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4. [bookmark: _Toc196146400]Introduction
In this assignment I was tasked with designing an automatic traffic light control system for a T-Junction using a microcontroller. The objective was to create a system that could efficiently control traffic flow across 3 intersecting roads while also incorporating a 7-segment display for each traffic light and pedestrian crossing lights. To approach this, I carried out research into various types of traffic light control systems, including time-based and sensor-based methods. I also researched different types of microcontrollers and single board computers. The circuit was designed and simulated in Proteus while the code was compiled using CCS C compiler. This report contains background research, system design, circuit explanations, code structure and testing methods to confirm the systems accuracy and performance
5. [bookmark: _Toc196146401]Background Research
[bookmark: _Toc196146402]5.1. Research on Traffic Lights 
Traffic lights are essential components in the modern traffic management systems. They control the flow of vehicles and pedestrians at intersections to ensure safety and reduce congestion. The efficiency of these systems depends on the technology used to control it. Some systems such as the one assigned in the brief relies on time-based control, where lights change at a fixed time interval regardless of traffic conditions. This is simple to implement but has significant drawbacks. If one of the roads at the intersections is empty whilst others are congested the system will still provide a green light for an empty road causing unnecessary delays.
To address this problem in most places either inductive loops, infrared sensors or microwaves are used. The inductive loop is a coil embedded into the surface of the road. It works by detecting when a vehicle passes over it which causes a change in the magnetic field induced by the loop. [1] Each of these technologies has it advantages and disadvantages which have to be considered when designing the traffic management system.
[bookmark: _Toc196146403]5.1.1. Time-Based vs Sensor-Based Traffic lights
Time-Based traffic light systems operate on fixed schedules meaning that each signal remains on for predetermined duration regardless of traffic conditions. This is useful in areas with predictable traffic patterns such as small towns/villages and low traffic areas. However, using this in larger more build up areas with fluctuating traffic throughout the day can lead to unnecessary waiting times where there are no cars present.
Sensor-Based traffic light systems are now used in most modern traffic light systems. These incorporate vehicle detection sensors to optimise traffic flow in real time. These sensors allow the systems to detect waiting and approaching vehicles at the intersection and will adjust the lights accordingly [2].
Inductive loops are one of the mostly used vehicle detection methods. These consist by having a coil embedded into the surface of the road. When a vehicle passes over the loop the metal in the car disrupts the magnetic field triggering the systems and informing it that there is a vehicle present [1].
Infrared sensors are mounted overhead on top of the traffic light. There are two types of infrared sensors active and passive. Active sensors emit low level infrared signals into a specific zone and when a vehicle enters the zone it disrupts the signal. Passive sensors work by detecting when a vehicle enters a specific zone which causes a change in infrared energy. There are also microwave sensors which work the same as infrared but detect microwave energy instead and are less prone to interruption by temperature changes. [1]
The problem with using sensor traffic lights is that if a vehicle is not positioned correctly in the detection zone the sensor might fail to register its presence causing indefinite waiting for the lights to change. This can be a problem with motorcycles and bicycles which might not trigger the sensor.
[bookmark: _Toc196146404]5.2. Microcontrollers 
There are a wide choice of microcontrollers and single board computers. There are many families including Pic, AVR, ARM , ESP32 as well as platforms such as Arduino and Raspberry PI.
PIC originally known as the peripheral interface controller but now known as the programmable intelligent PC. Developed by semiconductor unit technology and was created by general instrument electronics in 1993. These are programmed to carry out a wide range of tasks and are available in 8-bit, 16-bit and 32-bit versions. [3]
AVR is a family of microcontrollers developed by Atmel that use the RISC processor. AVR are most commonly used in the Arduino line of open source board designs. These are available in 3 sizes a 8-bit tinyAVR, megaAVR and XMEGA. [4]
ARM microcontrollers was invented by Acorn computer organisation and is now manufactured by Apple, Nvidia, Qualcomm, Motorola, ST microelectronics, Samsung electronics and many others. It is an advance RISC microcontroller that is based on the RISC instruction set architecture (ISA). It is the most widely used microcontroller and most industries use it for embedded systems because it has a wide range of features. [3]
ESP32 is a series of low-cost low power system on chip microcontrollers with integrated Wi-Fi and dual mode Bluetooth. Created by Espressif Systems. ESP32 microcontrollers are powerful devices that offer a wide range of features and capabilities. [5]
Raspberry Pi was initiated in 2006 in the UK with the aim of promoting computer science education. The first model was launched in 2012 and since it has gained popularity among educators, hobbyists and industry. They offer a range of products which have multiple configurations and connectivity ports to allow for easy use. [6]
Arduino is a controller platform. It doesn’t run a full operating system instead it focuses on interfacing with sensors and controlling devices. Arduino was established in 2005 and has now become popular in education for quick prototyping. [6]
[bookmark: _Toc196146405]5.3. Justification of Chosen PIC
Although the PIC18f8722 may be considered as over spec’d for this task its extensive I/O availability made it suitable for early development and testing. This allowed the traffic lights, 7-segment displays and pedestrian controllers to be handled on separate ports. In future versions, a smaller more compact PIC could be used to reduce costs and power consumption.
6. [bookmark: _Toc196146406]The Circuit and Code
[bookmark: _Toc196146407]6.1. Explanation of the Circuit
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[bookmark: _Ref192076646][bookmark: _Ref192076641][bookmark: _Toc196146413]Figure 1 Traffic Light Circuit
The three 7-segment displays are each responsible for showing the timer value related to their corresponding traffic lights. I programmed these displays to count up from 0 to 40 in 1-secound intervals using an interrupt driven approach. Each set of displays resets after 40 seconds, which aligns with the complete traffic cycle. I chose to use the upward counting approach as it is simpler to use. However, a countdown from 40 to 0 would be more intuitive for drivers and pedestrians. This would allow for anticipation in light changes, improving safety and traffic flow. 
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[bookmark: _Toc196146414]Figure 2 Visualisation of the Traffic Light System
The circuit which can be seen in Figure 1 consists of a PIC18F8722, resistors, LED’s and traffic light modules. 
The PIC is used as the microcontroller for their circuit controlling the whole operation of the traffic light system. This includes all of the timing for the traffic light sequencing. I decided to use the PIC18F8722 due to the amount of available ports allowing me to have 3 separate timers one for each set of traffic lights. With this I was able to put one display on one bank. The remaining ports were used for the traffic lights, power for the pic and the crossing lights. 
The circuit was designed around the PIC as this was the biggest object. To allow for neat connections I used input and output blocks to allow the traffic lights to be spaced out across the page to avoid a mess of wires and confusion of what traffic light was for what timer. Once I had my circuit fully laid out I was able to start coding. I used previous code from other modules to help me with the interrupts. Used separate functions for multiple parts of code to avoid repetition. Used a switch case for the hex for each digit for the displays.  
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[bookmark: _Toc196146415]Figure 3 The Circuit: Resistors for Display
In the zoomed in section of the circuit resistors are used to restrict the flow of electrical current in a circuit. [7] Resistors also have multiple use cases but for this application I am using them as current limiting to reduce the voltage for the LED’s so they aren’t blown.
In the circuit above I then use the output block to provide an input to the corresponding component.
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[bookmark: _Toc196146416]Figure 4 The Circuit: Pedestrian Control/ Light Control PIC Connections
In this zoomed in section of the circuit the resistors are used for the pedestrian crossing lights and outputs to the traffic lights.

