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// Import the ability to use cmu camera library
#use "cmucamlib.ic"

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

* Structures

// A position in the arena
struct coordinate {

float x;

float y;

’

//A segment of a planned path
struct path {

float distance;

int direction;

’

// A destination's information
struct destInfo {
struct coordinate position;
int confidence;
int visitedFlag;

’

// A target's information
struct targetInfo {
struct coordinate position;
int confidence;
int closestDestIDX;
int retrievedFlag;

}s

// Information used for sorting destinations
struct destDistance {

int destldx;

float distance;

’

//Information used for sorting targets
struct targetDistance {

int targetldx;

float distance;

* oK X K X ¥ ¥ ¥
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59 * Constants
(L D S Sy ————
61

62 // Boolean

63 1int TRUE = 1;

64 1int FALSE = @;

65

66 // Relative directions

67 int LEFT = 1;

68 int RIGHT = 2;

69

70 //servo constants

71 int SERVO_CENTER = 2675;

72 int SERVO_LEFT = 1200;

73 int SERVO_RIGHT = 4060;

74 int TICKS_PER_DEGREE = 16;

)

76 //heading constants

7?7 1int NONE = -1;

78 1int NORTH = @;

79 1int EAST = 1;

80 1int SOUTH = 2;

81 int WEST = 3;

82

83 // X or ¥ value empty value

84 float EMPTY = -1.0;

85

86 // The maximum distance

87 float MAX_DISTANCE = 1000.0;

88

89 //Path setting states

98 int FIND_DESTINATION_PATH = @;

91 1int FIND_TARGET_PATH = 1;
92

93 // States of the robot

94 int STATE_IDLE = @;

95 int STATE_FIND_DESTINATION
96 int STATE_RETRIEVE_TARGETS =
97 1int STATE_RECALIBRATE_POSITION = 3;

98 int STATE_RECALIBRATE_HEADING = 4;

99 int STATE_PURSUE = 5;
100
101 // Retrieval sub-states
182 int SUB_STATE_IDLE = @;
183 int SUB_STATE_L OCATE_TARGET = 1;
184 int SUB_STATE_TRAVEL_TO_TARGET = 2;
185 int SUB_STATE_RETURN_TARGET = 3;
106
107
188 // Position with respect to destinations
189 int POSITION_OUTSIDE = @;
110 int POSITION_INSIDE = 1;
111
112
113 // Motor control states
114 int MOTOR_CONTROL_IDLE = ©
115 int MOTOR_CONTROL_TURNING
116 int MOTOR_CONTROL_DRIVING

1;
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long MOTOR_ON_SLEEP = 100L;
long MOTOR_OFF_SLEEP = 60L;

// Sensor IDs

int IR_LEFT_ID = 2;

int IR_RIGHT ID = 3;

int ENCODER_LEFT_ID = @;
int ENCODER_RIGHT_ID = 1;
int LEFT_TOUCH_SENSOR = 11;
int RIGHT_TOUCH_SENSOR = 15

“-e

// Motor IDs
int MOTOR_LEFT_ID = @;
int MOTOR_RIGHT_ID = 2;

//MOTOR variables

int ENCODER_TOLERANCE
float EVENTS_PER_FOOT
int EVENT_TOLERANCE =

116.0;

(o 0 [l ||
“we

// Motor power settings

int MOTOR_PWR_STD = 50;

int MOTOR_LEFT_TURN_PWR = 67;
int MOTOR_RIGHT_TURN_PWR = 67;
int MOTOR_REVERSE = -1;

int MOTOR_PWR_CHANGE = 2;

int TURN_9@_TICKS = 60;

// Confidence values
int CONFIDENCE_UNKNOWN = 0;
int CONFIDENCE_HOUGEN
int CONFIDENCE_SENSED

Inn
N -
“we we

// Ir Threshold Value
int threshold = 175; /* value of top hat near white edge of tape */

int Rhat = analog(IR_RIGHT_ID);

int Lhat = analog(IR_LEFT_ID);

JE mm e m e e e e *
* Global variables
SR * /

// There are 0-4 destinations

// Add an additional 4 in case all are incorrect
int destinationCount = 8;

struct destInfo destinations[8];

