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Abstract

The Applied Power Electronics Conference and Exposition is the host of the annual Micromouse competition.  The robot that can find its way to the center of a maze and run the course from beginning to end as many times as possible within ten minutes is the winner.  The robot must also comply with several other rules, namely size limitations.   Our robot will be built to meet contest regulations, as we hope to eventually enter the competition.

Executive Summary

Micromouse is a miniature maze-solving robot that is capable of moving to any accessible point in a maze.  Micromouse navigates using only infrared sensors and optical encoders.  He is always aware of his position in the maze and how to return to the start.  Micromouse’s sensors also allow him to avoid walls and keep track of how far he has traveled within every square of the maze.  

In the APEC competition points are deducted when a robot touches a wall or is helped by a person.  The walls of the maze are only 5cm tall.  The maze is a grid of 18cm x 18cm unit squares.  At every lattice point where four corners meet there will always be at least one wall touching.  To comply with these regulations we placed all of the sensors near the ground and tried to make the smallest platform possible.  We found that size was the greatest challenge in this project.  When working on a small scale tiny changes in distance make a huge difference, and accurate steering is much more difficult.  We learned that an error of 0.5cm in a turn in the beginning of the maze could be disastrous.  To work with such small measurements from our sensors we discovered that redundancy was key.  By constantly taking measurements from every sensor and making small corrections, it was possible to keep Micromouse on the correct path.

Introduction

Micromouse appealed to the members of our group because it presents a fun problem that can be solved in many ways.  Although maze-solving robots are increasingly common, it is challenging to correctly navigate a maze with speed and accuracy.  This paper discusses the hardware, software, and other strategies we employed to accomplish this.  

Integrated System

Micromouse is controlled by a Mavric-IIB board equipped with an Atmega128.  We chose this board because of its multiple analog inputs, PWM outputs and practical layout.  This is by far the best microcontroller board for a novice because it has extensive documentation and many software examples online.  However it may have been overkill for Micromouse because of its large size, and many unused features, such as the RS232 chip and extra I/O ports.

Micromouse is designed to always be aware of its current (and past) surroundings.  This task is simplified by viewing the entire maze as a two dimensional coordinate system.  The only variables we account for in Micromouse’s environment are the four walls immediately surrounding the square he is in. Micromouse uses infrared sensors to obtain and continuously update this information.  The encoders allow for the Micromouse to track distance and know the coordinates of its current location in the maze.  With only this knowledge, Micromouse is capable of solving the maze. 
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Micromouse solving the maze.

Mobile Platform

The Micromouse platform consists of three layers.  The bottom layer is enclosed and houses only the servos and the power board, with some extra room for wires.  The middle layer holds the batteries and the front IR sensor.  The microcontroller is on the top layer allow repairs or changes to be made easily.  Every layer has large holes for cables to travel through.  Micromouse has two wheels on its central axis and casters in the front and back for balance.  The center of gravity lies in the back so it does not wobble during deceleration.  The entire platform fits into an 18cm x 18cm unit square that represents one square in the maze.  This size constraint was the most difficult part of building the platform.  A smaller Micromouse is preferable as it can negotiate corners easier and allow some room for error in the wall following algorithm.  The small platform allowed for two IR sensors to be placed on both the front and the back of Micromouse facing outwards.  This was convenient because we could know if the entire robot was contained within one square of the maze, and use the front and the back sensors to align with walls.  
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Actuation

Two servos are used to control the wheels of the Micromouse.  Servos were chosen rather than stepper motors because they are smaller, lighter and easier to control.  Although they are less accurate, optical encoders were sufficient to monitor distance and speed.  Precise turning was achieved by using the front and back IR sensors to align with walls when the Micromouse came to a dead end.  When the robot entered a square that had a wall on the far side, it was possible to reposition Micromouse by moving it the correct distance from the wall it was facing.  This prevented him from falling behind as he solved the maze, which would lead to incorrect decisions.

Sensors

Sharp GP2D120 IR rangers:  Infrared light is used to determine how far Micromouse is from walls of the maze.  IR is the optimal sensor to use for this because the walls of the maze, which are white, reflect IR and the floor, which is black, absorbs it.  The GP2D120 can detect objects from 1.5” to 30”.  This close range will be useful for keeping the Micromouse centered between two walls.  IR is also a much more accurate than sonar in a maze because echoes and close measurements could pose problems.  The only problem we had with these sensors was being too close to the wall.  The characteristic of the GP2D120’s is shown below.
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When Micromouse is very close to a wall, which happens quite often, it is impossible to know what side of the characteristic curve we are looking at as he moves quickly through the maze.  We solved this problem by placing two sensors back to back on the front and back of Micromouse rather than on the sides of the platform.  This ensured that the walls were on the more linear side of the curve.

Hamamatsu P5587:  We used four Hamamatsu photo reflectors to make the two optical encoders for the wheels.  The sensors were placed above each other so the microcontroller would know what direction the wheels were turning.  The outputs of the photo reflectors were read in an interrupt every 100us.  The previous states of the four outputs are also recorded as a global variable.  When an interrupt occurs the new outputs are read, and the program enters a state machine based on this information.  The direction of the wheel is found by comparing the current reading against the previous one, and direction and distance is updated accordingly.
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The Hamamatsu chips were very easy to integrate, but the encoders tended to be inaccurate, and we could not depend on them alone to control Micromouse’s steering.
Behaviors

Micromouse always begins its mission in a corner of the maze.  The maze was constructed on a grid of 7” x7” squares, almost identical to those in the competition.  When the reset button is pressed, it will begin to find its way to the center of the maze as quickly as possible.  The Micromouse knows the center of the maze by its size; it will be four grid squares together with no walls in the center.
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An example maze

Micromouse will remember the correct path to the center of the maze by continuously updating an array in its memory.  After one successful mission Micromouse will retrace its steps on the correct path through the maze as many times as possible until it is stopped by a human.  Micromouse uses the Modified A* maze-solving algorithm.  This algorithm gives every square in the grid a value that is updated every time a wall is found.  This value represents the “cost” to reach the goal square from that particular square in the maze.  Micromouse makes the decision of what square to move to next based on which square has the lowest cost.  Below is a diagram of a maze being assigned values in this manner. 
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 The robot is in the green square as wishes to move to the red square.  The values in the lower right corner of the square are the cost of each square.  The entire program only used about 1 K of RAM. 

