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Executive Summary

In this report, research was carried out regarding digital circuit design using finite
states machines and the different logic types. This research focuses on the use of
finite state machines for digital design, the merits of using FPGAs and ASICs and
sustainable development in the electronics.

This research was used to design and test a 5-second timer, a 15-second timer and
a RAG controller. They were designed using finite state machines, state tables and
Karnaugh maps. Analysis was carried out on the results gathered from tests using
logic analysers to verify the successes. Following the tests of the system,
improvements were made to the system and were tested further.




Research into Advanced Digital Design Techniques

The Differences Between Combinational and Sequential Logic

When designing a digital circuit, there are two different logic types that can be used;
Combinational and Sequential.

Combinational logic uses any inputs applied to the digital circuit to produce its
outputs. When any of the inputs change, the output changes accordingly. To design
a combinational logic circuit, logic gates are used. An example of a combinational
logic circuit can be seen in Figure 1 - Combinational Logic Circuit. Due to the circuits
consisting of only logic gates, they operate very quickly. The main application for a
combinational logic circuit is for arithmetic processes.

A combinational logic circuit can be designed using a truth table and Karnaugh
maps. These will produce the Boolean expressions required to create the circuit in its
simplest form with lowest number of components. (Harris & Harris, 2007) (Storey,
2009)
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Figure 1 - Combinational Logic Circuit

Sequential logic relies on both the applied inputs and any previous inputs also used.
This means that, unlike combinational logic, sequential logic has memory. This is
achieved by using a combinational circuit which feeds back into a flip-flop. An
example of a sequential logic circuit can be seen in Figure 2 - Sequential Logic Circuit.
This feedback can be stored for use at a later point in the sequence. However, this
extra feedback does mean that the circuit operates slower than a combinational logic
circuit.

Synchronous sequential circuits are timed. A clock-pulse is used to trigger the flip-
flop, thus feeding back an input and changing the circuit's state when required. If no
clock-pulse is detected, the flip-flop will never trigger. The flip-flops in asynchronous
sequential circuits can be triggered using the input changes. This means that the
sequence is no longer timed. (Storey, 2009) (Harris & Harris, 2007)

Input ———— Combinational ——— Output
Logic

Memary Input Feedback

Flip-Flop
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Figure 2 - Sequential Logic Circuit




The Use of a Finite State Machine as a Design Tool

When designing a synchronous sequential circuit, a finite state machine is used. A
finite state machine shows the sequence of states that the circuit can be in and the
inputs which will change them. The outputs will then be produced in accordance with
the clock pulses. An example of a state machine can be seen in Figure 3 - Finite State
Machine

0-9 Counter

Figure 3 - Finite State Machine

By using a finite state machine for design, the circuit’s operation can be visualized.
This provides an understanding of what each state will do and how the state is
achieved, whether it be with an input or with a clock pulse. When the finite state
machine has been produced, a state table can be created. This table will show the
current state and the next states, depending on set conditions. However, there are
two different state machine formats that can be applied. One of which is a Moore
machine, which can be used for logic circuits which rely on the sequence’s current
state. The other is a Mealy machine, which operates using the current state and an
input.

The information from the state table can be put into Karnaugh maps to derive the
Boolean expressions for the sequential logic circuit. This can then be combined with
flip-flops to provide the necessary feedback. (Storey, 2009)




The Relative Merits of FPGAs and ASICs

A field programmable gate array, or FPGA, is a small chip containing circuits, which
can be programmed for use as combinational or sequential logic circuits. Contained
with the chip are configurable logic blocks which connect to each other using
channels. This allows the FPGAs to use multi-level logic functions, making them
usable for a wider range of applications. An FPGA can be used for many different
applications, due to its programmability. The logic functions can be downloaded and
tested as often as required, with any necessary changes being made. The option to
reprogram the FPGA means that they have no specific uses and can be stored for
spares until they are required. This also means that they can be used for extensive
testing and prototype development. When the FPGA is programmed, the logic
functions are stored on an internal memory. The main issue with this is that the
memory is dependent on the FPGA receiving a power supply. If the power supply is
removed, the logic functions will be removed from the memory. (Harris & Harris,
2007)

