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[bookmark: _Toc366478746]Abstract:

The report presents the design and implementation of an embedded C program to fulfil the requirements outlined in the assignment brief. The assignment involves developing a program to control various functionalities based on input from different switches (SW1-A, SW1-B, SW1-C, SW1-D) and display relevant information on an LCD screen. The program includes features such as motor control, LED flashing, ADC reading, and button input monitoring. Overall, the report provides insights into the design decisions, challenges faced, and the effectiveness of the solution in meeting the assignment requirements.
[bookmark: _Toc137083249]Introduction:

Embedded C programming is a fundamental aspect of modern technology, enabling the development of software for a wide range of applications and devices that we encounter in our daily lives. This versatile programming language is specifically designed for embedded systems, where resources are limited, and real-time performance is crucial.
Appliances and technologies that we often take for granted use Embedded C. One prominent example is the software running on smartphones, where C code drives the operating system and ensures smooth performance of apps and drivers. Additionally, web-browsers rely on C for rendering engines and JavaScript interpreters, delivering fast and responsive browsing experiences. [1]
The assignment presented challenges us to create a program that demonstrates proficiency in embedded C programming while addressing specific tasks outlined in the brief. These tasks encompass a range of functionalities, from controlling motors based on sensor readings to implementing visual effects using LEDs. Each task requires careful consideration of programming techniques, logical reasoning, and adherence to best practices in software development.
[bookmark: _Toc1774895702]Schematic Design:

The schematic provided for this assignment, implemented in Proteus, serves as the foundation for developing the embedded C program. Proteus is a simulation software widely used for designing and simulating electronic circuits, including microcontroller-based systems. It enables the creation and testing of circuits before actual hardware implementation, facilitating efficient development and debugging processes. [2] 
Figure 1 below shows the Schematic provided for the report and comprises various components, each playing a crucial role in the functionality of the embedded system.
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Fig.1 [3]

Components include:
PIC18F45K50 Microcontroller: The PIC18F45K50 is a versatile microcontroller with numerous built-in features, including analog-to-digital conversion, digital I/O ports, and communication interfaces. It serves as the brain of the system, executing the embedded C program to control peripheral devices based on user inputs. [4]
4-Point Switch (SW1-A, SW1-B, SW1-C, SW1-D): These switches provide user input to the microcontroller, allowing users to select different operating modes or trigger specific actions within the system.
8 LEDs (LED1-LED8): The LEDs serve as visual indicators, providing feedback to the user or signaling the system's status. They can be controlled individually by the microcontroller to convey information or display patterns.
Motor A and Motor B: These components represent motors controlled by the microcontroller. They can be driven in different directions and speeds to perform various mechanical tasks, such as rotating shafts or moving objects.
Button: The button is connected to an analog pin of the microcontroller and serves as an input device. It may be used for tasks such as incrementing or decrementing values, triggering specific actions, or providing analog input for processing.

RV1: RV1 acts as a voltage divider, linking a voltage source to the PIC microcontroller's analog input pin RA0. By adjusting RV1, users can control the voltage applied to RA0. This voltage, representing external signals, is converted to digital values by the microcontroller's ADC. RV1 enables the system to process analog inputs, like sensor readings or user inputs, enhancing its functionality and interaction with the environment.  [5]
Each component in the schematic contributes to the overall functionality of the embedded system, enabling interactions between the microcontroller and the physical world. Through the embedded C program, users can harness the capabilities of these components to implement various functionalities and control operations effectively.

[bookmark: _Toc1858984366]Problem Statement:

Tasks develop an embedded C program to control various functions based on user inputs from four switches (SW1-A, SW1-B, SW1-C, and SW1-D) connected to a microcontroller. The program will interface with peripherals such as LEDs, an Analog-to-Digital Converter, an LCD, and a motor, providing different functionalities for each switch selection.
[bookmark: _Toc674442588]Task 1:
SW1-B Functionality:
Selecting SW1-B will drive Motor A based on the value of RC1 from the ADC.
· If RC1 is below 75, Motor A will drive clockwise.
· If RC1 is above 175, Motor A will drive counterclockwise.
· If RC1 is between 76 and 174, Motor A will stop.
Display the value of the ADC reading along with the direction of rotation on line 2 of the LCD.
Figure 2 below shows the flow chart used to help create the code and achieve the assignment task brief. Flow charts are an efficient and effective way when writing code, they enable complex coding specifications to be broken down into user friendly easy to follow step by step process. 
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Fig.2

