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1. Introduction
The aim of this assignment is the design a finite state machine which can be used to control
a pelican crossing. The design needs to include the lights which control the traffic, lights to
control pedestrians and also will need a wait button. This all needs to be designed, tested
and then finally evaluated at the end of the assignment.
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2. Research

2.1 What is a finite state machine?

In general, a state machine is any device that stores the status of something at a given time and
can operate on input to change the status and/or cause an action or output to take place for any
given change. (Margaret Rouse 2016)

2.2 Implementation of finite state machines.

There are various ways of implementing finite state machines. For example by using sequential
logic you can develop that into a further state and manipulate it into a finite state machine.
What finite state machines do is store data which is entered into the machine and then uses that
data to make decisions. Following below in figure 1 is a generic and simple image of how a finite
state machine can work. This is one of the simplest finite state machines as they can get a lot
more complicated and also complex. The circles are used in order to represent different states,
the first circle Is the starting state, followed by a line which is a certain condition or action which
has been made moving the machine onto state B.

Condition / Action

State B

(Figure 1- Bill Ruppert.
(2004).)

Following the state diagram the next steps for implementation of a finite state machine would
be to design a karnaugh map. From this map the Boolean algebraic equations can be found
which helps build and design the state machine.

2.3 Moore and Mealy finite state machines
There are a vast different amount of methods in which are used for the implementation of a state
machine. The ones useful for us are Moore and Mealy finite state machines. Both of these different
finite state machines are quite common in some ways but they do however have some differences
which include stuff like the way of which they are implemented and also how each of the individual
steps of each state are recorded. Each of the finite state machines rely on different factors. In the
case of the mealy finite state machine the outputs depend on the state which it is currently in and
also whatever the inputs are, unlike the Moore finite state machine which depends of the current
state and also the outputs. Another difference of these two is that with mealy finite state machines
is the state which comes next is shown alongside the trigger unlike Moore finite state machines
where the following state is shown in the form of a circle.
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Created in figure 2 the following table of comparison was created.

Mealy Finite State Machine

Moore Finite state Machine

The output of this machine will only require
the present state.

Generally have fewer states if you compare
it to the Moore finite state machine.

Generically faster when compared to the
Moore finite state machine.

Can usually respond faster when an input
changes.

(Figure 2)

2.4 State reduction Methods

The state that it is in will depend on the
output.

Normally will consist of a lot more states
than a Mealy Finite State Machine.

Typically is usually slower than Mealy finite
state machines due to the fact that the
inputs are responsible for initiating the
change of logic.

A larger amount of logic is needed when
comparing it to a mealy finite state
machine.

There are a wide variety of methods which are used in order to reduce states, these techniques
identify and combine states which may have similarities in behaviour. When a two states have
alike behaviour it makes it obvious to us that they would have the same inputs and also outputs
but they also change to states which are similar. When a state has been identified what happens
next is that their similar states are put together in a group of algorithms and then moved into
something called a state transition table. The things which are grouped together are put in the
same groups if they have the same inputs and also outputs, for example a mealy and moore
machine. Both of these machines could be the same however they will differentiate if their

outputs aren’t the same.

2.5 Different types of flip flops

“Flip-flops, also called bistable gates, are digital logic circuits that can be in one of two states.
Flip-flops maintain their state indefinitely until an input pulse called a trigger is received. When a
trigger is received, the flip-flop outputs change state according to defined rules and remain in
those states until another trigger is received.” AnonymousUser. (2012).

There are various types of flip flops which are used today, these include SR and JK flip flops. The
SR flip flop uses the output and feeds it back to the memory part. A JK flip flop is usually made
up of four different NAND gates which both contain 2 inputs which can be called J and K and
then the outputs can be called Q and also Q+. This flip flop needs a clock pulse. One of the best
advantages of this type of flip flop is that you are able to toggle the inputs.
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3. Design stage

In this section of the assignment the pelican crossing controller will be created. The circuits will
be designed firstly by creating state diagrams, truth tables, karnaugh maps and then finally
getting the Boolean expression from this.

3.1 Sequence controller

The first step was to create a sequence which the lights would follow from step 0-5 and then
manipulate that into a state diagram with the binary numbers in the bubble. This has been done
below in figure 3.

