GAROB’s Program Code


Last Revision


/*


 * GAROB.C


 * July 1995


 *


 */








/* DEFINITIONS */


int RIGHT = 0,


    LEFT = 1;





int FALSE = 0,


    TRUE = 1;





/* next move values */


int FREEZE     = 0,                                                  /* stop */


    FWD_SLW_SP = 1,                            /* move forward at slow speed */


    FWD_HLF_SP = 2,                            /* move forward at half speed */


    FWD_FUL_SP = 3,                            /* move forward at full speed */


    BAK_SLW_SP = 4,                           /* move backward at slow speed */


    TURN_LEFT  = 5,                                             /* turn left */


    TURN_RIGHT = 6,                                            /* turn right */


    ROT_CLKW   = 7,                                      /* rotate clockwise */


    ROT_ACLKW  = 8;                                  /* rotate anticlockwise */





int MOTOR_RIGHT = 0,                                      /* motor positions */


    MOTOR_LEFT = 1;





int IR_DELAY = 50;                          /* delay time for IR commutation */





float S0 =  10.0,                                            /* motor speeds */


      S1 =  20.0,


      S2 =  40.0,


      S3 =  60.0,


      S4 =  80.0,


      S5 = 100.0;





/* GLOBAL VARIABLES */


float SpeedRight = 0.0,                               /* actual motor speeds */


      SpeedLeft  = 0.0,


      SpeedRightOld = 0.0,                               /* old motor speeds */


      SpeedLeftOld  = 0.0;





int ExistGarbage = FALSE,                            /* Garbage in gripper ? */


    BatteryLow   = FALSE,                                 /* batteries low ? */


    NearCharger  = FALSE,                                  /* near charger ? */


    Recharging   = FALSE;                                    /* recharging ? */





int NextMoveAvoid   = FREEZE,            /* next move for obstacle avoidance */


    NextMoveColl    = FWD_FUL_SP,        /* next move for collecting garbage */


    NextMoveDrop    = FREEZE,              /* next move for dropping garbage */


    NextMoveCharger = FREEZE;               /* next move for finding charger */





/* eye parameters definition */


int EYE_ADDRESS = 0x4000;                             /* eyes memory address */


int EyeMask = 0x07,                        /* normal eyes data position mask */


    EyeRightBit  = 0,                      /* normal right eye data position */


    EyeCenterBit = 1,                     /* normal center eye data position */


    EyeLeftBit   = 2;                       /* normal left eye data position */


int EyeDownMask = 0x30,                      /* down eyes data position mask */


    EyeDownRightBit = 4,                     /* down right eye data position */


    EyeDownLeftBit  = 5;                      /* down left eye data position */


int EyeTowerRightBit  = 3,               /* right eye to looking for charger */


    EyeTowerCenterBit = 6,              /* center eye to looking for charger */


    EyeTowerLeftBit   = 7;                /* left eye to looking for charger */





/* IR thresholds levels attribution for visibility fields */


int ThresFrontFar    =  90,                  /* far-zone limit, front sensor */


    ThresFrontNear   = 115,                 /* near-zone limit, front sensor */


    ThresFrontDanger = 126,               /* danger-zone limit, front sensor */


    ThresSideFar    =  90,                    /* far-zone limit, side sensor */


    ThresSideNear   = 100,                   /* near-zone limit, side sensor */


    ThresSideDanger = 118;                 /* danger-zone limit, side sensor */


    


/* threshold levels for collecting garbage */    


int ThresGarbLo =  90,                   /* low level for garbage collecting */


    ThresGarbHi = 105;                  /* high level for garbage collecting */








/* eye readings */


int eyeRight  = 0,                               /* wall avoidance right eye */


    eyeCenter = 0,                              /* wall avoidance center eye */


    eyeLeft   = 0;                                /* wall avoidance left eye */


int eyeDownRight = 0,                           /* garbage finding right eye */


    eyeDownLeft  = 0;                            /* garbage finding left eye */


int eyeTowerRight  = 0,                         /* charger finding right eye */


    eyeTowerCenter = 0,                        /* charger finding center eye */


    eyeTowerLeft   = 0;                          /* charger finding left eye */








/*


 * void wait(int m_second)


 *


 * Stops the process during m_second miliseconds (gives control to the next


 * process).


 */


void wait(int m_second) {


  long stopTime;





  stopTime = mseconds() + (long)m_second;


  while( stopTime > mseconds() ) defer();


}








/*


 * void freeze()


 *


 * Stops robot.


