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[bookmark: _Toc195823953]Introduction
Traffic light systems are used to control road vehicles and pedestrian traffic safely. These systems can be separated into categories, with the focus of this report being on fixed-time systems. This means that the changing lights are scheduled to regular intervals based on patterns of traffic previously recorded. 
This report will outline the design and coding of a traffic light signal system to safely operate a T-junction Road. Considering the real-life light-sequence of traffic lights and the pedestrian use of traffic lights, the outcome should follow specific time intervals for reliability and safety. Using Proteus software, the designing and testing of the circuitry will be conducted and improved upon until reaching a desired quality of safety and functionality.















[bookmark: _Toc195823954]Background Research 
The light sequence that is used in the UK for traffic light systems is Red, Red and Amber, Green, Amber, and back to Red. Pedestrian crossing systems usually follow only a red light to stop and green light to go. Some traffic light set-ups have counters to make the road users aware of the time remaining at the current place in the sequence, therefore I have made the light display count down. Using a combination of all these features, a T-Junction of a road will be used as an example of how these traffic light systems work. This demonstration will exhibit the use of the fixed-term traffic light system – where regular intervals for the changing of light has already been set out which reflects previous traffic behaviors.
The microcontroller used in the circuit is the PIC16F877A.  It’s a low cost, easily accessible microcontroller which means it’s a common controller to use in engineering projects ranging from basic to professional level [1]. The PIC has 33 input and output pinouts which means it is appropriate for the operation in the task which requires many pins to use. 
This task was coded using the C programming language. C is a very efficient language to code with, meaning the code written is less abstract and more accessible for optimization. C is still a high-level language; however, it is easier to write and read therefore a suitable choice for a beginner to the field while being used in projects ranging in difficulty [2]. It is a versatile language compatible with various PIC models which makes a logical choice for this task. 
Selected for the timers on the traffic light system is the 7-segment display. This component consists of seven LED bars which light up to display the information provided and are arranged to be a numerical 8. The 7-segment display design used in this task uses a common anode which affects the function of how you use the component. This version means that the display itself has a power source and when the LED receives a ground connection, the LED lights up [3]. 
The method in which the LED is selected to light up at a specific time is by the hexadecimal representation of the pins the LEDs are connected to. For example, if the 7-segment display is connected to Port B, which is already set to output, the pins which are given a low output, light up while the others remain off. 
The pic selected for this task has registers which control pin behavior and are configured in binary in hardware. As these pins are in binary, this allows programmers to use hexadecimal to communicate with them as it’s more concise. By understanding this process, the configuration of the display can be a multitude of arrangements, although 7-segment display are mostly used to display numerical information[4]. 
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[image: ]
Figure 1: The image above is a screenshot of the T-Junction traffic light control system displayed in Proteus software.
The design of the circuit is a UK T-Junction Road with a traffic light control system. In the design, I have laid out the traffic management system in the most realistic and logical way possible – making sure to provide as many markings as possible to make clear the intentions of all parts whilst making it understandable from this simulation. For example, each traffic and pedestrian light is separated by a part of the road; however, the timers are not as close to the system. This is simply the confinements of the software which require the input and output connection to be distinguishable. 
All visual parts of the traffic control system display have been optimized so that the least amount of circuitry is in the layout. There are few components in the circuit; yet it makes it easier to understand and a more dynamic layout by separating the visual components from the functional and microcontroller. 
As this system has many LEDs in the design, most pins connect to a resistor of different values. LEDs rely on resistors to limit the current flowing through which could make it burn out. 
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To begin the task, a flowchart is made to give a brief direction of the order of operations. Below is the flowchart for this task:
[image: A diagram of a light source

