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1.1 [bookmark: _Toc196485446]Introduction
The effective management of traffic flow is crucial in urban planning, particularly at intersections where vehicles and pedestrians interact. This report presents a design of a dynamic, fixed-time based traffic light control system for a given T-junction. The system uses fixed timing intervals to control the traffic lights, including dedicated a pedestrian crossing phase. A low cost, simple, predictable and robust approach has been implemented with an emphasis on low cost components and low required maintenance, of particularly importance for a T-junction that is placed further afield. Visual feedback of the remaining signal time for both vehicles and pedestrians is provided; the goal of this system is to ensure that traffic flows smoothly in all three directions while prioritizing pedestrian safety. The report outlines the design process, including background research on traffic light control systems, the hardware and software components used, and the testing procedures conducted to verify the system’s functionality. The final design is simulated using Proteus 8, demonstrating the operation of the traffic signals and phases.
[bookmark: _Toc196485447]2. Background Research
[bookmark: _Toc196485448]2.1 Fixed-Time Control Systems
Fixed-time control systems are among the most rudimentary of traffic light systems, often used at intersections and particularly small junctions like T-junctions. These systems cycle through predetermined phases for each traffic direction regardless of the environment or any potential stimuli. Fixed-time systems can be greatly reliable but often create inefficiencies, especially during off-peak hours when traffic volume drops significantly. Their predictability can benefit pedestrian safety, especially in dense urban environments, though the traditional pedestrian signals often fail to accommodate variable crossing speeds or unexpected delays. Countdown timers that display remaining crossing time may be implemented, greatly improving pedestrian confidence and compliance.
Further innovations include motion detection systems that can extend green phases when other vehicles are not detected [1]. However the fixed nature of their scheduling can lead to drivers getting caught at an inconvenient point of the schedule when no traffic is around.
T-junctions typically have more predictable traffic patterns than four-way intersections, making fixed-time approaches reasonably effective. However, these systems struggle with handling variable traffic volumes, particularly during rush hours or special events that alter normal traffic patterns [1]. 
[bookmark: _Toc196485449]2.2 Adaptive Traffic Control Systems (ATCS)
Adaptive Traffic Control Systems (ATCS) adjust signal timings based on real-time traffic conditions. ATCS incorporate sensing technologies varying from inductive loops embedded in the road surface to advanced camera systems to actively monitor traffic flow. As such, these systems can adjust whilst in operation to meet the demands of drivers based on the information they gather, allowing for more dynamic traffic control. 
SCOOT (Split Cycle and Offset Optimisation Technique) saw development as a system as early as 1991 as a method of self-optimizing traffic, a basic data driven approach where in the average flow of vehicles in any given direction informs how traffic lights are managed [2]. This allowed for a reactive system that has persisted throughout the world’s cities. A strong theme throughout all traffic control developments is how crucial data, the quality and granularity of it, is in determining optimal phase control.
MOVA (Microprocessor Optimised Vehicle Actuation) stands as a UK standard for any newly constructed or modified trunk roads; MOVA continuously adjusts signal timings based on vehicle detection data using sensory input from modules such as inductive loops below the road. In the UK there are over 3000 MOVA control systems as of 2014 [3].
While SCOOT and MOVA have delivered substantial improvements in traffic efficiency, even their most basic implementations demand infrastructure and resources to maintain, SCOOT particularly demanding regular calibration that the MOVA algorithms looked to avoid [3]. MOVA systems use primarily static detectors and therefore will not see larger benefits from ever more granular, greater data stream methods of probing [3], see 2.3.