An application specific integrated circuit, or ASIC, is a chip that is programmed for a
designated use. An ASIC is typically programmed following the successful
prototyping using an FPGA. This is because an ASIC cannot be reprogrammed once
the logic functions have been downloaded, due to the use of transistors rather than
logic cells. The transistor locations are specified with the use of masks, which are
expensive to produce. Therefore, the masks will be produced for mass quantities.
The function of the chip requires testing after the design to ensure that they have
been manufactured and designed correctly. If they fail the tests, new chips must be
fabricated once the necessary changes have been made. (Harris & Harris, 2007)

When being purchased individually or in small quantities, FPGAs are cheaper than
ASICs. This is because an ASIC requires skilled development and takes a long time
to produce, whereas an FPGA can be programmed by the user when needed.
Although the FPGAs are cheaper in small quantities, the ASICs are better value in
larger quantities. They are also more powerful than FPGAs and require less power to
operate, making them more efficient and more sustainable. They are also typically
smaller in size. This makes them more desirable for permanent use. However, if a
temporary solution is required, an FPGA can be programmed and used. (Harris &
Harris, 2007)




The Use of Modern Electronic Components and Designs to Promote Sustainable
Development

Many companies producing electronic goods are moving towards sustainable
development as a means of protecting the environment. Nokia is a company who have
moved towards promoting sustainability.

One of the worst electrical components in terms of sustainability is a printed circuit
board, which are used in mobile phones. This is because they are extremely difficult
to separate and recycle. In many cases, the metal can be stripped from the boards,
then they must be disposed of because they cannot be recycled anymore. Nokia have
started creating products which are energy efficient but are also using materials which
can be easily reused and recycled. Not only does this reduce their waste, but also
means that the products can be recycled much efficiently in the future.

The new boards that are being used by Nokia are found to be much smaller and have
the memory chips integrated into them. This provides the company with more efficient
boards which makes them more reliable and more powerful, whilst reducing the power
usage. It's important to promote the use of electronic components that reduce power
consumption. This is because one of the leading issues with many electronic goods is
a large power consumption. (Nokia, 2017)




Design Method, Choices and Calculations

Before beginning the design process, the traffic light controller must be considered.
This controller will have specific inputs and outputs and will be made up of other
controllers. Shown below, in Figure 4 is the traffic light controller model that will be
used to design the traffic light system.

Traffic Light Controller

|
|
|
|
I
Wait 5-Second | RAG
Button | Timer | ghts
| |
| iy > .
| RAG . @
| Controller | @
| —>
| 15-Second :
| Timer |
| |
| I
I I
| |
| |

Figure 4 = Traffic Light Controller Model

By using this model, it can be determined what is required to design and build this
traffic light circuit. As seen above, three separate controllers are required; a 5-
second timer, a 15-second timer and the RAG controller. The 5-second timer will be
used to delay the green-to-amber change, once the ‘WAIT’ button is pressed, to
ensure that it gives motorists time to acknowledge the change and stop safely.
Whereas, the 15-second timer will be used to give the pedestrians enough time to
traverse the road safely, before the lights change back to green.

To design these circuits correctly, finite state machines will be used. The finite state
machines will aid in creating truth tables which, in turn, can be used to find the
Boolean expressions for each circuit.

5-Second Timer
The finite state machine for the 5-second delay timer can be seen below in Figure 5.




So Count 0

S1 Count 1

Sz Count 2

S3 Count 3

Sa Count 4

Ss Count 5
Inputs

B = 0 (Button not pressed)
B = 1 (Button pressed)

Outputs
W =0 (Timer counting, or button

not pressed)
W =1 (Timer at 5s, lights change)

Figure 5 = 5-second Timer State Machine

The finite state machine shows the six different states that this timer can be in. It also
shows the criteria that must be met for the timer to transition to the next state. Next
to the state machine is a table showing what each state represents and the inputs
and outputs in use by the machine. We can see from this table that an output will be
produced when the timer reaches a count of 5. For the timer to reach that count, a
button must be pressed to provide an input signal. This information can be used to
develop the truth table for the timer, as seen below.