AI-generated content may be incorrect.]
Figure 2: The image above shows a flowchart of the order of operations for this task.
The first operation the code should detail is the sequence which the second display shows for the countdown. This is detailed as an ‘unsigned int’ outside of the main function as it can be referred to anywhere throughout the code. The sequence is a series of hexadecimal representations of how the numbers 0-9 appear on the 7-segment display. The method to calculate this representation is detailed in the background research section. The order of the sequence determines the order in which the numbers appear on the display, this is why the sequence in this task appears starting from 9, to 0. 
Another necessary element outside of the main function is determining pinouts as output. This is a crucial step to ensure the microcontroller functions with the components in the correct way.
Upon starting the main function, the first step is to show all traffic and pedestrian lights as read for 3 seconds. This is the safest realistic start of the operation as fewer problems can occur when showing red, as opposed to beginning in green. All lights showing red state is held for 3 seconds to being the sequence to ensure the traffic lights are functional and a simple bearing to gather to begin. The timers start to display the time as these lights appear. The first number shown on the display is 39, as it is a more efficient way of using the displays and allows the tracking of the sequence to be easier.
For the following four seconds, the amber light appears alongside the red on the first traffic light while the rest remains the same. This is the second stage of existing traffic light sequences and is held in this code for four seconds to ensure road users are aware of the traffic light which carries out the first sequence. The timers display the next 3 seconds, descending from where the previous stage ended. This pattern continues with each light change. Regardless of the traffic light of which colour is shown, the next stage will continue the countdown from the next descending number. 
For the next sixteen seconds, the timers continue the descending sequence while the first traffic light shows only a green light, and the other lights remain red. This is the longest period in the sequence that a state is held. In this time, the ten second 7-segment display changes twice, which was a crucial step to make and remain seamless like the other countdown sequence. 
After that period, the traffic light changes to only light amber for 3 seconds as then the end of the first sequence draws closer. All lights remain red at this time and the timers decrease from reading 15 to 13 within this time.
The penultimate step within the 40 second timeframe between each traffic light sequence is for all lights to show red. All traffic and pedestrian lights show red lights from 12 seconds remaining to 10 seconds to prepare for the final stage. 
The final stage for the first traffic lights sequence is for all traffic lights to turn red and all pedestrian lights to turn green. This allows for all pedestrian crossings to be free, and the timers show 9 seconds remaining to 0. The timers showing 0 keeps the expectation of 10 seconds and makes more seamless transition when the countdown restarts for the next traffic light. 
Once the timers have shown 0, the second after the timers show 39 again. The cycle continues to the next traffic light but starts similarly with all lights, pedestrians and traffic,  showing red.
Once this second traffic light has gone through the entire 40 second timeframe and reaches second 0 again, the next traffic light in the clockwise direction continues the cycle. 
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The software used to demonstrate this task is Proteus. Using Proteus Virtual System Modelling (VSM) allows one to design, test and debug without a physical component [5]. The software allows the selection of the microcontroller and the coding to perform a wide range of tasks. 
The compiler used to run the C language code written for this task is CCS compiler. CCS is used as it is user friendly, which makes it ideal for beginner projects and it supports a wide range of microcontrollers making it an accessible and reliable option [6]. Because of its ease of use and simple nature, CCS is a suitable compiler for learning and prototyping embedded systems.  

1.  /* Main.c file generated by New Project wizard
 *
 * Created:   Wed Feb 26 2025
 * Processor: PIC16F877A
 * Compiler:  CCS for PIC
 */

#include <16F877A.h>   // include header file
#use delay(clock=1000000)   // set up clock

#define LED_RED PIN_B0   // define pin variables
#define LED_YEL PIN_B1
#define LED_GRN PIN_B2
#define LED_RED2 PIN_B3
#define LED_YEL2 PIN_B4
#define LED_GRN2 PIN_B5
#define LED_RED3 PIN_A0
#define LED_YEL3 PIN_A1
#define LED_GRN3 PIN_A2
#define RED_PED PIN_A3
#define GRN_PED PIN_E0


unsigned int countdown[10] = {0x90, 0x80, 0xF8, 0x82, 0x92, 0x99, 0xB0, 0xA4, 0xF9, 0xC0}; // sequence for counting down in ones

void main (void)  // start main function
 { 
    set_tris_a(0x00);  // set pins to output
    output_a(0x00);
    set_tris_b(0x00);
    output_b(0x00);
    set_tris_c(0x00);
    output_c(0x00);
    set_tris_d(0x00);
    output_d(0x00);
   
