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

//defining names for the motor states (better readability)
#define MOTOR_OFF_CLKW		0
#define MOTOR_CLKW		1
#define MOTOR_OFF_ACLKW		2
#define MOTOR_ACLKW		3
 
 //fucntion prototypes
void update_lcd();
void process_button_1();
void process_motor_state();
void process_button_2();

//define the custom type status_t (a neat wrapper for all the required global runtime data)
typedef struct status_t {
   unsigned int motor_state : 2;	//used to store what the motor should currently be doing
   unsigned int button_1_state : 1;	//stores the last known state of button 1 
   unsigned int button_2_state : 1;	//last known state of button 2
   unsigned int timer0_counts : 3;	//3 bit seconds counter, incremented by the timer0 ISR
   unsigned int leds_updated : 1;	//whether the LEDs have been updated
   unsigned char adc_0_old;		//previous ADC 0 reading
   unsigned char adc_1_old;		// ^^
   unsigned char adc_2_old;		// ^^
} status_t;  //custom type status_t

status_t* status; //allocate a pointer for the status structure (I want this in the heap as idk if ccs will try and put it in the h/w stack otherwise, and I really do not want to debug THAT)

void main(void) {
   setup_adc_ports(sAN0 | sAN1 | sAN2, VSS_VDD); 	//configure the ADC ports in use
   setup_adc(ADC_CLOCK_INTERNAL | ADC_TAD_MUL_0);	//^^
   
   setup_timer_0(T0_INTERNAL | T0_DIV_256); //configure timer0 to use the internal oscillator with a 256 divider
   enable_interrupts(GLOBAL);	//enable interrupts , but not the timer0 interrupt as it should not yet be running
   
   lcd_init();
   
   status = malloc(sizeof(status_t)); //allocate the required memory for the status structure
   status->motor_state = MOTOR_OFF_CLKW;  //setup the starting button behaviour
   status->timer0_counts = 0;	//initialises the timer to zero
   status->leds_updated = 1;	//set leds_updates high to prevent the button 2 logic from attempting to write adc values to the leds before the button has been pressed
   
   //set the intital adc values to something guaranteed to be different to the current value (foreces the lcd to update initially)
   set_adc_channel(0);
   delay_ms(1);
   status->adc_0_old = ~read_adc();
   set_adc_channel(1);
   delay_ms(1);
   status->adc_1_old = ~read_adc();
   set_adc_channel(2);
   delay_ms(1);
   status->adc_2_old = ~read_adc();
   
      
   while(1) {		//loop forever
      update_lcd();		//call the LCD & ADC updating subroutine
      process_button_1();	//call the subroutine which enacts all the button 1 logic
      process_button_2();	//call the subroutine which implements all the butto 2 functionality
   }
}

void update_lcd() {
   //updates the LCD when the ADC values change
   for (int i = 0; i < 3; i++) {
      set_adc_channel(i); //change the ADC channel
      delay_ms(1); //delay to allow the ADC to settle.
      
      register unsigned char temp = read_adc(); //writing to a variable with a register compiler directive, because this avoid multiple unnecesary adc reads
      if (temp == *(&(status->adc_0_old)+(sizeof(unsigned char)*i))) continue; //if the adc value has not changed there is no point updating the LCD, so skip the rest of this loop.
      /*	The segment " *(&(status->adc_0_old)+(sizeof(unsigned char)*i)) " gets the address in memory of the adc_0_old variable, then because it is in a structure which defines
       *	adc_1_old as immediately following it, I know that it will be at the address of adc_0_old + the length of the type, this is then used in combination with i to iterate
       *	through the adc_*_old variables, removing the need for an awful amount of branching logic.
      */
      *(&(status->adc_0_old)+(sizeof(unsigned char)*i)) = temp; //update the old adc value.
      
      lcd_gotoxy((i>>1)*20+4, (i%2)+1); //mathematics to work out the correct row and column positions on the LCD
      printf(lcd_putc, "%c Counts: %u   ", 'A'+i, temp); //write out the the LCD ('A' + iterates through A, B and C because their ASCII codes are 65, 66 and 67 respectively.
   } 
}

void process_button_2() {
   //will check button 2's state and control the motor appropriately
   if (input(PIN_A5) == status->button_2_state) return; //if the button state has not chnaged then leave the function
     