State | B= gl extB= 1 Current B=0 Neid -1 Qutput

State | State | Qa | Qs | Qc [ Qa* | Qs* | Qc* | Qa* | Q8" | Qc* W
So So S 0| 0] 0 0 0 0 0 0 1 0
Si Sz Sz 0| O 1 0 1 0 0 1 0 0
S S3 S3 0 1 0 0 1 1 0 1 1 0
Ss3 Sy Sq 0 1 1 1 0 0 1 0 0 0
Sq Ss Ss 1 0| 0 1 0 1 1 0 1 0
Ss So So 1 0 1 0 0 0 0 0 0 1
Ss 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

This table shows the current state of the timer and the next state it will be in, given
the input. When the input, B, is false the next state for So is the same as the current




state, because the timer will not activate. This table can be used to make the

Karnaugh maps for the 5-second timer.

Qa*
QsQc
BQa 00 01 11 10
00| o | o |(1\] o0
o N\| o [[|x|[(XT
11 U] o | [x{]\x |
10 0 [ o |l1/] o0 ~
u/ Qi =AC+BC
Qe*
QeQc
BQa 00 01 11 10
oo o [WW] o] m
o1f o | o | x [[x]
1) 0] 0 [ x [[X]
10 0 | (Y] o [l1 __ -
-ml ) Q4 = ABC + BC
Qc*
QeQc
BQa 00 01 11 10
ool 0o [ofo ][
o N\ o [ x (X1
1 | o | x KX
o 1)l o[ o [Nl e _ ac+ Buttonc + BC
Output (W)
QeQc

Q. 00 01 1 10
0| O 0 0

10 |G [ X[ x

o

W = AC

Shown above are the Karnaugh maps for the three inputs and the output. These
Karnaugh maps have been used to determine the Boolean expressions for the 5-
second timer. These expressions show the number of logic gates required for the
circuit, the type of logic gates required and how the circuit is to be constructed. For
example, the expression for Qa* shows that two 2-input AND gates and one 2-input
OR gate will be used. The circuit can be built and tested on Multisim.
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Figure & —= 5-second Timer Circuit

Shown above in Figure 6 is the logic circuit for the 5-second timer, built in Multisim’s
PLD mode. The circuit uses three D-type flip-flops. These are used to invert the
signal, but to also ensure that the signals are never the same. For example, it
ensures that Qaand NOT_Qa are not both “Logic 1" at the same time. The circuit is
connected using on-page connecters. This keeps the circuit tidy and makes it easier
to fault-find on. To test the circuit prior to downloading to the FPGA board, a digital
clock is used to trigger the flip-flops, an interactive digital constant to simulate the
wait button and probes on the flip-flops to show when the outputs are active. Using
coloured probes also makes the binary easier to observe. Along with the probes, the
outputs from the flip-flops can also be monitored using a logic analyser. The circuit,
with the analyser, can be seen below in Figure 7.
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Figure 7 — 5-second Timer with Logic Analyser

The logic analyser can be used to monitor when each output is either a “Logic 0" or a
“Logic 1. The results from the logic analyser can be seen below.
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Figure 8 = 5-second Timer Logic Analyser

Using Figure 8, the logic analyser shows the same binary outputs as expected from
the truth table. This proves that the timer has been built successfully. It can now be
amended to make it suitable for download to an FPGA board. The amended circuit
can be seen below in Figure 9.
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Figure 9 — Final 5-second Timer

The interactive digital constant and the digital have been replaced with btnC and
btnD inputs, respectively, which are found on the board. This allows the timer to be
practically tested without setting-up a clock pulse.




15-Second Timer
After completing the 5-second timer for changing the lights from green to red, the 15-
second timer must be designed. Shown below is the Finite State Machine for the 15-

second timer.