Experimental Layout and Results

Micromouse went through several transformations during his development.  There were many choices we would not have made had we known better.  For example, the Mavric-IIB board placed several constraints on our platform design and made Micromouse much larger than necessary.  Also, we would not have used IR sensors that did not work at close distances.  The decision to use servos was not a bad one, but stepper motors certainly would have been more accurate.  Also, we spent much of our time trying to interface a PS/2 optical mouse to measure distance, which we finally decided not to use.
Conclusion

This robot presented many challenges that required our entire group to work together to find solutions.  Our final product was an intelligent, and reasonably accurate maze-solving robot.  Overall we consider this project a success.  
Documentation

APEC Micromouse Competition Rules and Regulations

http://www.apec-conf.org/APEC_MicroMouse_Rules.html
Appendices

Sources for Parts:


Sharp GP2D120 IR Sensor


www.arconame.com

Bluetooth modules and Hamamatsu Photo reflectors


William Dubel


Source Code

// Micromouse

// University of Florida - Machine Intelligence Lab

// Research Experience for Undergraduates, Summer 2005

// Clint Doriot, Sara Keen, Quentin Lindsay, Michelle Peterson

//

// filename: driver.c

// modified: July 30th, 2005 ~ 12:38pm

// purpose : ??? (CAD)

/*----- Header files ---------------------------------------------------------*/

#include <avr/io.h>

#include <avr/interrupt.h>

#include <avr/pgmspace.h>

#include <avr/signal.h>

#include <inttypes.h>

#include <avr/iom128.h>

#include "utils.h"

#include "adc.h"

#include "LCD.h"

#include "MAZE.h"

#include "SENSOR.h"

#include "SERVO.h"

#include "globals.h"

/*----- MAZE ORIENTATION -----------------------------------------------------*/

#define NORTH 0;

#define EAST 1;

#define SOUTH 2;

#define WEST 3;

////////////////////////////////////////////////////////////////////////////////

//

//

////////////////////////////////////////////////////////////////////////////////

int main(void)

{


// Initialize robot componants


ALL_DEVICE_INIT();


sei(); // enable interrupts


// Set standard distances to walls


DELAY2();


CONFIGURE_IR();


// Reset LCD Screen, Servos


LCD_SEND_COMMAND(CLEAR_LCD);


SERVO_CONTROL(LEFT_SERVO,STOP);


SERVO_CONTROL(RIGHT_SERVO,STOP);


/*


while(1)


{



OBSTACLE_AVOIDANCE();



LCD_SET_POSITION(1,0);



LCD_SEND_INT(FW_IR);//front_open());



LCD_SET_POSITION(2,0);



LCD_SEND_INT(BK_RIGHT_IR);//back_open());



LCD_SET_POSITION(2,7);//3,0);



LCD_SEND_INT(FR_RIGHT_IR);//left_open());



LCD_SET_POSITION(3,0);



LCD_SEND_INT(BK_LEFT_IR);
//bk_left_open());



LCD_SET_POSITION(3,7);



LCD_SEND_INT(BK_RIGHT_IR);//bk_left_open());



LCD_SET_POSITION(4,0);



LCD_SEND_INT(BK_IR);


//right_open());


}


*/


// Display Current X,Y coordinates


LCD_SET_POSITION(3,0);


LCD_WRITE_DATA("x- ");


LCD_SET_POSITION(4,0);


LCD_WRITE_DATA("y- ");


while(1)


{


LEFT_ADVANCE();


}

 
// Solve Maze until it reaches the center square


while(grid[x][y] != 0)


{


  // Update IR Sensers



OBSTACLE_AVOIDANCE();



updateFlags();



int min = 256;



int dir = 2;



int current = grid[x][y];

    if(((flags[x][y]>>face) & 0x01) && front_value() < min)



{




min = front_value();




dir = 0;



}



if(((flags[x][y]>>((face + 1) & 0x03)) &0x01) && right_value() < min)



{




min = right_value();




dir = 1;



}



if(((flags[x][y]>>((face + 3) & 0x03)) & 0x01) && left_value() < min)



{




min = left_value();




dir = 3;



}



if(((flags[x][y]>>((face + 2) & 0x03)) & 0x01) && back_value() < min)



{




min = back_value();




dir = 2;



}



updateGrid();



// Display current X,Y Coordinates



LCD_SET_POSITION(3,5);



LCD_SEND_INT(x);



LCD_SET_POSITION(4,5);



LCD_SEND_INT(y);



if(current > min)



{




plot(dir);



}


}


return 1;

}

/**********************************************************************/

void adc_init(void)

{

  // configure ADC port (PORTF) as input

  DDRF  = 0x00;

  PORTF = 0x00;

  ADMUX = _BV(REFS0);

  ADCSR = _BV(ADEN)|_BV(ADSC)|_BV(ADFR) | _BV(ADPS2)|_BV(ADPS1)|_BV(ADPS0);

}

/*

 * adc_chsel() - A/D Channel Select

 *

 * Select the specified A/D channel for the next conversion

 */

void adc_chsel(uint8_t channel)

{

  /* select channel */

  ADMUX = (ADMUX & 0xe0) | (channel & 0x07);

}

/*

 * adc_wait() - A/D Wait for conversion

 *

 * Wait for conversion complete.

 */

void adc_wait(void)

{

  /* wait for last conversion to complete */

  while ((ADCSR & _BV(ADIF)) == 0)

    ;

}

/*

 * adc_start() - A/D start conversion

 *

 * Start an A/D conversion on the selected channel

 */

void adc_start(void)

{

  /* clear conversion, start another conversion */

  ADCSR |= _BV(ADIF);

}

/*

 * adc_read() - A/D Converter - read channel

 *

 * Read the currently selected A/D Converter channel.

