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1. Abstract:

The assignment brief called for a design of a traffic light system that would direct traffic through a T-junction, the traffic light system is to be designed and tested in the simulation software Proteus. This report will contain a small section on traffic control systems and traffic safety but will mainly cover the design process and results of testing the simulation.

2. Introduction:

Importance of efficient traffic management:

Efficient traffic management is needed to reduce congestion, increase road safety and cut down on travel times. Effective management is especially important at intersections such as  T-junctions where the complexity of traffic flow creates a requirement for clear and concise signals and directions. 

Objective of the traffic control system design:

This assignment will cover the design process of a microcontroller-based traffic light control system for a T-junction using a PIC18F series microcontroller. The design, which is simulated through Proteus, integrates timed signal changes, pedestrian safety measures, and countdown timers. This report will cover the research and design process, testing outcomes, and will provide an evaluation of the system including suggested improvements.

3. Research and Background:

History of traffic control systems:

The first attempt at traffic control in the UK goes back to December 10, 1868, when the very first traffic light was installed outside the Houses of Parliament in London. It was designed by John Peake Knight, a railway engineer who adapted signalling technology from the railways to manage road traffic. The system used gas lit red and green lights, along with semaphore arms, to direct horse drawn carriages at busy intersections. A police officer operated it manually, switching the signals based on the flow of traffic. The goal was to make the streets safer and reduce the number of accidents. Unfortunately a gas leak caused the system to explode, injuring the officer who was controlling it. After that the idea was abandoned, but it laid the groundwork for the electric traffic lights that are in use today [1].



It wasn’t until the 1920s that traffic lights made a proper return in the UK. In 1927, the first electric traffic signals were installed in Wolverhampton. These early systems still needed to be operated manually, but they were more reliable than the older gas powered versions. More importantly, they allowed for expansion towards fully automated traffic control. Over time, traffic lights continued to develop, with features like automatic timers and vehicle detection being added. These improvements made the system more efficient and played a big role in improving road safety across the country [2].​

Current Technology in traffic control systems:

Modern traffic light systems in the UK have come a long way, using advanced technology to help improve traffic flow and make roads safer. One example is the Split Cycle Offset Optimisation Technique, or SCOOT. Developed by the Transport Research Laboratory, SCOOT is a real time traffic control system that constantly adjusts signal timings based on live data. It collects this data from sensors embedded in the road, which track how much traffic is moving through an area. By using this information, the system can make smart decisions about when lights should change to keep things moving as smoothly as possible. It’s now used in many towns and cities across the UK to help reduce congestion and manage traffic more efficiently [3].

More recently artificial intelligence (AI) has started to play a bigger role in traffic management, taking things a step further. A good example of this is a pilot project in Solihull, where AI-powered sensors are being used to detect cyclists as they approach junctions. These sensors can spot cyclists from around 20 to 30 metres away, giving the system enough time to adjust the traffic lights and give them priority. Helping to improve safety and make cycling a more practical option. This kind of technology shows how traffic systems are starting to shift towards supporting a wider mix of transport methods, with a growing focus on sustainability and active travel [4].​ 



4. Circuit:

Circuit design overview:
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The circuit shown above is my final design of a traffic light control system for a T-junction, from left to right it consists of the traffic light, a 7-segment display corresponding to the tens and another corresponding to the ones, together these displays make a countdown timer which shows when the connected traffic light will turn green. On the right is the PIC18F microcontroller which controls the traffic light system.

Microcontroller selection and justification:

I selected the PIC18F8722 microcontroller for my traffic light control system mainly because it has 70 general purpose I/O pins, which is the highest available in the PIC18F family on Proteus. The number of pins allows the management of multiple traffic lights and 7-segment displays without the need for external multiplexing hardware. As well as having a large amount of pins, the PIC18F8722 has 128KB of program memory and 3.8KB of RAM, this means that if the need arose for more complex control algorithms or larger data storage requirements there is room for expansion [5].



Component Selection:

Because the microcontroller has a good number of I/O pins, the overall circuit ended up being quite simple and doesn’t need a lot of additional components to function. This helps keep things clean, easy to build, and less prone to errors. Below is a list of the components used in the circuit, along with a short explanation of why each one was included and what role it plays in the system.

[image: A screenshot of a computer program
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This microcontroller is responsible for managing the entire traffic light system. It controls the timing of each light, updates the countdown on the displays, and keeps everything running in the correct order. It was chosen mainly because it has a lot of I/O pins, which makes it easy to connect the lights and displays without needing extra hardware such as multiplexing.

Resistor:
[image: ]A resistor is used to limit the amount
of current going to the LEDs. Without
it, the LEDs could draw too much
power, which might damage them or
reduce their lifespan.
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This is used to show a countdown for each traffic light, letting you know how many seconds are left before it turns green. It makes the system easier to follow and gives a clear visual indication of the timing for each phase.