Utopia/Spot represents an advanced system used across several European cities that can probe vehicle detectors, traffic cameras, and even weather sensors to adjust signal timings [4]. UTOPIA therefore can make decisions on the real-world conditions of the roads, reducing congestion and improving flow across a city. Crucially, this can be predictive compared to reactive [4]. UTOPIA is particularly effective at integrating data from multiple sources compared to MOVA [4].
An example of a more focused algorithm is Greenwave, an algorithm for efficiently planning paths for vehicles of increased importance such as emergency vehicles where seconds can be vital [5]. It presents a highly modern approach to traffic handling that once again can be predictive for developing solutions to the ‘reliable shortest path problem’: Developments in predictive path planning strongly indicate the ability of modern systems to adaptively take onboard the environment and conditions around to carve out a path of least of resistance, implying greater paradigm shifts to come for modern TCS. 
[bookmark: _Toc196485450]2.3 Intelligent transportation systems (ITS)
The integration of Internet of Things (IoT) technologies has transformed traffic management capabilities. As mentioned previously, data, the quality and magnitude of which continues to increase with new methods of collection, dictates the effectiveness of newer TCS. Highly informed algorithms such as Utopia can predictively coordinate traffic flow, heavily due in part to their ability to tap into various higher quality probes. Networks of interconnected sensors embedded in roadways now communicate with traffic signals and sometimes directly with vehicles through Vehicle-to-Infrastructure (V2I) protocols such a LoRA. Traffic data can be collected from GPS where cars themselves and mobile phones leave a footprint. Even social media can be probed to determine the state of traffic flow [6]. ITS systems probe for novel data sets such as pollution markers to find concentrations of congestion to relieve, or potentially to monitor for the effect said pollution may have on the area nearby [7].
The massive datasets collected enable traffic engineers to identify problematic intersections, predict congestion before it occurs, and develop more effective signal timing strategies. ITS implementations present an ‘intelligent’ solution to traffic control unparalleled by previous control systems in their ability to predict traffic and act accordingly. Even new developments within a city location or structural changes to the road can be adapted to. However, these systems raise important questions about data privacy and security, where drivers may be monitored far more closely than previously understood.
Parallel transportation systems (PTS) represent the future of traffic control, “seamlessly integrating the physical world and the virtual counterparts in the cyber world.” [6]
[bookmark: _Toc196485451]2.4 PIC microcontrollers for traffic control
PIC microcontrollers, designed by Microchip and widely marketed for their ease of implementation, wealth of data and development software as well as low price point, are commonly found within embedded systems. Common features such as timing through precise external circuitry or internal timers, alongside various user settable I/O ports and registers to handle multiple I/O modules make these microcontrollers suitable for basic TCS. Modern TCS’ have been proposed utilising controllers from among the PICC catalogue [8]. Of particular note is their robustness and ease of operation, making them very well suited to more remote areas where a TCS is necessary. Modern sensing modules such as pressure, light and temperate are among those available for use with the majority of PIC family microcontrollers, implying a PIC controlled system will be more akin to a modern MOVA implementation than any complex network of wireless sensors able to probe beyond physical means [8]. Given the scenario laid forth, in which a TCS must be designed for a remote T-junction, a PIC controller would make for a low cost, low maintenance option that still allows for basic control through physical sensing. Inductive loops are of particular value in a proposed design such as this, where light may not be as reliable in a remote area for more complex forms of sensing. As such, the 8-bit PIC16F877A has been selected, carrying a 20MHz clock input speed and 256 x 8 bytes of EEPROM data memory with features like hardware interrupt handling and internal timers [9]. Carrying three full size 8 bit ports alongside 8 more pins and 2 oscillator pins, this microcontroller should meet the requirements of a TCS controller comfortably [9]. 

