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[bookmark: _Toc133561488]Abstract 
In this write up I discuss how I researched and then when on to design and produce a working simulation of a traffic light system which was able to skip lights if the sensor picks up nothing in the position making it a priority to move traffic reducing wasted time. After I discuss what would be needed to produce this system in a test setting and within the conclusion what improvement could also be made in the future to the code and the method used for priority cases. 
[bookmark: _Toc133561489]Introduction 
The concept of this project is to produce a circuit which would be able to control a crossroad with 4 traffic in points and 4 pedestrian crossings, 2 in points at each. The idea is instead of just carrying through a cycle, it would check is a vehicle or pedestrian was positioned at the lights before moving to that light in the cycle. For example, if there was a vehicle at signal 1 and 3 and a pedestrian, this would flow through skipping 2 and 4, only altering the needed lights. The aim for this task is to create a working circuit that runs within proteus using inputs and able to control 4 sets of traffic lights and 8 pedestrian lights with 8 counters.   
[bookmark: _Toc133561490]Background Research 
[bookmark: _Toc133561491]Similar products 
While starting background research I believed it would be beneficial to read into simple traffic light circuits, for this I read “Simple 4-Way Traffic Light Control using Arduino”, this product is different to what the aim of this project is but also similar, with this product there is no inputs for a skipping process, but it does control the lights correctly so is a good demonstration of this process. In the “Simple 4-Way Traffic Light Control using Arduino” [1] this displays the importance of having a working traffic light system at a 4-way crossing talking about the importance of traffic flow and prevention of traffic jams when they are used. Although this system doesn’t take advantage of sensors to optimise the system it shows why any traffic light setup is important.
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Description automatically generated]Another product I read up on was a system made using a PIC16F874A/877A. This document [2] was a high end write up about how a traffic light system was made and the testing that was carried out.  in this write up I took particular interest in the methodology used within the system in section 5, how it used the information it had to skip steps, add in pedestrian crossing and priority cases, even though mine would not include this it is interesting to read on as could be how the product is improved in the future. The methods used to skip to a high priority junction are not perfect from the figures used to display them but are interesting methods of carrying this out. In my opinion this product was not perfect as in the priority case which is explained and can be seen in figure 1, when the priority case takes place in the image bellow, for an unknown reason this turns signal 3 yellow and back to red, which if there was a driver at the light could cause confusion, also when it ends there is no transition to yellow then red and the signal 2 comes back on for a very short period of time and ends. All these things could cause confusion to the drivers in the area which could lead to a crash in the right circumstances. This is why I believe that what they have started is good but would need more work to prevent these things from occurring. Figure 1 [2]

[bookmark: _Toc133561492]Research on Components 
While carrying out research into PIR sensors and there uses in pedestrian crossing, I read a document by PEDSAFE called a “Pedestrian Safety Guide and Countermeasure Selection System”. [3] In this document it discusses the purpose of PIR sensors at crossing and the reasons this would improve safety for thew pedestrians. According to the writeup there have been studies completed that now show people are ignoring the crossing button for whatever reasoning, one not mentioned that is more relevant in our current climate is reduced use over COVID-19 peaks due to hygiene. This is a very interesting take on why the devises are important, it is also discussed in the document the advantage that the PIR sensor can detect someone and if they walk away note that this has happened, meaning time is less likely to get wasted reducing the chance of causing an effect on traffic. 
Next product I investigated was the ultrasonic sensor. [4] Ultrasonic type traffic sensors are placed above the cars, which transmit ultrasonic waves and measure traffic volume. These sensors work by transmitting sound waves. The sound waves are then reflected, allowing for the quantity of traffic to be calculated. [4] this shows the uses of the sensor and where it would be placed, the advantage of using it is now you can have a traffic density value, if the value is below a certain value you may wish to skip that light on this loop around. The values may be different at each light depending on how you wish to use the lights. 
[bookmark: _Toc133561493]The Circuit 
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Figure 2
Figure 2 displays the circuit that was built in Proteus. The list of core components and why they are used is displayed bellow:
· PIC18F45K50 – This pic was not the original pic I set out to use, at first, I was using the PIC16F877A but then due to this not having a working ADC on proteus I switched to the PIC18F45K50. This was chosen due to the number of pins available and the number of pins with an ADC attached, both having been important things for this job. 
· 7-segment display – used to display the count output for the pedestrians crossing the road, this being controlled from the PIC. 
· BCD-4551 – Used to convert the 4-pin output from the pic into the 7-pin output required by the 7-segment display. This chip also requires an additional power out from the PIC, controls the 7-segment and if the input is high displays a number input, if its low will mean nothing is displayed. I attempted to use the 7segmnent display with a BCD built in but you are unable to control it is hold permanently high 
· LED-BIRG – The Bi Direction LED is used so that one LED could be Red and Green depending on the direction of the current. 
· LED-Red & Yellow & Green – This is to act as the traffic lights in the program. 
· NPN – In this Case the NPN was used to control a higher voltage, this is because the voltage the PIC outputs would have not been high enough so this meant eight LED-BIRG could be ran on two outputs.
· Variable Resistor – This was used as a replacement for the ultrasonic sensor that was requested in the circuit requirements. This is because Proteus does not have a built-in working ultrasonic but, after some research, most ultrasonic sensors have an analogue output, so as a replacement a variable resistor can be used to create an analogue input for testing the circuit.
· Button – This was used as a replacement for the PIR sensor that was requested in the circuit requirements. This is because Proteus does not have a built-in working PIR but, after some research, most PIR sensors have a digital output, so as a replacement a button can be used to create a digital input for testing the circuit. 
[bookmark: _Toc133561494]Flow chart 
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Figure 3
In figure 3 this is a flow chart used to displays the methodology that’s used within the code, what the reaction to each situation is, I did this before creating the program so I knew how I wanted the system to work and then could break down each part and work out what I would need to write in the program to produce this. For example, every time the traffic lights would run through this would always be the same so I knew I would want to produce a function that can take in the set of lights I wanted to alter. Then using this information select the appropriate output pins and alter these as written in figure 3, this programming can be seen in my “car_lights” function within my code section of the write up. This is why before writing any code for a system its important to have a plan on what you are going to do and how you want it to be laid out. This also means that if I ever wanted to add more lights to the system all I would have to do is add the output numbers to the list and then could call upon it. 
[bookmark: _Toc133561495]Code
#include <main.h>

