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Abstract
The creation of an Automotive Cooling System Status Simulation has been completed, this has been completed using a circuit diagram and creating a code. The code created was used in conjunction with a simulation software to simulate the code working with a Microcontroller, which had previously been selected. The outcome was a working System, that functioned correctly to the outlined specification.
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1. [bookmark: _Toc226878035]Introduction
This document details the creation of an Automotive Cooling System Status Simulation, including background research, the circuit schematic, the components used and their purpose, the code used to simulate the system, the Flowchart as well as details of testing. The outcome was a simulation that was operational and could perform the action of an automotive cooling system status. The details of this are covered more extensively below.
2. [bookmark: _Toc226878036]Background Research
2.1 [bookmark: _Toc226878037]What is an Automotive Cooling System Status Simulator?
This system is designed to operate vehicle control logic. This system is important, as they control various functions of a vehicle system [1], which from a safety and operational perspective is key, for the safety of the operators.
2.2 [bookmark: _Toc226878038]What is a PIC Microcontroller?
A Microcontroller is an integrated circuit, that will manage a specific operation within an embedded system [2], they are ‘integral’ and at the heart of all Embedded Systems, as they are efficient and reliable in managing embedded systems [3], they are widely used as they are compact and cost efficient [4]. The reasoning for the design to be as compact as practicable is for space efficiency [4] as it allows consumers to use more space for other components, or to make the size of the circuit smaller, which can keep production costs down. The ’PIC’ stands for ‘Peripheral Interface Controller’, as this controls peripherals and interfaces within electronic devices [5].
3. [bookmark: _Toc226878039]Circuit Design
The circuit created for the system, is designed to work in conjunction with the code to create a simulation for an Automotive Cooling System Status. This circuit is shown below in Figure 1.
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[bookmark: _Toc226878067]Figure 1 - Circuit Design


3.1 [bookmark: _Toc226878040]What components have been used? 
To create the system, various components were used, their descriptions and what their purpose in the circuit are explained below:

3.1.1 [bookmark: _Toc226878041]PIC16F877A Microcontroller
This component is a PIC 16 Microcontroller, which is an 8-bit Microcontroller, described as being a balance between capability and stability [6], with the purpose being to act as the brain of the system and to make it work. This is set to 50MH. The symbol used to show this on the circuit is shown below in Figure 2.
[image: ][bookmark: _Toc226878068]Figure 2 - PIC16F877A Symbol













3.1.2 [bookmark: _Toc226878042]Button
The purpose and use of the button is determined from the code, in this circuit there are 3 buttons, their purpose is to turn on the system when pressed in a certain order. When pressed they also send a signal to the LCD to display and luminate which stage it is at. The symbol used to show this on the circuit is shown below in Figure 3.
[image: ][bookmark: _Toc226878069]Figure 3 - Button Symbol







3.1.3 [bookmark: _Toc226878043]Capacitor
A capacitor is an electronic component that stores electrical energy over a large period, releasing the electrical energy as required [7]. The purpose of the two capacitors in this circuit is to store and release electrical energy as required, within the crystal component, in the system. The symbol used to show this on the circuit is shown below in Figure 4.
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[bookmark: _Toc226878070]Figure 4 - Capacitor Symbol


3.1.4 [bookmark: _Toc226878044]Crystal
A crystal oscillator is an electronic oscillator circuit, that uses a vibrating crystals mechanical resonance, to create an electrical signal, which will have a precise frequency [8]. The purpose of the crystal oscillator in this circuit is to ensure that the circuit is at the correct frequency to work. The frequency is set to 20MH, the same as the Pic Microcontroller. The symbol used to show this on the circuit is shown below in Figure 5.
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[bookmark: _Toc226878071]Figure 5 - Crystal Symbol


