	
	
	



Introduction
In different systems, embedded control systems are widely used to control different functions of the systems [3]. These functions can include engine cooling processes, coolant monitoring, fan activation, and system shutdowns [4]. These different functions protect the overall safety, preventing mechanical failure and damage [4]. 
This project is designed as a simulation of an Automotive Cooling System, with the main body being a PIC16877A microcontroller [1]. This project will be designed in Proteus simulation [2]. The aim of the project is to run in an ordered sequence, where different commands, such as a pressed button, release real-life signals. The signals are system ready, engine start, coolant okay, fan activation, alert and system shutdown. In the project, LEDs, DC motor, and an LCD are the outputs used to project the signals [5]. 
[bookmark: _Int_QesR86oh]For this project, the overall simulation is programmed using CCS C as this software can logistically show how this sequence is automated in real-life scenarios [6]. The project has been designed to only work in order of each command. For example, the engine start button must be pressed before the coolant is checked (the simulation will not run if it’s not played in the order written in the CCS C). Also, this simulation is run in a 4-bit mode which is similar to real-life systems [5], giving a close replica to showing how real-life systems work.
The aim of this task and assignment is to replicate a simple version of an automative engine cooling system, using real-world sensors to point out the importance of correct regulations in control vehicles [4]. 
Background Research
Automated Cooling System
An automated cooling system is a mechanism which is driven by sensors, which has temperature monitoring in current time, automatically adjusting factors such as coolant, airflow and refrigeration to constantly run a smooth system at a maintained rate [4]. 
The process runs by the engine starting off the sequence, allowing the coolant to circulate around the system, if temperature rises, sensor activation alerts radiator fans to adjust air flow, tailored to the specific cooling system, controlling temperature [4]. 
PIC16F877A Microcontroller
This microcontroller operates at 20MHz with 40 pins to help simulate different connections [1]. Its main function is used in time-based operations, being programmed with CCS C to help communicate the whole operation smoothly [1]. 
Proteus
Proteus simulation software is an advanced software which is used to create and run professional simulations allowing schematics to be captured [2]. It’s an EDA which allows the testing of embedded systems by testing microcontroller programs with varies components [2]. 
Switches
Switches are used in the simulation to trigger certain functions when pressed [5].
LEDs
LEDs are used in the simulation as an output to show the system is running smoothly when each switch is pressed [5].
LCD
The LCD is used to display simulation messages in line with the LEDs to notify using messages to show the simulation is running efficiently [5]. 
UART
The UART is used to simulate data between components like the microcontroller and virtual terminal [1]. 
Virtual Terminal
The virtual terminal helps with any data that is transmitted, sending data to the RXD from the microcontroller [2]. 
Motor Fan
The motor fan is used in the simulation to visually show that the simulation is running smoothly as it’s a key sequence in the system [5]. 
Proteus Circuit Simulation


[image: ]This is the start of the simulation. The circuit is set up correctly with all the components fitted correctly as well. The LCD is showing system ready as this is the start of the circuit. This can also be seen on the virtual terminal. No switches are pressed yet. 
[image: ]This is the next step of the circuit. The engine start switch has been pressed to indicate the start of the engine. After this switch is pressed, the start LED is on to show the simulation is running. The LCD displays the engine on to show the simulation is runing in order. This can also be seen on the virtual terminal. 
[bookmark: _Int_KSbyyz5d][bookmark: _Int_bp69t5N0][image: ]This is the next step in the sequence. After the engine start switch is pressed, the second switch (coolant switch) is pressed. THis then shuts of the start LED and lights up the second coolant LED. This LED is followed with a display on the LCD which says coolant OK. This can also be seen on the virtual terminal. The simulation is running smoothly so far as it is working in the correct sequence when commanded. 
[image: ]This is the next step in the simulation. After the coolant switch is pressed, the fan switch is then pressed. This then shuts off the cool LED and allows the fan at the bottom to run, meaning the fan is activated, and the motor is running. This is displayed on the LCD showing fan activated and motor running. This can also be seen on the virtual terminal. 
[image: ]The next step of the simulation is showing the alert. After the fan is activated and the motor runs, they stop, and the alert signal is shown. The third LED is shown in red to show the alert signal. This red LED signal blinks three times, with a 100ms interval in between.  This message is also displayed on the LCD to show the alert. It can also be seen on the virtual terminal.
[image: ]The next step of the simulation is the system shutdown. After the alert signal stops, the LED stops flashing, and the system shutdown message is displayed on the LCD to show the end of the system. This can also be seen on the virtual terminal. After this step in simulation, the virtual terminal shows the sequence that was run in the simulation. 
[bookmark: _Int_hj0cOWaS][image: ]After the simulation, the simulation can’t be run again by pressing any random buttons it has to be played from the start again and in order of the sequence. To add, when the simulations ends, it doesn’t loop again and play automatically; the simulation finishes until it is manually played again in the correct order.  
[image: ]This is the simulation back at the start with no switches pressed meaning it is ready to be run again. The LCD displays system ready to show that the simulation is back to the start. This can also be seen on the virtual terminal










