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[bookmark: _Toc196232699]Introduction

Within this report, the design and development of a traffic light system for a T-Junction will be described and analysed. This will include background research relating to traffic light systems for T-Junctions within the United Kingdom (UK), circuit design, flowcharts of the system operation, details of testing and results, and recommendations for future work. 



[bookmark: _Toc196232700]Background Research

Within the UK, governance of the roadway infrastructure and systems is the responsibility of the Department for Transport (DfT). All traffic lights within the UK follow the same sequence of colours during normal operation as illustrated in Figure 1. 

[image: Traffic light sequence: the ultimate guide to traffic lights | Veygo]
[bookmark: _Ref196216335][bookmark: _Toc196232717]Figure 1: UK Normal Operation Traffic Light Sequence.
This normal operation is what has been created in software and simulated hardware within Proteus. It is worth noting that the DfT also state the minimum lengths for each cycle and considerations for timings between two sets of lights turning green. For the system being created in this report, the main consideration is that for T-Junctions with light traffic flow, the main road takes priority and any turning actions from the major to minor road are assumed to be possible with natural breaks in traffic flow in the opposing direction. Hence there is no need for a dedicated turning cycle or to split the traffic motions on the major road. [1]

[bookmark: _Toc196232701]Hardware and Software

The hardware and software used in traffic light systems across the UK vary based on manufacturer, use-case, cost, and age of the system. However, most traffic lights will have the following systems:

LED Signal Heads: Modern traffic lights make use of light emitting diode (LED) bulbs to display the signal. These are replacing the previously used halogen or incandescent bulbs to increase reliability, reduce energy consumption, and lower maintenance costs. [2]

Induction Loops: These sensors are the most common type used with traffic light systems within the UK. These can be found embedded into the road surface and are used to detect the presence of vehicles which can alter the control flow in the controllers. 

Controllers: This is the main software that runs the traffic light system. It controls the sequence of lights and, if in a network, coordinating with other traffic lights. Modern controllers typically use complex algorithms which help optimise traffic flow based on real-time sensor-based data. [3]



[bookmark: _Toc196232702]Circuit Design

For the purpose of this circuit, a traffic light system in its simplest form was created. This system can then be expanded upon, if necessary, to meet the particular use-case of the T-Junction. 

Shown in Figure 2 is the complete circuit diagram required for this simulation to run.
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[bookmark: _Ref196221812][bookmark: _Toc196232718]Figure 2: Full Circuit Diagram for Traffic Light System.
This circuit consists of three smaller circuits that are combined through the use of a PIC16F877A microcontroller. The following sections will detail the use of the three smaller circuits. 

[bookmark: _Toc196232703]555 Timer

A 555 timer integrated circuit (IC) has been used in an astable mode of operation to generate a continuous oscillating square wave. The frequency and duty cycle of which are determined by the value of the resistors (two 1k Ohm) and capacitor (480uF). For the purpose of this circuit, the 555 timer is being used as a one second interrupt generator, so the duty cycle of the square wave is not of importance as the interrupt is registered on the rising edge of the square wave signal. This circuit is shown in Figure 3. [4]
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[bookmark: _Ref196222360][bookmark: _Toc196232719]Figure 3: 555 Timer Circuit Used for Interrupt Generation.

The time period (T), frequency (F), time high (), and duty cycle of the square wave generated by this circuit can be calculated using Equation 1 through Equation 4. 


[bookmark: _Ref196222954]Equation 1

Equation 2

Equation 3

[bookmark: _Ref196222962]Equation 4
Using the equations above, the following characteristics of the circuit can be calculated as shown in Table 1.

	Time Period
	999.999 ms

	Frequency
	1.000 Hz

	Time High
	666.666 ms

	Duty Cycle
	66.67%


[bookmark: _Ref196223376][bookmark: _Toc196232728]Table 1: 555 Timer Circuit Characteristics.
The output of this 555 timer circuit is passed to the PIC microcontroller via the “INT” input / output port. Information about how the PIC utilises this signal will be detailed later in the report. 

[bookmark: _Toc196232704]7-Segment Binary Coded Decimal (BCD) Display

This traffic light system uses a total of six 7-segment BCD displays to show a countdown timer that starts at 40 seconds. The circuitry used here is simple – an input of a four-digit binary coded number is given to the 7-segment BCD display. The internal logic of the 7-segment BCD display then converts the binary number into the relevant segments that need to be activated to visually represent that binary number. 

The software implementation of this on the PIC microcontroller is discussed later in this report. 


