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This report details how I designed an automotive cooling system status simulator using a PIC microcontroller in a simulation software called proteus. The systems respond to button-based inputs that simulate real world sensor triggers and provides feedback via an LCD display, LEDS and UART messages. It will only move onto the next stage of the operation by pressing the correct buttons sequentially the button press stages are broken down into engine start which is SW1, SW2 is coolant sensor stage and the SW3 is the fan activation stage. This last stage will activate the motors and 3rd led which will initiate the system to move to shut down after shutdown has been completed the system will restart and will display system ready on both the lcd and UART terminal. This report is broken down into sections the first one involves the background research involved in creating this project this includes working out how I would tackle the sequential button pressing which would allow the system to move to the next step of the operation. Other aspects were looking at the PIC 16F877A datasheet to understand what the pin out looks like. The second part of the report is the circuit design in proteus this is where I explain why I designed the circuit that way. The third part contains the flow chart and details of the testing involved in the programming.
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  The task was to design an automotive engine cooling system. The system has 3 push buttons to     simulate:
· Engine start (SW1)
· Coolant sensor trigger (SW2)
· Fan activation (SW3)
Each switch should trigger the next stage of operation only when pressed in the correct order. It uses 3 LEDS to indicate the system status:
· LED1 for start signal 
· LED2 for coolant confirmation
· LED3 as an alert indicator
The system also includes a dc motor to simulate a radiator fan and that once the fan operation cycle has been completed which is 3 seconds blink the alert LED 3 times with a 100ms interval this indicates that the system is moving to shut down. All system status messages are displayed on an LCD module and that each message would be sent via UART to the virtual terminal in the proteus simulation software for real time system monitoring
Components used in this project are
	Component 
	Quantity

	Motor
	1

	LCD display
	1

	Pic 16F877A
	1

	LED
	3

	Resistor
	3

	Push button 
	3

	potentiometer
	1



The PIC16F877A was chosen as it contained a number of peripherals which including a built in UART, SPI and I2C.The UART was chosen for this project due to its simplicity with only needed two wires compared to the other two. The PIC would also allow for easier modification in the future if people decided they wanted to add another protocol like SPI for more complex and longer distance requirements as the SPI means a master PIC could remotely shutdown the system from another location if needed. The PIC also includes 5 ports which means there are plenty of pins for components to connect again for future proofing. The low cost of the PIC and easy prototyping means that if the board became damaged it wouldn’t cost much to replace.
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Figure 1 Complete circuit design of cooling system in proteus

Circuit design seen above is the circuit simulated in Proteus. The PIC has a minimum operating voltage of 4.0v and in this operation is running at 5V its maximum operating voltage is 5.5V.The LCD has two common logic levels of 3.3V and 5V in this project its running at 5V.The lcd is connected to a potentiometer (VEE) pin as its crucial to be able to adjust the contrast of the display. The LCD display is connected to port D on the pic. The three switches are connected to port C on the pic, the leds are connected to port B and the motor is connected to port A on the pic. The LEDS have a current limiting resistor attached to them to prevent burn out issues the resistance of these resistor are 220ohms for each one. The switches have 10K ohm resistors attached to the voltage source to prevent floating issue which would cause undefined voltages which would decrease the accuracy of the program from picking detecting button presses. The motor includes a fly back diode attached to it to prevent any backwards voltage spikes generated by the coil from reaching the PIC pins and damaging them. An issue that arose when designing the circuit was the use of wireless inputs instead of direct wires connecting the components to the board which seemed to cause the program to not detect the state of the ports. This was rectified by just connecting the electronics to the ports normally via wires. The pic16F877A ports datasheet and operating voltage can be seen below in figure 2 and 3.
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Figure 2 PIC16F877A datasheet ports
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Figure 3 PIC datasheet operating voltage
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Figure 4 flow chart of cooling system

