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[bookmark: _Toc133578399]1 - Introduction:

The assignment requires you to research, design, simulate and produce a working circuit schematic and embedded C code. This circuit will be used to operate a four-way traffic light junction based on ultrasonic sensors to detect traffic. The system will need to also integrate a pedestrian crossing with a button, timer and seven segment display to show how long they have to cross. This report will be looking at existing products/legislation are used alongside simulation software and hardware to produce a working traffic light system. It will then be tested and evaluated against the assignment brief to recommend future improvements.

[bookmark: _Toc133578400]2 - Research:

Before designing and making this system it is important to research and develop a better understanding on how they work. The first bit of information to look for relates to the timings of the traffic lights. From looking at traffic light legislation it states that the red and amber period should last 2 seconds and the amber on its own should last for 3 seconds as minimum to make sure the drivers have enough time to react [1]. 
An article online also talks about the ratio of time that a traffic light should be green for. It states you should split it depending on the importance of the road [2]. This is done by taking an average cycle time of 60 sec and splitting and dividing it based on that ratio [2]. Because this system is a 4-way individual system, and all the roads are assumed to be equal in respects of how major they are. The green time will be equal across all four.
Next was to choose an appropriate microcontroller to operate the system. To connect everything up to one PIC it is important to have as many I/O pins as possible which is why a microcontroller in the PIC18F family is appropriate as it has sufficient processing power and has many I/O pins as well as support for multiple analogue input pins. Another requirement for the microcontroller is support for CCP (Capture/Compare/PWM) which Is essential when measuring pulse length from an ultrasonic sensor. This led me to choose the PIC18F452 as it covers all the reasons above and I have experience coding/using it before. [3] [4]
When choosing components, it mainly came down to price and whether it was compatible with the microcontroller of choice.

[bookmark: _Toc133578401]3 - Circuit schematics:
This section of the report will go over the circuit schematic and overall design of this system. It will also break down each individual part down to explain how it works and integrates with the rest of the system.

[bookmark: _Toc133578402]3.1 – Overall circuit schematic:
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Figure 1 - Overall Circuit Schematic

The figure 1 shows the overall schematic of the traffic light system. On the left is a diagram of the crossroad junction with the components/devices integrated with it. This is done to better visualise how it will work in real case scenario.





[bookmark: _Toc133578403]3.2 – PIC18F452 Microcontroller:
[image: A picture containing text, screenshot, number, menu
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Figure 2 – PIC Microcontroller

This is the PIC18F452 microprocessor for this project. It was chosen as it: has an adequate amount I/O pins; multiple pins with support of ADC so it can read analogue signals; supports CCP which allows the measurement of pulse lengths to be used with an ultrasonic sensor. Due to the layout of the circuit schematic, it is more appropriate to use input and output labels when wiring up this circuit as it reduces clutter and makes the schematic easier to read. 
The pin layout is designed to try keep each port on the microcontroller associated with separate parts of the system.  Port A is for taking in the analogue input from the potentiometer and therefore all the pins used on that port are configured to be used with separate ADCs. Port B is used to drive the seven segment displays. Because all the seven-segment displays need to be in sync with each other therefore I only need 1 port to drive all the displays. Port C and E cover similar tasks. These are used to choose specific traffic lights, choosing the specific sides of the seven segment displays and takes in the input from all the buttons. Finally, Port D is used to drive all the traffic and pedestrian lights. This is done by outputting a binary/hex number to turn on/off specific pins on port D. This in result will turn on the appropriate LEDs for the state the system is in. For example, this could be all traffic lights red and pedestrian lights green. The variables “green” and “red” manage the pedestrian lights whereas the two traffic groups occupying the rest of the pins manage the power to group 1 (up and down) and group 2 (left and right). Port C and E then manage which specific traffic lights are changed/controlled.
[bookmark: _Toc133578404]3.3 – Traffic Lights:

[image: ]
Figure 3 – Traffic Light States

These are the 4 traffic light states that can be controlled by the microcontroller. Each LED colour has a resistor wired in series to reduce the voltage and protect the LED from burning out/breaking. They receive power from the transistor circuit and are wired to ground with a resistor in series. They work in conjunction with the transistor circuits that will be explained below.
There are 4 traffic lights in total and each one can be controlled individually through the microcontroller’s pins as well as a circuit of transistors, in the switch configuration, for each traffic light. The transistors are used to determine what state the traffic light is in. The reason for choosing this method is because of the limited number of pins on the PIC. When the circuit was first designed it could easily support 2 sets of traffic lights. With the updated requirement it was now important to control each individual traffic light so the best course action for reducing the complexity and cost of adding more microcontrollers was a series of transistor circuits to achieve this individual control.






