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[bookmark: _Toc166748665]Introduction
In this assignment I will be using a circuit that has been given to me in proteus to write a program that, when activated completes a series of different operations depending on the position of the switch and the activation of a button. These functions will be described in further detail in the task sections below, but they make use of LED’s, motors and an LCD screen.
[bookmark: _Toc166748666]The Circuit
In this section of the assignment, I will be showing and describing the circuit that I have been given to write the program for. The circuit below in figure 1 is the circuit I was given, it consists of a PIC18F45K50 with port B connected to eight LED’s, port D connected to an LCD display and port A connected to the switch and the button. 

[bookmark: _Toc166748667]The Circuit 
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Figure 1 shows the given circuit in Proteus.





[bookmark: _Toc166748668]My programs / code
[bookmark: _Toc166748669]Main.h setup
In figure 2 below you will see my main.h setup, the main.h file is used to tell the compiler what devices are connected to what pins and what to include when compiling the code. As you can see below it specifies that I am using the PIC18F45K50 and that we will be using the 8 bit DAC. It also explains that we are using rs232 as the communication type and where the virtual terminal pins are, the rest is explained in the comments. 
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Figure 2 main.h

[bookmark: _Toc166748670]Main.c definitions, variables and declarations
At the start of my main.c code before any functions are written I have declared many things such as which pins are used to control the LCD, what the names of the integers that will be used later on are and also the names of the routines/functions used later on in the code, this is so that the compiler expects them and we don’t get errors. You can see this below in figure 3.
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Figure 3 Main.c declarations

[bookmark: _Toc166748671]Void main
This section of code, shown below in figure 4 is my main program, this used to set up the ADC ports on port A for switch detection and also initialises the LCD screen. The input from the switch and the button is taken at port A and the code uses a case selection to run different routines. For example if the switch is in position 1 (SW1A) then the case will be equal to 4 and it will call routine 1, I use the variable called ‘ops’ so that when it detects that the switch position has changed it will reset all outputs and call another function, this creates a loop so that it doesn’t get stuck in just one routine.
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[bookmark: _Toc166748672]Task 1
This task requires me to make the motor spin clockwise if the potentiometer is below 75, if it is above 75 then it will drive anticlockwise and if it is between these two values then it will be stationary. This is when the switch is in position SW1-B.  The value of the potentiometer connected to the ADC must be also displayed on the LCD screen along with the current operational state of the motor. Below in figure 3 is the block of code that makes this function happen. 
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Figure 4 Function for task 1



[bookmark: _Toc166748673]Task 2 
This function is activated when the switch is in the SW1-C position and makes the LEDS flash from left to right and back with 150ms intervals whilst displaying ‘Kitt Rider’ on the LCD screen in a certain position and also echoed on the virtual terminal. To position the curser on the LCD screen I used the lcd_gotoxy function and I selected the x and y coordinates of where I wanted the writing to start. To make the LED’s flash I used a for loop to output the values in the array named kr with a delay of 150ms .
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Figure 5 the C code for task 2
[bookmark: _Toc166748674]Task 3
This function is activating when the switch is in SW1-A position and converts the value of the potentiometer into binary and displays it on the 8 LED’s, it is also displayed on the LCD screen and the virtual terminal. In this section I use a variable called pot and oldpot so that the LCD screen only updates when the potentiometer value changes. This stops the LCD screen flashing with too many updates. It then outputs the value read to Port B where the LED’s are connected.
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Figure 6 Shows the code for task 3







[bookmark: _Toc166748675]Task 4
This task is activated when the switch is in the SW1-D position, the function makes the motor spin clockwise when the button is pressed and when it is let go the motor will stop, the status of the button will be displayed on the LCD and virtual terminal.
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Figure 7 Code for task 4
[bookmark: _Toc166748676]Functions for reading inputs and clearing outputs.
Below in figure 8  is the functions used to read the potentiometer, button inputs and to clear the outputs. 
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Figure 8 functions



