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Abstract

Pinky is a "Micro Mouse" robot that travels through a maze, maps its course, and finds the shortest path possible to the destination.  Autonomous behaviors such as wall collision avoidance, wall gap detection, high precision steering control, and maze-solving algorithm must be implemented, to achieve the objectives of a Micro Mouse robot.

Executive Summary


Pinky's chassis consists of the base portion of the TJ chassis and Knex toy components.  Its only processor is the MTJPRO11 microcontroller board, designed by Mekatonix, Inc.  The MTJPRO11 board contains the Motorola 68HC11 microprocessor and 32K of SRAM, as well as eight analog input ports, four digital output ports, three digital input ports, and one digital input/output port.  It also provides access to the SPI communication system of the HC11 processor through its Port D pins.  Two Hitec HS-422 servos were used for movement.  Pinky is powered with six NiCad rechargeable batteries connected in series.


Wall collision and robot steering control are accomplished by four photo-microsensors mounted on the two wings extended from Pinky's chassis.  Wall gap detection and turning adjustments are done using three IR sensors mounted on the front, left, and right sections of the robot.  The cell counting behavior, which the maze-solving algorithm requires, is done by the two CdS cells mounted at the bottom of the chassis.  One microswitch is used as a general purpose push button to start off each of the three phases of the robot's maze-solving behavior.


Pinky's program implements four major behaviors: 

1). Keep the robot moving forward straight down the center of the maze 'corridor' without running into the walls (this is not as easy as it sounds!).  

2). Perform near 90 degree turns, left and right, when a wall gap or an intersection is detected, and a decision to turn is made.  The turn must be executed so that the robot is lined up to move off in the desired new direction without running into walls.

3). Perform near 180 degree turns, when a dead-end is detected, and when the center of the maze is reached.  An alternative is to reverse the motors, but I found the former performing better.

4). Solve the maze.  The algorithm I used is an off-shoot of the Bellman algorithm.  Simply put, the program marks each cell of the maze as an element in an array, and update the values of the array element with the distance of that cell to the starting cell of the maze, as the robot is traveling through the maze.  Any path from the starting cell to the center of the maze can be remembered by tracing through the array elements' values in either ascending or descending order.  If enough time is spent on the maze mapping, a best possible solution can be found eventually.

Introduction


The idea of Pinky comes from the so-called "Micro Mouse" contests, where small robots race to find the center of a maze.  These contests are sponsored across the world and attract large number of contestants, due to the high level of challenge involved in building a successful and competitive Micro Mouse.  A Micro Mouse is a clever little gadget with a silicon brain that finds its way through an arbitrary maze.  It competes against other members of its species, racing as fast as it can.  In a Micro Mouse contest the contestants design and build a small, self-contained, autonomous robot to negotiate and solve an unknown maze in the shortest time.  Pinky was designed and built with the purpose of one day competing in a Micro Mouse contest.

Integrated System


Pinky is designed as a Micro Mouse robot, therefore the main task is in program and sensor development, rather than hardware esthetics.  The control center of Pinky is the MTJPRO11 micro-controller, which contains a Motorola 68HC11 microprocessor and 32K of SRAM, plus various input/output ports.  Four types and a total of ten sensors were used on Pinky.  Three IRs mounted on the front, left, and right sections of the chassis are connected to analog ports PE1, PE2, and PE3.  They are used to collect wall information inside the maze, and aid the robot's turning behaviors.  Two CdS cells are connected to analog ports PE4 and PE7, and they are used mainly for cell counting.  One bumper switch is connected to PE0, and used only as a general-purpose push button.  Four photo-micro-sensors are used for wall tracking and therefore keeping the mouse in the center of the maze corridors.  Three of them are connected to digital input ports PD0, PD1, and PD2.  The last one is connected to analog port PE6.  Due to CdS cell's strong sensitivity to light interference, they are mounted in a well-shielded position under the chassis, and a green visible light LED is used to provide the light source.  The LED's power and ground are connected to the power and ground pins of PA4.  Another green visible light LED is mounted on top of the platform and used as an indicator of certain accomplished actions.  Its power and ground are driven by PA6.


These sensors are used to feed information into the maze-solving algorithm.  The IR sensors provide the wall information such as wall gap and dead-end, and help Pinky making 90 and 180 degree turns.  The CdS cells keep track of the robot's position in the maze.  And the reflective switches (photo-micro-sensors) keep the mouse running straight.

The algorithm I used to very similar to the Bellman algorithm, which is basically a flooding method that updates maze information in the robot's brain as its moving along in the maze.  A generalized flowchart of the algorithm is shown below in Figure 1.  A detailed program flowchart would difficult to present in the paper since it more than two pages long.
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Figure 1- Block Diagram for the Bellman Flooding Algorithm

Mobile Platform

Pinky's platform only has a few basic requirements.  The most important one is the platform's size constraints.  The maze corridors are only 180mm wide, and there must be at least 30mm left on each side for the robot to have enough time to react and adjust itself when it strays from the center of the corridor.  The base portion of the TJ platform is adequate, after a few modifications.  First, the servos are mounted from the inside of the enclosing bracket of the TJ platform, and saving approximately 1cm on each side.  Second, the standard TJ wheels are discarded and replaced by two model airplane wheels I found at a local hobby shop.  The new wheels have longer diameters and are much thinner comparing to the TJ wheels.  This replacement saves another half centimeter on each side.  The wheels are then trimmed and cut to save an extra half a centimeter each.  A good portion of the front and back sections of the TJ base was also cut and trimmed to give a total base length of around 13cm.  Since the walls are 9cm high, there is no restriction on the size of the platform above that height.  Therefore all circuitry are built on the top platform.  Two wings are extended from the main body to cover over the adjacent maze walls.  Each wing has two reflective switches mounted facing downward to the top of the walls.  The length of the wing span has no restrictions, as long as the sensors can be directly on top of the walls.  More than a dozen pieces of Knex toys are used to build the top portion of the platform, including the wings, and mounting cases for control switches and the micro-controller.  Overall, the platform is built to limit the body size below the wall top as much as possible, and make the top portion as tall as needed to mount all the necessary circuitry.

Actuation


Pinky uses the basic locomotive scheme from the TJ robots to accomplish simple movements.  Two HiTec HS-422 servos to provide locomotion and an enhanced plastic caster (since Pinky has bigger wheels than the TJ) to provide balance.  The servos have been hacked to act like bi-directional motors by disconnecting the internal potentiometer from the gear mechanism.  One side effect of using the hacked-servo design was each robot had to be individually calibrated.  This was done by first setting the potentiometers (by hand) to a position such that the servo ceased moving.  Near the end of the project it was determined that the left servo was not working properly, as it did not seem to understand anything other than 0 or 100 percent of the PWM.  It was proven not to be the Port A pins' fault, since I observed the PWM generated from those pins as the motor speeds were swept through using a test program.  Still, 0 and 100 percent were all Pinky needed to go forward, stop, and make 90 and 180 degree turns.  The right motor had to be given 150 percent of the PWM in order to keep the robot going relatively straight without any adjustments.

Sensors


All four types of sensors used on this robot are used to detect certain features of the maze, therefore giving the micro mouse enough information to control its motion and direction.  The micro-switch serves only as a push button.  Originally bumper switches were considered to detect wall collision.  When it was determined that wall collision can be eliminated 90 to 95% of the time, I decided not to implement the bumpers.  The hacked analog IR sensors are used to provide information about what is ahead of and next to the robot as its moving around in the maze.  One IR sensor on each section of the chassis is enough to know if there is a wall in front of or next to the robot approximate 5cm away.  The IR emitters are connected in series with 1Kohm resistors to limit the amount of IR transmitted, and therefore shortening the range of the IR detector.  The CdS cells' purpose is to detect the white strips we taped on the maze floor.  Each strip marks edge of a maze cell (180mmx180mm).  When the strip is detected, then the robot knows that it has traveled to another cell, therefore able to keep track of its position in the maze.  I thought about using shaft encoders to do this task, but I was warned about wheel slippage.  Considering the high accuracy required by the maze algorithm, I decided not to use shaft encoders.  Two CdS cells are mounted at the bottom left edge of the chassis in a line perpendicular to the white strip on the floor, this gives a much better chance for the thin strip to be captured by the sensors.  A green visible light LED is used to provide the light source for the CdS cells.  The orientation of the sensors are shown in the following figure:
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Figure 2-Sensor Layout


The reflective switches shown in the diagram above are used to accomplish wall following and wall gap detection.  Wall following is done by adjusting the motor speeds as the sensor readings change, this allows the robot to remain relatively in the middle of the passageway in the maze.  When the mouse is positioned in the middle, the left and right most reflective switches give readings of logic TRUE.  As the robot slides to one way, the left for instance, the left most sensor would go FALSE as soon as the light bean emitted by the sensor "falls off" the top of the wall.  If the motors aren't adjusted quick enough, the second left most sensor reading would soon become TRUE as it "gets on" the wall top.  As long as the motors do not run too fast, there is enough time for the process to react to these changes in the sensor readings and adjust the motors accordingly.  If there were at least three or four of these sensors on each wing, then I would not worry about motor speeds at all, since the sensors never lose track of the walls.  A simple diagram is shown below to illustrate this concept:
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Figure 3-Reflective Switchs

Sensor Type
Purpose
Number used
Location

Microswitch
Collision detection
3
2 Front, 1 back

IR
Wall avoidance, clear path detection, communication
3
2 Front-forward, 1back

Photoresistor
Search target recognition
4
Front-down

Reflective switch
Wall gap detection, motion control
4
2 Leftwing-down, 2 rightwing-down

Table 1-Sensor Information

Experiments and Results
Experiment 1: IR reception vs. distance between robot and maze wall.
Distance(cm)
LEFT
RIGHT

1
118
120

2
118
119

3
117
119

4
116
118

5
116
117

6
114
112

7
112
110

8
109
106

9
106
103

10
103
101

11
101
100

12
101
98

13
100
97

14
98
97

15
98
96

16
95
96

18
92
93

20
92
92

22
91
92

24
90
91

26
90
90



Table 2-IR Data


These sensor readings show that when the distance increases to 10cm there is a significant drop in the digital values comparing to the maximum digital value.  Since each cell in the maze is 18cm x 18cm, 10cm is a good distance to detect if there is a wall in front of the mouse in every cell.  Therefore, 103 and 101 are used as threshold values for the left and right IRs respectively.
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Figure 4-IR graph
Experiment 2: CdS cells readings vs. Color and Voltage level


These CdS cells are needed to capture the white strips taped on the maze floor.  The first major concern was that the CdS cells can not react fast enough as the mouse is running across the white strips.  After a simple test in which I manually moved the mouse across a white tape at a speed much faster than the maximum servo speed, it was determined this will not be a problem.  The exact speed was not recorded, I just know it was much faster than the speed in which the mouse will be running.


The other concern was the CdS readings would vary too much as the battery voltage drops.  Light intensity was not a concern because the sensors are well shielded and the floor was painted with non-gloss black paint.  

[image: image5.png]


Figure 5-CdS Graph


It can be seen that the voltage drop from 7.2V to 6V did not affect the readings much.  In fact I doubt the readings will be affected if the voltage does not drop below 5V.  There is a significant difference between the readings of black and white, and the value 190 was chosen as the threshold for all of the CdS cells used for Pinky.

Experiment 3: Reflective switches readings vs. Distance


Pinky
Brain

Distance
RS0
RS1
RS2
RS3
RS0
RS1
RS2
RS3

2-5 mm
246
246
247
246
246
247
245
248

10 mm
245
244
246
245
245
246
244
246

15 mm
243
243
244
243
243
244
244
244

20 mm
200
205
198
202
198
205
202
201

100 mm
14
16
12
14
15
16
12
14

Table 3--Reflective Switch Data


These sensors only give digital outputs, and it is digital output that I really want.  Since the sensors are mounted on the wing and the distance between them and the walls are almost always constant, the only tests I needed to run was to find out if the sensors return TRUE readings at that distance.  The distance is approximate 1cm, and the wall tops are painted with semi-gloss white paint.  These sensors are extremely resistant to light interference.  They are connected to Port A on the TJPRO board, and I confirmed that variations in surrounding light intensity do not cause any incorrect readings.

Behaviors

Pinky's program implements four major behaviors: 

1). Keep the robot moving forward straight down the center of the maze 'corridor' without running into the walls.  This behavior's implementation is described in the last section when the reflective switches were explained.

2). Perform near 90 degree turns, left and right, when a wall gap or an intersection is detected, and a decision to turn is made.  The turn must be executed so that the robot is lined up to move off in the desired new direction without running into walls.  This is implemented by using the front IR.  The motors are made to turn either left or right, and they are stopped only when the front IR passes a certain threshold value located through testing.

3). Perform near 180 degree turns, when a dead-end is detected, and when the center of the maze is reached.  An alternative is to reverse the motors, but I found the former performing better.  This is accomplished in the same manner as behavior number 2.

4). Solve the maze.  The algorithm I used is an off-shoot of the Bellman algorithm.  Simply put, the program marks each cell of the maze as an element in an array, and update the values of the array element with the distance of that cell to the starting cell of the maze, as the robot is traveling through the maze.  Any path from the starting cell to the center of the maze can be remembered by tracing through the array elements' values in either ascending or descending order.  If enough time is spent on the maze mapping, a best possible solution can be found eventually.  See Appendix A and B for the maze-solving codes.