[bookmark: _Toc196485452]3. Hardware implementation
A brief overview of the hardware will be provided
[image: A computer screen shot of a circuit board

AI-generated content may be incorrect.]Figure 1. The full intended TCS circuit with real-world accurate power regulation from the power grid and step-down transformation to +12V DC, then regulation to +5V. TCS system also had an intended sounder for alerting pedestrians as to their safe crossing time.
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Figure 2. The consistent result of attempting to simulate the full intended circuit.

[image: A screenshot of a computer
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Figure 3. Minimum working circuit with power step-down and sounder removed.

[bookmark: _Toc196485453]3.1 Microcontroller
See 2.4 for details, the PIC16F877A meets all the requirements for a suitable, robust microcontroller for this TCS
[bookmark: _Toc196485454]3.2 Timers
Driven through software, six 7-segment common anode displays are used to represent the time in seconds and tens of seconds on each major point of the junction. Seconds share a common port, port C as well as tens sharing port D, meaning the microcontroller will output to all of the displays when updating the time using just the two ports. Common anode displays require a reversal when outputting through the I/O, given the I/O ports will act as a sink to power the segments. These are a cost-efficient way to display basic numbers. All displays have a resistor network of an appropriately calculated 220Ω to deliver a safe current from +5V.
[bookmark: _Toc196485455]3.2 Traffic lights
To demonstrate how the actual +12V lights would be powered in conjunction with the +5V reliant microcontroller, the traffic lights of main road left side are based on an NPN configuration to drive them when their I/O pins are set high. Due to issues with Proteus, only one of these could be simulated, any more would cause fatal errors. As such, the active traffic light module has been utilised and functions simply from setting the appropriate pin high. Each major point of the T junction has a traffic light that will cycle through to green for 10 seconds once every 40 seconds. Actual traffic lights would be required no matter the cost, where they need to be sufficiently bright enough to clearly notify drivers. The main road lights are driven by the B port, the side lane is driven by the E port.
[bookmark: _Toc196485456]3.3 Pedestrian lights
A basic red and green LED has been used to mimic a set of pedestrian lights at each crossing point of the junction. They are driven by the B I/O port and use the same port, hence all of them will turn off and on with the same timing.
[bookmark: _Toc196485457]3.4 Pedestrian buttons/Pressure sensors
To recreate the logic effect of an inductive loop or pressure sensor, pushbuttons have been placed at each point of the road that traffic will arrive at. The pedestrian buttons behave similarly; once a sensor or button is pressed, that side is prioritised and the light output sequence follows from that side in order. This allows for basic dynamics in the TCS to avoid drivers getting stuck. Buttons/’pressure sensors’ are push to break and as such have pull down resistors of sufficient resistance for this effect.
[bookmark: _Toc196485458]3.5 Crystal oscillator
An external crystal oscillator set to the same frequency as the software and microcontroller sets an accurate time that is picked up through the OSC pin of the 16F877A. With this cheap extra component, highly accurate timing can be maintained.
[bookmark: _Toc196485459]3.6 Power circuit
As seen in figure 1, the intention was to design the circuit with a full step-down transformer to recreate the likely real world scenario, where in 230V 50Hz mains power must be suitably stepped down to provide the +12V DC commonly required for traffic lights and of course the +5V of the microcontroller. After being transformed, a bridge rectifier would have rectified the A.C. voltage to a D.C input that was smoothed, followed by either a +12V regulator in the 7812 IC or +5V through the 7805 IC. Figure 3 shows the implementation used when testing that actually function.
[bookmark: _Toc196485460]3.7 Sounder
A basic sounder driven through a single I/O port and an NPN transistor pulling down from the 5V rail were intended to be an extra safety feature to aid pedestrians. Unfortunately this also caused Proteus to crash and as such was left out of the final design when testing.
[bookmark: _Toc196485461]4. Software implementation
[bookmark: _Toc196485462]4.1 C code software
[image: A screenshot of a computer program

AI-generated content may be incorrect.]
Figure 4. First half of the software implementation annotated.

[image: A screenshot of a computer program

AI-generated content may be incorrect.]
Figure 5. Second chunk of software with unused debounce function, this sets up all the functions necessary.

[image: A screenshot of a computer program
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Figure 6. Main function of the software showing each cycle.

