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[bookmark: _Toc196344216]Introduction
[bookmark: _Toc196344217]This report covers research, design, programming, and testing of a 3-way traffic light system as per the brief.
 Why are traffic light systems important?
With the number of vehicles on the road in current times, there is an increasing need for a safe solution that can control the flow of traffic in a way that reduces congestion. Traffic lights are designed to regulate traffic and enforce right of way, helping to minimise the potential for accidents, allow pedestrians safe crossing, and manage traffic flow on complex road layouts.

[bookmark: _Toc196344218]Project Scope
The scope for this project is to design a 3-way traffic light control system for a T-Junction, including the following features:
· 7 Segment Displays showing a count up/down for the system for a duration of 40 seconds before the system loops
· Each traffic light should run its sequence within a 10-second window, totalling 30 seconds for each of the 3 traffic lights to run their sequence
· The final 10 seconds to allow for pedestrians to cross, with their own red/green lights to signal it is safe to cross
· The system is to be programmed using a PIC 16F or 18F series of microcontrollers and simulated to test the circuit
· The system can optionally be built physically for additional testing and demonstration

Traffic light systems 
[bookmark: _Toc196344219]Background Research
[bookmark: _Toc196344220]Traffic Lights & Operation
Traffic lights are used to control traffic at junctions and some larger roundabouts, and occasionally at roadworks that partially block the road.
[image: traffic lights sequence]
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[bookmark: _Toc196344221]Control Systems
There are two common archetypes of traffic lights: Time-based control and sensor-based control. Whilst both have advantages and disadvantages, the Time-based control system is the type being used for this project as per the brief.
Time-Based Control
Based Control is a simple method for controlling traffic light systems, using a set duration for the traffic light sequences. As well as being predictable and consistent, they typically work well in areas where traffic is also predictable, like T-junctions or crossings.
However, some disadvantages to time-based control can include the fact that they cannot react dynamically to traffic conditions or emergency vehicles, as well as the fixed durations can leave vehicles idling for unnecessary lengths of time in light traffic conditions, causing excess emissions.
Sensor-Based Control
Sensor-based control can use a variety of detection methods to determine traffic conditions and act accordingly. For example, lighter traffic would have shorter wait times, but also effective when heavier amounts of traffic. The system can also reduce emissions due to less time spent idling at the junctions.
However, as a result of the advantages, the system tends to be more expensive, using complex sensors that can require replacement and upkeep. The sensors are also not 100% accurate and can give erroneous results (Further details in the Sensor Types section)


Sensor Types
There are several types of traffic light sensors, each with their applications. A few include:
[bookmark: _Toc196344222]Inductive Loops
These sensors use large coils underneath the road surface that detect changes in their inductance from when a vehicle is above it, which the systems use to sense vehicles waiting at the lights.
Pros –  They are relatively cheap compared to other detection systems, and due to their simplicity, the system is also less susceptible to malfunction as a result.
Cons – The system has no intelligence to it, and could be considered a ‘dumb’ system, meaning it is only capable of detecting and updating the system if a vehicle is there. However, this detection method often does not trigger for motorcycles, even more so sports bikes, that often contain less metal for the coil to be affected by.
Replacing them in the event of failure is also time-consuming, as they would have to be removed from beneath the road, replaced, and have the road relaid.
[bookmark: _Toc196344223]Active IR
Fires a beam of IR (Infrared Radiation) across the road to a sensor on the other side. When the beam is broken, the system uses this to determine if there is a vehicle waiting at the lights.
Pros – This method of detection works for all vehicles (provided they break the beam), as well as working in both light and dark environments
Cons: Physical obstructions of the beam can give false positives to the system. The sensor used is also more complex, as it is more expensive and susceptible to malfunction compared to inductive loop sensors.
[bookmark: _Toc196344224]Passive IR
Passive IR systems detect vehicles via the heat produced by engines to sense them.
Pros – This method of detection is suitable for low light conditions, and can detect all types of vehicles (provided they have an engine to give off heat) as well as lower power consumption compared to active IR, for example.
Cons: Hot and bright days can often heat roads to a point where the sensor interprets the ambient temperature as a vehicle, and as a result, the sensor can give false positives.
[2]
Each sensor type has its own strengths and weaknesses that often differ from other sensors, so it is often recommended that at least two sensor types be used in a single system to have a better operation and to act as a redundancy should a sensor fail.
[bookmark: _Toc196344225]Circuit Diagrams 
Before starting the project, a block diagram was created to break down the tasks into easier aspects, allowing better focus on each of the ‘blocks’, then combining them to create the final project.
[image: A diagram of traffic light
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A diagram was also created to illustrate the rough connection between the different components, which would later be used in the creation of the physical version of the traffic light system (detailed later in the report).
The diagram illustrates how the PIC would be connected in a circuit with the rest of the components.
[image: A drawing of a circuit board
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Below shows the planned timing for each of the lights; along the top is the system second count, which the digital displays will also represent.
[image: ]
Each of the light’s cycles is carried out within 10 seconds, as per the brief, to allow for smooth traffic flow and to ensure no two lights are green simultaneously (except for the pedestrian crossing), to reduce the chance of accidents.




