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Abstract

This report details the design and simulation of an embedded control system using the PIC16F877A microcontroller programmed in Embedded C within the CCS environment. The system simulates engine control and monitoring using digital inputs and outputs, with push buttons representing ignition, coolant, and fan controls, and outputs including LEDs, a DC motor, and an LCD for feedback. The microcontroller processes inputs to generate outputs such as status messages on the LCD and UART communication. 

Proteus software was used for circuit testing, confirming the system's proper response to inputs and execution of control sequences, demonstrating practical applications of embedded systems in control and monitoring through digital I/O, serial communication, and structured programming.
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1.0 [bookmark: _Toc226224452]Introduction

This report presents the design, development, and simulation of an embedded control system based on the PIC16F877A, programmed using Embedded C within the CCS compiler environment. The system demonstrates how a microcontroller can monitor digital inputs and control multiple outputs.

The project focuses on the interaction between hardware and software. Push buttons simulate conditions such as engine ignition, coolant activation, and fan operation. The microcontroller processes these inputs to control outputs, including LEDs, a DC motor, and an LCD.

The system also uses UART communication to transmit messages to a virtual terminal for monitoring. This report outlines the background research, circuit design, program flow, and simulation results to demonstrate the implementation of an embedded control system.


[bookmark: _Toc226224453]2.0 Background Research 

[bookmark: _Toc226224454]This section explains each component and its purpose.

2.1 Software

Proteus
Proteus is a simulation software for building circuits before manufacturing to make sure it works correctly otherwise, it’ll be very expensive to produce. This should have all the components that can be built as a product[1].

CCS (Custom Computer Services)
CCS is an embedded C compiler software for programming PIC microcontrollers. It had built-in functions that allowed control of the components included within the project[2].

[bookmark: _Toc226224455]2.2 Components

PIC Microcontroller 
The PIC microcontroller PIC16F877A is the brain of the system that controls anything that has been programmed into the chip[3].  5 Ports on the chip can do different tasks depending on which pin is used, from digital inputs or outputs or analogue inputs. 
[image: ]
Figure 1- Shows the pinouts on the PIC[1, p3]

Clock Circuit
 Figure 2 shows the design of a clock circuit that is made up of a crystal and 2 Capacitors.  The quartz crystal oscillator provides a stable 20MHz clock signal for the microcontroller[5].
[image: ]
Figure 2- Shows the design of the clock circuit

Light Emitting Diode (LED)
Figure 3 below shows a different colour LED connected with a resistor. Each circuit is connected to a digital output.
[image: ]
Figure 3- Shown a 3-LED circuit

Push button Circuit.

This push-button circuit with a low-resistance resistor is called a pull-down resistor[5,pp. 66-68]. There is a DC supply to the button, then when the button is pressed, the current flows through to the microcontroller.  The primary role of the resistor is to force the signal to a known low (ground/0V) when the switch is open. Without the resistor, the signal can float, given the microcontroller's fault reading and assume the button was pressed.
[image: ]
Figure 4-Shown a button circuit.

Liquid Crystal Display (LCD)
The LCD model used is a LMD16L, this device can display 2 lines of 16 characters maximum.
As shown below, the LCD only uses 4 bits from the microcontroller on D4 to D7, D0 to D3 go to ground in case of any interference from any signals[6,pp. 512].
RV1 is a potentiometer, which is important for LCD as it controls the contrast on the display. The VEE (voltage output) pin sets the contrast voltage. If the VEE connection shown in Figure 5 is adjusted closer to the VDD, the brighter the display will be, and if the VEE is adjusted closer to ground, then the darker the screen will be. 

[image: ]
Figure 5-Shows a circuit design of an LCD

Motor
This symbol in Figure 7 is a motor that is used to activate a fan.  This motor can be used clockwise or anticlockwise, depending on the signal the microcontroller sends. 
[image: ]
Figure 6-Shows a motor symbol




Virtual terminal using Modbus Protocol
A virtual terminal is a serial communication interface that allows Modbus protocol using UART  This is connected to the microcontroller on a 2 wirer cable, 1 is for TX(transmit signal) and the other is RX (Receive signal)  Some people get the wiring wrong as it needs to cross connect them on the opposite side of the cable, So once the Microcontroller sends data over TX  then on the virtual terminal is uses the RX to receive the data and vice versa. 
[image: ]
Figure 7- shows a Virtual terminal


[bookmark: _Toc226224456]3.0 Circuit Design

The circuit is made up of 3 digital input push switch signals, four Output signals, 3 LEDs, 1 DC motor, LCD screen, UART Modbus, all controlled by a microcontroller shown in Figure 1 above. Below is a list of digital input and output.
Digital Input
· SW1 is to imitate the engine ignition.
· SW2 is to trigger the cooling sensor.
· SW3 is to activate the radiator fan.
Digital Output
· Motor had 2 outputs (MO & MO1) to generate a clockwise movement.
· LED1 is a green light to show the engine is on.
· LED2 is a green light to show the cooling system is activated.
· LED3 is a red light to show the warning signal.
· LCD screen uses 4 outputs.
[image: ]
Figure 8- Circuit design
[bookmark: _Toc226224457]4.0 Flowchart

A flowchart is used to demonstrate in a simpler form to explain the direction and what the program does.
[image: A screenshot of a black background

Description automatically generated]
Figure 9 - Show a flow chart on how the program worked.


