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1. Introduction

This project presents the design and simulation of an automotive cooling system status
simulator using the PIC16F877A microcontroller. The system models an engine cooling
process, including engine start, coolant monitoring, fan activation and system shutdown.
The design isimplemented in Proteus and programmed in CCS C, allowing the behaviour
of both hardware and software to be putinto use.

Userinputs are simulated using push-button switches, while system outputs are displayed
through LEDs, an LCD module, and UART communication. This project demonstrates how
embedded systems can be used to control real world processes in automotive
applications.
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2. Background researﬁ

Modern vehicles rely heavily on embedded electronic systems to monitor engine
conditions. They also control supporting subsystems such as cooling, fuel delivery and
safety mechanisms [1]. One of these subsystems is the engine cooling system, which
ensures that the engine operates within a safe temperature range. If this fails, the engine
will not maintain an appropriate temperature that can result in overheating and potential
engine damage [2].

In this project, the behaviour of these sensorsis simplified using push-button inputs. This
approach allows the operation of the system to be demonstrated clearly and effectively.

The PIC16F877A microcontroller is used, it is an 8-bit microcontroller that provides
multiple digital input/output ports, timers and a USART. This allows data to be transmitted

toa virtualterminaL.ﬁ
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3. System design

The circuit was designed and implemented in Proteus using the PIC16F877A
microcontroller as the central control unit. The schematic diagram (see Figure 1) shows
the complete system including input switches, output indicators and the LCD display.

PORTD is used for interfacing with the LCD in 4-bit mode. The LCD provides user-friendly

visual feedback also connected to UART, displaying messages suﬁ system status and
operational stages.

B5ABIHES

Figure 1: Schematic diagram of the circuit.
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3.1 Microcontrolb@

The PIC16F877A was selected to be used as the microcontroller for this project. It has
five input and output ports PORTA, PORTB, PORTC, PORTD, and PORTE. Each port can be
configured to requirements and either used as analog or digital inputs [3].

As the microcontroller can process both inputs and outputs, it can control multiple
outputs including LEDs for status indication, a 16x2 LCD for real time message display and
a DC motor to represent the radiator cooling fan.

Also the microcontroller has internal timers, which is used manage delays, such as the fan
operation period and LED alert blinking sequence [3].
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Figure 2: PIC16F877A microcontroller.
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3.2 Oscillator clock

As the PIC16F877A hasn’t got an internal oscillator [3], it has been configured with an
external crystal oscillator. The oscillator has been set at 20MHz clock time, connected
across OSC1 and OSC2 pins. This is connected with two 22 pF capacitors C1 and C2. This

provides a stable clock signal, which is essential for reliable microcontroller operation and
timing accuracy [4].

sk T CRYETAL | s
-

L c2 O J—{:1

"

.
L cacveinn
CECICTLNOUT

Figure 3: Oscillator clock.
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3.3 Input switches

The four button switches (SW1, SW2, SW3 and SW4) are connected to PORTB pins of the
microcontroller. Each switch includes a resistor network (R1, R2, R3 and R7) connected to
a power source.

e SW1 (Engine Start) - initiates the system

e SW2 (Coolant Confirmation) - validates system conditions
« SWS3 (Fan Activation) - triggers motor

e SW4 (Reset) - Reset

These switches simulate automotive sensor inputs such as ignition signals and coolant
status. Also, the switches only work when pressed in order as written in the coding.
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Figure 4: Input switches.
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3.4 LEDs
Three LEDs are connected via resistors (R4, R5, R6) to PORTB outputs:

e D1 (Red LED) (Flashes 3 times) — System shut down
e D2 (GreenLED)— Engine startup/Coolant OK

e D3 (Yellow LED) - Alertindicator
Ele6

Each LED provides a clear visual indication of the system status. The resistors 220Q are
used to limit current and protect the LEDs from damage.
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Figure 5: LED system status indicators.
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3.5LCD

The LCD allows embedded systems to provide feedback to the user [5]. A16x2 LCD
module (LCD1) is connected to the microcontroller using PORTD in 4-bit mode. This
configuration reduces the number of required 1/0 pins while maintaining full display
functions.

