Sensor Glove and Robotic Hand
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1.0 Introduction


The sensor glove allows an operator to move a computer-generated hand or a robotic hand like a puppeteer.  Each joint of the human hand (only the fingers) is encoded and then converted to an angle command.  The human hand has twenty degrees of freedom not including the wrist.   Each degree of freedom is encoded with a potentiometer.  The voltage across each potentiometer is converted to a binary number with an A/D converter.  This number is then converted to the corresponding angle for each joint.

2.0 Mechanics


The human hand has twenty degrees of freedom (see Figure 2.1).  Each finger has two degrees of freedom where they meet the palm and then one degree of freedom for each of the remaining two joint per finger.  Figure 2.2 explains the terminology adopted for this project.  The glove is constructed to encode each joint without restricting the operator’s movement.
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Figure 2.1:  Twenty Degrees of Freedom of the Human Hand


[image: image3.wmf]Pit

ch Ax

is

Yaw

 

Ax

i

s

T

ip

T

op

M

i

dd

l

e


Figure 2.2:  Adopted Terminology


The first glove design consists of an exoskeleton surrounding a golf glove to protect the users skin.  The exoskeleton is composed of aluminum plate and steel shafts, which allow free motion of the users hand (see Figure 2.3).  A reference plate for all of the fingers is mounted on the back of the glove.  On the reference plate, five joystick potentiometers are mounted for each compound knuckle joint (not shown in Figure 2.3).  From these joystick potentiometers, a two-link joint is attached.  The other end is then bracketed to the top section of the finger.  Attached to the bracket is a potentiometer with a two-link joint.  The other end of this two-link joint is bracketed to the middle section of the finger.  This is repeated for the last remaining section.  This design allows the mechanics to be mounted within the width of a finger so that there is no obstruction of movement.  Each joint other than the compound knuckle must have a two-link joint in order to allow free movement since the axes of rotation are not coincident.  The compound knuckle has the yaw axis coincident but the pitch axis requires a two-link joint since it is not coincident.
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Figure 2.3:  3-D Modeling of the Sensor Glove Design


The current glove design consists of a spandex glove with a plastic exoskeleton.  The plastic exoskeleton was made from thermoplastic, which can be easily formed when heated and hardens when cooled.  The potentiometers are attached in a similar fashion as the old design.

3.0 Circuit 

3.1 Original Circuit for use with Parallel Port

In order to control the 3D hand a connection to the sensor glove is required. This connection has been made via the standard parallel port of a PC. The potentiometers of the glove are analog devices but the computer is digital as a result a conversion of one is necessary. This can be done via an A/D (analog to digital) converter. The converter used to read the potentiometers of the index finger and thumb is the ADC0808 8-bit, 8-channel converter. Only eight channels are required since only 8 joints will be controlled. The A/D converter requires a clock with frequency between 640 & 1280 kHz to be able to perform all conversion. As we only had on hand a 2 MHz crystal oscillator (clock) a J-K flip-flop was used to halve this frequency and thus fit the required range. If a 1MHz clock is available then the flip-flop portion of the circuit can be avoided. The output of the 2MHz clock was tied to both the J and K inputs as well as the flip-flop's own clock input. The resulting output produced a 1 MHz signal. 
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Figure 3.1:  Control Circuit of Sensor Glove

Once the clock is connected to the A/D converter the potentiometers are connected to the IN# pins (where #=0,1..7). The A/D converter reads the voltage of a given potentiometer based on the values of the A, B, and C pins of the converter (the pins correspond to the 2, 3, and 4 pins of the parallel port). These pins represent the front connection of a multiplexer which takes this 3-bit signal to determine which of the eight potentiometers to read (2^3 = 8). The output of the A/D converter is through the eight pins labeled (MSB) 2^-1, 2^-2 etc. These outputs are then connected to the parallel port. Certain bit values are first inverted by using the hex inverter. This is required since certain pins inside the parallel port of the computer itself are hardware side inverted.

