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[bookmark: _Toc217043163]Introduction
This project aims to replicate the logical sequence of an engine cooling process by designing a simulator to monitor the status of a simplified automotive engine cooling system. This is done using a PIC16F877A microcontroller and switches to simulate real-world sensors and components such as the radiator fan, coolant monitoring and engine start inputs. Each button provides feedback via LEDs, a display and UART messages. 
This report contains research on the engine cooling system domain, including the system logic and operation. A circuit has been designed for simulation, and the results are included in this report. 
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[bookmark: _Toc217043165]Engine Cooling Systems
Engine cooling is one of the most critical applications of heat transfer in modern engines, as they generate substantial heat. This must be managed effectively to prevent overheating and ensure optimised performance. These systems usually consist of a radiator, water pump, thermostat, and coolant – the coolant absorbs the heat from the engine and dissipates it through the radiator. [1] The coolant circulates through the engine block via passages, picking up heat on its way to the radiator, which is then cooled by the air stream entering the engine compartment through the grill at the front of the car. A thermostat is placed between the engine and the radiator to ensure that the coolant stays above a preset temperature; if it does not, the thermostat blocks coolant flow to the radiator, forcing it to flow back through the engine passages. [2]
An engine cooling system is an example of an automotive embedded system, a microprocessor-based system built into control units (ECUs) that operate under real-time constraints. They receive signals from sensors and actuators, then process the data using embedded software. [3] These systems are optimised for reliability, low power consumption, and real-time performance. [4] 
[bookmark: _Toc217043166]Microcontroller Application in Embedded Systems
The PIC16F877A is based on the enhanced Harvard RISC architecture. It is known for its high performance, low power consumption, and extensive peripheral set, making it ideal for embedded systems and simulation. [5] It has a high operating frequency of 20 MHz, enabling fast instruction execution. [6] The 8K program and 368 bytes of data memory provide sufficient space for complex applications. The PIC16F877A also has a simple instruction set and has many available development tools, making it easy to program and debug. [5]
[bookmark: _Toc217043167][image: ]System Logic and Operation

The system has three push-button inputs that must be pressed in the correct order to trigger the next stage of operation: engine start, coolant check, and fan activation. For each of these stages, an LED should turn ON to simulate that the stage has been completed, along with confirmation on the LCD display and via a UART message on the virtual terminal.
Once all the buttons have been pressed, the system should trigger Alert (by flashing LED3 three times) to indicate that it is moving to shut down. 
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[bookmark: _Toc217043179]Figure 2: Engine Cooling System Simulation Schematic


[bookmark: _Toc217043180]Figure 3: Working Simulation
The circuit design is shown in Figure 2. Each part of the circuit is separated into boxes to present the system clearly: button inputs, status indication LEDs, the microcontroller, fan simulation, and status messages. The LCD is operating in 4-bit mode, which uses fewer pins on the microcontroller. Input and output labels were used to create a cleaner-looking schematic, making it easier to see what goes where.  
Pull-down resistors were used on the buttons to ensure that the microcontroller reads 0V when the button is not pressed, and standard 220R current-limiting resistors were used before the LEDs to prevent them from being too bright. The motor simulating the fan has a capacitor in parallel to prevent noise.


[bookmark: _Toc217043169]Simulation and Testing
[bookmark: _Toc217043170]Each Stage of Simulation
Each stage of the simulation is shown in Figures 4-9, and the screen recording is shown in Figure 3. 
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[bookmark: _Toc217043184]Figure 7: Circuit Stage 4
[bookmark: _Toc217043185]Figure 8: Circuit Stage 3
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[bookmark: _Toc217043171]Expected vs Actual Output
At each stage of the simulation, the expected outputs are the LCD screen, LEDs turning ON, the motor turning clockwise, and the UART messages on the virtual terminal. 
During testing, the procedure was to press each button in order and verify that each executed the correct action by checking the UART messages, the LCD screen, and the LEDs. Then, once this had been verified, the buttons were pressed in the incorrect order to see what would happen. In the initial code (Appendix 1), pressing the coolant and fan buttons did nothing, but once the engine button was pressed, the code ran through the whole sequence as if the buttons had been pushed in the correct order – this was not the ideal output. 
[bookmark: _Toc217043172]Adjustments Made
The initial code used logical operators to determine which buttons were pressed and what code to execute. This code also printed the LCD and UART messages multiple times, which led to them clogging up the virtual terminal and the LCD screen flashing. This is shown in Figure 10.


[bookmark: _Toc217043187]Figure 10: Simulation with Initial Code
The adjustments made to the code after this included removing the logical operators and using state machines and nested ifs to ensure that the next stage would not start unless the button sequence was correct. A subroutine was also added to tell the user to restart the system if the buttons had been pushed in the incorrect order. 