CCS C Code 
[image: ]
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[image: ]
These images show the coding that was used to run the Proteus simulation. The code starts off by defining the different components and stating where they are and what they will be connected to.
[bookmark: _Int_l6ATcNXl]Next, the coding moves on to the first switch. It says that when it’s not pressed for the led to be off and lcd to display no message. When it is pressed the led and lcd will display the messages given. This is then followed in the same style for switches two and three. 
In the coding, the headings are used to state the steps in the simulation, with the text underneath being the command to allow the simulation to function. 
Details of testing
[bookmark: _Int_1sFBn5Xt]The testing first shows the correct sequence. When the first switch is pressed, the first LED is on with the engine started. When the second switch is on, the second LED is on with the coolant ok. When the third swtich is pressed, the fan is activated and the motor is running. After three seconds of running, the motor turns off, allowing the third LED to blink three times with a 100 ms interval inbetween. After this, the system shutdown is displayed. This is what is expected of the fully functioning simulation. 
[bookmark: _Int_XSoiiauO]If tested again the wrong way, the simulation won’t run and will be incorrect. If switch two is pressed before switch one, then nothing will happen and the simulation won’t run. If switch three is pressed before switch two then it will be the same result of nothing happening, making an incomplete simulation. The simulation has to run in order to work correctly. 
The simulation should run in the correct sequence given, displaying correct LCD information at each stage of the simulation, with a running fan at the designated stage and blinking LEDs at the designated stage. 
Conclusion
To conclude, the overall simulation of a cooling system was correctly and efficiently designed and run in the Proteus software whilst using the correct PIC16F877A microcontroller. This simulation was an accurate visual representation of a real-life cooling proccess of a cooling system as it followed the correct functions needed to make it successful. The system was well programmed as it provided practical evidence that it follows in the suit of real-life programming. 
To improve the system, different components can be added to make it more technical and updated, such as a buzzer that is triggered when the alert LED is flashing to properly alert testers that this is a signifcant problem that needs to be fixed. 
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//output_Low(MOTOR2) ;

delay_ms(500);

// WAIT FOR COOLANT
while(linput(Sh2));
output_low(LEDL);
output_high(LED2) ;
Led_pute( "\ FCoolant 0K");
printf(“Coolant OK\F\n");
output_LOW(MOTORL) ;
delay_ms(500);

// WAIT FOR FAn
while(linput(Si3));

output_low(LED2)

Led_pute(”
printf("

/7 HoTor on
output_high(MOTORL) ;
output_low(MOTOR?) ;

Led_pute(“\notor Running");
prntF("otor Running Fin”);

delay_ms(3000);
/7 HoTOR OFF

output_low(MOTORL) ;
output_low(MOTOR?) ;
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led_init();

// set pin directions
set_tris_a(exFF); // Inputs
set_tris_b(ex68); // Outputs
set_tris_c(6xe0); // Motor
set_tris_d(6x68); // LCD pins as output
delay_ms(56); // VERY INPORTANT

// Turn everything OFF
output_low(LEDL);
output_low(LED2) ;
output_low(LED3);
output_low(MOTORL) ;

// Initial message
Led_pute(”
printf("s

stem Ready");

tem Ready\r\n");

while(TRUE)
{

// WAIT FOR ENGINE START
while(!input(Su1)); // wait for press
output_high(LED1); // wait for press SWi

Ted_pute("
printf("Engine Started\r\n’);
delay_ms(500);

Engine ON");

output LOW(MOTOR) :

nen
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122
123 // Show alert on LCD and UART
124

125

126

127

128 }

120

130

131

132

133 /7 SysTen SHuTDOWN

133

135 // Turn OFF motor

136 output_low(MOTORL) ;

137 output_low(MOTOR?) ;

138

139 // Turn OFF all LeDs

140 output_low(LEDL);

141 output_low(LED2) ;

142 output_low(LED3);

143

144 // Display shutdown message
145 Led_pute("\Fsysten shutdoun®);
146 printf("Systen Shutdown\r\n");
147

148 7/ To end

149 while(1) {

150 // Do nothing

151 }

152

153

1548

155 }

156

157 1

AN
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Source Fies 4 #use delay(crystal=20000000)
L[ embedded c assingment progra. B

6.// LCD PIN CONNECTIONS
7 #define LCD_RS_PIN PIN DO

8 #define LCD_RW_PIN PIN_D1

9 #define LCD_ENABLE_PIN PIN_D2
10 #define LCD_DATAS PIN_D3

11 #define LCD_DATAS PIN D4

12 #define LCD_DATAG PIN_DS

13 #define LCD_DATA7 PIN DG

13

15 #include <led.c>

16

17

18.// uART

19 #use rs232(bau
20

21// Inputs (8uttons)

22 #define SWL PINA0 // Engine Start
23 #define SW2 PIN_AL //Coolant

24 #define SW3 Pin_A2 //Fan

25

26// Outputs (LEDs)

27 #define LED1 PIN B0 //Start

28 #define LED2 PIN_B1 //Coolant

29 #define LED3 PIN B2 //Alert

£

31// Hotor (1293D)

32 #define MOTORL PIN_Co

33 #define MOTOR2 PIN_C1

E

35 void main()

361
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