Conclusion


The cell counting process had to be implemented with white tape on the floor and CdS cells, due to the inaccuracy introduced by the shaft encoder.  The cell counting required a relatively high degree of precision (in centimeters), and we had no other economical solutions to the problems other than white tapes and CdS cells.  Other than that, Pinky and the Brain are quite capable of competing in a real Micro Mouse contest.

Appendix A (ICC code for Pinky)

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

*


Pinky 2000







*

*File Name: Pinky2000.c








*

*Programmer: Xuan Gu, with contribution from Edison Rodriguez
*

*Date: November, 23 2000








*

*Description: Bellman style with some Gux flavors added maze
*

*

    solving program for Micromouse robots Pinky and the*

*

    Brain.








*

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

#include "pink2000.h"

/****************************** Main Program **********************************/

void main(void)

{


int i;


init_analog();

//three functions must be called first


init_motortjp();


init_clocktjp();

//
while(BUMPER < 120);

//
report_path();

//
wait(2000);


*(unsigned char *) 0x7000=0x0B; // Turn on 3 IR emitters, 0000 1011

// Initialize the array


maze[0] = 0;


for (i=1; i<=143; i++)



maze[i] = UNEXPLORED;


maze[65] = CENTER;


maze[66] = CENTER; 


maze[77] = CENTER;


maze[78] = CENTER;


while(BUMPER < 120);
// wait for bumper to be pressed to start


wait(2000);


// 2 seconds to run away from the robot!!!

   while (FINISHED == FALSE)

   {


read_walls();

//get values for WALL_F, WALL_L, WALL_R.  WALL_B isn't really necessary...


if (direction == NORTH)


{



LOOK_F = LOOK_N;



LOOK_B = LOOK_S;



LOOK_L = LOOK_W;



LOOK_R = LOOK_E;


}


else if (direction == SOUTH)


{



LOOK_F = LOOK_S;



LOOK_B = LOOK_N;



LOOK_L = LOOK_E;



LOOK_R = LOOK_W;


}


else if (direction == WEST)


{



LOOK_F = LOOK_W;



LOOK_B = LOOK_E;



LOOK_L = LOOK_S;



LOOK_R = LOOK_N;


}


else if (direction == EAST)


{



LOOK_F = LOOK_E;



LOOK_B = LOOK_W;



LOOK_L = LOOK_N;



LOOK_R = LOOK_S;


}


if (FOUNDIT == FALSE)

     {


//if doesn't see a clear entrance into the center of the maze


if (((cell_ptr+LOOK_F > 143 || cell_ptr+LOOK_F < 0) || (maze[cell_ptr+LOOK_F] != CENTER) || (maze[cell_ptr+LOOK_F] == CENTER && WALL_F != 0))


     &&


     ((cell_ptr+LOOK_B > 143 || cell_ptr+LOOK_B < 0) || (maze[cell_ptr+LOOK_B] != CENTER) || (maze[cell_ptr+LOOK_B] == CENTER && WALL_B != 0))


     &&


     ((cell_ptr+LOOK_L > 143 || cell_ptr+LOOK_L < 0) || (maze[cell_ptr+LOOK_L] != CENTER) || (maze[cell_ptr+LOOK_L] == CENTER && WALL_L != 0))


     &&


     ((cell_ptr+LOOK_R > 143 || cell_ptr+LOOK_R < 0) || (maze[cell_ptr+LOOK_R] != CENTER) || (maze[cell_ptr+LOOK_R] == CENTER && WALL_R != 0)))


{



if (WALL_F == 0) // if front wall is open



{



   if (maze[cell_ptr+LOOK_F] == UNEXPLORED)  //and if forward cell is unexplored,



   {




move_forward();







cell_ptr = cell_ptr + LOOK_F;

// update cell pointer (position in maze)




maze[cell_ptr] = maze[cell_ptr+LOOK_B]+1; // assign Bellman number



   }



   else //if forward cell is explored, and not the center



   {




if (WALL_L == 0 && maze[cell_ptr+LOOK_L] == UNEXPLORED) //and if left is open and unexplored




{








//explore left cell





turn_left();





move_forward();





cell_ptr = cell_ptr + LOOK_L;





change_dir_left();





maze[cell_ptr] = maze[cell_ptr+LOOK_R]+1;




}




else if (WALL_R == 0 && maze[cell_ptr+LOOK_R] == UNEXPLORED)
//else if right is open and unexplored




{








//explore right cell





turn_right();





move_forward();





cell_ptr = cell_ptr + LOOK_R;





change_dir_right();





maze[cell_ptr] = maze[cell_ptr+LOOK_L]+1;



   
}




else




{//F is open but explored,  L and R are either closed or explored, simply go forward





move_forward();





cell_ptr = cell_ptr + LOOK_F;




}



   }



}



else if (WALL_L == 0) // if front is closed, and left is open



{



   if (maze[cell_ptr+LOOK_L] == UNEXPLORED) //and if left cell is unexplored



   {




turn_left();




move_forward();





cell_ptr = cell_ptr + LOOK_L;




change_dir_left();




maze[cell_ptr] = maze[cell_ptr+LOOK_R]+1;



   }



   else //if left cell is already explored



   {




if (WALL_R == 0 && maze[cell_ptr+LOOK_R] == UNEXPLORED) // and if right is open and unexplored




{








//explore right cell





turn_right();





move_forward();





cell_ptr = cell_ptr + LOOK_R;





change_dir_right();





maze[cell_ptr] = maze[cell_ptr+LOOK_L]+1;




}




else if (WALL_R != 0)  //F is closed, L is open but explored, R is closed, simply go left




{





turn_left();





move_forward();





cell_ptr = cell_ptr + LOOK_L;





change_dir_left();




}



    }



}



else if (WALL_R == 0)
// if F and L are closed, and right is open



{




turn_right();




move_forward();




cell_ptr = cell_ptr + LOOK_R;




change_dir_right();




if(maze[cell_ptr+LOOK_R] == UNEXPLORED) // if right is unexplored





maze[cell_ptr] = maze[cell_ptr+LOOK_L]+1;



}



else



{
// reached a deadend, reverse course




turn_around();




move_forward();




cell_ptr = cell_ptr + LOOK_B;




change_dir_reverse();



}


}


else //if at the only entrance to the center, just move in


{  //if center is in the front adjacent cell with a clear path, go inside


   if(maze[cell_ptr+LOOK_F] == CENTER && WALL_F == 0)


   {



FOUNDIT = TRUE;



cell_ptr = cell_ptr + LOOK_F;



move_forward();


   }


   //if center is in the left adjacent cell with a clear path, go inside


   else if(maze[cell_ptr+LOOK_L] == CENTER && WALL_L == 0)


   {



FOUNDIT = TRUE;



cell_ptr = cell_ptr + LOOK_L;



turn_left();



move_forward();



change_dir_left();


   }


   //if center is in the right adjacent cell with a clear path, go inside


   else if(maze[cell_ptr+LOOK_R] == CENTER && WALL_R == 0)


   {



FOUNDIT = TRUE;



cell_ptr = cell_ptr + LOOK_R;



turn_right();



move_forward();



change_dir_right();


   }


}

     }

/******************start of the traceback process, from center to the maze entrance******************/

     else if (FOUNDIT == TRUE && TRACEDONE == FALSE)

     {

      if(maze[cell_ptr] == CENTER)
//if at center, 

      {



temp = maze[cell_ptr+LOOK_B];  //transfer the bellnumber of last cell travelled to temp



cell_ptr = cell_ptr+LOOK_B;
 //point to the last cell travelled



turn_around_center();

 //turn around



maze[cell_ptr] = maze[cell_ptr+LOOK_F]+1;
//add 1 to the center's bellnumber, assign to that cell



change_dir_reverse();



flash_led();



while(BUMPER < 120);
// wait for bumper to be pressed to start traceback



wait(2000);


// 2 seconds to run away from the robot!!!



move_forward();


 //move forward

      }

      else


 {



if(((cell_ptr+LOOK_F <= 143 && cell_ptr+LOOK_F >= 0) && //if the forward adjacent cell ptr is within range


    

(maze[cell_ptr+LOOK_F] == temp-1 && WALL_F == 0))) //and its bellnumber is ONE less the current cell's



{









//bellnumber, and the front wall of the current cell is open:




cell_ptr = cell_ptr+LOOK_F;



//Point to the forward adjacent cell




temp = maze[cell_ptr];




// temp holds the current cell's bellnumber




if (maze[cell_ptr] == 0)




// if the forward adjacent cell is the start of the maze





TRACEDONE = TRUE;




// then set TRACEDONE flag




maze[cell_ptr] = maze[cell_ptr+LOOK_B]+1;
// add 1 to current cell's bellnumber and assign to the front cell




move_forward();





// move to the forward cell



}



else if(((cell_ptr+LOOK_L <= 143 && cell_ptr+LOOK_L >= 0) && //if the left adjacent cell......


    


(maze[cell_ptr+LOOK_L] == temp-1 && WALL_L == 0))) 



{














cell_ptr = cell_ptr+LOOK_L;








temp = maze[cell_ptr];









if (maze[cell_ptr] == 0)










TRACEDONE = TRUE;




maze[cell_ptr] = maze[cell_ptr+LOOK_R]+1;




turn_left();




move_forward();




change_dir_left();



}



else if(((cell_ptr+LOOK_R <= 143 && cell_ptr+LOOK_R >= 0) && // if the right adjacent cell......


    


(maze[cell_ptr+LOOK_R] == temp-1 && WALL_R == 0)))



{




cell_ptr = cell_ptr+LOOK_R;




temp = maze[cell_ptr];




if (maze[cell_ptr] == 0)





TRACEDONE = TRUE;




maze[cell_ptr] = maze[cell_ptr+LOOK_L]+1;




turn_right();




move_forward();




change_dir_right();



}

      }



     }

/***********************get from the start to finish as quick as possible***********************/

//Follows the path mapped by the TRACEBACK process and go from the start to center of maze.

//Similar process as the TRACEBACK routine, except start from the entrance and end at the center,

//also, search for the adjacent cell that has a bellnumber ONE less than the current cell's, and

//move to that cell.  Also, this process does NOT update any bellnumbers.

     else if (TRACEDONE == TRUE && FINISHED == FALSE) 

     {



if(((cell_ptr+LOOK_B <= 143 && cell_ptr+LOOK_B >= 0) && 


    


(maze[cell_ptr+LOOK_B] == maze[cell_ptr]-1 && WALL_B == 0)))



{




cell_ptr = cell_ptr+LOOK_B;




if (maze[cell_ptr] == CENTER)




{





FINISHED = TRUE;





PATH_END = path_ptr - 1 ;




}




turn_around();




change_dir_reverse();




flash_led();




while(BUMPER < 120);
// wait for bumper to be pressed to start the race




wait(2000);


// 2 seconds to run away from the robot!!!




move_forward();



}



else if(((cell_ptr+LOOK_F <= 143 && cell_ptr+LOOK_F >= 0) && 


    

(maze[cell_ptr+LOOK_F] == maze[cell_ptr]-1 && WALL_F == 0)))



{




cell_ptr = cell_ptr+LOOK_F;




if (maze[cell_ptr] == CENTER)




{





FINISHED = TRUE;





PATH_END = path_ptr - 1 ;




}




move_forward();



}



else if(((cell_ptr+LOOK_L <= 143 && cell_ptr+LOOK_L >= 0) && 


    


(maze[cell_ptr+LOOK_L] == maze[cell_ptr]-1 && WALL_L == 0)))



{




cell_ptr = cell_ptr+LOOK_L;




if (maze[cell_ptr] == CENTER)




{





FINISHED = TRUE;





PATH_END = path_ptr - 1 ;




}




turn_left();




move_forward();




change_dir_left();



}



else if(((cell_ptr+LOOK_R <= 143 && cell_ptr+LOOK_R >= 0) && 


    


(maze[cell_ptr+LOOK_R] == maze[cell_ptr]-1 && WALL_R == 0)))



{




cell_ptr = cell_ptr+LOOK_R;




if (maze[cell_ptr] == CENTER)




{





FINISHED = TRUE;





PATH_END = path_ptr - 1 ;




}




turn_right();




move_forward();




change_dir_right();



}

     }

  }

flash_led();

record_path();


// record the path

}

/******************************* End of Main Program ****************************/

/****************************** read_walls **************************************/

void read_walls(void)

{


if (LEFT_IR < LEFT_IR_THRESHOLD)



WALL_L = 0;


else



WALL_L = 1;


if (RIGHT_IR < RIGHT_IR_THRESHOLD)



WALL_R = 0;


else



WALL_R = 1;


if (FRONT_IR < FRONT_IR_THRESHOLD)



WALL_F = 0;


else



WALL_F = 1;

}

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

/******************************* command_motor **********************************/

void command_motor(void)

{


motorp(LEFT_MOTOR, SPEED_L);


motorp(RIGHT_MOTOR, SPEED_R);


wait(35);

}

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

/************************************ go ****************************************/

void go(void)

{


SPEED_L = L_TEST_SPEED;


SPEED_R = R_TEST_SPEED;

}

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

/*********************************** stop ***************************************/

void stop(void)

{


SPEED_L = MIN_SPEED;


SPEED_R = MIN_SPEED;

}

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

/****************************** move_forward ************************************/

void move_forward(void)

{


int i = 4;


go();


command_motor();
// go straight ahead into the maze




while(CDS_FRONT >= CDS_FRONT_THRESHOLD && CDS_BACK >= CDS_BACK_THRESHOLD)