[bookmark: _Toc196232705]Traffic Lights

The traffic light module shown in Figure 4 is used to display red, yellow, or green lights when the appropriate pin is put high by an external source. The external source in this circuit is the PIC microcontroller and the logic used by the PIC will be discussed later in this report. 
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[bookmark: _Ref196227375][bookmark: _Toc196232720]Figure 4: Proteus Traffic Light Module.

In the real world, the traffic light module input would need to be sourcing current from a power source as the PIC microcontroller would not output enough current to be able to drive the LED. 

[bookmark: _Toc196232706]PIC16F877A Microcontroller

The PIC microcontroller is acting as the traffic light controller within the overall circuit. It is the device that links all of the smaller circuits together, applies some logic and makes it resemble the basic traffic light system outlined earlier. 

This PIC microcontroller was chosen as it supplies an appropriate amount of input and output pins to be able to utilise the external circuitry present, as well as the processing speed needed to execute the minimal logic required. Additionally, the PIC microcontroller also has a dedicated external interrupt pin which can be driven from the 555 timer circuit discussed earlier. Shown in Figure 5 is the PIC microcontroller with all of the external inputs and outputs connected to it. 
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[bookmark: _Ref196227653][bookmark: _Toc196232721]Figure 5: PIC16F877A Microcontroller with External Inputs and Outputs.
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The software required to run the traffic light system is present on the PIC16F877A. Overall, the software implementation is concise and is designed to allow for future work to take place with ease. The following sections of this report will cover the software implementation of the traffic light system logic. A full listing of the code can be found in Appendix A. 

[bookmark: _Toc196232708]Main Header File

The main.h file is used to store declarations of data types, constants, and functions. Despite this program being small, a header file has been utilised to store an enumeration which allows for a name to be given to a particular integer number, and to store a global variable “time” that is used by various functions within the program. Shown in Figure 6 is the main.h file in its entirety.
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[bookmark: _Ref196229899][bookmark: _Toc196232722]Figure 6: main.h file.

[bookmark: _Toc196232709]External Interrupt Handler

The purpose of the external interrupt handler is to monitor the pin RB0 on the PIC microcontroller. The interrupt handler is triggered when the signal generated from the 555 timer circuit goes from low to high (leading edge). Once this trigger condition is met, the code shown in Figure 6 is executed. 
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[bookmark: _Ref196228044][bookmark: _Toc196232723]Figure 7: External Interrupt Handler Function.
The INT_EXT pre-processor directive allows the CCS compiler to identify the “ext_isr” function as the external interrupt handler. The handler itself does not take any parameters and also does not return any value once the function has been executed. 

The main logic within the handler revolves around the variable time, which is set to start at 40 at run time. This value is decremented every time the interrupt is called (every one second). The value of the variable “time” when the handler is called is output to port C on the PIC microcontroller which is connected to the 7-segment BCD displays. 

To output the two digits correctly to the 7-segment BCD displays, the value of time is divided by 10 and binary shifted four places to the left. This value is then bitwise OR’d with the “time” variable modulus 10. For example, if the “time” variable was 37 then the output to port C would be 0011 0111.

The if statement at the end prevents the “time” variable from being negative, if the “time” variable is negative, then it is reset to 40. 

[bookmark: _Toc196232710]“send_system” Function

The “send_system” function takes the new state of each of the traffic light signals as the input and then outputs the corresponding binary values to port D and E on the PIC microcontroller for the traffic light modules to illuminate appropriately. 

The state of each traffic light is contained within the enumeration in the main.h file (State_e). Each colour (Red, Yellow, Red + Yellow, and Green) is represented as an integer value. This integer value is representative of the binary value that needs to be output to the port to illuminate the appropriate LEDs. The “send_system” function is shown in Figure 8.

[image: ]
[bookmark: _Ref196230159][bookmark: _Toc196232724]Figure 8: "send_system" function.

The function takes the integer value of each state (west, east, and north) as inputs. It outputs the west state bitwise OR’d with the east state left shifted by 3 onto port D of the PIC microcontroller. Additionally, it outputs the integer value of the north state onto port E of the pic microcontroller.

For example, if the state of west and east is green (4), the value output to port D would be 0010 0100, and if the state of north is red (1), the value output to port E would be 0000 0001.

[bookmark: _Toc196232711]PIC16F877A Microcontroller Initialisation

For the PIC17F877A microcontroller to interface appropriately with the inputs, outputs, and external interrupt, it needs to be configured before the main logic of the traffic light system is executed. This initialisation is executed in the main function and is shown in Figure 9. 
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[bookmark: _Ref196230666][bookmark: _Toc196232725]Figure 9: PIC16F877A Microcontroller Initialisation.
The function calls to “set_tris_x()” tells the PIC microcontroller whether particular pins are inputs or outputs. In this case, pin 1 on bank B (RB0) is set to be input and all the remaining pins to be outputs. Additionally, all the pins on bank C (RCx), D (RDx), and E (REx) are set to be output pins. 

