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Introduction
Traffic light control systems are a key part of how efficiently vehicles and pedestrians can move around a junction, meanwhile being safe. These systems use signal patterns to control the flow of traffic and minimise points of potential collision, which reduces the risk of an accident at the junction. This report begins with an in-depth look into the types of traffic light control systems, with a focus on fixed-time and adaptive control systems, outlining their operation, advantages and use cases. It also looks into the technologies that are the heart of signal coordination, including sensors, radar and cameras.
The report then moves into the design and implementation stage of simulating a traffic light system for a 3 way junction. The system has three traffic lights and a pedestrian crossing and operates on a fixed 40 second loop, which each traffic signal cycle being 10 seconds long. The circuit uses a PIC16F877A microcontroller, and the traffic lights’ logic was implemented using arrays in software to control the different outputs.
To further validate the circuits functionality, a real-world build was created. This included the physical setup that replicated the simulated circuit, including the supporting components (such as the crystal oscillator circuit). The output when tested were observed and compared to match the simulation, confirming whether the software and hardware was accurate. 
Background research
Traffic light control systems are designed to manage vehicles' and pedestrians' safe and efficient movement at intersections through carefully timed signal sequences. [1]These systems are made up of three core components - the traffic lights, vehicle and pedestrian detectors, and a central controller. 
[2]The controller is mounted inside the traffic light cabinet, which contains a power panel, detector interface panel, amplifiers, flash transfer, relays and more. Controllers were traditionally electromechanical but are now being replaced by signal controller boxes that operate through computers, enabling real-time traffic coordination. The modern traffic lights typically have solid-state controllers, which have their own conflict monitoring unit. 
This evolution from mechanical to digital control reduces the chance of failure. If there is an error, the system will flash the red light, which is a fail-safe to prevent unpredictable signal outputs. This transition enables integration with adaptive traffic management software, paving the way for smarter signalling systems.
Types of traffic light control systems
[3]There are two main types of traffic light control systems: fixed-time and adaptive control systems. Each system uses a central controller that receives data from a range of different types of sensors that track vehicle and pedestrian volume. These types of control systems differ in how they optimise traffic flow, as well as the settings they are best used in.
Fixed-Time Control System
[3]Fixed-time traffic light systems follow a simple, repeating pattern where each signal stays on for the same amount of time, no matter how much traffic is actually waiting. [4]Pedestrian crossings are built into the cycle as well, giving people a set window to cross safely as part of the overall timing.
Fixed-time systems are generally more cost-effective to initially set up and maintain. This type of system is preferred in city centre settings, where predictable timings align with pedestrian expectations.  [5]The timings can be integral (an integer) and non-integral (not an integer). The average time of delay from Integral fixed-time schedules is 25.133 seconds, against 25.106 seconds delay from non-Integral fixed-time schedules. While the difference is low, it would still reduce delays.
A 3-way Fixed-Time junction schedule can be seen in Figure 1 below. 
[image: A graph of a diagram
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[5]Figure 1 – Fixed-Time Schedules (Integral on the bottom, non-integral on the top)
Adaptive Control System
[6]Adaptive control systems use a mix of cameras, sensors and data analytics to adjust to real time traffic volumes. Through monitoring the traffic flow in every direction of the junction, this system can adjust the timings of the traffic lights to optimise traffic movement.
 [7]The system relies on advanced algorithms which can recognize vehicle counts, analyse the data and adjust signals timing accordingly. Using this higher level of intelligence proves useful in high-traffic areas to keep the traffic moving smoothly and reduce unnecessary delays to busier parts of a junction. 
Technologies for Traffic Signal Coordination
Sensors
[8]In small town and quiet roads, sensors are typically preferred over fixed time traffic light systems due to their adaptive behaviour when traffic is fluctuating. There are many types of sensor technologies, with the main ones being Radar, cameras, lasers and induction loops. 
The most commonly used sensor is induction loops, which consist of coils of wire embedded in the surface. These are fed with a frequency from a generator and detect changes in inductance when a vehicle passes or stops over the loop. This increases the inductance, which is then interpreted by the central controller as signals, causing the traffic lights to respond. This type benefits from not being affected by weather or false positives.
Radar sensors are becoming more common amongst traffic lights since they are much simpler to install and require less maintenance. The sensors detect vehicles movement when it approaches within a set range. This type of sensor is especially effective where there isn’t room for induction loops, or it may be impractical to disrupt the road surface.
[8]Video detection systems utilize cameras connected to specialised processing units setup with detection zones. They are ideal for road surfaces where induction loops are not feasible. However, they are more vulnerable to bad weather conditions and prone to false positives, making them less preferable to radar.
Traffic Management Centres
[6]The Traffic Management Centres (TMCs) coordinate and monitor traffic flow across entire networks. Using advanced software, TMCs manage and coordinate signal timings over multiple intersections and intervene when they need to. 
Vehicle to Infrastructure Communication 
[6]This technology gives the ability for vehicles to communicate with traffic signals, maximizing the efficiency of traffic flow, providing real time information on the status of the signal.
Signal Pre-emption and Priority Systems
[6]This system is in place to allow emergency vehicles and public transport to have priority signalling, which allows them to travel through intersections faster and without disrupting traffic flow.
Traffic Flow Modelling Software
[6]Modelling software is used to simulate traffic flow, helping planners and engineers to achieve the best signal timings and coordination. The software evaluates the impact of different variations, predicting their outcome.
Practical application 
To demonstrate how traffic light systems can be implemented in practice, this section covers the circuit design, construction and simulation of a virtual model on Proteus, along with testing in the real world. The practical model is based on a fixed-time traffic light control system, operating in a 40 second loop, working through three traffic lights and a pedestrian crossing, with each traffic signal changing every 10 seconds.
The Circuit is divided into three main sections: the PIC16F877A, the count-up timer, and the three outputs, containing three traffic lights and a pedestrian crossing.
Systems Overview
The traffic lights control system designed is a fixed-time model operating on a 40 second cycle. It controls three traffic lights and a pedestrian crossing, with each traffic signal changing every 10 seconds. A PIC16F877A microcontroller is used to order the timing, operate a 40 second timer and output the LEDs representing the traffic lights and pedestrian crossing.
To manage signal control and timing, the system needed to be programmed with a structured flow of logic. The flowchart below (figure 2) represents the software logic that was implemented into the PIC16.
[image: A diagram of a flowchart