Traffic light: 
[image: A red and green traffic light

AI-generated content may be incorrect.]This component has three separate lights, a red light, an amber light,
and a green light, each connected to its own pin on the microcontroller. Having each light controlled individually makes the system much easier
to manage, as you can turn each one on or off directly without needing extra logic or circuitry.




4. Code:

[image: A screenshot of a computer
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The idea behind this program is to simulate a traffic light system involving three independent traffic lights, each paired with its own countdown timer. These are shown in the image on the right, which represents the layout and arrangement of the system.
The system operates on a repeating cycle where each of the three traffic lights turns green for 10 seconds, one after the other. While one traffic light is green, the other two remain red to ensure safety and a good traffic flow. This cycle continues until all three lights have had their respective green phases.
Following the final green light phase, there is a dedicated 10 second period during which all traffic lights turn red. This interval is the pedestrian crossing phase, providing a safe window for pedestrians to cross the T-junction.
Each traffic light is paired with a countdown timer consisting of two 7-segment displays, which show the time remaining before that light turns green. These timers help simulate a real world traffic light system where having a timer alongside the traffic light would help the drivers predict or understand the timing of light changes.
Rather than each timer functioning independently, the entire system is managed through a single timer. This centralized control uses some simple maths to determine the current stage of the cycle and to synchronise the behaviour of the traffic lights and timers accordingly. The logic behind this is outlined in the flowchart on the following page, which breaks down the control flow used by the program.









Flowchart:
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6. Testing and Results:

Simulation Results:

After running the simulation and watching the program run it is confirmed that everything is working as expected. 

[image: A screen shot of a computer
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AI-generated content may be incorrect.]The two images on the right show that the amber phase of the cycle is also implemented correctly, when changing from red to green both the red and amber lights are shown for 1 second, when changing from green to red only the amber light is shown for 1 second. This is accurate to how the traffic lights that are currently in use in the UK operate.
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The image on the left shows that the pedestrian phase of the traffic light system is also working correctly. All traffic lights are red, and the first traffic light has a 10 second countdown before it turns green, as shown in the image.
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This final image shows the traffic light system in use, with the first traffic light staying red until after the pedestrian phase, the second traffic light currently green, and the third traffic light on a 5 second countdown before turning green. 


Performance analysis:

Considering how simple the system is, it performs well. The timers are a good visual aid for drivers as it allows them to prepare to drive on when the light turns green, or shows them how long they will be waiting at a red light. The pedestrian phase also works well, allowing a set time for pedestrians to safely cross at a complex junction, there is however a lot of room for improvement with this system.

7. Conclusion:

Potential Improvements:

The design of the current traffic light control system could be improved by incorporating more advanced technology and algorithms aimed at optimising efficiency and safety, as well as trying to increase responsiveness to real time traffic conditions. One improvement involves adding adaptive traffic management techniques, such as SCOOT (Split Cycle Offset Optimisation Technique) or SCATS (Sydney Coordinated Adaptive Traffic System). These systems can adjust signal timings based on live traffic data collected from cameras or radar sensors. Implementing adaptive control can help reduce congestion, minimise waiting times, and improve overall traffic flow.
Another key improvement could be the inclusion of AI (artificial intelligence) and machine learning algorithms. AI systems can analyse historical and real time traffic data to help predict traffic patterns and automatically adjust traffic light timings, addressing congestion before it becomes a problem. This predictive capability allows traffic light systems to respond quickly to changes in the traffic which is especially useful during times like rush hour where the traffic will be much heavier. On top of this, AI based systems can identify and prioritise emergency vehicles such as police or ambulances, which helps improve the response times to accidents and increases the safety for other drivers on blind corners or intersections.
Pedestrian safety can also be increased by adding new technology such as using smart pedestrian crossing systems with sensors capable of detecting whether there are people present, and even how many people there are. Systems using these sensors can adjust pedestrian crossing times, improving safety without interrupting vehicle flow or keeping cars waiting at a red light for an unnecessarily long time. Systems using infrared sensors can even reliably detect pedestrians in weather conditions where the visibility is reduced such as rain or fog, further increasing the safety of the system.
Increasing connectivity through technology like LoRaWAN (Long Range Wide Area Network) or IoT (Internet of Things) could be used to enable communication between multiple intersections, this would allow coordinated management of traffic lights across much wider areas, significantly reducing bottlenecks and smoothing traffic flow by allowing traffic control systems to respond to accidents or traffic problems in an area around the problem as well as nearby.







