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[bookmark: _Toc196465537]Introduction
The given task was to design, simulate, and prototype a traffic light control system for a T-junction. It was specified to have 3 separate traffic lights, on a 10 second cycle, each with a counter, counting 40 seconds. There was also to be a 10 second period for pedestrian crossing, where all traffic lights were red, and a green light was activated for pedestrians. This project was to be designed and simulated on Proteus, and then some real life testing was done on breadboards. 
[bookmark: _Toc196465538]Background research
[bookmark: _Toc196465539]Traffic light types
There are two main types of traffic lights to consider, a fixed period, and a vehicle triggered system. The fixed period system changes its signals in accordance with pre-set timings [1] [2], and do not take into account traffic or pedestrian flow. The other type, vehicle triggered, detects the presence of vehicles by using sensors, or pedestrians by using buttons they can press to request crossing time. The presence of a vehicle (or pedestrian) will change which lights are set to green, and allow or deny traffic flow accordingly [1].
These vehicle triggered systems make use of multiple different types of sensors to detect vehicles, for example, inductive loops, microwave sensors, and video sensors [3]. These would then all feed back into a local control unit that would process these signals and control the traffic lights accordingly. Bigger intersections would then also use a master controller to coordinate all the other local controllers and feed back data to a traffic control centre [3], which can then optimise and adjust signals. 
As the assignment specified that each light should be on for 10 seconds, it would be classed as a fixed period system.
[bookmark: _Toc196465540]Circuit specific research
The first key thing to find was the sequence and timing of the traffic light systems to work out which light should be activated at which point. It was concluded that the sequencing should be as follows: red, red/amber, green, amber, red [4]. This can be visualised in the diagram below.
[image: ]
Figure 1: traffic light sequence
The next thing to consider was the main microcontroller to be used. It had been specified that only a PIC16F/18F could be used, and a PIC16F877A was chosen due to it having just enough output ports, familiarity , and its physical availability for physical protoyping. It has a higher amount of flash memory, as well as a larger amount of I/O ports when compared to other PICS in the series, while not being too larger to feasibly fit onto breadboards for later testing. Its I/O pins can also source 25mA [5] which is more than enough for low power LEDS, however could also be used to power a transistor drive circuit if higher power devices needed to be used. The PIC data sheet also shows that it does not have an internal clock, so one will need to be provided, however the data sheet does show the circuit for this, which will be used later when doing bread board prototypes
[bookmark: _Toc196465541]Circuit design and software used
To design this circuit in proteus, it can first be divided into subsections, the 3 sets of traffic lights,  the counters, and the pedestrian signals.
The traffic lights consist of 3 separate LEDs each, a red, amber, and green one. The I/O pins on the pic are set at source pins, so each anode of each led is connected to a separate pin on the PIC, and the cathodes are tied to ground. In Proteus there is a traffic light module which was used, this has 3 pins for each led anode, and an internal cathode point tied to the ground net. The traffic light control was split over both the A port and the E port.
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Figure 2: Traffic light
The counter segment utilises 2 binary coded decimal displays. The first display is for the 10’s digits, while the second displays 1’s. The binary coded decimal display was chosen as it uses less ports on the PIC, and allows a binary number to be output on the set port. This means there is no need to code a binary/hex conversion or to determine which hex value needs to be sent to the port to light up each segment of the led, this saves a considerable amount of time and processing. As there are 3 sets of seven segment displays, all displaying the same counter value, they can all be tied to the same pins. Port B was chosen for this, as there are 8 pins in that port, and 8 input pins (4 pins x 2 devices ) on the display segments, allowing 8 bits (255 decimal) to be outputted on that port.  
[image: ]
Figure 3: counter segment
The last section was the pedestrian light system. This was a simple system that only requires one red led, and one green one. With each anode tied to a PIC pin, and both cathodes tied to ground. The anodes were connected to two pins on the D port.
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Figure 4: pedestrian lights
When simulating/building the design on Proteus, most components were connected to the PIC using ports, to eliminate confusing routing of tracks, as can be seen below.
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Figure 5: whole circuit
This circuit will only work in simulation, and some changes will need to be made to simulate it on breadboard. Mainly an xc clock will need to be used, this consists of a crystal, cut to work at 20Mhz, and two capacitors, specified in the data sheet to be between 15-33pF [5]. 