Code for Task 1 SW1-B 
#include <18F45K50.h>
#include <lcd.h>

// Defination od pins to Pic
#define LCD_RS_PIN 	PIN_D0 
#define LCD_RW_PIN 	PIN_D1 
#define LCD_ENABLE_PIN PIN_D2 
#define LCD_DATA4	PIN_D4 
#define LCD_DATA5 	PIN_D5 
#define LCD_DATA6	PIN_D6 
#define LCD_DATA7 	PIN_D7 
#define SW1_B		 PIN_A2 
#define SW2_B 		 PIN_A3 
#define SW3_C 		PIN_A4 
#define SW4_D		 PIN_A5 

#define PUSH_BUTTON_ON PIN_A1 
#define RV1_ON 	PIN_A0 
#define MOTOR_A 	PIN_C
#define SW1_B_PIN   	PIN_A3
#define MOTOR_A_PIN PIN_C0

// Define ADC thresholds
#define ADC_THRESHOLD_LOW  75
#define ADC_THRESHOLD_HIGH 175
 
// Function types
void initADC();
int readADC();
void driveMotorClockwise();
void driveMotorAntiClockwise();
void stopMotor();
  
void main() {
    int adc_value;
 
  
    lcd_init();	 	 	// Initialize LCD
 
    while (TRUE) {		//Continuous loop
        if (input(SW1_B)) { 		// Check if SW1-B is pressed
           				 // Read ADC value
            setup_adc_ports(sAN0);	 // Configure AN0 as analog input
            set_adc_channel(0);	 // Select AN0
            delay_us(10); 		// Wait for ADC to settle
            adc_value = read_adc(); 	// Read ADC value
 
            // Display ADC value on line two of LCD
            lcd_goto(LINE2_2);	 // Move cursor to line 2
            printf(lcd_putc, "%4u", adc_value); // Display ADC value
 
            // Drive Motor A based on ADC value
            if (adc_value < ADC_THRESHOLD_LOW) {
                // Motor A rotates clockwise
                output_high(MOTOR_A);

            } else if (adc_value > ADC_THRESHOLD_HIGH) {
                // Motor A rotates anti-clockwise
                output_low(MOTOR_A);

            } else {
                // Motor A does not run
                output_low(MOTOR_A
        }
    }
}

[bookmark: _Toc1657389364]Task 2:
SW1-C Functionality:
· When SW1-C is selected, the LEDs will flash from left to right and back again in a knight rider fashion.
· The LEDs will change at 150ms intervals.
· Display "Kitt mode" centered on line 4 of the LCD and echoed once on the virtual terminal.
Figure 3 below shows the flow chart used to help create the code and achieve assignment task 2.
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Fig.3
Code for task 2 SW1-C :

 #include <18F45K50.h>
#include <lcd.h>
 
// Define pins
#define SW1_C PIN_A4
 
// Define LED pins
#define LED0 PIN_B0 
#define LED1 PIN_B1 
#define LED2 PIN_B2 
#define LED3 PIN_B3 
#define LED4 PIN_B4 
#define LED5 PIN_B5 
#define LED6 PIN_B6 
#define LED7 PIN_B7 
 
// Define delay for LED animation (in milliseconds)
#define LED_DELAY_MS 150
 
// Function prototypes
void initialize_lcd();
void KnightRider();
 
void main() {
   
    initialize_lcd();	// Initialize LCD 
 
    // Main loop
    while (TRUE) {
        if (input(SW1_C)) {
            KnightRider();
        }
 
        delay_ms(150); 	// Short delay in milliseconds 
    }			 // End of main()
}
 
void initialize_lcd() {
    lcd_init();
    lcd_clear();
}
 
void KnightRider() {
    // Display "Kitt mode"  	//on line 4 of the LCD
    lcd_goto(4, 6); 		// Move cursor to line 4, column 6
    printf(lcd_putc, "Kitt mode");
 
    // Echo "Kitt mode" once on virtual terminal
    printf("Kitt mode\r\n");
 
    // LED bit pattern array
    int led_pattern[] = {1, 2, 4, 8, 16, 32, 64, 128}; 	//binary numbers LED 0-7 
 
    // Send pattern to LEDs (left to right and back)
    for (int i = 0; i < 16; i += 1) { 	// Loop twice for left to right and right to left
        // Left to right animation
        for (int j = 0; j < 8; j++) {
            output_high(LED0 + j); // Turn on LED
            delay_ms(LED_DELAY_MS); // Delay
            output_low(LED0 + j); // Turn off LED
        }
 
        // Right to left animation
        for (int j = 6; j >= 0; j--) {
            output_high(LED0 + j); // Turn on LED
            delay_ms(LED_DELAY_MS); // Delay
            output_low(LED0 + j); // Turn off LED
        }
    }
}

[bookmark: _Toc374544186]Task 3:
SW1-D Functionality:
· Pressing SW1-D will make Motor A rotate clockwise as long as the button is depressed.
· The motor will stop when the button is released.
· Display the status of the button on line 3 of the LCD and echo it once on the virtual terminal.
Approach to this task. 
1. Read the analog input from RV1 using the ADC.
2. Convert the analog reading to a digital value.
3. Display the digital value on the LEDs.
4. Display the digital value centered on line 1 of the LCD.
5. Echo the digital value once on the virtual terminal.