[bookmark: _Toc166748677]Pasted code 
#include <main.h>  // Include the necessary header file
// Define the different pins for the LCD
#define LCD_ENABLE_PIN PIN_D2
#define LCD_RS_PIN PIN_D0
#define LCD_RW_PIN PIN_D1
#define LCD_DATA4 PIN_D4
#define LCD_DATA5 PIN_D5
#define LCD_DATA6 PIN_D6
#define LCD_DATA7 PIN_D7

// Include the LCD source file
#include <lcd.c>

/********************************* Global Variables ***************************/
// The following declarations are used so that the compiler knows that there will be unsigned integers in the code
unsigned int sw1=0, sw2=0, sw3=0, sw4=0;  // Variable to store the different switch states
unsigned int ops, old_ops,pot,old_pot;  // Variables to store operation states for use in loops and routines later on
unsigned int inputs; // Variable to store button/switch inputs

/********************************* Function Declarations ************************/

// The following declarations are used so that the compiler knows what functions are expected to be in the code and declare if they are unsigned integers or if they are going to be functions
unsigned int read_inputs(void);  // Function to read the button/switch inputs
void clear_outputs(void);  // Function to clear all outputs
void routine1(void);  // Function for routine 1
void routine2(void);  // Function for routine 2
void routine3(void);  // Function for routine 3
void routine4(void);  // Function for routine 4
void routine5(void);  // Function for routine 5
unsigned int read_pot(void);  // Function to read the potentiometer value

void main()
{
    setup_adc_ports(sAN0);  // Initialize ADC channel
    setup_adc(ADC_CLOCK_INTERNAL | ADC_TAD_MUL_0);  // Setup the ADC operation

    lcd_init();  // Initialize the LCD screen

    while(TRUE)
    {
        ops = read_inputs();  // Read the button inputs by using the read_inputs function defined below in the functions section
        if(ops != old_ops)  // Compare ops and old ops , if ops isnt the same as old ops then clear outputs
            clear_outputs();  // Clear outputs if the button inputs change by using the clear_outputs function defined below in the functions section
        
        switch(ops)  // Use the value of ops to determine which routine/function to start
        {
            case 4: routine1(); break;  // Switch is in position A so call routine 1
            case 8: routine2(); break;  // Switch is in position B so call routine 2
            case 16: routine3(); break;  // Switch is in position C so call routine 3
            case 32: routine4(); break;  // Switch is in position D so call routine 4
            case 34: routine5(); break;  // Switch is in position D and the button is pressed so call routine 5
            default: break;
        }
        old_ops = ops;  // Update old_ops for comparison for the if statement above so that when the switch position is cleared so are the outputs and the correct routine is called
    }
}

/********************************* Functions ***************************/

// Function for routine 1
// This routine is used to get the potentiometer value and display it on the LCD whilst also outputting it to display it in binary on the 8 LED's
void routine1(void)
{
   
    if(!sw1)  // This stops the LCD display flashing constantly by usi
    {
        lcd_gotoxy(5,1);  // Set cursor position
        printf(lcd_putc,"Pot Value = ");  // Print "Pot value"on the LCD
        sw1 = 1;  // Set the variable sw1 high (To 1)
        sw2 = 0;  // Set the variable sw2 low (To 0)
        sw3 = 0;  // Set the variable sw3 low (To 0)
        sw4 = 0;  // Set the variable sw4 low (To 0)
    }
    lcd_gotoxy(15,1);  // Set cursor position
    printf(lcd_putc,"%u  ", read_pot());  // Read the potentiometer value and then print it on LCD
    output_b(read_pot());  // Output potentiometer value to portB so that the LEDS display the value in binary
    pot = read_pot();  // Set the variable pot to the ADC value that is read at the potentiometer using the read_pot function declared in the functions section
    delay_ms(100);  // Delay by 100ms   
    
    if(pot != old_pot)  // Compare the variable pot and old pot if pot has changed then redo this part, this is used so that the value only print again to the virtual terminal if the value has changed 
    {
    printf("%u  \r", read_pot());  // Print the potentiometer value to the virtual terminal whilst moving to the line below
    }
    old_pot = pot;  // set the value of old_pot to the pot value
}

