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1. Introduction, aims and objectives

This assignment will show the design and testing of a pelican crossing using finite state. It
will have a button which when pressed will wait 5 seconds before changing the state of the
lights then allowing 15 seconds for pedestrians to cross the road safely. This assignment will
need research on similar systems to get the best method. It will also need a final conclusion
on how well the design and testing went




2. Research into advanced digital design techniques

(i-programmer, 2018) Says that “The simplest type of computing machine that is worth
considering is called a “finite state machine’.” (i-programmer, 2018) also suggests that the finite
state machine, changes the current state of something depending on the previous state.

A finite state machine is very simple. it stays on a state until the condition that allows it to move

onto the next state is met and so on. Below shows an example of a state diagram. Figure 1
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Figure 1 state diagram example

The state diagram is the first stage of implementing a finite state machine. The next stage is to
create a truth table from the diagram.

(tutorialspoint, 2018) says that “A Mealy Machine is an FSM whose output depends on the present
state as well as the present input.” And that “Moore machine is an FSM whose outputs depend on
only the present state. “

The Mealy is used in a state where more than one path is desire to give an option of states whereas
the Moore machine is used on system where the states tend to loop and follow the same order
every time.

The Table below shows a comparison of the mealy and Moore machine given by (tutorialspoint,
2018).

Mealy Machine Moore Machine

Output depends both upon the present = Output depends only upon the present

state and the present input state.

Generally, it has fewer states than Generally, it has more states than Mealy
( )|
t ¢ )




Moore Machine. Machine.

The value of the output function is a The value of the output function is a
function of the transitions and the function of the current state and the
changes, when the input logic on the changes at the clock edges, whenever
present state is done. state changes occur,

Mealy machines react faster to inputs.  In Moore machines, more logic is

They generally react in the same clock  required to decode the outputs resulting

cycle, in more circuit delays. They generally
react one clock cycle later.

The goal of state reduction is to complete the system whilst using as least number of states as
possible to cut down on flip flops and complicity. (inst.eecs.berkeley, 2018)”“Identify and combine
states that have equivalent behaviour”

(inst.eecs.berkeley, 2018) Suggests a equivalent state has all the same input combinations and
transitions. It is also the suggested that the best approach to state reduction is the algorithmic
approach

(inst.eecs.berkeley, 2018) says this is done by:

 Start with state transition tahle

¢ |dentify states with same output behaviour

= |f such states transition to the same next state, they are equivalent

e Combine into a single new renamed state

e Repeat until no new states are combined

There are 3 main types of flip flops D, JK and T suggests (dummies, 2018)

D type: (dummies, 2018) says the D flip-Flop “Has just one input in addition to the CLOCK input. This
input is called the DATA input. When the clock is triggered, the Q output is matched to the DATA
input “. A D-flip-flop tend to have s and r inputs so the flip flop can be reset ignoring the clock pulse.

(dummies, 2018) says the “JK flip-flop: A common variation of the SR flip-flop. A JK flip-flop has two
inputs, labeled J and K. The J input corresponds to the SET input in an SR flip-flop, and the K input
corresponds to the RESET input.” The output of a JK will alternate with every pulse if j and k are high.

(dummies, 2018) states “T flip-flop: This is simply a JK flip-flop whose output alternates between
HIGH and LOW with each clock pulse. Toggles are widely used in logic circuits because they can be
combined to form counting circuits that count the number of clock pulses received. “.a d flip flop can
be made into a t flip flop by linking the g and input together.




3. Design method, choices and calculations
When designing a sequential it's good to think about what states the system can be in and how it
gets from one state to the other. The best way of visually seeing this is a state diagram. Below shows
the state diagram created for the system controller. Where R= Red, A = Amber, G = Green, W = Wait
timer complete and T = 15 Sec timer complete. This state diagram also shows the changing of the
traffic lights going from green to red and from red to green. On the final system the wait light and
walk light will be the inverse of the red and green of the traffic light so if the light is red the walk
light will be on and if the light is green the wait light will be on.

T=x T=x
W=x W=x

T=1
W=x

T=0

Having a state diagram makes it easier to create a truth table. The truth table shows what state all
the inputs have to be in to change the state of a certain output and is required to create a kharnaugh
map. Below is the controller truth table it shows what outputs the wait and 15 second time effect it
also shows the output requirements for the red, amber and green lamps.

A




W= w=1 current w=0 w =
Current [t=0 t=1|t=0 t=1|Qa Qb Qc| t=0|t=1 | t=0|t=1 [RA G
sO sO sO |s1 s1 0O 0O 11000/000/000/001(00 1
sl s2 s2 |s2 s2 0O 0 1010/010/010/010/010
52 s3 s3 |s3 s3 0O 1 0011101101101 1/1010
s3 s3 s4 |s3 s4 0O 1 11011/1100/011|1200/100
s4 s5 s5 |sb s5 1 0 0/j101j201|j201|201|1210
s5 sO sO |sO sO 1 0 1{000/000|ODD|IOOO|I1 10O

Now the kharnaugh maps can be taken from this truth table. To give a more usable format of the
data.

