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[bookmark: _Toc133518136]Introduction
This assignment outlines the design of a traffic light system controlling a 4-way intersection with pedestrian crossings. The system consists of four traffic lights, each with their own sensor which measures the density of traffic. The timing of the traffic lights is determined by these density sensors, a route with a high density of cars waiting will cause the lights to switch and allow them to proceed.

[bookmark: _Toc133518137]Background Research
The Traffic Signs Regulations and General Directions 2016 is a UK legislation that outlines the requirements of signs for traffic control by light signals, signs for crossing, and signs for lane control [1]. 
Section 4 of this legislation refers to traffic light signals. The legislation dictates that there are five standard signals which can be shown in a certain order, this being: Red, Red & Amber together, Green and Amber. The red signal means all traffic must stop, while the red and amber signal is used to prepare drivers for the green light. Drivers cannot proceed when this signal is displayed.
The green signal allows traffic to proceed if it is safe to do so. The amber signal means that drivers should stop if it is safe to do so. However, if a driver is too close to the stop line when the amber signal is displayed, they must continue and clear the junction.
The legislation also sets out how long each signal should be displayed for. When transitioning from red to green, the red & amber lights must be displayed for 2 seconds. When transitioning from green to red, the amber light must be displayed for 3 seconds.

Based on this research, the order in which the traffic lights will act is as follows:
Red → Red & Amber (2 Seconds) → Green → Amber (3 Seconds) → Red
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[bookmark: _Toc133517338]Figure 1. Traffic Flow Diagram
Figure 1 is a diagram which highlights all the possible conditions the junction could be in. Condition A allows the cars to proceed in the horizontal axis. Lights 2 and 3 are green whilst lights 1 and 4 are red. The pedestrian crossing is also set to red as cars will be passing through the crossings.
Condition B allows vehicles to proceed in the vertical axis. Lights 1 and 4 are green and lights 2 and 3 are red. Once again, the pedestrian crossing is set to red.
Finally, condition C allows the pedestrians to cross by stopping all traffic. Every traffic light is set to red, and the pedestrian crossing is set to green.
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[bookmark: _Toc133517339]Figure 2. Proteus Circuit Schematic

The completed circuit for the traffic lights system can be seen in Figure 1. This circuit was made in the Proteus circuit simulation software. 
The microcontroller at the centre of the circuit is a PIC16F877. The 16F877 is an advanced and yet still cheap microcontroller produced by Microchip Technology. It uses their 8 bit, PIC16 architecture with an internal clock of 8MHz; Up to 368 x 8 bytes of RAM and 8000 x 14 words of FLASH program memory [2]. 
One of the primary reasons I selected this microcontroller was the internal 10-bit, 8 channel analogue to digital converter it features [2]. This was vital for the four sensors required to operate the traffic light system.
This circuit includes a virtual terminal which uses RS232 to communicate information from the microcontroller. This was used during testing and debugging to check the values of the analogue inputs and whether a certain bit of code was being run.

The traffic lights consist of three LEDs. One red, one amber and one green. Each of these LEDs are connected to a common ground and their positive ends connected to an individual pin on the microcontroller. There are four of these traffic lights in total, one for each of the possible approaches to the junction.
The ultrasonic sensor outlined for use in the assessment specification did not work in the version of Proteus used. This sensor was therefore replaced with a potentiometer as both have analogue outputs which can be manipulated. Whilst the ultrasonic sensor is an active component, in the case of the circuit simulation, there is no difference.
These potentiometers function as a traffic density measurement, as the resistance of the potentiometer increases with respect to ground, the greater the value measured by the ADC. 