[bookmark: _Toc196465542]Code segments
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Before starting to code, a flowchart was made, this gives a rough sequence of operations, and makes it easier to write and structure the code.
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Figure 6: Flowchart

[bookmark: _Toc196465544]Traffic lights
The traffic light segment is inside of the main for loop, and is activated by an incrementing variable (i) which is incremented every 1 second, there are multiple if statements that check if I has iterated enough times to correspond to each light being on for 10 seconds. It mainly uses output_high/low to control each pin that the LEDs for the traffic lights are connected to, it also utilises the delay functions to control the rate at which the traffic lights change, and after 1 second it calls the display function to update the 7 segment displays. The code can be seen in appendix section 1.

[bookmark: _Toc196465545]Counter
The counter section is named “display” and controls the output of the 7 segment displays. It is called every 1 second, to allow it to update and provide a 1 second counter. It works by iterating a variable x, once per second, and then sending that value to portb, this allows the binary value of x to be sent to the port, and to the bcd 7 segment displays. However, to avoid having hex a-f values, 6 is added to x whenever its decimal value ends in 9. This is shown in the if statement, where if x= 4 different values, then 6 is added to this. It is worth noting that the task needed a 40 second counter, and while this display only goes to 39, that is because once it goes from 39-0, 40 seconds has passed, so 39 on the counter shows that 39 seconds have passed, and when it resets to 0, 40 seconds has passed. This code can be seen in appendix section 2.

[bookmark: _Toc196465546]Pedestrian lights
The pedestrian lights are controlled via 2 very simple functions, where one turns the red light on, and the other turns the green light on, there are two separate functions, so that they can be called when appropriate. They only consist of output_low/high commands and can be seen in appendix section 3.
The whole code can be seen in appendix section 4.
[bookmark: _Toc196465547]Simulation and screenshots
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Figure 7: simulation at 1 second
This screen shot shows the first traffic light starting its sequence for going green, and shows the other lights being red, as well as the pedestrian light being red.