[bookmark: _Toc217043173]Conclusion
The resulting simulation of this project sufficiently replicates the logical sequence of an engine cooling system. The code produced allows for status messages and indications at each stage of the system to clearly show what is happening.
Based on background research into the workings of an automotive engine cooling system, this simulation could be improved by adding another button to simulate the thermostat and what would happen if the coolant drops below a specific temperature. For example, the ‘radiator fan’ could switch OFF, meaning the coolant is bypassed back through the engine passages, and then switch back ON when the coolant reaches a sufficient temperature to be cooled again. 
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#include <16F877A.h> //Includes the PIC16F877A header file

#fuses HS,NOKDT,NOLVP //Set fuses for high-speed oscillator, no watchdog timer, and no low-voltage programming

#use delay(clock=20000000) //Sets the clock frequecy to 20MHz
#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7, bits=8, parity=N, stop=1, ERRORS)

//Configures harware UART on RC6(TX) and RC7(RX), 'ERRORS' automatically clears UART overrun/framing errors

//Defining pins for clarity

#define ENG_ON PIN_BO
#define COOLANT_TRIG PIN_B1
#define FAN_ON PIN_B2
#define LEDL PIN_CO
#define LED2 PIN_C1
#define LED3 PIN_C2
#define MIA PIN_C3
#define M1B PIN_C4
#define TX PIN_C6
#define RX PIN_C7
//LCD on PORTD in 4-bit mode
#define LCD_RS_PIN PIN_DO
#define LCD_RW_PIN PIN_D1
#define LCD_ENABLE_PIN PIN_D2
#define LCD_DATA4 PIN_D3
#define LCD_DATAS PIN_D4
#define LCD_DATA6 PIN_DS
#define LCD_DATA7 PIN_D6

#include <lcd.c>

Bl void main() {

set_tris_b(@xFF); //Sets PORTE to inputs for buttons

set_tris_c(@x40); //Sets PIN_C7 (RX) to input and all other pins to output
set_tris_d(@x@0); //Sets PORTD to output for LCD screen

output_b(6x00);  //Initialises all buttons to @

output_c(6x00);  //Initialises PORTC to 0

led_init(); //Tnitialises LCD once

printf("System Ready...\r\n"); //Sends startup message to the virtual terminal
lcd_putc(*\fSystem Ready..."); //Prints System Ready on LCD screen
delay_ms(100);

while(TRUE) {

iF(input(ENG_ON) == 1) { //Tf there is an input on ENG_ON button then...
output_high(LED1); //...the engine start LED turns on
ngine Started\r\n"); //Prints message to VT
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output_low(LED3);|
delay_ms(100);
output_high(LED3);
delay_ms(100);
output_low(LED3);

continue;

}

SHUTDOWN: {
output_c(0x0F);
delay_ms(100);
1cd_putc("\fshutdown Done");
printf("Shutdown Done\r\n");
break;
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printf("Engine Started\r\n"); //Prints message to V1|
led_putc("\fEngine Started"); //Prints message to LCD

delay_ms(1000);
}

//Delay to prevent too many messages clogging up VT and flashing the LCD

1(input(COOLANT_TRIG) == 1 88 input(ENG_ON) == 1) { //If coolant button AND engine on button are pressed then...

output_high(LED2);
1cd_putc("\nCoolant OK"
printf("Coolant OK\r\n
delay_ms(1000);

}

//If all buttons are pressed then...
if(input(FAN_ON) == 1 8& input(ENG_ON)

1cd_putc("\fFan Activated");
printf("Fan Activated\r\n");

1cd_putc("\friotor Running");
printf("Motor Running\r\n");
delay_ms(3000);
goto ALERT;
goto SHUTDOWN;

}

if(input(ENG_ON) == 0) {

output_b(@x00);  //Initialises all buttons to @
output_c(0x00); //Initialises PORTC to @
lcd_putc("\f");  //Clears LCD screen

¥

ALERT: { //Alert subroutine
//Print ALERT! on LCD
//Print ALERT! to VT
igh(LED3); //Turn ALERT LED on and off 3 times with 100ms interval

1cd_putc("\FALERT
printf("ALERT!\r\n
output_t
delay_ms(100);
output_low(LED3);
delay_ms(100);
output_high(LED3);
delay_ns(100);
output_low(LED3);
delay_ms(100);
output_high(LED3);

//...the coolant OK LED turns on

//Prints message to LCD

//Prints message to VT

//Delay to prevent clogging up the VT and flashing the LCD

1 88 input(COOLANT_TRIG) == 1) {

//Prints message to LCD

//Prints message to VT

//Delay before starting the motor

//Turns on the motor in the clockwise direction
//Prints message to LCD

//Prints message to VT

//Runs motor for 3 seconds

//Go to ALERT

//Then go to SHUTDOWN
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#include <16F877A.h>

#fuses HS,NOKDT,NOLVP

//Includes the PIC16F877A header file

//set fuses for high-speed oscillator, no watchdog timer, and no low-voltage programming

#use delay(clock=20000000) //Sets the clock frequecy to 20MHz
#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7, bits=8, parity=N, stop=1, ERRORS)

