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[bookmark: _Toc153747169]Introduction
This document details the design and testing of an Automatic Traffic Light Controller system for a United Kingdom style T-Junction with three pedestrian crossings, within Proteus Design Suite and Simulation Software version 8.16. This system is centered around a PIC16F946 Microcontroller, in which has been programmed using C.
[bookmark: _Toc153747170]Background Research
[bookmark: _Toc153747171]Programming Language Selection
Embedded C is the language I have selected to produce this program. This is due to it being a widely used language, that is compatible with PIC16F and PIC18F microcontrollers, enabling for future maintenance and modification to be conducted easily and at lower cost. [1] Due to its commonality, this allows for quicker software development, in which reduces labour costs to produce, modify and fix system issues. 
[bookmark: _Toc153747172]PIC Selection
The Programmable Interface Controller selected for use in this circuit is the 8 Bit PIC16F946 manufacturer by Microchip Technologies Inc. This chipset offers a cost saving over common microcontrollers such as the PIC16F877A and other PIC18F variants, having a lower unit cost of £5.64, in comparison to that of £7.00 for a single PIC16F877A. [2][3] This is significant when developing a system that is going to be mass manufactured, offering a more cost-effective solution for our customer. 
This PIC also offers more ports than the PIC16F877A; enabling isolation between outputs from the PIC and further room for expansion. Additional peripherals could be added to the circuit without having to source new hardware, or significantly modify existing software.
The PIC16F946 is the central node of this traffic light system. It has 8 kilobytes of program memory, 256 bytes of EEPROM and 336 bytes of Random Access Memory. [4] The PIC16F946 processes information and controls the peripherals connected to it. This microcontroller uses RISC (Reduced Instruction Set Computer) architecture, utilising a compact set of 35 instruction. The instructions control byte/bit register orientated operations and other opcode. [5]

[bookmark: _Toc153747173]Traffic Light Timing Sequence
To ensure the traffic light system operates in accordance with conventional UK traffic light controllers, research was conducted into the timing sequence of which light emitting diodes (LEDs) are illuminated as each stage of the system. The standardised system used within the United Kingdom is that shown below by Figure 1. [6] 
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[bookmark: _Ref153733638][bookmark: _Toc153747186]Figure 1 - UK Traffic Light System Sequence [6]
For the purpose of the traffic light system the timing of my traffic lights system will be as follows: 
Red Lamp ‘Stop’ Condition for 1 Second
Red/Amber Lamp ‘Get Ready’ Condition for 1 Second
Green Lamp ‘Go’ Condition for 6 Seconds
Amber Lamp 'Stop If Safe’ for 2 Seconds
Red Lamp ‘Stop’ Condition for 1 Second
Therefore occupying a 10 second time period for each set of traffic lights; being A, B and C. This sums to a total of 30 seconds of traffic flow, before allowing a final 10 seconds period for pedestrians to cross the road, while all traffic flow is ceased. 
[bookmark: _Toc153747174]Circuit Design and Relevant Diagrams
[bookmark: _Toc153747175]Layout of T-Junction
Refer to Figure 2. For the purpose of designing an Automatic Traffic Light control system for a T-Junction, I have produce a diagram to explain how my simulated circuit corresponds to the road layout. 
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[bookmark: _Ref153644255][bookmark: _Ref153644242][bookmark: _Toc153747187]Figure 2 - T-Junction Layout and Labels Corresponding to Proteus Design Suite Circuit Simulation
[bookmark: _Toc153747176]Circuit Diagram
Figure 3 shows the circuit designed for the traffic light control system. This circuit design was programmed using embedded C and simulated within Proteus Design Suite, with use of the source code window. The program was compiled using Microchip Technologies MPLAB XC8 C compiler (version 2.45) enabling testing, debugging and virtual simulation to be conducted for the PIC16F946 based circuit. [7]
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[bookmark: _Ref153644272][bookmark: _Toc153747188]Figure 3 - T-Junction Traffic Light System Circuit Design in Proteus Design Suite v8.16
[bookmark: _Toc152453541][bookmark: _Toc153747177]Traffic Light System Circuit Design & How it Operates
Refer to Figure 3. The traffic light system contains 3 sets of traffic lights, labelled A, B and C, as defined by the T-Junction diagram in Figure 1. 
These are accompanied by 3 pairs of common cathode seven segment displays, in which are used to display numbers counting down from 40 to 0 seconds, with traffic lights changing every 10 seconds for smooth and predictable traffic flow. 
The purpose of the displays are to give a visual output of time to the user. This is done through illuminating segments a-g of the LCD display. The purpose of the fourteen 220 Ω resistors R3 to R16 is that of current limiting, providing protection to each segment of the displays; as the maximum current an Input/Output pin can source is 25 mA for the PIC16F946 microcontroller. It is recommended that an input of 15mA is used for each LCD segment. [8] 
Traffic Light A occupies a 10 second time period, followed by Traffic Light B and then Traffic Light C. After these cycles have elapsed over a 30 second period, pedestrian crossing lights change from a Red state illuminating Green. This duration is 10 seconds of the 40 second signal cycle. 
These pedestrian crossing lights are 12 LEDs; Green LEDs signal that it is safe for the user to cross the road ‘GO’ and Red LEDs signal that it is not safe to cross ‘STOP’. These LEDs are tied to output pins RG0 and RG1 respectively. During pedestrian crossing phase, the traffic signals are programmed to display a Red ‘Stop’ signal on all three roads, to prioritise pedestrian safety and ensure efficient traffic management.
Figure 3 presents component X1, a Quartz Crystal connected to two 22pF Capacitors C1 and C2. This provides an external oscillator circuit to the microcontroller, being its timing source. X1 contains a quartz crystal wafer that is a natural electrical oscillator due to its piezoelectric properties; giving a consistent and stable frequency output for long durations. 