[image: ]
Figure 8: Circuit at 9 seconds
This image shows the circuit after 9 seconds of run time, and shows the first traffic light going amber, before it goes red and traffic light 2 turns on.
[image: ]
Figure 9: circuit after 10 seconds
This image shows the circuit after 10 seconds when traffic light 2 is starting to turn on.
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Figure 10: circuit after 11 seconds
This image shows the circuit after 11 seconds, and shows traffic light number 2 being green.
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Figure 11: shows the circuit after 32 seconds
This image shows the circuit after 32 seconds, and shows that the green pedestrian light is on, while all the other lights are red, allowing pedestrians to safely cross.
[bookmark: _Toc196465548]Breadboard prototype
[bookmark: _Toc196465549]Circuit
To build this circuit in real life, a couple changes needed to be made, mainly using a power supply to power the circuit, and also adding an external clock, this involves having a crystal cut to the right frequency, in parallel between pin 13 and 14 (CLKIN, CLKOUT) with a capacitor in series with each, going to ground. This creates a square wave oscillatory effect that the PIC can use as its clock. For this, a 20Mhz crystal, and 2 22pF capacitors were used. The rest of the circuit was mostly the same, with red, amber and green LEDs being the traffic lights, and 7 segment displays being the counter
[bookmark: _Toc196465550]Uploading code
To upload the code to the PIC, a PICKIT3 programmer was used, this consists of 6 pins, 5 of which were connected to the pic, and one left unused in this case. The pic connections are as follows [6] [5]:
Programmer Pin 1 – VPP/MCLR (pic pin1)
Programmer Pin 2 – VDD (pic pin 11/32)
Programmer pin 3 – VSS(ground, pic pin 12/31)
Programmer Pin 4 – PGD(pic pin 40)
Programmer Pin 5 – PGC(pic pin 39)
The PICKIT3 programs the PIC using two I/O pins, pin 40 (PGD), and pin 39 (PGC). The PIC must also have an external clock, which can be seen in a proteus schematic below, but is made from two 22pF capacitors, and a 20Mhz crystal. The circuit diagram and component values can be determined using the data sheet [5]. The PIC does not need an external PSU for programming, as power can be supplied via the PC usb connecter, then via the PICKIT3 programmer. However, it will need a PSU later, as the full circuit will draw more current than the usb programmer can supply.
[image: ]
Figure 12: Clock circuit for PIC
Once the PICKIT3 is connected to the PIC, the hex file was uploaded to MPLAB IDE, and uploaded onto the PIC. However, when trying to do this, some issues were encountered, the newest version of MPLAB could not detect the PICKIT3, and through some reading of documentation it was found that an older version needed to be used, version 6.05.
As well as a clock, the LED’s also needed to have a resistor in series with then, to limit the current they draw from the PIC. The PIC i/o pins can output 25mA, so it can be no more than that, from V=IR, R=V/I, 5V/25mA = 200, a 200 ohm resistor can be used for this, however, 220ohm resistors were chosen, so that the LED’s would draw (I=V/R, 5V/220=22.72mA) so the I/O pins would not be passing their max current, prolonging the devices life. 220 ohms was chosen, as it is the next value in the E24 resistor series, this is the most common resistor series, and that means these values are the most commonly available. 
The same is true for the 7 segment displays, however, a 220ohm DIL resistor pack was used , this is just a group of resistors in a dual in line package, so they are easier/neater to use than individual resistors.
[bookmark: _Toc196465551]Results
The following images show the breadboard prototype circuit, however just one counter was used due to availability/cost, and as they all run off the same I/O pins, only one was needed for proof of concept. 
[image: ]
Figure 13: Physical circuit
The image above shows the power supply used, set at 5v, with a current limit value of 250mA, however, it is only drawing 145mA at that moment.
[image: ]
Figure 14: counter at 32 seconds
The image above shows the counter at 32 seconds, with all traffic lights red, and the pedestrian LED showing green.
[image: ]
Figure 15: 17 seconds
This image shows the counter at 17 seconds, with the 2nd traffic light going amber. The blue circle shows the amber led, as it is hard to see when surrounded by bright red LED’s.[image: ]
Figure 16: Green traffic light
This image shows the counter at 13 seconds, with the 2nd traffic light on green, and the rest on red, including the pedestrian light.
[bookmark: _Toc196465552]Conclusion, recommendations, and evaluation
In conclusion, the code produced has created a traffic light system that met the specifications of the assignment and has produced a fixed period traffic light system. It has then been recreated as a prototype on a breadboard system, and this further shows that the concept works. For further prototyping, a PCB should be designed, so that the circuit can be removed from the breadboard, and neatly soldered onto the PCB. However, to turn this into a useable traffic light system, the core concept can be kept the same, but some hardware alterations would need to be done, mainly concerning the LED’s, as these would have to be replaced with high power traffic lights, this would also require some type of external power supply, and a drive circuit from the PIC. This could be done using a transistor/mosfet, and a separate, higher current DC source, using the PIC to control the transistor, which would then be able to switch higher currents from the separate DC source to the higher power traffic lights. It would also be advisable to switch this to an adaptive traffic light system, that uses sensors to detect vehicles and has pedestrian crossing buttons, this would optimise the system, and allow for smoother traffic flow by adapting to the amount of traffic at any given time. 
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[bookmark: _Toc196465555]1-Traffic lights code
   while(true)          // main while loop
   {

    for(int i=0; i<39;)     // for loop that gives 40 seconds of functionality with i being second counter
    {

       
      if (i==0){        // when i==0, at the start of the loop
      display();        // update 7 segment display
      
      waiting();        // make pedestrian leds red
      output_high(t1r);     // set traffic lights to correct colours
      output_high(t1a);
      output_high(t2r);
      output_high(t3r);
      delay_ms(1000);       // wait 1s
      i++;          // increment i by 1
      display();        // update counter
      delay_ms(1000);       // wait 1s
      output_low(t1a);      // change traffic lights 
      output_low(t1r);
      output_high(t1g);
      display();        // update 7 segment
     