R=0

Figure 10 — 15-second Timer State Machine




The Finite State Machine shows that the 15-second
timer has 16 different states. When the traffic light is
red, the sequence will not progress. This is indicated
on the State Machine as 'R=0". When ‘R=1"is true, the
sequence will move onto state 1 and begin the count.
This is when the traffic light changes to red and the
pedestrian light changes to green. From state 1
onwards, the input does not impact the sequence and
will progress regardless. Whilst counting, the output is
false. This is shown in the table as ‘T=0". When the

timer reaches 15s, the output changes to true, or ‘T=1".

Seen below is the Truth Table for the 15-second timer.

So Count 0
S1 Count 1
Sz Count 2
Sz Count 3
Sa Count 4
Ss Count 5
Se Count 6
Sy Count 7
Sg Count 8
Sq Count9
S10 Count 10
Si Count 11
S12 Count 12
Si3 Count 13
Sia Count 14
515 Count 15

Inputs

R =0 (No Action)

R =1 (Start Count)

Outputs

T =0 (When Counting)

T=1(When 15s has Elapsed)

Next Next
State | R=0 | R=1 GUment R=0 R=1 CEtpun

State | State [ Qa | Qs | Qc | Qo [ Qa* | Qs* | Qc* | Qp* | Qa* [ Q" | Qc* | Qp* T
So So Sy OO0 |0 |0 0 0 0 0 0 0 0 1 0
S So So O[O0 | 0|1 0 0 1 0 0 0 1 0 0
S Ss Ss 0O 1 0 0 0 1 1 0 0 1 1 0
Ss3 Sa Sa 0O 1 1 0 1 0 0 0 1 0 0 0
S Ss Ss 0|1 0|0 0 1 0 1 0 1 0 1 0
Ss Se Se 0|1 0| 1 0 1 1 0 0 1 1 0 0
Se S7 S7 0|1 1 0 0 1 1 1 0 1 1 1 0
S7 Ss Ss 0|1 1 1 1 0 0 0 1 0 0 0 0
Ss Sg Sg 1 O[O0 ]| O 1 0 0 1 1 0 0 1 0
Sg S1o S1o 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 Sz S12 11011 1 1 1 0 0 1 1 0 0 0
S12 Si3 Si3 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
S1s So So 1 1 1 1 0 0 0 0 0 0 0 0 1




Qa*

R=0 R=1
CD CD
AB—_ 00 01 11 10 AB 00 01 11 10
oo/0 o TJo TJo ool0 Jo Jo o
010 |0 0 o1/0 |0 0
1M [1) [0 A | 1Y [1) [0 |
10{(T) 17 N 100 11 1 1
Q.Y =AC+ ABCD + AB + AD
Qs*
CD R=0 CD R=1
AB 00 01 ,11, 10 AB 00 01 .11, 10
00/0 o [l 0 c0/0 o |1 0
01| T [0 [ 01| T\ [0 [
111 1/ |10 |\4 1111 J 1/ |0 1
10 0 |1y |0 10 0 |1 |0
—t X
g =BD+BC + BCD
Qc*
R=0 R=1
cb CD
AB~_ 00 01 11 10 Ag~_00 01 11 10
o0[0 [[1] [0 (1 oo/0 [[1] |oO 1
010 1 0 1 01(0 1 0 1
1110 1 0 1 1110 1 0 1)
1[0 ] [o W] | 1of0 [4f [o NI
Q. =CD+CD
Qo*
R=0 R=1
CcD CcD
AB~_ 00 01 11 10 AB~. 00 01 11 10
00| 0 0 0 el ool 1 0 0 1 e
oi[1 1[0 (o [V [ o111 o [0 1
11 0 |0 111 0 |0
10[1]]0 0 1 10(1])]0 0 1 |

Qo"=DR+BD + AD +CD

Shown above are the Karnaugh maps for the inputs for the 15-second timer. There
are two Karnaugh maps for each input. One for when the light is red and one for
when the light is not red. The Boolean expression for Qo* shows an additional input,
R. This is because the next state after S¢ on the truth table is different for when R=1.
This means that this must be added into the expression to account for this condition.




