#include <main.h>
#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 <lcd.c>

//constant numeric values
#define ADC_WAIT_US 120		//wait time between ADC reads setting it here makes the code more portable
#define KITT_INTERVAL 200	// 200mS

//status flags
#define kitt_dir 0	//setting numeric values as compiler macros, as these values do not need to be present and accessible in ram at runtime
#define mode_offset 1	// ^^
#define button_edge 3   // ^^

//flag setting and resetting macros allows for global boolean values to use 1/8th the memory they otherwise would
#define set_status_flag(bit) (status = status | 1 << bit)		//program status flag setting macro
#define reset_status_flag(bit) (status = status & ~(1 << bit))		//program status flag resetting macro
#define get_status_flag(bit) ((status & (1 << bit)) >> bit)		//program status flag fetchign macro

//Read and write macros for the 2 bit mode integer. (could probably be done with bit fields, but who knows if CCS supports that)
#define get_mode() ((status >> mode_offset) & 3)				//compiler macro that reads a 2 bit integer value out of the status byte	
#define set_mode(mode) (status = (status&(~6)) | ((mode & 3) << mode_offset))	//compiler macro that stores a 2 bit integer value in the status byte

#define ms_to_counts(ms) (unsigned long)((float)ms * (float)15.625) //compiler macro to convert milliseconds into timer0 counts (more stack efficient than defining a real function)

void motor_control(signed char control);				//motor control function prototype
void proc_kitt_leds(unsigned long interval, char mirrored);		//kitt led processing function prototype

unsigned char adc_buffer; // ADC Count buffer.
unsigned char adc_last;   // Previous ADC reading, allows for more CPU time efficency
unsigned char status = 0; // Stores various small bits of status information, that on their own do not warrant a seperate variable.
unsigned char leds = 0x01;// buffer for the Port B register preloaded with 1.
unsigned long timestamp = 0;

void main() {		//main function beginning
   
//Setup Timer0 to run off the internal clock on a 256 divider (4Mhz / 256 = 15.625kHz or 64uS period)
   setup_timer_0(T0_INTERNAL|T0_DIV_256);
   
   

//Initialise ADC
   setup_adc_ports(sAN0);				//selects ADC port AN0
   setup_adc(ADC_CLOCK_INTERNAL|ADC_TAD_MUL_0);		//configures the ADC hardware

//Initialise LCD 
   lcd_init();
   
//Set all Port B pins output
   set_tris_a(0xff);
   
// Main Loop
   while (1) {		//loop forever
   
      //BITWISE AND with 60 to mask only the selector switch inputs
      switch ((input_a() & 60) >> 2) {		//switch off of the values of the selector switch BITWISE ANDed with 60 and left shifted twice, to mask off the unwanted pins
	    
	 case 1: //SW1-A (Mode 0)
	    if (get_mode() != 0) {	//if the selector switch is on mode 0 but mode 0 is not recorded on the current mode 
	       set_mode(0);		//set the mode counter inside the status variable to 0
	       set_adc_channel(0);	//select the correct adc channel for mode 1
	       delay_us(ADC_WAIT_US);	//wait to allow the ADC to settle
	       adc_last = ~read_adc();	//set adc last to not the current adc value to cause mode 1 code to trigger at least once on the transition
	       delay_us(ADC_WAIT_US);	//wait to allow the adc to settle
	    }
	 
	    //read ADC
	    adc_buffer = read_adc();		//read the adc value into adc_buffer
	    delay_us(ADC_WAIT_US);		//wait for the adc to settle
	    
	    if (adc_buffer == adc_last) break;	//if adc value has not changed skip processing motor speed/dir
	    
	    //save the adc counts
	    adc_last = adc_buffer;		//adc value has chnaged to save it into adc_last to stop code running again for no reason
	    
	    //display stuff
	    lcd_gotoxy(1,1);						//move LCD cursor to 1,1 (top left)
	    printf(lcd_putc, "  RV1 COUNTS: %u    \n", adc_buffer);	//write the adc value to the LCD 
	    