So as shown below in figure 3 in the state diagram it shows the state, the condition of red,
amber and green and also any triggers or timers.
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In co-ordinate with figure 3 a table to show the states of T and W was created. This is shown
below in figure 4.

(Figure 4)

From this now the truth table can be created which will then allow us to build the karnaugh
maps and also find the Boolean expressions. So as shown below in figure 5 a truth table has
been created in order to find the binary numbers to QA+, QB+ and QC+. This gives us an output
for red amber and green but also gives use the karnaugh maps for T and W when they are 0 and
1.
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(Figure 5)

So from figure 5 the Karnaugh maps for QA+,QB+ and QC+. These have been created when W=0
and also W=1. So as shown below in figure 6 is the truth table for QA+.

s

(Figure 6)

So from the truth table above in figure 6 the Boolean expression can be written as QA+ =
AC'+TBC.
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Below in figure 7 is the truth table for QB+. From this truth table the boolean expression can be
created. QB+=A"B'C+T'B+BC’.
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{Figure 7)

Following below in figure 8 is the truth table for QC+. From the truth tables below the boolean
expression can be written as QC+=AB'C’'+WC'+BC',T'B

@ Wl + RC + T8

(Figure 8)

Now that QA,QB and QC have been created, it's now time to create the karnaugh maps for Red,
amber and green.

As shown below in figure 9 is the karnaugh map for the red LED. From figure 9 below the
Boolean expression for red can be written as R=A+BC.

(Figure 9)
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Following below in figure 10 is the karnaugh map for the amber LED. From the karnaugh map
below in figure 10 the Boolean expression can be written as A=A+B'C+BC’

~ (Figure 10)

Below in figure 11 is the karnaugh map for the green LED. Using figure 11 the Boolean
expression for the green LED can be written as G=A'B’C’

- (Figure 11)

Now that all of the controller Boolean expressions have been collected together the multisim
circuit can be created. This is shown below in figure 12. As shown on the left hand side of figure
12 is the QA,QB and QC gates and flip flops and then on the right hand side is the red, amber and
green output gates.

(Figure 12)

10
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3.2 15 Second timer

Now that the sequence controller had been finished the next step was to create a 15 second
timer. So the first step was to create a truth table in order to get the values for QA+,QB+QC+
and QD+. As shown below in figure 13 is the truth table for the 15 second timer. From this their
karnaugh maps will be created and then finally their Boolean expression will be created in order
to generate a multisim circuit.

= el
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(Figure 13)

As shown below in figure 14 is the karnaugh map for QA+. So from figure 14 below the Boolean
expression can be written as QA+=AC'+AD’+AB’+A’BCD.

(Figure 14)

Following below in figure 15 is the karnaugh map for QB+. From Figure 15 the Boolean
expression can be written as QB+=BC’'+BD'+B’CD

11
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Following below in figure 16 is the karnaugh map for QC+. From this the Boolean expression can
be written as QC+=C'D+CD’

(Figure 16)

Finally below in figure 17 is the karnaugh map for QD+. From this the Boolean expression can be
written as QD+=D".

(Figure 17)

Now that all of the Boolean expressions have been created the multisim circuit will be made.
This is shown below in figure 18.

i

(Figure 18)

12
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Finally the last thing to design would be a 5 second timer. The first thing to do is to design a
count — state table and then create a truth table. Below in figure 19 is the states — count
sequence on the left and then on the right is the truth table. From this truth table a karnaugh
map will be made for QA+,QB+ and QC+.

(Figure 19)

Below in figure 20 is the karnaugh map for QA+. From this the Boolean expression can be written
as QA+=AC’+BC.

(Figure 20)

Below in figure 21 is the karnaugh map for QB+. From the figure below the Boolean expression
can be written as QB+=BC’+A’B’C.

13
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As shown below in figure 22 is the karnaugh map for QC+. From this the Boolean expression can

be written as QC+=C’".

- ———"(Figure 23)

Now that all of the Boolean expression has been created now the multisim circuit can be
created. This can be seen below in figure 24.

U4

C
] AN

(Figure 24)

Now that all of the multisims have been created a sub circuit can be with all of the circuits
combined together in order to download it to the nexus board. This final sub circuit can be seen

below in figure 25.

(Figure 25)
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4. Testing
For this part of the assignment all of the circuits will be tested to make sure they are individually
functional before downloading them onto the Nexus 4 board for a physical test.