     
      }
      
       
      if(i==7){         // after 7 seconds, start turning off traffic light 1
     
     output_low(t1g);   // make it amber
     output_high(t1a);
     delay_ms(1000);    // wait 1s
     i++;           // i +1
     display();     // update counter
     delay_ms(1000);    // wait 1s
     i++;           // i+1
     display();     // update counter
     
     output_low(t1a);   // make traffic light 1 red, start turning on light 2
     output_high(t1r);
     output_high(t2a);
     
     delay_ms(1000);    // wait 1s
     i++;           // i+1
     display();         // update 7 segment counter
     
     output_low(t2a);   //make light 2 green
     output_low(t2r);
     output_high(t2g);

     
    
       }            // end if
      if(i==17){        // after 10 seconds 
     
     output_low(t2g);   // start tunring off light 2
     output_high(t2a);
     delay_ms(1000);    // wait 1s
     i++;           // I+1
     display();     // update display
     delay_ms(1000);    // wait 1s
     i++;           // i+1
     display();     // update 7 seg display
     
     output_low(t2a);   // turn off light 2 and start turning on light 3
     output_high(t2r);
     output_high(t3r);
     output_high(t3a);
     
     delay_ms(1000);    // wait 1s
     i++;           // i+1
     display();         // update 7 segment 
     
     output_low(t3a);   // make light 3 green
     output_low(t3r);
     output_high(t3g);
     }          // end if
     
       if(i==27){       // after 10 more seconds start making light 3 red and enable pedestrian crossing
     output_low(t3g);   // start turning off light 3
     output_high(t3a);
     delay_ms(1000);    // wait 1s
     i++;           // i+1
     display();     // update display
     delay_ms(1000);    // wait 1s
     i++;           // i+1
     display();     //update counter
     delay_ms(1000);    // wait 1s
     output_high(t3r);  // make light 3 red
     output_low(t3a);   // turn off amber
     display();     // update counter display   
     i++;           // i+1
     
     crossing();        // go to crossing funciton
     
     
     }          // end if
       else{            // else 
    
      delay_ms(1000);   // wait 1s
      display();        // update counter     
      i++;          // i+1
      
       }            // close else
    }               // close for   
}               // close while
}               // close main


[bookmark: _Toc196465556]2-Counter code
void display()          // start of counter display function, called every second
{
       if (x==59) x = 0;    // 59 allows the hex a-f to be skipped
    
       output_b(x);     // output binary value of i onto output_b
       
       if (x==9 || x==25 || x==41) x=x+6;   //skip hex a to f displaying on 7 segments
       
       x++;                 // iterate x by 1
     
   
}               // close display function

[bookmark: _Toc196465557]3-Pedestrian lights code
void waiting()          // start the pedestrian waiting function
{
   output_low(P_GREEN);     // turn green off
   output_high(P_RED);      // turn red on
}               // end
   
void crossing()         // start crossing fucntion
   {
   output_high(P_GREEN);    // turn green on
   output_low(P_RED);       // turn red off
   }    

[bookmark: _Toc196465558]4-Full code
#include <16F877A.h>
#use delay(clock=20000000)      // 20MHz clock