{



keep_straight();


}


wait(270);


stop();


command_motor();


PORTA = PORTA | PA6_MASK;
//turn on PA6


wait(500);


PORTA = PORTA & PA6_INV;

//turn off PA6


wait(50);

  while (i > 0)

  {

   i--;

   PORTA_TEMP = PORTA;

   PORTA_TEMP = PORTA_TEMP & RRS0_MASK; 

   if (LRS0 < LRS0_THRESH || PORTA_TEMP != 0x0001)

   {


PORTA_TEMP = PORTA;


PORTA_TEMP = PORTA_TEMP & SENSOR_MASK;


if (LRS0 >= LRS0_THRESH)



PORTA_TEMP = PORTA_TEMP + 0x0010;


// steering routine, keeps Pinky centered


switch (PORTA_TEMP)

     // LRS0 LRS1 RRS1 RRS0


{



case 0x0000:


// 0    0    0   0




if (LEFT_IR >= LEFT_IR_THRESHOLD && RIGHT_IR >= RIGHT_IR_THRESHOLD && FRONT_IR < FRONT_IR_THRESHOLD)




{





if (LEAN_DIR == LEFT)






lean_right();





else






lean_left();




}




wait(50);




break;







case 0x0001:


// 0    0    0   1




if (LEFT_IR >= LEFT_IR_THRESHOLD && FRONT_IR < FRONT_IR_THRESHOLD)





lean_left();




wait(50);




break;



case 0x0002:


// 0    0    1
  0




if (FRONT_IR < FRONT_IR_THRESHOLD)





lean_left();




wait(50);




break;



case 0x0003:


// 0
0    1    1




if (LEFT_IR >= LEFT_IR_THRESHOLD && FRONT_IR < FRONT_IR_THRESHOLD)





lean_left();




wait(50);




break;



case 0x0004:


// 0    1    0    0




if (FRONT_IR < FRONT_IR_THRESHOLD)





lean_right();




wait(50);




break;



case 0x0010:


// 1    0    0    0




if (RIGHT_IR >= RIGHT_IR_THRESHOLD && FRONT_IR < FRONT_IR_THRESHOLD)





lean_right();




wait(50);




break;



case 0x0012:


// 1    0    1    0




if (FRONT_IR < FRONT_IR_THRESHOLD)





lean_left();




wait(50);




break;



case 0x0013:


// 1    0    1    1




if (FRONT_IR < FRONT_IR_THRESHOLD)





lean_left();




wait(50);




break;



case 0x0014:


// 1    1    0    0




if (RIGHT_IR >= RIGHT_IR_THRESHOLD && FRONT_IR < FRONT_IR_THRESHOLD)





lean_right();




wait(50);




break;



case 0x0015:


// 1    1    0    1




if (FRONT_IR < FRONT_IR_THRESHOLD)





lean_right();




wait(50);




break;



default:




wait(50);







break;


}

   }

  }

}

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

/****************************** lean_left **************************************/

void lean_left(void)

{


stop();


command_motor();


LEAN_DIR = LEFT;


SPEED_L = MIN_SPEED;


SPEED_R = R_TEST_SPEED;


command_motor();


wait(20);

//
PORTA_TEMP = PORTA;

//
PORTA_TEMP = PORTA_TEMP & LRS1_MASK;

//
if (LRS0  < LRS0_THRESH && PORTA_TEMP != 0x0004 && LEFT_IR >= LEFT_IR_THRESHOLD)

//

wait(40);


stop();


command_motor();

}

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

/****************************** lean_right **************************************/

void lean_right(void)

{


LEAN_DIR = RIGHT;


SPEED_L = L_TEST_SPEED;


SPEED_R = MIN_SPEED;


command_motor();


wait(20);

//
PORTA_TEMP = PORTA;

//
PORTA_TEMP = PORTA_TEMP & RRS10_MASK;

//
if (PORTA_TEMP == 0x0000 && RIGHT_IR >= RIGHT_IR_THRESHOLD)

//

wait(40);


stop();


command_motor();

}

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

/******************************* turn_left **************************************/

void turn_left(void)

{


SPEED_L = -L_MAGIC_SPEED;


SPEED_R = R_MAGIC_SPEED;


command_motor();


if (WALL_F == 0)


{



wait(520);



stop();



command_motor();


}


else


{



wait(300);



while(FRONT_IR >= FRONT_TURN_THRESHOLD);

//

PORTA_TEMP = PORTA;

//

PORTA_TEMP = PORTA_TEMP & RRS10_MASK;

//

while(PORTA_TEMP != 0x0003)

//

{

//


PORTA_TEMP = PORTA;

//


PORTA_TEMP = PORTA_TEMP & RRS0_MASK;

//

}



stop();



command_motor();



PORTA_TEMP = PORTA;



PORTA_TEMP = PORTA_TEMP & RRS0_MASK;



if(PORTA_TEMP == 0x0000)




lean_right();



stop();




command_motor();


}


wait(2000);

}

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

/****************************** turn_right **************************************/

void turn_right(void)

{


SPEED_L = L_MAGIC_SPEED;


SPEED_R = -R_MAGIC_SPEED;


command_motor();


if (WALL_F == 0)


{



wait(320);



stop();



command_motor();


}


else


{



wait(200);



while(FRONT_IR >= FRONT_TURN_THRESHOLD);

//

PORTA_TEMP = PORTA;

//

PORTA_TEMP = PORTA_TEMP & LRS1_MASK;

//

while(LRS0 <= LRS0_THRESH || PORTA_TEMP == 0x0000)

//

{

//


PORTA_TEMP = PORTA;

//


PORTA_TEMP = PORTA_TEMP & LRS1_MASK;

//

}



wait(50);



stop();



command_motor();



if(LRS0 < LRS0_THRESH)




lean_left();



stop();




command_motor();


}


wait(2000);

}

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

/****************************** turn_around *************************************/

void turn_around(void)

{


wait(2000);


SPEED_L = -L_AROUND_SPEED;


SPEED_R = R_AROUND_SPEED;


command_motor();


if (WALL_F == 0 || WALL_L == 0 || WALL_R == 0)


{



wait(850);



while(FRONT_IR >= FRONT_TURN_THRESHOLD);



stop();



command_motor();


}


else


{



while(FRONT_IR >= FRONT_TURN_THRESHOLD);



PORTA_TEMP = PORTA;



PORTA_TEMP = PORTA_TEMP & RRS0_MASK;



while(LRS0 <= LRS0_THRESH || PORTA_TEMP == 0x0000)





{




PORTA_TEMP = PORTA;




PORTA_TEMP = PORTA_TEMP & RRS0_MASK;



}



stop();




command_motor();


}


wait(2000);

}

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

/***************************** change_dir_reverse *******************************/

void change_dir_reverse(void)

{


if (direction == NORTH)



direction = SOUTH;


else if (direction == SOUTH)



direction = NORTH;


else if (direction == WEST)



direction = EAST;


else if (direction == EAST)



direction = WEST;

}

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

/****************************** change_dir_left *********************************/

void change_dir_left()

{


if (direction == NORTH)



direction = WEST;


else if (direction == SOUTH)



direction = EAST;


else if (direction == WEST)



direction = SOUTH;


else if (direction == EAST)



direction = NORTH;

}

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

/****************************** change_dir_right ********************************/

void change_dir_right()

{


if (direction == NORTH)



direction = EAST;


else if (direction == SOUTH)



direction = WEST;


else if (direction == WEST)



direction = NORTH;


else if (direction == EAST)



direction = SOUTH;

}

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

/******************************** victory_dance *********************************/

void record_path(void)

{


int i;


for (i = 0; i <= 143; i++)


{



*(unsigned char *) (0xB600 + i) = 0x00 + maze[i];


}

}

void report_path(void)

{


int i = 0;


int j = 0;


/* VT100 clear screen */ 


char clear[]= "\x1b\x5B\x32\x4A\x04"; 


/* VT100 position cursor at (x,y) = (3,12) command is "\x1b[3;12H"*/


char place[]= "\x1b[1;1H";
/*Home*/


//
printf("%s", clear);  

//
printf("%s", place);

//
printf("\t\t\tPINKY'S MAZE MAP!!\n\n");

 
for (i = 143; i >= 0; i--)


{



if (j%12 == 0)



{

//


printf("\n\n");




j = 0;



}



j++;



if (i == 65 || i == 66 || i == 77 || i == 78)



{

//


printf("X    ");



}



else



{

//


printf("%3d  ", *(unsigned char *) (0xB600 + i));



}


}

}

void flash_led(void)

{


int i;


for (i = 0; i < 5; i++)


{



PORTA = PORTA & PA6_INV;

//turn off PA6



wait(500);



PORTA = PORTA | PA6_MASK;
//turn on PA6



wait(500);


}

}

void turn_around_center(void)

{


wait(2000);


SPEED_L = -L_AROUND_SPEED;


SPEED_R = R_AROUND_SPEED;


command_motor();


wait(1100);


stop();


command_motor();

}

void keep_straight(void)

{



PORTA_TEMP = PORTA;



PORTA_TEMP = PORTA_TEMP & SENSOR_MASK;



if (LRS0 >= LRS0_THRESH)




PORTA_TEMP = PORTA_TEMP + 0x0010;



// steering routine, keeps Pinky centered



switch (PORTA_TEMP)

     // LRS0 LRS1 RRS1 RRS0



{




case 0x0000:


// 0    0    0   0





if (LEFT_IR >= LEFT_IR_THRESHOLD && RIGHT_IR >= RIGHT_IR_THRESHOLD && FRONT_IR < FRONT_IR_THRESHOLD)





{






if (LEAN_DIR == LEFT)







lean_right();






else







lean_left();





}





wait(50);





break;








case 0x0001:


// 0    0    0    1





if (LEFT_IR >= LEFT_IR_THRESHOLD && FRONT_IR < FRONT_IR_THRESHOLD && PORTA_LAST > 0x0003)






lean_left();

//



else if (LEFT_IR >= LEFT_IR_THRESHOLD && FRONT_IR < FRONT_IR_THRESHOLD && PORTA_LAST <= 0x0003 && HERE == 0)

//



{

//




lean_right();

//




HERE = 1;

//



}





wait(50);





break;




case 0x0002:


// 0    0    1
  0





if (FRONT_IR < FRONT_IR_THRESHOLD && PORTA_LAST > 0x0003)






lean_left();

//



else if (LEFT_IR >= LEFT_IR_THRESHOLD && FRONT_IR < FRONT_IR_THRESHOLD && PORTA_LAST <= 0x0003 && HERE == 0)

//



{

//




lean_right();

//




HERE = 1;

//



}





wait(50);





break;




case 0x0003:


// 0
0    1    1





if (LEFT_IR >= LEFT_IR_THRESHOLD && FRONT_IR < FRONT_IR_THRESHOLD && PORTA_LAST > 0x0003)






lean_left();

//



else if (LEFT_IR >= LEFT_IR_THRESHOLD && FRONT_IR < FRONT_IR_THRESHOLD && PORTA_LAST <= 0x0003 && HERE == 0)

//



{

//




lean_right();

//




HERE = 1;

//



}





wait(50);





break;




case 0x0004:


// 0    1    0    0





if (FRONT_IR < FRONT_IR_THRESHOLD && (PORTA_LAST != 0x0004 && PORTA_LAST != 0x0010 && PORTA_LAST != 0x0014 && PORTA_LAST != 0x0000))






lean_right();





wait(50);





break;




case 0x0010:


// 1    0    0    0





if (RIGHT_IR >= RIGHT_IR_THRESHOLD && FRONT_IR < FRONT_IR_THRESHOLD && (PORTA_LAST != 0x0004 && PORTA_LAST != 0x0010 && PORTA_LAST != 0x0014 && PORTA_LAST != 0x0000))






lean_right();





wait(50);





break;




case 0x0012:


// 1    0    1    0





if (FRONT_IR < FRONT_IR_THRESHOLD)






lean_left();





wait(50);





break;




case 0x0013:


// 1    0    1    1





if (FRONT_IR < FRONT_IR_THRESHOLD)






lean_left();





wait(50);





break;




case 0x0014:


// 1    1    0    0





if (RIGHT_IR >= RIGHT_IR_THRESHOLD && FRONT_IR < FRONT_IR_THRESHOLD && (PORTA_LAST != 0x0004 && PORTA_LAST != 0x0010 && PORTA_LAST != 0x0014 && PORTA_LAST != 0x0000))






lean_right();





wait(50);





break;




case 0x0015:


// 1    1    0    1





if (FRONT_IR < FRONT_IR_THRESHOLD)






lean_right();





wait(50);





break;




default:





wait(50);








break;



}



PORTA_LAST = PORTA;



PORTA_LAST = PORTA_LAST & SENSOR_MASK;



if (LRS0 >= LRS0_THRESH)




PORTA_TEMP = PORTA_TEMP + 0x0010;



go();



command_motor();

}

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

*


Pinky 2000







*

*File Name: Pinky2000.h








*

*Programmer: Xuan Gu, with contribution from Edison Rodriguez
*

*Date: November, 23 2000








*

*Description: Bellman style with some Gux flavors added maze
*

*

    solving program for Micromouse robots Pinky and the*

*

    Brain.