 */


void freeze() {


  SpeedRight = 0.0;


  SpeedLeft = 0.0;


}








/*


 * void forward_fullSpeed()


 *


 * Make the robot moves forward at full speed.


 */


void forward_fullSpeed() {


  SpeedRight = S5;


  SpeedLeft = S5;


}








/*


 * void forward_halfSpeed()


 *


 * Make the robot moves forward at half speed.


 */


void forward_halfSpeed() {


  SpeedRight = S3;


  SpeedLeft = S3;


}








/*


 * void forward_slowSpeed()


 *


 * Make the robot moves forward at slow speed.


 */


void forward_slowSpeed() {


  SpeedRight = S1;


  SpeedLeft = S1;


}








/*


 * void backward_slowSpeed()


 *


 * Make the robot moves backward at slow speed.


 */


void backward_slowSpeed() {


  SpeedRight = -S1;


  SpeedLeft = -S1;


}








/*


 * void turn_left()


 *


 * Make the robot turns left.


 */


void turn_left() {


  SpeedLeft = S0;


  SpeedRight = S3;


}








/*


 * void turn_right()


 *


 * Make the robot turns right.


 */


void turn_right() {


  SpeedRight = S0;


  SpeedLeft = S3;


}








/*


 * void rotate_clockwise()


 *


 * Make the robot rotates clockwise.


 */


void rotate_clockwise() {


  SpeedRight = -S1;


  SpeedLeft = S1;


}








/*


 * void rotate_anticlockwise()


 *


 * Make the robot rotates anticlockwise.


 */


void rotate_anticlockwise() {


  SpeedRight = S1;


  SpeedLeft = -S1;


}








/*


 * void sensor_read()


 *


 * Takes readings from sensors.


 */


void sensor_read() {


  while (1) {


    poke(EYE_ADDRESS, EyeMask | EyeDownMask);           /* activates IR LEDs */


    wait(IR_DELAY);                                    /* let transients die */





    eyeRight  = analog(EyeRightBit);             /* wall avoidance right eye */


    eyeCenter = analog(EyeCenterBit);           /* wall avoidance center eye */


    eyeLeft   = analog(EyeLeftBit);               /* wall avoidance left eye */





    eyeDownRight = analog(EyeDownRightBit);     /* garbage finding right eye */


    eyeDownLeft = analog(EyeDownLeftBit);        /* garbage finding left eye */





    poke(EYE_ADDRESS, 0);                             /* deactivates IR LEDs */


    wait(IR_DELAY);





    ExistGarbage = digital(2);              /* checks for garbage in gripper */


    BatteryLow = digital(0);                     /* checks for batteries low */





    wait(50);


  }


}








/*


 * void motor_write()


 *


 * Make the motors turn at the defined speed.


 */


void motor_write() {


  while(1) {


    /* inverting motor rotation */


    if ( (SpeedRightOld*SpeedRight < 0.0) || (SpeedLeftOld*SpeedLeft < 0.0) ) {


      motor(MOTOR_RIGHT, 0.0);                                /* stop motors */


      motor(MOTOR_LEFT, 0.0);


    }





    /* puts new rotation on motors */


    motor(MOTOR_RIGHT, SpeedRight);          /* gives motor the actual speed */


    motor(MOTOR_LEFT, SpeedLeft);


    SpeedRightOld = SpeedRight;                 /* saves actual speed values */


    SpeedLeftOld = SpeedLeft;





    wait(100);


  }


}








/*


 * void behavior_arbitrate()


 *


 * Arbitrates the active behavior based on the actual conditions.


 */


void behavior_arbitrate() {


  int nextMove;                                                 /* next move */





  while (1) {


    if ( ExistGarbage == TRUE ) {


      if ( NextMoveDrop == FWD_FUL_SP )


        nextMove = NextMoveColl;                         /* avoiding garbage */


      else


        nextMove = NextMoveDrop;                         /* dropping garbage */


    }


    else {


      if ( (NextMoveAvoid == FWD_FUL_SP) || (NextMoveAvoid == FWD_FUL_SP) )


        nextMove = NextMoveColl;                       /* collecting garbage */


      else


        nextMove = NextMoveAvoid;                      /* avoiding obstacles */


    }





    /* check for batteries low */


    if ( (BatteryLow == TRUE) || (Recharging == TRUE) )