	    //set motor speed and direction (negative values rotate counter-clockwise)
	    if (adc_buffer > 175) { motor_control(127); lcd_putc("     CLOCKWISE          "); }	//if the adc reading was more than 175 spin the motor clockwise and output to the LCD
	    else if (adc_buffer < 75)  { motor_control(-128); lcd_putc("  COUNTER CLOCKWISE"); } //if the adc reading was less than 75 then spin the motor counter clockwise and write to LCD
	    else { motor_control(0); lcd_putc("    MOTOR STOP              "); }		//otherwise stop the motor
	    
	    output_b(adc_buffer); //output the RV1 reading on the LEDs
	    
	    break; //prevent falling through to the next case statment
	    
	 case 2: //SW1-B (Mode 1)
	    if(get_mode() != 1) {		//if the selector switch is on mode 1 but mode 1 is not recorded on the current mode 
	    //Mode setup routine
	       set_mode(1);			//mode 1 has been selected but not recorded yet so record it in the status variable
	       set_adc_channel(0);		//ensure the adc channel is correct for mode 0
	       delay_us(ADC_WAIT_US);		//allow time for the ADC to reconfigure
	       adc_last = ~read_adc();		//change adc_last to something != to the real adc value so that the mode code will always run initially
	       delay_us(ADC_WAIT_US);		//again wait for adc to settle, guards against the mode reading the adc again immediately
	    }
	    adc_buffer = read_adc();			//get the current adc read value
	    delay_us(ADC_WAIT_US);			//wait for the adc to settle
	    if (adc_buffer == adc_last) break;  	//no point updating the display if nothing has changed
	    adc_last = adc_buffer;			//if the adc value has changed then update adc_last to prevent retriggering
	    lcd_gotoxy(7,1);				//move the cursor to a bit into line 1
	    printf(lcd_putc, "RV1: %u  ", adc_buffer);	//print the adc value to the LCD 
	    printf("RV1: %u\r", adc_buffer); 		//output the adc value to the serial terminal
	    /* For whatever mysterious arcane godforaken reason proteus is interpreting a Carriage Return Character 
		  as a newline and a newline as nothing. I have given up trying to understand this POS. */
	    output_b(adc_buffer);			//output ADC reading onto LEDs
	    break;	//prevent falling through to the next case statment
	 
	 case 4: //SW1-C (Mode 2)
	    if (get_mode() != 2) {	//if the mode is not already set to 2 then this must be the first time this block has run
	       set_mode(2);		//set the mode inside the status variable to 2
	       if (input_state(PIN_A1)) reset_status_flag(button_edge);		//if the button is pressed then remove the button rising edge flag
	       else set_status_flag(button_edge);		//if the button is not pressed then reset the button rising edge flag 
		  /* this will ensures that the second if statement will run on the first iteration of the case, ensuring the motor is stopped when switching into this mode. */ 
	    }
	    /*
	      The following if statements are to save processor time, as if the button
	      is already depressed then there is no need to start the motor spinning
	      400 times a second, instead this will only do it once on the rising and falling edges
	    */
	    //If the button is pressed && it was not already pressed
	    if (input_state(PIN_A1) && !get_status_flag(button_edge)) {
	       set_status_flag(button_edge); 	//set that the button has been pressed
	       motor_control(127); 		//start the motor spinning
	       printf("Button Pressed\r");	//Write to the serial console
	       lcd_putc("\f");			//Clear the LCD
	       lcd_gotoxy(24,1); 		//Line 3 is at [21,1]?????	
	       lcd_putc("Button Pressed");	//Write to the LCD
	    }
	    //If the button is not pressed && it was pressed
	    else if (!input_state(PIN_A1) && get_status_flag(button_edge)) {
	       reset_status_flag(button_edge); //set that the button has been released
	       motor_control(0); 		// stop the motor
	       printf("Button Released\r");	//Write to the serial console
	       lcd_putc("\f");			//clear the lcd
	       lcd_gotoxy(24,1);		//move the lcd cursor
	       lcd_putc("Button Released"); 	//write to the lcd
	    }  
	    break;	//end the case statement
	    
	 case 8: //SW1-D (Mode 3)
	    if (get_mode() != 3) {	//same as mode 0 and 1 (im not writing the same comments 4 times)
	       set_mode(3);		//set the current mode inside the status variable to 3
	       lcd_gotoxy(26,2);	//move lcd cursor to line 4 middle
	       lcd_putc("Kitt Mode");	//write "Kitt Mode" to lcd
	       printf("Kitt Mode\r");	//output Kitt Mode to the serial terminal
	       //no adc setup in here as mode 2 does not use the adc
	       