*

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

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

#include <analog.h>

#include <motortjp.h>

#include <clocktjp.h>

#include (vectors.h>

#include <tjpbase.h>

#include <stdio.h>

#include <hc11.h>

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

/***************** constants for motor control ******************/

#define LEFT_MOTOR

0

#define RIGHT_MOTOR

1

#define L_MAGIC_SPEED
100

#define R_MAGIC_SPEED
150

#define MIN_SPEED

0

#define L_AROUND_SPEED
100

#define R_AROUND_SPEED
100

#define L_TEST_SPEED
100

#define R_TEST_SPEED
150

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

/************* sensor definitions and sensor masks *************/

#define BUMPER

analog(0)

#define FRONT_IR
analog(1)

#define RIGHT_IR
analog(2)

#define LEFT_IR
analog(3)

#define LRS0

analog(6)

#define CDS_FRONT
analog(7)

#define CDS_BACK
analog(4)

#define SENSOR_MASK 0x0007 // 0000 0111 for LRS1, RRS1, and RRS0

#define LRS1_MASK
0x0004 // 0000 0100 for LRS1

#define RRS1_MASK
0x0002 // 0000 0010 for RRS1

#define RRS0_MASK
0x0001 // 0000 0001 for RRS0

#define RRS10_MASK
0x0003 // 0000 0011 for RRS1 and RRS0

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

/********************* sensor thresholds ***********************/

#define FRONT_IR_THRESHOLD

100

#define LEFT_IR_THRESHOLD

95

#define RIGHT_IR_THRESHOLD

95

#define CDS_FRONT_THRESHOLD

190

#define CDS_BACK_THRESHOLD

190

#define FRONT_TURN_THRESHOLD

97

#define LEFT_TURN_THRESHOLD

93

#define RIGHT_TURN_THRESHOLD

93

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

/**************** constants for Bellman algorithm **************/

#define FALSE
0

#define TRUE
1

#define UNEXPLORED
255
//Bellman number for unexplored cells

#define CENTER
-1

//...................center cells

#define NORTH
0

//direction the mouse is traveling in

#define SOUTH
1

#define WEST
2

#define EAST
3

#define LOOK_N
12

//array index offsets

#define LOOK_S
-12

#define LOOK_W
1

#define LOOK_E
-1

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

/******************** miscellenous constants *******************/

#define LEFT
0

#define RIGHT
1

#define LRS0_THRESH 210

#define PA6_MASK
0x40

//0100 0000 for PORT A

#define PA6_INV
0xB7

//1011 1111 for PORT A

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

/***** global variables used for motor control and Bellman *****/

int SPEED_L, SPEED_R;

// left and right motor speeds

int PORTA_TEMP;
// Unsiged is 16 bits, maybe not the best choice.  Decided to use integer.

int PORTA_LAST = 0x0011;  // Last PORT A reading (1 001 to begin with)

int HERE = 0;

int LEAN_DIR;


//indicates which way the robot leaned toward last time

int direction = NORTH;


// Holds the current direction of the mouse's motion

int cell_ptr = 0;


// array index pointer

int LOOK_F;


// array index offsets used when peeking to adjacent cells

int LOOK_B;

int LOOK_L;

int LOOK_R;

int WALL_F;


// holds the wall information of the current cell

int WALL_B;

int WALL_L;

int WALL_R;

int FOUNDIT = FALSE;
//found center flag, set when center is found

int TRACEDONE = FALSE;
//trace back complete flag, set when maze entrance is reached

int FINISHED = FALSE;
//race finished, set when center is reached again

int maze[144];


//array that holds the Bellman numbers of the 144 cells in the maze

int temp;



//a temporary variable

int path[144];


//array that holds the recorded path

int path_ptr = 0;
//path array pointer

int PATH_END;


//points to the last step in the recorded path

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

/************************** Function Prototypes *******************************/

void read_walls();

void move_forward();

void turn_left();

void turn_right();

void turn_around();

void turn_around_center();

void lean_left();

void lean_right();

void command_motor();

void go();

void stop();

void change_dir_reverse();

void change_dir_left();

void change_dir_right();

void record_path();

void report_path();

void flash_led();

void keep_straight();

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

Appendix B (Java Simulator Code for Pinky, simulator can be found at http://grove.ufl.edu/~gux/MyMaze.html)

import java.applet.*;

import java.awt.*;

public class MyMaze extends Applet

{


static boolean FOUNDIT = false;
//found center flag


static boolean TRACEDONE = false; //trace back complete flag


static boolean FINISHED = false; //race finished


static Cell [] maze = new Cell[144];


static String message = "Bellman # is: 0";


private Font font;


static int temp = 0;


Image mouse;


Image background;


public final int NORTH = 0;


public final int SOUTH = 1;


public final int WEST = 2;


public final int EAST = 3;


public int direction;


public int cell_ptr;


public final int LOOK_N = 12;


public final int LOOK_S = -12;


public final int LOOK_W = 1;


public final int LOOK_E = -1;


public final int MOVE_N = -32;


public final int MOVE_S = 32;


public final int MOVE_W = -32;


public final int MOVE_E = 32;


public int b_xpos = 0;


public int b_ypos = 0;


public int m_xpos = 0;


public int m_ypos = 0;


public int[] front_n = new int[2];


public int[] front_s = new int[2];


public int[] front_w = new int[2];


public int[] front_e = new int[2];

     public boolean mouseDown(Event e, int x, int y)

     {

     if (FOUNDIT == false)

     {
//if doesn't see a clear entrance into the center of the maze


if (((cell_ptr+LOOK_N > 143 || cell_ptr+LOOK_N < 0) || (maze[cell_ptr+LOOK_N].bellnum != -1) || (maze[cell_ptr+LOOK_N].bellnum == -1 && maze[cell_ptr].north != 0))


     &&


     ((cell_ptr+LOOK_S > 143 || cell_ptr+LOOK_S < 0) || (maze[cell_ptr+LOOK_S].bellnum != -1) || (maze[cell_ptr+LOOK_S].bellnum == -1 && maze[cell_ptr].south != 0))


     &&


     ((cell_ptr+LOOK_W > 143 || cell_ptr+LOOK_W < 0) || (maze[cell_ptr+LOOK_W].bellnum != -1) || (maze[cell_ptr+LOOK_W].bellnum == -1 && maze[cell_ptr].west != 0))


     &&


     ((cell_ptr+LOOK_E > 143 || cell_ptr+LOOK_E < 0) || (maze[cell_ptr+LOOK_E].bellnum != -1) || (maze[cell_ptr+LOOK_E].bellnum == -1 && maze[cell_ptr].east != 0)))

//
if (cell_ptr != 67)


{


   if (direction == NORTH)  // when facing north


   {



if (maze[cell_ptr].north == 0) // if north wall is open



{



   if (maze[cell_ptr+LOOK_N].bellnum == 255)  //and if north cell is unexplored,



   {
m_ypos = m_ypos + MOVE_N;

// move north,




cell_ptr = cell_ptr + LOOK_N;

// update cell pointer (position in maze)




maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_S].bellnum+1; // assign Bellman number



   }



   else if (maze[cell_ptr+LOOK_N].bellnum != 0) //if north cell is explored, and not 0...???????



   {




if (maze[cell_ptr].west == 0 && maze[cell_ptr+LOOK_W].bellnum == 255) //and if west is




{








//open and unexplored





mouse = this.getImage(this.getDocumentBase(), "mouse_w.gif");
//explore west





m_xpos = m_xpos + MOVE_W;





cell_ptr = cell_ptr + LOOK_W;





direction = WEST;





maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_E].bellnum+1;




}




else if (maze[cell_ptr].east == 0 && maze[cell_ptr+LOOK_E].bellnum == 255)//else if east is




{








//open and unexplored





mouse = this.getImage(this.getDocumentBase(), "mouse_e.gif");
//explore east





m_xpos = m_xpos + MOVE_E;





cell_ptr = cell_ptr + LOOK_E;





direction = EAST;





maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_W].bellnum+1;



   
}




else




{



    
   m_ypos = m_ypos + MOVE_N;
//north, west, and east are all either closed or explored, simply go north




   mouse = this.getImage(this.getDocumentBase(), "mouse_n.gif");




   cell_ptr = cell_ptr + LOOK_N;




   direction = NORTH;




}



   }



}



else if (maze[cell_ptr].west == 0) // if north is closed, and west is open



{



   if (maze[cell_ptr+LOOK_W].bellnum == 255) //and if west is unexplored,



   {




mouse = this.getImage(this.getDocumentBase(), "mouse_w.gif");




m_xpos = m_xpos + MOVE_W;

//explore west




cell_ptr = cell_ptr + LOOK_W;




direction = WEST;




maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_E].bellnum+1;



   }



   else if (maze[cell_ptr+LOOK_W].bellnum != 0) //if west is already explored, and not 0....??



   {




if (maze[cell_ptr].east == 0 && maze[cell_ptr+LOOK_E].bellnum == 255) // and if east is open and




{








// unexplored





mouse = this.getImage(this.getDocumentBase(), "mouse_e.gif");
// explore east





m_xpos = m_xpos + MOVE_E;





cell_ptr = cell_ptr + LOOK_E;





direction = EAST;





maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_W].bellnum+1;




}




else if (maze[cell_ptr].east != 0)  //north is closed, east is open but explored, west is closed, simply go east



        {



    

m_xpos = m_xpos + MOVE_W; 





mouse = this.getImage(this.getDocumentBase(), "mouse_w.gif");





cell_ptr = cell_ptr + LOOK_W;





direction = WEST;




}



    }



}



else if (maze[cell_ptr].east == 0)
// if north and west are closed, and east is open



{



   if(maze[cell_ptr+LOOK_E].bellnum == 255) // if east is unexplored



   {




mouse = this.getImage(this.getDocumentBase(), "mouse_e.gif"); //explored east




m_xpos = m_xpos + MOVE_E;




cell_ptr = cell_ptr + LOOK_E;




direction = EAST;




maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_W].bellnum+1;



   }



   else if (maze[cell_ptr+LOOK_E].bellnum != 0) //if east is already explored, and not 0....??



   {




mouse = this.getImage(this.getDocumentBase(), "mouse_e.gif");



   
m_xpos = m_xpos + MOVE_E;  //north and west are closed, east is open but explored, just go east




cell_ptr = cell_ptr + LOOK_E;




direction = EAST;



   }



}



else



{
// reached a deadend, reverse course




mouse = this.getImage(this.getDocumentBase(), "mouse_s.gif");




direction = SOUTH;



}


   }


   else if (direction == SOUTH)  // when facing south


   {



if (maze[cell_ptr].south == 0) // if south wall is open



{



   if (maze[cell_ptr+LOOK_S].bellnum == 255)  //and if south cell is unexplored,



   {
m_ypos = m_ypos + MOVE_S;

// move south,




cell_ptr = cell_ptr + LOOK_S;

// update cell pointer (position in maze)




maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_N].bellnum+1; // assign Bellman number



   }



   else if (maze[cell_ptr+LOOK_S].bellnum != 0) //if south cell is explored, and not 0...???????



   {




if (maze[cell_ptr].east == 0 && maze[cell_ptr+LOOK_E].bellnum == 255) //and if east is




{








//open and unexplored





mouse = this.getImage(this.getDocumentBase(), "mouse_e.gif");
//explore east





m_xpos = m_xpos + MOVE_E;





cell_ptr = cell_ptr + LOOK_E;





direction = EAST;





maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_W].bellnum+1;




}




else if (maze[cell_ptr].west == 0 && maze[cell_ptr+LOOK_W].bellnum == 255)//else if west is




{








//open and unexplored





mouse = this.getImage(this.getDocumentBase(), "mouse_w.gif");
//explore west





m_xpos = m_xpos + MOVE_W;





cell_ptr = cell_ptr + LOOK_W;





direction = WEST;





maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_E].bellnum+1;



   
}

 

        else




{



    
   m_ypos = m_ypos + MOVE_S; //south, west, and east are all either closed or explored, simply go south




   cell_ptr = cell_ptr + LOOK_S;




   direction = SOUTH;




}



   }



}



else if (maze[cell_ptr].east == 0) // if south is closed, and east is open



{



   if (maze[cell_ptr+LOOK_E].bellnum == 255) //and if east is unexplored,



   {




mouse = this.getImage(this.getDocumentBase(), "mouse_e.gif");




m_xpos = m_xpos + MOVE_E;

//explore east




cell_ptr = cell_ptr + LOOK_E;




direction = EAST;




maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_W].bellnum+1;



   }



   else if (maze[cell_ptr+LOOK_E].bellnum != 0) //if east is already explored, and not 0....??



   {




if (maze[cell_ptr].west == 0 && maze[cell_ptr+LOOK_W].bellnum == 255) // and if west is open and




{








// unexplored





mouse = this.getImage(this.getDocumentBase(), "mouse_w.gif");
// explore west





m_xpos = m_xpos + MOVE_W;





cell_ptr = cell_ptr + LOOK_W;





direction = WEST;





maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_E].bellnum+1;




}




else if (maze[cell_ptr].west != 0)  //south is closed, west is open but explored, east is closed, simply go west



        {



    

m_xpos = m_xpos + MOVE_E;





mouse = this.getImage(this.getDocumentBase(), "mouse_e.gif");





cell_ptr = cell_ptr + LOOK_E;





direction = EAST;




}



    }



}



else if (maze[cell_ptr].west == 0)
// if south and east are closed, and west is open



{



   if(maze[cell_ptr+LOOK_W].bellnum == 255) // if west is unexplored



   {




mouse = this.getImage(this.getDocumentBase(), "mouse_w.gif"); //explored west




m_xpos = m_xpos + MOVE_W;




cell_ptr = cell_ptr + LOOK_W;




direction = WEST;




maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_E].bellnum+1;



   }



   else if (maze[cell_ptr+LOOK_W].bellnum != 0) //if west is already explored, and not 0....??