Shown below is the Karnaugh map and Boolean expression for the output, which is
true after the 15-second timer has elapsed.
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T = ABCD

Shown below in Figure 11 is the digital logic circuit for the 15-second timer, built in
Multisim. An interactive digital constant has been used to simulate the red-light
condition. Probes were used to test the states. In this example, the probes are
displaying state 10.
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Figure 11 — 15-second Timer Circuit

To further test the circuits states, a logic analyser can be connected to the output
AND gate.
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Figure 12 — 15-second Timer with Logic Anai}ser
Shown above in Figure 12 is the circuit with the logic analyser connected.
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Figure 13 = 15-second Logic Analyser

By analysing the logic analyser, the circuit is changing states and producing the
correct outputs as required. This proves that the circuit was successfully built in PLD
mode. Now that the circuit has been tested and proven, the temporary components
can be replaced with permanent choices to ensure the circuit is ready for combining
the circuits together.
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Figure 14~ Final 15 second Timer
Shown above in Figure 14 is the completed 15-second timer logic circuit. In this
circuit, the probes have been removed and an LED has been added to the output

AND gate. The interactive digital constant and digital clock have also been replaced
with ‘R’ and ‘Clock’ inputs.




RAG Controller
Along with the timers, a controller must be designed and built to change the lights

through the sequence. Shown below in Figure 15 is the finite state machine for the
RAG controller.

So Green

S1 Amber

Sz Amber

S3 Red

Sa Red/Amber

Ss Red/Amber
Inputs
W =0 (Button not pressed or
counting)

W =1 (5-seconds elapsed)
T =0 (Counting)
T =1(15-seconds elapsed)

Outputs
R/A/G =0 (Off)
R/A/G=1(0n)

Figure 15 — RAG Controller State Machine

In this state machine, there are two different inputs which can affect the sequence.
This is different to the state machines for the timers, which only had one input. The
state machine also shows the binary for the colour which is displayed during each
state. This information will aid with the design process. Shown below is the state
table for the RAG controller.

Next
Current =0 =1
T=0 =1 =0 =1
So So So Si S1
Si S S2 S2 S
S2 S3 S3 S3 S3
Ss3 S S4 S4 S
S4 Ss Ss Ss Ss
Ss So So So So
Se X X X X
S7 X X X X

Shown below is the truth table for the RAG controller’s inputs.




Next

Current W=0 =1
State =0 T=1 T= =1
Qar| Qs | Qc [Qa* | Qp* | Qc* | Qa* | Q" [ Qc* | Q4" | Q' | Qc* [ Qat | Qp* | Qct
So 00| O 0 0 0 0 0 0 0 0 1 0 0 1
S, 0|0 |1 0 1 0 0 1 0 0 1 0 0 1 0
S 0|1 0 0 1 1 0 1 1 0 1 1 0 1 1
Ss 0|1 1 1 0 0 1 0 0 1 0 0 1 0 0
S, 110]0 1 0 1 1 0 1 1 0 1 1 0 1
Ss 11011 0 0 0 0 0 0 0 0 0 0 0 0
Ss 1 1 0| X X X X X X X X X X X X
Sr 1 1 1 X X X X X X X X X X X X

x| X|o|lo|lo|lo|lo|= |G

The following truth table is for the RAG controller’s outputs.

Using these truth tables, the Karnaugh maps for the controller can be designed.
These maps use the output from the 15-second timer as an input. The Karnaugh

maps can be seen below.

Qa
W=0
Q:Qc
TQ:~_00 01 11 10
00, 0|0 0]0
01 1) 0 | X | /X |
11 1/ 0 ||X
10, 0|0 {1]/] O
Qs
W=0
QsQc
TQa~. 00 [01] 11 10
oo| o [[[]] 1)
o1 0] o[ Xx|x
11/ 0] 0| X [|X
100 o [1]] o [l

w=1
QsQc
TQ~_ 00 01 11 10
00| 0| 0|0]|O
o1 1) 0 | X | /X |
11{ 1/] o ||x
10/ 0|0 1] 0
Qs =AC+TBC
W=1
QeQc
T~ 00 101 11 10
oo| o |[[T]] 1)
o1| 0] o[ X |[[x
11, 0] 0] X [|X
10/ o [1]] o [|4




