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Introduction

The following report details how a 3-way traffic light system could be built using a microcontroller for a simple T-junction. There are many ways to achieve this within these parameters, however it is specified that this task requires the use of a PIC microcontroller of the makers choosing and will be simulated on Proteus simulation software. It is also stated that, for this task, any form of programming language can be used to program the microcontroller. 







Background Research

To be able to complete the task presented, background research needed to be conducted to determine the specifics of how this will be completed.

Traffic Lights:

Firstly, research was completed to determine how traffic lights operate as a whole in a T-junction.
A T-junction is a junction in-which an end of a road ends by joining another road at a 90-degree angle, this is made safe by having traffic lights controlling the flow of traffic for each entry to the junction or by having the road which connects at 90-degrees give way to the traffic on the main road.[1] However, there are multiple types of traffic light control techniques that are used, including:[2][3]

· Isolated pre-timed – this is where the timings of the traffic lights are not connected to any other form of system including any other traffic lights, in which the timings are pre-set, these are most often used on road work junctions which prioritise ease of implementation and cost-effectiveness.

· Coordinated pre-timed – this is where the timings are, like the isolated pre-timed system, pre-set. However, each traffic light is connected to each other in the junction allowing there to be less risk of timing faults due to the assurance of each traffic light being coordinated in the same timing loop. These are mainly used in areas where traffic is consistent like city centres or slip roads.[4]

· Semi-actuated – this is where the traffic light on a less busy road uses a software to detect a car waiting then stop the traffic flow on the busier road when needed to let the car waiting to proceed, other wise the traffic would continue to flow on the busier road allowing less traffic in the area. This is mainly used in junctions connecting a less populated road to a busier road.
· Fully-actuated – this is where all entries to the junction have sensors for cars waiting and operates by allowing the direction of traffic which was first detected to proceed until no cars are left waiting, then the next; operating on a ‘first come, first serve’ basis. Meaning data connection must be allowed between traffic lights. These are mainly used in high speed location on the road or when 2 or more busy roads meet.

· Coordinated actuated – this operates in a very similar way to the fully actuated system but has a fixed length of the traffic light cycle, so instead of the detection system waiting for all the cars to be gone on the sensor it waits for the fixed timing to end then switches to the next traffic flow waiting in the ‘first come, first serve basis’.

After reflection on these types of traffic light operations and given the requirements of the task, it seemed the most sense to use the ‘coordinated pre-timed system’. This is due to the task not requiring or specifying that car sensors should be used and that the whole junction system should operate on fixed cycles of 40 seconds.[5]


PIC Microcontroller:

The main requirement of the PIC microcontroller used for this circuit is to be able to accommodate the correct number of digital pins to be able to operate 3 timers capable of counting to or from 40 and 3 traffic lights each with 3 LEDs for each light colour. And then, possibly, 2 pins for the walk/don’t walk lights for the pedestrian cycle.

From the previous experience in using the proteus software, it is known that there is a type of 7-segment display, that will be used for the timers required, that only requires 4 pins to operate, instead of one for each segment. The component achieves this by receiving the input as a binary value with 4 digits. Because of this, it is best to use this component in the simulation to simplify the overall circuit and increase the number of PIC microcontrollers that can be used.

If it is assumed that we use 6 7-segment displays (2 per timer), 9 LEDs for 3 sets of traffic lights and a further 2 LED outputs for the pedestrian crossing lights; this would mean that the microcontroller would require (6*4 + 9 + 2) 35 digital pins to handle the input/output operations.


[image: ]After researching the PIC microcontrollers available on the Proteus simulator, it is known that one of the PICs has the exact amount of ports which means this is preferable to avoid having unnecessary ports to save space and potential cost. The PIC found is the PIC18F45K22, as seen below in Proteus, this contains 35 potential digital ports and one power supply port making a total of 36.  
