[bookmark: _Toc196485463]4.2 Psuedocode

BEGIN TrafficController Program
Variables
DECLARE INTEGER Secs
DECLARE INTEGER Tens
DECLARE INTEGER i
DECLARE INTEGER mid_sequence
DECLARE ARRAY Display_No[10]
DECLARE ARRAY MainRoad_LeftLights[10]
DECLARE ARRAY MainRoad_RightLights[10]
DECLARE ARRAY SideLane_Lights1[10]
DECLARE ARRAY SideLane_Lights2[10]
DECLARE ARRAY Pedestrian_Lights[10]
Initialize I/O ports and settings
SET PORT A direction TO 0xFF (inputs: sensors and pedestrian button)
SET PORT B, C, D, E direction TO 0x00 (outputs: lights and displays)
DISABLE analog inputs (use digital only)
CLEAR output on PORT A, B, E
SET PORT C and D TO 0xFF (7-segment displays off)
Initialize global counters and arrays
SET Secs TO 0
SET Tens TO 0
SET Display_No TO segment patterns for digits 0–9
SET light pattern arrays (MainRoad_LeftLights, MainRoad_RightLights, etc.)
Main program loop
WHILE TRUE
    SET mid_sequence TO 0
    IF SENSOR_LEFT is active AND mid_sequence = 0 THEN
        SET mid_sequence TO 1
        CALL MainRoadLeft
        CALL MainRoadRight
        CALL SideLane
        CALL PedestrianCrossing
        CALL systemTimer
        SET Secs TO 0
        SET Tens TO 0
        SET mid_sequence TO 0
    ENDIF
    IF SENSOR_RIGHT is active AND mid_sequence = 0 THEN
        SET mid_sequence TO 1
        CALL MainRoadRight
        CALL SideLane
        CALL PedestrianCrossing
        CALL MainRoadLeft
        CALL systemTimer
        SET Secs TO 0
        SET Tens TO 0
        SET mid_sequence TO 0
    ENDIF
    IF SENSOR_SIDE is active AND mid_sequence = 0 THEN
        SET mid_sequence TO 1
        CALL SideLane
        CALL PedestrianCrossing
        CALL MainRoadLeft
        CALL MainRoadRight
        CALL systemTimer
        SET Secs TO 0
        SET Tens TO 0
        SET mid_sequence TO 0
    ENDIF
    IF PED_BUTTON is active AND mid_sequence = 0 THEN
        SET mid_sequence TO 1
        CALL PedestrianCrossing
        CALL MainRoadLeft
        CALL MainRoadRight
        CALL SideLane
        CALL systemTimer
        SET Secs TO 0
        SET Tens TO 0
        SET mid_sequence TO 0
    ELSE
        SET PORT C and D TO 0xFF (turn off 7-segment)
        SET PORT E TO 1 (default signal)
        SET PORT B TO 73 (idle pattern)
        WAIT 1 second
    ENDIF
ENDWHILE
Subroutine: MainRoadLeft
FOR i FROM 0 TO 9
    CALL systemTimer
    SET PORT B TO MainRoad_LeftLights[i]
    SET PORT E TO 1
    WAIT 1 second
ENDFOR
RETURN
Subroutine: MainRoadRight
FOR i FROM 0 TO 9
    CALL systemTimer
    SET PORT B TO MainRoad_RightLights[i]
    SET PORT E TO SideLane_Lights1[i]
    WAIT 1 second
ENDFOR
RETURN
Subroutine: SideLane
FOR i FROM 0 TO 9
    CALL systemTimer
    SET PORT E TO SideLane_Lights2[i]
    SET PORT B TO 73
    WAIT 1 second
ENDFOR
RETURN
Subroutine: PedestrianCrossing
FOR i FROM 0 TO 9
    CALL systemTimer
    SET PORT E TO 1
    SET PORT B TO Pedestrian_Lights[i]
    WAIT 1 second
ENDFOR
RETURN
Subroutine: systemTimer
DISPLAY Display_No[Secs] ON PORT C
DISPLAY Display_No[Tens] ON PORT D
INCREMENT Secs
IF Secs = 10 THEN
    SET Secs TO 0
    INCREMENT Tens
ENDIF
IF Secs > 10 OR Secs < 0 THEN SET Secs TO 0
IF Tens > 4 OR Tens < 0 THEN SET Tens TO 0
RETURN
END TrafficController Program


[bookmark: _Toc196485464]5. Testing
[bookmark: _Toc196485465]5.1 Basic loop testing – Main road left 
Test:
Trigger the basic traffic control loop via the main road left side pressure sensor.
Expected Result:
TCS should loop through MRL, MRR, SideL, Pedestrian crossing, completing at 40 seconds 
Result:
All three button options for triggering the pedestrian crossing cycle worked correctly, cycling through each phase correctly afterwards with the displays shutting off as intended the second after 39.
[image: A computer screen shot of a circuit board

AI-generated content may be incorrect.]Figure 7. Beginning of Main road left sequence
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AI-generated content may be incorrect.]Figure 9. Third stage of MRL, showing amber transition on side lane.
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AI-generated content may be incorrect.]Figure 10. Last phase of MRL, showing all the pedestrian crossings lit up.
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[bookmark: _Toc196485466]5.2 Basic loop testing – Main road right
Test:
Trigger the basic traffic control loop via the main road left side pressure sensor.
Expected Result:
TCS should loop through MRR, SideL, Pedestrian crossing, MRL, completing at 40 seconds 
Result:
All three button options for triggering the pedestrian crossing cycle worked correctly, cycling through each phase correctly afterwards and ending the second after 39 seconds is met.
[bookmark: _Toc196485467]5.3 Basic loop testing – Side lane
Test:
Trigger the basic traffic control loop via the side lane pressure sensor.
Expected Result:
TCS should loop through SideL, Pedestrian crossing, MRL, MRR, completing at 40 seconds.
Result:
Side lane control loop successfully completed as expected, ending the second after 39 seconds is met.
[image: A screenshot of a computer
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Figure 11. Side sequence is triggered, this is tested after MRL, see the system timer in the bottom left corner.
[image: A circuit board with red numbers and green lights