Qc
W=0 - w=1
TQAQBQC 00 01 11 10 Tas, 00 01 11 10
o0 0o [[T][1) 00| 1) 0 (1]
01T o [[x [XJ~ 01T\ 0 |IX
1] o [ x| 1] 1/ o] x [x
/0] 01| 0[] 10| 1 o| 0|1

Q:*=TB+BC+AC +CWwW

Karnaugh maps are also required to determine the outputs for the RAG controller.

Red
QeQc
a>~_00 01 11 10
ojlo|o|[1)] o0
1| @ ]I
Red = A+ BC
Amber
QsQc
ax~_ 00 01 11 10
ol o [(1) o

N
1A WX X

Amber = A+ BC + BC

o
&,

o

(o)

Green = ABC

Using these maps, the following circuit was built on Multisim. The outputs for the
circuit represent each lamp on the traffic lights.
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Figure 16 — Green Probe

This circuit uses a digital high to simulate the T condition, but also used an inverter
to generate the Not_T condition. The output from the 5-second timer, W, is also used
as an input. Three different probes were set up onto the outputs to monitor the
sequence. Figure 16 shows the circuit in its normal running state, showing green. A
logic analyser was used to monitor each output. Figure 17 shows the green output
as high, as expected.
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Figure 17 — Green Logic Analyser

Following green, the traffic lights changed to amber, as seen in Figure 18.
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Figure 18 — Amber Probe
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Again, a logic analyser was used to confirm that the output was correct.
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Figure 19— Amber Logic Analyser

The sequence continued and the outputs were tested at each state. Each output
probe and corresponding logic analyser can be seen below.
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Figure 20 — Red Probe
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Figure 21 - Red Logic Analyser
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Figure 22 - Red and Amber Probes
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Figure 23 - Red and Amber Logic Analyser

To finalise the RAG controller’s circuit, the inputs were replaced with ‘W’ and ‘T’ and
a ‘Clock’ input was added. The three circuits are now complete and can be tested
completely.




Testing, Results and Analysis

To test the entire controller, the circuits need to be combined. The most effective
way to achieve this is by using sub-circuits. This will make the combined circuit
easier to follow and doesn’t require as much space on the Multisim page. Shown
below in Figure 24 - Combined Sub-circuits are the three sub-circuits combined.
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Figure 24 - Combined Sub-circuits

Each sub-circuit is labelled to indicate which of the three circuits is contained within
it. There is one ‘Button’ input which provides the ‘Wait Button’ start signal for the 5-
second timer. The second input is the clock input, which connects to each sub-
circuit. The ‘Button’ input starts the 5-second timer. After the 5-seonds has elapsed,
the lights have changed from green to red and the ‘W' output triggers the
corresponding input on the RAG controller. The 15-second delay’s sub-circuit has an
input which is provided by the output from the RAG controller. When the light
changes to red, the signal starts the 15-second timer. After this has finished
counting, the ‘T' output is generated and the sequence resets back to green.

To test the overall circuit, a logic analyser was again connected to the outputs,
shown in Figure 25 - Combined Sub-circuits with Logic Analyser. The ‘btnC’ and ‘btnD’
inputs were also replaced with a digital high and a digital clock, set to 1 kHz. By
setting up the sub-circuits with the digital high and digital clock, the sequence will run
continuously, for testing purposes. This allows the sequence to be monitored to
ensure that there are no errors in the sequence over multiple uses.
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Figure 25 - Combined Sub-circuits with Logic Analyser

The result from the logic analyser can be seen in Figure 26 - Combined Logic Analyser.
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Figure 26 - Combined Logic Analyser

From this logic analyser, it can be seen that, when combined, the circuits operate
together and cycle through the sequence. Figure 27 — Sequence Visual Representation
shows a visual representation of the sequence changing through the different

coloured lights.
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Figure 27 — Sequence Visual Representation

For the circuit to be tested on the FPGA board, the inputs must be returned to the
original inputs. Despite the circuit being tested in PLD-mode, errors may still persist




that would prevent the circuit working with the FPGA board. These errors would be
found prior to downloading, so that they can be fixed.