[bookmark: _Toc133578405]3.4 – Transistor Circuits:
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Figure 4 – Circuit to turn on red lights for each set

[image: ]
Figure 5 - Transistor circuits for red lights

This is the transistor circuit that assists in selecting a specific traffic light to change. Because we are controlling the traffic lights individually, we only need to change one traffic light at one time. As mentioned above the circuit was initially designed for the use of 2 sets of traffic lights not 4 individual traffic lights therefore that is why this process is necessary. This means that every traffic light needs to be on red as default. The circuits in figure 4 and figure 5 are used to achieve this. They work by providing power constantly to all the other red traffic lights whilst disabling the red LED for the active one depending on what state it is changing to. 
PNP transistors are used in figure 5 to constantly supply power to the red LEDs which assists in the change of active traffic light state. Due to the nature of the code when the lights change from red to green it will turn off the “TRAFFIC_RED_1” or “TRAFFIC_RED_2” pin, in figure 4, when changing from red and yellow to green depending on which set is chosen. To prevent both traffic lights in the set from having the red LED turned off the circuit in figure [] is used to provide power to the other red light. When the pin, associated with the active traffic light, on the microcontroller is set high it causes the transistor to stop current flowing from VCC to the LED which results in the LED turning off for only the active traffic light that is changing states.
[image: ]
Figure 6 – Yellow and green transistor circuits

This circuit controls which individual yellow and green LEDs turn on depending on which traffic light is selected. This circuit is far less complicated than the previous as when the microcontroller needs either a yellow or green LED on all it needs to do is choose the “group” it is in (1 or 2) and then choose the “set” (A or B). The microcontroller does this by setting the specific “group” pin to high allowing current to flow through the first NPN transistor and then setting the specific “set” pin high allowing current to flow through the second transistor into the correct traffic light LED.













[bookmark: _Toc133578406]3.5 – Button:
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Figure 7 – Button circuit

This is the circuit for the button the pull-up resistor configuration. This means that whilst the button isn’t pressed the digital pin will always be set to high. This is useful when using buttons/switches as it is easy to identify the trigger when someone presses it.







[bookmark: _Toc133578407]3.6 – Seven-Segment Display:
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Figure 8 - Seven-segment display pinout

This is the pinout for the seven-segment display. Each segment of the display is driven by an individual pin, and you can set high specific pins to display specific numbers. The display is driven off port B of the microcontroller and it works by outputting a specific hex value to the port to turn on/off different pins depending on what number you wish to display. The two pins on the right of the display are used to pick which side you want to display on. Each pin going to a segment on the display is protected by a resistor to make sure the correct voltage is used for driving it.



[bookmark: _Toc133578408]3.7 - Red/Green Pedestrian Lights:
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Figure 9 – Pedestrian lights

This is the simple circuit that drives the pedestrian lights. It uses two outputs from the microcontroller that are wired in series with a green/red LED and a resistor to ground. Due to the number of LEDs being driven from one pin you don’t need a high value resistor to protect the LED.
[bookmark: _Toc133578409]3.8 – Potentiometer:
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Figure 10 – Potentiometer (Replacing ultrasonic sensor)

This is the circuit for the potentiometer which is used as a substitute for the ultrasonic sensor. The negative end and the positive end are connected to ground and VCC respectively. The third pin is connected to an analogue pin on port A as you slide the potentiometer from 0% to 100% the value on the analogue pin will vary from 0 to 255.





[bookmark: _Toc133578410]4  - Flowchart:

The flowcharts are split into 2 groups and then individual functions. The two groups are divided by the functions related to the interrupt feature and the others linked to the main loop. The interrupt feature is very useful when programming a microcontroller as it is capable of constantly running a small bit of code every few micro/milli seconds depending on how you configured it. 

[image: ]

Figure 11 – Main flowchart
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Figure 12 – Interrupt flowcharts

The flowcharts shown above in figure 12 are part of the interrupt routine that is called every 6-10 microseconds. To make it easier to picture in the flowchart, the interrupt sequence is “run” after every individual block.