“ext_int_edge(L_TO_H)” is a function call that tells the PIC microcontroller that the external interrupt should be triggered when the signal on the pin goes from low (0V) to high (+5V). 

“clear_interrupt(INT_EXT)” is a function call that resets the external interrupt registers to a known value. 

“enable_interrupts(x)” is a function call that allows the PIC microcontroller to accept an external interrupt as well as enabling global interrupts on the microcontroller. 

The initial “output_x()” function calls ensure that all values on the output pins of the PIC microcontroller are in a known state (low).

[bookmark: _Toc196232712]Main Loop

The main loop of the program sits within the “main” function and utilises an infinite while(true) loop. Inside of this loop is the logic required to run the basic traffic light system and is shown in Figure 10. 
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[bookmark: _Ref196231331][bookmark: _Toc196232726]Figure 10: "main" Loop of the Traffic Light System.

Inside of the infinite loop is a switch statement that switches based on the current value of the global “time” variable. The “time” variable is responsible for determining which system state the traffic light system is in, and outputting new values to the appropriate ports at set time intervals via the use of the “send_system” function. 

This results in the PIC microcontroller controlling a simple traffic light system as shown in Figure 11. The last 10 seconds of the traffic light cycle is reserved for pedestrians to cross the junction, and all road users are shown a continuous red light. Once this 10 seconds is finished, the traffic lights resume the loop to allow for traffic to flow through the junction. 

[image: ]
[bookmark: _Ref196231652][bookmark: _Toc196232727]Figure 11: Example State of Traffic Light System.



[bookmark: _Toc196232713]Conclusion

Shown within this report is the circuit design and software implementation of a simple traffic light system for a UK T-Junction. Combining simple circuitry and software a clean and efficient solution has been provided to the problem statement. 

The use of well-designed circuitry and software allows for the system to be expanded upon with additional features such as sensors, pelican crossings, yellow boxes, cameras etc. This can be done without the need of altering the existing traffic light system so development and integration can be done independently of the currently working solution. This enables testing and debugging of new features to be limited to the additional functionality being added. Furthermore, it provides a good starting point for future development if use-cases for different software and hardware are identified as the underlying functionality of the traffic light system will always be the same. 



[bookmark: _Toc196232714]Recommendations

The recommendations listed below have been identified as appropriate ways to expand upon the functionality of the traffic light system to add more complexity and realism to the system.

· Pedestrian button(s) that can be pressed to interrupt the traffic light system and allow for pedestrians to cross safely.
· Sensors to detect the presence of vehicles to shorten or lengthen the time duration of each light state to improve traffic flow.
· Cameras to detect and record vehicles that are travelling through the junction at inappropriate times. 
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Main.c:

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

#include <16F877A.h>
#use delay(clock=20000000)

#include <main.h>

#INT_EXT
void ext_isr (void)
{
	output_c((time / 10) << 4 | (time % 10));
	time--;
	if (time == -1) time = 40;
}

void send_system (State west, State east, State north)
{
	output_d(west | east << 3);
	output_e(north);
}

int main (void)
{ 
	set_tris_b(0x1);
	set_tris_c(0x0);
	set_tris_d(0x0);
	set_tris_e(0x0);
	ext_int_edge(L_TO_H);
	clear_interrupt(INT_EXT);   
	enable_interrupts(INT_EXT);
	enable_interrupts(GLOBAL);
	output_d(0x0);
	output_c(0x0);
	output_e(0x0);

	while (1)
	{
		switch (time)
		{
			case 40:
				send_system(RED, RED, RED);
				break;
			case 38:
				send_system(RED_YEL, RED_YEL, RED);
				break;
			case 36:
				send_system(GREEN, GREEN, RED);
				break;
			case 26:
				send_system(YEL, YEL, RED);
				break;
			case 24:
				send_system(RED, RED, RED);
				break;
			case 22:
				send_system(RED, RED, RED_YEL);
				break;
			case 20:
				send_system(RED, RED, GREEN);
				break;
			case 10:
				send_system(RED, RED, YEL);
				break;
			case 8:
				send_system(RED, RED, RED);
				break;
			default:
				break;
		}
	}
   return 0;
 }   

Main.h 

int time = 40;

typedef enum State_e
{
	RED 	= 1,
	YEL 	= 2,
	RED_YEL = 3,
	GREEN 	= 4
} State;
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