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[bookmark: _Toc196306760]Introduction
The aim of this project was to design, program, and simulate a T-junction traffic light system that operates on timed intervals to manage signal changes for both traffic and pedestrians. This system is designed for the PIC16F877A microcontroller to control a 40-second signal cycle, where each traffic light receives a different light sequence (10-second phase per colour), and the pedestrian LEDs receive a signal to be either red or green.
This report presents an overview of traffic light control at T-junctions. It will then display the schematic, describe the selected components, and explain the operational logic and design reasons. The system's programming functionality is then demonstrated (from pseudocode to final code). The report will then present the findings and analyses, concluding with recommendations for future improvements.
[bookmark: _Toc196306761]Background Research
Traffic lights play a key role in traffic control. They reduce the likelihood of accidents between motorists and pedestrians by providing controlled phases that enable access to the road [1]. While designated pedestrian crossings stop traffic and enable safe passage across a road, there are also timed phases for traffic throughput which help to ease traffic congestion and allow traffic from adjoining roads to safely cross or join other roads. When combined, these functions maintain intersections' efficiency, safety, and order.
This process can be achieved by using a microcontroller. These microcontrollers are small, low-power processors that combine many input/output ports, accurate hardware timers, and programmable logic into an affordable package [2], [3]. The chip's internal clock helps to make the lights change at the right time, and the software can run anything from a simple 10-second loop to a more advanced sequence that adapts when a button is pressed, or a car is detected [2]. PIC devices are popular for their affordability and ease of use [4]. AVRs (like Arduino boards) are popular for their easily accessible tools [5]. ARM Cortex-M components are ideal for the processing power required in sensor-driven, data-rich junctions, input/output count, timing accuracy, computing load, and budget all influence an appropriate choice [4], [6].
Case studies frequently explore two primary traffic control strategies: fixed-time and adaptive systems [7], [8]. Because of its simplicity and dependability, fixed-time control is preferred in low-traffic settings and educational prototypes. It runs according to a preset timetable, usually based on previous traffic data. However, during peak or emergency situations, its inability to adapt to changing conditions may lead to traffic jams, delays, inefficient use of fuel, and a higher risk of accidents [1].
Adaptive systems, on the other hand, use detectors (such as infrared sensors or inductive loops) to adjust signal phases in real time [9]. This results in increased efficiency at the expense of more sophisticated hardware and substantial programming requirements. Both systems use feedback methods including seven-segment displays, clear pedestrian phases, and precise microcontroller timing to ensure safety and clarity. The design of this project reflects the widely used usage of low-power microcontrollers with numerous input/output capabilities and simulation platforms such as Proteus.
[bookmark: _Toc196306762]Circuit Design
[bookmark: _Toc196306763]Microcontroller Selection
Based on prior experience, having gained a thorough understanding of its datasheet, the PIC16F877A was chosen to enable effective coding and debugging. All outputs, including two seven-segment displays, pedestrian LEDs, and three traffic light components (contain red, yellow, and green LEDs), were supported by its 33 I/O pins without the requirement for multiplexing [10]. 10-second phases with millisecond accuracy were given by built-in timers. The PIC16F877A satisfies the project's requirements and also enables low power, low cost, and simple architecture. It is a stable platform for traffic light control systems because of its compatibility with Proteus simulation software, which further allowed for smooth firmware and circuit design and simulation.
[bookmark: _Toc196306764]Circuit Components
[bookmark: _Toc196306787]Table 1: Table showing the different circuit components and rationale for usage.
	Component Group
	Chosen Element(s)
	Why This Choice Fits the Project

	Traffic‑Light LEDs
	Integrated Red/Yellow/Green LEDs.
Each LED colour on its own PIC16F877A pin.
	One‑part symbol keeps the schematic tidy and realistic.
Dedicated pins eliminate external multiplexing, so code and wiring stay simple and easy to debug.

	Pedestrian LEDs
	One red and one green LED per crossing.
All crossings connected to the same outputs.
	All pedestrians LEDs switch to green together, making the “walk” phase visually obvious and the code simpler.
Pin sharing frees I/O lines for other tasks.

	Countdown Displays
	Two common‑anode seven‑segment displays.
	Dual displays show the full countdown for the 40 seconds. Display number 1 shows the ‘tens’ and display number 2 shows the ‘units’.

	Power & Protection
	+5V single‑rail supply (matches PIC spec).
220 Ω – 330 Ω resistors on every LED/segment.
	Matches Proteus defaults and real hardware practice.
Resistors limit current, preventing LED overstress and emulating real‑world operation.