On the right-hand side of the circuit is the components that make up pedestrian crossing functionality. The button is the button which pedestrians would press to request a crossing. In the circuit there is only one, however, in reality there would be eight. Two for each of the four crossings.
When this button is pressed, the associated pin on the microcontroller will be connected to Vcc and thus be read as high. 
There are three LEDs used for the pedestrian crossing; red, green, and white. The red LED signifies it is unsafe to cross, the green LED signifies it is safe to cross and the white LED signifies the button has been pressed and to wait for it to be safe to cross. As with the traffic lights, these LEDs are connected to a common ground with their positive side connected to individual pins on the microcontroller.
Finally, there are two 7-segment displays used to display the time the pedestrian has to cross. These displays are binary coded display, this means they can receive a 4-bit binary value and display a corresponding character. This type of display is simpler to use than a common cathode display because you do not need to individually control the segments.
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[image: ][bookmark: _Toc133517340]Figure 3. Flowchart diagram of the traffic control system
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[bookmark: _Toc133517341]Figure 4. Software Lines 1 – 34
Figure 4 shows the initialisation and setup procedure of the program. There are two arrays used in this program. One for the ADC values and one containing the character values for the 7-segment displays stored in hex.
At the start on the main function two lines are used to set up the ADC. Firstly, the ports to be set as analogue inputs need to be defined. This microcontroller has specific sets of pins which can be activated. Therefore, it is not possible to only activate the four pins needed for this program, AN0 to AN4 must all be activated.
The ADC is then set to use the internal 8MHz clock of the microcontroller.
Finally, the default status of the circuit needs to be set. All lines connected to the displays are cleared, the red pedestrian LED is turned on and the condition of the traffic lights is set to A.
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[bookmark: _Toc133517342]Figure 5. Software Lines 36 – 70
Figure 5 shows the main loop of the program. The first thing the program does is to fetch the values of the analogue pins.
Next, the program checks if the pin connected to the pedestrian button is high. If it is, a flag is set to high and a function is called. The program will stay in this function until the flag is set back to low, this is to prevent the user needing to continuously hold the button until the crossing is made safe.
There are then two if statements acting on the values of the sensors read by the ADC. If sensor 1 or 4 is greater than half the max value and the lights are not currently in condition B, then the program will change to condition B depending on what the current condition is.
The same is then ran for sensors 2 and 3, which determines if the lights need to switch to condition A.
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[bookmark: _Toc133517343]Figure 6. Software Lines 74 – 86
Figure 6 is the function used to read the values of the ADC. 
A for loop is used to iterate through the function four times, once for each of the sensors. For each execution, the ADC is set to the associated channel and the value of this channel is stored in the Sensors array. There is also a small segment of code which prints this value to the virtual terminal. This was used to check the values of the sensors during testing.
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[bookmark: _Toc133517344]Figure 7. Software Lines 87 – 118
Figure 7 is the function providing the pedestrian button/crossing operation. Once the function is called the white LED is enabled and the AnalogueRead function is called. This is because once this function is ran it will stay in the function until the operation has been completed. This means it would not be able to use up to date ADC values to perform the checks if it is not called within the function.
The function only changed the condition to C if all sensors are below 70% of the max value. Once this requirement is met the lights will change from its current condition to the condition for the pedestrians to cross.
Once this happens, the program will turn off the red and white LEDs and enable the green LED. Following this, it will enable the timer function which will run for 15 seconds. Once the time is passed, the red LED is enabled and the flag is set to zero, allowing the program to return to the main loop.
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[bookmark: _Toc133517345]Figure 8. Software Lines 121 - 140
Figure 8 consists of the timer function and the function used to set the lights to their default condition. The timer function uses for loop which iterates 15 times, each time the function outputs the corresponding character value from the array to the 7-segment displays and delays for 1 second. 

The rest of the function of the program are the functions used to transfer from one condition to another. They consist of turning certain LEDs on or off and waiting the appropriate amount of time for the state. For example, switching the green LEDs to amber and wating the required 3 seconds before switching again to red. These functions are all displayed in Figure 8 through 11.
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[bookmark: _Toc133517346]Figure 9. Software Lines 142 - 197
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[bookmark: _Toc133517347]Figure 10. Software Lines 198 - 270
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[bookmark: _Toc133517348]Figure 11. Software Lines 271 - 293

[bookmark: _Toc133518141][image: Diagram, schematic

Description automatically generated]Testing & ResultsFigure 12. Circuit in default condition A

The circuit can be simulated in the Proteus design software to gain outputs of how the circuit and program operate.
Figure 12 shows the circuit after first being simulated. It has been set to its default condition, A, and is waiting for the inputs to reach a certain state before changing.
If sensor 1 is adjusted to increase the ADC value then the program will switch the traffic lights into condition B. Running through the necessary actions of turning lights 2 and 3 to red then 1 and 4 to green. This can be seen in Figure 13. Where the virtual terminal is displayed the first sensor value to be 204 which is greater than the 127 required.
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If the user presses the pedestrian button then the circuit will enable the white ‘wait’ LED and will wait for all of the sensors to drop below value 180. This is illustrated in Figure 14. 
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Figure 14. Circuit after pressing the pedestrian button