Requirements of Code:

As the task specifies, it is appropriate to use any form of code to run the system in Proteus, it is thus understandable to research to determine the code to use. Given that the PIC microcontroller has a larger amount of memory available to store code storage is not an issue, however if the microcontroller will need to be modified or updated in future it will be good practice to keep the code space efficient. As the task doesn’t detail or need any forms of live inputs, as it only runs in the same 40 second cycle then repeats, it would be easily conceivable to use assembly code, this would be the most space efficient possible too. However, to allow ease in other future editors of the code and as the assembly code that would be used would be long and very much a ‘brute force’ method of achieving this, it would be most applicable to use C code to have a far easier to understand and tauter program.

















Circuit Design

Trying to follow the parameters of the task, a circuit was made and components found to be able to start coding the microcontroller for successful simulation. The circuit includes a PIC18F45K22 with wireless outputs to connect to all loads that need to be powered and an input of power on the appropriate pin for the PIC to operate, this can be seen below. A rudimentary sketched back ground has been added to the circuit design to illustrate the situation and application of the circuit better. Additionally, for all of the LEDs the circuit flows current to ground pins, powering the desired load, after the assigned digital pin has been turned ‘on’. These design specifications give the microcontroller full control, depending on the code, of all the loads required to make any for of traffic light system.
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Code Design

To start designing the code required a for of pseudocode or flowchart is required to demonstrate how the code will operate and be constructed. For this, there are a few possible methods to achieve the desired output.

‘Brute force’: For the first and, on paper, most simple method is to use ‘brute force’ to define each and every single output with time delays in-between and repeat. This is possible and easy to do because of the circuit not requiring any live inputs during operation and only running off timings. An example of this can be seen below:

Start the program
Output on all red LEDs on each traffic light system
Output on all 3 7-segments displays to show 40 or 0, depending on whether the timer is counting up or down
Delay the subroutine by 1 second
Output on one of the orange LEDs, the rest still displaying red.
Output to timers to display 39 or 1
Delay the subroutine by 1 second
…(this will continue another 38 times until the whole cycle has been defined)
Continue the subroutine to the start of the code

This method is not very desirable due to the sheer length of code, in my estimation without the use of arrays or variables etc., of potentially around 1,440 lines. This could take up a massive amount of space on the PIC microcontroller and would have a high likely hood of lagging a lot due to the amount of delays. And, therefore, is a poor choice of code style.


‘Loop Tree’: Another possible way of achieving the desired output would be to use a ‘loop tree’ method, which works by using lots of ‘if’, ‘while’, ‘else if’ and ‘else’ statements, and this, in pseudocode, would appear something like below:

Define the sequence of lights in terms of output pins taking 10 seconds
Define the sequence of counter outputs for all counters to able to count down from or up to 40 seconds
Define pedestrian green light output pin, lasting 10 seconds
Start the program
Output on all red led pins
Start counter sequence
Initiate light sequence on the first set of traffic lights
When finished light sequence continue to next set of lights
If light sequence not running on traffic light output to red LED
Initiate pedestrian crossing sequence
Return to start of code

There are many different ways of writing this method for the coding of this task, however in nearly all examples of this type of coding it makes the code easier to read as it displaces all of the lesser tasks and, instead, breaks the code into several tasks which are defined outside of the main loop then name these tasks appropriately making the code far easier to read and modify for other tasks. However, for this task it is not appropriate due to there not being any live inputs to change any functionality of the code, so, if this method was implemented, all that would be accomplished is splitting the LED and counter sequences and because of the delays that would be used in timings, the simulation would most likely be inaccurate in the resultant outputs. And, therefore, is a poor choice of code style.





The method that was chosen, after considering many possible options on code structure, involves having arrays detailing all port outputs by each second of the cycle, then a ‘while true’ loop containing a ‘for’ loop which defines ‘x’ as a variable that is less than 40. The pseudocode for this is seen below.


