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Abstract
Climbing is a sport that has stolen my heart. I generally stick to the safety of boulders and rock, although I’ve wondered what it would be like to dig into ice. Luckily, I am proposing a robot, Beta Master, to make the ascent before me. (As a side note beta is the advice climbers give each other to successfully complete a route). As ice will be difficult to test/work with Beta Master will climb a slab of foam using the same principles as ice climbing. His hands and feet will be his “ice” axes. The slab will sit around 20-30 degrees from vertical (to give the Beta Master traction) and be roughly 3 feet high. The general motion will be much like a “pull-up”.  The arms will pierce the foam, pull-up, then a separate set of stabilizing legs will hold her position while the arms reset for another pull-up. 

Executive Summary
Beta Master is a foam climbing robot and was designed to mimic the movements of an ice climber.  She is equipped with “ice” picks, two on her arm and two on her legs that allow her to make her way up and down a foam slab. There are five servos to control her movement: one for the shoulder, two for the elbow and two for the legs. Beta Master also has two bump switches that act as end of route sensors. One is attached to her back end and the other has a feeler attached and is connected to the top of her to sense the bottom and top of the route, respectively. Her brains consist of the Mavric-IIB, which contains an Atmega128, and her power is supplied by two 7.4 volt Lithium Polymer batteries (one for the five servos, one for everything else).  She also has an LCD to display her current progress. The platform was designed in Pro-E and cut out of 1/8th inch wood.  The actuation through the elbow and shoulder joint was implemented using RC airplane parts. The motion with which Beta Master climbs is much like a pull-up. She first digs in the picks on her arms, pulls herself up, sets her legs in for support, then pulls the arm out, reaches up and repeats the pull-up.  When she senses that she has climbed to the top, she rests for a second, and shakes out her legs in excitement. She then resumes slowly back down the “ice” until she has sensed the bottom, where she stops. Beta Master has been tested at inclines as steep as 25 degrees from vertical.
Introduction
Ice climbing is a sport that is growing in popularity. It combines strength, balance, technique and brains unlike any other activity. As with human climbers today, these are the issues the robot climber will struggle against to complete her task. Servos will provide her strength, level sensors her balance, algorithms her technique and the ATmega128 MCU her brains. 

This paper takes you through the design and creation of the climber.  Below I discuss in detail the sensors, actuation, platform, integrated system, behaviors and experiments that went into creating the robot. I also discuss the obstacles I encountered and how I went about working through them. 
Integrated System
The system contains the following components:

· Mavric-IIB Development Board (with Atmega128)
· LCD (from EEL4744)

· 5 x HS322HD Servos (rated to 41.66 oz. in)
· Wood body, arms, legs

· 2 x 7.4 volt 1050 mAh Lithium batteries
· Sharpened Metal Pushrods (to form “ice” picks)
· 2 x micro switches
· DPST switch

Mobile Platform
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As an integral part of the robot, the mobile platform is the body, arms and legs of the design.  The platform design allows the robot to perform a pull-up on foam, stabilize itself and reset for another pull-up. The body is just big enough to hold the Mavric-IIB board, batteries, servos and LCD. It also gives a place to attach the arms and legs. There are a set of arms and legs that work in unison. The arms are made of two pieces, the bicep and the forearm, that attach at an “elbow” joint with 90 degree range of motion.  The arms also provide an area to place the metal picks. The legs are two separate C-shaped pieces that also provide an area to place metal picks.
Actuation

The majority of the actuation occurs in the arms and legs.  The purpose of the arms is to pull the body up the foam. The legs stabilize the body while the arms reset for another pull-up.  I decided to use servos because the legs and arms require short, controlled movements that would be tedious to produce using DC motors. A drawback to using servos is they generally provide less torque than a DC motor. To account for this I have decided to use Karbonite-geared servos and I have doubled the servos for two of the joints. 

Arms

The arms move in two ways: 

1. Around the shoulder joint
– forward motion forces the picks into the foam 

– backward motion pulls picks out of foam
2. About the elbow joint
– the elbow closes to pull the robot up 





– the elbow opens to reach the picks up

Arm Motion in Steps:
1. The elbow servos hold the elbows at 120º (the angle between the forearm and  the upper arm).
2. The shoulder servo moves the arms forward (toward the wall of foam) to pierce the foam.