The LCD displays system messages such as:

“System Ready”
“Engine Started”
“Coolant OK”

“Alert, Fan Activated”
“System shutdown”

“Reset”
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Figure 6: 16x2 LCD module.
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3.6 UART

UART communication is used in this project to provide real time system monitoring
through a virtual terminalin Proteus. The PIC16F877A includes a built-in USART module,
allowing serial data to be transmitted without additional hardware and even with different
clock rates, as it allows asynchronous communicat

As seeninfigure 8, the system goes thro
messages are transmitted via UART. These messages include:

ch stage of operation, corresponding status

s “System Ready”

* “Engine Started”

+ “Coolant OK”

« “Alert, Fan Activated”
e “Shutdown Done”

+ “Reset”

Figure 7: UART communication.
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3.7 Motor simulation

The DC motor is connected to PORTA pins (RAO and RA1). These pins control the motor
direction:

* IN1=High, IN2= Low - Forward rotation
¢ [IN1=Low,IN2=Low- Stop

This motor simulates a real world cooling system. Cooling fans are used to generate
airflow and remove heat. The fans are typically controlled using variable speed techniques,
such as Pulse Width Modulation (PWM). This allows efficient temperature regulation [7].

Figure 8: Radlator fan simulator.
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4. Program logic

Figure 9, is a flow chart illustrating the control logic of the automotive cooling system. The
system progresses through engine start, coolant confirmation, fan activation, motor

operation, alertindication and shutdown stages.
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Figure 9: Flow chart of system

Conner Kinsey Embedded C

ACDA4013




13

4.1 Software implementation

The system was programmed in CCS C, as shown in figures 10,11,12 below, using the
PIC16F877A to control the sequence of the automotive cooling system simulator. The
microcontroller reads push-button inputs (engine start, coolant check, and fan activation)
and processes them only when they are pressed in the correct order.

Outputs are controlled through LEDs for status indication, then a DC motor to simulate the
cooling fan and an LCD display for real time messages. UART communication is also
implemented at 9600 bps to send system updates to the Proteus virtual terminal.

The program uses conditional logic and timing delays to manage each stage, including a 3-
second motor operation and a flashing alert LED before shutdown. The system then waits

for a reset input, showing controlled embedded process. ™\

S¢ maine | Zp 166873AN | =y mainn | ¢ bt
sinclude <16FE774.h> =] 10
#fuses HS,NOWDT, HOLVP, NOPROTECT 4

suse delay(clock=26000000)

S
-

sieypuepl

3

4

5 Outputs (AR

6 | mdefine LCD_ENABLE_PIN PIN_D2
7 | wdefine LCD_RS_PIN PIN_D&

8 | #define LCO_RW_PIN PIN_D1

9 | #define LCD_DATA4 PIN_D3

18 | #define LOD_DATAS PIN_D4

11 | #define LCD_DATAG PIN_DS

12 #define LOD_DATAT PIN_Dé

14 Outputs (motor driver
15 | #define MOTOR_INL PIN_EQ
16 | ndefine MOTOR_INZ PIN_E1

18 | //Inputs (switches)
19 #define SWl PIN_C@
20 #define SW2 PIN_CL
n #define SW3 PIN_C2
22 #define Swa PIN_C3

24 Outputs(LED
25 sdefine LED_RED PIN_B@

26 #define LED_GREEN PIN B1
27 | =define LED_YELLOW PIN B2

29 #include <led.c>

31 | suse rs232(baud=9600, xmit=PIN_CS, rcv=PIN_C7, bits=8, parity=N, stop=1, ERRORS)
32 Configure hardwa I Rx

36 UART function
37 [ void uart_ssg(char “text)

{
EL] printf("¥s\rin", text);
H

42 |E void main()f

46 ct pins A2 as outputs
a7 set_tris_b(0600000000) ;
a8

140:2 Tnzert Fit: main
jtmplng Co\serzba24151 F00OneDiive - Universiy of Wwiales Tersly Sank DandiDocuments\hsagremert NEWman an 24 Mer 26 ol 0943
-7