 */

uint16_t adc_read(void)

{

  return ADC;

}

/*

 * adc_readn() - A/D Converter, read multiple times and average

 *

 * Read the specified A/D channel 'n' times and return the average of

 * the samples 

 */

uint16_t adc_readn(uint8_t channel, uint8_t n)

{

  uint16_t t;

  uint8_t i;

  adc_chsel(channel);

  adc_start();

  adc_wait();

  adc_start();

  /* sample selected channel n times, take the average */

  t = 0;

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

    adc_wait();

    t += adc_read();

    adc_start();

  }

  /* return the average of n samples */

  return t / n;

}

////////////////////////////////////////////////////////////////////////////////

// name:     encoder_init

// behavior: Initializes PortC for use with the encoders, and gets first encoder

//           values

////////////////////////////////////////////////////////////////////////////////

#define SPEED_ADJUST 5

void encoder_init(void)

{


DDRC=0X00;


PORTC=0XFF;


left_cnt = 0;


right_cnt = 0;


sq_cnt = 0;


PORTC_READ = PINC;


OLD_LEFT = (PORTC_READ & 0xC0);


OLD_LEFT = (LEFT>>6);


OLD_RIGHT = (PORTC_READ & 0x30);


OLD_RIGHT = (RIGHT>>4);

}

////////////////////////////////////////////////////////////////////////////////

// name:     INIT_TIMER2

// behavior: Initialize timer2 to use the main crystal clock and the ouput

//           compare interrupt feature to generate an interrupt approximately

//           once per 100 microseconds to use for checking the tire encoders

////////////////////////////////////////////////////////////////////////////////

void INIT_TIMER2(void)

{

  TIFR  |= _BV(OCIE2);

  TCCR2  = _BV(WGM21)|_BV(CS22)|_BV(CS20); /* CTC, prescale = 128 */

  TCNT2  = 0;

  TIMSK |= _BV(OCIE2);    /* enable output compare interrupt */

  OCR2   = 13;//125;          /* match in approx 100 us */

}

////////////////////////////////////////////////////////////////////////////////

// interrupt routine

// uses timer2 and the output compare interrupt feature to check the encoder

// ouputs every 100us

////////////////////////////////////////////////////////////////////////////////

SIGNAL(SIG_OUTPUT_COMPARE2)

{


// Read values for left and right encoder from PORTC


PORTC_READ = PINC;


LEFT = (PORTC_READ & 0x03);


RIGHT = (PORTC_READ & 0x0C);


RIGHT = (RIGHT>>2);


//Check Left Encoder


if(OLD_LEFT == 0x00)


{



if(LEFT == 0x01)




left_cnt--;



else if(LEFT == 0x02)




left_cnt++;


}


else if(OLD_LEFT == 0x01)


{



if(LEFT == 0x03)




left_cnt--;



else if(LEFT == 0x00)




left_cnt++;


}


else if(OLD_LEFT == 0x02)


{



if(LEFT == 0x03)




left_cnt++;



else if(LEFT == 0x00)




left_cnt--;


}


else if(OLD_LEFT == 0x03)


{



if(LEFT == 0x02)




left_cnt--;



else if(LEFT == 0x01)




left_cnt++;


}


//Check right encoder


if(OLD_RIGHT == 0x00)


{



if(RIGHT == 0x01)




right_cnt--;



else if(RIGHT == 0x02)




right_cnt++;


}


else if(OLD_RIGHT == 0x01)


{



if(RIGHT == 0x03)




right_cnt--;



else if(RIGHT == 0x00)




right_cnt++;


}


else if(OLD_RIGHT == 0x02)


{



if(RIGHT == 0x03)




right_cnt++;



else if(RIGHT == 0x00)




right_cnt--;


}


else if(OLD_RIGHT == 0x03)


{



if(RIGHT == 0x02)




right_cnt--;



else if(RIGHT== 0x01)




right_cnt++;


}


OLD_LEFT = LEFT;


OLD_RIGHT = RIGHT;

}

////////////////////////////////////////////////////////////////////////////////

// name:     LCD_INIT

// behavior: Initializes the hardware associated with interfacing the LCD screen

////////////////////////////////////////////////////////////////////////////////

/*----- Variable Declarations ------------------------------------------------*/

const int maxtextLCD = 40;

const unsigned char Cursor_Set = 0x80;

const unsigned char LINE1 = 0x00;

const unsigned char LINE2 = 0x40;

const unsigned char LINE3 = 0x14;

const unsigned char LINE4 = 0x54;

void LCD_INIT(void)

{


// Enable PORTA for output

  DDRA = 0xFF;

  DELAY(); //15 ms delay

  LCD_SEND_COMMAND(0x33); //4 bit mode enable

  LCD_SEND_COMMAND(0x32); //4 bit mode enable

  LCD_SEND_COMMAND(0X28); //Enable 2-line mode

  LCD_SEND_COMMAND(0X0F); //Display, cursor, blink

  LCD_SEND_COMMAND(0X01); //Clear home

}

////////////////////////////////////////////////////////////////////////////////

// name:     LCD_SET_POSITION

// input:    int row - the row number (1-4)

//           int col - the column number (0-19)

// behavior: sets the cursor to a given position on the LCD screen

////////////////////////////////////////////////////////////////////////////////

void LCD_SET_POSITION(int row, int col)

{

  //Create basic cursor position command that will be used to set the position

  unsigned char Cursor_Pos_Cmd =0x00;

  //Change the command to account for the specified row

  if (row == 1) Cursor_Pos_Cmd = LINE1;

  else if (row == 2) Cursor_Pos_Cmd = LINE2;

  else if (row == 3) Cursor_Pos_Cmd = LINE3;

  else Cursor_Pos_Cmd = LINE4;

  //Change the command to account for the column by offsetting the address

  Cursor_Pos_Cmd += col;

  //Change the command to be write cursor position command by

  Cursor_Pos_Cmd |= Cursor_Set;

  //Change the cursor

  LCD_SEND_COMMAND(Cursor_Pos_Cmd);

}

////////////////////////////////////////////////////////////////////////////////

// name:     LCD_SEND_COMMAND

// input:    unsigned char b - the command to be sent to the LCD screen

// behavior: sends a command to the LCD screen using two nibbles

////////////////////////////////////////////////////////////////////////////////

void LCD_SEND_COMMAND(unsigned char b)

{

  PORTA=(b>>4)|EN;

  DELAY();//delay(5);  // 4.1 ms

  PORTA=(b>>4);

  DELAY();//delay(5); // 4.1 ms

  PORTA=(b & 0x0F)|EN;

  DELAY();//delay(5); // 4.1 ms

  PORTA=(b & 0x0F);