[bookmark: _Toc196146408]6.2. The Code
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[bookmark: _Toc196146417]Figure 5 The Code Part 1
The code starts with defining variables which are used for tracking time. Next the interrupt timer function is created to create a 1 second counter. Then on line 25 is  the function to convert numbers into hex for the display.
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[bookmark: _Toc196146418]Figure 6 The Code Part 2
In the code above is the update display functions which is repeated 3 times one for each set of 7 segment displays.
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[bookmark: _Toc196146419]Figure 7 The Code Part 3
On line 80 is the function to control the traffic light signals for each set of traffic lights. In the command on line 87, which is repeated a total of 9 times the pin to be controlled is first, then the variable with the data to check is called in and compared to a number; on this line its 2 and then lastly it sets that light as on. This checks values from the function below and only turns it on if a 1 is present in a set position.
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[bookmark: _Toc196146420]Figure 8 The code Part 4
In this part of the code is the timing sequencing for all of the traffic lights and crossing phases. This then sets the lights to the correct state. The set_lights function is called inside of this function to turn the specified lights on and off.
[image: ]
[bookmark: _Toc196146421]Figure 9 The Code Part 5
This is the last part of the code where the interrupt clock is made for all the timing functions for each set of displays. Lastly from line 150 is the main function where the interrupt is setup and then all the relevant functions are called in the correct orders.


