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The purpose of this report is to detail the design, coding, and testing of an electronic circuit in the circuit design software Proteus Professional 8. This circuit is designed to be representative of the road traffic light configuration of a generic T-junction on the UK road network. This junction also includes a synchronised 3-way pedestrian crossing traffic light system.

The function of this project is to produce a circuit which will count sequentially from 0-40 using 7-segment displays and change the status of three traffic lights every 10 seconds, with the final 10 seconds being used as a pedestrian crossing period in order to emulate the function of a real T-junction.

The circuit is centered around the PIC16F877A controller which is used to interpret the embedded code and power each pin accordingly, controlling the LEDs.

The report will also analyse and detail the structure of the code, written in MikroC, an embedded C compiler for Peripheral Interface Controllers (PICs), that is used to control the lighting sequence of the traffic lights and pedestrian LEDs in Proteus.
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Some prior research is necessary to ensure that the road layout is represented as accurate as possible in the circuit diagram and that the traffic lights are representative of real-world traffic-light controlled T-junctions. For this, the road junctions section of the Highway Code [1] can be consulted and a circuit layout can be configured to represent this.

[image: ]
Figure 1: Highway Code example T junction

Although rudimentary, there is some merit in ensuring Proteus’ in-house traffic light component represents the function of real-life traffic lights in the UK. For this, an informational post from the Department for Transport was consulted [2]. This is shown in Figure 2.

[image: ]
Figure 2: UK Traffic light operations
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This section will include the circuit designed in Proteus to emulate a T-junction 3-way traffic light system, along with a synchronised pedestrian crossing LED light system. It will detail the function of each component in the circuit.

[image: ]
Figure 3: Traffic Light circuit
This figure shows the entirety of the traffic light circuit, designed in Proteus. The circuit is organised to represent a 3-way T-junction road network with 3 sections. Each section contains a traffic light, counter display, and pedestrian crossing light system.

The circuit is centred around the PIC16F877A controller. This is a 44-pin Peripheral Interface Controller which includes 30 Input/Output pins [1]. This makes it suitable for a circuit using a large number of LEDs, 7-segment displays in particular, as it has a large number of pins to enable individual control of each LED.

The circuit uses 6 separate 7-segment displays to show a 2-digit timer at each traffic light location. Each 7-segment display is made up of 7 separately controllable LEDs with each LED corresponding to a single pin. The 6 displays are split into 3 groups of 2 with each group a direct copy of one another, meaning they can be directly controlled by the same pin set on the PIC. Similarly, each group contains a 3-pin traffic light using Proteus’ in-house traffic light design. This functions identically to the 7-segment display, just with 3 individually controllable LEDs as opposed to 7.

While all 3 traffic lights (and all 9 of their pins) are controlled by just 3 pins on the PIC, each traffic light is connected to the 3 pins in a different order, meaning illuminating one of the three pins on the PIC will illuminate a different colour LED on each traffic light. In the application of a T-junction traffic light control system, this is perfectly acceptable because each traffic light should not be in the same colour state as another at the same time.

The third LED set in each group is a pair of two LEDs, one red and one green, to act as a pedestrian crossing control system.
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This section will explain in detail the structure and function of the code, written in the MikroC compiler, that is used to control the PIC and illuminate the LEDs of the traffic light control system. It will also contain a rudimentary flow chart which is used to describe the logic that the code follows.
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Figure 4: Code variables

Initially, an integer array of 10 values, 0 through 9, is named for the variable ‘i’. The values are represented in hexadecimal format in order to conserve space. This integer array is used as a look up table for a set of values which correspond to certain pins on the PIC, powering them (and subsequently illuminating the LEDs of the 7-segment display) in a desired order. As the value of ‘i’ progresses through the array the LEDs will be illuminated in a different order, corresponding to different traffic light signals.