4.1 Controller

So in order to test these individual circuits their outputs were put onto a logic analyser to see if
they were counting through like they should have been, if they were working correctly they
would follow their output binary numbers. Below in figure 26 are the logic analyser results for
the sequence controller. As you can see by the results it is performing and switching states as it
should be.

Logic Ansizer- s

Timss (5]

oo e
) ERCE Z000ms oo Goalcre

Reset n W - ] (e Qe () Gt 1)
i [ | g |

vt S LT Vsl g Ao LocatoaiG17) - "

LN

26)

4.2 15 second timer

In this section the testing of the 15 second timer. The same test will be performed as before with
the sequence controller, the timer will be connected to a logic analyser and the result should be
that it counts through the sequence. Below in figure 27 are the results of the logic analyser.
From figure 27 it can clearly be seen that the gates are counting up for example you can see at
the start it is at 0000 and at the end it is at 0000 as the logic analyser is shown 1 full cycle of
counting, at just before the half way point you can see it is 1000 which again proves this works.

15
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(Figure 27)

4.3 5 second timer

In this part of the testing the 5 second timer will be tested. Again the same method of testing
will be used for this 5 second timer by using the logic analyser. As shown below in figure 28 you
can see from the feedback that the gates are counting from 001 all the way up to the final state
101 before going back to 000.

Logk Analyaer-5LAZ x
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3 200 e i T
Revet LY D00 s ., |BwTK) Quaer () Quaer ) b4
Rrveree

T =

(Figure 28)
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4.4 Physical testing

Now that all the individual circuits have been proven and they work without flaw the sub circuit
was uploaded onto the Nexus 4 board and a testing table was created to ensure that everything
was working with accordance to the spec. The testing table can be seen below in figure 29.

Test performed

Expected Results

Actual Results

Check if the LED assigned to
the green light was
illuminated.

The corresponging LED should
be lit.

The correct LED was lit.

Push button which was
designated as the wait
button.

The full sequence should
start.

The sequence started.

Watch and count to see if the
delays worked and the lights
changed properly.

Since the button has been
pressed there should be a 5
second delay and lights
should start changing.

Sequence worked as it should
with the delays.

Make sure sequence goes to
the end and starts again
when button is pressed.

Sequence should go through
traffic light sequence and
then wait for the wait input
again.

Sequence went to the end
and started again when the
button was pressed.

(Figure 29)

Following below are two photographs, one of the sequence being started and another of the LED
moving from green to red. These are shown in figure 30.

(Figure 30)

17
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5. Conclusion

Concluding on this assignment all of the required circuits were made successfully as requested by
the specification. All the circuits were made by using truth tables, karnaugh maps and also Boolean
expressions. During the research phase of this assignment a lot of valuable information about finite
state machines was found and extracted in order to help further knowledge. The testing phase of
this assignment was very successful as it was very fast and efficient. Overall the whole assignment
was completed with little problems and a lot of valuable knowledge has been gained from it.

18
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RESEARCH-INFORMED LITERATURE

(

y“ 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.

KNOWLEDGE AND UNDERSTANDING

6

(

y‘ The knowledge and understanding of the subject

demonstrated by this assignment was generally
good. There were very few gaps in your knowledge
of the basic principles and your understanding of
the higher level concepts was demonstrated. You
could have explained in more detail how the circuit
evolved and the design process for how the overall
system evolved.

ANALYSIS

21

(

y‘ Your analysis of the task was brief and lacked a lot

of the required detail. You have demonstrated

reasonable analytical skills and your approach to the

task was logical. You carried out a reasonable
evaluation of the results, but the conclusions were
very brief.




PRACTICAL APPLICATION AND DEP.

(

y‘ Your application of practical skills for this task were
generally OK, you used the resources appropriately
when carrying out the experiment and you used
appropriate options for testing and evaluating the
circuit performance - albeit to a limited fashion.
Testing generally lacked a lot of the required detail
however and you should have included a
comprehensive set of results for each stage.

SKILLS FOR PROFESSIONAL PRAC.

14

(

y‘ Your written report was generally good and
contained most of the required detail, although it
lacked the depth of explanation required. Avoid the
use of photographs and/or scans of hand-written
notes.
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