[bookmark: _Toc196146409]6.3. How I Tested the Circuit
To confirm that the circuit met the required brief and was functioning correctly I compared the timer output to an accurate clock. Where I noted that it was indeed running to time. I then based the traffic light sequence of the UK standard and confirmed that each traffic light changed lights at the same time. Due to the lights having only 10 seconds per junction I wasn’t able to use the UK’s standard for light timings.
Since I had confirmed that the traffic lights were operating correctly I left the circuit to run for a while to confirm that it was able to continuously run the same sequence for extended periods of time.
[image: ][image: ][bookmark: _Ref195274399][bookmark: _Toc196146422]Figure 10 Traffic Light testing sequence 2
[bookmark: _Ref195274402][bookmark: _Toc196146423]Figure 11 Traffic Light testing sequence 1







[image: ][image: ][bookmark: _Ref195274407][bookmark: _Toc196146424]Figure 12 Traffic Light testing sequence 4

[bookmark: _Ref195274410][bookmark: _Toc196146425]Figure 13 Traffic Light testing sequence 3

Above in Figure 10,Figure 11,Figure 12 and Figure 13 is the testing of the sequencing of the traffic lights. The software I used was proteus for the simulation and CCS for the compiler.

7. [bookmark: _Toc196146410]Flowchart 
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[bookmark: _Toc196146426]Figure 14 Flow Chart
Above is the flowchart of each function of the circuit showing how the code operates.
8. [bookmark: _Toc196146411]Conclusion
In conclusion the circuit meets the required brief with a few additional lights and timers added for the user’s convenience. I believe in future work that using the PIC I have chosen is over spec’d for the requirements. If I repeated this circuit I would ensure my clocks counted down instead of up. So that when the lights turn green, the timer would be at zero. Then I would add a second counter also counting down to zero until the lights turn red. This timer would allow drivers to anticipate changes in the traffic lights sequence, knowing that in in a set time the lights will change. For example, in 10 seconds time the lights will turn red. This means that drivers can slow down in preparation for the lights changing red. Therefore, avoiding the need to suddenly and abruptly stop at red traffic lights.
Recommendations for improving the traffic light system is to have built in traffic sensors. Discussed in my research adding this will allow for smoother operation of the traffic light system. My second recommendation for improvement is to add a request for the pedestrian crossing phase. Adding this after a full traffic cycle (30 seconds in this case, 10 seconds per traffic light) Once the request has been issued it will set all lights to red and allow pedestrians to cross safely for the remaining 10 seconds of the cycle. A timer could also be added for the pedestrians crossing phase.
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1 #include <main.h>
2

3//Global variables to track time and flags
4unsigned int onesec;

5 unsigned onesec_flag = o

6 unsigned int secs

7 unsigned int secs_2
Bunsigned int secs_3
B

16 //Interrupt routine for Timer2
11 #INT_TINERZ

12 void TIMER2_isr(void)

30;
205

13 {
18 onesectt;

15 if (onesec == 20) //Trigger event every 20 timer cycles
5

17 onesec = 0;

18 onesec_flag

193

20}

2

22 unsigned long i = o3

23

24 //Function to convert a number (6-9) into hex for the 7-segment displays
25 unsigned int seg(unsigned int num)

26 {
27 switch (num)

8

2 case 0: return @x3F; //0 on 7-segnent display
30 case 1: return @x6; //1 on 7-segnent display
31 case 2: return @x5B; //2 on 7-segnent display
32 case 3: return @xdF; //3 on 7-segnent display
33 case 4: return @x56; //4 on 7-segnent display
34 case 5: return @xsD; //5 on 7-segnent display
35 case 6: return @x70; //6 on 7-segnent display
36 case 7: return 0x07; //7 on 7-segment display
37 case B: return @x7F; //8 on 7-segnent display
38 case 9: return @x5F; //9 on 7-segnent display
39 default: return 0x88; //Invalid input

w )

a1}

N
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43 // Function to update the first set of 7-segment display
44 v0id update_display(unsigned int number)

as(

46 unsigned int digit;

47 digit = number % 10

48 output_b(seg(digit)); //Display ones place on PORT B
49 delay_ms(2);

S0 digit - (number / 10) % 10;

51 output_j(seg(digit)); //Display tens place on PORT J
52 delayms(2);

53}

sa

55 //Function to update the second set of 7-segnent display
56 void update_display_2(unsigned int number_2)

s7{

S8 unsigned int digit 2;

59 digit_2 = number 2 ¥ 10

60 outpu_d(seg(dig]

61 delay_ms(2);

62 digit2 = (number_2 / 10) % 10;

- 2)); //Display ones place on PORT D

63 output_c(seg(digit 2)); //Display tens place on PORT C

6 delay ms(2);
)

6

67/ Function <o update the third set of 7-segnent display
68 void update_display_3(unsigned int number 3)

69

70 unsigned int digit 3;