These individual choices keep the circuit easy to understand, code, and simulate while meeting all assignment requirements.
[bookmark: _Toc196306765]Schematic Diagram and Operation
Figure 1 presents the schematic for the traffic light controller, designed within Proteus. A PIC16F877A is added as the controller, its ports wired to traffic lights, pedestrian LEDs, and three pairs of seven‑segment displays. The C program cycles through a 40‑second loop of four equal 10-second phases, changing the colour displayed on the traffic lights in sequence and reserving the final 10 seconds exclusively for pedestrians' green light.
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[bookmark: _Toc196306781]Figure 1: Schematic for the Traffic Light T-Junction - Created in Proteus.
Port Assignments
Port A
· RA0–RA2: Road C – red, yellow, green
Port B
· RB0–RB2: Road A – red, yellow, green
· RB3–RB5: Road B – red, yellow, green
· RB6: Pedestrian red (x3)
· RB7: Pedestrian green (x3)
Port C
· RC0–RC6: Segments a–g of the ‘units’ digit seven-segment display (counts seconds from 9 to 0) (x3)
Port D
· RD0–RD6: Segments a–g of the ‘tens’ digit seven-segment display (counts 40-second block from 3 to 0) (x3)
Additional Components
· Crystal Oscillator (OSC1/OSC2): Provides clock signal for accurate timing
· MCLR Pin: Connected to power/reset circuit for system initialization
In order to replicate a realistic and precisely timed traffic system within Proteus, the schematic makes sure that all lights and displays run in unison under microcontroller control.
[bookmark: _Toc196306766]System Operation and Timing
[bookmark: _Toc196306767]Timed Intervals and Extended Sequence
This design uses 10-second intervals to create a 40-second cycle, including 30 seconds for active traffic signals and 10 seconds for pedestrians. Although real-world systems often have longer durations, shorter phases make it easier to see complete cycles in Proteus while maintaining clear transitions between vehicle flow and pedestrian access.
Instead of resetting immediately after a single 40-second cycle, the system performs 16 steps split across four 40-second blocks. Each traffic light begins with a different colour and follows a specific sequence (e.g. red, red/yellow, green, off, yellow, red, red/yellow, off, etc).  After 16 steps (160 seconds), each light returns to its original colour, resulting in a more seamless transition back to the start. This creates a smoother overall loop that reflects a real intersection, with lights rotating through numerous stages rather than resetting back to their original state after the pedestrian phase.
[bookmark: _Toc196306768]Overall Flow
Every 40 seconds, the three traffic lights cycle through distinct states, never sharing the same colour at the same time. One route may be green, while others show red, red/yellow, or yellow, and so on. After four 160-second blocks, the sequence returns to the initial state. The seven-segment displays count down each 40-second block and reset after the pedestrian phase in the final 10 seconds (steps 4, 8, 12, and 16). The approach provides consistent traffic flow by extending the cycle across multiple blocks and ensuring that each signal follows a unique sequence.
[bookmark: _Toc196306769]Pedestrian Phase
Due to assignment restrictions, a distinct pedestrian phase was included. This phase is in the final 10 seconds of each 40-second cycle. During this phase, the pedestrian LEDs switch from red to green (the only time they are green), indicating that it is the pedestrian phase. It was decided to switch off all traffic lights during this phase because it simplifies traffic light sequencing and allows for a smoother transition for colour changes around this phase. This also ensures that the pedestrian crossing phase is clear and eliminates any potential confusion caused by any lights remaining on red from the previous step. Following this phase, the traffic lights shift to the next colour, and the pedestrian lights return to red, resulting in a smooth sequence progression.
[bookmark: _Toc196306770]Pseudocode
Each cycle consists of four 10-second phases. Steps 4, 8, 12, and 16 show the pedestrian phase at the end of every 40-second block. After 16 steps (160 seconds), the sequence returns to step 1 and follows the same traffic and pedestrian phases. 
A simplified code outline is shown below:
START
 
Set up light sequences and display patterns
Set counter = 0
 
LOOP forever:
    FOR each step in 16-step sequence:
        Show current tens digit on display
        Update counter (0 to 3, then reset)
 
        FOR each second in 10-second phase:
            Show countdown on units display
            Set traffic lights and pedestrian lights based on current phase
            Wait 1 second

