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[bookmark: _Toc227276859]Abstract
This document is to present the design and simulation of an automotive cooling system status simulator using a PIC16F877A microcontroller. The design of the schematic and the simulation will be controlled using the Proteus Professional 9 software. The code language being used with the PIC16F877A microcontroller is CCS C and the compiler being used to generate the C source file, the hex file and the microcontroller H file is PCW CCS C Compiler. 
It will show, using the tools mentioned above, a logical sequence that manages the engine cooling process using an engine start, coolant monitoring, fan activation and a system shutdown. This is achieved by button-based inputs that will simulate each stage of the sequence once pressed within a specific order. In doing so it will active a specific LED to show what part of the sequence it is in while sending messages to an LCD display and messages to a UART virtual terminal for real-time monitoring.
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1. [bookmark: _Toc227276860]Introduction
This document shows the different stages of design and simulation of an Automotive Cooling process using a PIC16F877A microcontroller and the Proteus Professional software to create a schematic and run the source code created to simulate the logical sequence of a vehicle engine cooling process.


2. [bookmark: _Toc227276861]Background Research
2.1 [bookmark: _Toc227276862][image: ]Switches
[bookmark: _Ref226375402]Figure 1 - Switches used in Schematic Design
Figure 1 shows the switches SW1, SW2, SW3 and the RESET switch, each of them are connected to a pull-down resistor. According to Power Electronics [1] pull down resistors are connected between an input pin of a microcontroller and to ground. This ensures that the signal line is in a default state of a low logic level of 0. This is so that the input pins don’t cause undefined behaviour within the circuit due to input pins having a high impedance and preventing floating inputs.
2.2 [bookmark: _Toc227276863]PIC Microcontroller PIC16F877A
[image: ]
[bookmark: _Ref226379529]Figure 2 - PIC16F877A Microcontroller
Shown in Figure 2 the PIC16F877A is designed using the RISC architecture and according to Microchip Technology [2] it allows the PIC to operate instructions quickly while using the memory effectively. The PIC16F877A has a 35 single word instruction set and can operate up to a 20MHz frequency, it has 40 pins and 33 of those pins are able to be configured and runs between 4.2V to 5.5V. It also has UART for serial communication and also has SPI and I2C for synchronous serial communication. 
2.3 [bookmark: _Toc227276864]Crystal Oscillator
[image: ]
[bookmark: _Ref226379539]Figure 3 - Crystal Oscillator
Shown in Figure 3 is a Crystal Oscillator. According to Electricity-Magnetism [3] , a crystal oscillator provides a clock signal to the microcontroller, this is a rhythmic pulse that is provided to the circuit to enables the synchronisation of the circuit and provides the timing signals needed to run the instructions provided to the circuit. 
2.4 [bookmark: _Toc227276865]LCD Module
[image: ]
Figure 4 - LCD Module LM016L
 Shown in Figure 4 is an LCD Module, the LCD Module being used within the circuit is a 16x2 LCD which is used to display alphanumeric information. According to [4] 16x2 shows that the LCD is able to display across 16 columns and 2 rows, it also has 14 pins. This allows the LCD module to display 32 characters at one time. 
2.5 [bookmark: _Toc227276866]LED and Current Limiting Resistors
[image: ]
[bookmark: _Ref226647025][bookmark: _Ref226646993]Figure 5 - LEDs with Current Limiting Resistors
Shown in Figure 5 are current limiting resistors. According to Adafruit [5] LEDs are used as they have a low power consumption, a longer lifespan and are fast switching.
According to Waveform Lighting [6], LEDs are current driven and even a slight increase in voltage could cause potential damage through overheating. The resistor acts to keep the LED within it’s safe operating range by stopping any potential surges that may happen while the LED is operating.