// There are B-16 targets

// Wrong targets will be caught in cleanup mode
int targetCount = 16;

struct targetInfo targets[16];

//This array of paths can hold up to 10 steps, @ to begin with

int planSize = 0;
struct path pathPlan[10];
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1?5 //Global Arrays used to sort distances

176 int indices8[8];

177 int indices16[16];

178

179 // Our last known position

180 struct coordinate lastKnownPosition = { -1.0, -1.0 };
181

182 // Our current heading

183 int currentHeading = NORTH;

184

185 // The time of travel since the last known position
186 1long travelTime = 0@L;

187

188 // The current destination of interest

189 int destOfInterestIdx = -1;

190

191 // The current target of interest

192 int targetOfInterestlIdx = -1;

193

194 // The robot's current state

195 int currentState = STATE_IDLE;

196

197 // The robot's current retrieval sub-state

198 int currentRetrievalSubState = SUB_STATE_LOCATE_TARGET;
199

200 // The state of the robot's motor control

2801 int currentMotorControlState = MOTOR_CONTROL_IDLE;
202

203 // Motor power levels

204 int leftPower = 50;

285 int rightPower = 67;

206

207

208 // The position of the IR sensors

209 int irLeftPosition = POSITION_OUTSIDE;

2190 int irRightPosition POSITION_OUTSIDE;

211 int irLastLeftValue 0;

212 int irLastRightValue = @;

213

214 // The encoder values

215 int encoderlLastlLeftValue = @;

216 int encoderLastRightValue = 0;

217

218 // Dr. Hougen's input

219 float initialDatal42] = { 3.@, 5.9, 6.0, 18.8, 7.0, 6.0,

220 2.9, 8.0, 3.0, 1.0, 6.0, 3.0,

221 ?’.9, 3.0, 1.5, 6.5, 5.0, 3.0,

222 2.9, 3.0, -1.0, -1.0, -1.0, -1.0,

223 -1.¢, -1.06, -1.0, -1.0, -1.0, -1.0,

224 -1.0, -1.0, 4.0, 6.0, 7.0, 2.0,

225 ¢’.9, 8.6, -1.9, -1.0, 1.0, 2.0 };

226

227

228

v I e L E LT EE L
230 * Functions

231 K mm e e e mmmm------- -
232
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/*

* Main
*/
void main()

// Prompt the user to start us up
printf("\nReady...");
start_press();

// Initialize the robot
initialize();
//To begin, we need to find the closest destination

currentState = STATE_FIND_DESTINATION;

// Main execution loop
while( !stop_button() )

// Find a destination
if( currentState == STATE_FIND_DESTINATION )

printf("\nFinding destination");
msleep(1000L);
findDestination();

// Retrieve targets
if( currentState == STATE_RETRIEVE_TARGETS )

{
printf("\nRetrieving Targets for Dest %d", destOfInterestIdx);
msleep(1000L);
retrieveTargetsForCurrentDestinatior();
//After a target has just been retrieved, we need another one
}
/*

// Pursue the other robot
if( currentState == STATE_PURSUE )

printf("\nDone!!1");

*/

/*

¥ Thitialize the robot
*/

void initialize()

{

// Initialize the CMU cam and set the lighting
//init_camera();
//clamp_camera_yuv();
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//Initialize servo
init_expbd_servos(1);

//disable, then enable both encoders
disable_encoder(ENCODER_LEFT_ID);
disable_encoder(ENCODER_RIGHT_ID);
enhable_encoder(ENCODER_LEFT_ID);
enhable_encoder(ENCODER_RIGHT_ID);

// Populate the world model
populatelM();

/*
* Populate the world model from the initial data
*/

void populatelWM()

int i = 9

// The first 32 pieces of data are target info
fo?( i=0; i <16; i++ )

targets[i] .position.x 1;
targets[i] .position.y = initialDatal 2 * i + 1];
targets[i] .confidence = CONFIDENCE_HOUGEN;
targets[i] .closestDestIDX = -1;
targets[i] .retrievedFlag = FALSE;

initialDatal 2 * i

// The next 8 pieces of data are destination info

fo?( i=0; i <4; i++ )
destinations[i] .position.x = initialDatal 2 * i + 32];
destinations[i] .position.y = initialDatal 2 * i + 33];
destinations[i] .confidence = CONFIDENCE_HOUGEN;
destinations[i] .visitedFlag = FALSE;