AI-generated content may be incorrect.]
Figure 12. Side lane sequence just moving into the third phase (MRL) with no amber light, given this is the guaranteed pedestrian phase prior and an amber light may cause eager drivers to accelerate early.

[image: A computer screen shot of a circuit board
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Figure 13. Last moment of the loop before killing the process at 40 seconds after, showing the transitionary amber lights.
[bookmark: _Toc196485468]5.4 Basic loop testing – Pedestrian crossing
Test:
Trigger the basic traffic control loop via any of the pedestrian crossing push buttons.
Expected Result:
Activating the loop via any of the pedestrian crossing push buttons should correctly loop through the ‘pedestrian crossing’ cycle, given all three buttons trigger the same I/O port. Cycle should go: Pedestrian crossings, MRL, MRR, SideL, completing at 40 seconds.
Result:
All three button options for triggering the pedestrian crossing cycle worked correctly, cycling through each phase correctly afterwards.
[bookmark: _Toc196485469]5.4 Stress testing – Excessive button actuations
Test: 
Actuating any of the other pressure sensors or buttons during a cycle operation.
Expected Result:
Cycle should continue through in spit of any button presses, given the ‘mid_sequence' flag being set. System inherently accounts for switch bounce where a full second cycle is required to trigger followed by a set pattern with no interrupts.
Result:
TCS was resilient to attempted interrupting via button presses. No matter which of the sensors/buttons triggered the fixed-time cycle, the cycle was carried out to the end through every intended phase unaffected. 
[bookmark: _Toc196485470]5.5 Continuous inputs
Result: See figures 11-13  for a fully successful sequence post the first tested sequence.
[bookmark: _Toc196485471]6. Conclusion
[bookmark: _Toc196485472]6.1 Conclusions
A basic dynamic Traffic Control System (TCS) has been designed using the PIC16F877A microcontroller. The design uses low-cost, reliable components, making it well-suited for isolated operation with minimal oversight. It leverages fixed-timing logic and the remote location of the T-junction to efficiently manage sparse traffic. Pedestrian safety is addressed through three crossing points, a staggered red light for main road left turns, and a visible countdown timer. Realistic behaviour such as amber light transitions has also been implemented.
6.2 Further Work
Despite its basic nature, the system could be improved—most notably, it lacks interrupt-driven dynamic control. Ideally, it would operate as a state machine responding continuously to input from inductive loops, allowing real-time traffic adaptation. For instance, a pedestrian crossing followed by a side-lane vehicle currently results in unnecessary wait time. A dynamic, interrupt-based approach could resolve this efficiently with minor software changes.
The design currently substitutes pushbuttons for inductive loops, which simplifies simulation but reduces realism. Future versions should use actual inductive loops or pressure sensors, though attempts to simulate pressure sensors in Proteus proved difficult.
Additionally, the 7-segment display isn't multiplexed. Using a dual-digit display and implementing multiplexing via microcontroller I/O would allow a single port (plus one pin) to drive both digits. This would free up I/O for other modules, such as an IR sensor, or allow for a smaller, cheaper microcontroller.
Finally, simulating the full circuit—including a pedestrian buzzer—was limited by Proteus capabilities. With better simulation tools or understanding, full circuit behavior, including power step-down and voltage regulation, could be more accurately modeled.
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1 #include <167877A.h> //include device-specific header for PIC16F877A microcontroller
2

3 #fuses HS,NOWDT,NOLVP, NOPROTECT //set configuration bits: Hs oscillator, no watchdog timer, no Low voltage programming, no code protection
4 suse delay(clock=2000000) //define system clock speed as 2z for accurate delay timing, works with both internal and crystal oscillators
s