2.6 [bookmark: _Toc227276867]DC Motor
[image: ]
[bookmark: _Ref226651226]Figure 6 - DC Motor
Shown in Figure 6 is a DC motor which is being used as a fan, according to [7] the advantages of having a DC motor as a fan is that they have a high energy efficiency, they are able to convert more of the energy they consume into useable energy. They are used to help dissipate heat that is generated by electrical components which in turn extends the lifespan of the components being used within the system while enhancing the overall performance of the system.
2.7 [bookmark: _Toc227276868]UART Virtual Terminal
[image: ]
Figure 7 - UART Virtual Terminal
UART is a hardware device that is used for serial communication between two devices, according to [8] they are able to monitor device behaviour and send or receive data which is useful when debugging devices and programming while needing little hardware to operate. To transmit and receive data, the UART has two wires, one is TX which is used for transmitting data and the other is RX which is used to receive data from another device. Both devices need to be operating at the same baud rate.

3. [bookmark: _Toc227276869]Circuit Design
[image: ]
[bookmark: _Ref226727262]Figure 8 - Completed Circuit Design
Shown in Figure 8, is the completed circuit design. Each switch is connected to a 10k pull down resistor to ensure a low logic (0) when inactive these control each stage of the simulation (SW1, SW2, SW3, RESET).
The PIC16F877A is used to read the 4 switch inputs and then drives the 4 different LEDs depending on what button is pressed. It also sends system messages to the UART virtual terminal and controls what the LCD displays and activates the DC motor.
The crystal oscillator is connected to the OSC1 and OSC2 pins and is a 4MHz crystal with the 22pF capacitors.
The LCD module is used to display system messages. The VSS pin and the D0-D3 pins are grounded to enable the data lines to be in 4-bit mode with D4-D7 being connected to RD3-RD6. The control signals RS, RW and E are connected to RD0-RD2. RV1 is a pot connected to VDD (power) and VEE to control the contrast of the LCD.
The DC motor is controlled by the two RB1 and RB2 pins on the PIC16F877A which turns it on during the cooling process and turns off afterwards.
The UART terminal is used to display status messages through the PIC16F877A pins RC6 and RC7 to the RX and TX pins on the UART virtual terminal, this enables the circuit to have real time system monitoring.

4. [bookmark: _Toc227276870]Flowchart & Pseudocode
[bookmark: _Toc227276871]4.1 Defining Ports and Pins
[image: ]
[bookmark: _Ref226739926]Figure 9 – CCS C Code Defining Pins
[image: ]
Figure 10 - Flowchart of Defining Pins
Shown in Figure 9, is the first stage of code with all the defined pins that are going to be used throughout the simulation. The LCD pins were defined based on how it was wired on the schematic, from D0-D7 defining the enable pin as D2. 
The pins used for the switches, motor, LEDs and UART are defined using the same naming conventions used on the schematic. To use the UART the baud rate, number of bits, pins and parity need to be defined for the RS232.
[image: ]
[bookmark: _Ref226742672]Figure 11 - Initial States for Components
[image: ]
Figure 12 - Configuring Ports and Components Flowchart
Shown in Figure 11, port B and D were set as outputs and port C was set as an input. The LCD was initialised to enable messages to be sent and the first set of messages to show the system is ready to run were placed here as well. The different LEDs and other pins were all set as low as well this gives these ports and pins a known starting point when the simulation is running. 


[bookmark: _Toc227276872]4.2 SW1 & SW2 Code
[image: ]
[bookmark: _Ref226970845]Figure 13 - SW1 & SW2 Code
[image: ]
Figure 14 - SW1 Flowchart
[image: ]
Figure 15 - SW2 Flowchart
Shown in Figure 13, is the while true function that creates an infinite loop. For the engine started process, the “while(input(SW1))” command will only run if the button is pressed, the “output_high(START)” is to drive the green LED high (on) and then send the message “Engine Started” to both the LCD and UART terminal while introducing a delay in between to reduce bouncing and producing an echo of the same message.
The same is shown for “while(input(SW2))” command will only run if the button is pressed otherwise it will stay in the previous state. For the coolant check process, the “output_low(START)” is to drive the green led to a low (off) state. The “output_high(COOLANT)” is to drive the yellow LED high (on) and then send the message “COOLANT OK” to both the LCD and UART terminal to replace the previous message while introducing a delay in between to reduce bouncing and producing an echo of the same message.


