Appendix A Code for Service Animal Collar. 
All code is written in C
Microcontroller Code

/*

 * ======== Standard MSP430 includes ========

 */

#include <msp430.h>

#include <stdio.h>

#include <math.h>

#define RIGHT 0x01

#define LEFT  0xFE

#define GO    0x00

#define STOP  0xFF

#define S_MASK 0xF8;

/*

 * ======== Grace related declaration ========

 */

extern void CSL_init(void);

/* Function prototypes */

extern void writeBuf(void);

extern void readBuf_bin(unsigned char *place);

extern void readBuf_nmea(unsigned char *place);

void send_message(int x);

void play_route(int x);

void rec_route(int x);

float convert_minutes(unsigned char *data, unsigned char type);

float convert_deg(unsigned char *data, unsigned char type);

int check_pos(void);

void find_turn(unsigned char *mess, float *flash_ptr);

float convert_angle(unsigned char *mess);

unsigned char poll_switches(void);

/* Gloabal Vars */

static int m_count = 6;

static unsigned char turn;

static int save = 0;

static float total_lat_diff;

static float total_long_diff;

static float current_lat_min;

static float current_lat_deg;

static float current_long_deg;

static float current_long_min;

static float saved_lat_deg = 0;

static float saved_lat_min = 0;

static float saved_long_deg = 0;

static float saved_long_min = 0;

/* Port definitions:

    P1.0: M Left

    P1.1: UART Rx

    P1.2: UART Tx 

    P1.3: 

    P1.4: Route S1

    P1.5: Route S2

    P1.6: LED3

    P1.7: LED2

    P2.0: Route S3

    P2.1: Route S4

    P2.2: Route S5

    P2.3: Backtrack

    P2.4: Record

    P2.5: waypoint

    P2.6: M Right

    P2.7: LED1

*/

int main( void ) {

  /* Declare main variables */

int i;

int x = 0;

unsigned char mess1[80] = {0x00};

unsigned char mess[50];

unsigned char route;  

/* Declare structures for each of the routes*/

//Stop watchdog timer to prevent time out reset

WDTCTL = WDTPW + WDTHOLD; 

CSL_init();  // Activate Grace-generated configuration

  /* Configure port P1.3 (launchpad button1) for interrupts, negative edge triggered */

  P2DIR &= ~BIT5;

  P2OUT |= BIT5;

  P2REN |= BIT5;

  P2IES |= BIT5;

  P2IFG &= ~BIT5;

  P2IE |= BIT5;

  P1DIR |= 0xC1;

  P1DIR &= ~0x30;

  P2DIR |= 0xC0;

  P1OUT = 0x00;

  P2OUT = 0x00;

  /* This section will configure the GPS module correctly, and set it to output GGA messages. The code

     will wait until the GPS module reports that it has correctly identified satelittes to track */

  // Change the comm port bit rate to 34800 

  send_message(2);

  readBuf_bin(mess1);

  readBuf_bin(mess);

  UCA0BR0 = 26;

  for (i = 0; i < 10000; i++) {

  }

  // Change the system update rate to 10 Hz

  send_message(4);

  readBuf_bin(mess1);

  readBuf_bin(mess);

  for (i = 0; i < 10000; i++) {

  }

  // Change the system to output only RMC messages

  send_message(7);

  readBuf_bin(mess1);

  readBuf_bin(mess);

  send_message(11);

  readBuf_bin(mess1);

  readBuf_bin(mess);

  send_message(12);

  readBuf_bin(mess1);

  readBuf_bin(mess);

  // Start reading in position data, and wait until the GPS is locked

  // to proceed

  P2OUT |= 0x80;

  readBuf_nmea(mess1);

  while(mess1[12] == 0x56) {

  
readBuf_nmea(mess1);

  }

  current_lat_deg = convert_deg(mess1+14, 0x00);

  current_lat_min = convert_minutes(mess1+14, 0x00);

  current_long_deg = convert_deg(mess1+26, 0x01);

  current_long_min = convert_minutes(mess1+26,0x01);

  save = 0;

  P2OUT &= ~0x80;

if (P1IN & 0x10) {

  while(1) {

  
for (i = 0; i < 10; i++) {

    
readBuf_nmea(mess1);

    
if (mess1[12] != 0x56) {

    

current_lat_deg = .5*current_lat_deg + .5*convert_deg(mess1+14, 0x00);

    

current_lat_min = .5*current_lat_min + .5*convert_minutes(mess1+14, 0x00);

    

current_long_deg = .5*current_long_deg + .5*convert_deg(mess1+26, 0x01);

    

current_long_min =  .5*current_long_min + .5*convert_minutes(mess1+26,0x01);

    

