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Introduction
[bookmark: _Hlk133584125]Traffic lights are an essential part of city infrastructure, allowing the controlled movement of vehicles from one location to another in a coordinated fashion reduces congestion and improves safety.
This document lays out the design and partial development of a traffic light system in a four-way intersection. Shown below in fig.1:
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Above: Fig.1, the required four-way intersection [1]
[bookmark: _Hlk133584134]As specified in the assignment brief and shown above in fig.1, the intersection includes several key features that will be implemented:
· Traffic lights with red, amber, and green lights, indicating when traffic is free to proceed or required to stop.
· Passive Infra-Red (PIR) sensors to detect when pedestrians are waiting to cross at the edge of the road.
· Bi-Colour red/green LEDs that show pedestrians if it is safe to cross the road.
· Two-digit seven-segment displays, showing the remaining time for crossing the road until the pedestrian light switches back to red.
· Ultrasonic range sensors to detect the presence of cars waiting at the lights.
Many considerations factor into infrastructure engineering, the main variables this project will focus on are cost, effectiveness, and safety. As such there will be a large emphasis on hardware optimisation to reduce costs. Safe and efficient operational system design will also be essential to ensure efficient through-put of traffic at the junction and reduced likelihood of incidents.
Background research
Traffic Lights:
[bookmark: _Hlk133584142]Traffic lights provide a simple visual indication to drivers when they can proceed and when they must wait at a junction. Cycling between different states (shown below in Fig.2), they offer a simple way to control traffic:
[image: ]
Above: Fig.2, The cycles of a traffic light. [2]
[bookmark: _Hlk133584148]The red state means drivers must stop and wait for a green light before proceeding. After this the red-amber state provides warning for drivers that the light will soon switch to green. An amber light warns drivers the light will soon switch back to red, and they should slow down ready to wait at the line. Finally, the traffic light completes its cycle with another red light.
Notice the difference between the red-amber and amber states, allowing drivers pulling up to the junction who may not have seen the previous state to know if the lights will transition to red or green.
Assumptions:
[bookmark: _Hlk133584157]As the brief for this assignment did not specify certain criteria, I will be assuming that the following is true:
· All junctions have similar flow of traffic. As such, I will code the firmware involved optimising it for this situation. If this were not the case then changing the system operation might allow for a greater throughput of traffic.
· Cars can go from any direction to any direction. If cars could only travel north-south and east-west, that would allow the lights to be grouped into two pairs, allowing twice the throughput at the junction. However, I will assume that this is not the case as most junctions are not like this, and instead assume that cars are free to travel from any direction to any direction.

Circuit Design
Software simulation:
Overview:
[bookmark: _Hlk133584167]My hardware design for the traffic light system is as shown below in Fig.3:
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Above: Fig.3, Hardware design for traffic light intersection.
[bookmark: _Hlk133584176]The following pieces of hardware are used:
· PIC16F877A Microcontroller controls the circuit through digital logic.
· NOT and AND gates provide combinational logic to control the traffic lights with less digital pins, keeping them free for possible further expansions in the future.
· Four Traffic Lights (used instead of LEDs to keep the circuit tidy)
· Bi-Directional green/red LEDs to act as pedestrian crossing lights.
· 7-Segment displays count down from 10 to 0, displaying for pedestrians when the crossing lights will switch from green back to red.
· An LM044L LCD display used for troubleshooting (not currently used but left remaining for potential future expansions).
· Single pole double throw (SPDT) switches used to simulate the input from an ultrasonic sensor at each road.
· A SPDT switch used to simulate PIR sensors.
Traffic Lights:
[bookmark: _Hlk133584183]The “Traffic Light” component used in proteus is very simple to operate, any lights required to shine should be set to high, all other lights should be set low. Normally, this would mean 12 pins are required to control all of the light, which is why I have designed a combinational logic circuit that will only require 8 pins instead, freeing up four pins for possible further expansions.
[image: Diagram, schematic
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Above: Fig.4, A combinational logic circuit to control the traffic lights.
[bookmark: _Hlk133584190]Table 1 below is a truth table for the circuit:
	Input
	Output

	WTL A
	WTL B
	W Red Light
	W Amber Light
	W Green Light

	0
	0
	1
	0
	0

	0
	1
	1
	1
	0

	1
	0
	0
	0
	1

	1
	1
	1
	1
	0


Above: Table 1, Truth Table for the traffic light combinational logic circuit.