The technical specification for the PIC states that the range of operating speed for the PIC16F946 should be between DC and 20 MHz. [9] Therefore, I have used a 8 MHz external oscillator for the system as this falls within the recommended operating range. As this external oscillator circuit is used as a clock, being connected to RA6 Clock Output and RA7 Clock Input pins.

Figure 3 shows a 4k7 Ω resistor R1. This protects the Master Clear (MCLR) input pin. This is used to power the microcontrollers with a direct current supply. [10] The pinout shown by the technical datasheet of the PIC16F946 details that the master clear pin requires a constant power supply to ensure the microcontroller doesn’t reset. This is an active low device; so we maintain a pin ‘High’ state. R2 is another 4k7 Ω resistor used to protect the AVDD pin, in which supplies power to the analogue sections of the microcontrollers circuitry. [11]
[bookmark: _Toc153747178]Flowchart for Automatic Traffic Light Controller System
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Description automatically generated]Refer to Figure 4. This shows a flowchart describing the operation and logic for the embedded C traffic light control system program ‘main.c’.[bookmark: _Ref153732572][bookmark: _Toc153747189]Figure 4 - Flowchart for Traffic Light System Program



























[bookmark: _Toc153747179]Embedded C Program Listings
Refer to Figure 5. This shows the embedded C program code for ‘main.c’ and comments explaining its operation.
[image: A screenshot of a computer program
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[bookmark: _Ref153644919][bookmark: _Toc153747190]Figure 5 - Embedded C Program Software Listings Produced using Proteus Design Suite and MPLAB XC8 Compiler - Shown using Visual Studio Code
[bookmark: _Toc153747180]Testing Traffic Light System
To ensure the Embedded C program operates correctly, without bugs and major errors simulation and testing was conducted using Proteus Design Suite circuit simulation software. For the testing, the automated traffic light systems code can be broken down into two main sections, commenting out specific lines of code within the main function to isolate the code and test subroutines of our choosing. This is applying a half split testing methodology. [12]
The program consists of two main subroutines; that of the ‘display()’ in which operates the Seven Segment display count down sequence; decrement from 40 seconds down to 0, in 1 second intervals. The ‘trafficlights()’ subroutine handles all the timing and control of the traffic light LEDs, and pedestrian crossing lights. 
[bookmark: _Toc153747181]Testing of Traffic Light System LED Sequencing
Figure 6 shows that as the traffic light system begins, Traffic Lights A, B and C are set to be illuminated Red, output a ‘Stop’ signal to all vehicles using the T-Junction. The pedestrian crossing lights at all crossings are also illuminated Red, indicating that it is not safe for users to cross the road, as the traffic flow is soon to resume. This shows successful initial operation of the traffic light LED sequence. 
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[bookmark: _Ref153741782][bookmark: _Toc153747191]Figure 6 - Proteus Design Suite Simulation of Traffic Light System LED Sequence – At 0 Seconds of Operating Time
Figure 7 shows that after 1 second of system operating time Traffic Light A has changed to a ‘Get Ready’ state, illuminating the Red and Amber LEDs, while LEDs for Traffic Lights B and C, as well as the pedestrian crossing are all Red presenting a ‘Stop’ indication. 
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[bookmark: _Ref153742291][bookmark: _Toc153747192]Figure 7 - Proteus Design Suite Simulation of Traffic Light System LED Sequence – After 1 Second of Operating Time
Figure 8 shows that after 2 seconds of system run time Traffic Light A has changed to a Green illuminated ‘Go’ state, while LEDs for Traffic Lights B and C, as well as the pedestrian crossing remain Red giving ‘Stop/Not Safe to Cross’ indication.
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[bookmark: _Ref153742454][bookmark: _Toc153747193]Figure 8 - Proteus Design Suite Simulation of Traffic Light System LED Sequence – After 2 Seconds of Operating Time
Figure 9 shows that after 8 seconds of system operating time Traffic Light A has changed to an Amber state, indicating to traffic to ‘Stop if Safe to do’. Meanwhile LEDs for Traffic Lights B and C, as well as the pedestrian crossing remain Red giving ‘Stop/Not Safe to Cross’ indication.