Closing statement:

In conclusion, this assignment successfully demonstrated the feasibility and practicality of implementing a PIC-based traffic control system specifically for T-junctions. Through simulation in Proteus, the designed system effectively addressed critical requirements such as precise timing, pedestrian safety, and clear communication of signal intervals. While the current design meets initial objectives effectively, continued evaluation and refinement will ensure sustained efficiency and responsiveness to evolving traffic demands.
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#include <main.h>

sifndef _MY_STOINT
sdefine _MY_STOINT

typedef Ints  ints_t;

typedef unsigned ints  uints_t;
typedef intls intls_t;

typedef unsigned intls uintls_t;
typedef int32 int32_t;

typedef unsigned int32 uint32_t;
sendif

#ifndef _MY_STDBOOL
sdefine _MY_STOBOOL
typedef Intl bool;
sdefine true 1
sdefine false @
sendif

unsigned int fix(unsigned int x){ return x=
volatile unsigned long g_secondCount = @;
const unsigned char SEGMENT_MAP[18] = {@x3F,@x26,@x58,ax4F ,@x56, x50, 8x7D,8x07, 8x7F ,0x5F ) ;

#int_TINER®

void Timere_ISR(void){
set_timera(46005);
g_secondCount++;

}

void Timero_Init(void){
setup_tiner_0(RTCC_INTERNAL | To_DIV_256);
set_tinero(36005);
enable_interrupts(INT_TIMERD)
enable_interrupts (GLOBAL)

}

sdefine RLREDPIN  PINGO
sdefine R1YELLOW PIN PIN G
sdefine RLGREENPIN PIN G2
sdefine R2_RED_PIN  PIN Ho
sdefine R2_YELLOW PIN PIN_HL
sdefine R2_GREEN_PIN PIN_H2
sdefine R3_RED_PIN  PIN A0
sdefine R3_YELLOW PIN PIN_AL
sdefine R3_GREEN_PIN PIN_A2

#define DISPL_1_PORT output_j
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#define DISP1_2 PORT output b
#define DISP2 L PORT output_c
#define DISP2 2 PORT output_d
#define DISP3_LPORT output_e
#define DISP3_2 PORT output_f

void DisplayPairl(unsigned int number){
unsigned int tens = number/10, ones = number¥1o;
DISP1_1_PORT(SEGHENT_HAP[tens]); DISP1_2_PORT(SEGHENT_MaP[ones]);

void DisplayPair2(unsigned int number){
unsigned int tens = number/10, ones = number¥1o;
DISP2_1_PORT(SEGHENT_HAP[tens]); DISP2_2_PORT(SEGHENT_MaP[ones]);

void DisplayPair3(unsigned int number){
unsigned int tens = number/10, ones = number¥1o;
DISP3_1_PORT(SEGHENT_HAP[tens]); DISP3_2_PORT(SEGHENT_MaP[ones]);
3

void UpdateTrafficLights(unsigned int cs){
output_low(R1_RED_PIN); output_low(R1_YELLOW_PIN); output_low(RL_GREEN PIN);
output_low(R2_RED_PIN); output_low(R2_YELLOW PIN); output_low(R2_GREEN PIN);
output_low(R3_RED_PIN); output_low(R3_YELLOW PIN); output_low(R3_GREEN PIN);
if(cs < 10){ output_high(R1_RED_PIN); output_high(R2_RED_PIN); output_high(R3_RED_PIN); return; }
| if(cs >= 10 88 cs < 20){

if(cs == 10){ output_high(RL_RED_PIN); output_high(RL_YELLOK_PIN); }
else if(cs >= 11 &8 cs < 19){ output_high(RL_GREEN_PIN); }
else if(cs == 19){ output_high(RL_YELLOW_PIN); }

output_high(R2_RED_PIN); output_high(R3_RED_PIN); return;
3
| if(cs >= 20 8 cs < 30)(

if(cs == 20){ output_high(R2_RED_PIN); output_high(R2_YELLOW_PIN); }
else if(cs >= 21 &8 cs < 29){ output_high(R2_GREEN_PIN); }
else if(cs == 29){ output_high(R2_YELLOW_PIN); }

output_high(R1_RED_PIN); output_high(R3_RED_PIN); return;
3
| if(cs >= 30 8 cs < 40)(

if(cs == 30){ output_high(R3_RED_PIN); output_high(R3_YELLOW_PIN); }
else if(cs >= 31 &8 cs < 39){ output_high(R3_GREEN_PIN); }
else if(cs == 39){ output_high(R3_YELLOW_PIN); }

output_high(RI_RED_PIN); output_high(R2_RED_PIN); return;

¥
output_high(RI_RED_PIN); output_high(R2_RED_PIN); output_high(R3_RED_PIN);
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void main(void){

SEtTtrio 5 (0x00); set_tris b(0x00); Set_tris c(0x00); set_tris d(3x00); set_tris_e(9x00); set_tris f(9x00);

output_g(2x20); output_h(exe); output_a(exed);
output_j(2x20); output_b(2x20); output_c(2x@0); output_d(2xa0); output_e(2xe0); output_f(2x20);
Tinere_Init();
while(TRUE){

unsigned int cs = g_secondCount % 40;

UpdateTrafficLights(cs);

unsigned int displ, disp2, disp3;
displ (40 - (((cs + 29) % 40)));
disp2 (40 - (((cs + 19) % 40)));
disp3 = Fix(40 - (((cs +9) % 40)));

DisplayPairl(displ); DisplayPair2(disp2); DisplayPair3(disp3);
delay_ms(50);

¥

}