}

    
if (save == 1) {

        
saved_lat_min = current_lat_min;

        
saved_lat_deg = current_lat_deg;

        
saved_long_deg = current_long_deg;

        
saved_long_min = current_long_min;

        
save = 0;

    
}

    
x = check_pos();

    
if (x == 1) {

      

P1OUT |= 0x80;

    
} else {

      

P1OUT &= ~0x80;

    
}

  
}

  }

}

  /* After the GPS module has been configured and has obtained some satellite locks, the regular routine

     for routing can take place. */

   for (;;) {

   
readBuf_nmea(mess1);

   
current_lat_deg = .5*current_lat_deg + .5*convert_deg(mess1+14, 0x00);

    current_lat_min = .5*current_lat_min + .5*convert_minutes(mess1+14, 0x00);

    current_long_deg = .5*current_long_deg + .5*convert_deg(mess1+26, 0x01);

    current_long_min =  .5*current_long_min + .5*convert_minutes(mess1+26,0x01);

    route = poll_switches(); /* Read the P1 input register and mask off the non-route switch inputs */

    switch (route) {

      case 0x01:

        if (P2IN & 0x10) {

          rec_route(0);

        } else {

          play_route(0);

        }

        break;

      case 0x02:

        if (P2IN & 0x10) {

          rec_route(1);

        } else {

          play_route(1);

        }

        break;

      case 0x04:

        if (P2IN & 0x10) {

          rec_route(2);

        } else {

          play_route(2);

        }

        break;

      case 0x08:

        if (P2IN & 0x10) {

          rec_route(3);

        } else {

          play_route(3);

        }

        break;

      case 0x10:

        if (P2IN & 0x10) {

          rec_route(4);

        } else {

          play_route(4);

        }

        break;

    }  // End of switch

  }  // End of for loop

} // End of main

/* This function handles the interupt for the UART RX port. When a byte is ready, 

   the interrupt is triggered, and the byte is stored to the UART buffer in the 

   buff_mang.c file */

void Rxint_hand(void){

  writeBuf();

}

unsigned char poll_switches(void){


unsigned char switches = 0x00;


if (P1IN & 0x10){ 



switches |= 0x01;


}


if (P1IN & 0x20) {



switches |= 0x02;


}


if (P2IN & 0x01) {



switches |= 0x04;


}


if (P2IN & 0x02) {



switches |= 0x08;


}


if (P2IN & 0x04) {



switches |= 0x10;


}


return switches;

}

/* This function is used to drive the motors. This interrupt is driven by an internal timer, which 

   triggers the interrupt every 500 ms (configurable using GRACE). Global variables (turn, count) can be read to determine

   the state of the motors, and a write initiates the motors on the next interrupt*/

void motor_int(void) {

  if (m_count < 6) {

    if (turn == RIGHT) {

      P2OUT ^= 0x40;

      P1OUT &= ~0x01;

    } else if (turn == LEFT) {

      P1OUT ^= 0x01;

      P2OUT &= ~0x40;

    } else if (turn == GO) {

      P2OUT ^= 0x40;

      P1OUT ^= 0x01;

    } else if (turn == STOP) {

      P1OUT |= 0x01;

      P2OUT |= 0x40;

    }

    m_count = m_count+1;

  } else {

    P1OUT &= ~0x01;

    P2OUT &= ~0x40;

  }

}

void button_int(void) {

  P2IFG = 0x00;                    /* clear button interrupt flag */

  P2IE &= ~0x20;

  WDTCTL = WDT_ADLY_1000;

  IFG1 &= ~WDTIFG;                 /* clear interrupt flag */

  IE1 |= WDTIE;

  save = 1;

  P1OUT ^= 0x80;

}

// WDT Interrupt Service Routine used to de-bounce button press

#pragma vector=WDT_VECTOR

__interrupt void WDT_ISR(void)

{

    IE1 &= ~WDTIE;                   /* disable interrupt */

    IFG1 &= ~WDTIFG;                 /* clear interrupt flag */

    WDTCTL = WDTPW + WDTHOLD;        /* put WDT back in hold state */

    P2IE |= 0x20;

    P2IFG = 0x00;                    /* Debouncing complete */

    P1OUT &= ~0x80;

}

/* Type: 0 = lat

         1 = long */

float convert_minutes(unsigned char *data, unsigned char type) {

  int x = 0;

  float min = 0;

  if (type == 0x00) {

    x = 2;

  } else if (type == 0x01) {

    x = 3;

  }

  if (data[x] == 0x36) {

    min = min + 60;

  } else if (data[x] == 0x35) {

    min = min + 50;

  } else if (data[x] == 0x34) {

    min = min + 40;

  } else if (data[x] == 0x33) {

    min = min + 30;

  } else if (data[x] == 0x32) {

    min = min + 20;