  DELAY();//delay(5); //4.1 ms

}

////////////////////////////////////////////////////////////////////////////////

// name:     LCD_SEND_DATA

// input:    unsigned char b - the character to be written on the LCD screen

// behavior: writes a character on the LCD screen using two nibbles

////////////////////////////////////////////////////////////////////////////////

void LCD_SEND_DATA(unsigned char b)

{

PORTA=(b>>4)|EN|RS;

DELAY();//delay(5);  // 4.1 ms

PORTA=(b>>4)|RS;

DELAY();//delay(5); // 4.1 ms

PORTA=(b & 0x0F)|EN|RS;

DELAY();//delay(5); // 4.1 ms

PORTA=(b & 0x0F)|RS;

DELAY();//delay(5); //4.1 ms

}

////////////////////////////////////////////////////////////////////////////////

// name:     LCD_WRITE_DATA

// input:    char text[] - the string to be written on the LCD screen

// behavior: writes a string on the LCD screen by sending each character

//           seperately.

////////////////////////////////////////////////////////////////////////////////

void LCD_WRITE_DATA(char text[])

{


int i=0;


char b;


while ((i < (1 + maxtextLCD)) & (text[i] != 0x00))


{



b=text[i];



LCD_SEND_DATA(b);



i++;


}


}

////////////////////////////////////////////////////////////////////////////////

// name:     LCD_SEND_INT

// input:    int val - the value to be written on the LCD screen

// behavior: converts a value from an integer to a string, and writes that

//           string on the LCD screen

////////////////////////////////////////////////////////////////////////////////

void LCD_SEND_INT(int val)

{


// Write Negative Sign if value is negative


if (val < 0)


{



LCD_WRITE_DATA("-");



val = -1 * val;


}


else


{



LCD_WRITE_DATA(" ");


}


// Sends the integer as a string, one digit at a time


//   Digit will always be displayed as a 5 digit value


//   Offset for converting from an integer to its ASCII representation is 0x30


LCD_SEND_DATA(val/10000 + 0x30);


LCD_SEND_DATA((val%10000)/1000 + 0x30);


LCD_SEND_DATA((val%1000)/100+0x30);


LCD_SEND_DATA((val%100)/10+0x30);


LCD_SEND_DATA(val%10+0x30);

}

////////////////////////////////////////////////////////////////////////////////

// name:     init_grid

// behavior: initializes information about the maze, including the initial

//           conditions and the heuristic cost of each square

////////////////////////////////////////////////////////////////////////////////

#define NORTH 0

#define EAST 1

#define SOUTH 2

#define WEST 3

void init_grid(void)

{


// Initialize Maze Variables


x = 0;


y = 0;


face = NORTH;


steps = 0;


// Initialize Grid


int i;


for(i = 0; i < 8; i++)


{

    int j;



for(j = 0; j < 8; j++)



{




int value = 14 - (i + j);




grid[i][j] = value;




flags[i][j] = 0x0F;




grid[15 - i][j] = value;




flags[15 - i][j] = 0x0F;




grid[i][15 - j] = value;




flags[i][15 - j] = 0x0F;




grid[15 - i][15 - j] = value;




flags[15 - i][15 - j] = 0x0F;



}


}


for(i = 0; i < 16; i++)


{




flags[i][0] &= ~HAS_SOUTH;




flags[i][15] &= ~HAS_NORTH;




flags[0][i] &= ~HAS_WEST;




flags[15][i] &= ~HAS_EAST;


}

}

////////////////////////////////////////////////////////////////////////////////

// name:     right

// behavior: tells the robot to move right, and displays decision on LCD

////////////////////////////////////////////////////////////////////////////////

void right(void)

{

  LCD_SET_POSITION(1, 0);

  LCD_WRITE_DATA("RIGHT  ");

  RIGHT_ADVANCE();

}

////////////////////////////////////////////////////////////////////////////////

// name:     left

// behavior: tells the robot to move left, and displays decision on LCD

////////////////////////////////////////////////////////////////////////////////

void left(void)

{

  LCD_SET_POSITION(1, 0);

  LCD_WRITE_DATA("LEFT   ");

  LEFT_ADVANCE();

}

////////////////////////////////////////////////////////////////////////////////

// name:     forward

// behavior: tells the robot to move forward, and displays decision on LCD

////////////////////////////////////////////////////////////////////////////////

void forward(void)

{

  LCD_SET_POSITION(1, 0);


LCD_WRITE_DATA("FORWARD");


FORWARD_ADVANCE();

}

////////////////////////////////////////////////////////////////////////////////

// name:     reverse

// behavior: tells the robot to move backward, and displays decision on LCD

////////////////////////////////////////////////////////////////////////////////

void reverse(void)

{

  LCD_SET_POSITION(1, 0);


LCD_WRITE_DATA("REVERSE");


REVERSE_ADVANCE();

}

////////////////////////////////////////////////////////////////////////////////

// name:     move

// input:    int dir - the absolute direction to move

// behavior: determines which relative direction to move given the absolute

//           direction and the orientation of the robot, and then calls the

//           appropriate

////////////////////////////////////////////////////////////////////////////////

void move(int dir)

{


// convert from absolute orientation to relative direction to move ?(CAD)


int f = (face + 4 - dir) & 0x03;


// determine which relative direction to move and call appropriate function


switch(f)


{



case 0:




forward();




break;



case 3:




right();




break;



case 1:




left();




break;



case 2:




reverse();




break;


}

}

////////////////////////////////////////////////////////////////////////////////

// name:     go_home

// behavior: follows the solved path from the finish back to the start

////////////////////////////////////////////////////////////////////////////////

void go_home(void)

{


int i;


for(i = steps - 1; i >= 0; i--){



move((path[i] + 2) & 0x03);


}

}

////////////////////////////////////////////////////////////////////////////////

// name:     solve_maze

// behavior: follows the solved path from the start back to the finish

////////////////////////////////////////////////////////////////////////////////

void solve_maze(void)

{


int i;


for(i = 0; i < steps; i++)


{



move(path[i]);


}

}

////////////////////////////////////////////////////////////////////////////////

// name:     plot

// input:    int dir -

// behavior:

////////////////////////////////////////////////////////////////////////////////

void plot(int dir)