Although the circuit was completed successfully, it could still be improved. This can
be done by implementing a sensor to detect a pedestrian. If a pedestrian is detected,
the sequence continues as normal. However, if the sensor loses the pedestrian
before the 5-second delay timer elapses, the timer will return to state 0 and wait for
another input. This prevents the sequence from running if the pedestrian leaves the
area and, ultimately, stops cars from stopping when not required. The finite state
machine for this improvement can be seen below.

P=0
B=0

So Count 0

S Count 1

Sz Count 2

Ss Count 3

Sa Count 4

Ss Count 5
Inputs

B = 0 (Button not pressed)

B = 1 (Button pressed)

P = 0 (No pedestrian detected)
P = 1 (Pedestrian detected)

==y u]

Qutputs
W =0 (Timer counting, or button

not pressed)
W =1 (Timer at 5s, lights change)

Figure 28 - Improved 5-second Timer State Machine

The following truth table is for the inputs for the improved system. Unlike the original
5-second timer, there is a new input, adding more variables to the table.

Next
Current P=0 P=1
State B=0 B=1 B=0 B=1
Qa | QB | Qc | Qa* [ Q" | Qc* | QA" | Q" [ Qc* [ QA" | Qs* [ Qc* | QAT | Q" | Qc*
So 0 0] 0 0 0 0 0 0 0 0 0 0 0 0 1
Sy 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0
S, 0 1 0 0 0 0 0 0 0 0 1 1 0 1 1
S 0 1 1 0 0 0 0 0 0 1 0 0 1 0 0
Sy 1 0 0 0 0 0 0 0 0 1 0 1 1 0 1
Ss 1 0] 1 0 0 0 0 0 0 0 0 0 0 0 0
Se 1 1 0 X X X X X X X X X X X X
Sy 1 1 1 X X X X X X X X X X X X




The truth table for the output can be seen below. This remains unchanged due to the
output triggering at the same state.

Output
(W)

X xX|=~|o|lo|lo|o|o

The Karnaugh maps for this improvement can be seen below.
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These Boolean expressions taken from the Karnaugh maps can be used to design
and build an improved puffin crossing with a sensor to detect pedestrian activity. The

circuit can be seen below.
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Figure 29 - Improved Circuit
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As shown in the image, the sequence is successfully counting. Once the counting is

finished, an output is produced.
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Figure 30 - Improved Circuit Output
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When the input for the sensor is turned off, the sequence will not run.
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Figure 31 - Improved Circuit Without Input
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Conclusions and Recommendations

The aim of this report was to gather research on digital circuit design and utilise it to
design and test a traffic light controller with a 5-second timer and a 15-second timer.
The timers were designed using finite state machines, due to them being sequential.
The states were transitioned into a state table and Karnaugh maps were used to
derive the Boolean expressions.

The timing circuits and the controller were then built in Multisim and simulated for
testing. To verify the success of the tests, logic analysers were connected to the
outputs of the circuits. For the controller, coloured probes were used to easily
visualise the light changes. These tests were all successful as per the analysis
results.

Following the testing of each individual circuit, they were converted to sub-circuits
and combined to make one controller. Again, a logic analyser was used to test
outputs from the controller, proving the successful development of the entire
controller.

An improved system was designed to incorporate a pedestrian sensor which would
reset the sequence if nobody was detected. This was also designed using a state
machine and table. Karnaugh maps were then used to derive the Boolean
expressions to build the circuit.

Although the controller was built and tested successfully, some improvements can
be made. One improvement that could be made would be to add an audible warning
to alert pedestrians with impaired vision that it is safe to cross.

Another addition that could improve the system would be to make the red traffic light
and the green pedestrian light flash prior to changing. This could act as a safety
system to prevent people from crossing if they will not cross the road before the
sequence ends.
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