3. The elbow closes to 60º (pulling the body up).
NOTE: At this point the legs engage to stabilize the body while the arms reset – this will be described shortly.
4. The shoulder moves the arms backward (away from the wall), pulling the picks out of the foam.
5. The process repeats.
Arm Servos
Three servos are used to make the arm movements: 

1. One for all shoulder motion: mounted on the body platform between the shoulder joints. 

2. One for the left elbow: mounted inside the left bicep.

3. One for the right elbow: mounted inside the right bicep.

NOTE: The left and right servos will be synchronized.
Legs
There are two separate legs that move synchronously about the hip joints.  The legs move two directions about the hips:
· forward (toward the wall) to force the picks into the foam

· backward (away from the wall) to pull the picks out of the foam

Leg Motion in Steps:

1. The hip servos move the legs forward to engage the picks into the foam.
NOTE: At this point the arms pull out of the foam, reset for another pull-up by piercing the foam and waiting to pull the body up.

2. The hip servos move the leg backward to pull the picks out of the foam.


3. The process repeats.

NOTE: The downward climbing motion is the same as upward. Also the movements are sequenced in reverse.

Leg Servos
Two servos are used to make the leg movements: 

1. One for the left hip: mounted inside the left hip on the body platform.

3. One for the right hip: mounted inside the right hip on the body platform.

NOTE: The left and right servos will be synchronized.

Sensors

Beta Master will need to complete several tasks. The following list of sensors details the proposed tasks and solutions. 

Sonar
Beta Master needs to determine what height she has reached and display it on the LCD periodically.  This is achieved by aiming a sonar sensor at the ground, interpreting the values and printing them to the LCD.  Time did not permit the implementation of this sensor.
End of Route (micro switch)
To stop Beta Master from trying to climb past the top of the “ice” or waste energy trying to down climb after she has reached the bottom, the end of route sensor is implemented. Once the end of the route is perceived, she will halt her climbing and notify via LCD that she has reached to top. When she down climbs and safely reaches the ground, her second end of route sensor will trigger to stop all motion.
Level
An important sensor is the level sensor which helps Beta Master achieve a sense of balance.  The sensor judges how unbalanced Beta Master is as she climbs. If she gets past a given threshold a warning will be displayed on the LCD. Time permitting, a weighted arm will be installed to move slightly to correct balance issues. This sensor was not integrated due to time restrictions.
Behaviors

Many of the behaviors have been mentioned above in the Sensors section. Here is a full detail description of all proposed behaviors.
Climbing
Climbing is the obvious main task. When placed near a foam wall and given the command to go, Beta Master will climb up the foam using its arms and legs. After sensing the end of the wall, she was stop climb up and climb down to the bottom until she finds the ground.
Balance

Balance is an extremely difficult behavior to simulate. Therefore, Beta Master has a crude sense of balance. The level sensor is able to detect when she is getting too far to one side or the other. Beta Master’s first response to being off balance is to send a warning out to the LCD to let others know there is a risk of falling. Time-permitting, a weighted arm will be installed. The arm will move to alleviate the balance issue. Should this arm be added, it will give Beta Master some sense of recovery.  Unfortunately, this was not implemented.
End of Route Detection

Another important behavior is detecting when the top of the wall has been reached. If this does not happen Beta Master could attempt to keep climbing and possibly end up falling as there would be no foam to hang on to.  It is also important for Beta Master to sense the ground once she has climbed down, this way she can conserve energy once she has completed the route.
Height Evaluation