To successfully convert the potentiometer analog input to a digital output the A/D converter requires a sequence of initializations in order to read and convert each value. The timing diagram of the ADC0808 converter shows the required sequence quite clearly. For each potentiometer conversion the following must be done: First the START and ALE pins of the converter are set low to clear them. Next, the ALE pin is set high, shortly afterwards the START pin is also set high. Next the ALE pin is brought low and then the START pin is brought low. At this instant the conversion routine begins and after about 100 microseconds the conversion is complete.  Finally, the output enable, OE, is set high and the A/D converter can read the data. Once done, the OE pin is again set low and the process can begin anew.

3.2 Motorola 68332 Circuit


In the current design two Motorola 68332 microcontrollers are being used to read the input from the sensor glove. The first microcontroller will read 12 inputs corresponding to 3 fingers while the second microcontroller will read the remaining 8 inputs, 2 fingers. The split was necessary because the robotic hand will require twenty servo controlled via pulse width modulated (PWM) signals and each microcontroller has only 16 channels on which to output PWM. The circuit for the first three fingers and the circuit for the next 2 fingers is nearly identical except that the second will read in fewer potentiometer inputs. The two circuits are the same as the circuit used in the previous semesters control system and thus will not be repeated. One major change is that the A/D converter used by the “3-finger” circuit will be replaced by the ADC0816. This new A/D converter has sixteen analog inputs. The final major change is that the parallel port is no longer used to read the A/D converter and no output to the screen is produced. Instead the

MC68332 takes the input and outputs the PWM signals to the corresponding servos, which will control the robotic fingers. Attached in Appendix B is the new code used on the MC68332 microcontroller. 

4.0 Code Basics 

The code attached in appendix B is downloaded to the MC68332 microcontroller via an attached serial port of the board. The AS32.exe program is first used to compile the program and the TELIX terminal program is used to connect to the MC68332.


Once activated, the code interfaces with the A/D converter and selects the analog inputs that are converted to an 8-bit digital signal, which is read by the MC68332. The code then computes the current position of the potentiometer and determines the PWM signal in order to set the corresponding servo to its correct position. The next potentiometer is then read and the process is done for every potentiometer attached and then repeated.

5.0 Conclusion and Future Work


The new sensor glove is not completed and the robotic hand is still under construction.  Both are far along in the process of a prototype.  The code and equations will be modified to allow a more precise control and corresponding simulated movement.