3.1.5 [bookmark: _Toc226878045]LED
Identified in the circuit from D1 to D3, LED is an acronym for ‘Light Emitting Diode’ [9], which is a ‘solid -state lighting source’ [9], being used in various different fields of operations. The purpose of an LED is to light up and luminate on command, how and  when this occurs is determined by the code the designer creates. The LEDs in this circuit are to luminate when a system is in use, however the ‘D3’ LED will flash, as a warning before system shutdown, additionally the colour on the LED’s are different as D3 is Red, whereas D1 & D2 are yellow. The symbol used to show this on the circuit is shown below in Figure 6.
[image: ][bookmark: _Toc226878072]Figure 6 - LED Symbol




3.1.6 [bookmark: _Toc226878046]LCD
LCD, identified as LCD1 stands for ‘Liquid Crystal Display’ [10], which is a Flat Panel device that uses liquid crystals to control light [11], using the lights polarisation it shows objects and using ambient lights to luminate the display with the characters selected [11]. The purpose of an LCD within this circuit is to show the operator which stage the Automotive cooling system status simulator is at. The symbol used to show this on the circuit is shown below in Figure 7.

[image: ][bookmark: _Toc226878073]Figure 7 - LCD Symbol











3.1.7 [bookmark: _Toc226878047]Motor
A motor is a component that converts energy, for instance electrical energy, into mechanical motion [12], which can be used in a system or machine [13]. The purpose of the motor in this circuit is to simulate a radiator fan, within an Automotive Cooing System. The symbol used to show this on the circuit is shown below in Figure 8.

[image: ][bookmark: _Toc226878074]Figure 8 - Motor Symbol










3.1.8 [bookmark: _Toc226878048]Pot
A pot is short for ‘Potentiometer’ [14], which is a three-terminal variable resistor [15], which adjusts resistance to control the flow of electric current [16]. The pot in the circuit is identified as RV1, the purpose of the pot in this circuit is to control the flow of electric current within the LCD component used in the system. The symbol used to show this on the circuit is shown below in Figure 9.

[image: ][bookmark: _Toc226878075]Figure 9 - Pot Symbol









3.1.9 [bookmark: _Toc226878049]Resistor
A Resistor is an electronic component that’s primary function is to add resistance to the flow of the electric current, which will regulate the electric current [17], there use in the circuit is to do this. The resistors are identified in the circuit schematic as R1 to R7, using the ‘R’ to identify the component as a resistor. The symbol used to show this on the circuit is shown below in Figure 10.

[image: ][bookmark: _Toc226878076]Figure 10 - Resistor







4. [bookmark: _Toc226878050]Flowchart
The flowchart for the Automotive cooling system status simulator, is shown below, refer to Figure 11.
[image: ][bookmark: _Toc226878077]Figure 11 - Flowchart





























5. [bookmark: _Toc226878051]Screenshots 
There are several different stages within this simulation, the stages are shown below in the screenshots. 



5.1 [bookmark: _Toc226878052]Stage 1 – System Ready
Stage 1 is when the system is ready to start, however none of the buttons have been pressed yet, the ‘System Ready’ is displayed on both the UART and the LCD. The Screenshot of Stage 1 is shown below in Figure 12.
[image: A screenshot of a computer

Description automatically generated][bookmark: _Toc226878078]Figure 12 - Stage 1 'System Ready'





5.2 [bookmark: _Toc226878053]Stage 2 – Engine Started
Stage 2 is when the engine has been started, this is from pressing the first button, the first LED, described as D1 on the Circuit Schematic, is luminated from this too, to show that it is turned on. The ‘Engine Started’ is displayed on both the UART and the LCD. The Screenshot of Stage 2 is shown below in Figure 13.
[image: A computer screen shot of a computer
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[bookmark: _Toc226878079]Figure 13 - Stage 2 'Engine Started’

5.3 [bookmark: _Toc226878054]Stage 3 – Coolant Okay
Stage 3 is when the fan has been activated, this happens after flowing stage 2, pressing the second button, the second LED, described as D2 on the Circuit Schematic, is luminated from this too, to show that it is turned on. The ‘Coolant Okay’ is displayed on both the UART and the LCD. The Screenshot of Stage 3 is shown below in Figure 14.
[image: A computer screen shot of a computer
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[bookmark: _Toc226878080]Figure 14 - Stage 3 - Coolant Okay

