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[bookmark: _Toc228536436]Introduction
Engines produce heat from combustion and friction between moving parts. If not controlled correctly, the heat produced can damage the engine. Cooling systems remove the heat generated by the engine using coolant and radiator fans. Modern vehicles use microcontrollers to automatically monitor and control engine cooling.
This project intends to develop an automotive cooling system using a PIC16F877A microcontroller in Proteus. Push buttons will be used to simulate the engine start, confirm coolant presence, and activate cooling fans. Light-emitting diodes will indicate the cooling system status, an LCD will display real-time messages, and a UART can be used to send the cooling system status to another virtual terminal. The project will demonstrate that the embedded system correctly controls the engine cooling system when the inputs are provided in the correct sequence.
[bookmark: _Toc228536437]Background Research
[bookmark: _Toc228536438]Automotive cooling system logic
As the engine operates, its temperature increases due to combustion. A cooling system is employed to remove the heat from the engine. When airflow through the radiator is insufficient to maintain adequate engine cooling, a cooling fan will automatically start to increase airflow through the radiator, improving heat removal from the engine. This process is automatically controlled by controllers embedded in the engine.
[bookmark: _Toc228536439]PIC16F877A microcontroller
The PIC16F877A microcontroller chip is used to read digital input signals from sensors and switches and control output devices such as LEDs, motors, and displays. It features built-in support for communication with LCD screens via the UART serial protocol. This microcontroller chip is widely used in learning and simulating embedded systems due to its reliable features regarding input and output control and communication.
[bookmark: _Toc228536440]LCD module
The LCD module displays messages on the screen to indicate the cooling system's status while it is operating. These messages inform the user of the status of each stage of the cooling process.
[bookmark: _Toc228536441]UART serial monitoring
Using the UART serial communication protocol, the cooling system status can be sent as messages to a virtual terminal in Proteus to monitor the system.
DC motor fan simulation
The DC motor represents the cooling fan used in the car’s cooling system. When the engine is running at high temperature, the cooling fan will automatically start and continue running for a set period to return the engine to an appropriate temperature.
[bookmark: _Toc228536442]Circuit Design
The PIC16F877A microcontroller was used to design the circuit in Proteus, along with three push buttons, three LEDs, a DC motor with an L293D driver, a 16-by-2 LCD in 4-bit mode, and a virtual terminal via UART. Three push buttons are connected to PORTB pins to represent the vehicle's sensor inputs. SW1 represents the engine start input, SW2 represents coolant confirmation, and SW3 represents fan activation.
Three LEDs are connected to PORTC pins to indicate the cooling system's status. LED1 indicates engine start confirmation, LED2 indicates coolant confirmation, and LED3 serves as an alert for system shutdown. The LCD is connected to PORTD in 4-bit mode to display the cooling system status.
The DC motor is connected to the L293D driver to simulate the radiator motor. The L293D driver protects the PIC16F877A microcontroller and allows the DC motor to operate correctly in response to the PIC16F877A's signals. The RC6 and RC7 pins are connected to the virtual terminal via UART to display the cooling system's status.
Three push buttons simulate the signals from the vehicle's sensors. Three LEDs show the condition of the systems. The LCDs display the system's real-time status. The DC motor simulates the operation of the radiator fan. The virtual terminal via UART allows the engineer to monitor system behaviour during operation.
[bookmark: _Toc228536443]Flowchart 
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The program follows a specific sequence in which each stage can only be accessed upon completing the previous stage. The system’s logic is configured to mimic the operation of a real automotive cooling system. Upon power-up, the system displays "System Ready" on the LCD and sends the same message to the virtual terminal via the UART communication protocol.
When SW1 is pressed, LED1 turns on, and the system displays 'Engine Started' on the LCD and on the virtual terminal via the UART protocol. The system then waits for confirmation of coolant levels in the engine. When SW2 is pressed, LED2 turns on, and the system displays "Coolant OK" on the LCD and the virtual terminal.
When SW3 is pressed, the system displays "Fan Activated" on the LCD and starts the DC motor to simulate the radiator cooling fan. The system displays "Motor Running" on the LCD for three seconds while the motor is running. After three seconds, the alert LED starts blinking three times with a short delay between each blink. The system displays ALERT on the LCD and sends the same message to the virtual terminal.
Finally, the system displays Shutdown Done on the LCD. The system's defined logic ensures it behaves like a real automotive cooling system. Each cooling system component will only start operating after the prior components and systems have indicated that they are ready for the system to proceed to the next component.
[bookmark: _Toc228536445]Testing Procedure and Results
	Stage 
	Input condition
	Expected output
	Actual output