  } else if (data[x] == 0x31) {

    min = min + 10;

  }

  x++;

  if (data[x] == 0x39) {

    min = min+9;

  } else if (data[x] == 0x38) {

    min = min+8;

  } else if (data[x] == 0x37) {

    min = min+7;

  } else if (data[x] == 0x36) {

    min = min+6;

  } else if (data[x] == 0x35) {

    min = min+5;

  } else if (data[x] == 0x34) {

    min = min+4;

  } else if (data[x] == 0x33) {

    min = min+3;

  } else if (data[x] == 0x32) {

    min = min+2;

  } else if (data[x] == 0x31) {

    min = min+1;

  }

  x = x+2;

  if (data[x] == 0x39) {

    min = min+.9;

  } else if (data[x] == 0x38) {

    min = min+.8;

  } else if (data[x] == 0x37) {

    min = min+.7;

  } else if (data[x] == 0x36) {

    min = min+.6;

  } else if (data[x] == 0x35) {

    min = min+.5;

  } else if (data[x] == 0x34) {

    min = min+.4;

  } else if (data[x] == 0x33) {

    min = min+.3;

  } else if (data[x] == 0x32) {

    min = min+.2;

  } else if (data[x] == 0x31) {

    min = min+.1;

  }

  x++;

  if (data[x] == 0x39) {

    min = min+.09;

  } else if (data[x] == 0x38) {

    min = min+.08;

  } else if (data[x] == 0x37) {

    min = min+.07;

  } else if (data[x] == 0x36) {

    min = min+.06;

  } else if (data[x] == 0x35) {

    min = min+.05;

  } else if (data[x] == 0x34) {

    min = min+.04;

  } else if (data[x] == 0x33) {

    min = min+.03;

  } else if (data[x] == 0x32) {

    min = min+.02;

  } else if (data[x] == 0x31) {

    min = min+.01;

  }

  x++;

  if (data[x] == 0x39) {

    min = min+.009;

  } else if (data[x] == 0x38) {

    min = min+.008;

  } else if (data[x] == 0x37) {

    min = min+.007;

  } else if (data[x] == 0x36) {

    min = min+.006;

  } else if (data[x] == 0x35) {

    min = min+.005;

  } else if (data[x] == 0x34) {

    min = min+.004;

  } else if (data[x] == 0x33) {

    min = min+.003;

  } else if (data[x] == 0x32) {

    min = min+.002;

  } else if (data[x] == 0x31) {

    min = min+.001;

  }

  x++;

  if (data[x] == 0x39) {

    min = min+.0009;

  } else if (data[x] == 0x38) {

    min = min+.0008;

  } else if (data[x] == 0x37) {

    min = min+.0007;

  } else if (data[x] == 0x36) {

    min = min+.0006;

  } else if (data[x] == 0x35) {

    min = min+.0005;

  } else if (data[x] == 0x34) {

    min = min+.0004;

  } else if (data[x] == 0x33) {

    min = min+.0003;

  } else if (data[x] == 0x32) {

    min = min+.0002;

  } else if (data[x] == 0x31) {

    min = min+.0001;

  }

  return min;

}

float convert_deg(unsigned char *data, unsigned char type) {

  int x = 0;

  float deg = 0;

  if (type == 0x00) {

    if (data[x] == 0x39) {

      deg = deg+90;

    } else if (data[x] == 0x38) {

      deg = deg+80;

    } else if (data[x] == 0x37) {

      deg = deg+70;

    } else if (data[x] == 0x36) {

      deg = deg+60;

    } else if (data[x] == 0x35) {

      deg = deg+50;

    } else if (data[x] == 0x34) {

      deg = deg+40;

    } else if (data[x] == 0x33) {

      deg = deg+30;

    } else if (data[x] == 0x32) {

      deg = deg+20;

    } else if (data[x] == 0x31) {

      deg = deg+10;

    }

    x++;

    if (data[x] == 0x39) {

      deg = deg+9;

    } else if (data[x] == 0x38) {

      deg = deg+8;

    } else if (data[x] == 0x37) {

      deg = deg+7;

    } else if (data[x] == 0x36) {

      deg = deg+6;

    } else if (data[x] == 0x35) {

      deg = deg+5;

    } else if (data[x] == 0x34) {

      deg = deg+4;

    } else if (data[x] == 0x33) {

      deg = deg+3;

    } else if (data[x] == 0x32) {

      deg = deg+2;

    } else if (data[x] == 0x31) {

      deg = deg+1;

    }

  } else if (type == 0x01) {

    if (data[x] == 0x39) {

      deg = deg+900;

    } else if (data[x] == 0x38) {

      deg = deg+800;

    } else if (data[x] == 0x37) {

      deg = deg+700;