[bookmark: _Toc196344226]Pseudo-Code/Flow Chart
[image: A group of colorful squares with writing on them
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The code is designed to have a function that counts 1 on the displays, whilst also acting as a single-second delay. Each of the light sequences calls the timing function when changing the lights to keep the entire programme coordinated.

[bookmark: _Toc196344227]Component Justification
[bookmark: _Toc196344228]Microcontroller
The microcontroller chosen for the project was the PIC16F877A for the following reasons.
· Sufficient I/O pins for the project, allowing all the different parts of the circuit to be connected directly to the PIC
· Familiarity and documentation; as the PIC16F877A is commonly used for prototyping and development, datasheets and guides are commonplace and easily accessible
· Compatibility; the PIC16F877A is compatible and supported by a wide range of systems, such as CCS C Compiler, and can able to simulated and programmed in Proteus
[image: A diagram of a computer
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[bookmark: _Toc196344229]7-Segment Displays
The 7 Segment Displays chosen for this project were Generic BCD 7 Segment Displays for their ease of use when programming. By sending the value to the Displays, it outputs the same number (i.e., 0x27 would output 27 on the display) 
[bookmark: _Toc196344230]System Code
The system code was programmed in C using Proteus 9 using a PIC16F877A Microcontroller. CCS Compiler was also used in the initial setup of the Proteus file and to allow programming in the source file in Proteus.
[bookmark: _Toc196344231]Initialisation 
Before the main() function is run, global variables, function definitions, and header files are required.
· Lines 1 and 2 are used in file setup and tell the program which header files to read.
· counter[40] is the array that stores the values for the 7-segment display, which can be read directly and sent as a number to the displays as they are BCD (Binary Coded Decimal)
· Lines 9 to 33 are declaring the global functions that are later called in main and help to optimise the code, by not having to write its entirety each time is it required.
· Line 16 sets a global variable ‘q’, which is later used to work in the for loop that cycles through the values in the counter array