7-Segment display:
[bookmark: _Hlk133584201]The 7-segment displays selected operate via Binary Coded Decimal (BCD). BCD means the binary number for the required character is transmitted across the four lines controlling the display [3] as opposed to controlling each individual segment separately. 
This saves digital pins for possible future expansions, meaning that to display numbers from 0 to 99, only eight pins would be required (as opposed to 14 for conventional 7-segment displays). 
Further pins can be saved if the most significant display only needs to switch between 0 and 1 (as would be the case for counting down from 10 to 0). This is because only the least significant pin needs to be controlled in the switch from 0b0000 to 0b0001, as such all other pins can be grounded. Thanks to BCD, the number of digital pins required goes from 14 to only 5. This frees up hardware for other uses (such as an LCD display for troubleshooting).
Hardware implementation:
PIR Sensor:
[image: ]
Above: Figure 4, The HC-SR501 PIR Sensor
[bookmark: _Hlk133584210]The HC-SR501 PIR sensor was used to sense pedestrians waiting to cross the road. This sensor has three pins: VCC, Signal, and Ground  [4]. To test the sensor, I powered with an Arduino, and measured the signal with a Picoscope. Connected as described in table 2 below:
	Sensor Leg:
	Connection:

	VCC
	5V Pin of Arduino

	Signal
	Sensor probe of Picoscope

	GND
	GND Pin of Arduino


Above: Table 2, The sensor connections during testing.
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Above: Fig. 5, The pins of the PIR sensor [4]

[bookmark: _Hlk133584219]When triggered, the PIR sensor will pulse 5V for a short period of time, and will then return to 0V for the remainder of the duty cycle.

Code Used to test PIR sensor:
bool PedestrianThere;

void setup() {
  pinMode(6, INPUT);
  pinMode(13, OUTPUT);
  Serial.begin(9600);
}

void loop() {
  detect_pedestrian();
  if(PedestrianThere==true){
    digitalWrite(13, HIGH);
  }
  else{
    digitalWrite(13, LOW);
  }
  Serial.println(PedestrianThere);
}

void detect_pedestrian(){
  PedestrianThere = digitalRead(6);
}

Ultrasonic Range Finder:
[bookmark: _Hlk133584228]The HC-SR04 ultrasonic sensor was used to sense the presence of cars at the intersection. 
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Above: Fig. 5, The HC-SR04 Ultrasonic ranger.
[bookmark: _Hlk133584235]This sensor has four pins: Vcc, requiring 5V, Trig requiring a TTL trigger pulse of 5V for at least 10uS, Echo returning a pulse with width proportional to the distance or the object, and Gnd. [5]
I connected Trig input to pin 8 of the Arduino, and Echo to pin 9 of the Arduino.

System Operation
[bookmark: _Hlk133584243]The flowchart below outlines the system operation for this project. For a more detailed explanation of this sequence, please see the “software listings” section.
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Above: Fig.6, Flowchart overview of traffic light system
[image: Diagram
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Above: Fig.7, Flowchart for the pedestrian crossing routine
[image: Diagram
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Above: Fig.8, Flowchart for the change_state function.
Software Listings
[bookmark: _Hlk133584270]Separate code was developed for the simulated program and hardware implementation, this is due to the different purposes of these programs. The software simulation is to code traffic lights to allow for the safest and most efficient flow of traffic through the junction, whereas the code for the hardware implementation is to provide a proof of concept and hardware assurance. As such the latter is designed to be simpler to better illustrate the hardware used functioning correctly.
Software Solution:
Global Variables Overview:
· [bookmark: _Hlk133584286]CurrentGreen: The current set of traffic lights that are green. Can have five values, 0 means no lights are currently green, and 1 to 4 represent North to West respectively.
· NextGreen: The next set of light to switch to green.
· AmberDelay: The time the traffic light waits in the amber state when transitioning from green to red.
· RedAmberDelay: The time the traffic light sits in the red-amber state when transitioning from red to green.
· GreenDelay: The amount of time the traffic light will stay green for.
· SwitchOverTime: The time the traffic lights will wait between one light switching red, and the next switching o the red-amber state. This is to allow any slow vehicles to move out of the junction before the cars from another direction begin moving.
· PedestrianDelay: A counter used to count down on the seven segment display.