[bookmark: _Toc227276873]4.3 SW3 Code

[image: ]
[bookmark: _Ref226974022]Figure 16 - SW3 Code
[image: ]
Figure 17 - SW3 Flowchart
Shown in  Figure 16 the “while(input(SW3))” command will only run if the button is pressed otherwise it will stay in the previous state. For the Alert stage of the simulation, the “output_low(COOLANT)” is to drive the yellow led to a low (off) state. The “output_high(F1)” is to drive the DC motor high (on) while the “output_low(F2)” keeps the F2 side low and then send the message “Motor Running, Fan Activated” to both the LCD and UART terminal to replace the previous message while introducing a delay in between to reduce bouncing and producing an echo of the same message.
The “output_high(ALERT)” , “delay_ms(300)” and “output_low(ALERT)” create a flashing red led on and off three times to show the alert stage while sending the message “ALERT” to the LCD and UART terminal to replace the previous message. The “output_low(F1)” and “output_low(F2)” then turn the motor off to finish the cooling process and then display the message “Shut Down Done” on the LCD and UART terminal.




[bookmark: _Toc227276874]4.4 RESET Code
[image: ]
[bookmark: _Ref227071372]Figure 18 - Reset Code
[image: ]
Figure 19 - RESET Flowchart
Shown in Figure 18 the “while(input(RESET))” enables the command to only run when that exact button is pressed or it remains in its previous state. This was added to the code to enable a continuous loop within the simulation.
For the reset stage, the ALERT led is driven low to ensure it is in a known state by the command “output_low(ALERT)”. The blue led is then driven high (on) by the command “output_high(RESET)” and then sends a message to the LCD and UART terminal to show “RESET COMPLETE” and then introduces a delay and then runs the command “output_low(RESET)” to turn the blue led off after 2 seconds. It then returns to the original state of “System Ready” and shows this on the LCD and UART terminal to enable the process to be run again in a loop.
[image: ]
Figure 20 - Completed Flowchart
			

5. [bookmark: _Toc227276875]Simulation & Testing
[image: ]
[bookmark: _Ref227072622]Figure 21 - System Ready Stage
Shown in Figure 21 is the initial stage before any buttons have been pressed and the system is ready to be used.
[image: ]
[bookmark: _Ref227072896]Figure 22 - Engine Started Stage
Shown in Figure 22 is the engine started state showing the displayed lcd and UART messages and the green led on after SW1 was pressed.
[image: ]
[bookmark: _Ref227073058]Figure 23 - Coolant Check Stage
Shown in Figure 23 is the coolant check showing the displayed message on the LCD and UART terminal while having the yellow LED on after SW2 was pressed.
[image: ]
[bookmark: _Ref227073339]Figure 24 - Alert Stage
Shown in Figure 24 is the alert stage where it flashes the red led 3 times and displays an alert and fan activated message on the LCD and UART and then activates the fan to cool down the system after SW3 was pressed.
[image: ]
[bookmark: _Ref227276767]Figure 25 - Shut Down Stage
Shown in Figure 25 is the shutdown stage after the alert and fan have run it shuts the system down and displays the messaged on the LCD and UART terminal.
[image: ]
[bookmark: _Ref227276785]Figure 26 - Reset Stage
Shown in Figure 26 is the reset stage which turns on the blue led and displays the reset complete message on the LCD and UART terminal once complete.
[image: ]
[bookmark: _Ref227276807]Figure 27 - System Ready Stage
Shown in Figure 27 is the system then reverting back to the first stage to enable the loop to continue when the first switch is pressed again.

6. [bookmark: _Toc227276876]Conclusion
To conclude the simulation was a success and the code was able to replicate the cooling process of an engine management system and produce a correct representation of each stage and added in a reset to enable the system to run the operational sequence correctly in an infinite loop while providing LCD 	and UART real time monitoring. This shows that the simulation met all project objectives and took a step further by adding a reset within the simulation.
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#include <Coursework.h>
$define LCD_ENABLE_PIN PIN_D2
$define LCD_RS_PIN PIN DO
$define LCD_RW_PIN PIN D1
$define LCD_DATA4 PIN_D3
$define LCD_DATAS PIN_D4
$define LCD_DATA6 PIN_DS
$define LCD_DATA7 PIN_D§