In general, height evaluation is an important behavior as it lets Beta Master see how far she has climbed. Specifically, height evaluation is most useful if Beta Master needs to climb to a certain height and stop. Note: This could be another way to keep Beta Master from trying to climb past the top edge of the wall, assuming the wall height is known. This is done through sonar. The signal can be analyzed and an algorithm could send the height of Beta Master to the LCD when she reaches certain stages in her climb.  This was not implemented.
Conclusion
From creation to completion I have been able to accomplish all of my major goals in the design of Beta Master. My initial goals were to build a robot that climbed a piece of foam at least three feet tall and roughly 20 - 30 degrees from vertical. At her completion, Beta Master has successfully and repeatedly matched this goal. This goal seemed some what lofty when proposed and was very rewarding when accomplished. Time permitting, I wanted to add multiple sensors. I only got to implement the end of the world sensors. Some of the limitations in my work include the my program skills: much of the code is very basic.  This lack of technical detail in coding is made up for in the mechanical climbing process.  I certainly exceeded my expectations in building this mechanically demanding robot as I am an Electrical Engineering student with very little study in mechanics. With this said, I could have spent more time programming. 

As it seems with all projects, if I could have started it over I would have started working on it sooner. It seems getting started is the hardest part.  Also, I made a schedule to keep myself on track only I did not stick to it. In future projects I hope to be a better time manager. 

As far as pitfalls go, I had several. None of which I could not overcome. Below is a list of issues I encountered:

· ISP programmer stopped working.
· Could not find longer servo screws to hold legs to servos.

· Over-discharged a Lithium Polymer battery.

· Hacked servo stopped working.

· Traces on power board kept popping.

It seemed in one week I had something go wrong each day. Luckily, most were small setbacks. 

If I had more time, I would certainly add all the sensors I proposed. I think the most difficult one would be the balance/level sensor because it would need to be mounted level with the ground at all times. This sensor could not be fixed as Beta Master climbs various degrees of inclines. I would also have liked to make the climbing code more robust. It seemed that 9 out of 10 times Beta Master would have no problem climbing up, but she only made the down-climb 50% of the time. I would have liked to have more time to make the down-climb more repeatable. 

All – in – all, building Beta Master was very rewarding. It was very refreshing to take an activity that I love, climbing, and merge it with my career. As with all hands on projects, I gained more useful knowledge in this design than I ever could from a text book.

Appendices
/* 
Beta_Master_main includes code for:






servo control: Michelle Berecz






LCD display: Peter Flores


Created: 03/15/07


Updtaed: 03/15/07


Author: Michelle Berecz

*/

#include <avr/io.h>

#include <avr/interrupt.h>

#include <avr/signal.h>

#include <inttypes.h>

#define LEGS

OCR1A

#define SHOULDER 
OCR1B

#define ELBOWR

OCR1C

#define ELBOWL

OCR3B

#define
LEGS_1ST

2000

#define
LEGS_1STa

2000

#define LEGS_MID

1600

#define
LEGS_MIDP

1550  //MID PLUS

#define
LEGS_LAST

1000

#define
SHOULDER_1ST
1000

#define
SHOULDER_POSTPU
1050 //post pull-up

#define SHOULDER_MID
1600

#define
SHOULDER_INT
1750

#define
SHOULDER_LAST
2000

#define
ELBOWR_1ST

1450

#define ELBOWR_2ND

1600

#define
ELBOWR_PAAA

1740  //PUSH ROD INTO AXEL - TO SETUP ADJUSTMENTS

#define
ELBOWR_PA

1800  

#define
ELBOWR_UPRIGHT
1850

#define
ELBOWR_3RD

2000

#define
ELBOWR_4TH

2300

#define
ELBOWL_1ST

1925

#define ELBOWL_2ND

1775

#define
ELBOWL_PAAA

1635  //PUSH ROD INTO AXEL - TO SETUP ADJUSTMENTS

#define
ELBOWL_PA

1575  

#define
ELBOWL_UPRIGHT
1525

#define
ELBOWL_3RD

1375

#define
ELBOWL_4TH

1075

int EOW;

int BUM;

int climb_up;

void lcd_init_portC();

void lcd_clear();

void delay(unsigned long int);

void lcd_data(unsigned int);

void lcd_command(unsigned int);

void lcd_write_string(char*);

void servo();

void bum_switch();

void servo()

{

DDRB=0xE1;

DDRE=0x38;

TCCR1A=0xA8;

TCCR1B=0x12;

TCNT1H=0x00;

TCNT1L=0x00;