      if ( NextMoveAvoid == FWD_FUL_SP )


        nextMove = NextMoveCharger;                     /* go toward charger */


      else


        if ( NearCharger == TRUE )


          nextMove = NextMoveCharger;                   /* go toward charger */


        else


          nextMove = NextMoveAvoid;                    /* avoiding obstacles */





    if      ( nextMove == FREEZE     ) freeze();


    else if ( nextMove == FWD_SLW_SP ) forward_slowSpeed();


    else if ( nextMove == FWD_HLF_SP ) forward_halfSpeed();


    else if ( nextMove == FWD_FUL_SP ) forward_fullSpeed();


    else if ( nextMove == BAK_SLW_SP ) backward_slowSpeed();


    else if ( nextMove == TURN_LEFT  ) turn_left();


    else if ( nextMove == TURN_RIGHT ) turn_right();


    else if ( nextMove == ROT_CLKW   ) rotate_clockwise();


    else if ( nextMove == ROT_ACLKW  ) rotate_anticlockwise();





    wait(100);


  }


}








/*


 * void wall_avoidance()


 *


 * Behavior for avoiding walls.


 */


void wall_avoidance() {


  int timeRotation,                         /* rotation time for random turn */


      dirRotation;                     /* rotation direction for random turn */





  while (1) {


    if( (eyeRight > ThresSideDanger) ||


        (eyeLeft > ThresSideDanger)  ||


        (eyeCenter > ThresFrontDanger) ) {             /* inside danger-zone */


      NextMoveAvoid = BAK_SLW_SP; wait(300);           /* goes back a little */


      timeRotation = (int)mseconds() & 0x0FFF;              /* rotation time */


      dirRotation = (int)mseconds() & 0x0001;          /* rotation direction */


      if ( dirRotation == LEFT ) NextMoveAvoid = ROT_ACLKW;


      else NextMoveAvoid = ROT_CLKW;


      wait(timeRotation);


    }


    else


      if ( eyeCenter > ThresFrontNear ) {                /* inside near-zone */


        timeRotation = (int)mseconds() & 0x03FF;            /* rotation time */


        dirRotation = (int)mseconds() & 0x0001;        /* rotation direction */


        if ( dirRotation == LEFT ) NextMoveAvoid = ROT_ACLKW;


        else NextMoveAvoid = ROT_CLKW;


        wait(timeRotation);


      }


      else if ( (eyeLeft > ThresSideNear) && (eyeLeft > eyeRight) )


        NextMoveAvoid = ROT_CLKW;/*turn_right();*/


      else if ( eyeRight > ThresSideNear ) 


        NextMoveAvoid = ROT_ACLKW;/*turn_left();*/


    else


      if ( (eyeRight > ThresSideFar) || 


           (eyeLeft > ThresSideFar)  || 


           (eyeCenter > ThresFrontFar) )


        NextMoveAvoid = FWD_SLW_SP;                       /* inside far-zone */


      else NextMoveAvoid = FWD_FUL_SP;           /* outside visibility field */





    wait(100);


  }


}








/*


 * void collect_garbage(int side)


 *


 * Rotates the robot based on the side of the detected garbage.


 * If the gripper is empty, then it rotates for the indicated direction.


 * If the gripper is full, then it rotates for the oposite direction.


 * The rotation continues until GAROB sees no more garbage at the


 * indicated side.


 */


void collect_garbage(int side)


{


  int eyeTmp;                            /* sensor value at the garbage side */





  if ( side == RIGHT ) {


    eyeTmp = eyeDownRight;


    if ( ExistGarbage == FALSE ) NextMoveColl = ROT_CLKW;


    else NextMoveColl = ROT_ACLKW;


  }


  else {


    eyeTmp = eyeDownLeft;


    if ( ExistGarbage == FALSE ) NextMoveColl = ROT_ACLKW;


    else NextMoveColl = ROT_CLKW;


  }





  /* wait for the garbage to disappear from the corresponding sensor */


  while ( eyeTmp > ThresGarbLo ) {


    if ( side == RIGHT ) eyeTmp = eyeDownRight;


    else eyeTmp = eyeDownLeft;


  }





  NextMoveColl = FWD_FUL_SP;           /* no more garbage in front of sensor */


}





  





/*


 * void find_garbage()


 *


 * Behavior for finding garbage.