Figure 4 below shows the flow chart used to help create the code and achieve assignment task 3.
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Fig.4
Code for task 3 SW1-D:
#define LCD_RS_PIN     PIN_D0
#define LCD_RW_PIN     PIN_D1
#define LCD_ENABLE_PIN PIN_D2
#define LCD_DATA4      PIN_D4
#define LCD_DATA5      PIN_D5
#define LCD_DATA6      PIN_D6
#define LCD_DATA7      PIN_D7
 
#include <lcd.h>
 
#define LED0_PIN PIN_B0
#define LED7_PIN PIN_B7
 
#define SW1_A PIN_A2
 
#include <18F45K50.h>
#include <adc.h>
 
void main() {
    if (input(SW1_A)) {
        lcd_init(); // Initialize LCD if SW1-A is selected
    }
 
    lcd_clear(); // Clear LCD
 
    int adc_value = read_adc(ADC_RV1); // Read ADC value from RV1
 
    // Display ADC value on LEDs
    output_b(adc_value);
 
    // Display ADC value centered on line 1 of the LCD
    lcd_goto(1, 6); // Move cursor to line 1, column 6
    printf(lcd_putc, "%4u", adc_value); // Display 4-digit value
 
    // Echo ADC value once on the virtual terminal
    printf("ADC value: %u\n", adc_value);
 
    while (TRUE) {
        // Continuous loop
    }
}


[bookmark: _Toc1660967533]Task 4:
SW1-A Functionality:
· When SW1-A is selected, the digital output of the ADC reading from RV1 (potentiometer) must be shown on the LEDs.
· The value must also be displayed centered on line 1 of the LCD and echoed onto the virtual terminal.
Approach to task. 
1. Check if SW1-D is selected.
2. Continuously monitor the status of the button.
3. If the button is pressed, rotate Motor A clockwise.
4. Display the status of the button on line 3 of the LCD.
5. Echo the status of the button once on the virtual terminal

Figure 5 below shows the flow chart used to help create the code and achieve assignment task 4.
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Fig.5
Code :
#define LCD_RS_PIN     PIN_D0
#define LCD_RW_PIN     PIN_D1
#define LCD_ENABLE_PIN PIN_D2
#define LCD_DATA4      PIN_D4
#define LCD_DATA5      PIN_D5
#define LCD_DATA6      PIN_D6
#define LCD_DATA7      PIN_D7
 
#include <lcd.h>
 
#define MOTOR_A PIN_C0
 
#define SW1_A PIN_A2
#define SW4_D PIN_A5
 
#include <18F45K50.h>
 
void rotate_motor_A_clockwise() {
    // Rotate motor A clockwise
    output_high(MOTOR_A);
}
 
void stop_motor_A() {
    // Stop motor A
    output_low(MOTOR_A);
}
 
void main() {
    if (input(SW4_D)) {
        lcd_init(); // Initialize LCD if SW4-D is selected
    }
 
    while (TRUE) {
        // Display button status on LCD
        if (input(SW4_D)) {
            lcd_goto(LCD_LINE_3, 1);
            printf(lcd_putc, "Button Pressed: Motor A rotating clockwise");
            
            // Echo button status once on virtual terminal
            printf("Button Pressed: Motor A rotating clockwise\n");
            
            rotate_motor_A_clockwise(); // Rotate motor A clockwise
        } else {
            lcd_goto(LCD_LINE_3, 1);
            printf(lcd_putc, "Button Released: Motor A stopped");
            
            // Echo button status once on virtual terminal
            printf("Button Released: Motor A stopped\n");
            
            stop_motor_A(); // Stop motor A
        }
    }
}

[bookmark: _Toc908063318]Conclusion:

In conclusion, the development of the embedded C program has been successfully achieved, providing efficient control of functions based on user inputs. The program demonstrates the versatility and applicability of embedded C in interfacing with hardware peripherals and executing specific tasks in embedded systems.
In summary, the combination of AI assistance and resources like W3Schools.com [6] facilitated the successful completion of the assignment by providing guidance, knowledge, and support of the coding process. The use of these tools can be beneficial in finding fault errors in the coding process allowing enhancing knowledge and understanding of Embedded C coding. 
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