Define ‘x’ as a variable
Define a 40-stage array of counter outputs for the first counter
Define a 40-stage array of counter outputs for the second counter
Define a 40-stage array of counter outputs for the third counter
Define a 40-stage array of LED outputs for the first and second LED sets
Define a 40-stage array of LED outputs for the third LED set
Create a while loop containing everything below
In a for loop define the restraints of the variable ‘x’, as equal to 0 and is less than 40
Output the first counter array to a port under variable ‘x’
Output the second counter array to a port under variable ‘x’
Output the third counter array to a port under variable ‘x’
Output the first LED array to a port under variable ‘x’
Output the second LED array to a port under variable ‘x’
Delay subroutine by 1 second
Add 1 to the value of variable ‘x’




The code was written using the earlier detailed design in Proteus. Inside the ‘for’ loop are all of the output commands (one per port), then a one second delay to make the timing count in seconds and then add one to the ‘x’ variable (x++). This operates by the variable ‘x’ detailing which figures in the arrays to output to all the ports, then after a second has passed adding one to value of ‘x’, which will then prompt all the next values in the arrays. This will repeat itself until the variable ‘x’ reaches 40, at which point, because of the ‘for’ specifications, ‘x’ resets to the value of 0. This effectively starts the whole 40 second cycle again. The final code is shown below with notation.

[image: ]

As seen in the screen grab above, binary outputs were used to help the code be more editable and understood, this is because each digit represents what each pins output will be second by second in 40. To actually output all of the correct outputs at all the correct timings, the while loop at the end was created and this can be seen below.
[image: ]

Simulating the Circuit


When simulating the circuit, this method works incredibly well with no lag and perfect timing. However, the code has since been edited the code so that the timers are not in unison and instead are all counting down from 30 to when the traffic light will next let traffic pass; this makes more sense so that the cars know how long they will have to wait instead of how far the whole cycle has got to reset again, this to any driver in this junction is arbitrary. Also, whilst the traffic is letting traffic through ‘00’ shows, for the same reason as the driver is not waiting at this stage in the cycle. This can be seen below.[6]




[image: ]


A pedestrian segment as specified in the assignment brief has been added, in which all of the pedestrian crossings are activated at once for ten seconds at the end of the total cycle. Simple ‘green/red’ traffic lights have been added to show potential pedestrians when to cross and make the simulation more accurate. These can be seen in operation below.
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Conclusion


In conclusion, the circuit performed really well and met all the requirements laid out in the assignment. However, on where to improve possibly in the functionality of the circuit is to possibly decrease the size of the text in terms of bytes used, as each of the arrays contains 40 ‘int’ statements of information which is completely fine for this type of PIC microcontroller but rectifying this will allow the circuit to use a less expensive chip and possibly use less power for the system, which will also save expense. 

Additionally, to make the actual hypothetical traffic light system more efficient button could be used for the pedestrian crossing, as there is no point in the pedestrian crossing activating if there are no pedestrians waiting to cross during the cycle. This would save time for the cars which are waiting at the traffic lights during this and make for a more realistic traffic light system as a whole.

Finally, if it were possible the system could be made to detect cars, like the modern traffic light systems of today, waiting on a road and only if it detects the cars at the subsequent traffic light it will operate during the next cycle, this allows that the minimal amount of traffic will be waiting creating far less traffic. However, this may not be possible in the constraints of using proteus for the main simulation software of the whole circuit.

Despite all of this, this circuit if made in real life and applied using the correct components would work on a real traffic light system and therefor is an appropriate design for this application of the circuit.
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main.c
2 use delay(internal-lomiz)
3 #define DELAY 500
s
5 unsigned int x;
s

//define microcontroller speed
// define delays

//define a variable of 'x'

7 Elunsigned int count_sequencel[]={0b0a0ae00, 0ba0ae0a00, 0500000000, 0500000000 , 0bA0G00E00 , 0b0G00E000, 0h00BE0G00, 0b0E0A00D, 0bB0A0000 , 0bB0A0E0D
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@b00001100,0b10010100, 0500010100, 0b11100100, 0501100100, 8510100100, 0b00100100, 8b11000100, 0501000100, 0510000100,
@b00000100, 0b10011000, 0500011000, 0b11101000, 501101000, 0510101000, 0b00101000, 8b11001000, 0501001000, 0510001000,
©b00001000,0b10010000,0b00010000, 0511100000, 0b01100000, 0510100000, 0b00100000, 0511000000, 0501000000, 0510000000} 5

12 Elunsigned int count_sequence2[]={2b00001000,0b10010000 0600010000, 0b11100000, 0601100000, 0b10100000, 0bAG100000 0511000000, 0b21000000, 0610000000,