Memory usage: FOM=11%  RAM=
0 Enrs, 0 Warngs
BuM Succasshi

Figure 10: CCS Coding.
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[Z¢ main.c | 7y 16k877A0 | )y mainn | Z¢ eac |
ﬂg a6 / Set pins RB as outputs (LED use RBE-RB2
47 set_tris_b(0b0oeooeea);
j 48
l_. 45 / Set pins RC as inputs (SW1-5W4 use RCE-RC3)
¥ s@ set_tris c(0beeee1111);
= 51
E 52 / t pins RE as outputs (Motor use RE@-RE1)
53 set_tris_e(oboeeeeela);
54
55 led_init();
56
57 output_low(PIN B8);
58 output_low(PIN_B1);
59 output_low(PIN_B2);
6@
61 printf({lcd_putc, "\fSystem ready”);
62 printf(“System ready");
63
64
€5
66 while (linput(SWl));
67 delay_ms(50); / Engine start
68
69
7@ output_low(PIN_BG);
71 output_high(PIN_B1); // Turn on the LED
72 output_low(PIN_B2);
73
74 printf(led_putc, "\fEngine Started”);
75 printf(“Engine Started”);
76
77 while (!input(SW2));
78 delay_ms(50); Coolant sensor trigger
79
8@
81 output_low(PIN_B@);
82 output_low(PIN _B2);
83 output_high(PIN_B1); // Turn on the LED
84
85 printf(lecd_putec, "\fCoolant OK");
86 printf(“"Coolant OK");
87
88 while (!input(SW3));
89 delay_ms(58); / wait fan trigger
£
91 output_low(PIN_Be);
92 output_low(PIN_B1);
93 output_high(PIN_B2); // Turn on the LED

Figure 11: CCS C coding.
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[ Z¢ main.c [ =y, 16e8770 | =} mainn | =¢leoc |
- 92 output_lew(PIN BL);
* a3 output_high(PIN_B2); // Turn on the LED
94
'_:.I 95
§ 96 printf(led_putc, "\fAlert,Fan activated");
£ 97 Printf("Alert, Fan activated");
3 98 delay_ms(260);
99
18@
181 [/ Motor ON
102 output_high (MOTOR_INL);
183 output_low(MOTOR_IN2);
104 delay_ms(3000);
1es
186
107 |5 for(int i=0;ic3;it+)
108 {
189 output_high(PIN_B@);
110 delay_ms(200);
111 output_low(PIN_B@);
112 delay_ms(200);
113 1
114 | [ output_low(PIN_B2);
115
116 printf{led_putc,*\fShutdown Done");
117 printf("Shutdown Done”);
118 delay ms(200);
119
128
121 // Motor OFF
122 output_low(MOTOR_IN1);
123 output_low(MOTOR_INZ);
124
125
126
127
128
129 while (linput(sWa));
13@ delay_ms(50); Reset
131
132 printf(led_putc, "\fReset");
133 Frintf("Reset");
134
135
136
137
138 while(TRUE);
139 (|}

Figure 12: CCS C coding.
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5. Simulation results

Table 1: Si Sl e sults table.
Test Input Expected Result Actual Result
1| Power ON System Ready Pass
2 | swW1 Engine Started Pass
3| sw2 Coolant OK Pass
4|1 SW3 Motor Running Pass
5 | 3sec delays Motor stops Pass
6 | Post motor Alert, Fans activated Pass
7 | End Shutdown Done Pass
8| sw4 Reset Pass

13
6. Discussion

This cooling system simulator successfully demonstrates how a microcontroller would
control a real world process. The system responds correctly to switch inputs representing
engine start, coolant condition, and fan activation and provides clear feedback through
LEDs, the LCD, and UART communication.

The software implementation allows that each stage only occurs in the correct order,
which reflects real automotive control systems. The motor simulation effectively
represents radiator fan operation, and the alert sequence clearly indicates system
shutdown.

If further developed, additional features such as a dedicated reset indicator BLUE LED
would be added to signal system reset and a fan RPM in place of the motor to see real time

running speed.

However, the system uses push button inputs instead of real sensors, and the motor runs
at a fixed speed. The use of delay functions also limits efficiency, as the system cannot
perform multiple tasks at the same time.

Overall, the system performs well and demonstrates key embedded system concepts

effective ly.\

Conner Kinsey Embedded C ACDA4013




17

7. Conclusion

This project successfully designed and simulated an automotive cooling system status
simulator using the PIC16F877A microcontroller. The system correctly followed the

required sequence of engine start, coolant confirmation, fan activation, motor operation,
and shutdown.