   while (TRUE)        // start while loop
   {
    
   
      for (int i = 0; i < 3; i++)  // for loop for the first light arrangement
      {
      output_c(countdown[i]); // show the countdown sequence on the 7 seg display 
      output_d(0xB0);         // show a 3 on the other 7 seg display
      output_high(LED_RED);   // turn on the red of the first traffic light
      output_high(LED_RED2);  // turn on the red of the second traffic light 
      output_high(LED_RED3);  // turn on the red of the third traffic light
      output_high(RED_PED);   // turn on the red of the pedestrian light
      output_low(GRN_PED);    // turn off the green of the pedestrian light
      delay_ms(1000);         // delay for 4 seconds
      }
      
      for (int i = 3; i < 6; i++) // for loop for the next change in light arrangement 
      {
      output_c(countdown[i]);     // show the countdown sequence on the 7 seg display 
      output_d(0xB0);             // show a 3 on the other 7 seg display
      output_high(LED_YEL);       // turn on the amber of the first traffic light
      delay_ms(1000);             // delay for 4 seconds
      }
      
      for (int i = 6; i < 10; i++)  // for loop for the next change in light arrangement 
      {
      output_c(countdown[i]);     // show the countdown sequence on the 7 seg display
      output_d(0xB0);          // show a 3 on the other 7 seg display
      output_low(LED_RED);     // turn off red of first traffic light
      output_low(LED_YEL);     // turn off amber of first traffic light
      output_high(LED_GRN);    // turn on green of first traffic light
      delay_ms(1000);          // delay for 4 seconds
      }
      
      for (int i = 0; i < 10; i++) // for loop for the next change in light arrangement 
      {
      output_c(countdown[i]);     // show the countdown sequence on the 7 seg display
      output_d(0xA4);          // show a 2 on the other 7 seg display
      delay_ms(1000);          //delay for 10 seconds
      }
      
      for (int i = 0; i < 4; i++)   // for loop for the next change in light arrangement 
      {
      output_c(countdown[i]);     // show the countdown sequence on the 7 seg display
      output_d(0xF9);          // show a 1 on the other 7 seg display
      delay_ms(1000);          // delay for 3 seconds
      }
      
      for (int i = 4; i < 7; i++)  // for loop for the next change in light arrangement 
      {
      output_c(countdown[i]);     // show the countdown sequence on the 7 seg display     
      output_d(0xF9);          // show a 1 on the other 7 seg display
      output_high(LED_YEL);    // turn on the amber of the first traffic light
      output_low(LED_GRN);     // turn off the green of the first traffic light
      delay_ms(1000);          // delay for 3 seconds
      }
      
      for (int i = 7; i < 10; i++) // for loop for the next change in light arrangement 
      {
      output_c(countdown[i]);   // show the countdown sequence on the 7 seg display 
      output_d(0xF9);          // show a 1 on the other 7 seg display
      output_high(LED_RED);    // turn on the red of the first traffic light
      output_low(LED_YEL);     // turn off the amber of the first traffic light
      delay_ms(1000);          // dleay for 4 seconds
      }
      
      for (int i = 0; i < 10; i++) // for loop for the next change in light arrangement
      {
      output_c(countdown[i]);    // show the countdown sequence on the 7 seg display 
      output_d(0xC0);          // show a 0 on the other 7 seg display
      output_high(GRN_PED);    // turn on the green of the pedestrian light
      output_low(RED_PED);     // turn off the red of the pedestrian light
      delay_ms(1000);          // delay for 10 seconds
      }
 
      for (int i = 0; i < 3; i++)  // for loop for the next change in light arrangement 
      {
      output_c(countdown[i]);    // show the countdown sequence on the 7 seg display 
      output_d(0xB0);          // show a 3 on the other 7 seg display
      output_high(RED_PED);    // turn on the red of the pedestrian light
      output_low(GRN_PED);     // turn off the green of the pedestrian light 
      delay_ms(1000);          // delay for 3 seconds
      }
    
      for (int i = 3; i < 6; i++)  // for loop for the next change in light arrangement 
      {
      output_c(countdown[i]);    // show the countdown sequence on the 7 seg display
      output_d(0xB0);          // show a 3 on the other 7 seg display
      output_high(LED_YEL2);   // turn on the amber of the second traffic light
      delay_ms(1000);          // delay for 3 seconds
      }
     