{


face = (face + dir) & 0x03;


switch(face)


{



case NORTH:




y++;




break;



case SOUTH:




y--;




break;



case EAST:




x++;




break;



case WEST:




x--;




break;



//default:




//should not be here


}


if(steps != 0)


{



if(path[steps - 1] == ((face + 2) & 0x03))



{




steps--;



}



else



{




path[steps] = face;




steps++;



}


}


else


{



path[steps] = face;



steps++;


}


switch(dir)


{



case 0:




forward();




return;



case 1:




right();




return;



case 2:




reverse();




return;



case 3:




left();




return;



//default:




//shouldn't be here


}

}

int front_open(void)

{
if (FW_IR < FW_THRESH)



return 1;


else



return 0;

}

int right_open(void)

{


OBSTACLE_AVOIDANCE();


if (FR_RIGHT_IR < (NORM_FR_RIGHT_IR-100))

 

return 1;


else



return 0;

}

int bk_right_open(void)

{


OBSTACLE_AVOIDANCE();


if (BK_RIGHT_IR < (NORM_BK_RIGHT_IR-100))

 

return 1;


else



return 0;

}

int left_open(void)

{


OBSTACLE_AVOIDANCE();


if (FR_LEFT_IR < (NORM_FR_LEFT_IR-100))



return 1;


else



return 0;

}

int bk_left_open(void)

{


OBSTACLE_AVOIDANCE();


if (BK_LEFT_IR < (NORM_BK_LEFT_IR-100))

 

return 1;


else



return 0;

}

void updateFlags(void)

{


if(!((flags[x][y] & VISITED)>>4))


{



switch(face)



{




case NORTH:





if(!front_open())





{






flags[x][y] &= ~HAS_NORTH;






if(y < 15) flags[x][y + 1] &= ~HAS_SOUTH;





}





if(!right_open())





{






flags[x][y] &= ~HAS_EAST;






if(x < 15) flags[x + 1][y] &= ~HAS_WEST;





}





if(!left_open())





{






flags[x][y] &= ~HAS_WEST;






if(x > 0) flags[x - 1][y] &= ~HAS_EAST;





}





break;




case SOUTH:





if(!front_open())





{






flags[x][y] &= ~HAS_SOUTH;






if(y > 0) flags[x][y - 1] &= ~HAS_NORTH;





}





if(!right_open())





{






flags[x][y] &= ~HAS_WEST;






if(x > 0) flags[x - 1][y] &= ~HAS_EAST;





}





if(!left_open())





{






flags[x][y] &= ~HAS_EAST;






if(x < 15) flags[x + 1][y] &= ~HAS_WEST;





}





break;




case EAST:





if(!front_open())





{






flags[x][y] &= ~HAS_EAST;






if(x < 15) flags[x + 1][y] &= ~HAS_WEST;





}





if(!right_open())





{






flags[x][y] &= ~HAS_SOUTH;






if(y > 0) flags[x][y - 1] &= ~HAS_NORTH;





}





if(!left_open())





{






flags[x][y] &= ~HAS_NORTH;






if(y < 15) flags[x][y + 1] &= ~HAS_SOUTH;





}





break;




case WEST:





if(!front_open())





{






flags[x][y] &= ~HAS_WEST;






if(x > 0) flags[x - 1][y] &= ~HAS_EAST;





}





if(!right_open())





{






flags[x][y] &= ~HAS_NORTH;






if(y < 15) flags[x][y + 1] &= ~HAS_SOUTH;





}





if(!left_open())





{






flags[x][y] &= ~HAS_SOUTH;






if(y > 0) flags[x][y - 1] &= ~HAS_NORTH;





}





break;



}




flags[x][y] |= VISITED;


}

}

void updateGrid(void)

{


int i;


int j;


for(i = x; i >= 0; i--)


{



for(j = y; j >= 0; j--)



{




int min = 256;




if((flags[i][j] & HAS_NORTH) && grid[i][j+1] < min) min = grid[i][j+1];




if(((flags[i][j] & HAS_EAST) >> 1) && grid[i + 1][j] < min) min = grid[i + 1][j];




if(((flags[i][j] & HAS_SOUTH) >> 2) && grid[i][j-1] < min) min = grid[i][j-1];




if(((flags[i][j] & HAS_WEST) >> 3) && grid[i - 1][j] < min) min = grid[i - 1][j];




if(grid[i][j] <= min && grid[i][j] != 0) grid[i][j] = min +1;



}


}


for(i = x + 1; i < 16; i++)


{



for(j = y; j >= 0; j--)



{




int min = 256;




if((flags[i][j] & HAS_NORTH) && grid[i][j+1] < min) min = grid[i][j+1];




if(((flags[i][j] & HAS_EAST) >> 1) && grid[i + 1][j] < min) min = grid[i + 1][j];




if(((flags[i][j] & HAS_SOUTH) >> 2) && grid[i][j-1] < min) min = grid[i][j-1];




if(((flags[i][j] & HAS_WEST) >> 3) && grid[i - 1][j] < min) min = grid[i - 1][j];




if(grid[i][j] <= min && grid[i][j] != 0) grid[i][j] = min + 1;



}


}


for(i = x + 1; i < 16; i++)


{



for(j = y + 1; j < 16; j++)



{




int min = 256;




if((flags[i][j] & HAS_NORTH) && grid[i][j+1] < min) min = grid[i][j+1];




if(((flags[i][j] & HAS_EAST) >> 1) && grid[i + 1][j] < min) min = grid[i + 1][j];




if(((flags[i][j] & HAS_SOUTH) >> 2) && grid[i][j-1] < min) min = grid[i][j-1];




if(((flags[i][j] & HAS_WEST) >> 3) && grid[i - 1][j] < min) min = grid[i - 1][j];




if(grid[i][j] <= min && grid[i][j] != 0) grid[i][j] = min + 1;



}


}


for(i = x; i > 0; i--)


{



for(j = y + 1; j < 16; j++)