Function overview:
· [bookmark: _Hlk133584297]main: The function that coordinates the whole program, it checks the simulated PIR sensors from each direction, and if cars are detected switches to green. This works in a clockwise direction, allowing an even through-put of traffic from all direction, while not wasting time changing to green in directions where there are no cars.
· button_isr: The interrupt service routine that deals with a trigger from any of the simulated PIR sensors.
· change_state: Changes the current green light to red, and the next green light to green.
· change_to_red: Switches the current green traffic light to red, pausing momentarily in the amber state.
· change_to_green: Switches the specified light from red to green, pausing momentarily in the red-amber state.
· pedestrian_green: Switches the pedestrian crossing lights from red to green.
· pedestrian_red: Switches the pedestrian crossing light from green to red.
· count_down: Counts down on the 7-segment displays the amount of time left until the pedestrian crossing light switches back to red.
Function explanation:
Main:
void main()
{
	pedestrian_red();
	CurrentGreen = 1;
	change_to_red();

	CurrentGreen = 2;
	change_to_red();

	CurrentGreen = 3;
	change_to_red();

	CurrentGreen = 4;
	change_to_red();
	lcd_init();

	enable_interrupts(INT_EXT_H2L);
	enable_interrupts(GLOBAL);
	while(TRUE)
	{
		if(input(Pin_C4)){
			NextGreen=1;
			change_state();
		}

		if(input(Pin_C5)){
			NextGreen=2;
			change_state();
		}

		if(input(Pin_C6)){
			NextGreen=3;
			change_state();
	    }


		if(input(Pin_C7)){
			NextGreen=4;
			change_state();
		}
		
	}	
	
}

[bookmark: _Hlk133584311]In the “setup” section of main (before the infinite “while true” loop), the system is initialised by completing the following things:
· The pedestrian crossing and all traffic lights are set to red, meaning that no light stays “unlit” if not switched to green shortly.
· The LCD is then initialised to allow for printing text (if required).
· Global interrupts are enabled to allow the program to deal with a trigger from one of the PIR sensors.
In the infinite “while true” section of main, the program constantly cycles the lights in a clockwise fashion from red to green and back to red to let traffic flow. To increase efficiency, the lights only change if cars are detected with the simulated ultrasonic sensor, otherwise the next junction will be cycled instead.
button_isr:
#int_ext
void  button_isr(void) 
{
	change_to_red();
	delay_ms(SwitchOverTime);
	pedestrian_green();
	count_down();
	pedestrian_red();
}
[bookmark: _Hlk133584319]This function is triggered by a high-to-low change of state on the interrupt pin of the PIC chip (B0). When activated, the current green light is switched to red, and a small wait allows all current cars to leave the junction before the pedestrian crossing lights switch to green. This ensures that no cars are moving while pedestrians are crossing the road. The seven segment display at each side of the crossing counts down from ten in one second intervals, after which the pedestrian crossing light switches back to red.
change_state:
void change_state(void){
	delay_ms(500);
   if(CurrentGreen==NextGreen){
      return;
   }
   
   change_to_red();
	delay_ms(SwitchOverTime);
   change_to_green();
   