}

// Initialize the rest of the destinations with empty values

fo?( i=4; 1 <8; i++ )
destinations[i] .position.x
destinations[i] .position.y = EMPTY;
destinations[i] .confidence = CONFIDENCE_UNKNOWN;
destinations[i] .visitedFlag = FALSE;

EMPTY;

// The last 2 pieces of data are our initial position
lastKnownPosition. x initialDatal40] ;
lastKnownPosition.y = initialDatal[41];

//we now attempt to set the closest destination index for each variable
for (i =0@; i < 163 i++ )

if (targets[i].position.x != EMPTY)

targets[i] .closestDestIDX = findC1osestDestinqtionIdxForTargetIdy(i);
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349 }

350 }

351

352 //initialize all of the pathPlan's 10 elements to be empty

353 for (i =@; i < 9; i++)

354

355 pathPlan[i] .direction = NONE;

356 pathPlan[i] .distance = EMPTY;

357

358 printf("\nlorld Populated");

359 msleep(1000L);

360 }

361

362

363 /*

364 ¥ Find the closest unvisited destination and move towards it

365 */

366 void findDestination()

367 {

368 // Get the closest unvisited destination index

369 int closestIdx = getClosestUnvisitedDestinationIdx();

370

371 //if the index is -1, there are no unvisited destinations

372 if (closestIdx == -1)

373

374 printf("\nNo More Dest");

375 msleep(1000L);

376 //T0D0: change to cleanup

377 currentState = STATE_PURSUE;

378 }

379 else

380 {

381 printf("\nDest found: %d", closestIdx);

382 msleep(1000L);

383 //if the index is not -1, we have a destination to visit

384 destOfInterestldx = closestldx;

385 // Plot a course

386 setPath(destinations[dest0fInterestIdx] .position.x, destinations|
destOfInterestIdx].position.y, FIND_DESTINATION_PATH);

387 //Run the course

388 executePath();

389 //Move on to retrieving targets

390 currentState = STATE_RETRIEVE_TARGETS;

391 }

392 }

393

394

395 /*

396 * Retrieve the targets for the current destination of interest
397 */
398 void retrieveTqrgetsForCurrentDestinqtior()

399 {

400 // Determine what current target of interest is. If we don't have one,
401 // either find one, or move on to the next state.

402

403 int targetIDX = -1;

404 float newBearing = 0.0;

405 int verified = FALSE;
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// Do we need to locate a target?

if(

}

currentRetrievalSubState == SUB_STATE_LOCATE_TARGET )

targetIDX = getClosestUnretrievedTargetIdx();
//T0D0: modify what happens if there is no target
if (targetIDX !'= -1)

hewBearing = getBearingToCoordinate
(targets|[targetIDX] .position.x, targets[targetIDX].position.y);
turnCamera(hewBearing) ;

//T0D0: verify cube presence with camera
verified = TRUE;//verifyCube();

if (verified)

setPath(targets|[targetIDX] .position.x,
targets|[targetIDX] .position.y, FIND_TARGET_PATH);

//move onto traveling towards cube
currentRetrievalSubState = SUB_STATE_TRAVEL_TO_TARGET;

}

else

{

currentRetrievalSubState = SUB_STATE_LOCATE_TARGET;
targets|targetIDX] .retrievedFlag = TRUE;

else

printf("\nNo more targets");

msleep(1000L);
destinations[destOfInterestIdx].visitedFlag = TRUE;
currentState = STATE_FIND_DESTINATION;

currentRetrievalSubState = SUB_STATE_LOCATE_TARGET;

// Do we need to travel to a target?

if(

{

currentRetrievalSubState == SUB_STATE_TRAVEL_TO_TARGET )

executePath();

beep();

printf("\nTarget &d retrieved!!!", targetIDX);
msleep(1000L);

align();

targets|targetIDX] .retrievedFlag = TRUE;
currentRetrievalSubState = SUB_STATE_LOCATE_TARGET;