B

7/ PIN DEFINITIONS

5

9 // pedestrian

16 #define PED_RED PIN_BS //assign output pin B6 to pedestrian red Light

11 #define PED_GREEN PINB7 //assign output pin 67 to pedestrian green Light

12 #define PEDBUTTON  PIN A0 //assign input pin A6 to pedestrian crossing button

13

14 // sensors

15 #define SENSOR_LEFT  PIN_AL //assign input pin Al to left traffic sensor

16 #define SENSORRIGHT ~ PIN_A2 //assign input pin A2 to right traffic sensor

17 #define SENSORSTDE  PIN_A3 //assign input pin A3 to side road sensor

18

19
20 // ===== VARIABLES =====
2

22 unsigned int Display_No[]={6x48,0x79,6x24,0x38,0x19,0x12,0x02,0x78,0x00,0x16}; //define 7-segment display encoding (common anode) for digits 6-9
24 unsigned int Secs = o, Tens = 6; //declare global time counter variables for system timer (units and tens)

26 unsigned int MainRoad_LeftLights[]={76,76,76,76,76,76,76,98,98,98}; //Light pattern values for main road Left flow over 10-second window
27 unsigned int MainRoad Rightlights[]={97,97,97,97,97,97,97,81,81,81}; //Light pattern values for main road right flow over 10-second window

28 unsigned int Sidelane_Lightsi[]={1,1,1,1,1,1,1,3,3,3}; //light pattern values for part 1 of side Lane flow

29 unsigned int Sideane Lights2[]={4,4,4,4,4,4,4,2,2,2}; //light pattern values for part 2 of side Lane flow

38 unsigned int Pedestrian_Lights[]={137,137,137,137,137,137,137,137,137,137}; //Light pattern values for pedestrian crossing signal (held constant)

2
33/ 10 SETUP FUNCTION
34
35 void setupI0(void) //function to initialize 1/0 direction registers and default output states
36 El( 7/setuplo function begins
37 set_tris_a(exr); //set PORTA as input (for sensors and button)
3 setitrisb(exe); //set PORTS as output (pedestrian Lights, traffic patterns)
39 setitris c(exen); /set PORTC as output (7-seq units digit)
4 settris d(exoo); //set PORTD as output (7-seg tens digit)
41 set tris e(ex00); /set PORTE as output (misc output signals)
42 setup_ade_ports(NO_ANALOGS); /disable analog inputs, use pins as digital 1/0
4 output_a(d); /clear PORTA outputs
4 outputb(0); /clear PORTS outputs
45 output c(0xF); /default off state for PORTC 7-segnent (common anode Logic)
46 output d(xF); /default off state for PORTD 7-segent
47 outpute(9); /clear PORTE outputs
) //setuplo function ends
49
so
s/ SYSTEN TINER FUNCTION
s2
53 void systemTiner(void) //function to increment and display a 2-digit tiner using 7-segnent display
sa Bl 7/systenTiner function begins
output_c(Display_to[Secs]); /output units digit on PORTC 7-segnent
output_d(Display No[Tens]); /output tens digit on PORTD 7-segnent
Secs+3 7/increnent seconds counter
if (Secs == 10){Tenst+; Secs=0;} J/rolL over units digit and increment tens when seconds hit 10
if ((Secs == 10) && (Tens == 4)){Secs = 0; Tens = 83} //reset entire timer after reaching 40 seconds

if ((Secs > 10) || (Secs < 8)){Secs = 65} //guard against invalid values in units counter
if ((Tens > 4) || (Tens < 8)){Ten: ¥ //guard against invalid values in tens counter
¥ //systemTimer function ends





image7.PNG
s
65

66 // DEBOUNCE FUNCTION

67

68 _int debouncepedgutton()

s9 Bl

706 if (!input(PED_BUTTON)) {

7 delay_ns(20);

728 if (1input(PED_BUTTON)) {

7 while (!input(PED_BUTTON));
7 return 1

75 3

s 3

77 retun o

5 )

79

0

s/ TRAFFIC SEQUENCING FUNCTIONS
52

83 void mainRoadLeft(void)

8B

85 unsigned int i

86E for (i=0;1i<10; itt){

57 systenTiner();

8 output_b(MainRoad_LefeLights[i]);
F output_e(1);

%0 delay_ns(1000);

R

2 )

23

s

95 void mainRoadRight (void)

%6 B(

97 unsigned int i;

98E for (i=0;1<10;i+){

29 systenTiner();

100 output_b(MainRoad RightLights[i]);
101 output_e(sideLane_Lights1[i]);
102 delay_ns(1000);