}
[bookmark: _Hlk133584326]This function takes the current green light and switches it to red, then switches the next green light to green, waiting for a short period in between to allow any remaining cars to exit the junction. A selective statement cancels this process if the next light to turn green is the same as the current green light. This means that a light won’t turn from green to red just to turn immediately back to green again, as all this does is waste time.

change_to_red:
[bookmark: _Hlk133584332](code emitted due to simplicity of the function, to see the code please find attached in the assignment submission).
This function takes the current green light and switches it to red, pausing for a short period in the amber state. Four selective statements are used to determine which pins should change voltage as each junction is controlled by different lights.

change_to_green:
[bookmark: _Hlk133584338](code emitted due to simplicity of the function, to see the code please find attached in the assignment submission).
This function switches the next green light from red to green, pausing for a short period in the red-amber state. Four selective statements are used to determine which pins should change voltage as each junction is controlled by different lights.
The CurrentGreen variable is then updated to match the NextGreen variable (the direction that was just switched to green).

count_down:
void count_down(){				
		output_high(pin_C0);
		output_a(0);
		delay_ms(1000);
		output_low(pin_C0);
		while(PedestrianDelay>0){
			output_a(PedestrianDelay-1);
			PedestrianDelay--;
			delay_ms(1000);
		}
[bookmark: _Hlk133584347]This function counts down on the seven-segment displays for the pedestrian crossing. Here it is coded to count from 10 to 0, but it could also count from 19 to 0 with a software change. If prepared to use three more digital pins connected to the most significant display, it could count from 99 to 0 using nestled recursive statements. 
One and zero are displayed on the segments manually, then the most significant display is switched to zero, and the least significant display counts down from nine to zero in one second intervals. 
Hardware Implementation:
Software Listings
double Range;
double Period;
bool PedestrianThere;

void setup() {
  pinMode(6, INPUT);            //PIR Sensor Input
  
  pinMode(8, OUTPUT);           //Ultrasound sensor trigger
  pinMode(9, INPUT);            //The pin that measures the responding pulse

  pinMode(10, OUTPUT);          //Red LED for pedestrian light
  pinMode(11, OUTPUT);          //Green LED for pedestrian light
  
  pinMode(13, OUTPUT);          //The green light showing if a car is within range

  digitalWrite(10, HIGH);       //Red pedestrian LED on
  digitalWrite(4, HIGH);        //Red traffic light on

  Serial.begin(9600);
  Serial.println("Loading...");
  delay(60000);
  Serial.println("Loaded!");

}

void loop() {
  range_car();
  if (Range<=0.1){
    cycle_lights();
  }
  detect_pedestrian();
  if (PedestrianThere){
    pedestrian_lights();
  }
}



void cycle_lights(){
  Serial.println("Cycling Traffic Lights...");
  //Red-Amber
  digitalWrite(2, HIGH);
  delay(500);

  //Green
  digitalWrite(4, LOW);  
  digitalWrite(2, LOW); 
  digitalWrite(3, HIGH);
  delay(3000);
  
  //Amber
  digitalWrite(3, LOW);
  digitalWrite(2, HIGH);
  delay(1000);
  
  //Red
  digitalWrite(2,LOW);
  digitalWrite(4, HIGH);
  delay(3000);
}



void range_car(){
  Serial.println("Ranging Car. Range is:");
  digitalWrite(8,LOW);
  delayMicroseconds(2);
  digitalWrite(8,HIGH);
  delayMicroseconds(10);
  digitalWrite(8,LOW);

  Period = pulseIn(9, HIGH);
  Period = Period/1000000;       //Converting the period into seconds
  Period = Period/2;          //Halving the period (now just the time taken for a one-way trip, not a return
  Range = Period*340;       //Distance = Speed * Time (distance in m)
  Serial.println(Range);
}



void detect_pedestrian(){
  Serial.println("Detecting Pedestrians...");
  PedestrianThere = digitalRead(6);
  Serial.println(PedestrianThere);
}


void pedestrian_lights(){
  digitalWrite(10, LOW);    //Red pedestrian LED off
  digitalWrite(11, HIGH);   //Green pedestrian LED on
  delay(5000);
  digitalWrite(10, HIGH);   //Red pedestrian LED on
  digitalWrite(11, LOW);    //Green pedestrian LED off
}