// If the target bump sensor is on, we have the target

// and we need to return it
//setPath(destinations[destOfInterestIdx].position.x,
destinations[destOfInterestIdx].position.x, FIND_DESTINATION_PATH);
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//currentRetrievalSubState = SUB_STATE_RETURN_TARGET;

//Set the path the robot should follow
void setPath(float x, float y, int pathType)

{

int xDirection;
int yDirection;
int tempHeading

currentHeading;

float xDistance
float yDistance

= X - lastKnownPosition.x;
= y - lastkKnownPosition.y;
//if the desired position has the same x or y, we do not plan a step
if (xDistance == 0.0)
xDirection = NONE;
if (yDistance == 0.0)
yDirection = NONE;

//relative directions
if (xDistance < 0.0)

{

xDirection = WEST;
xDistance *= -1.0;

if (xDistance > 0.0)
xDirection = EAST;
if (yDistance < 0.0)

yDirection = NORTH;
yDistance *= -1.0;

if (yDistance > 0.0)
yDirection = SOUTH;

//if the robot is not facing towards the cube, we insert a step to turn
it
if (tempHeading !'= xDirection && tempHeading !'= yDirection)

if (tempHeading == xDirection + 1 || tempHeading == xDirection - 1)

insertPlanElement(xDirection, 0.0);
tempHeading = xDirection;

else

{

insertPlanElement(yDirection, 0.0);
tempHeading = yDirection;
}
}
//we begin with the step in the direction the robot is now facing
if (tempHeading == xDirection)

insertPlanElement(xDirection, xDistance);

insertPlanElement(yDirection, yDistance);
if (pathType == FIND_TARGET_PATH)
{
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insertPlanElement((xDirection + 2) % 4, xDistance);
insertPlanElement((yDirection + 2) ® 4, yDistance);

}
if (tempHeading == yDirection)

insertPlanElement(yDirection, yDistance);
insertPlanElement(xDirection, xDistance);
if (pathType == FIND_TARGET PATH)

{

insertPlanElement((yDirection + 2) ® 4, yDistance);
insertPlanElement((xDirection + 2) % 4, xDistance);

}

//our work here is done

}

//insert a path segment to be executed
void insertPlanElement(int pathDirection, float pqthDistqnce)

pathPlan[planSize] .direction = pathDirection;
pathPlan[planSize] .distance = pathDistance;
planSize++;

//motor command: execute the path
void executePath()

while(planSize > @)

//turn the direction
turnDirection(pathPlan[@] .direction);
//go the distance
travelDistance(pathPlan[@] .distance);
//remove the step when it has been done
removePathElement();

//deletes the first item in the plan array
void removePathElement()

{

int i
for(i = @; i < 8; i++)

pathPlan[i] .direction = pathPlan[i+1].direction;
pathPlan[i] .distance = pathPlan[i+1] .distance;

}
planSize--;
//initialize the last step to empty

pathPlan[9] .direction = NONE;
pathPlan[9] .distance = EMPTY;
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//Turns the robot so that it is facing the desired direction
void turnDirection(int pathHeading)

{

}

int dirDiff = pathHeading - currentHeading;

//uses the directions as numbers

if (dirDiff == -3 || dirDiff == 1)
turn(RIGHT);

if (dirDiff == -2 || dirDiff == 2)
turn(RIGHT);
turn(RIGHT);

if (dirDiff == -1 || dirDiff == 3)

\ turn(LEFT);

//move forward, the desired distance
void travelDistance(float feet)

{

//
//

int eventCount = (int) ( EVENTS_PER_FOOT * feet );
int leftEncoder = 0;
int rightEncoder = 0;

printf("\nTraveling ®f feet", feet);
msleep(1000L);

reset_encoder( ENCODER_LEFT_ID );
reset_encoder( ENCODER_RIGHT_ID );
while( leftEncoder < eventCount - EVENT_TOLERANCE )

leftEncoder = read_encoder( ENCODER_LEFT_ID );
rightEncoder = read_encoder( ENCODER_RIGHT_ID );

if( leftEncoder - rightEncoder > ENCODER_TOLERANCE )

leftPower -= MOTOR_PWR_CHANGE;
rightPower += MOTOR_PWR_CHANGE;

else
{

if( rightEnhcoder - leftEncoder > ENCODER_TOLERANCE )

leftPower += MOTOR_PWR_CHANGE;
rightPower -= MOTOR_PWR_CHANGE;