[image: ]
[bookmark: _Ref153742549][bookmark: _Toc153747194]Figure 9 - Proteus Design Suite Simulation of Traffic Light System LED Sequence – After 8 Seconds of Operating Time
Figure 10 shows that shows that after 10 seconds of system run time all LEDs lights are momentarily set to be Red, being a robust and safe traffic light system for pedestrians and traffic.
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[bookmark: _Ref153742646][bookmark: _Toc153747195]Figure 10 - Proteus Design Suite Simulation of Traffic Light System LED Sequence – After 10 Seconds of Operating Time
Figure 11 shows that after 11 seconds of system operating time Traffic Light B has changed to an Red/Amber state, providing a ‘Get Ready to Go’ signal to traffic, ahead of commencing traffic flow. This shows that the traffic light sequence is operating as intended and is changing state at the correct time.
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[bookmark: _Ref153742734][bookmark: _Toc153747196]Figure 11 - Proteus Design Suite Simulation of Traffic Light System LED Sequence – After 11 Seconds of Operating Time
Figure 12 shows that after 30 seconds of system operating time, where Traffic Lights A, B and C have looped through their 10 second signal sequences, all Traffic Lights have no been set to a Red ‘Stop’ signal; ceasing traffic flow. This emphasises pedestrian safety, as the Green ‘Safe to Cross Road’ signal is given to pedestrians. 
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[bookmark: _Ref153742929][bookmark: _Toc153747197]Figure 12 - Proteus Design Suite Simulation of Traffic Light System LED Sequence – After 30 Seconds of Operating Time
Figure 13 demonstrates that the traffic light system operates in a predictable and cyclical manner, resetting all traffic and pedestrian lights to Red after the 40 second sequence has been complete. This cycle repeats continuously; without any major errors or bugs.
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[bookmark: _Ref153743135][bookmark: _Toc153747198]Figure 13 - Proteus Design Suite Simulation of Traffic Light System LED Sequence - Restarting Sequence every 40 Seconds
[bookmark: _Toc153747182]Testing of Seven Segment Display Count Down Sequence
Figure 14 shows that the count of 40 seconds is displayed across the 3 pairs of common cathode seven segment displays, after 0.75 seconds of system operating time has elapsed. This demonstrates that the countdown sequence is operating successfully once the traffic light system has started. 
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[bookmark: _Ref153740809][bookmark: _Toc153747199]Figure 14 - Proteus Design Suite Simulation of Seven Segment Displays – 40 Seconds Displayed
Figure 15 shows the seven segment displays output a figure of 25 seconds, after the system has been operating for 15 seconds. This provides evidence that the countdown sequence, decreasing from 40 seconds to 0 seconds in 1 second intervals is working correctly and is operating with the correct time period. 
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[bookmark: _Ref153740951][bookmark: _Toc153747200]Figure 15 - Proteus Design Suite Simulation of Seven Segment Displays – 25 Seconds Displayed
Figure 16 shows that the seven segment displays presents a count of 00 seconds, showing that the countdown sequence from 40 to 0 seconds is operating as intentionally programmed.
[image: ]
[bookmark: _Ref153741230][bookmark: _Toc153747201]Figure 16 - Proteus Design Suite Simulation of Seven Segment Displays – 00 Seconds Displayed