The simulation results confirmed that all components operated as expected, with accurate
input handling and clear output feedback through LEDs, LCD, and UART communication.

The project demonstrates how embedded systems can be used to control real world
processes.
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GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/100

PAGE 1

PAGE 2

PAGE 3

PAGE 4

, Comment1 | == Engagement with Literature(10)

It is also necessary to include more information about the cooling content in the introduction or
background review, explaining the general concepts, where it is commonly used, and the latest
versions or cooling technologies currently adopted in industries.

, Comment2 | = Engagementwith Literature(10)



PAGE 5

The task should be critically analysed in the literature review by examining how similar
implementations have been carried out by others and comparing them with your own work.
This analysis should include a critical comparison of journal articles and other reference books
to evaluate the differences, similarities, and effectiveness of the approaches used.

Comment3 | ::# Engagement with Literature(10)

It is also necessary to include more information about the cooling content in the introduction or
background review, explaining the general concepts, where it is commonly used, and the latest
versions or cooling technologies currently adopted in industries.

PAGE 6

Comment4 | :# Knowledge & Understanding(20)

The I/0 peripherals are explained in detail, which is commendable.

PAGE 7

Comment5 | = Cognitive & Intellectual (25)

The choice of the PIC series needs to be justified with relevant discussion of its importance in
terms of power efficiency, performance, and architecture, which is appropriate for the
application.

PAGE 8

PAGE 9

PAGE 10

Comment6 | = Knowledge & Understanding(20)

The LED and switching sequencing should be explained in detail so that the logic can be
understood clearly.

PAGE 11

PAGE 12

Comment7 | = Knowledge & Understanding(20)

It is good to see the detailed explanation of the LCD and UART regarding the 4-bit mode
operation and the 9600 baud rate configuration.




PAGE 13

PAGE 14

Comment8 | :E Cognitive & Intellectual (25)

The flowchart is included, but it lacks clarity. It could be improved by enlarging it and presenting
it across two pages.

PAGE 15

Comment9 | :# Knowledge & Understanding(20)

Some points about CCS C, PIC and the I/o Configuration have been explained, but it is also
necessary to include details about the header files and pin definitions. The explanation could be
improved further by describing the main program structure, control statements and the
functions used, as well as how the overall program is structured.

Comment 10 | = Knowledge & Understanding(20)
It is also essential to provide a justification for the timing used and explain it clearly.

Comment 11 | = Transferable Skills (15)

The code is well structured; however, it should be further refined and mastered to better satisfy
the task requirements.

PAGE 16

PAGE 17

Comment 12 | = Transferable Skills (15)

Itis good to see the testing evidence presented in the report in a tabular form.

Comment13 | = Transferable Skills (15)



The structure and clarity are good; however, there are many ways to improve the work further

by providing a more detailed explanation of the project and the selection of the microcontroller
in the background review.

. Comment14 | = Cognitive & Intellectual (25)

Some further improvements are mentioned; however, it would be better if the limitations were
also discussed.

PAGE 18

PAGE 19

PAGE 20

GRADING FORM: EMBEDDED C

CONNER KINSEY 54.5

ENGAGEMENT WITH LITERATURE(10)

Research supports embedded automotive cooling logic and PIC-based
simulation. Uses scholarly/technical sources and correct referencing.

y‘ Very little evidence of research; referencing largely 4
absent.



KNOWLEDGE & UNDERSTANDING(20)

Demonstrates knowledge of sequencing logic, timers/delays, I/0
interfacing, LCD 4-bit mode, UART monitoring and real-world cooling
workflow.

® Satisfactory understanding; basic explanations 1 2

provided but limited depth/clarity in some areas.

COGNITIVE & INTELLECTUAL (25)

Evaluates design approach and makes justified decisions using logical
reasoning. Demonstrates structured thinking and reflective judgement.

y‘ Reasoning is basic; little justification of choices. 1 3 5

PRACTICAL SKILLS (30)

Implements and tests a PIC16F877A Proteus simulation meeting :
switch sequencing, LED states, fan motor control, alert blink, LCD and
UART messaging.

y‘ Limited practical achievement; major parts are 1 5
incorrect.

TRANSFERABLE SKILLS (15)

Communicates work clearly and professionally through a structured
report and well-documented code. Submits required files and evidence
reliably.

y‘ Adequate report and presentation 1 0



