ACDA5002 – Electronics I Assignment		Ethan Reynolds
Designing an Automatic Traffic Light Controller for a T- Junction Road
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[bookmark: _Toc184891974]Introduction
This assignment has been set with the task of developing a traffic light control system for a T-Junction that is operated with precise timing intervals, the aim of which is to regulate the flow of traffic effectively with safety for both the pedestrians and drivers as the primary focus, this can be done by implementing time-based signal changes which will be a reliable solution for a situation such as this. As the traffic lights will be situated at a T-Junction there will be three different roads that all converge to this point along with a pedestrian crossing available at each road. The standard that this traffic should operate and function to are as follows:
· Install a set of traffic lights at each side of the road for comprehensive traffic management.
· Using a 7-segment display to count up or down for a duration of 40 seconds, with the light display shown changing every 10 seconds. 
· The final 10 second display should be dedicated for safe pedestrian crossing. During this phase the traffic lights should either be in an off state or all being illuminating red.
This task will require the use of programs such as Proteus, PCW and CCS Complier. These software programmes used in unison will all for the electronic circuit to be designed, produce a program that enables the circuit to function as well as the complier which will allow the whole system to be able to function as one.
[bookmark: _Toc184891975]Background Research
To be able to undertake this task efficiently there are a variety of components that need to work cohesively to be able to get the system in a functional state. 
[bookmark: _Toc184891976]PIC16F877A
The PIC16F877A is an 8-bit microcontroller that is commonly found in a wide variety of embedded electronic applications. This microcontroller has is comprised of 40 pins that is then broken down into five ports starting from PORT A to PORT E, 33 of the 40 pins found on this microcontroller can be used as either an input or output. As this type of microcontroller could be deemed as basic in comparison to others within this field, the characteristics that it is comprised of makes it extremely suitable for the task of controlling traffic lights at T-Junction. [1] Below is a more in-depth breakdown of the advantages and disadvantages of this specific microcontroller:
[bookmark: _Toc184891977]PIC16F877A Advantages
· This microcontroller provides the user with 33 general purpose input/output pins making it a suitable option for projects that require a multitude of inputs and outputs. 
· For how high the performance is of this device, the power consumption is considerably low especially when it is not processing data. As it has such a low power consumption it can also work with battery operated devices.
· Another benefit of this microcontroller is the ease that it can be programmed and reprogrammed, all that is required is the hex file embedded into the component to be updated.
· It also features 368 bytes of data memory (which is more commonly known as RAM) and 256 bytes of EEPROM that allows for non-volatile data storage, which is plenty for most applications it will be found in. [2]
[bookmark: _Toc184891978]PIC16F877A Disadvantages
· The PIC16F877A can only operate of a maximum frequency of 20 MHz which will become an issue when trying to run higher speed/demand applications.
· Another issue I see being present using this microcontroller would be that it has quite a high learning curve in comparison to other 8-bit microcontrollers like the Arduino for example.
The balance of pros and cons make this microcontroller a very suitable use for a variety of applications especially those which are not overly complex, as the traffic lights at a T-Junction is reasonably minimal operation in comparison to what the device can do it will be more than adequate for the task at hand. I would be less likely to suggest it to be used in a situation that required a much higher demand but for this situation it is a perfectly reasonable device that is fit for use. 
[bookmark: _Toc184891979]7-Segment Display
The 7-segment display is a light emitting diode formation that is used to display the numbers 0 to 9. This LED is broken down into seven different LEDs that are arranged in a rectangle formation that looks like the figure eight, each of the individual 7 seven LEDs can be illuminated to change the number displayed. These types of displays are commonly seen in use throughout the world in a variety of industries, some of the most common applications of this being used would be such as a digital clock, clock radios, calculators, wristwatches and motor vehicle odometers for example. [3], [4] Below is a figure illustrating the working principle:
[image: Lightbox]
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[bookmark: _Toc184891962]Figure 1: Working Principle of 7-Segment Display
As seen in the figure above depending on which segments are powered will dictate the value shown on the display, so if all segments were powered on the display would show the value eight in numerical form. This principle can then be applied for every other value between 0 to 9, below is truth table that breaks down the segments that needed to show every value possible:

[bookmark: _Toc184891963]Figure 2: 7-Segment Truth Table











Additionally, there are two different types of configurations that you can get a 7-segment display these are a common anode display and a common cathode display. The main difference between an anode and cathode display is the with the common cathode display all the segments built-in to the display are connected to each other via logic 1, meaning that the individual segments are powered on by applying a logic 0 through a current limiting resistor. Alternatively, the common anode you would connect the positive terminals of the segments together and ground them individually, then to power the segments on you would have to apply a low voltage through the common anode to the respective segment to power it on. [3], [4]
[bookmark: _Toc184891980]LED Traffic Light Display
LED traffic light displays could be considered as one of the most common LED displays in the world, as these styles of displays are seen on the roads in almost every country in the world. It is a system that is very easy to follow as the colours used are red, amber and green which are known to be associated with stop, wait and go when in a situation for controlling road traffic.
These LED light displays can be controlled by using a high or low signal from a microcontroller which will dictate which LED is illuminated. This is done by each LED having its own connection to the microcontroller which will have a built-in programme that outlines the instructions/sequence for the lights. This method of display also uses a common cathode configuration for the connections along with the programme within the microcontroller.



[bookmark: _Toc184891981]Circuit Design/Relevant Diagrams
The circuit design required for the task of an automated traffic light control system at a T-Junction with a pedestrian crossing would require components such as a microcontroller, 7-segment displays, traffic light displays and LEDs. Firstly, going through the microcontroller, PORTA, B, C and D will be required to be configured as an output in the software which will be a sufficient number of pins to operate the system. 
Each LED integrated within the traffic light display will need to be assigned an individual pin on the microcontroller because of the need for each traffic light to display a different colour to ensure that there is a constant flow of traffic. Since each traffic light has three terminals (representing red, amber and green), a total of nine pins on the microcontroller will be required to be connected to these. As seen in figure 3, each individual traffic light has a connection to the microcontroller labelled numerical starting from 1 to 9. The connections for the traffic lights can be seen on PORTA and PORTB on the microcontroller, as a port doesn’t have 9 pins within a port they had to be split across two.
The next key component within this circuit is the 7-segmet display. In this design two displays are required to work to cohesively as the count needs to reach as high as 40 seconds which is impossible to achieve by only using a single display. The first three display’s responsible for counting from 0 to 9 seconds are all connected to PORTC, the seven pins on microcontrollers PORTC are wired directly the all three 7-segment displays, they are all run of the same terminals as this ensures that they all count identically removing the possibility of them misalignment and causing problems for the system. 
The same principle in then applied to the next three 7-segment displays which are responsible for counting from 10 to 40, these displays again are all linked to PORTD on the microcontroller and follow the same wiring configuration to maintain synchronisation. The software controls the energising of the relevant pins to align with the elapsed time. Since the count should be identical on each pair of displays, the software only must account for the power going through the required microcontroller pins, which splits of to all three of the 7-segment displays.
The final portion of the circuit is the pedestrian crossing. The connections for the LEDs at the pedestrian crossing can been seen at PORTB on the microcontroller in Figure 3, with the relevant connections are labelled as X and Y. The pedestrian crossing features a red LED and a green LED, for the first 30 seconds of the systems cycle the red LED illuminates to show that it is not safe to cross. During the final 10 seconds the red LED turns off and the green LED illuminates to signal that it is safe to cross. 
The control for this feature is managed within the microcontroller’s software. The 3 pairs of LEDs are all connected to the same pins on the microcontroller to ensure proper alignment. The LEDs are also linked to ground, providing a 0v reference point necessary to establish the voltage potential difference required for the LEDs to function. Additionally, when the green LEDs at the pedestrian crossing is illuminated green, all the traffic light displays are set to red. This feature was added as an additional safety feature and to more accurately replicate how these systems operate in a real-world scenario.
[bookmark: _Toc184891964]Figure 3: Proteus Circuit Design













[bookmark: _Toc184891982]Flowchart[bookmark: _Toc184891965]Figure 4: Circuit Flowchart

[bookmark: _Toc184891983]Software Listings
[bookmark: _Toc184891984]Proteus
Proteus is a software design and simulation application that allows users to build circuits using simulated components. This program is used to generate circuits with simulated components, allowing circuits to be correctly created and improved through a low-risk trial-and-error process. Using this program, numerous adjustments may be done, such as changing the layouts, wiring, and component properties to guarantee circuit optimisation. The program covers both the physical and characteristic composition of a wide range of components, including several microcontrollers and electronics components such as traffic lights, LEDs, and 7-segment displays, ensuring that this project is completed successfully. [5]
Proteus appears to be an adequate software package for the traffic light project, this program offers a wide range of microcontrollers and components. This also has the benefit of simulation, which is required to complete the project by simulating the entire system in order to troubleshoot and optimise the software and its components. [5]