ICR1=20000;

LEGS=LEGS_1ST;

SHOULDER=SHOULDER_1ST;

ELBOWR=ELBOWR_3RD;

TCCR3A=0xA8;

TCCR3B=0x12;

TCNT3H=0x00;

TCNT3L=0x00;

ICR3=20000;

OCR3A=1000;

ELBOWL=ELBOWL_3RD;

OCR3C=1000;

ACSR=0x80;

SFIOR=0x00;

}

void down_climb()

{


lcd_clear();



lcd_write_string("LOOK WHAT I CAN DO!");




for(LEGS=LEGS_1STa;LEGS!=LEGS_MID;LEGS--)






{










    
delay(200);











    
}



for(LEGS=LEGS_MIDP;LEGS!=LEGS_1ST;LEGS++)






{











delay(200);










}


for(LEGS=LEGS_1ST;LEGS!=LEGS_MID;LEGS--)




{

delay(200);








}


for(LEGS=LEGS_MIDP;LEGS!=LEGS_1ST;LEGS++)




{





delay(200);




}



for(LEGS=LEGS_1ST;LEGS!=LEGS_MID;LEGS--)






{











delay(200);










}


for(LEGS=LEGS_MIDP;LEGS!=LEGS_1ST;LEGS++)




{

delay(200);








}


for(LEGS=LEGS_1ST;LEGS!=LEGS_MID;LEGS--)




{












    
delay(200);










}





for(LEGS=LEGS_MIDP;LEGS!=LEGS_1STa;LEGS++)







    
{










    
delay(200);









    
}



delay(300000);




while(1)


{




lcd_clear();





lcd_write_string("PULL DOWN");




bum_switch();

///DID I MAKE IT TO THE BOTTOM?




for(ELBOWR=ELBOWR_PAAA;ELBOWR!=ELBOWR_PA;ELBOWR++)
///PULL DOWN///////



    
{






if(ELBOWL!=ELBOWL_PA)







{







ELBOWL=ELBOWL--;







}






if(SHOULDER!=SHOULDER_INT)







{







SHOULDER=SHOULDER++;







SHOULDER=SHOULDER++;







}





delay(350);



    
}




lcd_clear();





lcd_write_string("PUT IN LEGS");




if(LEGS!=LEGS_MIDP)




{for(LEGS=LEGS_1STa;LEGS!=LEGS_MIDP;LEGS--)

///PUT LEGS/////////////////



   

 {if(ELBOWR!=ELBOWR_UPRIGHT)



//IN





 
{ELBOWR=ELBOWR++;}





  if(ELBOWL!=ELBOWL_UPRIGHT)












{ELBOWL=ELBOWL--;}



   

 delay(350);



   

 }





}

  


lcd_clear();





lcd_write_string("PULL OUT ARM");




for(SHOULDER=SHOULDER_INT;SHOULDER!=SHOULDER_1ST;SHOULDER--) //PULL OUT//////////////



    
{













 //ARM



    
delay(150);



    
}


















//ARM RESETS TO DOWNCLIMB




for(ELBOWR=ELBOWR_UPRIGHT;ELBOWR!=ELBOWR_3RD;ELBOWR++)
//ELBOW MOVES PICKS PARALLEL



    
{






if(ELBOWL!=ELBOWL_3RD)







{







ELBOWL=ELBOWL--;







}





}




delay(1000);




lcd_clear();





lcd_write_string("ARM RESETS");




for(ELBOWR=ELBOWR_3RD;ELBOWR!=ELBOWR_PAAA;ELBOWR--)




{






if (ELBOWL!=ELBOWL_PAAA)







{







ELBOWL=ELBOWL++;







}
















delay(150);



    }




for(SHOULDER=SHOULDER_1ST;SHOULDER!=SHOULDER_INT;SHOULDER++) ///PULL OUT///////////////////



    
{













 //ARM



    
delay(300);



    
}




lcd_clear();





lcd_write_string("ARM DIGS IN");




lcd_clear();





lcd_write_string("PULL OUT LEGS");




for(LEGS=LEGS_MIDP;LEGS!=LEGS_1STa;LEGS++)
///PULL-OUT///////////////////



    
{









///LEGS



    
delay(350);


















