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1. Introduction
This report discusses the fundamentals of traffic light control systems. It looks in depth at fixed-time traffic lights used at T-junctions. A simulated system was developed in Proteus, using a PIC16F877A and built-in traffic light modules within Proteus. 7-segment displays are used to indicate the timing cycles for the traffic lights and the pedestrian crossing. This report also looks at a rough breadboard prototype, constructed from the schematic.


2. [bookmark: _Toc196478371]Background Research

2.1. [bookmark: _Toc196478372]T-Junctions
The typical layout for a signal-controlled T-junction is shown below in Figure 1, this was used for developing the phasing diagrams and layout.
[image: A diagram of a road

AI-generated content may be incorrect.] [1]
[bookmark: _Toc196478413]Figure 1: Example of a small signal-controlled T-junction

As it has been specified to reserve 10 seconds exclusively for the pedestrian crossing period, the placement of the pedestrian crossing is flexible, as the timings will not depend on road width [2]. 

2.2. [bookmark: _Toc196478373]Traffic light Systems
Traffic light control systems are essential to prevent collisions, improve traffic flow, and ensure pedestrian safety [3]. The three most common types of traffic light controllers in the UK are:
· Fixed Time
· Actuated
· Adaptive [4]
Fixed time systems are effective, simple and low-cost. Although because the changing lights follow a fixed schedule, they cannot adapt to live situations, which can be inefficient [5]. Actuated systems involve sensors to detect cars/pedestrians to adjust signal timings; they are more complex and expensive, as they require more components, however, can improve efficiency and reduce traffic [6]. Adaptive signal systems use AI to analyze traffic data and alter the timings accordingly [4].

2.3. [bookmark: _Toc196478374]Pedestrian crossings
There are several types of pedestrian crossings, however as specified in the brief, it will be designed as a fixed-time, signal controlled crossing. The timings of a pedestrian crossing vary depending on: 
· Speed limit 
· Distance to cross the road or junction
· Visibility 
· Proximity to schools 
· Type of crossing e.g. Pelican, Toucan, Puffin etc. [2]


2.4. [bookmark: _Toc196478375]Design Impact
A phasing diagram was created and is shown in Figure 2, which helps to determine how many phases are required and which lights need to be on/off [7]. 
[image: A diagram of a diagram

AI-generated content may be incorrect.]
[bookmark: _Toc196478414]Figure 2: T-junction signal phasing diagram

The timings were determined using the Traffic Signs Manual [8] and the brief.
Specifications from brief:
· Three separate traffic lights
· Cycle length of 40 seconds
· Traffic signals separated by 10 seconds
· Final 10 seconds reserved for pedestrians

The  color sequence shown in Figure 3 was used. 
[image: A group of traffic lights

AI-generated content may be incorrect.] [9]
[bookmark: _Toc196478415]Figure 3: Color change sequence for traffic lights in the UK

The Traffic Signs Manual specifies a minimum green time of 7 seconds, however, can be as low as 5 seconds in certain situations [8]. 
The intergreen period is a minimum of “5 seconds, made up of 3s stopping amber and 2s starting red/amber” [8].
Figure 4 below provides guidance for the pedestrian crossing timings from the Traffic Signs Manual.
[image: A table with text and numbers

AI-generated content may be incorrect.] [8]
[bookmark: _Toc196478416]Figure 4: Table of crossing signal timings

The final timing cycle is shown below in Figure 5, determined from the information above. 
[image: ]
[bookmark: _Toc196478417]Figure 5: T-junction signal timing diagram






3. Circuit Design

3.1. [bookmark: _Toc196478377]Overview
The simulation was created in Proteus and is shown below in Figure 6. 
[image: ]
[bookmark: _Toc196478418]Figure 6: Proteus simulation schematic for the T-junction traffic light system


3.2. [bookmark: _Toc196478378]PIC choice
For this circuit the PIC16F77A will be used. This is shown in Figure 7 below.
[image: ]
[bookmark: _Toc196478419]Figure 7: PIC16F877A

The PIC choice was based off PIC’s datasheet, which had a total of 33 input/output pins: enough for 2 seven-segment displays, and 11 separate LEDs [10]. 
The PIC has sufficient EEPROM to store code, is easily programmed and low-cost, making it ideal for prototyping [11]. 


3.3. [bookmark: _Toc196478379]7-segment display
The seven-segment displays are common-cathode, with one pin connecting all segments to ground, shown below in Figure 8.
[image: ]
[bookmark: _Toc196478420]Figure 8: Two common-cathode 7-segment displays

Each segment is driven directly by a pin on the PIC, with a resistor in series for current limiting.  Six seven-segments are featured in total, with one set at each “arm” of the intersection. The ‘ones’ digit is controlled by port B, while the ‘tens’ digit is controlled by port D.
 