71 digit 3 - number 3% 10

72 output_f(seg(dig

7 delay ms(2);

74 digits - (number 3 / 10) % 10

. 3)); //Display ones place on PORT F

75 output_e(seg(digit 3)); //Display tens place on PORT £

76 delayms(2);
7}
78
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79 //Function to control the traffic Light signals
80 void set_lights(unsigned int H, unsigned int A, unsigned int ) //Function set_Lights calling in variables H,4,6
81{

82 if (H 0b001; //Default red Light for H
8 if (A 0b001; //Default red Light for A
8 if (6 0b001; //Default red Light for G
8

8  // set H Light outputs

87 output_bit(pin K2, (H >> 2) & 1); //Green Light
88 output_bit(pin 1, (H >> 1) & 1); //Amber Light
8 output_bit(pin He, (H >> 6) & 1); //Red Light
%0

91 // set A Light outputs

92 output_bit(pin A2, (A >> 2) & 1); //Green Light

93 output_bit(pin AL, (A >> 1)
%4 output_bit(pin_Ae, (A >> @)

1); //Amber Light
1); //Red Light

s

9  // set G Light outputs
97 output_bit(pin G2, (6 > 2)
98 output_bit(pin 61, (6 >> 1)
99 output_bit(pin o, (6 >> @)

1); //Green Light
1); //Amber Light
1); //Red Light

s
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102 // Function to control traffic Light transitions based on time
103 void control_traffic_lights() {

104
105
106
107
108
109
110
111
112
113
118
115
116
17
118
119
120
121

123
128
125
126
127

129
130
131
132
133
134
135}

// Pin H signal transitions
if (secs == 6) set_lights(6bea1, 6b6a1, 6bGG1); //Set all roads to red to start

else if (secs >= 1 &% secs <= 2) set_lights(6b011, 0b000, 0b00G); //Red and amber Light PORT H
else if (secs >= 2 &2 secs <= 8) set_lights(6b100, 0b00O, 0b000); //Green Light PORT H

else if (secs >= 8 &2 secs <= 9) set_lights(6b010, 0b00a, 0b00G); //Amber Light PORT H

else if (secs > 9) set_lights(0boo1, 6beee, 0be0e); //Red Light PORT H

// Pin A signal transitions
if (secs >= 10 82 secs <= 12) set_lights(6be0e, Gbo11, 6b666); // Red and amber Light PORT A
else if (secs >= 12 &2 secs <= 18) set_lights(0beea, Gb100, Gb008); //Green Light PORT A
else if (secs >= 18 &R secs <= 19) set_lights(6be0o, 6b010, 6b68a); //Amber Light PORT A
else if (secs > 19) set_lights(6beee, Bbev1, 6beee); //Red Light PORT A

// Pin G signal transitions
if (secs >= 20 82 secs <= 22) set_lights(0b00o, 0b008, 0b011); //Red and amber Light PORT G
else if (secs >= 22 &2 secs <= 28) set_lights(0b00o, 0b00o, 0b100); //Green Light PORT G
else if (secs >= 28 &2 secs <= 29) set_lights(6b00o, 0b00o, 0b010); //Amber Light PORT G
else if (secs > 29) set_lights(0b0oo, Bb000, 0b601); //Red Light PORT G

//Pedestrian crossing Lights green

if (secs > 29)

{
output_high(pin_h3); //Green Light on
output_low(pin_ha); //Red Light off

3

//pedestrian crossing Lights red

if (secs < 29)

{
output_high(pin_ha); //Red Light on
output_low(pin_h3); //Green Light off
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137 // interupt clock function
138 void clock(void)

139 {
180 if (onesec_flag)

@1

142 onesec_flag = 0; //Set onsec flag to 0

143 secst+; if (secs == 41){secs = 1;} //Increments secs and if 41 rest back to 1

143 secs_2++; if (secs_2 == 41){secs_2 = 1;} //Increments secs_2 and if 41 rest back to 1
145 secs_3++; if (secs_3 == 41){secs_3 = 1;} //Increments secs_3 and if 41 rest back to 1
145}

147}

1458

149 // Hain function
150 void main()

151 {
152 setup_timer_2(T2_DIV_BY_16, 240, 13); //50ms interrupt
153 nterrupts(INT_TIMER2); //Enables interupt

154 enable_interrupts(GLOBAL); //Enables global interupt
155

156 //calls all the functions

157 while (TRUE)

155 {
159 clock();

160 update_display(secs);
161 update_display_2(secs_2);
162 update_display_3(secs_3);
163 control_traffic_lights();
68}

165}
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