    } else if (data[x] == 0x36) {

      deg = deg+600;

    } else if (data[x] == 0x35) {

      deg = deg+500;

    } else if (data[x] == 0x34) {

      deg = deg+400;

    } else if (data[x] == 0x33) {

      deg = deg+300;

    } else if (data[x] == 0x32) {

      deg = deg+200;

    } else if (data[x] == 0x31) {

      deg = deg+100;

    }

    x++;

    if (data[x] == 0x39) {

      deg = deg+90;

    } else if (data[x] == 0x38) {

      deg = deg+80;

    } else if (data[x] == 0x37) {

      deg = deg+70;

    } else if (data[x] == 0x36) {

      deg = deg+60;

    } else if (data[x] == 0x35) {

      deg = deg+50;

    } else if (data[x] == 0x34) {

      deg = deg+40;

    } else if (data[x] == 0x33) {

      deg = deg+30;

    } else if (data[x] == 0x32) {

      deg = deg+20;

    } else if (data[x] == 0x31) {

      deg = deg+10;

    }

    x++;

    if (data[x] == 0x39) {

      deg = deg+9;

    } else if (data[x] == 0x38) {

      deg = deg+8;

    } else if (data[x] == 0x37) {

      deg = deg+7;

    } else if (data[x] == 0x36) {

      deg = deg+6;

    } else if (data[x] == 0x35) {

      deg = deg+5;

    } else if (data[x] == 0x34) {

      deg = deg+4;

    } else if (data[x] == 0x33) {

      deg = deg+3;

    } else if (data[x] == 0x32) {

      deg = deg+2;

    } else if (data[x] == 0x31) {

      deg = deg+1;

    }

  }

  return deg;

}

int check_pos(void){

  float lat_deg_diff;

  float lat_min_diff;

  float long_deg_diff;

  float long_min_diff;

  lat_deg_diff = saved_lat_deg - current_lat_deg;

  lat_min_diff = saved_lat_min - current_lat_min;

  long_deg_diff = saved_long_deg - current_long_deg;

  long_min_diff = saved_long_min - current_long_min;

  total_lat_diff = lat_deg_diff*60 + lat_min_diff;

  total_long_diff = long_deg_diff*60 + long_min_diff;

  if (total_lat_diff < .005 && total_lat_diff > -.005 && total_long_diff < .005 && total_long_diff > -.005) {

    return 1;

  } else {

    return 0;

  }

}

 void play_route(int x) {

  float *flash_ptr;

  float *seg_ptr;

  float *segs[5]; 

  int num_waypts = 0;

  int i = 0;

  int back = 0;

  unsigned char mess1[80];

  unsigned char switches;

  segs[0] = (float *)0xFC00;

  segs[1] = (float *)0xFA00;

  segs[2] = (float *)0xF800;

  segs[3] = (float *)0xF600;

  segs[4] = (float *)0xF400;

  int flag;

  P2OUT |= 0x80;

  seg_ptr = segs[x];

  flash_ptr = seg_ptr;

  num_waypts = (int)*flash_ptr++;

  /* pointer now points to the first entry of the first waypt */

  /* If backtrack is on, start at the last waypoint */

  if (P2IN & 0x08) {

    flash_ptr = flash_ptr + 4*(num_waypts-1);

    back = 1;

    i = num_waypts;

  } 

  saved_lat_deg = *flash_ptr++;

  saved_lat_min = *flash_ptr++;

  saved_long_deg = *flash_ptr++;

  saved_long_min = *flash_ptr++;

  while (i > -1 && i <= num_waypts) {

    switches = poll_switches();

    if (!switches) {

    
break;    

    }

    if (!back) {

      if (P2IN & 0x08) {

      
back = 1;

      
flash_ptr = flash_ptr-8;

      
saved_lat_deg = *flash_ptr++;

  

saved_lat_min = *flash_ptr++;

  

saved_long_deg = *flash_ptr++;

  

saved_long_min = *flash_ptr++;

  

i = i-1;

      }

    } else {

    
if (!(P2IN & 0x08)) {

    

back = 0;

    

i = i+1;

    
}

    }

    readBuf_nmea(mess1);

    current_lat_deg = .5*current_lat_deg + .5*convert_deg(mess1+14, 0x00);

    current_lat_min = .5*current_lat_min + .5*convert_minutes(mess1+14, 0x00);

    current_long_deg = .5*current_long_deg + .5*convert_deg(mess1+26, 0x01);

    current_long_min =  .5*current_long_min + .5*convert_minutes(mess1+26,0x01);

    flag = check_pos();

    if (flag == 1) {

    
if (back == 1) {

    

flash_ptr = flash_ptr - 8;

    

i = i-1;

    
} else {

    

i = i+1;