//Configures harware UART on RC6(TX) and RC7(RX), 'ERRORS' automatically clears UART overrun/framing errors

//Defining pins for clarity

sdefine ENG_ON
#define COOLANT_TRIG
sdefine FAN_ON
#define LEDL
#define LED2
#define LED3
#define MIA

#define MIB

#define TX

#define RX

PIN_BO
PIN B1
PIN B2
PIN_Co
PIN_C1
PIN_C2
PIN_C3
PIN_C4
PIN_C6
PIN_C7

//LCD on PORTD in 4-bit mode

#define LCD_RS_PIN
#define LCD_RW_PIN

PIN_DO
PIN D1

#define LCD_ENABLE_PIN PIN D2

#define LCD_DATA4
#define LCD_DATAS
#define LCD_DATAG
#define LCD_DATA?
#include <lcd.c>

Bl void main() {

set_tris_c(0x40);
set_tris_d(ex00);

output_b(0x00);
output_c(6x00);
led_init();

int state

delay_ms(100);

PIN D3
PIN D4
PIN_DS
PIN_D6

set_tris_b(@xFF); //Sets PORTE to inputs for buttons

//Sets PIN.C7 (RX) to input and all other pins to output
//Sets PORTD to output for LCD screen

//Initialises all buttons to @
//Initialises PORTC to @
//Initialises LCD once

//Initialising ‘state’ to @ for incrementing the button presses in the correct order
int inc_order = @;//Initialising 'inc_order’ to @ for when the buttons have been pressed in the incorrect order

printf("system Ready...\r\n");
lcd_pute(*\fSystem Ready...");

//sends startup message to the virtual terminal
//Prints System Ready on LCD screen
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ALERT: { //Alert subroutine
1cd_putc("\FALERT!"); //Print ALERT! on LCD
printf("ALERT!\r\n"); //Print ALERT! to VT
output_high(LED3); //Turn ALERT LED on and off 3 times with 100ms interval
delay_ns (100);
output_low(LED3]
delay_ms(100);
output_high(LED3);
delay_ms(100);
output_low(LED3);
delay_ms(100);
output_high(LED3);
delay_ms(100);
output_low(LED3);
continue;

}

SHUTDOWN: { //Shutdown subroutine
output_c(x00); //Turns OFF motor and LEDs
delay_ms(100);
1cd_putc("\fShutdown Done”);  //Prints message to LCD
printf("Shutdown Done\r\n");  //Prints message to VT
break;

}

INCORRECT_ORDER: { //Incorrect order subroutine
if(inc_order == 1) { JI1f inc_order = 1 then (To prevent this subroutine running after the alert & shutdown if the buttons have been pressed in the correct order)
1lcd_putc("\fPlease Reset \nSystem"); //Print message to LD
printf("Incorrect Order, Please Reset System\r\n"); //Print message to VT

break;
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while(TRUE) {

if(state == 0) {
i (input(eNs_on) == 1) {

}

}

if((input(COOLANT_TRIG) == 1)
inc_order = 1;
goto INCORRECT_ORDER;
}
output_high(LED1);
printf("Engine Started\r\n");
lcd_putc("\fEngine Started");
delay_ms(100);
state =

if(state == 1) {
f(input (COOLANT_TRIG) == 1) {

¥

}

iF(input (FAN_ON) == 1) {
inc_order = 1;
goto INCORRECT_ORDER;
}
output_high(LED2);
1cd_pute(*\nCoolant OK");
printf("Coolant OK\r\n");
delay_ms(500);
state = 2;

if(state == 2) {
1F(input(FAN_ON) == 1) {

1cd_putc(*\fFan Activated”);
printf("Fan Activated\r\n");
delay_ms(1000);
output_high(M1A);
1cd_pute("\fiiotor Running”);
printf("Motor Running\r\n");
delay_ms(3000);

goto ALERT;

goto SHUTDOWN;

//Main loop

//If the state = @, then...
//1f there is an input on ENG_ON button then.

|1 (input(FAN_ON) == 1)) { //If coolant button OR fan button has been pressed...

//Increment inc_order to 1
//Then go to subroutine INCORRECT_ORDER

//...the engine start LED turns on
//Prints message to VT
//Prints message to LCD

//Increment state to 1 to allow continuation to next stage

//If the state = 1, then...

//1f coolant button AND engine on button are pressed then...
//1f the fan button has been pressed...

//Increment inc_order to 1

//Then go to subroutine INCORRECT ORDER

//...the coolant OK LED turns on

//Prints message to LCD

//Prints message to VT

//0elay to prevent clogging up the VT and flashing the LCD
//Increments state to 2 to allow contiuation to the next stage

//1f state = 2, then.
//1f fan button has been pressed

//Prints message to LCD

//Prints message to VT

//Delay before starting the motor

//Turns on the motor in the clockwise direction
//Prints message to LCD

//Prints message to VT

//Runs motor for 3 seconds

//Go to ALERT

//Then go to SHUTDOWN

//End of main loop
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