#include <lcd.c>

#define START  PIN B0
#define F1  PIN B1

#define F2  PIN B2

#define COOLANT  PIN B3

#define SWL  PIN CO

#define SW2  PIN CL

#define SW3  PIN C2

#define ALERT  PIN C3

#define RESET  BIN C4

#use 2232 (baud=2600, xmit=PIN_C6, rcv=PIN C7, bits=g, parity=N, stop=l)
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void main()

1
set_tris_b(0x00); // Set PORTS as output
set_tris_c(0xFR) ; /7 Set PORIC as imput
set_tris_a(0x00); // Set PORTD as output
output_low(START) ; /7 et Starc as low
output_low (COOLANT) /1 et Coolant as low
output_low (RLERT) ; /7 Sev Alers as low
output_low(RESET) ; /7 Set Reset as low
output_low(F1) ; /7 sev F1 as low
output_low(F2) ; /7 set F2 as low
lea smit(): /7 Initialise the 1CD
Printe("System Ready\r\n") /7 System Ready message on UART Virtual Terminal

lcd_putc(\fSystem Ready") ; /7 System Ready message on LCD
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while (TRUE)
i
while (inpuc (SH1))
i
output_high (START) ;
lca_putc("\fEngine Started);
delay ms(200)
printf("Engine Started\r\a");
i
while (input (SH2))
i
output_low(START) ;
output_high (COOLANT) ;
1lcd_pute("\ECOOLANT OK\n") ;
delay ms(200) ;
Drintf("COOLANT OK\r\n"
1
while (input (SW3))

7"
7"
7"
"

7"
7"
7"
7"
"

Turn the Green LED ON
Show Engine Started message on
Delay

Send Engine Started message to

Turn the Green LED OFF
Turn the Yellow LED ON

Show Coolant OK message on LCD
Delay

Send Engine Started message to

0

the terminal

the terminal
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while (input (SW3))
«

Gutput_low(COOLANT)

output_high(F1) 7

output_low(F2) ;

lcd_pute("\fMotor Running\nFan Activated”);
printf("Motor Running... Fan Activated\r\n"):

delay_ms(3000) 7

output_high(ALERT) ;
delay ms(:00)
output_low (ALERT) ;
delay ms(100);
output_high(ALERT) ;
delay ms(:00)
output_low (ALERT) ;
delay ms(100);
output_high(ALERT) ;
delay ms(:00)
output_low (ALERT) ;
output_low(F1) ;
output_low(F2) ;
lcd_putc("\TALERT") ;
printf ("ALERT\r\n") ;

delay ms(1000) 7
1lca_putc("\fSHUT DOWN DONE");

Drintf("SHUT DOWN DONE\r\a");
N

7"
7"
7"
7"
"

"

7"
7"
7"
7"
7"
7"
7"
7"
7"
7"
7"
7"
7"
7"
"

7"
"

Turn Yellow LED OFF
Initialise motor output HIGH (motor on)
Initialise motor output LOW (motor on)
Show Motor Running message on LCD

Send Motor Running message to the terminal

Delay

Flash Red LED ON

Delay
Flash Red LED OFF
Delay
Flash Red LED ON
Delay
Flash Red LED OFF
Delay
Flash Red LED ON
Delay
Turn Red LED OFF

Initialise motor output LOW (motor off)
Initialise motor output LOW (motor off)
Show ALERT message on LCD

Send ALERT message to the terminal

Show Shut Down Done message on LCD
Send Shut Down Done message to the terminal
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while (input (RESET))

i

output_low (ALERT) ;
output_high(RESET)
1lcd_putc("\FRESET COMPLETE\n");
Drintf("RESET COMPLETE\r\n") :
delay_ms(2000)

output_low (RESET) ;
delay_ms(1000) ;
printf("System Ready\r\n");
lcd_putc(\fSystem Ready") ;

i

7"
7"
7"
7"
7"
7"
7"
7"
"

Turn Red LED OFF
Turn Blue LED ON

Show Reset Complete message on LCD

Send Reset Complete message to the terminal
Delay

Turn Blue LED OFF

Delay

Show System Ready message on LCD

Send System Ready message to the terminal
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