	System ready
	Power supplied to circuit
	LCD displays System Ready and UART message appears on virtual terminal
	LCD displayed System Ready and UART message appeared correctly

	Engine started
	SW1 pressed
	LED1 turns on and LCD displays Engine Started with UART message
	LED1 turned on and LCD displayed Engine Started correctly

	Coolant confirmation
	SW2 pressed after SW1
	LED2 turns on and LCD displays Coolant OK with UART message
	LED2 turned on and LCD displayed Coolant OK correctly

	Fan activation
	SW3 pressed after SW2
	Motor starts and LCD displays Fan Activated then Motor Running
	Motor started and messages displayed correctly

	Alert indication
	Motor stops after 3 seconds
	Alert LED blinks three times and LCD displays ALERT with UART message
	Alert LED blinked three times and message displayed correctly

	Shutdown stage
	Alert blinking completed
	LCD displays Shutdown Done and UART message appears
	LCD displayed Shutdown Done and UART message appeared correctly



[bookmark: _Toc228536446]Results Discussion
The automotive cooling system simulator worked as intended during simulation within Proteus. Each stage of the simulator only responded to the appropriate switch sequence. The switch order control correctly prevented the system from acknowledging the coolant confirm or fan switch until the engine started.
All status messages are correctly displayed on the LCD at each stage of the system. Messages displayed included: System Ready, Engine Started, Coolant OK, Fan Activated, Motor Running, ALERT, and Shutdown Done. The UART communication correctly displayed the same messages as the LCD.


[bookmark: _Toc228536447]Simulation Results and System Verification
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Figure 1 Full circuit showing PIC16F877A connections to switches, LEDs, LCD module, motor driver, DC motor, and Virtual Terminal interface.
[image: ]
Figure 2 Power applied. LCD displays System Ready and UART terminal confirms message transmission.

[image: ]
Figure 3 SW1 pressed. LED1 turns on and LCD displays Engine Started. UART message confirms stage activation.
[image: ]
Figure 4 SW2 pressed after engine start. LED2 turns on and LCD displays Coolant OK. UART output confirms correct sequence.
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Figure 5 SW3 pressed after coolant confirmation. LCD displays Fan Activated and system prepares motor operation.
[image: ]
Figure 6 DC motor operates for three seconds simulating radiator fan behaviour. LCD displays Motor Running and UART confirms operation.
[image: ]
Figure 7 Alert LED blinks three times after motor stops. LCD displays ALERT and UART confirms warning signal.
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Figure 8 LCD displays Shutdown Done and UART confirms final system shutdown message.
[image: ]
Figure 9 Virtual Terminal displays complete sequence of transmitted system status messages confirming correct execution order.

[bookmark: _Toc228536448]Conclusion
This project demonstrated an effective way to simulate the operation of an automotive cooling system using the PIC16F877A microcontroller in the Proteus simulation environment. The control sequence was correctly operated using three push buttons to simulate engine start, confirm the coolant level, and activate the oiling fan. Various components, including LEDs, an LCD, a DC motor, and a UART, effectively displayed and confirmed each stage of the cooling system.
The simulation results indicated that the microcontroller correctly responded to the push buttons and effectively controlled the cooling system outputs according to the specified control sequence. Additionally, the LCD displayed correct messages at each stage of the cooling system, the DC motor ran for the required time, and the UART provided additional confirmation of the cooling system's operation.
Some improvements to this project could include using temperature sensors instead of push buttons, using PWM signals to control the cooling fan speed, and implementing the cooling system with physical hardware for real-world testing.
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