void traffic_lights(unsigned int lights_num);
unsigned int pot_read(int channel_num);
void count_down(void);
void car_lights(int lights_num);
void set_all_red(void);

void main()
{
	setup_adc_ports(sAN0 | sAN1 | sAN2 | sAN3, VSS_VDD);
	setup_adc(ADC_CLOCK_INTERNAL | ADC_TAD_MUL_0);
	while(TRUE)
	{
	    set_all_red();
	    traffic_lights(0);						// function that checks traffic in position 0
	    traffic_lights(1);						// function that checks traffic in position 1
	    traffic_lights(2);						// function that checks traffic in position 2
	    traffic_lights(3);						// function that checks traffic in position 3
	    if(input(pin_A5)){						// testing if any pedestrians are detected
	       count_down();						// if so run function count_down 
	       } 
	}
}

void traffic_lights(unsigned int lights_num) {				// declaring function traffic_lights
   if(pot_read(lights_num) > 125){					// test if input positions ADC output is above 125 
      car_lights(lights_num);						// if so run car_lights passing the posistion
      }
   }

unsigned int pot_read(int channel_num) {				// declaring function pot_read
   unsigned int pot_data;						// set int SW
   set_adc_channel(channel_num); 					// set pin channel_num to adc
   delay_us(20);							// delay 20us ensuring the data can be passed
   pot_data = read_adc(); 						// read adc output
   return pot_data;							// return the data collected 
   }
   
void count_down(void) {
   unsigned int count = 22;						// initialise counte 
   output_high(pin_E0);							// turn on BCD
   output_high(pin_C6);							// turn pedestrian lights green 
   output_low(pin_C7);							// turn pedestrian lights green 
   while(count > 0) {							// keeps loop going until count is 0
      if(count % 16 == 0) {						
	 count = count-7;						// takes 7 off as BCD will try to output Hex so this needs to be skipped
	 }
      else {
	 count --;							// count -1 
	 }
      output_D(count);							// output count value to output D
      delay_ms(1000);
      }
   output_low(pin_E0);							// turn off BCD
   output_low(pin_C6);							// turn pedestrian lights red
   output_high(pin_c7);							// turn pedestrian lights red
   }

void car_lights(int lights_num) {
   int red_lights[4] = 31752, 31755, 31758, 31761;			//values for red lights pins declared in "18F45K50.h"
   int yellow_lights[4] = 31753, 31756, 31759, 31762;			//values for yellow lights pins declared in "18F45K50.h"
   int green_lights[4] = 31754, 31757, 31760, 31777;			//values for green lights pins declared in "18F45K50.h"
   output_high(yellow_lights[lights_num]);
   delay_ms(2000);
   output_low(red_lights[lights_num]);
   output_low(yellow_lights[lights_num]);
   output_high(green_lights[lights_num]);
   delay_ms(5000);
   output_low(green_lights[lights_num]);
   output_high(yellow_lights[lights_num]);
   delay_ms(2000);
   output_low(yellow_lights[lights_num]);
   output_high(red_lights[lights_num]);
   }