Figure 17 shows that once the traffic light system has been operating for a time longer than 40 seconds, the program loops continuously; resetting the seven segment displays and cyclically repeating the decrementing from 40 seconds to 00 seconds, for every 40 seconds of system operating time. This demonstrates a full successful test of the seven segment display system, with no bugs or major errors found. 
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[bookmark: _Ref153741367][bookmark: _Toc153747202]Figure 17 - Proteus Design Suite Simulation of Seven Segment Displays – Beyond 40 Seconds of Time Elapsed
Figure 18 further confirms this showing that program compiles successfully; not having any major error or bugs that disrupt the effective operation of the automatic traffic light system program.
[image: A screenshot of a computer

Description automatically generated]
[bookmark: _Ref153735678][bookmark: _Toc153747203]Figure 18 - MPLAB XC8 C Compiler - Debugged and VSM Studio Output
[bookmark: _Toc153747183]Conclusion
In conclusion, it has been demonstrated that a T-Junction automatic traffic light system can be produced using a PIC16F946 microcontroller, with added peripherals and C programming. The selection of the PIC16F946 seems sensible as the number of ports offered by the PIC enables room for further expansion of the traffic light system without major hardware and software adaptations; therefore allowing ease in future development. However, improvements can be made to ensure lower dependency on the use of delays in the program, which can pose an issue when wanting to run multiple subroutines at once.
[bookmark: _Toc153747184]Recommendations for Future Work
Give pedestrians the functionality to press a button to trigger for traffic flow to stop, so they can cross. This could be conducted with the addition of hardware, such as 6 Momentary Push Switches; one on each side of the road crossings and software modifications to enable spare pins of ‘PORTA’ for instance act as Inputs, since not all pins are used, as only pins RA6 and RA7 are allocated as external oscillators inputs.
This may increase efficiency of the traffic and pedestrian management system, as traffic can continue to flow if pedestrians are not present. Traffic would only be stopped if a pedestrian is present and waiting to cross the road. Else traffic continues to flow. Currently 25% of the time they system is operating is used exclusively for pedestrian crossing.
However, this could cause a build-up of traffic, should the pedestrian crossing be used by a high volume of pedestrians, so we would need to include more timers to ensure vehicles have an opportunity to clear the T Junction. Pedestrian crossing time should not be more of a priority than traffic flow, and vice versa. 
For this to work effectively, we need to consider the hardware vulnerability of pedestrians holding down/repetitively pressing the switches at crossings; this could cause a disruption, by denying traffic flow, not restarting (continuously looping pedestrian timer). This could produce unsmooth and unpredictable traffic flow, going against the statement of requirements that demands a robust and reliable system. The software could be adapted to incorporate the use of Interrupt that trigger the traffic to show a stop signal and pedestrian crossing light to turn green. 
Another improvement to the system would be that of including Speakers for the Pedestrian crossing, that would give and audible indication that it is safe to cross the road. This is significantly important that the pedestrian crossing can be used by people with visual impairments, who otherwise may not be able to use the crossings safely; further emphasising user safety. 
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/*
File: Traffic Light systen
uthor: Alistair Lounds
student 10: 2227958