3.4. [bookmark: _Toc196478380]Traffic light modules
Proteus’ traffic light module was used, These are active-high and will be used to better visualize the traffic lights, as shown in Figure 9.
[image: ]
[bookmark: _Toc196478421]Figure 9: Proteus' traffic light module

This  will improve efficiency and simplicity as fewer components  are needed (1 module compared to 3 LEDs with resistors) [12]. Each LED is connected directly to an output pin on the PIC.


3.5. [bookmark: _Toc196478381]Pedestrian Lights
The pedestrian lights are represented by a red and green LED. Their connections are shown in Figure 10.
[image: ]
[bookmark: _Toc196478422]Figure 10: Circuit for pedestrian crossing lights

They are both connected to pins on port A, through a 220-ohm resistor for current limiting, and will turn on when the output of the pin on the port is high.














4. Code

4.1. [bookmark: _Toc196478383]Flowchart
A flowchart was created to structure the program before any development, this is shown in Figure 11. The display update continuously, simultaneously to the traffic lights changing.
[image: A diagram of a flowchart

AI-generated content may be incorrect.]
[bookmark: _Toc196478423]Figure 11: Flow chart of traffic light sequencing code

4.2. [bookmark: _Toc196478384]Set-up
The variables and subroutines were initiated and values set if needed. The set-up also specifies fuses, clock, and header file for the PIC. This is shown in Figure 12.
[image: ]
[bookmark: _Toc196478424]Figure 12: Initial code to set up variables and subroutines

The subroutine ‘second()’ is shown below in Figure 13. This is called in all other functions of the program, and the timing can be altered throughout the whole program from one line. This made debugging, development and testing easier.
[image: ]
[bookmark: _Toc196478425]Figure 13: Subroutine to wait for 1 second


4.3. [bookmark: _Toc196478385]Count module
The counter() subroutine controls the output to the two seven segment displays. It increments a count variable, then splits this number into two digits. Using an array of hex values, corresponding to each number, to output each digit to either port B or D respectively. This is shown below in Figure 14.
[image: ]
[bookmark: _Toc196478426]Figure 14: Counter subroutine to update seven-segment displays


4.4. [bookmark: _Toc196478386]Traffic light control
The control of the traffic lights was split into two functions, as only two modules could fit on a single output port of the PIC. The functions shown below in Figures 15 and 16 cycle through an array of hex values to output the corresponding colors, then waits a set duration before changing.

[image: ]
[bookmark: _Toc196478427]Figure 15: Subroutine to cycle through two sets of traffic lights
[image: ]
[bookmark: _Toc196478428]Figure 16: Subroutine to cycle through the final traffic light

4.5. [bookmark: _Toc196478387]Pedestrian crossing
When the crossing phase begins, all lights are red for 2 seconds before allowing pedestrians to cross to ensure the junction is clear. It is then turned off, illustrated in Figure 17 below.
[image: ]
[bookmark: _Toc196478429]Figure 17: Code to control the pedestrian lights


4.6. [bookmark: _Toc196478388]Main function
The main function encompasses all other subroutines. It sets ports to be outputs and sets the initial status of the traffic lights and displays. It then cycles through each phase and repeats the process forever. The main function is shown in Figure 18; the full code can be found in Appendix A.
[image: ]
[bookmark: _Toc196478430]Figure 18: Main function of the traffic light program








4.7. [bookmark: _Toc196478389]Simulation results
The simulation was run, and test results are shown in Figure 19. The circuit was observed for the full 40 second cycle and successfully followed the planned timing diagram.

	Test no.
	Display expected
	Lights expected
	Outcome
	Passed?

	1
	00
	lll
lll
lll

ll
	[image: ]
	· 

	2
	06
	lll
lll
lll

ll
	[image: ]
	· 

	3
	18
	lll
lll
lll

ll
	[image: ]
	· 

	4
	31
	lll
lll
lll

ll
	[image: ]
	· 

	5
	33
	lll
lll
lll

ll
	[image: ]
	· 


[bookmark: _Toc196478431]Figure 19: Table of simulation results and tests










5. Prototyping

5.1. [bookmark: _Toc196478391]Components
The following components were ordered to prototype the system:
· PIC16F877A
· 2x resistor arrays of 220 ohms
· 2x 7-segment displays
· 4x red LEDs
· 3x yellow LEDs
· 4x green LEDs
· 20MHz crystal oscillator
· 2x 22pF capacitors
· 11x 220 ohm resistors
Other equipment used: 
· 3 breadboards
· PICkit 3
· Jumper wires
· Solid core wires 
The values and placements of the capacitors were determined using the table in the PIC18F877A datasheet, when describing the setup for external oscillator inputs [10]. Only one set of displays was used to reduce costs.