// Function for routine 2
// This routine reads the potentiometer and either makes the motor spin clockwise,anti-clockwise or stop depending on the value, it also prints the value and direction to the LCD screen
void routine2(void)
{
    pot = read_pot();  // Read potentiometer using the read_pot function and set the variable pot to the value that has been read
    delay_ms(200);  // Delay by 200ms this reduces flashing of the LCD display
   
   
      if (pot < 75)  // Check if the value of pot is less than 75 
    {
        printf(lcd_putc,"\f ");  // Clear the LCD screen
        lcd_gotoxy(4,1);  // Set cursor position
        printf(lcd_putc,"Pot Value :%u ", pot);  // Print the direction of motion and the value of the pot on the LCD screen
        lcd_gotoxy(6,2);  // Set cursor position
        printf(lcd_putc,"Clockwise");  // Print the direction of motion and the value of the pot on the LCD screen
        output_low(pin_C1);  // Set PIN C1 low so that both motor pins arent active at the same time
        output_high(PIN_C0);  // Set PIN C0 high to turn the motor clockwise
    }
    else if (pot > 175)  // Check if the value of pot is more than 175
    {
        printf(lcd_putc,"\f ");  // Clear the LCD screen
        lcd_gotoxy(4,1);  // Set cursor position
        printf(lcd_putc,"Pot Value :%u ", pot);  // Print the direction of motion and the value of the pot to the LCD
        lcd_gotoxy(4,2);  // Set cursor position
        printf(lcd_putc,"Anti-Clockwise");  // Print the direction of motion and the value of the pot to the LCD
        output_low(pin_C0);  // Set PIN C0 low so that both motor pins arent active at the same time
        output_high(PIN_C1);  // Set PIN C1 high to turn the motor anti-clockwise
    }
    else  // Check if the value of pot is less than 75 
    {
        printf(lcd_putc,"\f ");  // Clear the LCD screen
        lcd_gotoxy(4,1);  // Set cursor position
        printf(lcd_putc,"Pot Value :%u ",pot);  // Print the direction of motion and the value of the pot to the LCD
        lcd_gotoxy(4,2);  // Set cursor position
        printf(lcd_putc,"Motor Stopped");  // Print motor stopped and the value of the pot to the LCD
        output_low(pin_C0);  // Set pin C0 low to stop the motor
        output_low(pin_C1);  // Set pin C1 low to stop the motor
    }
   
}

// Function for routine 3
// This routine is used to make the LED's flash in a Nightrider fashion from left to right and back
void routine3(void)
{
    unsigned int kr[15] = {0x01, 0x02, 0x04, 0x08, 0x10, 0x20, 0x40, 0x80, 0x40, 0x20, 0x10, 0x08, 0x04, 0x02, 0};  // Create an array of values for the led outputs 
    unsigned int q;  // Variable for the knightrider LED Sequence
    if (old_ops != ops)  // Compare ops and old ops and do the following if it has changed 
    {
        printf(lcd_putc,"\f");  // Clear the LCD screen
        lcd_gotoxy(27, 4);  // Set cursor position
        printf(lcd_putc,"Kitt Mode ");  // Print Kitt Mode to the LCD
        printf("Kitt Mode \r");  // Print Kitt Mode to the virtual terminal once
    }
    for(q = 0; q <= 13; q++)  // For loop changing which LED is turned on by cycling through the values in the array above
    {
        output_b(kr[q]);  // Send value to port B where the LEDS are
        delay_ms(150);  // Wait 150ms before changing to the next LED
    }
}

// Function for routine 4
// This routine is used to display the words button not pressed on the LCD when switch SW1-B is activated but the button is not pressed
void routine4(void)
{
    if (old_ops != ops)  // Compare ops and old ops to stop the LCD updating all the time and flashing
    {
        printf(lcd_putc,"\f");  // Clear the LCD screen
        lcd_gotoxy(22,1);  // Set cursor position
        printf(lcd_putc,"Button not pressed");  // Print button not pressed to the LCD
        printf("Button not pressed\r");  // Print button not pressed to the virtual terminal once
    }
}