	    }
	    proc_kitt_leds(KITT_INTERVAL, input_state(PIN_A1));		//run the proc_kitt_leds function which iterates the kitt leds to their next state every KITT_INTERVAL milliseconds
	    break;	//end the case statement to prevent falling through to mode 3
	    
	    
	 default:	//default case (occurs whilst selector is between positions)
	    lcd_putc("\f"); //Clear display on mode transitions, whilst switch is selecting nothing
	    motor_control(0); //Stop the motor whilst between modes
      }
      
   }   
}

void motor_control(signed char control) {
/*
  This function works to effectively reverse the polarity across the motor.
  It does this by swapping PIN C0 high or low, and duty cycling PIN C1 to vary the speed of the motor.
  As by inverting C0 and setting the duty % of C1 to 100 - its previous value it swaps the direction but keeps the speed.
*/
   
   if (control == 0) {	//if speed is 0
      pwm_off();	//turn off the hardware pwm on the pin
      //set both pins low to stop current flow through the motor.
      output_low(PIN_C1); //set pin c1 low
      output_low(PIN_C0); //set pin c0 low
      return; //exit the function
   }

   if (control > 0) { //if speed is positive
      //spin motor clockwise with a resolution of 127 speed increments
      pwm_set_duty_percent(100-((float)control / 1.27)); //set the pwm duty cycle (controls speed)
      pwm_on(); //enable pwm output
      output_high(PIN_C0); //set pin c0 high (controls direction)
      return; //exit the function
   }
   else { //otherwise speed is negative
      //spin motor counter clockwise with 128 speed increments
      pwm_set_duty_percent((float)control / 1.28); //set duty cycle 
      pwm_on();	//enable pwm output
      output_low(PIN_C0); //set pin c0 low
   }
   return;//exit the function
}

void proc_kitt_leds(unsigned long interval, char mirrored) {
/*
  This function right and left shifts the Port B output register to create the kitt led effect without
  the need for a horrendous amount of branching logic
*/

// If timer has not surpassed the set interval
   if ((long)get_timer0() < ms_to_counts(interval)) return;
   
   char temp = leds;  //temporary char variable
   //output led state and mirror if mirroring is enabled
   if (mirrored) { //if mirrored is not zero
      temp |= (((leds & 1) << 3) | ((leds & 2) << 1) | ((leds & 4) >> 1) | ((leds & 8) >> 3)) << 4; //shift each bit in temp independently and then OR them together
      output_b(temp); //output all the leds at once
      temp = 0x08; //store the maximal extreme value that leds should reach in the temp variable
   }
   else {
      output_b(leds);
      temp = 0x80; //store the maximal extreme value that leds should reach in the temp variable
   }
   
   
   //if top led is high (light pattern has reached one edge) switch direction
   if (leds == temp) set_status_flag(kitt_dir); //sets kitt_dir bit of status variable high
   //if bottom led is high (light pattern has reached other edge) swap direction
   else if (leds == 0x01) reset_status_flag(kitt_dir); //sets kitt_dir bit of status variable low
      
   //shift the led bit in the direction specified by the kitt_dir flag
   if (get_status_flag(kitt_dir)) leds = leds >> 1; //if the kitt_dir bit in the status variable is high right shift the leds value
   else leds = leds << 1; //otherwise left shift it
   
   if (leds == 0) {leds = 1;} //catches errors and edge cases (especially when transitioning between mirrored and non mirrored operation
   
   //reset timer to keep timing accurate
   set_timer0(0);
}
	
Comments
2.. 20   3.. 30    4.. 40   5.. 10
**************************************
2.. Your code has a number of your functions and all work except you don't put the value of RV1  on the virtual terminal in section 1. Your statements indicate what each line does. 68%
3.. Your program flows nicely 75%
4.. Your program achieves the desired results. 75%
5.. Your program is nicely laid out and well indented. You have made a simple program much more complex. 75%