      for (int i = 6; i < 10; i++)  // for loop for the next change in light arrangement 
      {
      output_c(countdown[i]);    // show the countdown sequence on the 7 seg display
      output_d(0xB0);          // show a 3 on the other 7 seg display
      output_low(LED_RED2);    // turn off the red of the second traffic light
      output_low(LED_YEL2);    // turn off the amber of the second traffic light
      output_high(LED_GRN2);   // turn on the green of the second traffic light
      delay_ms(1000);          // delay for 4 seconds
      }

      for (int i = 0; i < 10; i++) // for loop for the next change in light arrangement
      {
      output_c(countdown[i]);    // show the countdown sequence on the 7 seg display
      output_d(0xA4);        // show a 2 on the other 7 seg display
      delay_ms(1000);        // delay for 10 seconds
      }
      
   for (int i = 0; i < 3; i++)  // for loop for the next change in light arrangement 
      {
      output_c(countdown[i]);   // show the countdown sequence on the 7 seg display
      output_d(0xF9);        // show a 1 on the other 7 seg display
      delay_ms(1000);        // delay for 3 seconds
      }
      
      for (int i = 3; i < 6; i++)  // for loop for the next change in light arrangement 
      {
      output_c(countdown[i]);   // show the countdown sequence on the 7 seg display
      output_d(0xF9);          // show a 1 on the other 7 seg display
      output_high(LED_YEL2);   // turn on the amber of the second traffic light
      output_low(LED_GRN2);    // turn off the green of the second traffic light
      delay_ms(1000);          // delay for 3 seconds
      }
      
      for (int i = 6; i < 10; i++) // for loop for the next change in light arrangement
      {
      output_c(countdown[i]);   // show the countdown sequence on the 7 seg display
      output_d(0xF9);          // show a 1 on the other 7 seg display
      output_high(LED_RED2);   // turn on the red for the second traffic light
      output_low(LED_YEL2);    // turn off the amber of the second traffic light
      delay_ms(1000);          // delay for 4 seconds
      }

      for (int i = 0; i < 10; i++) // for loop for the next change in light arrangement
      {
      output_c(countdown[i]);   // show the countdown sequence on the 7 seg display
      output_d(0xC0);          // show a 0 on the other 7 seg display
      output_high(GRN_PED);    // turn on the green of the pedestrian light
      output_low(RED_PED);     // turn off the red of the pedestrian light
      delay_ms(1000);          // delay for 10 seconds
      }
      
      for (int i = 0; i < 3; i++)  // for loop for the next change in light arrangement
      {
      output_c(countdown[i]);   // show the countdown sequence on the 7 seg display
      output_d(0xB0);          // show a 3 on the other 7 seg display
      output_high(RED_PED);    // turn on the red of the pedestrian light
      output_low(GRN_PED);     // turn off the green of the pedestrian light
      delay_ms(1000);          // delay for 3 seconds
      }
    
      for (int i = 3; i < 6; i++)  // for loop for the next change in light arrangement 
      {
      output_c(countdown[i]);    // show the countdown sequence on the 7 seg display 
      output_d(0xB0);          // show a 3 on the other 7 seg display
      output_high(LED_YEL3);   // turn in the amber of the third traffic light
      delay_ms(1000);          // delay for 3 seconds
      }
      
      for (int i = 6; i < 10; i++)  // for loop for the next  change in light arrangement 
      {
      output_c(countdown[i]);    // show the countdown sequence on the 7 seg display 
      output_d(0xB0);          // show a 3 on the other 7 seg display
      output_low(LED_YEL3);    // turn off the amber of the third traffic light
      output_high(LED_GRN3);   // turn on the green of the third traffic light
      delay_ms(1000);          //delay for 4 seconds
      } 
     
      for (int i = 0; i < 10; i++)   // for loop for the next change in light arrangement
      {
      output_c(countdown[i]);    // show the countdown sequence on the 7 seg display  
      output_d(0xA4);          // show a 2 on the other 7 seg display
      delay_ms(1000);          // delay for 10 seconds
      }
      
      for (int i = 0; i < 3; i++)   // for loop for the next change in light arrangement
      {
      output_c(countdown[i]);    // show the countdown sequence on the 7 seg display 
      output_d(0xF9);          // show a 1 on the other 7 seg display
      delay_ms(1000);          // delay for 3 seconds
      }
      