}

motor( MOTOR_LEFT_ID, leftPower );
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motor( MOTOR_RIGHT_ID, rightPower );
msleep( 100L );

mo tor( MOTOR_LEFT_ID, -30 );
mo tor( MOTOR_RIGHT_ID, -3@ );
msleep( 100L );

ao();

if (currentHeading == @)
lastKnownPosition.y -= feet;

if (currentHeading == 1)
lastKnownPosition.x += feet;

if (currentHeading == 2)
lastKnownPosition.y += feet;

if (currentHeading == 3)
lastKnownPosition.x -= feet;

//make sure the cube exists
int verifyCube()

/*

/*
¥ Turn the robot the specified number of degrees

*
*/

if (track_orange() > 100 && track_x >= -5 && track_x <= 5)
return TRUE;

else
return FALSE;

degreesToTurn - The # of degrees to turn

void turn( int turnType )

{

int startEncoder = read_encoder(ENCODER_LEFT_ID);
int leftMotorPower = MOTOR_LEFT_TURN_PWR * -1;
int rightMotorPower = MOTOR_RIGHT_TURN_PWR;

if (turnType == RIGHT)

leftMotorPower *= -1;
rightMotorPower *= -1;

}

while( read_encoder(ENCODER_LEFT_ID) - startEncoder < TURN_9@_TICKS )

printf("\nLE: %d", read_encoder(ENCODER_LEFT_ID));
pulseMotor(leftMotorPower, rightMotorPower);
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693

694

695 //modify the new heading based on right or left turn
696 if (turnType == RIGHT)

697 currentHeading = (currentHeading + 1) 8§ 4;

698 else

699 currentHeading = (currentHeading + 3) 8§ 4;

700 }

701

702 void pulseMotor(int motorLeftPwr, int motorRightPwr)
703 {

704

705 int j;

706 for(j=1; j<=8; j++)

707 {

708 sleep(@.1);

709 motor(MOTOR_LEFT_ID, (int)(motorLeftPwr*j)/8);
710 motor(MOTOR_RIGHT_ID, (int)(motorRightPuwr*j)/8);
711

712

713 msleep( MOTOR_ON_SLEEP );

714

715 motor(MOTOR_LEFT_ID, @);

716 motor(MOTOR_RIGHT_ID, @);

717

718 msleep( MOTOR_OFF_SLEEP );

719

720 }

721

722

723 //turnCamera
724 void turnCamera(float newBearing)

725 {

726 /*

27 int position = 0;

728 float TICKS_PER_DEGREE = 4000.0 / 180.0;

729

730 //Orient the robot to the North

731 turnDirection(NORTH) ;

732

733 //If the bearing is between 98 and 270, we cannot turn the camera to see the
object

734 if (hewBearing >= 90.0 && newBearing <= 180.0)

735

736 printf("\nTurning Right...");

737 msleep(1000L);

738 turn(RIGHT);

739 hewBearing -= 90.0;

740

741 else

742

743 if (hewBearing > 180.0 && newBearing <= 270.0)

744

745 printf("\nTurning Left...");

746 msleep(1000L);

47 turn(LEFT);

748 hewBearing -= 270.0;

749 }
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//At this point, the newBearing should be between -90 and 90,
//which is easy to accomplish on the servo
position = SERVO_CENTER + (int) (newBearing * TICKS_PER_DEGREE);
if (position > SERVO_RIGHT)

position = SERVO_RIGHT;
servod = position;

Y e *
¥ Utility functions
i */

/*

* Method to calculate the closest destination for a target
* idx - The index of the target

* Return - The index of the closest destination

*/

ht findClosestDestinationIdxForTargetId»( int idx )

return getClosestDestinationIndexToPositior( targets[idx].position.x,
targets[idx] .position.y);