Now, if the value of sensor 1 is decreased to below 180 then the circuit will change condition from A to C and will activate the pedestrian crossing as confirmed by Figure 15.
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Figure 15. Circuit is pedestrian crossing mode

Conclusion
In conclusion, this program and circuit is effectively able to demonstrate a traffic light management system. It can react to the changing values of the sensors and check for a pedestrian crossing request. 
However, there are a few instances where the circuit would fall short of the requirements for official use. Firstly, if 2 opposing sensors are both kept above the required 127 value then the program will continuously switch between condition A and B with no gap in between. This would provide no time for traffic to pass through the junction and will cause congestion. To alleviate this issue, a timer function could be implemented to wait a certain period of time after switching before it is able to switch again. This would allow traffic to pass through the intersection before switching to the other condition and allowing them through. 
Another timer is also needed for the pedestrian crossing functionality. In the current program, if the sensors never fall below 180 once the button is pressed then the program will never switch the traffic lights to allow a pedestrian to cross. A timer would be needed so if the sensors do not reach the required value, then the traffic lights would switch regardless, allowing the pedestrian to cross when there is constant traffic.
Finally, there is zero functionality within the program to switch the lights after the pedestrian crossing has deactivated if the sensors are not above the threshold value. Therefore, the lights would stay in condition C, and all remain red until one of the sensors pass the threshold value. 
This problem can be resolved by switching to the default condition if there is no sensor above the threshold value. 
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void AnalogueRead(){

// Read all sensor inputs and store in an array
For (1 -0 1< 45 +){

set_sdc_channel(i);

delay_uz(30)

Sensors[i] - resd_sdc();

erinei( Z(241) sensors[4]);
delay_ms(200);
prntCs
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wvoid PedButton(){
AnalogueRead() ;
output_high(PIN_B6);

//Activates pedestrian crossing if there are no cars close to junction (Gap in traffic)
if (Sensors[e] < 180 & Sensors[1] < 150 & Sensors[2] < 180 & Sensors[3] < 188){

// Condition Transfer based on current condition
if (Condition == 1){
ConditionAc();}

if (Condition == 2){
ConditionBC();}

// Enables green LED then starts timer
delay_ms(2000) ;

output_low(PIN B6);
output_low(PIN C6) ;
output_high(PIN_C7);

PedTimer();

// After timer red LED is enabled and the flag is reset
output_high(PIN_C6);

output_low(PIN_C7);

ButtonFlag = 0;

delay_ms(2000) ;

i
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// Pedestrian Crossing Timer - 15 Seconds
Void PedTimer(){

// Increments through array with values for display
For (i=0; i< 165 ++i){

output_d(tiner[i]);

delay_ns(1000);)

output_d(0); //Reset Displays

// Set to default Condition

Void Conditiona(){
output_high(PIN B0);
output_high(PIN BS)
output_high(PIN C2);
output_high(PIN_C3);
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//Condition Transfers Start

void ConditionaB(){
// 283 to Amber
output_low(PIN BS); //2G off
output_high(PIN_B4); //20 On
output_low(PIN C2);  //36 off
output_high(PIR_C1); //30 on
delay_ns(3000)

/7283 to Red
output_low(PIN B4); //20 OFf
output_high(PIN_B3); //2R On
output_low(PIN C1); //30 OFf
output_high(PIN_C0); //3R On
delay_ns(3000)

// 184 to Red and Amber
output_high(PIN B1); //10 On
output_high(PIN_C4); //40 On
delay_ns(2000)

// 184 to Green
output_low(PIN_B0); //IR OFf
output_low(PIN B1); //10 OFf
output_high(PIN_B2); //1G On
output_low(PIN_C3); //4R OFf
output_low(PIN_C4); //40 OFf
output_high(PIN_C5); //4G On

//set Condition to B
Condition = 2;





image10.png
178

void ConditionAC(){

/7283 to Amber
output_low(PIN BS); //2G off
output_high(PIN_B4); //20 On
output_low(PIN C2);  //36 off
output_high(PIR_C1); //30 on
delay_ns(3000)