   {




mouse = this.getImage(this.getDocumentBase(), "mouse_w.gif");




cell_ptr = cell_ptr + LOOK_W;




direction = WEST;



   
m_xpos = m_xpos + MOVE_W;  //south and east are closed, west is open but explored, just go west



   }



}



else



{
// reached a deadend, reverse course




mouse = this.getImage(this.getDocumentBase(), "mouse_n.gif");




direction = NORTH;



}


   }


   else if (direction == WEST)  // when facing west


   {



if (maze[cell_ptr].west == 0) // if west wall is open



{



   if (maze[cell_ptr+LOOK_W].bellnum == 255)  //and if west cell is unexplored,



   {
m_xpos = m_xpos + MOVE_W;

// move west,




cell_ptr = cell_ptr + LOOK_W;

// update cell pointer (position in maze)




maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_E].bellnum+1; // assign Bellman number



   }



   else if (maze[cell_ptr+LOOK_W].bellnum != 0) //if west cell is explored, and not 0...???????



   {




if (maze[cell_ptr].south == 0 && maze[cell_ptr+LOOK_S].bellnum == 255) //and if south is




{








//open and unexplored





mouse = this.getImage(this.getDocumentBase(), "mouse_s.gif");
//explore south





m_ypos = m_ypos + MOVE_S;





cell_ptr = cell_ptr + LOOK_S;





direction = SOUTH;





maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_N].bellnum+1;




}




else if (maze[cell_ptr].north == 0 && maze[cell_ptr+LOOK_N].bellnum == 255)//else if north is




{








//open and unexplored





mouse = this.getImage(this.getDocumentBase(), "mouse_n.gif");
//explore north





m_ypos = m_ypos + MOVE_N;





cell_ptr = cell_ptr + LOOK_N;





direction = NORTH;





maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_S].bellnum+1;



   
}




else




{



    
    m_xpos = m_xpos + MOVE_W; //west, south, and north are all either closed or explored, simply go west




    mouse = this.getImage(this.getDocumentBase(), "mouse_w.gif");




    cell_ptr = cell_ptr + LOOK_W;




    direction = WEST;




}



   }



}



else if (maze[cell_ptr].south == 0) // if west is closed, and south is open



{



   if (maze[cell_ptr+LOOK_S].bellnum == 255) //and if south is unexplored,



   {




mouse = this.getImage(this.getDocumentBase(), "mouse_s.gif");




m_ypos = m_ypos + MOVE_S;

//explore south




cell_ptr = cell_ptr + LOOK_S;




direction = SOUTH;




maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_N].bellnum+1;



   }



   else if (maze[cell_ptr+LOOK_S].bellnum != 0) //if south is already explored, and not 0....??



   {




if (maze[cell_ptr].north == 0 && maze[cell_ptr+LOOK_N].bellnum == 255) // and if north is open and




{








// unexplored





mouse = this.getImage(this.getDocumentBase(), "mouse_n.gif");
// explore north





m_ypos = m_ypos + MOVE_N;





cell_ptr = cell_ptr + LOOK_N;





direction = NORTH;





maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_S].bellnum+1;




}

/******!!!!!****/
else if (maze[cell_ptr].north != 0)  //west is closed, south is open but explored, and, north is closed, simply go south




{





mouse = this.getImage(this.getDocumentBase(), "mouse_s.gif");



    

m_ypos = m_ypos + MOVE_S;





cell_ptr = cell_ptr + LOOK_S;





direction = SOUTH;




}



   }



}



else if (maze[cell_ptr].north == 0)
// if west and south are closed, and north is open



{



   if(maze[cell_ptr+LOOK_N].bellnum == 255) // if north is unexplored



   {




mouse = this.getImage(this.getDocumentBase(), "mouse_n.gif"); //explored north




m_ypos = m_ypos + MOVE_N;




cell_ptr = cell_ptr + LOOK_N;




direction = NORTH;




maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_S].bellnum+1;



   }



   else if (maze[cell_ptr+LOOK_N].bellnum != 0) //if north is already explored, and not 0....??



   {




   
m_ypos = m_ypos + MOVE_N;  //west and south are closed, north is open but explored, just go north




mouse = this.getImage(this.getDocumentBase(), "mouse_n.gif");




direction = NORTH;




cell_ptr = cell_ptr + LOOK_N;



   }



}



else



{
// reached a deadend, reverse course




mouse = this.getImage(this.getDocumentBase(), "mouse_e.gif");




direction = EAST;



}


   }


   else if (direction == EAST)  // when facing east


   {



if (maze[cell_ptr].east == 0) // if east wall is open



{



   if (maze[cell_ptr+LOOK_E].bellnum == 255)  //and if east cell is unexplored,



   {
m_xpos = m_xpos + MOVE_E;

// move east,




cell_ptr = cell_ptr + LOOK_E;

// update cell pointer (position in maze)




maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_W].bellnum+1; // assign Bellman number



   }



   else if (maze[cell_ptr+LOOK_E].bellnum != 0) //if east cell is explored, and not 0...???????



   {




if (maze[cell_ptr].north == 0 && maze[cell_ptr+LOOK_N].bellnum == 255) //and if north is




{








//open and unexplored





mouse = this.getImage(this.getDocumentBase(), "mouse_n.gif");
//explore north





m_ypos = m_ypos + MOVE_N;





cell_ptr = cell_ptr + LOOK_N;





direction = NORTH;





maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_S].bellnum+1;




}




else if (maze[cell_ptr].south == 0 && maze[cell_ptr+LOOK_S].bellnum == 255)//else if south is




{








//open and unexplored





mouse = this.getImage(this.getDocumentBase(), "mouse_s.gif");
//explore south





m_ypos = m_ypos + MOVE_S;





cell_ptr = cell_ptr + LOOK_S;





direction = SOUTH;





maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_N].bellnum+1;



   
}



        else




{



    
   m_xpos = m_xpos + MOVE_E; //east is open, north and south are all either closed or explored, simply go east




   mouse = this.getImage(this.getDocumentBase(), "mouse_e.gif");




   cell_ptr = cell_ptr + LOOK_E;




   direction = EAST;




}



   }



}



else if (maze[cell_ptr].north == 0) // if east is closed, and north is open



{



   if (maze[cell_ptr+LOOK_N].bellnum == 255) //and if north is unexplored,



   {




mouse = this.getImage(this.getDocumentBase(), "mouse_n.gif");




m_ypos = m_ypos + MOVE_N;

//explore north




cell_ptr = cell_ptr + LOOK_N;




direction = NORTH;




maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_S].bellnum+1;



   }



   else if (maze[cell_ptr+LOOK_N].bellnum != 0) //if NORTH is already explored, and not 0....??



   {




if (maze[cell_ptr].south == 0 && maze[cell_ptr+LOOK_S].bellnum == 255) // and if south is open and




{








// unexplored





mouse = this.getImage(this.getDocumentBase(), "mouse_s.gif");
// explore south





m_ypos = m_ypos + MOVE_S;





cell_ptr = cell_ptr + LOOK_S;





direction = SOUTH;





maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_N].bellnum+1;




}



        else if (maze[cell_ptr].south != 0)  //east is closed, north is open but explored, south is closed, simply go north



        {





m_ypos = m_ypos + MOVE_N;





mouse = this.getImage(this.getDocumentBase(), "mouse_n.gif");





cell_ptr = cell_ptr + LOOK_N;





direction = NORTH;




}



    }



}



else if (maze[cell_ptr].south == 0)
// if east and north are closed, and south is open



{



   if(maze[cell_ptr+LOOK_S].bellnum == 255) // if south is unexplored



   {




mouse = this.getImage(this.getDocumentBase(), "mouse_s.gif"); //explored south




m_ypos = m_ypos + MOVE_S;




cell_ptr = cell_ptr + LOOK_S;




direction = SOUTH;




maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_N].bellnum+1;



   }



   else if (maze[cell_ptr+LOOK_S].bellnum != 0) //if south is already explored, and not 0....??



   {



   
m_ypos = m_ypos + MOVE_S;  //east and north are closed, south is open but explored, just go south




mouse = this.getImage(this.getDocumentBase(), "mouse_s.gif");




cell_ptr = cell_ptr + LOOK_S;




direction = SOUTH;



   }



}



else



{
// reached a deadend, reverse course




mouse = this.getImage(this.getDocumentBase(), "mouse_w.gif");




direction = WEST;



}


   }


}


else //if at the only entrance to the center, just move in


{  //if center is in the north adjacent cell with a clear path, go inside


   if(maze[cell_ptr+LOOK_N].bellnum == -1 && maze[cell_ptr].north == 0)


   {



direction = NORTH;



cell_ptr = cell_ptr + LOOK_N;

//

maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_S].bellnum+1;



mouse = this.getImage(this.getDocumentBase(), "mouse_n.gif");



m_ypos = m_ypos + MOVE_N;
//go inside the center



FOUNDIT = true;


   }


   //if center is in the south adjacent cell with a clear path, go inside


   else if(maze[cell_ptr+LOOK_S].bellnum == -1 && maze[cell_ptr].south == 0)


   {



direction = SOUTH;



cell_ptr = cell_ptr + LOOK_S;

//

maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_N].bellnum+1;



mouse = this.getImage(this.getDocumentBase(), "mouse_s.gif");



m_ypos = m_ypos + MOVE_S;
//go inside the center



FOUNDIT = true;


   }


   //if center is in the west adjacent cell with a clear path, go inside


   else if(maze[cell_ptr+LOOK_W].bellnum == -1 && maze[cell_ptr].west == 0)


   {



direction = WEST;



cell_ptr = cell_ptr + LOOK_W;

//

maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_E].bellnum+1;



mouse = this.getImage(this.getDocumentBase(), "mouse_w.gif");



m_xpos = m_xpos + MOVE_W;
//go inside the center



FOUNDIT = true;


   }


   //if center is in the east adjacent cell with a clear path, go inside


   else if(maze[cell_ptr+LOOK_E].bellnum == -1 && maze[cell_ptr].east == 0)


   {



direction = EAST;



cell_ptr = cell_ptr + LOOK_E;

//

maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_W].bellnum+1;



mouse = this.getImage(this.getDocumentBase(), "mouse_e.gif");



m_xpos = m_xpos + MOVE_E;
//go inside the center



FOUNDIT = true;


   }


}

     }

     else if (FOUNDIT == true && TRACEDONE == false) //start of the traceback process, from center to the maze entrance

     {

      if(maze[cell_ptr].bellnum == -1)

      {


temp = maze[cell_ptr+LOOK_W].bellnum;


direction = WEST;


cell_ptr = cell_ptr+LOOK_W;


mouse = this.getImage(this.getDocumentBase(), "mouse_w.gif");


m_xpos = m_xpos + MOVE_W;



maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_E].bellnum+1;

      }

      else

      {



/*
if(cell_ptr <= 143 && cell_ptr > 132)


{



direction = EAST;



cell_ptr = cell_ptr+LOOK_E;



temp = maze[cell_ptr].bellnum;



mouse = this.getImage(this.getDocumentBase(), "mouse_e.gif");



m_xpos = m_xpos + MOVE_E;



if (maze[cell_ptr].bellnum == 0)



{




TRACEDONE = true;



}



maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_W].bellnum+1;


}

*/


if(((cell_ptr+LOOK_N <= 143 && cell_ptr+LOOK_N >= 0) && 


    (maze[cell_ptr+LOOK_N].bellnum == temp-1 && maze[cell_ptr].north == 0)))


{



direction = NORTH;



cell_ptr = cell_ptr+LOOK_N;



temp = maze[cell_ptr].bellnum;



mouse = this.getImage(this.getDocumentBase(), "mouse_n.gif");



m_ypos = m_ypos + MOVE_N;



if (maze[cell_ptr].bellnum == 0)



{




TRACEDONE = true;



}



maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_S].bellnum+1;


}


else if(((cell_ptr+LOOK_S <= 143 && cell_ptr+LOOK_S >= 0) && 


    (maze[cell_ptr+LOOK_S].bellnum == temp-1 && maze[cell_ptr].south == 0)))


{



direction = SOUTH;



cell_ptr = cell_ptr+LOOK_S;



temp = maze[cell_ptr].bellnum;



mouse = this.getImage(this.getDocumentBase(), "mouse_s.gif");



m_ypos = m_ypos + MOVE_S;



if (maze[cell_ptr].bellnum == 0)



{




TRACEDONE = true;



}



maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_N].bellnum+1;


}


else if(((cell_ptr+LOOK_W <= 143 && cell_ptr+LOOK_W >= 0) && 


    (maze[cell_ptr+LOOK_W].bellnum == temp-1 && maze[cell_ptr].west == 0)))


{



direction = WEST;



cell_ptr = cell_ptr+LOOK_W;



temp = maze[cell_ptr].bellnum;



mouse = this.getImage(this.getDocumentBase(), "mouse_w.gif");



m_xpos = m_xpos + MOVE_W;



if (maze[cell_ptr].bellnum == 0)



{




TRACEDONE = true;



}



maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_E].bellnum+1;