5.2. [bookmark: _Toc196478392]PIC
The code from the simulation was compiled and uploaded to the PIC using a PICkit 3 debugger and the MPLAB X IDE. This used the connection guide on PICkit 3, shown in Figure 20
[image: A diagram of a pin

AI-generated content may be incorrect.] [13]
[bookmark: _Toc196478432]Figure 20: Pin-out diagram of the PICkit 3

5.3. [bookmark: _Toc196478393]Build
The circuit was made and connected to a 5V DC power supply, shown below in Figures 21-24. To easily visualize and organize components, separate breadboards were used for the PIC, displays, and LEDs. 
[image: ]
[bookmark: _Toc196478433]Figure 21: Breadboard set-up with power supply connected
[image: ]
[bookmark: _Toc196478434]Figure 22: LED set-up on breadboard for traffic lights
[image: ]
[bookmark: _Toc196478435]Figure 23: Seven segment display and resistor array set up on breadboard
[image: ]
[bookmark: _Toc196478436]Figure 24: PIC set up on breadboard


5.4. [bookmark: _Toc196478394]Breadboard results
The circuit was tested and measured for the full 40 second cycle, the following snapshots were taken and recorded in Figure 25 below, indicating that the circuit works as desired.
	Test no.
	Display expected
	Lights expected
	Outcome
	Passed?

	1
	00
	lll
lll
lll

ll
	[image: ]
	· 

	2
	06
	lll
lll
lll

ll
	[image: ]
	· 

	3
	18
	lll
lll
lll

ll
	[image: ]
	· 

	4
	33
	lll
lll
lll

ll
	[image: ]
	· 


[bookmark: _Toc196478437]Figure 25: Table of results for the breadboard circuit tests


6. Pedestrian Crossing

6.1. [bookmark: _Toc196478396]Button
To increase efficiency of the system, a button for the pedestrian crossing was introduced. This prevents the pedestrian crossing phase from running if there are no pedestrians pressing the button. This is shown in the updated schematic in Figure 26, featuring an indicator LED, and a button which will pull an input pin high when pressed.
[image: A computer screen shot of a circuit board

AI-generated content may be incorrect.]
[bookmark: _Toc196478438]Figure 26: Proteus simulation schematic including pedestrian button


6.2. [bookmark: _Toc196478397]Code
Many functions of the code remained the same, however with an additional variable of ‘pedestrian_flag’, indicating if the button has been pressed, which is reset when the cycle is completed. This is shown in Figures 27 and 28; the full code can be found in Appendix B.
[image: ]
[bookmark: _Toc196478439]Figure 27: Defining a new variable 'pedestrian_flag'
[image: A white background with black and white clouds

AI-generated content may be incorrect.]
[bookmark: _Toc196478440]Figure 28: Subroutine to control the pedestrian lights depending on the button status

The status of the input pin was checked every millisecond, as the ‘press’ time of the button varies. This is then repeated 1000 times to make up a full second when the function is called. 
[image: A screen shot of a computer code

AI-generated content may be incorrect.]
[bookmark: _Toc196478441]Figure 29: Code to check the status of the button

Withing the counter() function, the time will reset to 0 if it reaches 30 seconds and the button hasn’t been pressed.
[image: ]
[bookmark: _Toc196478442]Figure 30: Code to restart depending on if the button has been pressed





6.3. [bookmark: _Toc196478398]Results
The tests in Figure 31 was performed on the simulation, and the button passed them all.
	Test no.
	Description
	Lights expected
	Expected outcome
	Outcome 
	Passed?

	1
	Button not pressed, time < 30 seconds
	ll
l

	Indicator light not illuminated

Pedestrian crossing red
	[image: ]
	· 

	2
	Button pressed, time < 30 seconds
	ll
l

	Indicator light is illuminated

Pedestrian crossing red
	[image: ]
	· 

	3
	Button not pressed, time > 30 seconds
	ll
l

	Indicator light not illuminated

Pedestrian crossing red (reset to 00 seconds)
	[image: ]
	· 

	4
	Button pressed, time > 30 seconds
	ll
l

	Indicator light illuminated

Pedestrian crossing green
	[image: ]
	· 


[bookmark: _Toc196478443]Figure 31: Table of results testing the pedestrian crossing button



















7. Advanced Prototyping 

7.1. [bookmark: _Toc196478400]Schematic
To improve the prototype, a PCB was created using Altium Designer.
Custom footprints and schematic symbols were made for components, including the PIC, seven-segment display, and crystal. The symbol and footprint of the PIC is shown below in Figures 32 and 33, the dimensions determined by its’ datasheet [10].
[image: A computer screen with a yellow square

AI-generated content may be incorrect.]
[bookmark: _Toc196478444]Figure 32: Schematic symbol created for the PIC
[image: A screen shot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc196478445]Figure 33: PCB footprint created for the PIC