[bookmark: _Toc184891985]PCW CCS Compiler
A Code Composer Studio (CCS) is a program composition software application that allows the user to input a program, compile it, and identify faults in the program's formatting. This allows the user to identify and correct formatting mistakes before submitting items to the simulation. This combination of compiler and simulator helps to minimise the time and expense of developing a program and complicated circuit by allowing changes to be made to the program fast, followed by additional testing and simulating. [6]
However, this software does not immediately aid with program debugging; instead, it solely addresses formatting errors. As a result, understanding of the program and the coding language is necessary to debug more advanced issues and ensure that this application functions properly. CCS PCW Compiler is an appropriate solution for this project since it is simple to use and interacts well with Proteus, resulting in a smoother experience with some troubleshooting support. [6]
[bookmark: _Toc184891986]Simulation Screen Dumps[bookmark: _Toc184891966]Figure 5: Proteus Simulation at 7 Seconds








[image: A close-up of a circuit board]
[bookmark: _Toc184891967]Figure 6: Proteus Simulation at 17 Seconds

[bookmark: _Toc184891968]Figure 7: Proteus Simulation at 27 Seconds













[bookmark: _Toc184891969]Figure 8: Proteus Simulation at 37 Seconds














[image: A screenshot of a computer program]
[bookmark: _Toc184891970]Figure 9: CCS Compiler Lines 1 - 50

[image: A screenshot of a computer program]
[bookmark: _Toc184891971]Figure 10: CCS Compiler Lines 51 - 100
[image: A screenshot of a computer program]
[bookmark: _Toc184891972]Figure 11: CCS Compiler Lines 101 - 116
[bookmark: _Toc184891987]Testing, Simulated Outputs and Results
By constructing the circuit using the software such as Proteus and CCS Compiler, it is possible to simulate the circuit meaning you can check the functionality of the system as you go. This capability allows the user to ensure the system functions as intended, while also providing additional benefits such as being able to test potential improvements to the overall system.
When simulating the circuit to assess how the system was functioning, a few issues presented themselves within the programs on both software packages. In the CCS Compiler, formatting errors were reported when attempting to compile the file into the microcontroller. The software highlights where the errors occur, making it much simpler to fault find. These errors were typically minor such as spelling mistakes or incorrect/missing punctuality. However, even simple errors like these can cause significant issues for the system regardless how simple they are. 
Testing on the Proteus software was relatively straightforward, as the working principle in the software are the same as they would be when wiring the components in reality. However, an error was encountered during testing and simulating this circuit. The issue was related to labelling, two outputs from different pins on the microcontroller were assigned using the same value. This caused LEDs to incorrectly operate, deviating from the intended plan for the design of the circuit. 
[bookmark: _Toc184891988]Conclusion, Recommendations on Future Work
In conclusion, this task of designing an automatic traffic light controller for a T-junction road was an excellent exercise for enhancing knowledge within the electronic industry. This task encompasses various aspects within the field of electronics including circuit design, programming and fault-finding techniques for example.
The program produces a safe and effective T-junction traffic signal system that works safely and efficiently for both pedestrians and automobiles passing through the junction. Although installing a push button at each pedestrian crossing would make the system more efficient by allowing pedestrians to indicate their presence, if the button is not pressed within the first 30 seconds of the traffic lights section of the program, the pedestrian crossing 10 second section of the program would be skipped. This upgrade would allow pedestrians to cross when they were present while keeping vehicle traffic going if there were no people attempting to cross.
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#include <16F877A.h>

#fuses XT, NOWDT, NOPROTECT, NOLVP

#use delay(clock=20000000)

/1 Define LED Pins

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

T1_LED_RED PIN BO
TI_LED_YELLOW PIN B1
TI_LED_GREEN PIN B2
T2_LED_RED PIN A0
T2_LED_YELLOW PIN AL
T2_LED_GREEN PIN A2
T3_LED_RED PIN A3
T3_LED_YELLOW PIN_BS
T3_LED_GREEN PIN_AS
P_RED PIN_B6
PLGREEN PIN_B7