}


else if(((cell_ptr+LOOK_E <= 143 && cell_ptr+LOOK_E >= 0) && 


    (maze[cell_ptr+LOOK_E].bellnum == temp-1 && maze[cell_ptr].east == 0)))


{



direction = EAST;



cell_ptr = cell_ptr+LOOK_E;



temp = maze[cell_ptr].bellnum;



mouse = this.getImage(this.getDocumentBase(), "mouse_e.gif");



m_xpos = m_xpos + MOVE_E;



if (maze[cell_ptr].bellnum == 0)



{




TRACEDONE = true;



}



maze[cell_ptr].bellnum = maze[cell_ptr+LOOK_W].bellnum+1;


}

      }



     }

     else if (TRACEDONE == true && FINISHED == false) //get from the start to finish as quick as possible

     {


if(((cell_ptr+LOOK_N <= 143 && cell_ptr+LOOK_N >= 0) && 


    (maze[cell_ptr+LOOK_N].bellnum == maze[cell_ptr].bellnum-1 && maze[cell_ptr].north == 0)))


{



direction = NORTH;



cell_ptr = cell_ptr+LOOK_N;



mouse = this.getImage(this.getDocumentBase(), "mouse_n.gif");



m_ypos = m_ypos + MOVE_N;



if (maze[cell_ptr].bellnum == -1)



{




FINISHED = true;



}


}


else if(((cell_ptr+LOOK_S <= 143 && cell_ptr+LOOK_S >= 0) && 


    (maze[cell_ptr+LOOK_S].bellnum == maze[cell_ptr].bellnum-1 && maze[cell_ptr].south == 0)))


{



direction = SOUTH;



cell_ptr = cell_ptr+LOOK_S;



mouse = this.getImage(this.getDocumentBase(), "mouse_s.gif");



m_ypos = m_ypos + MOVE_S;



if (maze[cell_ptr].bellnum == -1)



{




FINISHED = true;



}


}


else if(((cell_ptr+LOOK_W <= 143 && cell_ptr+LOOK_W >= 0) && 


    (maze[cell_ptr+LOOK_W].bellnum == maze[cell_ptr].bellnum-1 && maze[cell_ptr].west == 0)))


{



direction = WEST;



cell_ptr = cell_ptr+LOOK_W;



mouse = this.getImage(this.getDocumentBase(), "mouse_w.gif");



m_xpos = m_xpos + MOVE_W;



if (maze[cell_ptr].bellnum == -1)



{




FINISHED = true;



}


}


else if(((cell_ptr+LOOK_E <= 143 && cell_ptr+LOOK_E >= 0) && 


    (maze[cell_ptr+LOOK_E].bellnum == maze[cell_ptr].bellnum-1 && maze[cell_ptr].east == 0)))


{



direction = EAST;



cell_ptr = cell_ptr+LOOK_E;



mouse = this.getImage(this.getDocumentBase(), "mouse_e.gif");



m_xpos = m_xpos + MOVE_E;



if (maze[cell_ptr].bellnum == -1)



{




FINISHED = true;



}


}

     }

     if(FINISHED == false) 

     
message = "Bellman# is:" + maze[cell_ptr].bellnum;

     else


message = "WOOHOO!!!";

     repaint();

     return true;

     }


// Draw the applet whenever necessary


public void paint(Graphics g)


{



int bwidth = background.getWidth(this);



int bheight = background.getHeight(this);



int mwidth = mouse.getWidth(this) - 5;



int mheight = mouse.getHeight(this) - 5;



g.drawImage(background, b_xpos, b_ypos, bwidth, bheight, this);



g.drawImage(mouse, m_xpos+11*32+4, m_ypos+11*32+4, mwidth, mheight, this);



g.setColor(Color.red);



g.setFont(font);



g.drawString(message, 388, 200);


}


public void update(Graphics g)


{



paint(g);


}


public static void main(String[] args)


{


}


// Initialize the applet


public void init()


{



int i;



this.setBackground(Color.white);



mouse = this.getImage(this.getDocumentBase(), "mouse_n.gif");



background = this.getImage(this.getDocumentBase(), "MyMaze4.gif");



font = new Font("sansserif", Font.BOLD, 16);





maze[0] = new Cell(0,1,1,1);



maze[1] = new Cell(1,1,0,1);



maze[2] = new Cell(1,1,0,0);



maze[3] = new Cell(1,1,0,0);



maze[4] = new Cell(1,1,0,0);



maze[5] = new Cell(1,1,0,0);



maze[6] = new Cell(1,1,0,0);



maze[7] = new Cell(1,1,0,0);



maze[8] = new Cell(1,1,0,0);



maze[9] = new Cell(1,1,0,0);



maze[10] = new Cell(1,1,0,0);



maze[11] = new Cell(0,1,1,0);



maze[12] = new Cell(0,0,1,1);



maze[13] = new Cell(0,1,0,1);



maze[14] = new Cell(1,1,0,0);



maze[15] = new Cell(1,1,0,0);



maze[16] = new Cell(1,1,0,0);



maze[17] = new Cell(0,1,0,0);



maze[18] = new Cell(1,1,0,0);



maze[19] = new Cell(1,1,0,0);



maze[20] = new Cell(1,1,0,0);



maze[21] = new Cell(1,1,0,0);



maze[22] = new Cell(0,1,1,0);



maze[23] = new Cell(0,0,1,1);



maze[24] = new Cell(0,0,1,1);



maze[25] = new Cell(0,0,1,1);



maze[26] = new Cell(0,1,0,1);



maze[27] = new Cell(1,1,0,0);



maze[28] = new Cell(1,1,0,0);



maze[29] = new Cell(1,0,0,0);



maze[30] = new Cell(1,1,0,0);



maze[31] = new Cell(1,1,0,0);



maze[32] = new Cell(1,1,0,0);



maze[33] = new Cell(0,1,1,0);



maze[34] = new Cell(0,0,1,1);



maze[35] = new Cell(0,0,1,1);



maze[36] = new Cell(0,0,1,1);



maze[37] = new Cell(0,0,1,1);



maze[38] = new Cell(0,0,1,1);



maze[39] = new Cell(0,1,0,1);



maze[40] = new Cell(1,1,0,0);



maze[41] = new Cell(0,1,0,0);



maze[42] = new Cell(1,1,0,0);



maze[43] = new Cell(1,1,1,0);



maze[44] = new Cell(0,1,1,1);



maze[45] = new Cell(0,0,1,1);



maze[46] = new Cell(0,0,1,1);



maze[47] = new Cell(0,0,1,1);



maze[48] = new Cell(0,0,1,1);



maze[49] = new Cell(0,0,1,1);



maze[50] = new Cell(0,0,1,1);



maze[51] = new Cell(0,0,1,1);



maze[52] = new Cell(0,1,0,1);



maze[53] = new Cell(1,0,0,0);



maze[54] = new Cell(1,1,0,0);



maze[55] = new Cell(0,1,1,0);



maze[56] = new Cell(0,0,1,1);



maze[57] = new Cell(0,0,1,1);



maze[58] = new Cell(0,0,1,1);



maze[59] = new Cell(0,0,1,1);



maze[60] = new Cell(0,0,1,1);



maze[61] = new Cell(0,0,1,1);



maze[62] = new Cell(0,0,0,1);



maze[63] = new Cell(0,0,1,0);



maze[64] = new Cell(0,0,1,1);



maze[65] = new Cell(0,1,0,1);



maze[66] = new Cell(0,1,0,0);



maze[67] = new Cell(0,0,1,0);



maze[68] = new Cell(0,0,1,1);



maze[69] = new Cell(0,0,0,1);



maze[70] = new Cell(0,0,0,0);



maze[71] = new Cell(0,0,1,0);



maze[72] = new Cell(0,0,1,1);



maze[73] = new Cell(0,0,1,1);



maze[74] = new Cell(0,0,1,1);



maze[75] = new Cell(0,0,1,1);



maze[76] = new Cell(0,0,1,1);



maze[77] = new Cell(1,0,0,1);



maze[78] = new Cell(1,0,1,0);



maze[79] = new Cell(0,0,1,1);



maze[80] = new Cell(0,0,1,1);



maze[81] = new Cell(0,0,1,1);



maze[82] = new Cell(0,0,1,1);



maze[83] = new Cell(0,0,1,1);



maze[84] = new Cell(0,0,1,1);



maze[85] = new Cell(0,0,0,1);



maze[86] = new Cell(0,0,1,0);



maze[87] = new Cell(0,0,1,1);



maze[88] = new Cell(1,0,0,1);



maze[89] = new Cell(1,1,0,0);



maze[90] = new Cell(1,1,0,0);



maze[91] = new Cell(1,0,1,0);



maze[92] = new Cell(0,0,0,1);



maze[93] = new Cell(0,0,1,0);



maze[94] = new Cell(0,0,1,1);



maze[95] = new Cell(0,0,1,1);



maze[96] = new Cell(0,0,1,1);



maze[97] = new Cell(0,0,1,1);



maze[98] = new Cell(0,0,1,1);



maze[99] = new Cell(1,0,0,1);



maze[100] = new Cell(1,1,0,0);



maze[101] = new Cell(1,1,0,0);



maze[102] = new Cell(1,1,0,0);



maze[103] = new Cell(1,1,0,0);



maze[104] = new Cell(1,0,1,0);



maze[105] = new Cell(0,0,1,1);



maze[106] = new Cell(0,0,1,1);



maze[107] = new Cell(0,0,1,1);



maze[108] = new Cell(0,0,1,1);



maze[109] = new Cell(1,0,1,1);



maze[110] = new Cell(1,0,0,1);



maze[111] = new Cell(1,1,0,0);



maze[112] = new Cell(1,1,1,0);



maze[113] = new Cell(1,1,0,1);



maze[114] = new Cell(1,1,0,0);



maze[115] = new Cell(1,1,0,0);



maze[116] = new Cell(1,1,0,0);



maze[117] = new Cell(1,0,1,0);



maze[118] = new Cell(0,0,1,1);



maze[119] = new Cell(0,0,1,1);



maze[120] = new Cell(0,0,1,1);



maze[121] = new Cell(1,1,0,1);



maze[122] = new Cell(1,1,0,0);



maze[123] = new Cell(0,1,0,0);



maze[124] = new Cell(1,1,0,0);



maze[125] = new Cell(1,1,0,0);



maze[126] = new Cell(1,1,1,0);



maze[127] = new Cell(1,1,0,1);



maze[128] = new Cell(1,1,0,0);



maze[129] = new Cell(1,1,0,0);



maze[130] = new Cell(1,0,1,0);



maze[131] = new Cell(0,0,1,1);



maze[132] = new Cell(1,0,0,1);



maze[133] = new Cell(1,1,0,0);



maze[134] = new Cell(1,1,0,0);



maze[135] = new Cell(1,0,0,0);



maze[136] = new Cell(1,1,0,0);



maze[137] = new Cell(1,1,0,0);



maze[138] = new Cell(1,1,0,0);



maze[139] = new Cell(1,1,0,0);



maze[140] = new Cell(1,1,0,0);



maze[141] = new Cell(1,1,0,0);



maze[142] = new Cell(1,1,0,0);



maze[143] = new Cell(1,0,1,0);



maze[0].bellnum = 0;



for (i=1; i<=143; i++)




maze[i].bellnum = 255;



maze[65].bellnum = -1;



maze[66].bellnum = -1; 



maze[77].bellnum = -1;



maze[78].bellnum = -1;



direction = NORTH;



cell_ptr = 0;

//

message = "Bellnum# is:" + maze[cell_ptr].bellnum;


}

}

import java.applet.*;

import java.awt.*;

public class Cell

{


public int north, south, west, east, bellnum;


public Cell(int north, int south, int west, int east, int bellnum)


{



this.north = north;



this.south = south;



this.west = west;



this.east = east;



this.bellnum = bellnum;


}


public Cell(int north, int south, int west, int east)


{



this(north, south, west, east, 0);


}


}
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Appendix C

Figure 6-Maze Built for this Project

Micro Mouse Contest Rules (Some rules vary)

I. Specifications for the maze

1. The maze shall comprise 16 x 16 multiples of an 18 cm x 18 cm unit square. The walls constituting the maze shall be 5 cm high and 1.2 cm thick. Passageways between the walls shall be 16.8 cm wide. The outside wall shall enclose the entire maze. 

2. The sides of the maze shall be white, and the top of the walls shall be red. The floor of the maze shall be made of wood and finished with a non-gloss black paint. The coating on the top and sides of the walls shall be selected to reflect infred-red light and the coating on the floor shall absorb it. 

3. The start of the maze shall be located at one of the four corners. The starting square shall have walls on three sides. The starting square orientation shall be such that when the open wall is to the "north", outside maze walls are on the "west" and "south". At the center of the maze shall be a large opening which is composed of 4 unit squares. This central square shall be the destination. A red post, 20 cm high, and 2.5 cm on each side, may be placed at the center of the large destination square if requested by the handler. 

4. Small square posts, each 1.2 cm x 1.2 cm x 5 cm high, at the four corners of each unit are called latice points. The maze shall be constituted such that there is at least one wall touching each lattice point, except for the destination square. 

5. The dimensions of the maze shall be accurate to within 5% or 2 cm, whichever is less. Assembly joints on the maze floor shall not incolve steps greater than 0.5 mm. The change of slope at an assembly joint shall not be greater than 4. Gaps between the walls of adjacent squares shal not be greater than 1 mm. 