AI-generated content may be incorrect.]			     Figure 2 – Software Flowchart
PIC16F877A Microcontroller
The PIC16F877A acts as the central controller, managing the timing and outputs. The microcontroller requires an external clock to set the timing generation. This clock is made up of a 20MHz Crystal Oscillator and two 22pF Capacitors, connected to the OSC1/CLKIN and OSC2/CLKOUT. The two capacitors determine the load capacitance of the crystal. There are also the outputs on PortA and PortB for the traffic lights and pedestrian crossing, as well as PortC and PortD for the 7 segment displays to display [image: A diagram of a circuit board

AI-generated content may be incorrect.]the count-up timer.	
                    Figure 3 – PIC16F877A circuit
Count-Up Timer
The timer is software based, programmed within the PIC controller to increment every second. There is an array with each Hexadecimal value for 0-9 that is used for the 7 segment displays. The PIC increments both the tens and the units display by 1, followed by a check to see if the tens have reached 4 and if the units have reached 9. If either case is true, it resets that display back to 0. Example of this code can be seen in Appendix 1.
The counter is displayed on two common cathode seven segment displays, both with current limiting resistors for each LED. The current limiting resistor drops a voltage across them and protects the LED’s from burning out. They were calculated using , where I is the current the LED needs (Ampere), V is the voltage to be dropped  and R is the resistance value required. Since the PIC provides 5V on its outputs and the LED’s need between 10-20mA, the resistors required are between 250-500Ω. These are connected to PIC16’s PortC and PortD outputs. 
           




      [image: A diagram of a circuit board

AI-generated content may be incorrect.]     Figure 4 – Count-Up Timer circuit
Traffic Lights
The pedestrian crossing and traffic lights are implemented using LEDs, each with its own current limiting resistor. The resistor value is calculated similarly to the Count-Up timer resistors and has a similar resistor range between 250-500Ω. The ideal value would be 333Ω, with 330Ω being the nearest available value within the E24 resistor series.
[image: A diagram with red lines and green and yellow squares

AI-generated content may be incorrect.]The traffic light outputs are controlled through software using two defined arrays – one assigned to PortA and one to PortB of the PIC. The array for PortA contains ten hexadecimal values, while the array for PortB contains thirty. Each of these values correspond to each specific traffic light combination for each output pin. The schedule for the signal timings can be seen below
Figure 5 – Traffic lights schedule 
Within the main loop, The PIC first cycles through the PortA array, outputting each value at 1 second intervals, controlling the first traffic light. Afterwards, the microcontroller proceeds to cycle through the PortB array, also at one value per second. This sequence of outputs gives the desired traffic light pattern over the 40 second cycle.
[image: A diagram of a traffic light