[bookmark: _Toc133578411]5  - Resources used:
[bookmark: _Toc133578412]5.1  - Software:
The software tools used for this project: 
· Proteus 8 Professional v8.15
· CCS Complier v5.103
· MPLAB IPE v6.05
· Microsoft Office (PowerPoint, Word, Excel)
[bookmark: _Toc133578413]5.2 – Hardware and Parts:
The hardware, tools and parts for this project:
· Soldering iron
· Lead-free solder
· PICKIT 3 programmer and debugging tool
· PIC18F452 microcontroller
· Breadboard
· Jumper wires
· Battery Pack
· PNP/NPN Transistors
· LEDs (Red,Green,Yellow)
· Varying resistors
· Seven-segment displays
· Ultrasonic sensors
· Potentiometers
· Buttons

[image: ]
Figure 13 - Costing
[bookmark: _Toc133578414]6  - Results:
[bookmark: _Toc133578415]6.1  - Testing:
Most of the testing and experimenting was done in the simulation software Proteus before creating it on a breadboard. At this stage it involved testing output current and voltages from the microcontroller pins and making sure its within the operating boundaries of the component it is connected to.
[bookmark: _Toc133578416]6.2  - Simulations:
[bookmark: _Toc133578417]6.2.1 – Testing Potentiometer:
[image: A screenshot of a computer
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Figure 14 – Potentiometer on the oscilloscope
The potentiometer was tested at 3 states: 0%, 50% and 100% to find out what values the microcontroller will get. From this you can see that at 0% voltage is at 0V at 50% it is at 2.5V and at 100% the oscilloscope reads 5V. After that the next step was looking at how the microcontroller interprets that voltage. This is important as that defines how to setup the IF statements to decide which traffic light goes first. After printing to the terminal, the results are as follows. 0% it shows 0v at 50% it shows 128 and 100% shows 255. Things values can then be integrated into the code so that it changes the lights as the value increases.





[bookmark: _Toc133578418]6.2.3 – Testing Seven Segment Display:
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Figure 15 - Seven Segment Display

Testing the seven-segment display was done by making sure all the segments were lighting up correctly by applying power to each pin. Then run the countdown code to determine if the code is displaying the correct numbers.
[bookmark: _Toc133578419]6.2.4 – Testing LEDs:
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Figure 16 – LED Voltage

To test the LEDs, I placed a DC voltmeter across the component and made sure it was at a suitable voltage. If it wasn’t I would adjust the resistor value.
[bookmark: _Toc133578420]6.2.2 – Testing code against the assignment brief:

The most important aspect to test for this system is how well it operates compared to the assigned task. Testing this is done by trying multiple scenarios with the potentiometer values and button presses to try and break the code or make it respond in a way that doesn’t conform to the required assignment brief. This stage was very important as previous versions of the code didn’t always behave as the brief wanted. Therefore, without testing the code so much it wouldn’t have been possible to identify these bugs in the code. But the result is a code a circuit that adheres to the assignment brief.

[bookmark: _Toc133578421]6.3  - Breadboard:

This shows some photos of the circuit working on a breadboard:
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Figure 17 – Overall System
[image: ]
Figure 18 - Pedestrian Timer
[image: ]
Figure 19 – Traffic light 1 sequence
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Figure 20 – Traffic light 2 sequence


[bookmark: _Toc133578422]7  - Conclusion:
In conclusion this was a very successful project as it works on Proteus and on a breadboard for component testing. The code and circuit operate the traffic junction without any errors or warnings coming from the microcontroller. It also conforms to the assignment brief as it covers all the marked criteria. Each component is powered at a suitable voltage and the PIC is wired up correctly. After successfully designing and making this system there are some improvements that can be made relating to alternative design options and traffic light configurations.
[bookmark: _Toc133578423]7.1  - Recommendations:
Most modern-day traffic light systems that have only 2 roads on each junction operate in a paired system. When one side is green the other side is also green meaning that opposite ends of traffic can go at the same time. If they need to turn right, they must wait for a gap. This should be considered for the next design so that traffic can be flow quicker. The system itself will be far less complicated and won’t require as much processing power. Another improvement would be to redesign the transistor circuits as they too complicated and not as reliable as using the I/O pins on the PIC.
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Hardware Amount Individual Cost Total Cost

Soldering iron 1 £30.00 £30.00

Lead-free solder 1 £7.00 £7.00

PICKIT 3 programmer and debugging tool 1 £30.00 £30.00

PIC18F452 microcontroller 1 £10.00 £10.00

Breadboard 1 £10.00 £10.00

Pack Jumper wires 1 £10.00 £10.00

Battery Pack 1 £5.00 £5.00

Red LED 12 £0.37 £4.39

Yellow LED 4 £0.47 £1.88

Green LED 12 £0.47 £5.64

10R Resistors 16 £0.14 £2.22

100R Reisitors 12 £0.20 £2.34

1K Resistors 88 £0.17 £15.14

Diodes 4 £0.21 £0.85

PNP Transistors 2 £0.29 £0.59

NPN Transistors 12 £0.25 £2.96

Seven-segment displays 8 £2.40 £19.20

Ultrasonic sensors 4 £1.50 £6.00

Potentiometers 4 £4.80 £19.20

Buttons 8 £2.00 £16.00

£198.41
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