II. Specifications for the Micro Mouse

1. A Micro Mouse shall be self contained. It shall not use an energy source employing a combustion process. 

2. The length and width of a Micro Mouse shall be restricted to a square region of 25 cm x 25 cm. The dimensions of a Micro Mouse which changes its geometry during a run shall never be greater than 25 cm x 25 cm. The height of a Micro Mouse is unrestricted. 

3. A Micro Mouse shall not leave anything behind while negotiating the maze. 

4. A Micro Mouse shall not jump over, climb, scratch, damage, or destroy the walls of the maze. 

III. Rules for the Contest

The basic function of a Micro Mouse is to travel from the start square to the destination square. This is called a run. The time it takes is called the run time. Traveling from the destination square back to the start square is not considered a run. The total time from the first activation of the Micro Mouse until the start of each run is also mesured. This is called the maze time. If a mouse requires manual assistance at any time during the contest it is considered touched. By using these three parameters the scoring of the contest is designed to reward speed, efficiency of maze solving, and self-reliance of the Micro Mouse. 

1. The scoring of a Micro Mouse shall be done by computing a handicapped time for each run. This shall be calculated by adding the time for each run to 30 of the maze time associated with that run and subtracting a 10 second bonus if the Micro Mouse has not been touched yet1. 1 For example assume a Micro Mouse, after being on the maze for 4 minutes without being touched, starts a run which takes 20 seconds; the run will have a handicapped time of: 20+4300-10=18seconds The run with the fastest handicapped time for each Micro Mouse shall be the offical time of that Micro Mouse. 

2. Each contesting Micro Mouse shall be subject to a time limit of 15 minutes on the maze. Within this time limit, the Micro Mouse may make as many runs as possible. 

3. When the Micro Mouse reaches the maze center it may be manually lifted out and restarted or it may make its own way back to the start square. Manually lifting it out shall be considered touching the Micro Mouse and will cause it to loose the 10 second bonus on all further runs. 

4. The time for each run shall be measured from the moment the Micro Mouse leaves the start square until it enters the finish square. The total time on the maze shall be measured from the time the Micro Mouse is first activated. The mouse does not have to move when it is first activated but it must be positioned in the start square ready to run. 

5. The time taken to negotiate the maze shall be measured either manually by the contest officials or by infra-red sensors set at the start and destination. If infra-red sensors are used, the start sensor shall be positioned at the boundary between the start square and the next unit square. The destination sensor shall be placed at the entrance to the destination square. The infra-red beam of each sensor shall be horizontal and positioned approximately 1 cm above the floor. 

6. The starting procedure of the Micro Mouse shall not offer a choice of strategies to the handler. 

7. Once the maze configuration for the contest is disclosed, the operator shall not feed the Micro Mouse with any maze information. 

8. The illumination, temperature, and humidity of the room in which the maze is located shall be those of an ambient enviornment. Requests to adjust the illumination may be accepted at the discretion of the contest officials. 

9. If a Micro Mouse appears to be malfunctioning, the handlers may ask the judges for permission to abandon the run and restart the Micro Mouse at the beginning. A Micro Mouse shall not be re-started merely because it has taken a wrong turn. 

10. If a Micro Mouse team elects to stop because of technical problems, the judges may, at their discretion, permit the team to run again later in the contest with a 3 minute maze time penalty1. 1 For example, assume a Micro Mouse is stopped after 4 minutes; it must be restarted as if it had already run for 7 minutes, and will have only 8 more minutes to run. 
11. If any part of a Micro Mouse is replaced during its performance, such as batteries or EPROMS, or if any significant adjustment is made, the memory of the maze within the Micro Mouse shall be erased before restarting. Slight adjustments, such as to the sensors may be allowed at the discretion of the judges, but operation of speed or strategy controls is expressly forbidden without a memory erasure. 

12. No part of the Micro Mouse (with the possible excpetion of batteries) shall be transferred to another Micro Mouse. For example if one chassis is used with two alternative controllers, then they are the same Micro Mouse and must perform within a single 15 minute allocation. The memory must be cleared with the change of a controller. 

13. The contest officials shall reserve the right to stop a run, or disqualify a Micro Mouse, if they believe its continued operation is endangering the condition of the maze. 
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				CDS CELL LEVELED AT 2 CM FROM GROUND																																CDS CELL LEVELED AT .5 CM FROM GROUND

				CDS ON BLACK								CDS ON BLACK 2								CDS ON WHITE								CDS ON WHITE								CDS ON BLACK								CDS ON WHITE

				PARTIALLY CHARGED BAT 5.9V								FULLY CHARGED BATTERY 7.2V								FULLY CHARGED BATTERY 7.2V								PARTIALLY CHARGED BAT 5.9V								FULLY CHARGED BATTERY								FULLY CHARGED BATTERY

				CDS_FRONT		CDS_MID		Black 6.0V				CDS_FRONT		CDS_MID		Black 7.2V				CDS_FRONT		CDS_MID		White 7.2 V				CDS_FRONT		CDS_MID		CDS_END				CDS_FRONT		CDS_MID		CDS_END				CDS_FRONT		CDS_MID		CDS_END

				199		219		186				201		219		189				163		150		124				136		157		133				190		221		190				134		145		118

				195		221		183				198		216		186				159		164		130				125		160		128				196		223		189				134		141		115

				198		220		184				201		215		185				154		165		132				136		155		124				194		223		188				140		146		115

				195		217		187				197		216		184				150		165		135				126		150		125				199		220		187				141		150		120

				198		217		189				201		217		184				146		161		133				135		147		125				191		219		186				143		158		122

				196		216		188				197		220		186				147		155		131				125		144		131				198		219		186				141		158		124

				198		216		188				200		220		187				147		152		128				136		146		134				192		218		188				139		155		124

				196		216		186				197		221		189				154		149		126				126		147		136				195		219		189				136		150		122

				197		219		187				201		219		188				159		151		125				133		157		134				190		221		190				134		144		120

				195		220		188				197		218		188				163		152		124				125		160		134				197		222		190				134		142		116

				197		221		187				200		216		187				161		160		126				134		162		133				195		224		190				134		140		116

				196		220		187				196		215		186				157		164		128				126		158		128				194		222		189				139		145		114

				197		219		183				201		215		185				151		166		132				134		154		129				195		221		187				141		149		118

				197		218		189				197		215		184				146		163		132				126		150		129				195		219		186				143		158		124

				197		216		188				200		219		185				144		157		132				135		146		132				194		217		186				141		158		130

				197		216		191				197		219		185				141		153		129				128		147		139				195		218		188				139		156		130

				196		217		188				200		220		188				145		149		126				132		147		149				194		217		188				138		151		129

				196		219		187				197		220		188				148		150		124				126		155		156				198		219		191				139		145		128

				196		221		186				200		218		189				158		148		122				132		158		159				194		220		191				150		143		129

				196		223		187				197		217		188				158		152		124				127		162		158				197		222		191				149		141		128

				195		223		183				201		215		187				157		155		125				133		157		160				194		222		190				148		144		123

				196		223		182				198		215		185				151		160		131				128		150		159				196		222		188				145		147		122

				195		222		188				200		214		184				145		160		132				130		145		159				195		220		188				145		157		119

				197		220		184				197		217		184				142		159		133				122		140		162				195		219		186				144		158		124

				194		219		186				200		217		184				139		158		131				122		139		161				194		217		187				147		156		126

				196		219		191				197		219		187				142		155		129				119		138		164				195		216		187				149		151		132

				194		220		187				200		219		187				143		152		126				122		144		163				195		218		190				143		145		132

				197		221		190				198		218		189				153		150		126				124		149		162				195		218		191				137		142		130

				195		223		189				202		217		189				155		151		127				129		157		157				194		221		191				133		140		127

				198		223		188				200		216		189				156		152		127				128		156		150				195		221		190				137		143		123

				196		224		185				201		215		189				153		160		131				127		154		146				197		221		189				143		145		123

				200		223		186				199		214		189				149		160		134				128		150		144				195		221		187				149		155		124

				199		223		186				201		216		188				145		161		137				125		145		142				196		220		186				146		157		128

				203		222		188				200		217		188				141		157		135				126		143		142				196		217		186				139		157		129

				202		220		189				202		220		189				144		151		133				123		141		144				197		217		185				133		152		134

				206		220		189				201		220		189				144		146		130				125		144		143				194		216		188				130		147		134

				204		220		189				202		220		192				151		140		125				124		146		139				196		217		190				131		142		132

				205		223		189				200		218		191				156		141		124				129		157		134				195		219		190				133		138		131

				202		224		186				201		216		189				161		141		122				125		160		131				198		221		190				136		139		127

				205		225		185				200		215		186				160		150		124				132		161		128				195		222		190				139		138		125

				203		223		185				201		214		184				157		154		122				127		157		127				197		222		188				142		147		118

				206		221		185				201		215		183				152		158		125				130		152		128				194		221		187				141		150		118

				204		219		187				201		215		182				148		156		126				123		145		129				198		220		185				139		152		118

				207		217		188				201		219		182				147		154		128				131		141		133				194		219		185				136		148		122

				205		217		191				201		220		182				146		153		129				126		142		136				198		217		186				132		143		122

				208		216		189				202		221		185				149		150		132				135		143		139				194		217		186				131		140		122

				205		219		189				201		220		186				151		149		133				126		152		135				198		218		189				131		138		122

				207		220		187				202		218		188				159		148		131				135		156		133				194		219		189				140		139		124

				203		222		186				200		217		188				159		154		131				125		160		130				197		222		189				144		140		130

				205		222		186				201		215		188				157		159		127				134		158		123				194		221		188				149		149		133

				201		221		185				200		215		187				152		165		131				125		154		119				197		222		187				148		154		137

				204		220		186				202		215		187				146		164		133				135		149		117				193		220		186				147		158		138

				201		217		187				200		218		187				142		164		136				126		145		120				197		219		186				144		156		145

				204		216		190				202		220		187				138		162		134				136		144		123				193		218		187				141		151		147

				201		215		190				199		222		188				139		161		133				125		144		128				197		216		188				137		147		152

				204		216		190				201		221		190				139		163		132				137		151		126				193		217		191				139		142		151

				201		217		188				198		221		192				149		161		129				126		156		123				196		217		192				148		143		151

				203		219		187				201		219		192				152		165		129				136		163		119				192		220		193				144		142		149

				200		220		186				198		217		193				155		166		129				125		162		116				196		221		192				148		150		147

				203		220		184				202		216		192				152		174		133				138		160		114				193		222		191				147		155		146

				200		220		185				199		215		191				148		176		135				127		157		113				197		222		190				146		160		146

				202		218		185				201		216		190				143		177		139				138		154		115				193		220		188				143		156		149

				200		217		188				198		217		189				138		175		138				128		153		116				196		220		189				140		148		151

				203		216		189				201		220		189				139		170		133				141		151		121				193		217		189				144		141		153

				200		216		189				198		219		190				138		170		127				133		155		121				196		217		191				158		135		153

				202		217		189				201		219		193				145		171		123				142		157		121				193		216		192				153		135		153

				200		220		188				198		217		194				149		175		123				131		167		117				196		219		193				152		134		150

				203		221		186				200		217		195				157		175		122				143		167		114				194		220		193				156		141		146

				200		223		185				197		215		196				156		181		123				133		168		113				196		221		192				156		146		141

				202		222		185				201		214		195				154		182		123				143		165		111				193		221		190				156		153		137

				200		222		185				197		216		195				150		182		129				134		159		114				195		221		189				153		154		138

				202		221		188				200		217		195				145		179		130				145		155		116				195		219		188				150		153		139

				202		219		188				197		220		195				143		174		131				137		153		122				196		218		189				149		149		143

				202		218		189				201		221		196				142		170		130				144		156		122				194		217		190				153		144		143

				200		218		189				198		221		196				146		166		126				134		155		122				195		217		190				158		143		137

				202		219		188				201		220		198				149		166		124				144		161		119				196		219		192				160		141		134

				200		221		186				198		218		200				159		163		121				135		163		116				196		220		192				163		147		130

				200		223		185				202		217		200				159		166		122				141		165		115				195		222		191				164		152		126

				199		224		183				199		215		199				158		168		122				133		160		112				194		223		189				164		161		123

				200		224		183				202		216		198				154		173		128				141		152		113				196		223		187				161		162		123

				201		223		185				199		216		196				147		171		130				137		147		114				195		222		187				159		160		123

				200		222		186				203		220		195				143		170		133				141		142		119				195		220		186				156		155		127

				200		221		188				200		221		194				139		166		132				134		142		121				194		218		187				153		149		127

				200		221		188				202		222		195				140		164		130				141		142		123				197		217		188				152		148		128

				199		221		187				200		222		194				141		162		126				135		148		122				194		218		189				152		146		126

				198		222		186				204		221		195				150		157		122				137		153		119				196		218		190				155		150		121

				198		224		183				202		219		193				156		158		121				132		159		117				193		221		190				155		153		117

				198		225		181				206		217		193				159		157		120				138		157		113				196		222		189				154		160		114

				200		225		180				204		217		190				156		162		123				141		152		113				193		223		187				151		155		113

				198		225		180				206		217		188				152		161		126				143		146		112				195		222		186				151		151		112

				199		224		182				204		218		186				149		161		130				142		141		117				192		220		185				152		146		116

				198		223		184				205		220		184				146		157		131				145		139		119				196		218		185				148		139		119

