and counting 0 and 1 at the correct times. Once the count reaches 5, it

can be seen that ‘W’ goes high. (See appendix A, pg.40).
b) 15 Second Timer:

From the test carried out with the logic analyser, it satisfies the state table completely. Once ‘R’
goes high, which is the red traffic light, the timer starts counting from 0-15. The states of QA, QB,
QC and QD also match the state table. Once count 15 is reached, the output ‘T’ goes high. Once
‘R’ goes back to 0, the timer stops counting. (See appendix B, pg. 41).

c) RAG Controller:

The test carried out on the logic analyser was successful and it managed to correctly count in the
correct sequence. Once ‘W’ went high, it started counting up to state 3 and didn’t go to state 4
until “T" went high. It then counted to state 5 and back to 0 as expected. The results in the appendix
also show the states are correctly allocated to the RAG outputs, and they light up in the correct

sequence according to their states. (See appendix C, pg.42).
d) Combining All Circuits:

The output of the combined circuits were tested in two cycles. The outputs matched to exactly
what was expected. The lights turned red 5 seconds after ‘W' was pressed and went back to
green 15 seconds later. The states for each circuit also counted in the correct sequence. This

now functions as a full traffic light system. (See appendix D, pg.50).

e) Modifying and Improving the Design:

The modified design functions as expected with the input ‘P’ added. The logic analyser test
showed that the state goes to SO once ‘P’ is off. The full circuit goes through the full cycle the
same way it did in the combining stage as long as 'P’ remains on. As soon as it went off during
the 5 second timeframe after ‘W’ was pressed, the count stopped, and the light remained green

instead of turning red. The circuit now functions as a puffin crossing. (See appendix E, pg.55).
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Evaluation

The specification was achieved and more so with it being modified to behave as a puffin crossing.
Both the 5 second and 15 second timers worked as they expected to, which was proven with the
logic analyser. The RAG controller also worked as expected. When the circuits were combined,
it functioned as a full pedestrian traffic light system. After modifying it and adding the pressure
pad, the lights would remain green if the pressure pad was not made, which functions correctly
as a puffin crossing. Testing with the logic analyser at each subcircuit could have been improved
by inspecting two cycles instead of one to make the results more reliable and ensure the circuits
can repeat multiple cycles. Having a pressure pad also adds to the sustainability of the traffic light,
as it will still allow traffic to pass if the button was pressed and there was no one planning to cross,
which is more environmentally friendly. Having LEDs in puffin traffic light systems also adds to

the sustainability.

Conclusion

Overall, the specification was achieved, and the final circuit functioned as it should have without
any issues. The circuit also functioned correctly with the pressure pad modification and the
specification at each stage was achieved. Research also showed how traffic light systems can be
made sustainable and environmentally friendly by the use of solar panels, FPGAs, ASICs and
LEDs for better energy efficiency and a better flow of traffic. Modifying the circuit to behave as a
puffin crossing also showed it is more sustainable than the traditional traffic light system by

optimising traffic flow.
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Appendices

Appendix A: - 5 Second Timer
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Figure 29 - Logic Analyser Test Results (5s Timer)
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Appendix B: - 15 Second Timer
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Figure 30 - Logic Analyser Test Results (15s Timer)
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Appendix C: - RAG Controller

State: 0 0 1 2 3 3 4 5 0
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Figure 31 - Logic Analyser Test Results (RAG Controller)
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Figure 35 - RAG Controller State 3
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Appendix D: - Combined Circuits

WAIT Button
FPGA Chip

Red

|u I B W W R

CLE B —— e IS R

Key =W CLE G
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5 Second Timer RAG Control (F

Green

5Hz

15 Second Timer

Figure 39 Cycle 1 - Combined Circuit Initial State
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Figure 40 Cycle 1 - Output after 'W'is momentarily pressed
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Figure 42 Cycle 1 - Output 5 seconds after 'W'is pressed
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Figure 41 Cycle 1 - Output after 15 seconds
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Figure 44 Cycle 1 completed and cycle 2 initial state
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Figure 43 Cycle 2 - Output after 'W'is momentarily pressed
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Figure 46 Cycle 2 - Output 5 seconds after 'W'is pressed
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Figure 45 Cycle 2 - Output after 15 seconds
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Figure 47 - Cycle 2 completed
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Appendix E: - Modifying and Improving the Design

Modified 5 second timer logic analyser test:

Time (s)

0.000m 80.000m 160.000m 240.000m / 1 320.Uii&m

w 0

Clock_Qua
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Figure 48 - Both 'B' & 'P" high (Modified 5s Timer)
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Figure 49 - Losing Input 'P' During Count
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Full circuit test with ‘P’ on:
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Figure 50 - Final Circuit Initial State
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Figure 51 - Output tumns from yellow to red
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Figure 53 - Output back to original state after 15s with 'P' now off
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Full circuit test with ‘P’ off during 5s timer count:
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Figure 54 - 'P'on during count
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y"’ There was evidence of extensive further reading

and research from credible and reliable sources.
Your interpretation and understanding of the
additional research was very good and
demonstrated a deep underlying appreciation of
the subject. Your references were consistently
applied and appropriate to the task and your
reference list was of an appropriate length for this
assignment.

KNOWLEDGE AND UNDERSTANDING

[

y‘ The knowledge and understanding of the subject

demonstrated by this assignment was exceptional.
There were no gaps in your knowledge of the basic
principles and the higher level concepts were
extremely well explained. Your explanation of the
design process and calculations was also excellent
and you have demonstrated an exceptionally
detailed knowledge and critical understanding of
the main concepts and expanded your knowledge
beyond that contained in the course notes.

ANALYSIS

28

[

y“‘ Your analysis of the task was excellent, both in

class and as shown in this assignment. You have
demonstrated highly competent analytical skills
and your approach to the task was highly logical.
You carried out a detailed evaluation of the results
and included an excellent conclusion relating your
practical results to accepted theory. You have
demonstrated a capacity for independent thought
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and your interpretation of the quantitative and
qualitative data was excellent with sound
judgements based on wholly valid arguments.

PRACTICAL APPLICATION AND DEP.

[

y"’ Your application of practical skills for this task was
generally exceptional. You used both the basic and
advanced features of the resources appropriately
when designing the circuit and you used
appropriate advanced options for testing and
evaluating the circuit performance. You managed
to design an effective circuit that functioned well
within the specification and achieved this by rarely
asking for assistance thus demonstrating some
advanced problem solving skills. Your results were
comprehensive and allowed for a detailed
conclusion to be attempted.

SKILLS FOR PROFESSIONAL PRAC.

[

y" In this assignment you have demonstrated skills in
working individually and also collaboratively. Your
written report was exceptionally well structured
and written in a highly coherent and logical way.
The report was presented in a professional
manner using appropriate language and
formatting, good diagrams in appropriate places,
good sentence/paragraph structure and clear
calculations.