Global Variables Overview:
· [bookmark: _Hlk133584362]Range: 		A double that stores the range of cars from the ultrasonic sensor in metres. A double instead of a long is used because the range will seldom be an integer.
· Period: 		The period of time that is waited for the sound wave to travel to and back from a car. Initially captured in microseconds, this is converted into seconds and halved to get the period of a one-way journey.
· PedestrianThere: 	A Boolean variable held true if a pedestrian is waiting to cross, and false if not.
Function overview:
· [bookmark: _Hlk133584370]setup:				Initialises the program by defining pins for input or output use, then waiting for 60 seconds for the PIR sensor to boot.
· loop:				Constantly scans for pedestrians and cars and actioning as required
· cycle_lights:			Cycles the traffic lights from red to red-amber, green, amber, and back to red.
· range_car:			Finds how far the car is from the ultrasonic sensor.
· detect_pedestrian:		Searches for triggers from the PIR sensor
· pedestrian_lights:		Changes the pedestrian lights from red to green, pauses, then back to red again.
Function explanation:
setup:
void setup() {
  pinMode(6, INPUT);            //PIR Sensor Input
  
  pinMode(8, OUTPUT);           //Ultrasound sensor trigger
  pinMode(9, INPUT);            //The pin that measures the responding pulse

  pinMode(10, OUTPUT);          //Red LED for pedestrian light
  pinMode(11, OUTPUT);          //Green LED for pedestrian light
  
  pinMode(13, OUTPUT);          //The green light showing if a car is within range

  digitalWrite(10, HIGH);       //Red pedestrian LED on
  digitalWrite(4, HIGH);        //Red traffic light on

  Serial.begin(9600);
  Serial.println("Loading...");
  delay(60000);
  Serial.println("Loaded!");

}
loop:
void loop() {
  range_car();
  if (Range<=0.1){
    cycle_lights();
  }
  detect_pedestrian();
  if (PedestrianThere){
    pedestrian_lights();
  }
}
[bookmark: _Hlk133584380]This function first searches for cars by calling range_car. If a car is detected within 10cm of the sensor (0.1m), then the traffic lights are cycled by calling cycle_lights. After this, the program checks for pedestrians with detect_pedestrian. If a pedestrian is waiting, then the pedestrian lights will be cycled allowing them to cross.
cycle_lights:
void cycle_lights(){
  Serial.println("Cycling Traffic Lights...");
  //Red-Amber
  digitalWrite(2, HIGH);
  delay(500);

  //Green
  digitalWrite(4, LOW);  
  digitalWrite(2, LOW); 
  digitalWrite(3, HIGH);
  delay(3000);
  
  //Amber
  digitalWrite(3, LOW);
  digitalWrite(2, HIGH);
  delay(1000);
  
  //Red
  digitalWrite(2,LOW);
  digitalWrite(4, HIGH);
  delay(3000);
}
Explanation omitted due to simplicity of function.
range_car:
void range_car(){
  Serial.println("Ranging Car. Range is:");
  digitalWrite(8,LOW);
  delayMicroseconds(2);
  digitalWrite(8,HIGH);
  delayMicroseconds(10);
  digitalWrite(8,LOW);