// Function for routine 5
// This routine is used to display button pressed when the button is pressed and also the move the motor clockwise
void routine5(void)
{
    if (old_ops != ops)  // Compare ops and old ops to stop the LCD updating all the time and flashing
    {
        printf(lcd_putc,"\f");  // Clear the LCD screen
        lcd_gotoxy(24,1);  // Set cursor position
        printf(lcd_putc,"Button pressed");  // Print button pressed to the LCD screen
        printf("Button pressed\r");  // Print button pressed to the virtual terminal
    }
    output_high(PIN_C0);  // Set pin C0 high to make the motor spin clockwise
}

// Function to read potentiometer value
unsigned int read_pot(void)
{
    unsigned int value;    // Create a variable called value to store the value from the pot
    set_adc_channel(0);    // Set the ADC channel to read from channel 0
    delay_us(20);          // Delay to help with the stabilization of the input voltage
    value = read_adc();    // Read the value from the ADC and store it in the value variable
    return(value);         // Return the value so that it can be used
}

// Function to read the button inputs
unsigned int read_inputs(void)
{
    inputs = input_a();  // Read port A for inputs
    inputs = inputs & 0x3E;  // Mask off all of the unwanted pins
    return(inputs);  // Return the button value to the variable inputs
}

// Function to clear outputs
void clear_outputs(void)
{
    printf(lcd_putc,"\f");  // Clear the LCD screen
    output_b(0);  // Clear all LEDs
    output_low(PIN_C0);  // Set the motor pins to low
    output_low(PIN_C1);  // Set the other motor pin to low
}
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#include <main.h> // Include the necessary header file

// Define the different pins for the LCD
#define LCD_ENABLE_PIN PIN_D2

#define LCD_RS_PIN PIN_D@

#define LCD_RW_PIN PIN_D1

#define LCD_DATA4 PIN_D4

#define LCD_DATA5 PIN_D5

#define LCD_DATA6 PIN_D6

#define LCD_DATA7 PIN_D7
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12 // Include the LCD source file
13 #include <lcd.c>
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16 // The following declarations are used so that the compiler knows that there will be unsigned integers in the code
17 unsigned int swl=0, sw2=0, sw3=0, sw4=0; // Variable to store the different switch states

18 unsigned int ops, old_ops,pot,old_pot; // Variables to store operation states for use in Loops and routines Later on
19 unsigned int inputs; // Variable to store button/switch inputs

21 /HFEEEERRRRERRRRERRRRER R KR RR AR RR R Function Declarations FREFEREEEEREEEERELRER RS/

23 // The following declarations are used so that the compiler knows what functions are expected to be in the code and declare if they are unsigned integers or if they are going to be functions
24 unsigned int read_inputs(void); // Function to read the button/switch inputs

25 void clear_outputs(void); // Function to clear all outputs

26 void routinel(void); // Function for routine 1

27 void routine2(void); // Function for routine 2

28 void routine3(void); // Function for routine 3

29 void routine4(void); // Function for routine 4

3@ void routine5(void); // Function for routine 5

31 unsigned int read_pot(void); // Function to read the potentiometer value
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void main()

1{
setup_adc_ports(sANe); // Initialize ADC channel
setup_adc (ADC_CLOCK_INTERNAL | ADC_TAD_MUL_@); // Setup the ADC operation
led_init(); // Initialize the LCD screen
while(TRUE)
1 {
ops = read_inputs(); // Read the button inputs by using the read_inputs function defined below in the functions section
if(ops != old_ops) // Compare ops and old ops , if ops isnt the same as old ops then clear outputs
clear_outputs(); // Clear outputs if the button inputs change by using the clear_outputs function defined below in the functions section
switch(ops) // Use the value of ops to determine which routine/function to start
1 {

case 4: routinel(); break; // Switch is in position A so call routine 1

case 8: routine2(); break; // Switch is in position B so call routine 2

case 16: routine3(); break; // Switch is in position C so call routine 3

case 32: routine4(); break; // Switch is in position D so call routine 4

case 34: routine5(); break; // Switch is in position D and the button is pressed so call routine 5
default: break;