The second set of values assigned are names to certain pins. The first 5 Input/Output pins of the PIC are connected to the 3 pins of the 3 traffic lights (designated LED_ONE, LED_TWO and LED_THREE) and the two pedestrian crossing colours (designated LED_RED and LED_GREEN).
[image: ]
Figure 5: Setting outputs

The next section of code starts with the ‘void main’ function. This indicates to the PIC the beginning of the main loop of code that the PIC will continuously run through.

The first set of instructions within this ‘main’ loop is too set the state of the I/O pins. When equal to 0, the ‘TRISB’ function, known as the tristate function, sets the configuration of the pins in port B as outputs, meaning they output a power signal (in this instance to the LEDs). This is also repeated for ports C and D.

The ‘PORTB = 0x00’ function will then set the initial states of the pins in port B to 0, meaning at the beginning of the main function they are not outputting a signal (and thus the LEDs will be off). This is also repeated for ports C and D, meaning at the beginning of the LED sequence none of the pins are producing a signal and all LEDs are off.
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Figure 6: First LED state

The following code consists of 5 separate for loops, each one representing a different state for the traffic light and pedestrian crossing LEDs. As the 7-segment display counter counts through 10 values the next loop is called, up until the counter reaches 40 at which the code returns to the beginning.

The first line of code in each loop, the sequential counter for integer ‘i’, will count an unassigned integer through the values of 1-10, incrementing by 1 each time. As the value of integer ‘i’ is sequentially counted, the code will reference the integer array designated for ‘i’ at the beginning of the script in order to extract the set of pins of the PIC which will be illuminated to display the value on the 7-segment display, represented in hexadecimal format.

The first loop represents the first LED state in which each traffic light is displaying a different colour and the LED-RED pedestrian crossing lights are illuminated. The line ‘PORTD = 0xC0’ illuminates the value ‘0’ on the left hand 7-segment display as the counter counts through its first set of 10 digits (0-9).

The line ‘PORTC = display[i]’ will call the corresponding hexadecimal value in the integer array assigned at the beginning, based on the value of the integer ‘i’ as it sequentially counts through 1-10. This value is then displayed in port C, of which controls the righthand 7-segment display. This way, as the integer counts it will call on the array to display the digit on the 7-segment display and similarly count through 10 values.

The next line controls the illumination states of each traffic light by assigning a value to each corresponding pin. The line ‘LED_RED = 1’ illuminates the red LED of the pedestrian crossing, indicating that it is not safe to cross because one of the traffic lights is illuminated green (meaning vehicle traffic can pass through).

The final line of the loop, ‘delay_ms(1000)’, introduces a 1 second delay between each sequential count of the integer ‘i’, meaning the 7-segment display will increment by one value every second.

In total, the loop lasts 10 seconds as ‘i’ has 10 values to increment through. Once ‘i’ reaches the 10th value the loop is closed and the code moves onto the following loop to display the next LED state.

[image: ]
Figure 7: LED States 2, 3 and 4

The subsequent 2nd, 3rd and 4th loops control the rest of the LED states of the T-junction. Each loop functions identically to the first loop, except for two primary differences. The port D value is changed in order to increment the lefthand 7-segment display by 1 value each time (as the 7-segment display counts up by 10). The lighting arrangement of each traffic light is also cycled through each of the three possible states (recalling that no traffic light can be illuminated the same colour).

The 4th loop is used for the pedestrian crossing state, in which the three traffic lights are not illuminated at all and the pedestrian crossing LED_GREEN is illuminated.

[image: ]
Figure 8: Final loop

The final 5th loop of the script is only displayed for one increment value of integer ‘i’ for a total of 1 second. The purpose of this loop is to display the value ‘40’ on the two 7-segment displays. Because the right hand 7-segment display begins at the value ‘0’, loop 4 increments the count 10 times, ending on the digit ‘9’, meaning that both displays will display the value of ‘39’. Hence, this final loop is included to display the final value of the 3 counters.