3}

104 }

105

106

107 _void sideLane(void)

108 B

109 unsigned int 1;

116 E  for (i=0; i< 10; it+){

pres systenTiner();

12 output_e(sideLane_Lights2[i]);
13 outputTh(73);

14 delay_ns(1000);

ns 3y

s 3}

17

pred

119 void pedestriancrossing(void)
1208

121 unsigned int 1

1228  for (i=0; i< 10; itt){

123 systenTiner();

124 output_e(1);

125 output_b(Pedestrian_Lights[i]);
126 //outpist_Low(PED_RED) ;

127 7/output_high(PED_GREEN);
128 delay_ns(1000);

s}

1B}

131

.

//function to debounce pedestrian button input for reliable detection

//debouncepedButton function begins

//check if button is pressed (active-low Logic)

//skort delay to filter out bouncing
//check again to confirm stable press
//wait for button release

//return true if press detected

//return false if no press detected
//debouncepedButton function ends

//function to display Left Lane Light pattern for main road

//mainRoadleft function begins
//declare Loop counter

//Loop through 16-step sequence

//update display timer

//output traffic pattern for current step

//activate constant output signal (status indicator)

//wait 1 second betueen steps

//mainRoadLeft function ends

//function to display right Lane pattern for main road

//mainRoadRight function begins

//update timer
//output main right pattern to PORTE

//output overlapping pattern to PORTE (shared with side Lane)

//mainRoadRight function ends

//function to handle side Lane Light pattern
//sidetane function begins

//update timer

//output second set of side Lane patterns to PORTE
//set default output on PORTE during side Lane activity

//sidetane function ends

//function to handle pedestrian crossing Light sequence

//pedestriancrossing function begins

//update timer

//constant output signal active during pedestrian phase

//show pedestrian signal pattern
//optional manual override of RED Light
//optional manual override of GREEN Light

//pedestrianCrossing function ends
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131

132
133/ HAIN FUNCTTON

138

135 void main()

136 B

137 setwplo();

138

139 while (1)

1w0E  {

141 unsigned int mid_sequence = 05
142

1435 4F (input(SENSOR_LEFT)8& mid_sequence
108 mid_sequence = 1;
1a5 mainRoadLeft();

146 mainRoadRight ()

147 sidelane();

148 pedestrianCrossing();
149 SystenTiner();

150 mid_sequence = 05
151 Secs = 0; Tens = 0;
152 3

153

1505 4F (input(SENSOR_RIGHT)2& mid_sequence == 0){
155 mid_sequence - 1;
156 mainRoadRight();

157 sidelane();

158 pedestrianCrossing();
159 mainRoadLeft();

160 mid_sequence = 0;

161 systenTiner();

162 Secs = 0; Tens = 0;
163 3

168

1655 4F (input(SENSOR_SIDE)8& mid_sequence
166 mid_sequence - 1;
167 sidelane();

168 pedestrianCrossing();
169 mainRoadLeft();

170 mainRoadRight ()

171 mid_sequence = 65
172 systenTiner();

173 Secs = 0; Tens = 0;
178 3

175

1765 4F (input(PED_BUTTON)&R mid_sequence == 0){
177 mid_sequence = 1;
178 pedestrianCrossing();
179 mainRoadLeft();

130 mainRoadRight ()

181 sidelane();

182 mid_sequence = 05
183 systenTiner();

184 Secs = 0; Tens = o;
185 3

136

18785 else {

138 output_c(axFF);

189 output_d(exFF)

190 output_e(1);

191 output b(73);

192 delay_ms(1000)

193 3

88}

195 ) //main function ends

//main function of traffic controller program
//main function begins
//initialize all 1/0 and peripherals

//main program Loop begins
//flag to track sequence execution state

//trigger Left-approach sequence if sensor Al is active
//set sequence in progress

//run left-side main road Lights

//run right-side main road Lights

//run side Lane

//run pedestrian crossing

//update display once more at end

//reset sequence flag

//reset timers for next sequence

//trigger right-approach sequence

//trigger side-lane sequence

//trigger manual pedestrian crossing sequence

//idle/default case when no input is detected
//turn off all segments on units digit
//turn off all segments on tens digit
//set PORTE to constant output
//set PORTS to idle/default value
//short delay before Looping again

//main program Loop ends
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