    
}

    
if (i > 0 && i < num_waypts) {

    

find_turn(mess1, flash_ptr);

    

saved_lat_deg = *flash_ptr++;

  


saved_lat_min = *flash_ptr++;

  


saved_long_deg = *flash_ptr++;

  


saved_long_min = *flash_ptr++;

    
}

    }

  }

  /* At the end of the route, give the stop command */

  turn = STOP;

  m_count = 0;

  P2OUT &= ~0x80;

}

void rec_route(int x) {

  float *flash_ptr;

  float *seg_ptr;

  float *segs[5]; 

  float num_waypts = 0;

  unsigned char mess1[80];

  segs[0] = (float *)0xFC00;

  segs[1] = (float *)0xFA00;

  segs[2] = (float *)0xF800;

  segs[3] = (float *)0xF600;

  segs[4] = (float *)0xF400;

  P1OUT |= 0x40;

  seg_ptr = segs[x];

  flash_ptr = seg_ptr;

  FCTL3 = FWKEY;                // Clear Lock bit to enable erase access

  FCTL1 = FWKEY + ERASE;        // ERASE bit = 1; segment erase mode selected

  *seg_ptr = 0;               // Dummy write to erase Flash segment

   //Write to flash segment D

  FCTL1 = FWKEY + WRT;          // Set WRT bit for byte/word write operation

  flash_ptr++;  // Leave space for the number of waypoints

  while(num_waypts < 31) {

  /* If rec goes off, then the route has finished recording */

    if (!(P2IN & 0x10)) {

      break;

    }

  
readBuf_nmea(mess1);

    current_lat_deg = .5*current_lat_deg + .5*convert_deg(mess1+14, 0x00);

    current_lat_min = .5*current_lat_min + .5*convert_minutes(mess1+14, 0x00);

    current_long_deg = .5*current_long_deg + .5*convert_deg(mess1+26, 0x01);

    current_long_min =  .5*current_long_min + .5*convert_minutes(mess1+26,0x01);

  
/* When the waypoint button is pressed, save the current position as the next waypoint */  

    if (save == 1) {


  save = 0;

      num_waypts = num_waypts + 1;

        *flash_ptr++ = current_lat_deg;

        *flash_ptr++ = current_lat_min;

        *flash_ptr++ = current_long_deg;

        *flash_ptr++ = current_long_min;

    }

  }

  *seg_ptr = num_waypts;

  FCTL1 = FWKEY;                // Clear WRT bit

  FCTL3 = FWKEY + LOCK;         // Set LOCK bit to lock flash memory

  P1OUT &= ~0x40;

}

void find_turn(unsigned char *mess, float *flash_ptr) {


float angle;


float next_lat_deg;


float next_lat_min;


float next_long_deg;


float next_long_min;


float lat_deg_diff;


float lat_min_diff;


float long_deg_diff;


float long_min_diff;


float x;


float y;


float angle1;


float angle2;


float pi = 3.14159265;


angle = convert_angle(mess+45);


next_lat_deg = *flash_ptr++;


next_lat_min = *flash_ptr++;


next_long_deg = *flash_ptr++;


next_long_min = *flash_ptr++;


lat_deg_diff = next_lat_deg - saved_lat_deg;


lat_min_diff = next_lat_min - saved_lat_min;


long_deg_diff = next_long_deg - saved_long_deg;


long_min_diff = next_long_min - saved_long_min;


y = 60*lat_deg_diff + lat_min_diff;


x = 60*long_deg_diff + long_min_diff;


x = -x;


angle1 = atan2(y,x); 


angle1 = angle1/pi*180;


if (angle1 < 0){



angle1 = angle1+360;


}


angle = fmod((360-angle),360);


angle = fmod((angle+90),360);


if (angle < 180) {



angle2 = angle+180;



if (angle1 > angle && angle1 < angle2){




turn = LEFT;




m_count = 0;



} else {




turn = RIGHT;




m_count = 0;



}


} else {



angle2 = angle-180;



if (angle1 < angle && angle1 > angle2){




turn = RIGHT;




m_count = 0;



}else {




turn = LEFT;




m_count = 0;



}


}

}

float convert_angle(unsigned char *mess){


int x = 0;


float angle = 0;


if (mess[x] == 0x33) {



angle = angle+300;


} else if (mess[x] == 0x32) {



angle = angle+200;


} else if (mess[x] == 0x31) {



angle = angle + 100;


}


x++;


if (mess[x] == 0x39) {



angle = angle + 90;


} else if (mess[x] == 0x38) {



angle = angle + 80;


} else if (mess[x] == 0x37) {



angle = angle + 70;


} else if (mess[x] == 0x36) {



angle = angle + 60;