/*

*¥ Method to add a newly found destination
* X - The x value of the coordinate

* y - The y value of the coordinate
*/

void addFoundDestination( float x, float y )

{

// Find the index to use
int index = findFirstEmptyDestinationSlotIdx();
int i = 0;

destinations[index] .position.x = x
destinations[index] .position.y
destinations|[index] .confidence

5
ys
CONFIDENCE_SENSED;

//we now attempt to set the closest destination index for each variable
for (i =0@; i < 163 i++ )

if (targets[i].position.x != -1.0)
targets[i] .closestDestIDX = findC1osestDestinqtionIdxForTargetIdy(i);

/*

*¥ Method to add a newly found target
* X - The x value of the coordinate

* y - The y value of the coordinate
*/

void addFoundTarget( float x, float y )
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808 // Find the index to use

809 int index = findFirstEmptyTargetSlotIdx();

810

811 targets[index] .position.x = x;

812 targets[index] .position.y = y;

813 targets|[index] .confidence = CONFIDENCE_SENSED;
814 targets|[index] .closestDestIDX = findC1osestDestinqtionIdxForTargetIdy(index);
815 }

816

817

818 /*

819 ¥ Clears the indicated destination. This is done when a destination is not found
820 * (within the error) of the specified location.
821 ¥ index - The index of the destination to clear

822 */

823 void clearDestinationAtIdx( int index )

824 {

825 destinations|[index] .position.x = EMPTY;
826 destinations|[index] .position.y = EMPTY;
827 destinations|[index] .confidence = CONFIDENCE_UNKNOWN;
828 destinations|[index] .visitedFlag = FALSE;
829 }

830

831

832 /*

833 ¥ Clears the indicated target. This is done when a target is not found
834 * (within the error) of the specified location.
835 ¥ index - The index of the target to clear

836 */

837 void clearTargetAtIdx( int index )

838 {

839 targets[index] .position.x = EMPTY;
840 targets|[index] .position.y = EMPTY;
841 targets[index] .confidence = CONFIDENCE_UNKNOWN;
842 targets|[index] .closestDestIDX = -1;
843 targets|[index] .retrievedFlag = FALSE;
844 }

845

846

847 /*

848 * Get the index of the closest target to a destination
849 * Return - The index

850 */

851 int getClosestUnretrievedTargetIdx()

852 {

853 int i;

854 int closestIdx = -1;

855 int currTarget = -1;

856

857 //Get the closest indices

858 getTargetIndicesSortedByDistance( lastKnownPosition.x,
859 lastKnownPosition.y);
860

861 // Determine which is the closest unretrieved one

862 for( i = @; i < targetCount; i++ )

863 {

864 currTarget = indices16[i];

865 if( targets[currTarget] .retrievedFlag == FALSE
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866 && targets[currTarget].position.x > 0.0
867 && targets[currTarget].position.y > 0.0
868 && targets[currTarget].closestDestIDX =
869 {

870 closestIdx = currTarget;

871 break;

872 }

873 }

874

875 return closestIdx;

876

877 }

878

879

880 /*

881 ¥ Get the index of the closest destination to the last known position
882 * Return - The index

883 */

884 int getClosestDestinationIdx()

885 {

886 return getClosestDestinationIndexToPositior( lastKnownPosition. x,
887 lastKnownPosition.y);
888 }

889

890

891 /*

892 * Get the index of the closest destination that hasn't been visited.
8393 * Return - The index

894 */

895 int getClosestUnvisitedDestinationIdx()

896 {

897 int i;

898 int closestIdx = -1;

899 int currDest = -1;

900

901 // Get the closest indices

902 getDestinationIndicesSortedByDistance( lastKnownPosition.x,

993 lastKnownPosition.y );

904

Q@5 // Determine which is the closest unvisited one

9096 for( i = B; i < destinationCount; i++ )

907 {

Q@8 currDest = indices8[il];

Q@9 if( destinations[currDest].visitedFlag == FALSE

910 && destinations[currDest].position.x > 0.0

911 && destinations[currDest].position.y > 0.0)

912 {

913 closestIdx = currDest;

914 break;

915 }

916 }

917

ai18 return closestIdx;

919 }

920

921

922 /*

923 ¥ Get a list of the destination indices sorted by distance from the

= destOfInterestIdx)
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924
9235
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
9435
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
973
976

977
978
979
980

{

int getClosestDestinationIndexToPositior( float x, float y )

{

~_~<

*
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last known position.