The circuit uses common anode 7-segment displays used due to availability. The oscillator circuit is also included, and a USB-C connector was implemented to provide 5V power [14], with the data pins left unconnected. The schematic can be seen in Figure 34.
[image: A diagram of a circuit board

AI-generated content may be incorrect.]
[bookmark: _Toc196478446]Figure 34: Full schematic created on Altium Designer
7.2. [bookmark: _Toc196478401]PCB layout
The PCB was laid out as shown below in Figure 35.
[image: A computer screen with a blue circuit board

AI-generated content may be incorrect.]
[bookmark: _Toc196478447]Figure 35: PCB component layout and routing

The board is two layers, containing vias and plated through-holes. 0603 surface-mount resistors  were used to reduce the size, more easily solder, and better organize the board. 
The crystal oscillator and capacitors  were placed as close to the pins of the PIC as possible to ensure frequency accuracy and stability [15] [16]
A power plane was created on the top layer, and ground on the bottom layer. Allowing easier connections, better distribution of power and heat, mechanical stability, and improved signal paths [17].

Assembly drawings and fabrication documents can be found in appendices C and D respectively.
The final PCB is shown in Figures 36 and 37.
[image: ]
[bookmark: _Toc196478448]Figure 36: PCB produced - top side
[image: ]
[bookmark: _Toc196478449]Figure 37: PCB produced - bottom side


7.3. [bookmark: _Toc196478402]Build
The components were soldered to the PCB, shown below in Figure 38.
[image: ]
[bookmark: _Toc196478450]Figure 38: PCB full soldered

Unfortunately, due to ordering issues, the USB-C connector did not arrive in time to complete the board so two wires and a capacitor were soldered to the back of the chip holder, to connect the VCC and VDD pins directly. Components were soldered by hand, some shown in Figures 39 and 40.

[image: ]
[bookmark: _Toc196478451]Figure 39: Soldered joints for the seven segment displays and LEDs on the PCB
[image: ]
[bookmark: _Toc196478452]Figure 40: Soldered capacitor and power/ground wires on the back of the PCB




7.4. [bookmark: _Toc196478403]Results
The PIC previously programmed for the breadboard was integrated into this circuit, however had issues with power. While the traffic lights and button would function, the 7-segment displays would not power on, even when two sets were removed to reduce the current being drawn. This will be resolved in future when the connector can be implemented as designed.



















8. Conclusion

8.1. [bookmark: _Toc196478405]Future development
There is a total of 33 input/output pins on the PIC, with only 25 used for the initial simulation, there are still 8 which can be given their own function. Vehicle sensors could be added, to model an actuated traffic light system [4] and improve efficiency. 
Similarly, code could be created to alter the signal timings based on the time of day and known traffic patterns. This would require minimal additional hardware, and act like adaptive traffic lights [5].
While certain developments were made in this report, with the addition of a button and the creation of a PCB, there is still work to be done. The PCB needs further improvements to get the power supply to the circuit functioning, which may also include adding LED drivers, in case the PIC cannot source the amount of current.

8.2. [bookmark: _Toc196478406]Review
In conclusion, this report analyses fixed-time traffic light systems in a standard T-junction. From a timing diagram that was created, the report reviews a Proteus simulation, using a PIC16F877A. This simulation passed all tests and was developed into a prototype built onto breadboard. A button was successfully added to the simulation, which improved the efficiency of the junction. Based on the initial prototype, a PCB was made to refine it further; while not 100% successful, finalizing this will be the next step for further developments.
All specifications were met, and the simulations prove the potential real-world applications for this system. While the fundamental code and outputs can remain the same, the versatility of the PIC allows for more advanced systems to be made in the future.