AI-generated content may be incorrect.]Figure 6 – Traffic Lights circuit
Testing and Results - Proteus
Traffic light 1
In the first case, the PIC runs through the first array with ten Hexadecimal values, which are outputted to PortA. The initial starting state is with all parts of the intersection red, as seen in figure 7
[image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 7 – Initial all red traffic light state
It then increments a second and moves onto the next stage of the sequence, where the red and yellow show together.
[image: A diagram of a traffic light

AI-generated content may be incorrect.]Figure 8 – Red and Yellow light: Traffic light 1
Following the schedule mentioned above in figure 5, the lights then turn green between the 3rd and 7th second 
[image: A diagram of a traffic light

AI-generated content may be incorrect.]Figure 9 – Green light: Traffic light 1
After the count hits 7, the lights then switch to yellow to begin slowing cars down and preparing them to stop. 
[image: A diagram of a traffic light

AI-generated content may be incorrect.]Figure 10 – Yellow light: Traffic light 1
Finally, light 1 turns red when the counter hits the 9th second. At this point, the Pic has finished the Traffic_light1 sequence (as seen in appendix 1).
[image: A diagram of a traffic light

AI-generated content may be incorrect.]Figure 11 – Red light: Traffic light 1
Traffic light 2 and 3
After completing the Traffic_lights1 sequence, the PIC moves onto the Traffic_lights 2 array, which contains thirty hexadecimal values that output through PortB. Traffic lights 2 and 3 follow the same pattern as traffic lights 1. 
The screenshots below demonstrate that lights 2 and 3 are correctly synchronised with the 40 second fixed-time cycle.
[image: A diagram of a circuit board

AI-generated content may be incorrect.]Figure 12 – Red and Yellow light: Traffic light 2; 10 seconds after Traffic light 1
[image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 13 – Yellow light: Traffic light 3; 20 seconds after Traffic light 1
Each light transition has a 10 second offset between each state. Since the sequence for lights 2 is at the same stage as lights 1, 10 seconds apart and lights 3 matches lights 1, 20 seconds apart, this confirms that each light cycles consistently and correctly timed, as intended.
Timing 
The last 10 seconds of the PortB array is for the pedestrian crossing. The crossing is green from the 32nd to the 38th second, and red before and after for 2 seconds. The screenshots below prove that the light is green during the time intended and turns red when the counter hits 38 seconds.
[image: A diagram of a traffic light

AI-generated content may be incorrect.]Figure 14 – Pedestrian crossing is green at 33 seconds
[image: A diagram of a traffic light

AI-generated content may be incorrect.]Figure 15 – Pedestrian crossing is red when the counter hits 38 seconds
Testing and Results – Reality
Testing
To validate the simulated traffic light system functioned correctly, the circuit was physically constructed on breadboard using the same configuration. This build was necessary to confirm that the software and hardware was accurate. 
The real build had the PIC16F877A microcontroller on a breadboard setup with LEDs representing each traffic lights and pedestrian light. There were two 7 segment displays for the counter. Resistors were used to current limit on each LED, including the displays. There was a 20MHz clock with 2 capacitors on the CLKIN and CLKOUT pins and everything was powered by a bench top power supply, setup for 5V and a maximum current of 150mA. 
Programming
[image: ]The Hex code output file was uploaded to the PIC16 microcontroller using the MPLAB IDE and Pickit 3 programmer. To programme the PIC, MPLAB IPE was required and had to be installed. It was important that the version was not newer than V6.05 since some of the newer versions did not pick up the Pickit 3 programmer. Once installed, the PIC16F877A was selected in the “Device” box. 
	     Figure 16 – MPLAB IPE environment
To power the PIC from the laptop, I went into settings, advance mode and entered the password “microchip” which is the default password set by microchip. This brings up a group of menus on the left of the IPE.
[image: ]Figure 17 – MPLAB IPE in advanced mode
Following that, within the “Power” menu, the “VDD Nom” had to be set to 5V since that is what the PIC runs at, and the “Power target circuit from PM3” box had to be set.
[image: ]Figure 18 – MPLAB IPE Power setup
[image: A screenshot of a computer

AI-generated content may be incorrect.]Lastly, back in the “Operate” menu, the Pickit 3 programmer can be selected in the “Tool” menu, along with the HEX file containing the Traffic light code.
Figure 19 – MPLAB IPE programmer recognised and connected to PIC16 – Pg18 

Results
[image: ]The circuit functioned correctly, with the real timing of the PIC matching properly to simulated timing. The figures below show the working circuit in different phases of the traffic light cycle, showing at each stage the code works as well as it did in the simulation in reality. Each figure matches what is seen in the simulation.
Figure 20 – At 3 seconds, the first traffic light is on green