The flow chart above shows how the system is designed to work. It starts by displaying on the LCD and UART terminal system start this will only change when the user has pressed SW1 which will then light up LED1 and display engine start on both the LCD and terminal. Once SW2 has been pressed the LCD and terminal will display Coolant okay and LED2 will light up. Once SW3 has been pressed Fan activation will be displayed on the LCD and terminal. After this the motor will turn on and the LCD and terminal will display Motor running. The motor will continue running for 3000ms after this has been completed the LCD and terminal will display the Alert message and LED3 will blink for 300ms.After this the LCD and terminal will display shutdown done. The system will then loop back to the start. The system has been designed in a way where you must press the buttons in a specific order for the system to progress therefor pressing SW2 before SW1 will result in the system not doing anything. This was achieved by using nested if statements. When I tested the nested if statements I found they worked well at making sure the system wouldn’t respond to buttons being pressed out of order due to their inner logic ie SW2 and SW3 stages depending on the outer logic SW1. The nested if statements can be seen below in the screenshot. I did play around with another method using case statements however it felt less efficient and required more lines of code therefore I kept the nested if statements instead. An issue which appeared when testing the system was that the final message “system shutdown” would not display on the lcd screen and instead the program would loop back to the start of the program. This issue was due to the printf(); function being in the wrong error of the code it was outside of the nested if statements which meant it would only be triggered if none of the buttons has been pressed this was rectified by inserting it in the last if statement so after the alert message. 
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Figure 5 defining all components to pins along with including UART communication
[image: ]
Figure 6 setting up all ports and initialising both the LEDS and motor to be low
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Figure 7 start of the nested IF statement with SW1 and then going into SW2 conditions
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Figure 8 final part of nested IF statement containing SW3s conditions
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Figure 9 else statement just make sure that if SW1 isn’t pressed the LEDS and motor are all turned off
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Figure 10 start of loop shows that the LCD is displaying System ready
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Figure 11 SW1 has been pressed therefore LCD displays engine started along with LED1 turning on
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Figure 12 SW2 has been pressed after SW1 LCD displays Coolant okay and LED2 turns on
[image: ]
Figure 13 SW3 pressed LCD displays Fan activation
[image: ]
Figure 14 LCD displays motor running motor turns on for 3000ms
[image: ]
Figure 15 LCD displays Alert message LED3 toggles for 300ms
[image: ]
Figure 16 Cycle has ended LCD displays Shutdown done before looping back to start with System ready
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In conclusion the automotive cooling system works well with it performing optimally especially the buttons which when pressed in the correct order initiate the next stage in the cooling system. To improve the system for further iterations I would include a buzzer as a means of a sound alert which would let people who don’t have access to the leds on the pics to know that the system is working correctly. I would also include more pics so that the system could be connected to multiple building this could use the RS232 communication protocol as it has a much larger range of 100 meters compared to the other protocols like SPI and UART. Along with adding RS232 as communication protocol I would also change the UART protocol to SPI due to its master and slave ability which would allow a more complex system with multiple slave PICS all reporting back to a central master PIC this would allow more precise monitoring of each stage of the cycle and would mean that the master PIC could stop the cycle remotely if needed. I would also implement a counter which would count the number of times the system completes a full cycle. This would monitor the system to make sure and give us more data so we can see if the system starts behaving abnormally either by having a very low or very high cycle count.
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14.18 In-Circuit Serial Programming

PIC16F87XA microcontrollers can be serially pro-
grammed while in the end application circuit. This is
simply done with two lines for clock and data and three
other lines for power, ground and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware or a custom
firmware to be programmed.

When using ICSP, the part must be supplied at 4.5V to
5.5V if a bulk erase will be executed. This includes
reprogramming of the code-protect, both from an on
state to an off state. For all other cases of ICSP, the part
may be programmed at the normal operating voltages.
This means calibration values, unique user IDs or user
code can be reprogrammed or added.