*/
void getClosestDestinationIndices()

getDestinationIndicesSortedByDistance( lastKnownPosition.x,
lastKnownPosition.y );

/*

*¥ Get the index of the closest destination to a specific position

* X - The x value of the position
* y - The y value of the position
¥ Return - The index

*/

/*
¥ Get a list of target indices sorted by distance from the
* specified coordinate.
¥ x - The x value of the coordinate
¥ y - The y value of the coordinate
¥ indices - The list to put the indices into
*/
oid getTargetIndicesSortedByDistance( float x, float y )

getDestinationIndicesSortedByDistance( x, y );

return indices8[0];

struct targetDistance distances[16];
int i, j, templdx, sortedFlag;
float tempDistance;

// Get the distances to each of the destinations
for( i = @; i < targetCount; i++ )

// Make sure it isn't empty

if( (targets[i].position.x < 0.0) && (targets[il

// It is empty, give it the max distance
distances|[i].targetIdx = 1ij;
distances|[i] .distance = MAX_DISTANCE;

else
// Compute the distance

distances|[i].targetIdx = 1ij;
distances|[i] .distance = getDistance( x, y,

.position.y < 8.8) )

targets[i] .position.x,
targets[i] .position.y );

}

// Sort the list
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981
982
983
984
985
986
a87
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
19019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033

1034
1035
1036
1037
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// Just do a simple bubble sort
for( i = @; (i < targetCount) && !sortedFlag; i++ )

// Default to the list being sorted
sortedFlag = TRUE;
for( j = 8; j < targetCount - i - 1; j++ )

// Is the current distance greater than the next?
if( distances[j].distance > distances[j + 1].distance )
{
// Save the current distance
tempIdx = distances|j].targetIdx;
tempDistance = distances|[j].distance;

// Move the next distance
distances|[j].targetIdx = distances[j + 1].targetIdx;
distances|[j] .distance = distances[j + 1].distance;

// Move the current distance
distances[j + 1].targetIdx = tempIdx;
distances[j + 1].distance = tempDistance;

sortedFlag = FALSE;

}

//Put the indices into the array
for( i = @; i < targetCount; i++ )

{
}

indices16[i] = distances|[i].targetIdx;

/*
Get a list of destination indices sorted by distance from the
specified coordinate.

X - The x value of the coordinate

y - The y value of the coordinate

indices - The list to put the indices into

o I I
~

void getDestinationIndicesSortedByDistance( float x, float y )
{
struct destDistance distances[8];
int i, j, templdx;
float tempDistance;
int sortedFlag = FALSE;

// Get the distances to each of the destinations
for( i = B; i < destinationCount; i++ )

// Make sure it isn't empty
if( (destinations[i].position.x < 8.0) && (destinations[i].position.y <
0.9) )

// It is empty, give it the max distance

distances[i] .destIdx = i;
distances|[i] .distance = MAX_DISTANCE;
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1038
1039
1040
1041
1042
1043
1044

1045
1046
1047
1048
1049
1050
1051
1052
1033
1054
1055
1056
1957
1038
1039
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1977
1078
1979
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094

/*
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destinations[i] .position.x,
destinations[i] .position.y );

}
else

// Compute the distance

distances[i] .destIdx = i;

distances|[i] .distance = getDistance( x, y,
}

}

// Sort the list
// Just do a simple bubble sort

for( i = B; (i < destinationCount) && !sortedFlag; i++ )

// Default to the list being sorted

sortedFlag = TRUE;

for( j = B; j < destinationCount -

i- 13 j++ )

// Is the current distance greater than the next?

if( distances[j].distance > dis

{

tances[j + 1].distance )

// Save the current distance
tempIdx = distances|j].destIdx;

tempDistance = distances|j]

// Move the next distance

.distance;

distances|[j] .destIdx = distances[j + 1].destIdx;

distances|j] .distance = dis

tances[j + 1].distance;