References

[1] 	National Highways, Geometric design of at-grade priority and signal-controlled junctions, 2.1.0 ed., National Highways, 2021, p. 64.
[2] 	Department for Transport, The Design of Pedestrian Crossings, 3rd ed., Norwich: The Stationery Office, 2005. 
[3] 	T2E, "Traffic Signals," Turn 2 Engineering, 2024. [Online]. Available: https://turn2engineering.com/civil-engineering/transportation-engineering/traffic-signals#:~:text=The%20controller%20is%20the%20brain%20of%20the%20traffic,peak%20traffic%20hours%2C%20reduce%20delays%2C%20and%20improve%20safety.. [Accessed 04 04 2025].
[4] 	CEF, "The Function and Importance of a Traffic Light Controller," City Electrical Factors Ltd, [Online]. Available: https://www.cef.co.uk/library/traffic-light-controller?msockid=2c2f167eb31869cf34bf05d8b23f68b3. [Accessed 04 04 2025].
[5] 	Guang An, "Who Controls Traffic Lights?," LED traffic pro, [Online]. Available: https://www.ledtrafficpro.com/blogs/knowledge-share/how-traffic-light-control-systems-work. [Accessed 04 04 2025].
[6] 	Traffic Signal Design, "How Do Traffic Signals Work," Sanderson Associates Consulting Engineers, [Online]. Available: https://www.traffic-signal-design.com/how-do-traffic-signals-work.htm. [Accessed 04 04 2025].
[7] 	L. A. Rodegerdts and e. al., "Signalized Intersections," 2004.
[8] 	Department of Transport, Traffic Signs Manual, vol. 6, The Stationery Office, 2019. 
[9] 	Department for Transport, "The Highway Code - Light signals controlling traffic," 01 10 2015. [Online]. Available: https://assets.publishing.service.gov.uk/media/560aa3f9e5274a036900001c/the-highway-code-light-signals-controlling-traffic.pdf. [Accessed 23 04 2025].
[10] 	Microchip Technology Inc., PIC16F87XA, 2013, pp. 145-146.
[11] 	Microcontrollers Lab, "PIC16F877A Microcontroller Introduction and Features," [Online]. Available: https://microcontrollerslab.com/pic16f877a-introduction-features/#:~:text=PIC16F877A%20is%20used%20in%20many%20pic%20microcontroller%20projects.,safety%20devices%2C%20home%20automation%20and%20many%20industrial%20instruments.. [Accessed 25 04 25].
[12] 	zoyebella, "Smart 4 Way Traffic Signal Control with Variable Delay," The Engineering Projects , 25 12 2021. [Online]. Available: https://www.theengineeringprojects.com/2021/12/smart-4-way-traffic-signal-control-with-variable-delay.html. [Accessed 04 04 2025].
[13] 	M. T. Inc., PICkit 3 In-Circuit Debugger/Programmer User's Guide, 2013. 
[14] 	Texas Instruments, An Engineer's Guide to USB Type-C, Texas: Texas Instruments, 2024. 
[15] 	T. Zvonc, "Best Practices for Crystal Oscillator Layout (2/3)," Byte Lab, 23 01 24. [Online]. Available: https://www.byte-lab.com/best-practices-for-crystal-oscillator-layout-2-3/. [Accessed 24 04 25].
[16] 	V. E. Team, "Crystal Oscillator PCB Layout Guidelines," VSE, [Online]. Available: https://www.vse.com/blog/2021/06/02/crystal-oscillator-pcb-layout-guidelines/#:~:text=Place%20the%20crystal%20oscillator%20as%20close%20as%20possible,the%20associated%20capacitors%20close%20to%20the%20crystal%20pins.. [Accessed 24 04 25].
[17] 	A. Lee, "What is Copper Pour in PCB? Benefits & Best Practices," Global Well PCBA, 10 02 25. [Online]. Available: https://www.globalwellpcba.com/what-is-copper-pour-in-pcb/#:~:text=Think%20of%20copper%20pour%20as%20a%20multi-functional%20upgrade,reinforce%20the%20board%2C%20preventing%20mechanical%20stress%20and%20warping.. [Accessed 24 04 25].








9. Appendices

[bookmark: _Toc196478409]Appendix A – Embedded C code for traffic lights

/* Main.c file generated by New Project wizard
 *
 * Created:   Mon Feb 24 2025
 * Processor: PIC16F877A
 * Compiler:  CCS for PIC
 */



#include <16F877A.h>
#fuses HS,NOWDT,NOLVP
#use delay(clock=20000000)



//initiating the key subroutines
void counter(void);
void pedestrian_off(void);
void pedestrian_on(void);
void lights_1_2(void);
void light_3(void);
void second(void);



//hex codes to display the digits 0-9 on the 7-segment display
unsigned int digits[] = {0x7f, 0x0c, 0xb7, 0x9f, 0xcd, 0xdb, 0xfb, 0x0e, 0xff, 0xdf };

//red-amber green amber red
unsigned int traffic_light12[] = {0x13, 0x14, 0x12, 0x31, 0x41, 0x21, 0x11};
unsigned int traffic_light3[] = {0x03, 0x04, 0x02, 0x01};

//initiallising global vairables
unsigned int count = 0;







//start of main subroutine
void main()
 {    
   
      //setting ports as inputs/outputs
      set_tris_a(0x04);
      set_tris_b(0x00);
      set_tris_c(0x00);
      set_tris_d(0x00);
      set_tris_e(0x00);
    
      //displaying 00 initally on the counters
      output_b(0x7f);
      output_d(0x7f);
    
      
      while(TRUE)               //do forever
      {      
     
     output_c(0x11);            //setting the traffic lights
     output_e(0x01);
     
     output_high(PIN_A1);           //red light on green light off          
     output_low(PIN_A0);            
    
     lights_1_2();              //start cycling through the first 2 lights
     light_3();             //cycle through third light
         
     
     pedestrian_on();           //turn pedestrian light on   
     pedestrian_off();          //turn pedestrian light off#     