/7283 to Red
output_low(PIN B4); //20 OFf
output_high(PIN_B3); //2R On
output_low(PIN C1); //30 OFf
output_high(PIN_C0); //3R On

//set Condition to €
Condition = 3;
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wvoid ConditionBA(){
// 184 to Amber
output_low(PIN B2); //1G off
output_high(PIN_B1); //10 On
output_low(PIN C5);  //4G off
output_high(PIN_C4); //40 On
delay_ns(3000)

/7184 toRed
output_low(PIN B1); //10 OFf
output_high(PIN_80); //1R On
output_low(PIN_C4); //40 OFf
output_high(PIN_C3); //4R On
delay_ns(3000)

// 283 to Red and Amber.
output_high(PIN_B4); //20 On
output_high(PIN_C1); //30 On
delay_ns(2000)

// 283 to Green
output_low(PIN B3); //2R OFf
output_low(PIN B4); //20 OFf
output_high(PIN_B5); //2G On
output_low(PIN_C0); //3R OFf
output_low(PINC1); //30 OFf
output_high(PIN_C2); //36 On

//set Condition to A
Condition = 1
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void ConditionBC(){
// 184 to Amber
output_low(PIN B2);  //1G off
output_high(PIN_B1); //10 On
output_low(PIN C5);  //4G off
output_high(PIN_C4); //40 On
delay_ns(3000)

/7184 toRed
output_low(PIN B1); //10 OFf
output_high(PIN_80); //1R On
output_low(PIN_C4); //40 OFf
output_high(PIN_C3); //4R On

//set Condition to €
Condition = 3;

void ConditioncA(){
//2 8 3 to Red and Amber
output_high(PIN_B3); //2R On
output_high(PIN B4); //20 On
output_high(PIN_C0); //3R On
output_high(PIN_C1); //30 On
delay_ns(2000)

//2 8 3 to Green
output_low(PIN B3); //2R OFf
output_low(PIN B4); //20 OFf
output_high(PIN_B5); //2G On

output_low(PIN_C0);  //3R OFf
output_low(PINC1);  //30 OFf
output_high(PTN_C2); //3G on

//set Condition to A
Condition = 1
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‘void ConditionCB(){
//18 4 to Red and Amber

i

output_high(PIN_Bo);
output_high(PIN B1);
output_high(PIN C3);
output_high(PIN_C4);
delay_ns(2000)

//18 4 to Green
output_low(PIN Bo);
output_low(PIN B1);
output_high(PIN B2);
output_low(PIN C3);
output_low(PIN C4) 5
output_high(PIN_C5);

//set Condition to B
Condition = 2;

J/1R on
/710 on
/748 on
/740 on

J/1R off
7710 off
7716 on
//4R Off
//40 Off
7746 on

// Condition Transfers Over

-
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#include <main.h>

unsigned int Sensors[4] = {0, 0, 0, 0};
unsigned int ButtonFlag;

unsigned int i;

unsigned int timer[15] = {0xAB, 0x28, OxCS, 0x45, OXBS, 0xO5, 0x99, Ox10, OXEO, OXG0, OXAD, 0x20, OXCO, 0x40, 0xBO};
unsigned int Condition;

void
void
void
void
void
void
void
void
void
void

void

AnalogueRead() ;
PedButton();
PedTimer();
Conditiona();
ConditionaB();
Conditionac()
ConditionBA() ;
ConditionsC()
ConditioncA();
ConditioncB()

main () {

/7 setup ADC
Setup_ade_ports (ANG_ANL_AN2_AN3_AN4);
Setup_adc (ADC_CLOCK_INTERNAL);

1/ setup
output_d(2);
output_high(PIN_C6);
condition = 1
ConditionA();
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while(True){
AnalogueRead() ;

//Pedestrian button function
1(_input(PIN_E0) ){
ButtonFlag = 1; //Flag to stay in this function until there is a gap
while(ButtonFlag == 1){
PedButton();}
i

7/ Cars vertically
¥ (((sensors[e] | Sensors[3]) > 127) & (Condition I= 2)){

if (Condition == 1){
ConditionaB();}

if (Condition == 3){
ConditionCB();}

i

7/ Cars horizontally
¥ (((sensors[1] | Sensors[2]) > 127) & (Condition 1= 1) ){

if (Condition == 2){
ConditionBA();}

if (Condition == 3){
ConditionCA();}
i