  Period = pulseIn(9, HIGH);
  Period = Period/1000000;       //Converting the period into seconds
  Period = Period/2;          //Halving the period (now just the time taken for a one-way trip, not a return
  Range = Period*340;       //Distance = Speed * Time (distance in m)
  Serial.println(Range);
}
[bookmark: _Hlk133584391]Inspired by a function online (but written by me) [5], this function sends out a 10us pulse to the ultrasonics sensor’s “Trig” input (connected to pin 8), and measures the subsequent returned pulse on pin 9 (connected to the sensor’s “Echo” output). The returned pulse is the length of time it took the sound to travel to and back from the car [5]. After halving the pulse width for to get a one-way journey, you can use Distance = Time x Speed to calculate the distance from the sensor to the car.
detect_pedestrian:
void detect_pedestrian(){
  Serial.println("Detecting Pedestrians...");
  PedestrianThere = digitalRead(6);
  Serial.println(PedestrianThere);
}
[bookmark: _Hlk133584398]Measures the output of the PIR sensor connected to pin 6, and updates the global variable PedestrianThere accordingly.
pedestrian_lights:
void pedestrian_lights(){
  digitalWrite(10, LOW);    //Red pedestrian LED off
  digitalWrite(11, HIGH);   //Green pedestrian LED on
  delay(5000);
  digitalWrite(10, HIGH);   //Red pedestrian LED on
  digitalWrite(11, LOW);    //Green pedestrian LED off
}
[bookmark: _Hlk133584407]Switches the pedestrian lights from red to green, waits five seconds then switches them back again.


Bill Of Materials

	Component Number:
	Component:
	Quantity Required:
	Supplier:
	Stock Code:
	Link:
	Cost:
	Cumulative cost:

	000
	PIC16F877A
	1
	RS Components
	467-1690
	Link
	£9.04
	£9.04

	001
	Ultrasonic Sensor
	4
	Amazon
	N/A
	Link
	£3.29x4 = £13.16
	£22.20

	002
	PIR Sensor
	8
	Amazon
	N/A
	Link
	£5.79x8 = £46.32
	£68.52

	003
	Red LED
	12
	RS Components
	165-1591
	Link
	£0.31x12= £3.72
	£72.24

	004
	Yellow LED
	4
	RS Components
	165-1598
	Link
	£0.31x4= £1.24
	£73.48

	005
	Green LED
	12
	RS Components
	860-9696
	Link
	£0.31x12= £3.72
	£77.20

	006
	7-Segment Display
	16
	Amazon
	N/A
	Link
	£0.75x16= £12.00
	£89.20


 
Testing Procedures
The following tests were carried out within Proteus to test the software:
	Test:
	Description:
	Notes:
	Result:

	Compile
	Test to see if the code will compile.
	
	Pass

	Individual Traffic light cycle
	Cycle each traffic light to ensure it carries out each state correctly
	All four traffic lights were tested
	Pass

	System Traffic light cycle
	Test to check all traffic lights cycle after eachother
	Cycling should be clockwise
	Pass

	Pedestrian
	Ensure the correct sequence of events is followed when a pedestrian is detected
	The correct sequence:
· All traffic lights set red
· Short pause
· Pedestrian light turns green
· Countdown from 10 starts
· Pedestrian light switches to red after countdown concludes
· Usual traffic light operation continues
	Pass

	Null Traffic light test
	Ensure a traffic light is skipped if no cars are detected
	
	Pass


Above: Table 4, Testing procedures carried out on the system
Please see the appendix section for a video of the working circuit.
Conclusion
[bookmark: _Hlk133584451]In summary, this assignment has documented the design and development of a four-way traffic light system. A simulated design utilises a PIC16F877A chip to control traffic lights, pedestrian lights, countdown timer, and simulated PIR and ultrasonic ranging sensors. 
A hardware demonstration provided a proof of concept illustrating the feasibility of using the HC-SR501 PIR sensor to detect pedestrians waiting to cross, and the HC-SR04 ultrasonic ranger to detect incoming vehicles.
Focusing on safety, affordability, and efficient traffic management; this project offers a unique and modular approach to controlling a four-way intersection.
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Appendix
Please see the following link for video evidence of the working circuit:
https://drive.google.com/file/d/1RY0WpcRkEwR-tS3DtqoFXN44yvQ8Zkoz/view?usp=share_link
Please see the following link for video evidence of the working circuit in the dark:
https://drive.google.com/file/d/14BG-xYkUE720nvsYHuShjpa4dj_UURy8/view?usp=share_link
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