[image: ]
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[bookmark: _Toc196344232]Time Sync Function
The purpose of the timesync() function is to facilitate timing and counter value change.
· If the q variable reaches 40, it resets to 0, resulting in the system count looping
· If the q variable has not reached 40, the current count is sent to the 7-segment displays, the q variable increases by 1, and a 1-second delay is used 
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[bookmark: _Toc196344233]Light Set Function 
The light set function acts as a ‘pseudo’ LED initialisation, meaning it sets all the traffic lights to red, along with the pedestrian crossing to red.
[image: ]
[bookmark: _Toc196344234]Light Cycle Functions
These functions carry out the traffic lights sequencing and changes in state, with the use of the Light1 functions. 
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[bookmark: _Toc196344235]Main Function
The main function acts like the core of the code, In this project, it is simply the initialisation for the program, sets the displays to 00, and all of the lights to red. Then, in the true loop, calls each of the 3 traffic light cycle functions in order, followed by the pedestrian crossing function.
[image: A close-up of a computer screen
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Simulation Operation
Once the circuit was built in Proteus, the simulation was run frequently whilst coding to ensure the program was working correctly, as well as breaking up the sections shown in the block diagram.
Below shows a test of getting the BCD displays to output the correct value. After testing, it was found that the pins needed to be connected from right to left to the B port to display the correct values.
[image: A screenshot of a computer
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Below shows the testing of the traffic lights to ensure that they output the correct LEDs high when expected. For simplicity, when simulating, the traffic light component was used as opposed to 3 separate LEDs for each light.
[image: A screenshot of a video game
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The Pedestrian light was also tested. 
[image: A screenshot of a computer
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Below shows the basic simulation circuit diagram, including the 3 traffic lights, BCD displays for the counter, and the pedestrian signal lights. (Note, resistors required for the LEDs and external clock were omitted in simulations for simplicity)
[image: A screenshot of a computer
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[bookmark: _Toc196344236]Testing & Results
Once the program was tested and functional in the Proteus simulation, it was then programmed on the PIC16F877A using a Pickit 3 to load the 
The PIC was then connected as per the circuit on a breadboard, with the addition of resistors to limit the current passing through the LEDs, as well as an external clock that is required for the PIC to function as intended.
Below shows the built system running the program, operating the LEDs whilst keeping the displays updated each second
[image: ]
Below shows the ‘traffic lights,’ (starting top right going anti-clockwise) Light 1, Light 2, Light 3, and Pedestrian Signal
[image: ]
[image: A circuit board with wires
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[bookmark: _Toc196344237]Conclusion & Evaluation
To conclude, the traffic light system was designed to the specifications provided by the brief, The system was designed and tested on simulation before being built and tested physically. Whilst the traffic light system was functional and provided adequate results, there were aspects that could have been improved and would be revised in later iterations.
As for improvements for future iterations of the project,
· Optimisation: The code that performs the traffic light sequence could be further optimised to reduce the number of times functions are called, as well as fewer lines overall, making the code easier to run. The number of functions used could have also been reduced in revised versions, as in the initialisation part of the code, 20 different functions are defined.
· Part Selection; With a larger ‘budget’, exact components could be sourced rather than using already owned parts in a way to fit the design specification, and circuit diagram.
· Circuit Version/PCB Manufacture; The circuit could have been optimised and designed in a way suitable for PCB circuit manufacture, allowing the traffic light system to be built as a module that can connect to a larger system
· Additional System capabilities; The circuit and code could have also included the ability to integrate sensors to detect ‘traffic’ and react accordingly 
· Connectivity: The system could have been designed to integrate with other copies of the module, either wirelessly or potentially wirelessly, to mimic operation on a road layout that requires multiple sets of traffic lights operating simultaneously
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[bookmark: _Toc196344240]Additional Circuit Pictures
[image: A circuit board with wires and a digital timer

AI-generated content may be incorrect.]
[image: ]
[image: ]
[bookmark: _Toc196344241]Code
#include <main.h>
#INT_TIMER2

unsigned int counter[40] = {0x01, 0x02, 0x03, 0x04, 0x05, 0x06, 0x07, 0x08, 0x09, 0x10, // ara
                0x11, 0x12, 0x13, 0x14, 0x15, 0x16, 0x17, 0x18, 0x19, 0x20, 
                0x21, 0x22, 0x23, 0x24, 0x25, 0x26, 0x27, 0x28, 0x29, 0x30, 
                0x31, 0x32, 0x33, 0x34, 0x35, 0x36, 0x37, 0x38, 0x39, 0x40};
//----------------------Define Functions--------------
void timesync(void);
void Light1Cycle(void);
void Light2Cycle(void);             
void Light3Cycle(void);             
void PedCross(void);                
void LightSet(void);
// the following functions could be optimised to not require so many                
void Light1Red(void);              
void Light2Red(void);              
void Light3Red(void);
    
void Light1RedAmber(void);              
void Light2RedAmber(void);
void Light3RedAmber(void);

void Light1Green(void);
void Light2Green(void);
void Light3Green(void); 
    
void Light1Amber(void);
void Light2Amber(void); 
void Light3Amber(void); 

void TimeSync2(void);
void TimeSync5(void);