5.4 [bookmark: _Toc226878055]Stage 4 – Fan Activated & Motor Running
Stage 4 is when the Fan is activated & the motor starts running, this happens after flowing stage 3, pressing the third button, the third LED, described as D3 on the Circuit Schematic, is luminated from this too, to show that it is turned on. However, this light is red. ‘Fan Activated’ and ‘Motor Running’ is displayed on both the UART and the LCD. The motor will run for a total of 3 seconds. The Screenshot of Stage 4 is shown below in Figure 15.
[image: A computer screen shot of a computer

Description automatically generated][bookmark: _Toc226878081]Figure 15 - Stage 4 'Fan Activated & Motor Running'
















5.5 [bookmark: _Toc226878056]Stage 5 – Alert
Stage 5 is when the ‘Alert’ occurs. This is to alert the operator, that the system is about to shut down. This happens following stage 4, with no actions undertaken by the operator from stage 4. The third LED, described as D3 on the Circuit Schematic, will start to blink (turn on and off), the colour of which will be red. ‘Alert’ is displayed on both the UART and the LCD. Figure 16 below shows the light when it is blinking on, and Figure 17 below shows the light when the blinking is off.
[image: A computer screen shot of a computer

Description automatically generated][bookmark: _Toc226878082]Figure 16 - Stage 5 'Alert', with Red LED Blinking on
















[image: A computer screen shot of a computer

Description automatically generated][bookmark: _Toc226878083]Figure 17 - Stage 5 'Alert', with Red LED Blinking off


5.6 [bookmark: _Toc226878057]Stage 6 – Shutdown
Stage 6 is the final stage; it is when the system is shutdown. This occurs after all the LED’S are turned off and the system is ‘shutdown’ and turned off. This stage required no actions undertaken by the operator following stage 5. ‘Shutdown’ is displayed on both the UART and the LCD. The screenshot showing stage 6 is shown below in Figure 18.
[image: A computer screen shot of a computer

Description automatically generated][bookmark: _Toc226878084]Figure 18 - Stage 6 'Shutdown'




6. [bookmark: _Toc226878058]Details of Testing
The details of the testing are shown below:
6.1 [bookmark: _Toc226878059]CCS C
CCS C was used to create the code initially, this was done using ‘C’ coding language.
6.2 [bookmark: _Toc226878060]Compile
After the code was created in CCS C, the software has a compile tool, this tool was used to check for errors, if the code had errors or warnings, following this the code was fixed in conjunction with the corrections. 
6.3 [bookmark: _Toc226878061]Input into proteus
After the code was complied correctly with no errors, the code was inputted into proteus, this was done within the ‘source code’ section of the software. The files inputted was the ‘C’ file, the ‘Hex’ file, and the file for the microcontroller.
6.4 [bookmark: _Toc226878062]Run and Testing
After the files were inputted into proteus, the software was run, if anything was incorrect, for instance the code gave the wrong instructions then this was amended, the fault finding occurs at this stage heavily and it was the testing stage that took the longest period time, as in some instances not everything was correct, for example the motor starting before the motor command said it should on the brief, or the lights not luminating correctly, or at the correct point. After there was no errors and the system matched the descriptor, that was when the system was finished.