13
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15
16
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@b00001100,0b10010100, 0500010100, 0b11100100, 0501100100, 8510100100, 0b00100100, 8b11000100, 0501000100, 0510000100,
©b00000100,0b10011000,0b00011000, 0511101000, 0b01101000,0b10101000,0b00101000, 0511001000, 0501001000, 0510001000} ;

17 Elunsigned int count_sequence3[]={2b00000100,0b10011000, 000011000, 0b11101000, 0601101000, 0b10101000, 000101000, 0511001000, 0b21001000, 0610001000,

18
19
20
2

‘@boeeo1000, 0b10010000, 0500010000, 0b11100000, 0501100000, 0510100000, 0b00100000, 2b11000000, 0501000000, 0510000000,
‘@boeeaeace, abaaaaaace, 0baaaaaaR, 0b0ARRRRR0, 0baARRRRR0 , 0bAGRARRR0, 0baGARRRR0 , 0bAGGRRRED , 0bOGGRRRR0, 0bOGEERRRO,
©b00001100,0b10010100,0b00010100, 0611100100, 0b01100100, 0510100100, 0b00100100, 0511000100, 0501000100, 0510000100} ;

22 Flunsigned int light_sequencel ]={ob10001001,0b10001011,0b10001011,0b10001100, 0510001100, 0b10001100, 010001100, 0b10001010, 0510001010, 0610001001,
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2
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@b10001001, 0510011001, 0510011001, 0510100001, 0b10100001, 510100001, b10100001,0b10010001 ,0b10010001 ,0b10001001
@b10001001, 0510001001, 0510001001, 0b10001001, 0510001001, 510001001, b10001001,0b10001001,0b10001001,0b10001001,
0b01001001,0b01001001,0b01001001,0b01001001,0b01001001,0b01001001,0b01001001,0b01001001, 0501001001, 0601001001 }5

27 Flunsigned int 1ight_sequence2[ ]={eba00a0a01,0600000001, 000000001, 0bA0000G01 , 05000G00L, 0b2OOE0O1, 0bOOEGG001 , 0bOGGGO01 , 0bOGGOOOR , 05OGOO0OL,

28 8503000001, 006009001, 0030960001, 05066991, 6b09BAG01 , 6506000801 , 6HGGAABAT1 , 0p3AAG000,0600GGA9B, 6b09BA01,
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51

32_int main (void) J/start of main Loop

3E(

34

35 while(TRUE) //start of reoccuring Loop

E {

37 for(x = 05 x < 403) //defining restaints of the 'x’ varicble

38 {

39 output_a(count_sequencel[x]); //output first array of counter outputs to port a

w0 output_b(count sequence2[x]); //output second array of counter outputs to port b

a1 output_c(light sequencelx]); //output first array of LED outputs to port c

a2 output d(count_sequence3[x]); //output third array of counter outputs to port d

4 output_e(light sequence2(x]); //output second array of LED outputs to port ¢

s delay_ns(1060); 7/delay subrotutine by 1 second

45 P /adds 1 to value of 'x'

46 ¥

a7 3

438 }

//end of code

//array of counter outputs for the first set of 7-segment displays

//array of counter outputs for the second set of 7-segment displays

//array of counter outputs for the third set of 7-segment displays

//array of LED outputs for the first set of traffic Lights

//array of LED outputs for the second set of traffic Lights
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32 int main (void) //start of main loop

3E(
34

35 while(TRUE) //start of reoccuring Loop

E {

37 for(x = 05 x < 403) //defining restaints of the 'x’ varicble

38 {

39 output_a(count_sequencel[x]); //output first array of counter outputs to port a
w0 output_b(count sequence2[x]); //output second array of counter outputs to port b
a1 output_c(light sequencelx]); //output first array of LED outputs to port c

a2 output d(count_sequence3[x]); //output third array of counter outputs to port d
4 output_e(light sequence2(x]); //output second array of LED outputs to port ¢