Last wodified: 10/12/2023
Processor: PICI6Fo46
conpiler: mpLAs xcs

-/

1/ configuration of Piciersas
tpragea config FOSC = M5 // Oscillator Selection bits (i oscillator)

#pragea config WOTE = OFF // Watchdog Tiner Enable bit (WOT disabled)

#pragea config PUKTE = N // Power-up Tiner Enable bit (PURT enbled)

#pragea config BOREN = N // Brown-out Reset Enable bit (50 enbled)

#pragea config CPD = OFF  // Data EEPROW Memory Code Protection bit (Data EEPRON code protection off)
#oragea config CP - OFF  // Flash Progran Henory Code Protection bit (Code protection off)

tinclude oxc.h>

// mitialisation

sdefine XTALFREQ 865 [/ Sets Clock Frequency to & iz
sdefine red ebeoeoe1 11 Defines the Red Traffic Light Pin Out Value

#define red_amber 8608011 // Defines the Red and Amber Traffic Light Pin Out Value
#define green 6b0oe100  // Defines the Green Traffic Light Pin Out Value
#define omber 60008010 // Defines the Amber Traffic Light Pin Out Value

int firstaigit
int seconddigit

// Initialise firstdigit integer to equal @
1/ Tnitialise seconddigit integer to equal

int hexvalue[1e] = { 11 array for Hexadecisal Values Displayed on Seven Segnent Display
ocF, 11 ex value to display the nusber o
axes, 11 ex value to display the nusber 1
oxse, 11 ex value to display the nusber 2
axer, 11 vex value to display the nusber 3
oxes, 11 ex value to display the nusber
oxen, 11 vex value to display the nusber 5
axc, 11 vex value to display the nusber &
oxe7, 11 ex value to display the nusber 7
acr, 11 vex value to display the nusber &
oxer 11 ex value to display the nusber 5
i 11 End of Array for displaying nusbers from 6 o 9

void sequence(unsigned volatile char *port);

vo1d trafriclignts()
¢
wnile() { 11 100p Forever

// Pedestrian Lights Turn Red - Pedestrian Crossing Lights controlled by PORTD
PORTG-0b000810; 1/ Red pedestrian LeDs On, Green Pedestrian LEDS OFF

1/ This 1F Statenent resets all to Red before starting sequence
1 (PORTG=-00806010); 11 TF Red pedestrian LeDs on
PORTE = PORTC = PORTE = red;  // Set all Traffic Lights to Red LED Output
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‘sequence (8PORTE); // Traffic Light A is Controlled by PORTE
sequence(8PoRTS); 11 Traffic Light B is Controlled by PORTS
sequence(8PORTC); 11 Traffic Light C is Controlled by PORTC

/1 Pedestrian Lights Turn Green - Pedestrian Crossing Lights controlled by PORTD

PORTG- Gbooaoa1; 11 Green edestrian LeDs o, Red Pedestrian LEDs OFF
__delay_ns(16000); 11 16 Second pelay for pedestrian crossing
3
r
vo1d sequence(unsigned volatile char *port) {
*port= red; /1 Red LeD 00
_delay ns(1008); /1 Second Delay
*port= red_amber; // Red & Asber LED On
_delay_ns(1608); /1 Second Delay
*port= green; /1 Green e on
_delay ns(ee0e); /& second Delay
*port= anber; /1 Aaber. LeD on
_delay ns(2008); /2 Second Delay
*port= red; /1 Red LED 00
r
void display()
¢
while(s)
€
17 This section Displays 40 on Seven Segnent Display.
PORTD - hexvalue[s]; 7/ visplays character *a® of "4@" on Seven Segaent Display
PORTF = hexvalue[e]; 7/ visplays character '@ of "4@" on Seven Segaent Display
__delay_ms(1000); /11 second pelay
1/ This Section Decrements Seven Segnent Display From 39-6
seconddigit=3; /1 set seconadigit to equal 3
while (seconddigit>=-s) /1 while seconddigit is greater or equal to © run the next section
of code
1