}

old_ops = ops; // Update old_ops for comparison for the if statement above so that when the switch position is cleared so are the outputs and the correct routine is called
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// Function for routine 2
// This routine reads the potentiometer and either makes the motor spin clockwise,anti-clockwise or stop depending on the value, it also prints the value and direction to the LCD screen
void routine2(void)
{
pot = read_pot(); // Read potentiometer using the read_pot function and set the variable pot to the value that has been read
delay_ms(200); // Delay by 20@ms this reduces flashing of the LCD display

if (pot < 75) // Check if the value of pot is less than 75

{
printf(lcd_putc,”\f "); // Clear the LCD screen
lcd_gotoxy(4,1); // Set cursor position
printf(lcd_putc, "Pot Value :%u ", pot); // Print the direction of motion and the value of the pot on the LCD screen
lcd_gotoxy(6,2); // Set cursor position
printf(lcd_putc,"Clockwise™); // Print the direction of motion and the value of the pot on the LCD screen
output_low(pin_C1); // Set PIN C1 Low so that both motor pins arent active at the same time
output_high(PIN_C@); // Set PIN CO high to turn the motor clockwise

}

else if (pot > 175) // Check if the value of pot is more than 175

{
printf(lcd_putc,”\f "); // Clear the LCD screen
lcd_gotoxy(4,1); // Set cursor position
printf(lcd_putc,"Pot Value :%u ", pot); // Print the direction of motion and the value of the pot to the LCD
lcd_gotoxy(4,2); // Set cursor position
printf(lcd_putc, "Anti-Clockwise"); // Print the direction of motion and the value of the pot to the LCD
output_low(pin_C@); // Set PIN C@ Low so that both motor pins arent active at the same time
output_high(PIN_C1); // Set PIN C1 high to turn the motor anti-clockwise

}

else // Check if the value of pot is less than 75

{
printf(led_putc,”\f "); // Clear the LCD screen
lcd_gotoxy(4,1); // Set cursor position
printf(lcd_putc,"Pot Value :%u “,pot); // Print the direction of motion and the value of the pot to the LCD
lcd_gotoxy(4,2); // Set cursor position
printf(lcd_putc, "Motor Stopped”); // Print motor stopped and the value of the pot to the LCD
output_low(pin_C@); // Set pin C@ Low to stop the motor
output_low(pin_Cl1); // Set pin C1 Low to stop the motor

}
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// Function for routine 3

// This routine 1is used to make the LED's flash in a Nightrider fashion from Left to right and back

void routine3(void)

{
unsigned int kr[15] = {0x01, ©x02, ©x04, Ox08, Ox10, 0x20, Ox40, Ox80, 0x40, Ox20, Ox10, 0x08, 0x04, Oxe2, 0}; // Create an array of values for the led outputs
unsigned int q; // Variable for the knightrider LED Sequence
if (old_ops != ops) // Compare ops and old ops and do the following if it has changed

] {
printf(lcd_putc,”\f"); // Clear the LCD screen
lcd_gotoxy(27, 4); // Set cursor position
printf(lcd_putc,"Kitt Mode "); // Print Kitt Mode to the LCD
printf("Kitt Mode \r"); // Print Kitt Mode to the virtual terminal once
b
for(q = @; q <= 13; q++) // For Loop changing which LED is turned on by cycling through the values in the array above
] {
output_b(kr[q]); // Send value to port B where the LEDS are
delay_ms(150); // Wait 156ms before changing to the next LED
}
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// Function for routine 1

// This routine 1is used to get the potentiometer value and display it on the LCD whilst also outputting it to display it in binary on the 8 LED's
void routinel(void)