s delay_ns(1060); 7/delay subrotutine by 1 second

45 P /adds 1 to value of 'x'

46 ¥

a7 3

48 J/end of code




image5.png
renave:  Eceltronics1_Ass.pdsprj oAt

oesonTme: Eceltronics1_Ass.pdspri | 06/03/2025] |

PATH: C:Users\ISA06016805\Desktop\Eceltronics1_hsmpdspri
1o 1

Y. @auTHOR REV-@REV
BOARD: @B0ARD e 17:50:50)

T E T T o 3 T E I T rm T T T I





image6.png
sco
osci
Ants
s
ania
N7
ante
Ante

anz0
ANzt
anzz
Nz
anze
s
2o
ANzt

Jans
ana
JANT

et

RES

FILE NAME:

Eceltronics1_Ass.pdsprj

oesicnTTLE: Eceltronics1_Ass.pdsprj

PATH: C:\Users\ISA06016805\DesktopiEceltronics1_}

BY. @AUTHOR
BOARD: @B0ARD

REV-@REV

oaTE:

06/03/2025] |

psmpdspii
1o 1

T

17:50:50)

I

T





image1.png
ut

A pvs———— [EeT—
Em i s,
| S bacoumer.  meacTrLSPIARC TR
Cu fepeie ossaesLi
v e e
| Essomema s v [
| s P i
| B el
= r—
ceomrorsA Ro1Cer eSS
o i e ]
= S s rosFeoE e
N P ROuPmsE:
b e e
S| Eesocimeeri ko sosPicTa s
o iR ettty

et

respccruA

erse o

csterang [

e

FicTerasaz




image2.png
® Eceltronics1_Ass - Proteus 8 Professional - Schematic Capture.
File Edit View Tool Design Graph Debug Library Template System Help

DEEW @k G Ed B0 B+ +QA4Q D¢ ¥0B BTREM KRS

3¢ Schematic Capture. X | #Souce Code. X,

WEE FEE
/7
F |
ut
75£61_1 <4 RAoc1ZNO-AND RCOP2ETICKITIGT10KS05CO >
,* GRAPHICS || 756812 ST RATiiantant Relranccesosel o
MPONENT 4] razcan-AnapacouTvREFRC2CTPLS PIACCRTSCKIANTS [T TR TR
[ P L Ressadc v L i i ]
FORT RASCIOUTEmQSST VoINS Rosspoum? 2t o no
= |MARKER RABICLKOIOSC2 ROBTXICK1AN1S (22—
~. |AcTUATOR RATICLIOSCI RCTRXIDT1ANTS [—24—on r i
D- [cTuAToR e e i i ne
k¢ |veroBE ReomToFLTDSRIAN2 P e ] mom o L 1
IPROBE REVINTICTZNEANTO RozP2BANz? [—2 SAag oac
O frape REZINT2CTEDTIANS Ro3PC/SSIANGS [ or w8 Bob0 ogng Sgng
CenERATOR REACTEDAPACOR2CIZNGAN)  RDAPZDSCOZANSY [ 2T RN EE AR R giad sisd
@ RB4IOCOTSGANTT RoSP1EAND (2o 2288 2288 i peue wodp
TERMINAL RESIOCIPANCORATICKITIGIANTS  ROOPIGTCIOANS [ 2 Lo GEog 2Egd REAE S Fp
| suecicuiT Roonogaras s mam EERFTTE R
 [omieac Reniooarad H
WIRE DOT REQPIACCPIANS [—E—f> T3 R 2% % % %%
/ |wire ReieaaaNe 8 E> 130
BUS WIRE REDCCPBANT [ 736 o q
[ [eoroer VetvrPRES
@ e e H
|
® o
A H
+ I
c H
O
F o
- H
i
o
Fuenie: Eceltronicst_Ass.pdsprj |
H it oesion e Eceltronics1_Ass.pdsprj | 04103/2025[
o i PATH: C:\Users\ISA06016805\DesktopEceltronics1| Asepdspri
BY: @AUTHOR REV@REV 1oof 1
BOARD: @BOARD TIHE: 03335
I = I T T = I I T T I n I n

> > [l B | © t3Messas. | Sromsthe 20 ahics syes