#define P_RED PIN_D0        // define pins for traffic lights and pedestrian lights
#define P_GREEN PIN_D1
#define t1r PIN_A0
#define t1a PIN_A1
#define t1g PIN_A2
#define t2r PIN_A3
#define t2a PIN_c0
#define t2g PIN_A5
#define t3r PIN_E0
#define t3a PIN_E1
#define t3g PIN_E2


void display(void);     // counter segment function 
void crossing(void);        // pedestrian crossing function
void waiting(void);     // pedestrian waiting fucntion
unsigned int x=0;


void main(){            // main fucntion

   output_low(t1a);     // set all traffic lights to be off at start
   output_low(t1r);
   output_low(t1g);
   output_low(t2r);
   output_low(t2a);
   output_low(t2g);
   output_low(t3r);
   output_low(t3a);
   output_low(t3g);

   while(true)          // main while loop
   {

    for(int i=0; i<39;)     // for loop that gives 40 seconds of functionality with i being second counter
    {

       
      if (i==0){        // when i==0, at the start of the loop
      display();        // update 7 segment display
      
      waiting();        // make pedestrian leds red
      output_high(t1r);     // set traffic lights to correct colours
      output_high(t1a);
      output_high(t2r);
      output_high(t3r);
      delay_ms(1000);       // wait 1s
      i++;          // increment i by 1
      display();        // update counter
      delay_ms(1000);       // wait 1s
      output_low(t1a);      // change traffic lights 
      output_low(t1r);
      output_high(t1g);
      display();        // update 7 segment
     
     
      }
      
       
      if(i==7){         // after 7 seconds, start turning off traffic light 1
     
     output_low(t1g);   // make it amber
     output_high(t1a);
     delay_ms(1000);    // wait 1s
     i++;           // i +1
     display();     // update counter
     delay_ms(1000);    // wait 1s
     i++;           // i+1
     display();     // update counter
     
     output_low(t1a);   // make traffic light 1 red, start turning on light 2
     output_high(t1r);
     output_high(t2a);
     
     delay_ms(1000);    // wait 1s
     i++;           // i+1
     display();         // update 7 segment counter
     
     output_low(t2a);   //make light 2 green
     output_low(t2r);
     output_high(t2g);

     
    
       }            // end if
      if(i==17){        // after 10 seconds 
     
     output_low(t2g);   // start tunring off light 2
     output_high(t2a);
     delay_ms(1000);    // wait 1s
     i++;           // I+1
     display();     // update display
     delay_ms(1000);    // wait 1s
     i++;           // i+1
     display();     // update 7 seg display
     
     output_low(t2a);   // turn off light 2 and start turning on light 3
     output_high(t2r);
     output_high(t3r);
     output_high(t3a);
     
     delay_ms(1000);    // wait 1s
     i++;           // i+1
     display();         // update 7 segment 
     
     output_low(t3a);   // make light 3 green
     output_low(t3r);
     output_high(t3g);
     }          // end if
     
       if(i==27){       // after 10 more seconds start making light 3 red and enable pedestrian crossing
     output_low(t3g);   // start turning off light 3
     output_high(t3a);
     delay_ms(1000);    // wait 1s
     i++;           // i+1
     display();     // update display
     delay_ms(1000);    // wait 1s
     i++;           // i+1
     display();     //update counter
     delay_ms(1000);    // wait 1s
     output_high(t3r);  // make light 3 red
     output_low(t3a);   // turn off amber
     display();     // update counter display   
     i++;           // i+1
     
     crossing();        // go to crossing funciton
     
     
     }          // end if
       else{            // else 
    
      delay_ms(1000);   // wait 1s
      display();        // update counter     
      i++;          // i+1
      
       }            // close else
    }               // close for   
}               // close while
}               // close main

void display()          // start of counter display function, called every second
{
       if (x==59) x = 0;    // 59 allows the hex a-f to be skipped
    
       output_b(x);     // output binary value of i onto output_b
       
       if (x==9 || x==25 || x==41) x=x+6;   //skip hex a to f displaying on 7 segments
       
       x++;                 // iterate x by 1
     
   
}               // close display function
void waiting()          // start the pedestrian waiting function
{
   output_low(P_GREEN);     // turn green off
   output_high(P_RED);      // turn red on
}               // end
   
void crossing()         // start crossing fucntion
   {
   output_high(P_GREEN);    // turn green on
   output_low(P_RED);       // turn red off
   }    
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