PORTD = hexvalue[seconddigit];  // Display the seconddigit value on the seven segeent display,
using the hexvalue array

for (firstdigit=o; firstdigit>-9; firstdigit--) // This sections start with the firstdigit equal o
9 and decrenents by 1 until a value of &

€

PORT = hexvalue[firstdigit]; // Display the firstdigit value on the seven segment display,
using the hexvalue array

iF (Firstdigit == o) break;  // Tf firstdigit is 6, statesent is true, therefore break out fron
code and move to decrementing second digit

_delay_ms(1608); 711 second Delay

PORTD = hexvalue{seconddigit-]; // Decrenents the seconddigit value by 1 and display on seven
segrent display, using the hexvalue array

__delay_ms(1600); 7/ 1 second Delay

3
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void main()

¢

TRISB-TRISC-TRISE-TRISG-2;
trafficlights);
TRISD-TRISF 03

display();

71 sets PORTS B, €, E and G to act as Outputs
/1 Runs traffic light subroutine

71 Sets PORTS D and F to act as Outputs

/1 Runs display subroutine
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VSM Studio Output. 5

XcB_exe ~pass1 —erformat="Error at file %%fline %%l column %%c (%%n) %%s” ~warnformat="Warning at file %S%f line %%l column %%c: (%%n) %%s” ~msgformat="Message at fils %% line %%l column %%c (%%n) %%s” -G —~chip=16F346 -O"main p1" " /main "
C:\Program Files\Microchipixc8\v2 45 \pic\binipice @C\Users\alist\AppData\Local\TempixcAsukd.\xc8_tmp_0.cmd [ ~pass1 ~errformat=Error at file %fline %l column %c: (%n) %s —wamformat=Warning at file % line % column %c: (%n) %s ~msgformat=Message at fle %fline %l column %c: (%n) %s -G ~chip=16F946 -On
Microchip MPLAB XC8 C Compiler V2.45

Build date: Aug 18 2023

Part Support Version: 2.45

Copyright (C) 2023 Microchip Technology Inc.

License type: Node Configuration

Message at file line column (2095) legacy H-TECH support is deprecated and will be discontinued in a future release: consut the release notes for more details
Message at file line column (2099) legacy C90 library is deprecated and will be discontinued in a future release: consult the release notes for more details

xcB_exe ~output=mcof -G ~chip=16F946 -O"Debug cof” "main p1”

C\Program Files\Microchipixc8\v2 45\piclbinipice @C:\Users\alist\AppDatalLocal\TempixcAshds \xc8_tmp_0.cmd [ ~output=meof -G ~chip=16F346 -ODebug cof main. p1 |
Microchip MPLAB XC8 C Compiler V2.45

Build date: Aug 18 2023

Part Support Version: 2.45

Copyright (C) 2023 Microchip Technology Inc.

License type: Node Configuration

legacy HITECH support is deprecated and will be discontinued in a future release: consult the release notes for more details
legacy C0 library is deprecated and will be discontinued in a future release: consult the release notes for more details

Memory Summary
Progiam space  used 151h (337) of 2000h words ( 4.1%)
Data space used 22h( 34)of 150h bytes (10.1%)
EEPROM space  used Oh( 0)of 100h bytes ( 0.0%)
Configuration bits used 1h( 1)of thword = (100.0%)

ID Location space used  Oh( 0)of dhbytes ( 0.0%)

m startup as
m Debug as
Compiled successfully.
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