[image: ][image: ]Figure 21 – at 12 seconds, the second traffic light is green
Figure 22 – at 22 seconds, the third traffic light turns green

[bookmark: _Hlk187570617][image: ]Figure 23 – At 33 seconds, the pedestrian crossing is green

Conclusion 
To conclude, this report has explored both the theoretical background surrounding traffic lights and their control systems, as well as their practical implementations. It then covered simulating and testing a fixed time traffic light system, completing a full cycle in 40 seconds. To further prove the concept, the simulated setup was created on breadboard, where this report covers correctly programming the PIC16F877A using a Pickit 3 programmer and testing the results of the simulated traffic lights in reality. Overall, the fixed time system was proven to work correctly in both simulation and reality.
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Appendices
Appendix 1 – Traffic light Code
* Main.c file generated by New Project wizard
 *
 * Created:   Mon Feb 24 2025
 * Processor: PIC16F877A
 * Compiler:  CCS for PIC
 */

#include <16F877A.h>
#use delay(clock=20000000) // Assuming a 20MHz clock

unsigned int Traffic_lights1[10] = {0x01, 0x03, 0x04, 0x04, 0x04, 0x04, 0x04, 0x02, 0x02, 0x01,};   // Traffic light array for the first traffic light
unsigned int Traffic_lights2[30] = {0x49, 0x59, 0x61, 0x61, 0x61, 0x61, 0x61, 0x51, 0x51, 0x49, 0x49, 0x4B, 0x4C, 0x4C, 0x4C, 0x4C, 0x4C, 0x4A, 0x49, 0x49, 0x49, 0x89, 0x89, 0x89, 0x89, 0x89, 0x89, 0x89, 0x49, 0x49}; // Traffic light array for the second + third traffic lights and pedestrian crossing
unsigned int Counter[10] = {0x3F, 0x06, 0x5B, 0x4F, 0x66, 0x6D, 0x7D, 0x07, 0x7F, 0x67};        // 0-9 Hex values array for Counter displays

int i;                  // declaration of variable i  
int tens = 0;               // declaration of variable tens and is initially set to 0
int units = 0;              // declaration of variable units and is initially set to 0
   
void update_display(void);      // function to update the tens and units 7 segement display's for counting from 0-40

void main()             // start of main function 
{   
   set_tris_b(0x00);            // Configure all of PORTB as output (for 7-segment display)
   output_b(0x00);              // Turn off 7-segment display initially
   set_tris_c(0x00);            // Configure all of PORTB as output (for 7-segment display)
   output_c(0x00);              // Turn off 7-segment display initially
   set_tris_d(0x00);            // Configure all of PORTB as output (for 7-segment display)
   output_d(0x00);              // Turn off 7-segment display initially
   
   while(TRUE)              // start of endless program loop
 {

      for (i = 0; i < 10; i++)      // start the loop going through values i=0 to i=10 for the first traffic light
      {
         output_a(Traffic_lights1[i]);  // output to the PortA Traffic_lights1, fetches the values from the array 
         output_b(0x49);            // sets PortB to 0x49, setting the other traffic lights and pedestrian crossing LEDs red. 
     update_display();      // run the update_display subroutine

        units++;            // increments through the units array by 1
        if (units > 9)      // check to see if the unit display is at 9
           {
          units = 0;        // if the unit is 9, reset to 0
          tens++;       // increments through the tens array by 1
          if (tens >= 4)    // check to see if the tens display is at 4
             {
            tens = 0;   // if the tens is 4, reset to 0
             }
           }     
         delay_ms(1000);        // delay of 1 second for the first traffic light loop
      }


      for (i = 0; i < 30; i++)      // starts the loop goinf through values i=0 to i=30 for the remaining traffic lights and pedestrian crossing
      {
         output_b(Traffic_lights2[i]);  // output to PortB Traffic_lights2, fetches the values from the array
     update_display();      // run the update_display subroutine

        units++;            // increments through the units array by 1
        if (units > 9)      // check to see if the units display is at 9
           {
          units = 0;        // if the units is 9, reset to 0
          tens++;       // increments through the tens array by 1
          if (tens >= 4)    // check to see if the tens display is at 4
             {
            tens = 0;   // if tens is 4, reset to 0
             }
           }     
         delay_ms(1000);        // delay of 1 second for the first traffic light loop
      }

   }
}

void update_display()           // update_display subroutine
{
   output_d(Counter[units]);        // output to PortD the updated units number between 0 and 9
   output_c(Counter[tens]);         // output to portC the updated tens number between 0 and 4
}
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