} else if (mess[x] == 0x35) {



angle = angle + 50;


} else if (mess[x] == 0x34) {



angle = angle + 40;


} else if (mess[x] == 0x33) {



angle = angle + 30;


} else if (mess[x] == 0x32) {



angle = angle + 20;


} else if (mess[x] == 0x31) {



angle = angle + 10;


}


x++;


if (mess[x] == 0x39) {



angle = angle + 9;


} else if (mess[x] == 0x38) {



angle = angle + 8;


} else if (mess[x] == 0x37) {



angle = angle + 7;


} else if (mess[x] == 0x36) {



angle = angle + 6;


} else if (mess[x] == 0x35) {



angle = angle + 5;


} else if (mess[x] == 0x34) {



angle = angle + 4;


} else if (mess[x] == 0x33) {



angle = angle + 3;


} else if (mess[x] == 0x32) {



angle = angle + 2;


} else if (mess[x] == 0x31) {



angle = angle + 1;


}


x++;


x++;


if (mess[x] == 0x39) {



angle = angle + .9;


} else if (mess[x] == 0x38) {



angle = angle + .8;


} else if (mess[x] == 0x37) {



angle = angle + .7;


} else if (mess[x] == 0x36) {



angle = angle + .6;


} else if (mess[x] == 0x35) {



angle = angle + .5;


} else if (mess[x] == 0x34) {



angle = angle + .4;


} else if (mess[x] == 0x33) {



angle = angle + .3;


} else if (mess[x] == 0x32) {



angle = angle + .2;


} else if (mess[x] == 0x31) {



angle = angle + .1;


}


return angle;

}

void send_message(int x) {

  int i;

  unsigned char SoS[2] = {0xA0, 0xA1};

  unsigned char EoS[2] = {0x0D, 0x0A};

  unsigned char checksum = 0x00;

  /*General structure to save binary messages to configure GPS receiver */

    struct t_message { 

    unsigned char payload_len[2];

    unsigned char mess_id;

    unsigned char message[8]; 

    int length; 

  };

  struct t_message q_soft;

  q_soft.mess_id = 0x02;

  q_soft.message[0] = 0x01;

  q_soft.payload_len[0] = 0x00;

  q_soft.payload_len[1] = 0x02;

  q_soft.length = 1;

  struct t_message set_default;

  set_default.mess_id = 0x04;

  set_default.message[0] = 0x01;

  set_default.payload_len[0] = 0x00;

  set_default.payload_len[1] = 0x02;

  set_default.length = 1;

  struct t_message config_com;

  config_com.mess_id = 0x05;

  config_com.message[0] = 0x00;

  config_com.message[1] = 0x03;

  config_com.message[2] = 0x01; //Baud = 9600, update SRAM only

  config_com.payload_len[0] = 0x00;

  config_com.payload_len[1] = 0x04;

  config_com.length = 3;

  struct t_message config_mess;

  config_mess.mess_id = 0x09;

  config_mess.message[0] = 0x02;

  config_mess.message[1] = 0x01; //Message type = bin, update SRAM only

  config_mess.payload_len[0] = 0x00;

  config_mess.payload_len[1] = 0x03;

  config_mess.length = 2;

  struct t_message config_update_rate;

  config_update_rate.mess_id = 0x0E;

  config_update_rate.message[0] = 0x0A;

  config_update_rate.message[1] = 0x01; //10 Hz update, update SRAM only

  config_update_rate.payload_len[0] = 0x00;

  config_update_rate.payload_len[1] = 0x03;

  config_update_rate.length = 2;

  struct t_message query_update;

  query_update.mess_id = 0x10;

  query_update.payload_len[0] = 0x00;

  query_update.payload_len[1] = 0x01;

  query_update.length = 0;

  struct t_message config_mess_int;

  config_mess_int.mess_id = 0x11;

  config_mess_int.message[0] = 0x01;

  config_mess_int.message[1] = 0x00; // 1 s interval, update SRAM only

  config_mess_int.payload_len[0] = 0x00;

  config_mess_int.payload_len[1] = 0x03;

  config_mess_int.length = 2;

  struct t_message config_nmea;

  config_nmea.mess_id = 0x08;

  config_nmea.message[0] = 0x00;

  config_nmea.message[1] = 0x00;

  config_nmea.message[2] = 0x00;

  config_nmea.message[3] = 0x00;

  config_nmea.message[4] = 0x01;

  config_nmea.message[5] = 0x00;

  config_nmea.message[6] = 0x00;

  config_nmea.message[7] = 0x00;

  config_nmea.payload_len[0] = 0x00;

  config_nmea.payload_len[1] = 0x09;

  config_nmea.length = 8;

  struct t_message query_waas;

  query_waas.mess_id = 0x38;