Figure 9: Code flow chart
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There were two primary software packages used in this project:

Proteus Professional 8 – This is a circuit design and simulation software package with an inbuilt component library which is used for complex circuit simulations [1]. In this instance, it was used to build the circuit, connecting components, implementing the embedded code and ultimately testing the circuit and code.

MikroC PRO for PIC – MikroC is an embedded C compiler which is tailored specifically for Peripheral Interface Controller applications [2]. In this instance, it was used to write and compile the code for the PIC16F877A controller for implementation in Proteus.
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Figure 10: Traffic light state 1
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Figure 11: Traffic light state 2
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Figure 12: Traffic light state 3
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Figure 13: Traffic light state 4 - pedestrian crossing
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As shown in the section ‘Simulation Screen Dumps’, the circuit has been configured to run successfully, displaying 4 separate LED states – 3 for control of vehicle traffic and a 4th for the pedestrian crossing. Throughout all 4 states the 3 synchronised 7-segment display counters will count from the value of ‘00’ to ‘40’ with 1-second increments in between each count.

For the first 3 states, each traffic light displays a different colour and the 3 states are cycled through. Throughout these states the pedestrian crossing lights are continuously illuminated red. The final state for the pedestrian crossing will turn off all 3 traffic lights and illuminate the green LEDs for the pedestrian crossing. Once each state has been cycled through the counter will reset and the traffic light sequence will begin again from the beginning.
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This report has detailed the design and simulation of an LED circuit, centred around a PIC16F877A controller, which is intended to emulate the function of a road traffic T-junction. The circuit also included a functioning synchronised pedestrian crossing system. The circuit successfully cycles through 4 different LED states, functioning to both control vehicle traffic and have a dedicated state for pedestrian crossings.

This report has detailed the function of each component in said circuit and the operation of each component in relation to the central peripheral interface controller.

The structure and operation of the embedded code has also been explained, describing in detail how each LED sequence state correlates to a for loop within the script and how each 7-segment counter is controlled to count sequentially from ‘00’ to ‘40’.

To improve the circuit in the future, further steps could be taken to emulate the function of the T-junction more closely. This may include features like a button-operated pedestrian crossing which affects the state of the LEDs, a buzzer which sounds when the pedestrian crossing is active and a vehicle proximity sensor at each traffic light to control the state of each light, rather than simply autonomously cycling through the 4 separate states.
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int i;
unsigned int display[10] = {OXCO, OXF9, OXA4, OXBO,
// integer array for variable i

sbit LED ONE at RBO_bit;
sbit LED_TWO at RB1_bi:
sbit LED_THREE at RB2 bit;
sbit LED RED at RB3_bit;
sbit LED GREEN at RB4_bit;
// assign names to pins
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0X80,

0X90};
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i<10;i++) // Traffic light state 1

{ | PORTD = 0XCO:

| PORTC = display [il; //7 Segment Display

| LED ONE = 0; LED_TWO = 1; LED_THREE = 0; //Traffic Light
\LED RED = 1 ; //Pedestrian LEDs

| delay_ms(1000);
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for

for

for

(1=0;1<10;i++) // State 2

PORTD = OXFS;

PORTC = display [i];

LED ONE = 1; LED_TWO = 0; LED THREE =
LED_RED = 1 ;

delay ms(1000);

(i=0;i<10;i+4) // State 3

PORTD = OXA4;
PORTC = display [i];

LED_ONE = 0; LED_TWO = 0; LED_THREE =
LED RED = 1 ;

delay_ms(1000) 7

(1=0;1<10;i++) // Pedestrian crossing

PORTD = 0X80;
PORTC = display [i];

LED_ONE = 0; LED_TWO = 0; LED THREE =
LED_GREEN = 1 ;

delay ms(1000);

0:





image9.jpeg
for (i=0;i<l;i++) // Pedestrian crossing final array count
| PORTD = 0X99;
| PORTC = display [i]:
| LED ONE = 0; LED_TWO
| LED_GREEN = 1 ;

| delay_ms(1000);
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