7. [bookmark: _Toc226878063]Conclusion
In conclusion, the outcome is that the system works for its function, meeting the specifications outlined by the coursework descriptor, however with all things there is room for improvement, for instance, to restart the operation the stop button must be pressed before the start button is pressed again (to restart the operation). It would be recommended for future use that this be added to the circuit, to allow an easier job for the operator. 
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8. [bookmark: _Toc226878065]Appendices

8.1 [bookmark: _Toc226878066]Full Code
The code for the Automotive Cooling System Status Simulator, was created on CCS C, complied, and extracted to proteus. Using screenshots from the CCS C software, the full code for the Automotive Cooling System Status Simulator is shown below:
[image: A screenshot of a computer

Description automatically generated]












[image: A screenshot of a computer program
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[image: A screenshot of a computer program
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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 C7, bits=8, parity=N, stop=1)

/1 vefine pin

//ED's
#define
#define
#define

LEDL PIN B3
LED2 PIN B4
LED3 PN BS

/1 Tnput (Switches)

#define
#define
#define

sl PIN_Co
s pIn 1
s PN C2

names for clarity

/1 Outputs (morot driver)
MOTOR_INL  PIN B1
MOTOR_IN2  PIN B2

#define
#define

// LD connected to PORTD

#define
#define
#define
#define
#define
#define
#define

Lco_Rs_PIN
LCo_RW_PIN
LCO_ENABLE_PIN
LCD_DATAS

L DATAS.
LCD_DATAS

L DATA7

#include <lcd.c>

PIN DO
PIN DL
PIN D2
PIN D3
PIN D4
PIN DS
PIN D6

7"
7"
7"

7"
7"
7"

7"
7"

LED connected to RB3 - Star Signal
LED connected to RB4 - Coolannt Confirmation
LED connected to RBS - Alert Indicator

Suitch connected to RC@ - Engine Start
Switch connected to RCL - Coolant Sensor Trigger
Switch connected to RC2 - Fan Activation

Motor connected to REL
Motor connected to RB2
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B void main() {

set_tris_b(0bl1111001);

// A11 RC pins as inputs (SW1-SW3 use RCO-RC2)

set_tris_c(0b11111111);

// Tnitialize motor outputs LOW (motor off)

output_low(MOTOR_IN1);
output_low(MOTOR_IN2) ;

set_tris_d(0x00);
ledinit();

1cd_putc("\fsysten Ready")
printf("system Ready!\r\n");

while(!input(Si1));
delay_ms(50);

1cd_putc("\fengine Starte
printf("Engine Started!\r\n");
output_high(PIN_B3);
delay_ns(1500) ;

while(linput(Si2));
output_high(PIN_B4);
delay_ms(50);

1cd_putc("\fCoolant Okay")
printf("Coolant Okay!\rin");
delay_ms(1500) ;
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while(!input(Sk3)); /1 Blink Altert LED
delay_ns(50);
led_putc("\fFan Activated\niotor Running”); /7 Display Fan Activated

printf("Fan Activated!\r\n"); // Display Fan Activated
printf("Motor Running!\r\n"); // Display Motor Running
output_high(MOTOR_INI) ; 7/ Turn on the Motor
output_low(MOTOR_TN2) ; 7/ Turn on the Motor

delay_ms(3000) ; /1 vait for 3660 milliseconds (3 Seconds)
printf("alert!\r\n"); // visplay Alert

1cd_putc("\falert” // Display Alert

output_high(PTN_BS) 7/ Turn on the LED

delay_ns(100); /1 vait for 168 milliseconds
output_low(PIN_BS) 5 // Turn off the LED

delay_ns(100) ; /1 vait for 168 milliseconds
output_high(PTN_BS) 5 7/ Turn on the LED

delay_ns(100); /1 vait for 168 milliseconds
output_low(PIN_BS) 5 // Turn off the LED

delay_ns(100) ; /1 vait for 168 milliseconds
output_high(PTN_BS) 5 7/ Turn on the LED

delay_ns(100) ; /1 vait for 168 millisecond
1cd_putc("\fshutdown’ // Display Alert

printf("Shutdown!\r\n"); /1 pisplay Alert
output_low(PIN_B3) // Turn off the LED
output_low(PIN B4) ; // Turn off the LED
output_low(PIN_BS) 5 // Turn off the LED
output_low(MOTOR_IN1) ; 7/ Turn off the Motor
output_low(MOTOR_TN2) ; /1 Turn off the Motor

while(TRUE) {

i
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