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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 is implemented in Proteus and programmed in CCS C, allowing the behaviour 
of both hardware and software to be put into use. 

User inputs 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 research  
 

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 sensors is 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 
to a virtual terminal. 
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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 such as system status and 
operational stages. 

 

 

Figure 1: Schematic diagram of the circuit. 
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3.1 Microcontroller  
 

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 16×2 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]. 

 

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]. 

 

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. 

• SW1 (Engine Start) - initiates the system  

• SW2 (Coolant Confirmation) - validates system conditions  

• SW3 (Fan Activation) - triggers motor 

• 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. 

 

Figure 4: Input switches. 
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3.4 LEDs 
Three LEDs are connected via resistors (R4, R5, R6) to PORTB outputs: 

• D1 (Red LED) (Flashes 3 times) – System shut down  
• D2 (Green LED) – Engine startup/Coolant OK  
• D3 (Yellow LED) - Alert indicator  

Each LED provides a clear visual indication of the system status. The resistors 220Ω are 
used to limit current and protect the LEDs from damage. 

 

Figure 5: LED system status indicators. 
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3.5 LCD  
 

The LCD allows embedded systems to provide feedback to the user [5]. A 16×2 LCD 
module (LCD1) is connected to the microcontroller using PORTD in 4-bit mode. This 
configuration reduces the number of required I/O 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” 

 

Figure 6: 16×2 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 terminal in 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 communication [6]. 

As seen in figure 8, the system goes through each stage of operation, corresponding status 
messages are transmitted via UART. These messages include: 

• “System Ready”  

• “Engine Started”  

• “Coolant OK”  

• “Alert, Fan Activated”  

• “Shutdown Done”  

• “Reset”  

 

Figure 7: UART communication. 
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3.7 Motor simulation  
 

The DC motor is connected to PORTA pins (RA0 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: Radiator 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, alert indication and shutdown stages.  

 

 

Figure 9: Flow chart of system 
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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. 

 

Figure 10: CCS Coding. 
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Figure 11: CCS C coding. 

 

 

 

 

 

 



15 
 

Conner Kinsey  Embedded C ACDA4013 
 
 

 

 

Figure 12: CCS C coding. 
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5. Simulation results  
Table 1: Simulation results table. 

Test Input Expected Result Actual Result 
1 Power ON System Ready Pass 
2 SW1 Engine Started Pass 
3 SW2 Coolant OK Pass 
4 SW3 Motor Running Pass 
5 3 sec delays Motor stops Pass 

6 Post motor Alert, Fans activated Pass 

7 End Shutdown Done Pass 
8 SW4 Reset Pass 

 

 

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 
effectively. 
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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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