{




int min = 256;




if((flags[i][j] & HAS_NORTH) && grid[i][j+1] < min) min = grid[i][j+1];




if(((flags[i][j] & HAS_EAST) >> 1) && grid[i + 1][j] < min) min = grid[i + 1][j];




if(((flags[i][j] & HAS_SOUTH) >> 2) && grid[i][j-1] < min) min = grid[i][j-1];




if(((flags[i][j] & HAS_WEST) >> 3) && grid[i - 1][j] < min) min = grid[i - 1][j];




if(grid[i][j] <= min && grid[i][j] != 0) grid[i][j] = min + 1;



}


}

}

/*

int back_open(void)

{

OBSTACLE_AVOIDANCE();

if (BK_IR < 250)

{

 return 1;

}

return 0;

}

*/

int front_value(void)

{


switch(face)


{



case NORTH:




return grid[x][y + 1];



case SOUTH:




return grid[x][y - 1];



case EAST:




return grid[x + 1][y];



case WEST:




return grid[x - 1][y];



default:




//should never be here




return -1;


}

}

int right_value(void)

{


switch(face)


{



case WEST:




return grid[x][y + 1];



case EAST:




return grid[x][y - 1];



case NORTH:




return grid[x + 1][y];



case SOUTH:




return grid[x - 1][y];



default:




//should never be here




return -1;


}

}

int left_value(void)

{


switch(face)


{



case EAST:




return grid[x][y + 1];



case WEST:




return grid[x][y - 1];



case SOUTH:




return grid[x + 1][y];



case NORTH:




return grid[x - 1][y];



default:




//should never be here




return -1;


}

}

int back_value(void){


switch(face){



case SOUTH:




return grid[x][y + 1];



case NORTH:




return grid[x][y - 1];



case WEST:




return grid[x + 1][y];



case EAST:




return grid[x - 1][y];



default:




//should never be here




return -1;


}

}

/*

void find_path(void){


while(grid[x][y] != 0){



int min = grid[x][y] + 1;



ind dire = 2;



if(front_open() && front_value() < min){




min = front_value();




dir = 0;



}



if(right_open() && right_value() < min){




min = right_value();




dir = 1;



}



if(left_open() && left_value() < min){




min = left_value();




dir = 3;



}



grid[x][y] = min + 1;



plot(dir);


}

}*/

////////////////////////////////////////////////////////////////////////////////

// name:     CONFIGURE_IR

// behavior: sets the standard distance to a wall for each IR

////////////////////////////////////////////////////////////////////////////////

void CONFIGURE_IR(void)

{


NORM_BK_LEFT_IR = adc_readn(BK_LEFT_PIN, 15);


NORM_BK_RIGHT_IR = adc_readn(BK_RIGHT_PIN, 15);


NORM_FR_LEFT_IR = adc_readn(FR_LEFT_PIN, 15);


NORM_FR_RIGHT_IR = adc_readn(FR_RIGHT_PIN, 15);


//NORM_FW_IR = adc_readn(FW_PIN, 15);

}

////////////////////////////////////////////////////////////////////////////////

// name:     OBSTACLE_AVOIDANCE

// behavior: updates the current values of each IR sensor

////////////////////////////////////////////////////////////////////////////////

void OBSTACLE_AVOIDANCE(void)

{


BK_LEFT_IR = adc_readn(BK_LEFT_PIN, 5);


BK_RIGHT_IR = adc_readn(BK_RIGHT_PIN, 5);


FR_LEFT_IR = adc_readn(FR_LEFT_PIN, 5);


FR_RIGHT_IR = adc_readn(FR_RIGHT_PIN, 5);


FW_IR = adc_readn(FW_PIN, 5);


//BK_IR = adc_readn(BK_PIN, 5);

}

/*----- Encoder Values -------------------------------------------------------*/

#define NEXT_SQUARE 28

#define TURN_90     11

#define TURN_180    23

/*----- Wall Threshholds -----------------------------------------------------*/

#define MAX_FROM_WALL 480

#define MIN_FROM_WALL 300

/*----- Variable Declarations ------------------------------------------------*/

//const int MIN_ERROR = 10;

////////////////////////////////////////////////////////////////////////////////

// name:    SERVO_CONTROL

// input:    int num - the number of the servo to control

//           int val - the new speed for the given servo

// behavior: sets the speed of a given signal

//           2000 - Full Forward

//           1500 - Neutral

//           1000 - Full Reverse

////////////////////////////////////////////////////////////////////////////////

void SERVO_CONTROL(int num,int val)

{

  if(num==LEFT_SERVO)



SERVO1=val;

 
else if (num==RIGHT_SERVO)



SERVO2=val;

}

////////////////////////////////////////////////////////////////////////////////

// name: 

 SERVO_INIT

// behavior: Initializes the Port and Timer used for the servo control

////////////////////////////////////////////////////////////////////////////////

void SERVO_INIT(void)

{


/*****************************************************************************

  * after receiving which servo, its position, it sends the 




         *

  * corresponding values to the pwm channels on timer 1 A and B, and timer 3 C *

  *****************************************************************************/

 DDRB=0xFF;      //B4,B5,B6 ARE THE PORTS USED FOR PWM ON TIMER 3

 TCCR1A=0xA8;

 TCCR1B=0x12;

 ICR1=20000;

}

////////////////////////////////////////////////////////////////////////////////

// name:     FORWARD_ADVANCE

// behavior: moves the robot through the maze to the next square, aligning

//           itself with the square's forward wall if it exists

////////////////////////////////////////////////////////////////////////////////

void FORWARD_ADVANCE(void)

{


left_cnt=0;


right_cnt=0;


LCD_SEND_COMMAND(CLEAR_LCD);


/* Encoder Correction


while ((left_cnt < NEXT_SQUARE) && (right_cnt < NEXT_SQUARE))


{


  SERVO_CONTROL(LEFT_SERVO, 1700);


  SERVO_CONTROL(RIGHT_SERVO, 1700);



if(left_cnt>right_cnt)



{



  SERVO1 -= K;



  SERVO2 += K;



  //SERVO_CONTROL(LEFT_SERVO, SERVO1-K);



  //SERVO_CONTROL(RIGHT_SERVO, SERVO2+K);



}



else if(left_cnt < right_cnt)



{



  SERVO1 += K;



  SERVO2 -= K;



  //SERVO_CONTROL(LEFT_SERVO, (SERVO1+K));



  //SERVO_CONTROL(RIGHT_SERVO, (SERVO2-K));