For complete details of serial programming, please
refer to the "PICT6F87XA Flash Memory Programming
Specification” (DS39589).
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#include <16F877A.h>

#fuses NOWDT, HS, NOPROTECT, NOLVP

#use delay(clock=20000000)

#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_(7, bits=8, parity=N, stop=1)
//1// LCD on PORTD (4-bit)

#define LCD_RS_PIN PIN D@ ///defining all the LED pins in port D
#define LCD_RW_PIN PIN_D1
#define LCD_ENABLE_PIN PIN_D2

#define LCD_DATA4 PIN_D3
#define LCD_DATAS PIN_D4
#define LCD_DATAG PIN_DS
#define LCD_DATA7 PIN_D6

#include <lecd.c>

#define SW1 PIN_CO //defining all the switch pins in the C port
#define SW2 PIN_C1
#define SW3 PIN_C2
#define LED1 PIN B //defining all the LED pins in the port B
#define LED2 PIN_B1
#define LED3 PIN_B2

#define MOTOR_IN1 PIN_A1 //defining the motor pins in port A
#define MOTOR_IN2 PIN_A2
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vold main() 1
set_tris_d(0x00); // RD@-RD6 outputs to LCD
set_tris_b(x@@);  //sets all of port B to outputs (LEDs)
set_tris_a(@x00); // sets all of port A to outputs (Motor)
set_tris_c(OxFF); // sets all of tris C to inputs (Switches)
//set_tris_a(@b11011111);

output_low(LED1); //sets LEDS to be low at the start
output_low(LED2);
output_low(LED3);
output_low(MOTOR_IN1); // sets the motor to be low at the start
output_low(MOTOR_IN2);

led_init(); // Initialize LCD once

led_putc("\fSystem ready” //displays System ready on lcd screen
printf("System ready\r\n"); //displays system ready on uart terminal
delay_ms(150); //delay for 15@ms
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while(TRUE){ //while run if the following is true
if (input(swl)) { //if SWl presses LED1 turns on
delay_ms(10);
output_high(LED1);
lcd_putc(“\fEngine Started"); //lcd displays engine started
printf("Engine Started\r\n"); //prints engine started to uart terminal

delay_ms(150); // delay for 15ems
if (input(sW2)) { // nested if statment if SWl has been pressed and then you press SW2 LED2 turns on
delay_ms(10);

output_high(LED2);

led_putc("\fCoolant Oka; //prints Coolant okay to lcd screen
printf("Coolant Okay\r\n"); //prints Coolant okay to uart terminal
delay_ms(150); // delay for 15ems
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iF (input(sk3)) {
delay_ms(10);

//this will only activate if SW1, SW2 have been pressed if SW3 is pressed

lcd_putc("\fFan Activation"); //prints Fan activation to lcd display
printf("Fan Activation\r\n"); // prints Fan Activation to uart terminal

delay_ms(150);

// delay for 15@ms

lcd_putc("\fMotor Running”); //prints Motor running to lcd display
printf("Motor Running\r\n"); //Motor running to uart terminal

output_high(MOTOR_IN1); //Motor is turned on
output_low(MOTOR_IN2); //Motor is turned on
delay_ms(300); //delay for 3e@ems

output_low(MOTOR_IN1); //Motor is turned off
output_low(MOTOR_IN2); //Motor is turned on

lcd_putc("\FALERT!"); //prints Alert to lcd display
printf("ALERTI\r\n"); //prints Alert to uart terminal
output_toggle(LED3); //LED3 turned on
delay_ms(100); //delay for 1@ems

output_toggle(LED3); //LED3 turned off

delay_ms(100);

//delay for 100ms

output_toggle(LED3); //LED3 turned on

delay_ms(100);

//delay for 100ms

lcd_putc("\fShutdown Done"); // prints shutdown done to lcd display

delay_ms(500);

//delay for seems
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else{
output_low(LED1);
output_low(LED2);
output_low(LED3);
output_low(MOTOR_IN1);
output_low(MOTOR_IN2);
}
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