// Move the current distance

distances[j + 1] .destIdx =
distances[j + 1].distance =
sortedFlag = FALSE;

}
for( i = B; i < destinationCount; i++ )

indices8[i] = distances[i].destIdx;

tempIdx;
tempDistance;

¥ Find the first empty target slot in the array
* Return - The index of the first empty target slot

*/

int findFirstEmptyTargetSlotIdx()

{

int index = -1;
int i;

// Loop through the array
for( i = @; i < targetCount; i++ )

// Test the slot
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1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120

1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151

*
*
*/

int

{

* K X ¥ ¥ ¥

*/
flo

{

/*

* ¥ ¥ *

*/
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if( (targets[i] .position.x < 0.0) && (targets[i].position.y < 0.0) )

// Bingo!
index = 1ij
break;
}
}
return index;
}
/*

Find the first empty destination slot in the array
Return - The index of the first empty destination slot

findFirstEmptyDestinationSlotIdx()
int index = -1;
int i;

// Loop through the array
for( i = B; i < destinationCount; i++ )

{
// Test the slot
if( (destinations[i] .position.x < 8.8) && (destinations[i].position.y < 0.0)
)
{
// Bingo!
index = 1ij
break;
}

return index;

Calculate the distance from one set of coordinates to the other
x1l - X value of first coordinate

yl - Y value of first coordinate

x2 - X value of second coordinate

y2 - Y value of second coordinate

Return - The distance

at getDistance( float x1, float yl, float x2, float y2)

return sqrt( (x1 - x2)*(x1 - x2) + (yl - y2)*(yl - y2) J;

Get a bearing from the last calculated position and heading to
the specified coordinate.

X - The x value of the coordinate

y - The y value of the coordinate
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1152 float getBearingToCoordinate( float x, float y )

1153 {

1154 //North is @ degree bearing

1155

1156 float bearing = 0.0;

1157

1158 if ((x - lastKnownPosition.x)==0.0)

1159

1160 if ((y - lastKnownPosition.y) > @.0)

1161 return 180.0;

1162 if ((y - lastKnownPosition.y) < @.0)

1163 return 0.0;

1164 }

1165

1166 bearing = atan((y - lastKnownPosition.y)/(x - lastKnownPosition.x));
1167 if ((x - lastKnownPosition.x) < 0.0)

1168

1169 bearing += 180.0;

1170 }

1171

1172 return bearing;

1173 }

1174

11?5 // The Align, right_ir, and left_ir functions were taken from Group 3's code for
1176 // Project 1.

1177

1178 void align() /* The robot must be staged on the edge of a box to ensure
1179 perpendicluar allignment to drive to the next box.*/
11890 {

1181 int 1,r,bump;

1182 1=0;

1183 r=0;

1184 bump=0;

1185

1186 while (Rhat < threshold || Lhat < threshold)

1187 pulseMotor(20, 20);

1188

1189

1190 /* the robot reads the left and right top hat sensor values and will try
1191 to stop the robot where they are both reading very similar values. */
1192

1193 while(bump<1000)

1194

1195 if(l==1 && r==1)

1196 {

1197 ao();

1198 reset_encoder( ENCODER_LEFT_ID );
1199 reset_encoder( ENCODER_RIGHT_ID );
1200 break;

1201

1202 l=left_ir();

1203 r=right_ir();

1204 bump=bump+1; /* an counter was added to avoid being stuck in an
1205 infinite loop */

1206 }

1207

1208 }

1209
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1210 int right_ir() /* function for the right top hat sensor used in the stage

1211 function to control the right side of the robot and align
1212 the right sensor */
1213

1214 if(Rhat > threshold)

1215 return(l);

1216 else if(Rhat < threshold)
1217 {

1218 pulseMotor(9,20);
1219 return(@);

1220

1221

1222 }

1223

1224 int left_ir() /* same function as above except for the left side */
1225

1226 if(Lhat > threshold)

1227 return(l);

1228 else if(Lhat < threshold)
1229 {

1230 pulseMotor(20,0);
1231 return(@);

1232

1233 }

1234
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