}


}


*/


/* New Code for Wall Following */


// Update IR Values


OBSTACLE_AVOIDANCE();


//uint8_t FW = (FW_IR < FW_THRESH)?1:0;                   // Forward


uint8_t BL = (BK_LEFT_IR < (NORM_BK_LEFT_IR-100))?1:0;    // Back Left


uint8_t FL = (FR_LEFT_IR < (NORM_FR_LEFT_IR-100))?1:0;    // Front Left


uint8_t BR = (BK_RIGHT_IR < (NORM_BK_RIGHT_IR-100))?1:0;  // Back Right


uint8_t FR = (FR_RIGHT_IR < (NORM_FR_RIGHT_IR-100))?1:0;  // Front Right


while ((left_cnt < NEXT_SQUARE) && (right_cnt < NEXT_SQUARE))


// 



&& (FW_IR < MAX_FROM_WALL))


{



if (FR && FL && BR && BL)



{




SERVO_CONTROL(1,1700);




SERVO_CONTROL(2,1700);



}



else if (!FR && FL && BR && BL)



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));



}



else if (FR && !FL && BR && BL)



{




SERVO_CONTROL(1,1700 - GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));




SERVO_CONTROL(2,1700 + GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));



}



else if (FR && FL && !BR && BL)



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_BK_RIGHT_IR - BK_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_BK_RIGHT_IR - BK_RIGHT_IR));



}



else if (FR && FL && BR && !BL)



{




SERVO_CONTROL(1,1700 - GAIN*(NORM_BK_LEFT_IR - BK_LEFT_IR));




SERVO_CONTROL(2,1700 + GAIN*(NORM_BK_LEFT_IR - BK_LEFT_IR));



}



else if (!FR && !FL && BR && BL)



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));



}



else if (!FR && !FL && !BR && BL)



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));



}



else if (!FR && !FL && !BR && !BL)



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));



}



else if (!FR && FL && !BR && BL)



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));



}



else if (!FR && FL && !BR && !BL)



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));



}



else if (FR && !FL && !BR && !BL)



{




SERVO_CONTROL(1,1700 - GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));




SERVO_CONTROL(2,1700 + GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));



}



else if (FR && !FL && !BR && BL)



{




SERVO_CONTROL(1,1700 - GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));




SERVO_CONTROL(2,1700 + GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));



}



else if (!FR && FL && BR && !BL)



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));



}



else if (FR && FL && !BR && !BL)



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_BK_RIGHT_IR - BK_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_BK_RIGHT_IR - BK_RIGHT_IR));



}



else if (FR && !FL && BR && !BL)



{




SERVO_CONTROL(1,1700 - GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));




SERVO_CONTROL(2,1700 + GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));



}



else if (!FR && !FL && BR && !BL)



{




SERVO_CONTROL(1,1700 - GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));




SERVO_CONTROL(2,1700 + GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));



}


}


/*----------- OLD CODE -------------------------------------------------*/


/*


while ((left_cnt < NEXT_SQUARE) && (right_cnt < NEXT_SQUARE))


{



if (right_open() && left_open() && bk_right_open() && bk_left_open())



{




SERVO_CONTROL(1,1700);




SERVO_CONTROL(2,1700);



}



else if ((!right_open()) && left_open() && bk_right_open() && bk_left_open())



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));



}



else if (right_open() && (!left_open()) && bk_right_open() && bk_left_open())



{




SERVO_CONTROL(1,1700 - GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));




SERVO_CONTROL(2,1700 + GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));



}



else if (right_open() && left_open() && (!bk_right_open()) && bk_left_open())



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_BK_RIGHT_IR - BK_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_BK_RIGHT_IR - BK_RIGHT_IR));



}



else if (right_open() && left_open() && bk_right_open() && (!bk_left_open()))



{




SERVO_CONTROL(1,1700 - GAIN*(NORM_BK_LEFT_IR - BK_LEFT_IR));




SERVO_CONTROL(2,1700 + GAIN*(NORM_BK_LEFT_IR - BK_LEFT_IR));



}



else if ((!right_open()) && (!left_open()) && bk_right_open() && bk_left_open())



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));



}



else if ((!right_open()) && (!left_open()) && (!bk_right_open()) && bk_left_open())



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));



}



else if ((!right_open()) && (!left_open()) && (!bk_right_open()) && (!bk_left_open()))



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));



}



else if ((!right_open()) && left_open() && (!bk_right_open()) && bk_left_open())



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));



}



else if ((!right_open()) && left_open() && (!bk_right_open()) && (!bk_left_open()))



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));



}



else if (right_open() && (!left_open()) && (!bk_right_open()) && (!bk_left_open()))



{




SERVO_CONTROL(1,1700 - GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));




SERVO_CONTROL(2,1700 + GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));



}



else if (right_open() && (!left_open()) && (!bk_right_open()) && bk_left_open())



{




SERVO_CONTROL(1,1700 - GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));




SERVO_CONTROL(2,1700 + GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));



}



else if ((!right_open()) && left_open() && bk_right_open() && (!bk_left_open()))



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_FR_RIGHT_IR - FR_RIGHT_IR));



}



else if (right_open() && left_open() && (!bk_right_open()) && (!bk_left_open()))



{




SERVO_CONTROL(1,1700 + GAIN*(NORM_BK_RIGHT_IR - BK_RIGHT_IR));




SERVO_CONTROL(2,1700 - GAIN*(NORM_BK_RIGHT_IR - BK_RIGHT_IR));



}



else if (right_open() && (!left_open()) && bk_right_open() && (!bk_left_open()))



{




SERVO_CONTROL(1,1700 - GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));




SERVO_CONTROL(2,1700 + GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));



}



else if ((!right_open()) && (!left_open()) && bk_right_open() && (!bk_left_open()))



{




SERVO_CONTROL(1,1700 - GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));




SERVO_CONTROL(2,1700 + GAIN*(NORM_FR_LEFT_IR - FR_LEFT_IR));



}


}


/*----------- OLD CODE -------------------------------------------------*/


/*----- Front Wall Alignment


// update IR Sensers


OBSTACLE_AVOIDANCE();


// Check to see if its close enough to line up with wall


if((FW_IR > MIN_FROM_WALL) && (FW_IR < MAX_FROM_WALL))