    
}


}

}

void end_of_world()

{



EOW = (PINE & 0x01);



if(EOW == 0)




{





while(1)






{






PORTB = 1;






down_climb();






}




}

}

void bum_switch()

{


BUM = (PINE & 0x02);


if(BUM == 0)



{




while(1)





{





PORTB = 0;





}



}

}

void init_servo()

{


while(1)


{




ELBOWR=ELBOWR_3RD;



ELBOWL=ELBOWL_3RD;



SHOULDER=SHOULDER_LAST;



delay(500000);


}


lcd_write_string("Servo Test 1");


lcd_command(0xC0);


lcd_write_string("Legs");


delay(25000);


lcd_clear();



lcd_write_string("First position");


lcd_command(0xC0);


lcd_write_string("reached.");


delay(250000);


LEGS = LEGS_MID;



lcd_clear();



lcd_write_string("Middle position");


lcd_command(0xC0);


lcd_write_string("reached.");


delay(250000);


LEGS = LEGS_LAST;



lcd_clear();



lcd_write_string("Final position");


lcd_command(0xC0);


lcd_write_string("reached.");


delay(250000);


lcd_clear();



lcd_write_string("Prepare to run legs"); 


lcd_command(0xC0);


lcd_write_string("through all positions");


for(LEGS=LEGS_LAST;LEGS!=LEGS_1ST;LEGS++)

    
{

    
delay(1000);

    
}


SHOULDER=SHOULDER_1ST;


lcd_write_string("Servo Test 2");


lcd_command(0xC0);


lcd_write_string("Shoulder");


delay(25000);


lcd_clear();



lcd_write_string("First position");


lcd_command(0xC0);


lcd_write_string("reached.");


delay(250000);


SHOULDER = SHOULDER_MID;



lcd_clear();



lcd_write_string("Middle position");


lcd_command(0xC0);


lcd_write_string("reached.");


delay(250000);


SHOULDER = SHOULDER_LAST;



lcd_clear();



lcd_write_string("Final position");


lcd_command(0xC0);


lcd_write_string("reached.");


delay(250000);


lcd_clear();



lcd_write_string("Prepare to run shoulder"); 


lcd_command(0xC0);


lcd_write_string("through all positions");


for(SHOULDER=SHOULDER_LAST;SHOULDER!=SHOULDER_1ST;SHOULDER--)

    
{

    
delay(1000);

    
}


ELBOWR=ELBOWR_1ST;


ELBOWL=ELBOWL_1ST;


lcd_write_string("Servo Test 3");


lcd_command(0xC0);


lcd_write_string("Elbow");


delay(25000);



lcd_clear();



lcd_write_string("First position");


lcd_command(0xC0);


lcd_write_string("reached.");


delay(250000);


ELBOWR = ELBOWR_2ND;



ELBOWL = ELBOWL_2ND;


lcd_clear();



lcd_write_string("Middle position");


lcd_command(0xC0);


lcd_write_string("reached.");


delay(250000);


ELBOWR = ELBOWR_3RD;


ELBOWL = ELBOWL_3RD;


lcd_clear();



lcd_write_string("Final position");


lcd_command(0xC0);


lcd_write_string("reached.");


delay(250000);


lcd_clear();


lcd_write_string("Prepare to run elbow"); 


lcd_command(0xC0);


lcd_write_string("through all positions");


for(ELBOWR=ELBOWR_3RD;ELBOWR!=ELBOWR_1ST;ELBOWR--)

    
{



ELBOWL=ELBOWL++;

    
delay(1000);

    
}

}

void lcd_init_portC()

{


DDRC = 0xFF;


lcd_command(0x33);


lcd_command(0x32);


lcd_command(0x28);


lcd_command(0x0E);


lcd_clear();

}

void lcd_clear()

{


lcd_command(0x01);

}

void delay(unsigned long int d_len)

{


long int count = 0;


while(count < d_len)


{



count++;


}

}

void lcd_data(unsigned int data1)