      for (int i = 3; i < 6; i++)  // for loop for the next change in light arrangement
      {
      output_c(countdown[i]);    // show the countdown sequence on the 7 seg display
      output_d(0xF9);          // show a 1 on the other 7 seg display
      output_high(LED_YEL3);   // turn on the amber of the third traffic light
      output_low(LED_GRN3);    // turn off the green of the third traffic light
      delay_ms(1000);          // delay for 3 seconds
      }

      for (int i = 6; i < 10; i++)  // for loop for the next change in light arrangement
      {
      output_c(countdown[i]);    // show the countdown sequence on the 7 seg display
      output_d(0xF9);          // show a 1 on the other 7 seg display
      output_high(LED_RED3);   // turn on the red of the third traffic light
      output_low(LED_YEL3);    // turn off the amber of the third traffic light
      delay_ms(1000);          // delay for 4 seconds
      }  
      
      for (int i = 0; i < 10; i++)  // for loop for the next change in light arrangement
      {
      output_c(countdown[i]);    // show the countdown sequence on the 7 seg display
      output_d(0xC0);          // show a 0 on the other 7 seg display
      output_high(GRN_PED);    // turn on the green of the pedestrian light 
      output_low(RED_PED);     // turn off the red of the pedestrian light
      delay_ms(1000);          // delay for 10 seconds
      }
    
	 
      }
   }1.  







[bookmark: _Toc195823958]Simulation Screenshots
[image: A screen shot of a computer

AI-generated content may be incorrect.][bookmark: _Toc195451478]Figure 3: A screenshot of the traffic light control system showing all countdowns on 37 seconds, and all traffic and pedestrian lights showing red.
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Figure 4: This screenshot shows the timers displaying 32 seconds and the first traffic light which has progressed to showing a green light – with all other traffic and pedestrian lights remaining red.
[image: ]
Figure 5: In this screenshot, the first traffic light has progressed to the penultimate stage by showing only an amber light as the timers show 13 seconds as the sequence draws to a close. All other traffic and pedestrian lights remain red.
[image: ]
Figure 6: This screenshot shows the timers with 8 seconds remaining. The first traffic light has returned to red, which is the same for the other traffic lights and all pedestrian lights have changed to green to allow pedestrians to cross for the final 10 seconds of the sequence. [image: A computer screen shot of a circuit board

AI-generated content may be incorrect.]
Figure 7: This screenshot shows the timers reset to countdown from 40 seconds and having reached 34 seconds remaining for the second time, the second traffic light has moved on the red and amber light stage while all other traffic and pedestrian lights show red.
[image: ]
Figure 8: In this final screenshot, the third traffic light is showing green, and the timers show 28 seconds remaining. As shown in the bottom left of the image, the accumulated time is 1m31s which shows the timers have represented real time passing and each second is accurate.





[bookmark: _Toc195823959]Testing, outputs, and results
The testing in this task was in regard to the timers. The timers had the most constraint for this task and were a constant all elements relied on. The objective faced was aligning the seconds passing on the timers to the simulation clock on Proteus. This was a problem faced when aligning the changes in traffic light colours to 3 second intervals and understanding the delay needed in each section of code. 
The way the timing was simplified in this code was not assigning the ten second display to a sequence which is counted with time. By not assigning a sequence, each time the ten second display needed to change, the hexadecimal representation was input to the pins on each stage which took out the need for higher-level coding to align the two digits. 
As the circuit in this task is built around visual aspects, the testing was relatively simple. To simplify the code, the pins for the different coloured lights were defined with their placement and colour. This made reading the code and error inspection easier.
The result of the testing in the circuit gave an accurate functioning traffic light control system. All elements of the circuit work harmoniously and fluidly, and in an effective fashion. 





[bookmark: _Toc195823960]Conclusions and recommendations for future work
A traffic light control system was made with an integrated pedestrian crossing function and a timed schedule. The traffic on a T-Junction is controlled in a life-like manner with accurate timing and order of operation. 
If this task were to be repeated, the code would be optimized to continuously control the traffic lights in a clockwise manner. Another addition to the task which would improve coding ability and optimize the control system would be to include interruptions for the pedestrian crossing. To stop traffic and operate the pedestrian light by pressing a button and allotting time for the pedestrian to cross. 
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