void set_all_red(void) {
   output_low(31777);							// set pin low 
   output_B(73);							// sets output B so all Red LEDs are High and the rest are Low
   output_C(130);							// sets output B so all Red LEDs are High and the rest are Low
   }
[bookmark: _Toc133561496]Parts list and costing 
This list is to make a test circuit, this will be done using the circuit design displayed in figure 2 and created using a PIR sensor and ultrasonic sensor. 
· PIC18F45K50 – found on Farnell for £4.27 x 1.
PIC18F45K50-I/P Microchip, 8 Bit MCU, Flash, PIC18 Family PIC18F K5x Series Microcontrollers | Farnell UK
· 7-segment display – found on Farnell for £1.81 x 16 = £28.96.
SA52-11EWA Kingbright, 7 Segment LED Display, Mechanically Rugged, Red | Farnell UK
· BCD-4551 – found on Farnell for £0.67 x 16 = £10.72.
CD4511BE Texas Instruments, BCD to 7 Segment Decoder / Driver / Latch, 1 Gate, 4 Input | Farnell UK
· LED-BIRG – found on RS for £7.74 per pack of 10 x 1.
VCC1.8 V, 2.1 V Green & Red LED 4301F1/5-A | RS (rs-online.com) 
· LED-Red & Yellow & Green – 
Green - £3.27 - Kingbright6 V Green LED 5mm Through Hole, L-53SGD-5V | RS (rs-online.com)
Yellow - £1.44 - Kingbright2.5 V Yellow LED 5mm Through Hole, L-53SYD | RS (rs-online.com)
Red - £2.70 - Kingbright14 V Red LED 5mm Through Hole, Blinking L-56BHD | RS (rs-online.com)
· NPN – found on RS for £13.25 for 50.
2N3904BU | onsemi 2N3904 NPN Transistor, 200 mA, 40 V, 3-Pin TO-92 | RS (rs-online.com)
· Variable Resistor – found on RS for £4.80 for 1 x 4 = £19.20
RS PRO 1kΩ Wirewound Potentiometer 10-Turns Panel Mount | RS (rs-online.com)
· Ultrasonic sensor – found on RS for £11.49 for 1 x 4 = £45.96
RS PRO Ultrasonic Barrel-Style Proximity Sensor, 0 → 300 mm Detection, 20 V | RS (rs-online.com)
· Button – found on RS for £3.00 for 1 x 8 = £24.00
RS PRO Latching Push Button Switch, Panel Mount, SPST, 220V ac | RS (rs-online.com)
· PIR sensor – found on RS for £5.23 x 8 = £42.24
U004 | M5Stack PIR Motion Detector PIR Sensor, 0.5m Sensor Range | RS (rs-online.com)
The total price for this not including the bread board and any wires required would be £203.75. This would mean then being able to test this in a real working simulation, then the next step would be to iron out any problems and move to a full-scale working version of the product. 

[bookmark: _Toc133561497]Testing details 
For the testing completed on this I did not do any real-life testing as was unable to get hold of the components in time but did carry out testing on proteus. The first things I attempted to test on proteus were the PIR sensor and the Ultra sonic sensor, testing their outputs ensuring they were what was expected. When attempting to test the PIR sensor it was realised this only came on additional library which with the version used was unavailable. Then when testing the ultrasonic sensor, I realised the only version of this was the wrong output. Instead of the analogue output that I was expecting this was a time-based output on this devise which is why I stopped using it and replaced it with a variable resistor in the simulation. 
Once I built the circuit, I then needed to test my code, to do this I would start by writing a function and then testing it, an example of how I would do this would be how I tested my “pot_read” function. To test this I first wrote the function and then tested it using an “if” statement, this would then be used to test if the output was higher than a number I would then within the if write to do an output, so if the input was higher than the number selected this would then set an output high, which I normally would collect to an LED to make this easily visible. Using this method on any function that didn’t have a clear output. On functions with a clear output this was unnecessary as it was clear if they work or not.
For the final test I would look at the entire circuit and code all working together, to do this I used the circuit as it would be, varying the buttons being pressed and the state of the variable resistors. After carrying out multiple different scenarios of states while running the whole time I was happy that the circuit was working as expected and was what I wanted at this point in time. 
[bookmark: _Toc133561498]Conclusion
In conclusion this project was mostly successful the next step would be to buy the components and ensure that the chip and ultrasonic and PIR sensor work together correctly as expected and then test them on a mock setup. But apart from not being able to get these components to work correctly I am happy with the program I have written and believe that it is up to the correct standards, it may need some altering on the numbers depending on the output of the ultrasonic sensors but that should be easy to alter. 
If I was to improve the product I would re-examine the methodology of the how the skipping lights takes place, have more of a weighted value if one set of lights was at a very high density to skip straight to that light no matter what, but to make sure I still keep the flow in all positions appropriate, some form of adjustable delay on the green light depending on the output of the ultrasonic sensor as well.  
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5.4 priority case

priority function can interrupt any other function, when priority case occurs on any direction,
the yellow flash for 1 second on all signals, then green light of the priority direction will be on and
the red light for other direction will be on at the same time. Figure 23 below, shows the priority case

function chart.
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Figure 25: Priorty a signal 4 function chart
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