      } 
 }   

 
 
 
 
//subroutine to wait for 1 second while checking button status
void second()
{
     delay_ms(1000);                //wait 1ms
 }
 
 
 
 
 
 //subroutine to increment the 7-segment displays from 0-39 seconds
 void counter()                 
 {
    second();                                   //wait for 1 second    
    count++;                                    //increment count variable
    
    if (count == 40) count = 0; //check if it has reached 40 or 30 seconds 

    
    unsigned int digit1 = count % 10;           //set value of 'ones' digit
    unsigned int digit2 = 0;                
    
    
    if(count >= 30) digit2 = 3;             //set value of 'tens' digit
    else if(count >= 20) digit2 = 2;
    else if(count >= 10) digit2 = 1;
       
    
    output_b(digits[digit1]);               //output ones to port b and tens to port d
    output_d(digits[digit2]);
 
 }
 
 
 
 
 
//subroutine to turn pedestrian crossing green
void pedestrian_on() {
    for (int i=0; i<2; i++) counter();          //wait for 2 seconds
    output_high(PIN_A0);                //green light on red light off
    output_low(PIN_A1); 
    for (int i=0; i<5; i++) counter();          //wait 5 seconds
 }  
 
//subroutine to turn pedestrian crossing red
void pedestrian_off() {
    output_high(PIN_A1);                //red light on green light off          
    output_low(PIN_A0);
    for (int i=0; i<3; i++) counter();          //wait for 2 seconds
 }
 
 
 
 
 
 
 
//subroutine to cycle through traffic lights 1 and 2
void lights_1_2()
 {
    output_c(traffic_light12[0]);           //traffic light 1 red-amber
    for (int i=0; i<2; i++) counter();          //wait for 2 seconds

    output_c(traffic_light12[1]);           //traffic light 1 green 
    for (int i=0; i<5; i++) counter();          //wait for 5 seconds
    
    output_c(traffic_light12[2]);           //traffic light 1 amber
    for (int i=0; i<3; i++) counter();          //wait for 3 seconds
    
    
    
    
    output_c(traffic_light12[3]);           //traffic light 2 red-amber, traffic light 1 red
    for (int i=0; i<2; i++) counter();          //wait for 2 seconds

    output_c(traffic_light12[4]);           //traffic light 2 green
    for (int i=0; i<5; i++) counter();          //wait for 5 seconds
   
    output_c(traffic_light12[5]);           //traffic light 2 amber
    for (int i=0; i<3; i++) counter();          //wait for 3 seconds

    
    
    output_c(traffic_light12[6]);           //both red

 }
 
 
 
 
//subroutine to cycle traffic light 3
void light_3()
 {
    
    output_e(traffic_light3[0]);            //traffic light 2 red-amber, traffic light 1 red
    for (int i=0; i<2; i++) counter();          //wait for 2 seconds

    output_e(traffic_light3[1]);            //traffic light 2 green
    for (int i=0; i<5; i++) counter();          //wait for 5 seconds
   
    output_e(traffic_light3[2]);            //traffic light 2 amber
    for (int i=0; i<3; i++) counter();          //wait for 3 seconds

        
    output_e(traffic_light3[3]);            //both red

 }
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/* Main.c file generated by New Project wizard
 *
 * Created:   Mon Feb 24 2025
 * Processor: PIC16F877A
 * Compiler:  CCS for PIC
 */



#include <16F877A.h>
#fuses HS,NOWDT,NOLVP
#use delay(clock=1000000)



//initiating the key subroutines
void counter(void);
void pedestrian_off(void);
void pedestrian_on(void);
void lights_1_2(void);
void light_3(void);
void second(void);



//hex codes to display the digits 0-9 on the 7-segment display
unsigned int digits[] = {0x7f, 0x0c, 0xb7, 0x9f, 0xcd, 0xdb, 0xfb, 0x0e, 0xff, 0xdf };

//red red-amber green amber
unsigned int traffic_light12[] = {0x11, 0x13, 0x14, 0x12, 0x11, 0x11, 0x31, 0x41, 0x21, 0x11};
unsigned int traffic_light3[] = {0x01, 0x03, 0x04, 0x02, 0x01};

//initializing global variables
unsigned int count = 0;
unsigned int pedestrian_flag = 0;




//start of main subroutine
void main()
 {    
   
      //setting ports as inputs/outputs
      set_tris_a(0x04);
      set_tris_b(0x00);
      set_tris_c(0x00);
      set_tris_d(0x00);
      set_tris_e(0x00);
    