{



SERVO_CONTROL(LEFT_SERVO,SLOW_FORWARD);



SERVO_CONTROL(RIGHT_SERVO,SLOW_FORWARD);



while(FW_IR > MAX_FROM_WALL)



{

    
// update IR Sensers




OBSTACLE_AVOIDANCE();



}


}


// Check to see if its close enough to line up with wall


while(FW_IR > MAX_FROM_WALL)


{


  SERVO_CONTROL(LEFT_SERVO,SLOW_REVERSE);



SERVO_CONTROL(RIGHT_SERVO,SLOW_REVERSE);



OBSTACLE_AVOIDANCE();

  }

  */


SERVO_CONTROL(LEFT_SERVO,STOP);


SERVO_CONTROL(RIGHT_SERVO,STOP);

}

////////////////////////////////////////////////////////////////////////////////

// name:     LEFT_ADVANCE

// behavior: causes the robot to make a left turn, and then move forward into

//           the next square

////////////////////////////////////////////////////////////////////////////////

void LEFT_ADVANCE(void)

{


// Reset Encoder Values


left_cnt=0;


right_cnt=0;


// Turn to the left 90 degrees


while((ABS(left_cnt) < TURN_90) && (right_cnt < TURN_90))


{



SERVO_CONTROL(1,TURN_REVERSE);



SERVO_CONTROL(2,TURN_FORWARD);


}


// Stop turning and move forward


SERVO_CONTROL(1,STOP);


SERVO_CONTROL(2,STOP);

//
FORWARD_ADVANCE();

}

////////////////////////////////////////////////////////////////////////////////

// name:     RIGHT_ADVANCE

// behavior: causes the robot to make a right turn, and then move forward into

//           the next square

////////////////////////////////////////////////////////////////////////////////

void RIGHT_ADVANCE(void)

{


// Reset Encoder Values


left_cnt=0;


right_cnt=0;


// Turn to the right 90 degrees


while((left_cnt < TURN_90) && (ABS(right_cnt) < TURN_90))


{



SERVO_CONTROL(1,TURN_FORWARD);



SERVO_CONTROL(2,TURN_REVERSE);


}


// Stop turning and move forward


SERVO_CONTROL(1,STOP);


SERVO_CONTROL(2,STOP);


FORWARD_ADVANCE();

}

////////////////////////////////////////////////////////////////////////////////

// name:     REVERSE_ADVANCE

// behavior: causes the robot to turn around, and then move forward into the

//           next square

////////////////////////////////////////////////////////////////////////////////

void REVERSE_ADVANCE(void)

{


// Reset Encoder Values


left_cnt=0;


right_cnt=0;


// Turn to the left 180 degrees


while((ABS(left_cnt) < TURN_180) && (right_cnt < TURN_180))


{



SERVO_CONTROL(1,TURN_REVERSE);



SERVO_CONTROL(2,TURN_FORWARD);


}


// Stop turning and move forward


SERVO_CONTROL(1,STOP);


SERVO_CONTROL(2,STOP);


FORWARD_ADVANCE();

}

/*----- Define Statements ----------------------------------------------------*/

#define OCR_1MS 250

////////////////////////////////////////////////////////////////////////////////

// name:      ALL_DEVICE_INIT

// behavior:  calls individual device initialization functions

////////////////////////////////////////////////////////////////////////////////

void ALL_DEVICE_INIT()

{


 //Timer Initialization


 INIT_TIMER();


 INIT_TIMER2();


 //LED initialization


 DDRB = 0x01;  /* enable PORTB 1 as an output */


 LCD_INIT();


 //SERVO & Encoder initialization


 SERVO_INIT();


 encoder_init();


 // Analog To Digital Conversion initialization


 adc_init();


 // Maze Solving Initialization


 init_grid();

}

////////////////////////////////////////////////////////////////////////////////

// name:     INIT_TIMER

// behavior: Initialize timer0 to use the main crystal clock and the ouput

//           compare interrupt feature to generate an interrupt approximately

//           once per millisecond to use as a general purpose time base

////////////////////////////////////////////////////////////////////////////////

void INIT_TIMER(void)

{

  TCCR0 = 0;

  TIFR  |= _BV(OCIE0)|_BV(TOIE0);

  TIMSK |= _BV(TOIE0)|_BV(OCIE0);          /* enable output compare interrupt */

  TCCR0  = _BV(WGM01)|_BV(CS02)|_BV(CS00); /* CTC, prescale = 128 */

  TCNT0  = 0;

  OCR0   = OCR_1MS;                        /* match in aprox 1 ms */

}

////////////////////////////////////////////////////////////////////////////////

// interrupt routine

// uses timer0 and the output compare interrupt feature to increment the counter

// once every millisecond

////////////////////////////////////////////////////////////////////////////////

SIGNAL(SIG_OUTPUT_COMPARE0)

{

  ms_count++;

}

////////////////////////////////////////////////////////////////////////////////

// name:      delay

// input:     uint16_t ms - the number of milliseconds to delay activity

// behavior:  uses timer0 to delay the microcontroller exactly 'ms' milliseconds

////////////////////////////////////////////////////////////////////////////////

void delay(uint16_t ms)

{

  TCNT0  = 0;

  ms_count = 0;

  while (ms_count != ms)

    ;

}

////////////////////////////////////////////////////////////////////////////////

// name:     DELAY

// behavior: creates a polled delay

////////////////////////////////////////////////////////////////////////////////

void DELAY(void)

{

  volatile uint16_t time1;

  for(time1 = 0; time1 < 2000; time1++)



;

}

////////////////////////////////////////////////////////////////////////////////

// name:     DELAY2

// behavior: creates a polled delay, longer than DELAY()

////////////////////////////////////////////////////////////////////////////////

void DELAY2(void)

{

  int u;

  volatile uint16_t time1;

  for(u=0;u < 50; u++)

  {

    for(time1 = 0; time1 < 20000; time1++)




;

  }

}

////////////////////////////////////////////////////////////////////////////////

// name:     ABS

// input:    int num - the number to take the absolute value of

// output:   int - the absolute value of num

// behavior: returns the absolute value of the supplied integer

////////////////////////////////////////////////////////////////////////////////

int ABS(int num)

{

  if (num >= 0)



return num;

  else



return (num * -1);

}
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