   //the button has been pushed increment the motor mode and record the change
   if (input(PIN_A5)) {
      status->button_2_state = 1;
      status->motor_state++;
      process_motor_state(); //this only needs to be called when the mode is changed
   }
   //the button has changed but is not pressed, must have been released, record the change
   else status->button_2_state = 0;
}

void process_motor_state() {
   switch (status->motor_state) { //could probably be done more efficiently with bit manipulation, but the task document says I have to use a switch statement
      case MOTOR_OFF_CLKW:	//motor off, will be going clockwise
	 output_low(PIN_A6); //turn the motor off
	 output_low(PIN_A7); //^^
	 break;
      case MOTOR_CLKW:		//mootor should spin clockwise
	 output_high(PIN_A6); //spin the motor clockwise
	 output_low(PIN_A7);  //^^
	 break;
      case MOTOR_OFF_ACLKW:	//motor off, will be going anti-clockwise
	 output_low(PIN_A6); //stop the motor
	 output_low(PIN_A7); //^^
	 break;
      case MOTOR_ACLKW:		//motor should spin anti clockwise
	 output_low(PIN_A6); //spin the motor anti clockwise by reversing the polarity, relative to the clockwise case.
	 output_high(PIN_A7);//^^
	 break;
   }
}

void process_button_1() {
   
   if (status->timer0_counts < 3 && status->leds_updated == 0) { //if less than the max time has elapsed && the leds need updating
      //increments the pointer to status->adc_0_old to get adc_1_old and adc_2_old and writes those to port b, every other second.
      register unsigned char temp = *((&(status->adc_0_old))+(status->timer0_counts)); //temporary variable to store the ADC value (purely for neatnesses sake)
      output_b(0xff >> (7-(temp >> 5))); /* this line calculates which leds should be lit proportionate to the value read in by the ADC
	 It does this by first dividing temp (the last read in adc value for the respective channel) by 32 as 256 / 8 is 32 so each LED should represent an increase of 32.
	 Then it right shifts 0xff or 8 ones in binary by 7 - (value/32), which fills the top of the LEDS with the correct quantity of off LEDs.
	 ie. if the value is 33, 33/32 = 1. 7 - 1 is six so 0xff is right shifted six times leaving two LEDs lit.
      */
      //output_b(*((&(status->adc_0_old))+(status->timer0_counts/2))); //adc_*_old will at most be a few uS behind the true value, so this is a worthwhile tradeoff to avoid pestering the ADC anymore than we already are.
      status->leds_updated = 1;		//update leds updated to prevent this code segment from needlessly rerunning forever
   }
   else if (status->timer0_counts >= 3) { //if more than the max time has elapsed
      disable_interrupts(INT_TIMER0); //disable the timer
      status->button_1_state = 0;   //update that the button function has been executed
      output_b(0); //turn all the LEDs off
   }
      
   if (input(PIN_A4) && input(PIN_A4) != status->button_1_state) { //if the buttons state has changed to high
      set_timer0(18660); //pre calulated timer offset
      status->timer0_counts = 0;	//reset the timer counts, otherwise it will not time accurately
      status->button_1_state = 1;	//update the button 1 state to prevent this code block from running over and over when the button is pressed.
      status->leds_updated = 0;		//set that the LEDs need to be updated
      enable_interrupts(INT_TIMER0);	//enable Timer 0.
   }
}

#INT_TIMER0
void timer0_interrupt() {
   set_timer0(18660); // derived mostly through trial and error, shouldn't work according to the clock speed of the processor, but proteus breakpoints say 3 seconds elapse between each call of this ISR
   status->timer0_counts++; //increment the counter for seconds elapsed
   status->leds_updated = 0; //a new second has happened so the leds may need updating
   clear_interrupt(INT_TIMER0); //clear the interrupt, so that the interrupt handler will not call it over and over again.
}

Comments
1.You show conversion values for each potentiometer nicely centred on each line. You have nicely written functions for capturing the values from the potentiometers. 10/10
2. The value of each ADC is not correctly shown on the LEDs. You appear to be over thinking this and attempting to shift the data and mask it to 8 bits when it is already 8 bits. In "process_button1()" 	you should have just used "output_b(temp)" instead of attempting an unnecessary conversion. 2/10
3.You have correctly created a state machine to control the rotation of the motor, correctly testing for the button to be released stopping the state machine from changing state unintentionally. 30/30