signed int q = 0 ;  // global variable q for the for loop
            
void main()
{
    q = 0;
    setup_timer_2(T2_DIV_BY_16,250,4);      //1.0 ms overflow, 4.0 ms interrupt (added by setup wizard)
    enable_interrupts(INT_TIMER2);          //(added by setup wizard)
    enable_interrupts(GLOBAL);          //(added by setup wizard)
    output_B(0x00);     //outputs 00 to display before process starts 
    LightSet();     // turns all traffic lights to red before process starts
        delay_ms(1000);     // 1 sec delay 
    while(TRUE) // cycles though each of the traffic light sequences, then pedestrian crossing sequence
    {
      Light1Cycle();    
      Light2Cycle(); 
      Light3Cycle(); 
      PedCross(); 
      }
}//--------------Functions-------------
void timesync()
   { 
      if(q == 40) // if q = 40, reset to 0 (loops the function after reaches 40)
      {
     q = 0;
      }
      if(q != 40)   // if q is yet to reach 40, run the following code
      {
      output_B(counter[q]);         
      q++;      // increase q value by 1 each loop
      delay_ms(1000);   // 1 sec delay
      }
   }
void Light1Cycle()
   {
      Light1RedAmber();
      TimeSync2(); // +2 to count/seconds
      Light1Green();
      TimeSync5(); // +5 to count/seconds
      Light1Amber();
      TimeSync2(); // +2 to count/seconds
      Light1Red();
      timesync();
   } 
   void Light2Cycle()
   {
      Light2RedAmber();
      TimeSync2(); // +2 to count/seconds
      Light2Green();
      TimeSync5(); // +5 to count/seconds
      Light2Amber();
      TimeSync2(); // +2 to count/seconds
      Light2Red();
      timesync();
   }
   void Light3Cycle()
   {
      Light3RedAmber();
      TimeSync2(); // +2 to count/seconds
      Light3Green();
      TimeSync5(); // +5 to count/seconds
      Light3Amber();
      TimeSync2(); // +2 to count/seconds
      Light3Red();
      timesync();
   } 
   void PedCross() //
   {
      timesync();
      output_high(pin_d1);
      output_low(pin_d0);
      TimeSync5(); // +5 to count/seconds
      TimeSync2(); // +2 to count/seconds
      timesync();
      output_high(pin_d0);
      output_low(pin_d1);
      timesync();
   }
   void LightSet()  //sets all traffic lights & pedestrian crossing to red
   {
      Light1Red(); //light 1 red
      Light2Red(); //light 2 red  
      Light3Red(); //light 3 red
      output_high(pin_d0);  //pedestrian light red
   }//-------- Functions detail which light is set to what state (ie - Light2RedAmber is light 2, in the red and amber state)
   void Light1Red() 
   {
      output_high(pin_a0);  
      output_low(pin_a1);               
      output_low(pin_a2);
   }
   void Light2Red()
   {
      output_high(pin_e0);
      output_low(pin_e1);               
      output_low(pin_e2);
   }
   void Light3Red()
   {
      output_high(pin_c0);
      output_low(pin_c1);               
      output_low(pin_c2);
   }   
   void Light1RedAmber()
   {
      output_high(pin_a0);
      output_high(pin_a1);
      output_low(pin_a2);      
   }
   void Light2RedAmber()
   {
      output_high(pin_e0);
      output_high(pin_e1);
      output_low(pin_e2);
   }
   void Light3RedAmber()
   {
      output_high(pin_c0);
      output_high(pin_c1);
      output_low(pin_c2);      
   }
   void Light1Green()
   {
      output_low(pin_a0);
      output_low(pin_a1);
      output_high(pin_a2);      
   }
   void Light2Green()
   {
      output_low(pin_e0);
      output_low(pin_e1);
      output_high(pin_e2);    
   }
   void Light3Green()
   {
      output_low(pin_c0);
      output_low(pin_c1);
      output_high(pin_c2);     
   }
   void Light1Amber()
   {
      output_low(pin_a0);
      output_high(pin_a1);
      output_low(pin_a2);
   }
   void Light2Amber()
   {
      output_low(pin_e0);
      output_high(pin_e1);
      output_low(pin_e2);
   }
   void Light3Amber()
   {
      output_low(pin_c0);
      output_high(pin_c1);
      output_low(pin_c2);
   }   //------------Delay Functions-----------
   void TimeSync5() // runs the timesync funct 5 times
   {
      timesync();
      timesync();
      timesync();
      timesync();
      timesync();
   }
   void TimeSync2() // runs the timesync funct 2 times
   {
      timesync();
      timesync();
   }
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