Below shows the kharnaugh maps to create the controller Figure 2

Figure 2 kharnaugh map

The “X” on the map shows a value which can either be 1 or 0 depending on what suits the map best.
The idea of the map is to have the least amount of groups and to make the groups as large as
possible. The groups can only be the sizes on 2" otherwise the group will be invalid. The kharnaugh
map can only change 1 state at a time so the last to grids are swapped around to allow this. This is
important to know when inputting the data into the kharnaugh map. Every “1” must be in a group
and groups may only contain “1”s and “X”s, “0” must not be in a group. When the grouping is done
then the groups need to be simplified into a Boolean expression. This is a simple process where the
group is looked at and where the inputs on the boarder of the map don’t change then that letter will
be included in the Boolean expression for that group. If the constants for the groupis a 1 then it is
the letter of that constant that is used in the expression, if it is a 0 then it is classpdac “nat” that

letter. Below shows the Boolean expression for this kharnaugh map. The letters are the
constants inside
> QA"=gNOTc + the €| the map. All these
This is the output instances have to
be met to get an
The +symbol out put
These are the means “or” so it
groups can be either one
of the groups that
turns the output
on




These are the other kharnaugh maps for this truth table Figure 3 Figure 4
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Figure 3 kharnaugh map

QB* = NOTa.NOTb.c + NOTt.b + b.NOTc
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Figure 4 kharnaugh map
QC =a.NOTbh.NOTc + w.NOTc + b.NOTc + NOTt.b

When all the Boolean expressions are made they can be converted into logic gate circuit on PLD on
multisim. Every output will have its on flip-flop which will connected to the logic gates and a clock
every time the clock pulses it will it will change the output state to match the input state coming
from the logic gates. Because it is sequential the outputs of the flip-flop will determine the inputs to

the logic gates.




Below shows the logic gates connected to the flip-flops for the controller Figure 5

Figure 5 controller cct

Kharnaugh maps for the outputs are also made to connect the outputs and controller together
Figure 7 Figure 6

Figure 7 kharnaugh map

Figure 6kharnaugh map




Boolean expressions
R=A+B.C
A=A +NOTB.C+B.NOTC

G = NOTA.NOTB.NOTC
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Figure 8 output cct
This converted into logic gates is below Figure 8

These two circuits are then combined and put into a sub circuit so a much simpler final circuit is
created when the two timers are added. Another advantage of this is that the variable names don’t
have to be unique for each of the timers. The sub circuit has connectors that connect the onscreen
connectors from inside the sub circuit to allow it to connect to things outside the sub circuit. The
final system will have 3 sub circuits which will be connected together with a common clock so that
they all work in sync. Below shows what the sub circuit looks like Figure 9
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Figure 9 controller sub cct
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The next part to be designed is the 5 second timer. This will firstly need a state diagram which is
similar to the controller one put a lot simpler as the step number will increase with every second
increment instead of other variables. Below is the state diagram.

When the timer has reached 5 it will then go back to 0

The truth table is then made from the state diagram.

current next
Current |next Qa Qb Qc|Qa Qb Qc Output
sO sl 0O 0 000 O O 0
s1 52 0 0 1] 0 0 1 0
52 s3 0 1 000 1 0 0
s3 s4 o 1 11 0 1 1 0
sd s5 1 0 001 0 O 0
s5 sO 1 0 111 0 1 1




Below are the kharnaugh maps for the 5 sec counter Figure 10 Figure 11 Figure 12

Q:; BC Ii}_ o1 1l 10
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Figure 10 kharnaugh map

QA* = a.NOTc + bc

Figure 11 kharnaugh map

QB' = NOTa.NOTh.c + b.NOTc

Figure 12 kharnaugh map

QC" =NOTc
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Just like the controller all these are converted into logic gates on multisim. This is below the
connections on there currently are for testing purposes. The completed circuit will link through the
sub circuit and just give a finished count output. Figure 13
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The circuit then gets compressed into a sub circuit to go into the final circuit Figure 14

Figure 14 cct sub cct

The sub circuit below shows the input “button” this will trigger the counter to start. “w” is the
output that will be high when the count is complete Figure 15

— button = @ W |l—
—_— clk .

Figure 15 5 sec sub cct




The 15 second timer is the final sub circuit that needs to be made. It is very similar to the 5 second
timer but it counts to 15

the truth table can now be made from this

current next
Current |next Qa Qb Qc Qd|Qa+ Qb+ Qct+ Qd+ [Output
sO sl 0O 0O 0 O 0 0 0 1 0
51 s2 O oo 14 0 0O 1 ©0O 0
s2 s3 0O o1 04 0 0 1 1 0
s3 s4 0O 0o 1 1f O 1 0 0O 0
54 s5 0O 1 0 0f O 1 0 1 0
s5 s6 0 1 0 1 0 1 1 0 0
s6 s7 0 1 1 0f O 1 1 1 0
s7 s8 o 1 1 1| 1 0O 0 o0 0
s8 s9 1 0 0 0] 1 0 O 1 0
s9 s10 i1 0 0 1] 1 0 1 0O 0
510 s11 1 0 1 0 1 0 1 1 0
s11 s12 1 0 1 1] 1 1 0 0 0
s12 s13 1 1 0 0 1 1 0 1 0
513 514 11 0 1] 1 1 1 0 0
sl14 s15 1 1 1 0 1 1 1 1 0
515 s0 1 1 1 1 0 0 0 0 1