END
 
Light Phase Example (for a case like 0x01):
If phase == 0x01:
    Road A: RED
    Road B: RED + YELLOW
    Road C: GREEN
    Pedestrian: RED
And for pedestrian phase (e.g., phase 0x05):
If phase == 0x05:
    All roads: OFF
    Pedestrian: GREEN
[bookmark: _Toc196306771]Software Implementation
The PIC16F877A's control logic is written in C and operates the traffic lights, pedestrian LEDs, and the pairs of seven-segment displays (one for the tens, and one for the units for the countdown). After initialising main(), the program loops through the traffic_lights() function, which reads the lights[] arrays and sets the corresponding red, yellow, or green outputs. Each element represents a 10-second step, as shown by the unit display which counts down from 9 to 0. The tens display counts from 3 to 0 decreasing as each step ends highlighting the full 40-second cycle. Steps 4, 8, 12, and 16 represent the pedestrian phase, with all traffic light LEDs turned off and the pedestrian LED turning green for the last 10 seconds of each 40-second cycle. The program moves on through four 40-second phases to make a full 16-step (160 seconds) sequence. Once all 16 array entries have been carried out it then returns to the beginning element, keeping the set routine and always finishing with the pedestrian slot. The source code below shows every function in detail.
#include <16F877A.h> 		// Include header file for the PIC16F877A microcontroller
 
// Configure PIC device settings
#device ADC=10
#use delay(crystal=2000000)
#use FIXED_IO(B_outputs=PIN_B7,PIN_B6,PIN_B5,PIN_B4,PIN_B3,PIN_B2,PIN_B1,PIN_B0)
 
// Define meaningful names for all traffic and pedestrian LEDs for readability
#define RED1 PIN_B0 		// Traffic light 1 - Red
#define YELLOW1 PIN_B1 		// Traffic light 1 - Yellow
#define GREEN1 PIN_B2 		// Traffic light 1 - Green
#define RED2 PIN_B3 		// Traffic light 2 - Red
#define YELLOW2 PIN_B4 		// Traffic light 2 - Yellow
#define GREEN2 PIN_B5	 	// Traffic light 2 - Green
#define RED3 PIN_A0 		// Traffic light 3 - Red
#define YELLOW3 PIN_A1 		// Traffic light 3 - Yellow
#define GREEN3 PIN_A2 		// Traffic light 3 - Green
#define P_RED PIN_B6 		// Pedestrian light - Red
#define P_GREEN PIN_B7 		// Pedestrian light - Green
 
// Initialise arrays and global variables
// lights[] array encodes the traffic light sequence via case control codes
unsigned int lights[16] = {0x01, 0x03, 0x04, 0x05, 0x02, 0x01, 0x03, 0x05, 0x04, 0x02, 0x01, 0x05, 0x03, 0x04, 0x02, 0x05}; 	
// display[] maps digits 0â€“9 to 7-segment binary representations for the unit counter
unsigned int display[10] = {0x90, 0x80, 0xF8, 0x82, 0x92, 0x99, 0xB0, 0xA4, 0xF9, 0xC0};
// display2[] maps digits 3â€“0 to 7-segment binary for the tens digit countdown
unsigned int display2[4] = {0xB0, 0xA4, 0xF9, 0xC0};
// Counter to iterate over display2[] and wrap every 4 blocks
unsigned int counter = 0;
 
// Function prototypes
void traffic_lights(void); 		// Handles traffic light logic and display countdowns
 
 
int main(void) { 
   // Main program loop
   while(True) {
	 traffic_lights(); 		// Repeatedly call traffic light sequence handler
   }
}   
 
 
void traffic_lights(void) {
   /*
   Loops through all 16 traffic light steps.
   Each step represents a 10-second period.
   Outputs countdown to 7-segment displays and configures LEDs accordingly.
   */
   for (int q = 0; q <= 15; q++) {
	 output_d(display2[counter]); 		// Display the current block number on 7-segment tens digit
	 counter++; 				// Increment tens display counter
	 if (counter == 4) counter = 0; 	// Reset after reaching 4 to loop 3?0 again
 