// 7-Segnent Display Digit Patterns (Assuming Common Cathode)

unsigned int display[10] = {OxCO, OXFO, OxA4, OxBO, 0x99, 0x92, OxB2, OXFS, OxBO, 0x90};

int 1;

void main() {

set_tris_a(0x00); // Set PORTA as output

output_a(@x00); // Initialise PORTA to @

set_tris_b(ex0); // Set PORTE as output

output_b(ex00); // Initialise PORTE to @
set_tris_c(@x00); // Set PORTC as output for
output_c(@x00); // Initialise PORTC to @
set_tris_d(ex0); // Set PORTD as output for
output_d(exe0); // Initialise PORTD to @

while(1) {

// RED LED ON, OTHERS OFF
For (i=0; i< 10; ith)

{

output_d(exco); // ‘o

output_c(display[i]); // Update 7-Segment Display with count from @ to 9

delay_ms(300);

output_c(display[i]);
output_high(T1_LED_RED); // T1 RED

D on

output_low(T1_LED_VELLOW); // T1 YELLOW

output_low(T1_LED_GREEN); // T1 GRE:
output_low(T2_LED_RED); // T2 RED

output_high(T2_LED_YELLOW); // T2 Y:
output_low(T2_LED_GREEN); // T2 GRE:
output_low(T3_LED_RED); // T3 RED L:

output_high(T3_LED_GREEN); // T3 GR
output_high(P_RED); // PEDESTRAIN R

7-Segment Display

7-Segment Display 2

//Update 7-Segment Display with count

ED OFF

// output_low(P_GREEN); // PEDESTRAIN GREEN LED OFF
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delay_ms(1000); // 1s DELAY

¥

// YELLOW LED ON, OTHERS OFF
For (i=0; i< 10; ith)

{

output_d(exFa); //'1
output_c(display[i]); // Update 7-Segnent Display with count from @ to 9
output_low(T1_LED_RED); // T1 RED LED OFF

output_high(T1_LED_YELLOW); // T1
output_low(T1_LED_GREEN); // T1 GREEN LED OFF
output_low(T2_LED_RED); // T2 RED LED OFF
output_low(T2_LED_YELLOW); // T2 YELLOW LED OFF
output_high(T2_LED_GREEN); // T2 GREEN LED ON
output_high(T3_LED_RED); // T3 RED LED O
output_low(T3_LED_YELLOW); // T3 V:

output_high(P_RED); // PEDESTRAIN
/1 output_low(P_GREEN); // PEDESTRAIN GREE
delay_ms(1000); // 1s DELAY

N LED ON, OTHERS OFF
5 1 < 105 i)

output_d(exaa); //'2"
output_c(display[i]); // Update 7-Segnent Display with count from @ to 9
output_low(T1_LED_RED); // T1 RED LED OFF

output_low(T1_LED_YELLOW); // T1 YELLOW LED OFF
output_high(T1_LED_GREEN); // T1 GREEN LED ON

output_high(T2_LED_RED); // T2 RED LED O

output_low(T2_LED_YELLOW); // T2 YELLOW LED OFF
output_low(T2_LED_GREEN); // T2 GREEN LED OFF

output_low(T3_LED_RED); // T3 RED LED OFF

output_high(T3_LED_YELLOW); // T3

output_high(P_RED); // PEDESTRAIN
/1 output_low(P_GREEN); // PEDESTRAIN GR
delay_ms(1000); // 1 D
¥

/1 For Pedistrain
For (i=0; i< 10; ith)

{

output_d(exso); //'3"

output_c(display[i]); // Update 7-segnent display with count from @ to 9
output_high(T1_LED_RED); // T1 RED LED O

output_low(T1_LED_VELLOW); // T1 YELLOW LED OFF
output_low(T1_LED_GREEN); // T1 GREEN LED
output_high(T2_LED_RED); // T2 RED LED ON
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output_low(T2_LED_YELLOW); // T2 YELLOW LED OFF
output_low(T2_LED_GREEN); // T2 GREEN LED OFF
output_high(T3_LED_RED); // T3 RED LED ON
output_low(T3_LED_YELLOW); // T3 YELLOW LED OFF
output_low(T3_LED_GREEN); // T3 GREEN LED OFF

/1 output_low(P_RED); // PEDESTRAIN RED LED OFF
output_high(P_GREEN); // PEDESTRAIN GREEN LED O
delay_ms(1000); // 1= DELAY

b

for (1
{
output_d(ex99); //'4"
output_c(display[i]);
delay_ms(1000)

3

i<y im)
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