{


unsigned int mask1 = 0x05;//use for first half of write data cycle


unsigned int mask2 = 0x01;//use for second half of write data cycle


unsigned int data2 = data1;


data1 = data1 & 0b11110000;//data1 has first nibble of data byte in the 4 MSB


data2 = data2 << 4;


data2 = data2 & 0b11110000;//data2 has second nibble of data byte in the 4 MSB


PORTC = (data1 | mask1);


delay(300);


PORTC = (data1 | mask2);


delay(300);


PORTC = (data2 | mask1);


delay(300);


PORTC = (data2 | mask2);


delay(300);

}

void lcd_command(unsigned int command1)

{


unsigned int mask1 = 0x04;//use for first half of write command cycle


unsigned int mask2 = 0x00;//use for second half of write command cycle


unsigned int command2 = command1;


command1 = command1 & 0b11110000;


command2 = command2 << 4;


command2 = command2 & 0b11110000;


PORTC = (command1 | mask1);


delay(300);


PORTC = (command1 | mask2);


delay(300);


PORTC = (command2 | mask1);


delay(300);


PORTC = (command2 | mask2);


delay(300);

}

void lcd_write_string(char *s)

{


while(*s)


{



lcd_data(*s++);




}

}

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

///////////MAIN/////////////MAIN///////////////MAIN////////////////MAIN//////////////////MAIN///////////////////////////////////

int main()

{


lcd_init_portC();
//initialize LCD


servo();


//initialize servos

//***Let the climbing begin!!!!!!!*****************//

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

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


lcd_clear();
//write to LCD


lcd_write_string("Beta Master is");


lcd_command(0xC0);


lcd_write_string("ready to crush!");


delay(250000);

//***Arm prepares for first pull-up**********//


LEGS=LEGS_1STa;



//Legs to first position


SHOULDER=SHOULDER_1ST;

//Shoulder to first position

//
ELBOWR=ELBOWR_3RD;


//Elbow to LAST position

//
ELBOWL=ELBOWL_3RD;


while(1)


{




//***Arm  digs into ice****//




lcd_clear();





lcd_write_string("Arms dig into ice");




for(SHOULDER=SHOULDER_1ST;SHOULDER!=SHOULDER_INT;SHOULDER++) ///DIG IN FAST///////////////////



    
{













///ARMS



    
delay(0);



    
}





delay(300000);




if(LEGS!=LEGS_1STa)




{for(LEGS=LEGS_MIDP;LEGS!=LEGS_1STa;LEGS++)



///PULL OUT/////////////



   

 {if(ELBOWR!=ELBOWR_PA)







///LEGS





 
{ELBOWR=ELBOWR--;}





  if(ELBOWL!=ELBOWL_PA)







{ELBOWL=ELBOWL++;}















   

 delay(400);



   

 }





}


//***Arm does a pull up****//




lcd_clear();





lcd_write_string("Pull-up!!!");




delay(100000);




for(ELBOWR=ELBOWR_PA;ELBOWR!=ELBOWR_1ST;ELBOWR--)
///PULL UP////////////////



    
{





ELBOWL=ELBOWL++;





SHOULDER=SHOULDER--;





SHOULDER=SHOULDER--;





delay(300);



    
}




delay(300000);

//***End of World***//



end_of_world();




//***Legs dig in***********//




lcd_clear();



//Legs to last position




lcd_write_string("Put some weight");




lcd_command(0xC0);




lcd_write_string("on those legs");




for(LEGS=LEGS_1STa;LEGS!=LEGS_MIDP;LEGS--)


///DIG IN SLOW///////////////////



    
{











///LEGS



    
delay(100);
















    
}




//***Arm resets************//




lcd_clear();








lcd_write_string("Here I go");




lcd_command(0xC0);




lcd_write_string("again");
















///PULL OUT FAST/////////////////





///ARMS




if(SHOULDER!=SHOULDER_1ST)





{SHOULDER=SHOULDER--;





}




for(ELBOWR=ELBOWR_1ST;ELBOWR!=ELBOWR_3RD;ELBOWR++)










    
{





ELBOWL=ELBOWL--;



    
delay(100);



    
}


}


return 0;

}
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