      //displaying 00 initally on the counters
      output_b(0x7f);
      output_d(0x7f);
    
      
      while(TRUE)               //do forever
      {      
     
     output_c(0x11);            //setting the traffic lights
     output_e(0x01);
     
     output_high(PIN_A1);           //red light on green light off          
     output_low(PIN_A0);            
    
     lights_1_2();              //start cycling through the first 2 lights
     light_3();             //cycle through third light

     
     if (pedestrian_flag == 1)      //if the button has been pressed then
     {
        pedestrian_on();            //turn pedestrian light on
        pedestrian_flag = 0;        //set flag to 0
        pedestrian_off();           //turn pedestrian light off
     }    
      } 
 }   

 
 
 
 
//subroutine to wait for 1 second while checking button status
void second()
{
    for (long int i=0; i<1000; i++)         //repeat for 1000 milliseconds
    {
       if (input(PIN_A2))           //check if button is pressed
       {
        pedestrian_flag = 1;        //if button is pressed then set flag to 1 (pedestrian is waiting) 
        output_high(PIN_A3);        //indicator LED
       }
       delay_ms(1);             //wait 1ms
    }
 }
 
 
 
 
 
 //subroutine to increment the 7-segment displays from 0-39 seconds
 void counter()                 
 {
    second();                                   //wait for 1 second    
    count++;                                    //increment count variable
    
    if (count == 40 || (count == 30 && pedestrian_flag == 0)) count = 0;    //check if it has reached 40 or 30 seconds 

    
    unsigned int digit1 = count % 10;           //set value of 'ones' digit
    unsigned int digit2 = 0;                
    
    if(count >= 30) digit2 = 3;             //set value of 'tens' digit
    else if(count >= 20) digit2 = 2;
    else if(count >= 10) digit2 = 1;
       
    
    output_b(digits[digit1]);               //output ones to port b and tens to port d
    output_d(digits[digit2]);
 
 }
 
 
 
 
 
//subroutine to turn pedestrian crossing green
void pedestrian_on() {
    counter();                      //wait 1 second and increment
    output_high(PIN_A0);                //green light on red light off
    output_low(PIN_A1); 
    for (int i=0; i<7; i++) counter();          //wait 7 seconds
 }  
 
//subroutine to turn pedestrian crossing red
void pedestrian_off() {
    output_high(PIN_A1);                //red light on green light off          
    output_low(PIN_A0);
    output_low(PIN_A3);                 //reset pedestrian indicator
    counter();                      //wait 2 seconds
    counter();
 }
 
 
 
 
//subroutine to cycle through traffic lights 1 and 2
void lights_1_2()
 {
    for (int i=0; i<3; i++)             //cycle for 3 seconds
    {
       output_c(traffic_light12[i]);            //display hex code for red, red/amber, green on traffic light 1
       counter();
    }
    for (int i=0; i<5; i++) counter();          //wait for 5 seconds
    for (int i=3; i<5; i++)             //cycle for 2 seconds
    {
       output_c(traffic_light12[i]);            //display hex codes for amber, red
       counter();
    }
    
    
   
    
    for (int i=5; i<8; i++)             //cycle for 3 seconds
    {
       output_c(traffic_light12[i]);            //display hex code for red, red/amber, green on traffic light 2
       counter();
    }
    for (int i=0; i<5; i++) counter();          //wait for 5 seconds
    for (int i=8; i<10; i++)                //cycle for 2 seconds
    {
       output_c(traffic_light12[i]);            //display hex code for amber, red
       counter();
    }

 }
 
 
 
 
//subroutine to cycle traffic light 3
void light_3()
 {
    for (int i=0; i<3; i++)             //cycle for 3 seconds
    {
       output_e(traffic_light3[i]);         //display hex code for red, red/amber, green on traffic light 3
       counter();
    }
    for (int i=0; i<5; i++) counter();          //wait 5 seconds
    for (int i=3; i<5; i++)             //cycle for 2 seconds
    {
       output_e(traffic_light3[i]);         //display hex code for amber, red
       counter();
    }
    
   
 }
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#include <16F877A.h>
#fuses HS,NOWDT,NOLVP
#use delay(clock=20000000)

//initiating the key subroutines

void
void
void
void
void
void

//hex codes to display the digits ©-9 on the 7-segment display
unsigned int digits[] = {ex7f, exec, oxb7, ox9f, ©xcd, Oxdb, oxfb, ©x@e, oxff, oxdf };

counter(void);
pedestrian_off(void);
pedestrian_on(void);
lights_1_2(void);
light_3(void);
second(void);

//red-amber green amber red

unsigned int traffic_light12[] = {ox13, ox14, ox12, ©x31, ox41l, ox21, ox1l};
unsigned int traffic_light3[] = {0x03, ©x04, 0x02, 0x0l};

//initiallising global vairables
unsigned int count = 9;
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81 //subroutine to wait for 1 second while checking button status
82 void second()

83eq{

84 delay_ms(1000); //wait 1s
85 }
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91 //subroutine to
void counter()
938 {