				200		222		185				203		222		184				145		153		130				143		138		123				192		217		186				149		136		122

				197		222		186				205		221		184				145		153		127				142		142		122				195		217		188				150		134		121

				199		222		184				203		220		186				150		151		125				141		146		121				191		216		189				154		138		120

				196		224		183				204		218		187				155		151		124				142		154		117				195		218		190				156		141		117

				199		225		182				203		216		189				163		151		123				147		155		113				191		220		189				155		151		113

				196		226		182				204		216		189				162		158		125				144		153		111				195		222		188				153		152		111

				199		227		183				203		215		189				160		162		126				146		148		110				191		222		186				148		150		110

				196		226		185				202		216		187				155		166		133				144		142		112				196		221		184				144		145		112

				199		225		189				202		218		186				149		163		135				147		139		116				193		220		184				138		139		114

				196		223		190				201		221		186				145		159		136				142		137		122				197		218		183				138		139		119

				199		223		191				200		221		186				142		155		134				146		139		123				193		216		185				139		137		120

				195		222		191				201		222		187				142		150		132				144		141		124				197		215		186				145		138		121

				199		222		190				201		221		189				141		150		130				155		151		121				193		216		188				145		138		118

				195		222		189				201		220		191				150		150		127				151		153		118				197		218		188				146		150		114

				198		224		188				201		219		192				153		155		127				158		154		117				192		220		188				145		155		111

				195		224		188				199		218		193				155		159		126				153		149		116				195		221		186				142		157		109

				198		224		188				200		219		193				151		166		131				159		143		117				191		221		185				142		154		110

				195		223		189				199		220		194				147		166		132				151		137		118				195		220		185				142		150		110

				198		221		190				200		223		196				144		164		135				157		133		124				191		218		184				144		147		116

				195		220		192				199		224		196				142		159		133				150		134		124				194		216		186				145		143		118

				199		218		191				201		225		196				144		154		130				159		134		124				190		216		187				157		146		119

				195		219		191				199		224		196				144		151		126				152		142		123				194		216		189				163		148		117

				199		219		189				200		222		198				150		149		124				160		147		120				191		217		189				165		158		114

				196		222		187				198		220		199				153		151		124				152		151		117				193		219		189				158		161		111

				200		223		186				200		217		201				157		153		122				161		148		115				191		221		188				156		163		109

				197		224		185				197		217		200				155		162		124				153		145		117				193		221		187				154		160		109

				200		223		186				200		216		199				152		163		122				161		142		117				192		221		186				152		154		109

				197		222		187				197		219		198				147		163		125				152		137		123				194		220		186				153		151		113

				200		221		189				200		220		196				142		159		124				162		137		124				191		219		188				156		146		116

				197		220		190				196		221		195				139		154		124				154		137		127				194		217		189				162		148		120

				201		219		190				200		221		198				137		151		121				161		142		125				191		217		192				166		148		119

				198		219		188				196		220		202				141		147		117				153		147		122				192		217		193				170		157		117

				201		220		187				199		219		203				144		147		116				162		154		119				192		219		193				169		161		114

				199		222		185				196		217		203				153		149		115				154		154		116				192		220		192				166		165		110

				203		224		184				199		216		202				154		156		117				162		151		116				193		222		190				163		161		108

				200		223		184				195		216		201				153		160		118				153		145		116				192		219		188				161		157		106

				204		223		184				199		218		198				149		163		124				161		139		120				193		222		185				161		150		109

				202		221		186				194		219		195				143		161		125				154		136		122				193		220		185				161		145		111

				205		220		187				199		222		191				140		157		126				161		133		126				193		219		184				164		143		117

				203		219		187				194		221		188				139		152		124				153		136		124				192		218		186				163		140		118

				205		218		186				198		222		188				142		147		121				161		140		122				193		218		187				162		146		119

				202		219		185				194		220		187				143		146		119				155		151		120				191		219		188				158		149		115

				203		219		184				198		218		189				153		145		116				161		153		117				194		220		187				153		154		113

				199		222		182				194		216		190				159		150		116				153		154		116				192		222		186				148		151		111

				201		223		183				198		215		190				162		155		116				160		150		116				195		222		185				143		146		111

				199		224		183				193		216		188				160		162		120				154		144		119				192		222		183				142		140		114

				201		224		186				197		216		187				156		161		122				160		140		122				194		221		182				140		134		115

				199		223		187				194		218		185				151		159		125				153		137		126				191		220		182				141		134		123

				202		222		189				197		218		185				146		155		123				160		138		126				195		219		183				142		133		127

				202		222		188				193		218		184				146		149		122				156		139		124				191		218		185				144		140		129

				202		223		187				196		217		183				145		147		119				160		148		120				195		218		187				143		145		126

				201		224		186				194		215		184				149		145		116				154		151		116				192		218		188				141		151		122

				201		225		185				197		214		184				153		148		115				158		152		114				196		221		188				139		149		116

				201		227		185				195		213		185				161		150		114				155		149		111				190		222		187				136		146		113

				202		227		186				198		213		184				159		160		117				157		144		114				190		223		186				136		142		113

				201		227		190				196		213		182				156		162		120				152		140		116				184		222		186				137		141		112

				202		226		192				198		216		179				150		163		125				155		136		123				190		221		185				142		143		116

				203		224		194				196		217		177				144		159		125				153		137		124				184		219		185				146		143		119

				203		223		194				199		218		175				141		153		125				154		137		124				189		217		185				151		148		124

				202		222		194				196		217		174				139		146		122				151		145		121				184		217		188				152		154		123

				203		221		193				196		217		176				142		139		120				154		150		118				189		216		188				148		161		122

				203		221		191				193		214		176				143		140		118				153		155		116				184		218		189				145		161		119

				202		222		190				194		212		180				153		140		117				154		152		115				189		219		188				143		158		115

				202		224		188				193		212		180				155		149		119				153		148		116				184		221		187				143		154		113

				201		224		187				193		212		181				157		153		121				155		142		118				189		221		185				145		149		112

				202		224		187				192		214		179				154		157		126				158		137		124				184		221		184				148		148		115

				199		223		188				193		216		178				149		154		128				155		134		125				188		219		184				152		146		118

				200		222		188				192		218		176				146		151		131				156		132		126				183		218		185				160		151		124

				197		220		188				192		218		175				143		149		130				153		137		124				188		216		187				160		155		124

				200		219		187				191		218		175				144		146		128				158		142		120				183		215		188				160		163		124

				197		219		186				192		217		175				145		145		126				153		150		118				188		216		189				157		163		121

				199		219		185				194		215		178				153		144		123				155		150		115				188		217		189				155		161		118

				197		222		185				192		214		179				158		149		123				151		148		116				194		219		189				154		157		118

				200		223		187				194		214		181				162		151		123				156		143		116				193		220		187				154		151		117

				197		223		189				193		215		181				160		157		128				150		137		122				193		220		186				157				118

				200		223		193				195		217		180				157		154		131				155		135		124				189		219		186				159		151		119

				196		222		195				193		220		180				151		152		135				148		133		126				187		216		186				162		154		126

				200		221		196				195		221		179				147		147		134				157		137		124				177		215		188				161		163		128

				196		219		196				194		221		179				146		145		132				152		140		122				177		214		191				160		164		130

				199		219		195				197		221		180				146		144		129				157		150		118				177		214		193				158		162		129

				196		219		194				194		219		183				150		143		127				152		152		116				184		214		193				156		158		125

				199		220		193				197		218		184				154		146		126				160		152		116				185		217		193				154		152		120

				196		222		192				195		217		186				162		149		124				153		148		115				188		218		191				152		150		116

				199		223		192				197		217		187				162		159		126				159		142		120				191		219		189				155		147		115

				195		223		194				195		218		187				160		161		127				153		139		122				194		218		188				156		150		113

				199		223		195				197		221		185				155		161		133				160		136		126				196		218		187				159		153		117

				195		222		197				195		222		184				149		157		134				152		138		125				198		218		188				159		162		119

				198		220		196				199		224		183				143		152		135				159		138		123				199		217		189				157		161		121

				195		219		195				195		223		183				140		148		135				151		147		120				199		217		191				154		158		119

				199		218		193				199		222		185				140		144		132				160		151		117				199		217		191				151		153		118

				195		220		190				196		221		187				141		146		130				152		154		116				197		219		191				150		146		115

				198		220		188				201		220		189				150		146		128				159		150		115				199		220		190				149		142		110

				194		223		187				197		220		191				153		154		130				151		145		118				197		221		188				147		138		108

				199		223		188				200		221		192				154		158		131				160		141		120				199		221		187				146		140		106

				195		223		189				197		223		193				151		162		136				151		137		126				196		220		186				149		141		109

				198		223		191				201		224		192				145		159		137				160		137		126				197		219		187				147		151		112

				194		221		191				198		225		191				141		155		139				151		136		124				191		216		187				144		153		118

				198		219		191				201		225		191				138		150		137				159		143		121				191		216		190				141		153		119

				194		218		190				197		225		191				139		146		135				152		148		118				184		215		189				138		148		119

				197		218		188				201		224		191				140		145		133				160		155		123				187		217		190				137		141		117

				194		218		187				197		223		193				151		145		130				151		152		118				183		218		189				135		137		114

				197		221		186				200		222		194				156		151		132				160		148		116				191		221		188				136		132		113

				194		221		187				196		221		195				161		155		135				152		143		118				192		221		186				137		134		111

				198		222		187				199		222		195				159		162		143				160		137		119				198		221		184				142		136		112

				194		222		190				195		223		195				155		161		145				151		135		125				197		220		184				142		146		112

				197		221		190				198		225		194				149		159		148				158		134		126				200		218		182				143		149		116

				195		220		191				194		226		193				144		154		146				151		139		125				197		217		184				141		151		117

				198		217		190				198		226		192				144		149		142				158		142		124				200		215		184				139		147		117

				196		216		189				195		225		191				143		147		137				151		152		120				196		216		186				139		144		115

				198		215		188				198		224		190				150		145		132				157		153		118				201		217		186				141		143		113

				196		217		187				195		223		191				153		148		129				146		152		115				197		220		187				144		141		111

				198		219		187				199		222		193				162		151		127				147		148		117				200		221		185				145		143		108

				195		221		187				197		223		193				161		160		128				135		144		118				196		217		185				151		146		109

				197		222		189				200		223		193				160		162		128				140		141		124				200		218		184				152		155		109

				196		223		190				196		226		193				156		161		133				135		138		126				201		219		183				153		160		114

				197		222		191				199		225		191				150		158		133				142		142		127				203		222		183				151		163		117

				196		221		191				197		226		189				148		152		134				140		143		124				198		222		183				148		160		121

				196		220		190				198		225		187				146		149		131				145		153		121				198		222		186				146		156		120

				196		218		189				196		224		187				148		145		128				141		156		119				197		221		186				144		151		119

				196		219		187				196		223		186				150		147		126				145		158		115				203		219		187				146		147		115

				195		219		187				194		222		188				160		147		124				139		154		117				198		217		186				146		148		112

				195		221		186				196		222		189				161		156		125				142		149		118				200		217		184				151		148		111

				196		220		188				195		223		190				163		159		125				141		144		123				196		218		182				152		156		110

				195		221		189				196		242		190				158		162		131				143		140		124				199		217		180				152		160		112

				197		219		191				195		244		189				153		160		132				143		141		128				201		220		180				150		162		114

				195		218		191				195		244		188				148		155		134				143		141		124				198		221		180				148		156		121

				197		216		191				193		243		187				145		151		132				144		149		123				200		222		183				146		149		123

				196		214		190				192		241		186				147		147		130				143		153		120				202		221		184				145		143		123

				196		214		188				192		242		186				147		146		127				142		158		116				197		220		185				147		136		121

				194		214		187				192		244		187				155		145		124				140		156		112				199		218		185				148		134		118

				196		217		186				191		246		188				159		151		125				143		152		112				196		217		185				153		134		115

				195		218		187				193		248		189				163		156		124				141		147		116				198		216		184				154		141		110

				197		219		187				195		248		189				160		162		128				145		142		121				197		216		182				155		147		111

				195		219		190				194		248		189				155		161		130				141		141		126				196		218		182				153		152		111

				198		218		190				196		248		188				151		158		134				147		140		125				203		220		181				151		149		118

				195		217		191				195		249		186				145		154		133				142		145		121				196		221		183				149		145		120

				197		215		190				197		249		185				143		148		132				145		149		118				203		221		184				147		139		122

				194		214		189				195		250		184				141		146		129				140		157		115				200		220		185				149		134		121

				197		214		188				196		249		183				146		145		126				147		157		114				197		218		185				149		134		118

				194		215		187				195		250		184				151		147		125				142		155		114				200		216		185				154		133		115

				197		215		186				198		249		186				162		143		132				149		150		118				202		215		183				155		140		111

				194		219		188				196		249		187				162		142		130				142		144		120				198		214		181				156		145		109

				198		219		187				198		249		190				161		141		129				151		142		126				200		216		180				154		152		109

				194		219		186				194		249		190				156		153		126				145		139		127				196		216		179				152		150		114

		MIN		194		214		180		MIN		191		212		174		MIN		137		139		114		MIN		119		132		110		MIN		177		214		179		MIN		130		132		106

		MAX		208		227		197		MAX		206		250		203		MAX		163		182		148		MAX		162		168		164		MAX		203		224		193		MAX		170		165		153
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