	 // Evaluate current light pattern from lights[] using switch-case
	 switch(lights[q]) {
 
	       case 0x01: 	// Sequence for RED1, RED2 + YELLOW2, GREEN3
			   for (int i = 0; i <= 9; i++) { 					// 10-second countdown
				 output_c(display[i]); 						// Update unit display (9 to 0)
				 output_high(RED1);
				 output_low(YELLOW1);
				 output_low(GREEN1);
			         output_high(RED2);
				 output_high(YELLOW2);
				 output_low(GREEN2);
				 output_low(RED3);
				 output_low(YELLOW3);
				 output_high(GREEN3);
			      // Pedestrian light: red
				 output_high(P_RED);
				 output_low(P_GREEN);
		  		 delay_ms(1000); 						// Wait 1 second
			   }
			   output_c(0xFF); 							// Clear unit display
			   break;
	        case 0x02: 	// Sequence for YELLOW1, RED2, RED3 + YELLOW3
			   for (int i = 0; i <= 9; i++) {
				 output_c(display[i]);
				 output_low(RED1);
				 output_high(YELLOW1);
				 output_low(GREEN1);
				 output_high(RED2);
				 output_low(YELLOW2);
				 output_low(GREEN2);
				 output_high(RED3);
				 output_high(YELLOW3);
				 output_low(GREEN3);
				 output_high(P_RED);
				 output_low(P_GREEN);
				 delay_ms(1000);
			   }
			   output_c(0xFF); 							// Clear unit display 
			   break;
	       case 0x03:  	// Sequence for RED1 + YELLOW1, GREEN2, YELLOW3
			   for (int i = 0; i <= 9; i++) {
				 output_c(display[i]);
				 output_high(RED1);
				 output_high(YELLOW1);
				 output_low(GREEN1);
				 output_low(RED2);
				 output_low(YELLOW2);
				 output_high(GREEN2);
				 output_low(RED3);
				 output_high(YELLOW3);
				 output_low(GREEN3);
				 output_high(P_RED);
				 output_low(P_GREEN);
				 delay_ms(1000);
			   }
			   output_c(0xFF); 							// Clear unit display
			   break;
	       case 0x04:  	// Sequence for GREEN1, YELLOW2, RED3
			   for (int i = 0; i <= 9; i++) {
				 output_c(display[i]);
				 output_low(RED1);
				 output_low(YELLOW1);
				 output_high(GREEN1);
				 output_low(RED2);
				 output_high(YELLOW2);
				 output_low(GREEN2);
				 output_high(RED3);
				 output_low(YELLOW3);
				 output_low(GREEN3);
				 output_high(P_RED);
				 output_low(P_GREEN);
				 delay_ms(1000);
			   }
			   output_c(0xFF); 							// Clear unit display
			   break;
	       case 0x05: 	// Pedestrian crossing phase - all traffic lights off
			   for (int i = 0; i <= 9; i++) {
				 output_c(display[i]);
				 output_low(RED1);
				 output_low(YELLOW1);
				 output_low(GREEN1);
				 output_low(RED2);
				 output_low(YELLOW2);
				 output_low(GREEN2);
				 output_low(RED3);
				 output_low(YELLOW3);
				 output_low(GREEN3);
			      // Pedestrian light: green
				 output_low(P_RED);
				 output_high(P_GREEN);
				 delay_ms(1000);
			   }
			   output_c(0xFF); 							// Clear unit display
			   break;
	       