{
if(!swl) // This stops the LCD display flashing constantly by usi
‘ {
lcd_gotoxy(5,1); // Set cursor position
printf(lcd_putc,"Pot Value = "); // Print "Pot value"on the LCD
swl = 1; // Set the variable swl high (To 1)
sw2 = @; // Set the variable sw2 Low (To 8)
sw3 = @; // Set the variable sw3 Low (To 8)
sw4 = @; // Set the variable sw4 Low (To 8)
}

lcd_gotoxy(15,1); // Set cursor position

printf(lcd_putc,"%u ", read_pot()); // Read the potentiometer value and then print it on LCD

output_b(read_pot()); // Output potentiometer value to portB so that the LEDS display the value in binary

pot = read_pot(); // Set the variable pot to the ADC value that is read at the potentiometer using the read_pot function declared in the functions section
delay_ms(1@e); // Delay by 1eems

if(pot != old_pot) // Compare the variable pot and old pot if pot has changed then redo this part, this is used so that the value only print again to the virtual terminal if the value has changed
- {
printf("%u \r", read_pot()); // Print the potentiometer value to the virtual terminal whilst moving to the Line below

}
old_pot = pot; // set the value of old_pot to the pot value
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// Function for routine 4
// This routine 1is used to display the words button not pressed on the LCD when switch SW1-B is activated but the button is not pressed
void routine4(void)

{
if (old_ops != ops) // Compare ops and old ops to stop the LCD updating all the time and flashing
o
printf(lcd_putc,”\f"); // Clear the LCD screen
lcd_gotoxy(22,1); // Set cursor position
printf(lcd_putc, "Button not pressed”); // Print button not pressed to the LCD
printf("Button not pressed\r"); // Print button not pressed to the virtual terminal once
}
}

// Function for routine 5
// This routine 1is used to display button pressed when the button is pressed and also the move the motor clockwise
void routine5(void)

{
if (old_ops != ops) // Compare ops and old ops to stop the LCD updating all the time and flashing
! {
printf(lcd_putc,”\f"); // Clear the LCD screen
lcd_gotoxy(24,1); // Set cursor position
printf(lcd_putc, "Button pressed”); // Print button pressed to the LCD screen
printf("Button pressed\r"); // Print button pressed to the virtual terminal
}

output_high(PIN_C@); // Set pin C@ high to make the motor spin clockwise
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// Function to read potentiometer value

unsigned int read_pot(void)
{
unsigned int value;
set_adc_channel(@);
delay_us(20);
value = read_adc();
return(value);

}

// Create a variable called value to store the value from the pot
// Set the ADC channel to read from channel @

// Delay to help with the stabilization of the input voltage

// Read the value from the ADC and store it in the value variable
// Return the value so that it can be used

// Function to read the button inputs
unsigned int read_inputs(void)

{

inputs = input_a(); // Read port A for inputs

inputs = inputs & Ox3E;

// Mask off all of the unwanted pins

return(inputs); // Return the button value to the variable inputs

}

// Function to clear outputs

void clear_outputs(void)

{
printf(led_putc, \f");
output_b(@); // Clear

// Clear the LCD screen
all LEDs

output_low(PIN_C@); // Set the motor pins to Low
output_low(PIN_C1); // Set the other motor pin to Low
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#include <18F45K5@.h>

#device ADC=8

#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES
#FUSES

PRIMARY
FCMEN
IESO
PUT
BROWNOUT
BORV19
NOLPBOR
PBADEN
T3CKCe
SDOB3
NOMCLR
STVREN
NOLVP
NOXINST
NOPROTECT
NOCPB
NOCPD
NOWRT
NOWRTC
NOWRTB
NOWRTD
NOEBTR
NOEBTRB

//Primary clock is system clock when scs=6@

//Fail-safe clock monitor enabled

//Internal External Switch Over mode enabled

//Power Up Timer

//Reset when brownout detected

//Brownout reset at 1.9V

//Low-Power Brownout reset is disabled

//PORTB pins are configured as analog input channels on RESET
//T3 Clock In is on Ce

//SD0O is on RB3

//Master Clear pin used for I/O

//Stack full/underflow will cause reset

//No low voltage prgming, B3(PIC16) or B5(PIC18) used for I/0
//Extended set extension and Indexed Addressing mode disabled (Legacy mode)
//Code not protected from reading

//No Boot Block code protection

//No EE protection

//Program memory not write protected

//Configuration registers not write protected

//Boot block not write protected

//Data EEPROM not write protected

//Memory not protected from table reads

//Boot block not protected from table reads