[bookmark: _Toc226224458]5.0 Files Structure

This section will explain step by step how the codes will control each light, switch, motor and message.  
Before testing the code, it will need to be compiled using CCS software. It’s important that all the files from the CCS.[2] and Proteus [1] They are in the same folder structure. Once the embedded C code is completed and without error, it will need to be compiled, ready to be used in Proteus. Figure 11 shows where the two main .c and .h files are added to Proteus.

[image: A computer error screen with blue text and black text

Description automatically generated]
Figure 10 - PCW - CCS program[2].
[image: ]
Figure 11- Adding files to the Proteus source code.


[bookmark: _Toc226224459]5.0 Simulation Testing and Screenshots
This section will demonstrate how each part of the CCS C code works and how it tells each component what to do.

[bookmark: _Toc226224460]5.1 Initializing 
Figure 12 below shows a schematic design of how the software is running. Once the software is running, start the initialisation process of the code. Once that is done, then the LCD and Virtual Terminal will say ‘System Ready’.
[image: ]
Figure 12- Shown a schematic when Proteus is running.
Figure 9 below shows the initialisation process of the code.  The microcontroller configures each pin as input or output[8], as shown below. Line 35 sets RB0 to RB5 as Output. The output is to 3 LEDs and 2 for a motor. Line 38 is to set Port C as inputs, RC0 to RC2 are used for the switches. It is worth mentioning that RC6 and RC7 are used for serial connection using RS232, but why does it work as it is set as input? This is because line 5 is used to set the RS232 on RC6 and RC7.
Line 40 is to set Port D as outputs to the LCD screen. Then the controller also needs to know what state the LED and Fan motor need to be in, as shown in Figure 9, they are all set to low. Then the final two codes are to set the LCD and UART terminal to display ‘System Ready’. The ‘\f’ command clears the display, while ‘\r\n’ moves the cursor to a new line.
[image: A screenshot of a computer code

Description automatically generated]
Figure 13-Shows the initialisation code.

[bookmark: _Toc226224461]5.2 Engine Started
Figure 14 shows LED D1 turning on when the engine is activated. The switch also initiates a message ‘Engine Started’ displayed on the LCD. 
[image: ]
Figure 14- Shows the Schematic design after the Engine is turned on.
[image: ]
Figure 15- Shows the Code how the process worked from SW1

[bookmark: _Toc226224462]5.3 Coolant Activated 

Figure 17 shows a live schematic design after the coolant sensor ‘Switch’ is activated. This then turned on LED D2 to show that it’s activated by using the high code on line 62 in Figure 18.  Then a message is sent to the LCD and terminal stating Coolant OK. 
[image: ]
Figure 16- shows the schematic design when the coolant sensor is activated.
[image: ]
Figure 17-Shows the code to process how the Sensor turned on the LED

[bookmark: _Toc226224463]5.4 Fan Activated

When switching the Fan activation, this will activate the Fan (DC Motor) outputting from PIN RB3, which then goes to MO1, and RB4 goes to MO2, as shown in Figure 18. Line 71 on Figure 21 shows that MO1 is high, making the Motor turn clockwise because MO2 is Low. If it were the other way around, this would make the motor turn anticlockwise, and the LCD and UART would display Fan Activated and Motor Running.
[image: A computer screen shot of a computer

Description automatically generated]
Figure 18- Shows a design after the Fan Switch is activated.


After the Fan Switch is activated, the motor will be running for 3 seconds until an Alert! Is displaying on the LCD and UART. The red LED in Figure 19 will blink 3 times with a delay of 0.1 seconds, which is driven by the CCS loop[9,pp. 13] code in Figure 21, lines 80 to 86. This improves code efficiency and readability.
Once the Blinking stopped, it then goes to a shutdown procedure by turning the motor off on a low code Figure 21, lines 90 and 91, also turning all LEDs off, showing low on lines 92 and 93. A final message on the UART and LCD stating SHUTDOWN DONE.
[image: A computer screen shot of a circuit board

Description automatically generated]
Figure 19- Shows when the Warning is activated.

[image: A screenshot of a computer

Description automatically generated]
Figure 20- Shows when the shutdown procedure happened.
[image: ]
Figure 21- Shows the CCS code for the Fan and Shutdown.


[bookmark: _Toc226224464]7.0 Conclusion

This project demonstrated how a PIC16F877A microcontroller can be programmed using Embedded C within the CCS environment to control and monitor a system. The integration of digital inputs, outputs, and communication interfaces enabled the simulation of an engine cooling and warning application.

Push-button inputs were used to trigger system states such as engine start, coolant activation, and fan operation. These inputs controlled outputs including LEDs, a DC motor, and an LCD, providing clear system feedback. UART communication also enabled real-time monitoring through a virtual terminal.

[bookmark: ZOTERO_BREF_ZO8qX86Rou8L]Simulation in Proteus Design Suite confirmed that the system operated as intended. The use of structured programming techniques improved code efficiency and readability. Overall, the project demonstrates key embedded system concepts, including input/output control, timing, and serial communication [10].
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