  query_waas.payload_len[0] = 0x00;

  query_waas.payload_len[1] = 0x01;

  query_waas.length = 0;

  struct t_message query_pinning;

  query_pinning.mess_id = 0x3A;

  query_pinning.payload_len[0] = 0x00;

  query_pinning.payload_len[1] = 0x01;

  query_pinning.length = 0;

  struct t_message query_nav;

  query_nav.mess_id = 0x3D;

  query_nav.payload_len[0] = 0x00;

  query_nav.payload_len[1] = 0x01;

  query_nav.length = 0;

  struct t_message config_waas;

  config_waas.mess_id = 0x37;

  config_waas.message[0] = 0x01;

  config_waas.message[1] = 0x00; // enable, update SRAM only

  config_waas.payload_len[0] = 0x00;

  config_waas.payload_len[1] = 0x03;

  config_waas.length = 2;

  struct t_message config_nav;

  config_nav.mess_id = 0x3C;

  config_nav.message[0] = 0x01;

  config_nav.message[1] = 0x00; // pedestrian, update SRAM only

  config_nav.payload_len[0] = 0x00;

  config_nav.payload_len[1] = 0x03;

  config_nav.length = 2;

  /* Create an array of pointers to these message structure */

  struct t_message *messages[13];

  messages[0] = &q_soft;

  messages[1] = &set_default;

  messages[2] = &config_com;

  messages[3] = &config_mess;

  messages[4] = &config_update_rate;

  messages[5] = &query_update;

  messages[6] = &config_mess_int;

  messages[7] = &config_nmea;

  messages[8] = &query_waas;

  messages[9] = &query_pinning;

  messages[10] = &query_nav;

  messages[11] = &config_waas;

  messages[12] = &config_nav;

   for (i=0; i<2; i++) {

    while (!(IFG2 & UCA0TXIFG));

    UCA0TXBUF = SoS[i];

  }

  for (i=0; i<2; i++) {

    while (!(IFG2 & UCA0TXIFG)); 

    UCA0TXBUF = messages[x]->payload_len[i];

  }

  while (!(IFG2 & UCA0TXIFG));

  UCA0TXBUF = messages[x]->mess_id;

  checksum ^= messages[x]->mess_id;

  for (i=0;  i < messages[x]->length; i++) {

    while (!(IFG2 & UCA0TXIFG));

    UCA0TXBUF = messages[x]->message[i];

    checksum ^= messages[x]->message[i];

 }

  while (!(IFG2 & UCA0TXIFG));

  UCA0TXBUF = checksum;

  for(i=0; i<2; i++){

    while (!(IFG2 & UCA0TXIFG));

    UCA0TXBUF = EoS[i];

  }

  while (!(IFG2 & UCA0TXIFG));

  return;  

}

/* Functions for managing the UART receive buffer */

#include <msp430.h>

/* Length: 128 bytes */

  static unsigned char buff[128];

  static int write_index = 0;

  static int read_index = 0;

  static int wrap = 0; /* Set to 1 when write_index wraps, reset to 0 when read_ptr wraps */

  /* Function: writeBuf */

/* Moves the character stored in UCA0RXBUF to the next space in the array */
void writeBuf(void){

  buff[write_index] = UCA0RXBUF;

  if (write_index < 127)

  {

    write_index = write_index + 1;

  } else

  {

    write_index = 0;

    wrap = 1;

  } 

}

/* Function: readBuf */

/* Copies binary message data from the buffer to the location specified by place */

/* When the message is moved to the new memory location, the start bytes and stop bytes

 are not included in the saved message.*/

void readBuf_bin(unsigned char *place) {

  int x = 0;

  int i;

  unsigned char *loc;

  loc = place;

  unsigned char start[2] = {0xA0, 0xA1};

  unsigned char end[2] = {0x0D, 0x0A};

  int detect_start = 0;

  int detect_end = 0;

  int index;

  int read = 0;

  while (!(detect_end && read)) {

    if (write_index > read_index || wrap) {  

      index = read_index;

      detect_start = 1;

      for (i=0; i<2; i++) {

        if (start[1-i] != buff[index]) {

          detect_start = 0;

        }

        if (index == 0) {

          index = 127;

        } else {

          index = index-1;

        }

      }

      index = read_index;

      detect_end = 1;

      for (i=0; i<2; i++) {

        if (end[1-i] != buff[index]) {

          detect_end = 0;

        }

         if (index == 0) {

          index = 127;

        } else {

          index = index-1;

        }

      }

      if (detect_start) {

        read = 1;

      } else if (read && !detect_end) {

        loc[x] = buff[read_index];

        x = x+1;

      }      

      if (read_index < 127) {

        read_index = read_index+1;

      } else {

        read_index = 0;

        wrap = 0;