 */


void find_garbage() {


  while(1) {


    if ( (eyeDownRight > ThresGarbLo) && (eyeDownRight < ThresGarbHi))


        collect_garbage(RIGHT);                 /* garbage at the right side */


    else


      if ( (eyeDownLeft > ThresGarbLo) && (eyeDownLeft < ThresGarbHi))


          collect_garbage(LEFT);                 /* garbage at the left side */


      


    wait(100);


  }


}








/*


 * void drop_garbage()


 *


 * Behavior for dropping garbage.


 */


void drop_garbage()


{


  while(1) {


    if( (eyeRight  > ThresSideDanger ) ||


        (eyeLeft   > ThresSideDanger ) ||


        (eyeCenter > ThresFrontDanger) ) {             /* inside danger-zone */


      NextMoveDrop = FREEZE; wait(2000);


      NextMoveDrop = BAK_SLW_SP; wait(3000);


      NextMoveDrop = TURN_LEFT; wait(2000);


    }


    else if ( (eyeRight > ThresSideFar) || 


              (eyeLeft > ThresSideFar)  || 


              (eyeCenter > ThresFrontFar) )               /* inside far-zone */


      NextMoveDrop = FWD_SLW_SP;


    else


      NextMoveDrop = FWD_FUL_SP;                 /* outside visibility field */





    wait(100);


  }


}








/*


 * void find_charger()


 *


 * Checks when batteries are low, and if they are too low, searchs for the


 * charger beam and follow it. Then waits for the batteries to be charged.


 */


void find_charger() {


  int eyeMax = 0;     /* maximum signal from the charger at current position */


  int t;                                                          /* counter */





  while (1) {


    eyeTowerRight  = analog(EyeTowerRightBit);


    eyeTowerCenter = analog(EyeTowerCenterBit);


    eyeTowerLeft   = analog(EyeTowerLeftBit);





    while ( BatteryLow != TRUE ) ;       /* waits for batteries to discharge */





    NearCharger = TRUE;               /* indicates GAROB is near the charger */





    if ((eyeTowerCenter < 89) && (eyeTowerLeft < 89) && (eyeTowerRight < 89)) {


      /* searches charger beam maximum value */


      NextMoveCharger = ROT_CLKW;


      for ( t = 0; t < 700; ++t) {


        if ( eyeTowerCenter > eyeMax ) eyeMax = eyeTowerCenter;


        msleep(5L);


        eyeTowerCenter = analog(EyeTowerCenterBit);


      }





      /* points in the direction of maximum beam value */


      while ( eyeTowerCenter < (eyeMax-1) )


        eyeTowerCenter = analog(EyeTowerCenterBit);





      NextMoveCharger = FREEZE; wait(1000);


    }





    if ( digital(1) != 0 ) {


      NextMoveCharger = FREEZE; sleep(3.0);              /* charger attached */


      Recharging = TRUE;                        /* indicates recharging mode */


      while ( BatteryLow == TRUE ) ;   /* wait batteries to be fully charged */


      NextMoveCharger = BAK_SLW_SP; wait(3000);


      NextMoveCharger = ROT_CLKW; wait(2000);


      Recharging = FALSE;                             /* finished recharging */


    }


    else {


      if ( (eyeTowerLeft > eyeTowerCenter) &&


           (eyeTowerCenter > eyeTowerRight) )


        NextMoveCharger = TURN_LEFT;


      else if ( (eyeTowerRight > eyeTowerCenter) &&


                (eyeTowerCenter > eyeTowerLeft) )


        NextMoveCharger = TURN_RIGHT;


      else


        if ( (eyeTowerLeft   > 127) ||


             (eyeTowerCenter > 127) ||


             (eyeTowerRight  > 127) )


          NextMoveCharger = FWD_SLW_SP;               /* approaching charger */


        else


          NextMoveCharger = FWD_FUL_SP;    /* already pointed to the charger */


    }





    wait(100);


  }


}








/* ------------------------------------------------------------------------- */


void main()


{


  int sensor_read_pid,


      motor_write_pid,


      wall_avoidance_pid,


      find_garbage_pid,


      drop_garbage_pid,


      find_charger_pid,


      behavior_arbitrate_pid;





  sensor_read_pid = start_process(sensor_read());


  motor_write_pid = start_process(motor_write());


  wall_avoidance_pid = start_process(wall_avoidance());


  find_garbage_pid = start_process(find_garbage());


  drop_garbage_pid = start_process(drop_garbage());


  find_charger_pid = start_process(find_charger());


  behavior_arbitra