The kharnaugh maps can now be derived from this truth table Figure 16

Figure 16 kharnaugh map

The Boolean expressions for these are:
Qa+=a.NOTc + a.NOTd + a.NOTb + NOTa.b.c.d
Qb+ =b.NOTc + b.NOTd + NOTb + c.d

Qc+ = NOTc.d + c.NOTd

Qd+ =NOTd




The Boolean expressions are then converted into logic gates in multisim. Below shows the logic gates
Figure 17. The and gate after the flip flops that gives the output T has the binary combination of the
number 19 from the flip flops. This will give the count complete output.
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Figure 17 15 sec cct

This is then converted into a sub circuit to be put into the final circuit Figure 17

PLD1

— clk t —
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Figure 18 15 sec sub cct
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All the sub circuits are put into one circuit where they are linked between each other. They all share
the same clock input so that they all work in sync. The 3 led are the traffic lights, the “btnU” is the
wait button on the crossing. Led15 is test light to see if the 15 second wait is complete. JAL is a step
frequency input that will work as the clock. Below is the completed circuit Figure 19.

PLD1 led0
—¥ T — — >
elx eeen | —
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e
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us3 1 =
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[ S ] °
15s timer
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[ bow ¢ p—
ledls
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Figure 18 complete cct
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4. Testing and improving the design

Once the design and build of the system is complete it is then necessary to test the circuits to ensure
they work. The best way to do this is firstly test the individual sub circuits and then test the entire
sequence as a whole. The first sub circuit that will be tested is the 5 second timer.

The 5 second timer will be tested by connecting the Digilent Nexys 4 DDR FPGA leds to the
circuit and a button to step the system through the sequence. The leds will show the current
count of the counter. This is the testing results from the 5 second counter.

number Led 321 Test results

0 000 000
1 001 001
2 010 010
3 011 011
4 100 100
5 101 101

The 5 second counter counted as it should to 5 seconds and then rest itself back to 0 which was as
planned.

15 second counter is the next thing to be tested. This will be tested the same as the 5 second
counter but there will be 4 led outputs as it’s a 4 bit output. This will need to count from 0 to 15 and
reset itself back to 0.

number Led 4321 Test results

0 0000 0000
1 0001 0001
2 0010 0010
3 0011 0011
4 0100 0100
5 0101 0101
6 0110 0110
7 0111 0111
8 1000 1000
9 1001 1001
10 1010 1010
11 1011 1011
12 1100 1100
13 1101 1101
14 1110 1110
15 1111 1111

The test table shows that the counter performed exactly as it should do. The advantage of a testing
table Is that differences between expected and what happed can clearly be spotted.

19
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The controller sub circuit will have to be tested using a logic analyser to determine whether it is
changing states correctly or not. The logic analyser shows the clock input against the out puts of the
3 led. The states show that the colours are of a traffic light sequence. The advantage of a logic
analyser is that the timing scale is visible also so if there was a fault it would be easier to pin point it.

Figure 20
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Figure 19 testing

The complete final circuit is then tested to see if the system functions correctly when built all in one.
This will be done by transferring the final circuit to the fpga board. There will need to be a function
generator attached to the pin JA1. This will need to have a square step wave form with a frequency
of 1Hz so that the clock pulse will be 1 every second. This is what the function generator connected

to the board looks like Figure 21 Figure 22.

Figure 20 fpga board




Figure 21 test setup

A test table was produced to show the testing of the system.

Test

run

What should happen?

Green led illuminated

What happend

Green led illuminated

Push wait button

5 sec delay

5 sec delay

Do nothing Lights change from green to Lights changed from green to
red red

Do nothing 15 sec delay 15 sec delay

Do nothing Lights change from red to Lights changed from red to

green

green

The test table shows that the system run as it was expected and all the time delays were fairly

accurate,




5. Conclusions
The project went very well to design and test a pelican crossing. The design was very good and
creating a strong initial design improved the time of testing and implementing of the circuit. The
research gave a head state on the state designing and boosted knowledge in this subject.

Creating all the truth tables were very time consuming as the controller had a very complex one with
many variables to consider.

The testing could have been improved to use the logic analyser on all the circuits but it was only until
the last sub circuit that it was made aware that this feature was available. Time would have been
saved on testing if this feature was recognised sooner.

The crossing could have been improved if it was a puffin crossing instead of a pelican crossing. This
would prevent people coming up to the crossing, pressing wait and walking off causing the lights to
change even though nobody is crossing. The puffin crossing would have sensor by the wait button to
see if the person is still standing there. This could be implemented by just having an extra input on
the wait sub circuit causing the count to rest to 0 if the person present sensor is not healthy.
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