      }

    }

  }

}

void readBuf_nmea(unsigned char *place) {

  int x = 0;

  int i;

  int detect_start = 0;

  int detect_end = 0;

  int read = 0;

  int index;

  unsigned char *loc;

  loc = place;

  unsigned char start[7] = "$GPGGA";

  unsigned char end[3] = {0x0D, 0x0A, 0x00}; /* End of message is <CR><LF> */

  while(!(detect_end && read)) {

    if (read_index < write_index || wrap) {

      /* Check if the last 6 bytes read were the start of message sequence */

      index = read_index;

      detect_start = 1;

      for (i=0; i < 6; i++) {

        if (buff[index] != start[5-i]) {

          detect_start = 0;

        }

        index = index - 1;

        if (index < 0) {

          index = 127;

        }

      }

      index = read_index;

      detect_end = 1;

      /* Check if the last two bytes read were the end of message sequence */

      for (i=0; i<2; i++) {

        if (buff[index] != end[1-i]) {

          detect_end = 0;

        }

        index = index - 1;

        if (index < 0) {

          index = 127;

        }

      }

      /* If the start of message sequence was detected, then read is set and the data is read from the buffer.

         If the end of message sequence was detected, then read is reset and the data is no longer read from the buffer.

         Otherwise if read is high, read the next byte from the buffer */

      if (detect_start) {

        read = 1;

      } else if (read && !detect_end) {

        loc[x] = buff[read_index];

        x = x+1;

      }

      if (read_index < 127) {

        read_index = read_index+1;

      } else {

        read_index = 0;

        wrap = 0;

      }

    }

  }

}

Guidance and Turn System Sample Code

%% Generate a vector that list all of the turn waypoints on the route waypoints = [0 0; 100 0; 100 100; 200 100; 200 20; 340 20; 340 160];

%% Generate input vector, based on average walking speed and walking a direct path between each turn

% Please Note that the code here has been condensed, the code below was duplicated for the different locations
step = 4.546; % in ft/s

x_cor = zeros(1,145);

y_cor = zeros(1,145);

cnt = 2;

while x_cor(cnt-1) < (100-step)

    x_cor(cnt) = x_cor(cnt-1) + step;

    y_cor(cnt) = y_cor(cnt-1);

    cnt = cnt+1;

end

increment = 100 - x_cor(cnt-1);

%% Add noise to route data using normal distribution in m, then converted to feet. 

x_cor_n = zeros(1,145);

y_cor_n = zeros(1,145);

dist_ave = 0;

for i = 1:1000;

    for i = 1:length(x_cor)

        x_cor_n(i) = x_cor(i) + 3.2808*normrnd(0,2);

        y_cor_n(i) = y_cor(i) + 3.2808*normrnd(0,2);

    end

  turn_range = 3.8208*5;

      turns = zeros(3,7);

    turn_dist = zeros(1,7);

    turn_cnt = 1;

    waypt_cnt = 1;

     % work through each data point and check if there should be a turn

    for x = 1:length(x_cor)

        if waypt_cnt == 8

            break

        end

        dist = sqrt((waypoints(waypt_cnt, 1)-x_cor_n(x))^2 + (waypoints(waypt_cnt,2)-y_cor_n(x))^2);

        if dist < turn_range

            turn_dist(turn_cnt) = dist;

            turns(:,turn_cnt) = [x_cor_n(x) ; y_cor_n(x) ; x];

            turn_cnt = turn_cnt+1;

            waypt_cnt = waypt_cnt+1;

        end

    end

dist_ave = dist_ave + sum(turn_dist)/length(turn_dist)/3.808;

   end

dist_ave = dist_ave/1000

turn_cnt = 1;

turn_vect_x = zeros(1,145);

turn_vect_y = zeros(1,145);
for i = 1:145

    if turn_cnt == 8

        break

    end

    if turns(3, turn_cnt) == i

        turn_vect_x(i) = turns(1,turn_cnt);

        turn_vect_y(i) = turns(2,turn_cnt);

        turn_cnt = turn_cnt+1;

    else

        turn_vect_x(i) = 0;

        turn_vect_y(i) = 0;

    end

end

x = 1:145;

%plot(x,x_cor_n,x,turn_vect_x,'.', x, x_cor);

%xlabel('Sample index'), ylabel('x-coordinate (ft)'), title('Turn Performace vs. Noise: x-coordinates'), legend('Input coordinates', 'Turn Location', 'Optimal Path');

plot(x,y_cor_n,x,turn_vect_y,'.', x, y_cor);

xlabel('Sample index'), ylabel('y-coordinate (ft)'), title('Turn Performace vs. Noise: y-coordinates'), legend('Input coordinates', 'Turn Location', 'Optimal Path');