	       default:	break;				// Fallback case for undefined step (shouldn’tt be triggered)
	    }    
      }
}
[bookmark: _Toc196306772]Simulation, Results, and Discussion
[bookmark: _Toc196306773]Simulation Setup
The T-junction traffic light was developed in Proteus, which handles schematic capture and microcontroller simulation. The compiled C code was programmed into a virtual PIC16F877A, allowing software and hardware to run in real-time.
The schematic consists of a PIC16F877A clocked by a 2 MHz crystal, three traffic-light components, each with a red, yellow, and green LED, set up to represent the arms of a T-junction, three pedestrian red/green LEDs tied to the same outputs so they share a common "walk" command during the final 10 seconds of every cycle, and a pair of 7-segment displays driven from PIC port lines, showing countdown values held in the firmware's display[] and display2[] arrays. The LEDs and display segments are protected by 220-330 Ω series resistors, and the circuit is powered by a controlled +5 V source.
At the start of the simulation, the PIC sets its outputs to the first step in the program: each road's signal shows its starting colour (red, red/yellow, and green), and every pedestrian light remains red. This ensures that the junction always begins in a clear state.
[bookmark: _Toc196306774]Test Procedure
Testing began with a visual check to ensure that the initial colours and the "39" countdown were correct. The simulation ran for 40 seconds, observing the behaviour of all LEDs and displays. Traffic lights changed colour every ten seconds and turned off for the final 10 seconds of the 40-second cycle. The pedestrian lights remained red until the 30th second, then turned green for the final ten seconds. The unit display counted from 9 to 0 every second and reset after 10 seconds, while the tens display counted down from 3 to 0 every 10 seconds and reset after 40 seconds. The test ran for the whole 160-second sequence, resulting in four consecutive 40-second cycles that allowed the sequence to wrap from step 16 back to step 1, making any abrupt colour jumps or timing mistakes visible.
[bookmark: _Toc196306775]Observations
Throughout the test, the delay_ms(1000) line, combined with the 2 MHz clock and Timer 0, kept a continuous one-second tick. Every traffic signal phase lasted precisely 10 seconds, there was never any flicker or timing drift, and the pedestrian window always took up seconds 30 to 40 (steps 4, 8, 12, and 16 in the 160-second sequence). The seven-segment displays reset at regular intervals, delivering clear and consistent feedback. The system ensured appropriate connectivity as no two routes had the same colour at the same time and all traffic lights switched off simultaneously for pedestrians. The PIC16F877A efficiently powered traffic lights, LEDs, and seven-segment displays, demonstrating enough resource availability.
Figures 2-4 are screenshots taken during the running of the simulation. They show the traffic light sequence change every 10 seconds. Figure 5 shows the pedestrian phase with all traffic lights switched off and the pedestrian LED on green. Figure 6 shows when the program loops to the next 40-second phase (which shows the traffic lights on a different colour to figure 2 – step 1 of the 16 step sequence).  
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[bookmark: _Toc196306782]Figure 2: Simulation on start-up - Road 1 light RED, Road 2 light RED + YELLOW, and Road 3 light GREEN, with pedestrian crossings on RED and counter beginning at 39 seconds.
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[bookmark: _Toc196306783]Figure 3: Light sequence change after 10 seconds.
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[bookmark: _Toc196306784]Figure 4: Second light sequence change.
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[bookmark: _Toc196306785]Figure 5: Pedestrian phase at 30 seconds (timer will count down from 9-0), all traffic lights turn off and pedestrian LED changes to GREEN.
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[bookmark: _Toc196306786]Figure 6: Countdown resets to 39 seconds after pedestrian phase, pedestrian light returns to RED and second 40-second phase of the 16step sequence runs.


[bookmark: _Toc196306776]Design Limitations
Despite the prototype's reliability in fixed-time mode, significant limits remain. The schedule is inflexible, with no vehicle detectors or pushbuttons to respond to traffic demand. Pedestrians must wait a full 40-second cycle for their 10-second crossing, even when the road is clear. Second, the transition from green (or red/yellow) to "off" at the start of the pedestrian phase, while safe in simulation, is harsher than the brief all-red overlap used at real intersections. Proteus' LEDs draw only a few milliamps, eliminating the need for high-current drivers. A hardware build would require transistor or MOSFET stages, weatherproof housings, and fail-safe circuitry. The design achieves its aims by giving exact 10-second phases, a recognisable pedestrian window, and straightforward visual countdowns on each cycle. However, these limitations highlight the need for further improvements in the recommendations section.
[bookmark: _Toc196306777]Conclusion and Recommendations
[bookmark: _Toc196306778]Conclusion
The PIC16F877A-based traffic light controller successfully showed a functional 40-second cycle, which included 30 seconds of traffic light signalling and a 10-second pedestrian period. Countdown timers on 7-segment screens provided clear visuals, providing predictable phases for both traffic and pedestrians. Proteus simulations proved the system's consistent timing, no overlapping colour phases, and a clear "off" state during pedestrian crossings. The expanded 16-step sequence helped to smooth out colour transitions within the prototype's restrictions. Overall, the system achieved its objectives and demonstrated the potential of microcontroller-based intersection management solutions.
[bookmark: _Toc196306779]Recommendations
Further improvements can improve the system's responsiveness and realism. Combining vehicle detection (for example, inductive loops, infrared sensors) and pedestrian push buttons would allow responsive control based on real-time demand. Implementing brief all-red overlap moments between transitions would more accurately reflect established safety measures. Additional features, such as audible accessibility alerts and hardware modifications to support modern drivers and protective enclosures, would enhance use and durability. Upgrading to higher-performance microcontrollers (e.g., PIC18F or ARM-based devices) would provide additional features such as real-time clocks, data logging, and remote monitoring. These modifications would turn the current prototype into a dynamic, deployable traffic-management solution.
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