92

94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111

112
112

second();
count++;

if (count == 4@) count = @;

unsigned int digitl = count
unsigned int digit2 = ©;

if(count >= 30) digit2 = 3;
else if(count >= 20) digit2
else if(count >= 10) digit2

output_b(digits[digitl]);
output_d(digits[digit2]);

%

10;

increment the 7-segment displays from ©-39 seconds

//wait for 1 second
//increment count variable

//check if it has reached 40

//set value of 'ones' digit

//set value of 'tens' digit

//output ones to port b
//output tens to port d
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139 //subroutine to cycle through traffic lights 1 and 2
140 void lights_1_2()

1418 {

142 output_c(traffic_light12[0]); //traffic Llight 1 red-amber
143 for (int i=@; i<2; i++) counter(); //wait for 2 seconds
144

145 output_c(traffic_light12[1]); //traffic Light 1 green
146 for (int i=@; i<5; i++) counter(); //wait for 5 seconds
147

148 output_c(traffic_light12[2]); //traffic Light 1 amber
149 for (int i=@; i<3; i++) counter(); //wait for 3 seconds
150

151

152

153

154 output_c(traffic_light12[3]); //traffic Llight 2 red-amber,
155 for (int i=@; i<2; i++) counter(); //wait for 2 seconds
156

157 output_c(traffic_light12[4]); //traffic Light 2 green
158 for (int i=@; i<5; i++) counter(); //wait for 5 seconds
159

160 output_c(traffic_light12[5]); //traffic Light 2 amber
161 for (int i=@; i<3; i++) counter(); //wait for 3 seconds
162

163

164

165 output_c(traffic_light12[6]); //both red

166

167 }

1co
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172 //subroutine to cycle traffic light 3
173 void light_3()

1748 {
175
176
177
178
179
180
181
182
183
184
185
186
187
188 }

output_e(traffic_light3
for (int i=@; i<2; i++)

output_e(traffic_light3
for (int i=@; i<5; i++)

output_e(traffic_light3
for (int i=@; i<3; i++)

output_e(traffic_light3

//traffic light 3 red-amber,
//wait for 2 seconds

//traffic light 3 green
//wait for 5 seconds

//traffic light 3 amber
//wait for 3 seconds

//red
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118 //subroutine to turn pedestrian crossing green
1198void pedestrian_on() {

120
121
122
123
124
125

¥

for (int i=@; i<2; i++) counter();
output_high(PIN_AQ);
output_low(PIN_A1);
for (int i=@; i<5; i++) counter();

126 //subroutine to turn pedestrian crossing red
1278void pedestrian_off() {

128
129
130
131

output_high(PIN_A1);
output_low(PIN_A®);
for (int i=@; i<3; i++) counter();

//wait for 2 seconds
//green Llight on red light off

//wait 5 seconds

//red light on green light off

//wait for 2 seconds
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42 //start of main subroutine
43 void main()

448 {

45

46 //setting ports as inputs/outputs

47 set_tris_a(0x00);

48 set_tris_b(0x00);

49 set_tris_c(0x00);

50 set_tris_d(oxe0);

51 set_tris_e(0x00);

52

53 //displaying @@ initally on the counters

54 output_b(ex7f);

55 output_d(ex7f);

56

57

58 while(TRUE) //do forever

59e {

60

61 output_c(0x11); //setting the traffic lights
62 output_e(0x01);

63

64 output_high(PIN_A1); //red light on green Light off
65 output_low(PIN_A®);

66

67 lights_1_2(); //cycle through the first 2 lights
68 light_3(); //cycle through third Llight
69

70

71 pedestrian_on(); //turn pedestrian Light on
72 pedestrian_off(); //turn pedestrian Llight off#
73

74 }

75 }
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Pin 1 Indicator

Pin Description*
1=MCLR/VPP

2= VDD Target

3 = Vss (ground)

4 = PGD (ICSPDAT)
5 =PGC (ICSPCLK)
6= PGM (LVP)

>

Y

* The 6-pin header (0.100" spacing) accepts 0.025" square pins.
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35 unsigned int pedestrian_flag = ©;
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69 if (pedestrian_flag == 1) //1f the button has been pressed then

708 {

71 pedestrian_on(); //turn pedestrian Light on
72 pedestrian_flag = 0; //set flag to @

73 pedestrian_off(); //turn pedestrian Light off

74 }
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82 //subroutine to wait for 1 second while checking button status

83 void second()

848{

85 for (long int i=0; i<1000; i++)
868 {

87 if (input(PIN_A2))

881 {

89 pedestrian_flag = 1;

90 output_high(PIN_A3);

91 }

92 delay_ms(1);

93 }

94 }

//repeat for 1000 milliseconds
//check if button is pressed

//1if button is pressed then set flag to 1
//indicator LED

//wait 1ms
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106 if (count == 40 || (count == 30 && pedestrian_flag == ©)) count = 0;
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