APPENDIX A: OpenGL Code for 3D display

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

   *                                                            *

   * (c) Copyright 1999 Mariusz Zaczek                          *

   * ALL RIGHTS RESERVED                                        *

   *                                                            *

   * Permission to use, copy, modify, and distribute this       *

   * software for any purpose and without fee is hereby         *

   * granted, provided that the above copyright notice          *

   * appear in all copies and that both the copyright notice    *

   * and this permission notice appear in supporting            *

   * documentation, and that the name of Mariusz Zaczek. not    *

   * be used in advertising or publicity pertaining to          *

   * distribution of the software without specific, written     *

   * prior permission. (zaczek@uiuc.edu)                        *

   *                                                            *

   *    THE MATERIAL EMBODIED ON THIS SOFTWARE IS PROVIDED      *

   *    TO YOU "AS-IS" AND WITHOUT WARRANTY OF ANY KIND,        *

   *    EXPRESSED, IMPLIED OR OTHERWISE, INCLUDING WITHOUT      *

   *    LIMITATION, ANY WARRANTY OF MERCHANTABILITY OR          *

   *    FITNESS FOR A PARTICULAR PURPOSE.  IN NO EVENT          *

   *    SHALL MARIUSZ ZACZEK BE LIABLE TO YOU OR ANYONE         *

   *    ELSE FOR ANY DIRECT, SPECIAL, INCIDENTAL, INDIRECT      *

   *    OR CONSEQUENTIAL DAMAGES OF ANY KIND, OR ANY DAMAGES    *

   *    WHATSOEVER, INCLUDING WITHOUT LIMITATION, LOSS OF       *

   *    PROFIT, LOSS OF USE, SAVINGS OR REVENUE, OR THE         *

   *    CLAIMS OF THIRD PARTIES, WHETHER OR NOT MARIUSZ         *

   *    ZACZEK HAS BEEN ADVISED OF THE POSSIBILITY OF           *

   *    SUCH LOSS, HOWEVER CAUSED AND ON ANY THEORY OF          *

   *    LIABILITY, ARISING OUT OF OR IN CONNECTION WITH THE     *

   *    POSSESSION, USE OR PERFORMANCE OF THIS SOFTWARE.        *

   *                                                            *

   *    US Government Users Restricted Rights                   *

   *    Use, duplication, or disclosure by the Government is    *

   *    subject to restrictions set forth in                    *

   *    FAR 52.227.19(c)(2) or subparagraph (c)(1)(ii) of the   *

   *    Rights in Technical Data and Computer Software          *

   *    clause at DFARS 252.227-7013 and/or in similar or       *

   *    successor clauses in the FAR or the DOD or NASA FAR     *

   *    Supplement. Unpublished-- rights reserved under the     *

   *    copyright laws of the United States.                    *

   *                                                            *

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

/*

 * hand.c

 *

 *  This program uses the Parallel Port of a PC running Win95

 *  which reads the potentionmeter voltages of the glove. These

 *  voltages are transformed into angle values and a 3D hand is

 *  draw using OPENGL and GLUT on the screen with appropriate

 *  angles of the fingers.

 *

 */

#include <GL/glut.h>

#include <stdlib.h>

#include <math.h>

#include <stdio.h>

#include <dos.h>

#include <conio.h>

#include <string.h>

/*

 * >debug

 * -d 0040:0008 L8

 *

 *  0040:0000          BC 03 78 03 78 02 C0 9F

 *

 *  This means that LPT1 = 03BC

 */

/* 0x0378  - Win95 Computer in ADSL

   0x03BC  - the NT computer in ADSL */

#define DATA    0x0378          /* Output pins */

#define STATUS  DATA+1          /* Input pins...interrupt */

#define CONTROL DATA+2

#define TRUE  1

#define FALSE 0         /* Never actually used... :) */

#define PI 3.1415925

int     data;     /* Data FROM A/D converter */

int     status;   /* Bits which will be set */

int     control;  /* Bits which will be set */

/*

                 F2

             F3  __   F1

         F4  __ (  ) __

         __ (  )|  |(  )

        (  )|  ||  ||  |

   T    |__||__||__||__|

  ___   |  ||  ||  ||  |

 (   \  |__||__||__||__|

  \   \ |              |

   \   \|   Right      |

    \   \      Hand    |

     \   \             /

      \               /

*/

int     T_tip=0,       T_mid=0,       T_joint=0;

int     T_tip_ZERO=0,  T_mid_ZERO=0,  T_joint_ZERO=0;

int    F4_tip=0,      F4_mid=0,      F4_joint=0;

int    F4_tip_ZERO=0, F4_mid_ZERO=0, F4_joint_ZERO=0;

/* Define the rest of the fingers */

GLenum doubleBuffer;

static int shoulder = 0, elbow = 0;

int position = 0, updown = 0;

static int  Afirst  = 0,  Bfirst  = 0,  Cfirst  = 0;

static int  Asecond = 0,  Bsecond = 0,  Csecond = 0;

static int  Athird  = 0,  Bthird  = 0,  Cthird  = 0;

static int  Afourth = 0,  Bfourth = 0,  Cfourth = 0;

static int  wrist   = 0;

static int  Athumb  = 0,  Bthumb  = 0,  Cthumb  = 0;

int flip_bits(int value)  /* ???? */

{

  int new_val = 0;

  if ( value & 128 ) new_val = new_val | 0x01;

  if ( value & 64 )  new_val = new_val | 0x02;

  if ( value & 32 )  new_val = new_val | 0x04;

  if ( value & 16 )  new_val = new_val | 0x08;

  if ( value & 8 )   new_val = new_val | 0x10;

  if ( value & 4 )   new_val = new_val | 0x20;

  if ( value & 2 )   new_val = new_val | 0x40;

  if ( value & 1 )   new_val = new_val | 0x80;

  return new_val;

}

void display_data(int dat)

{

  if ( dat & 128 )

     printf("\n    1");

  else

     printf("\n    0");

  if ( dat & 64 )

     printf("1");

  else

     printf("0");

  if ( dat & 32 )

     printf("1");

  else

     printf("0");

  if ( dat & 16 )

     printf("1");

  else

     printf("0");

  if ( dat & 8 )

     printf("1");

  else

     printf("0");

  if ( dat & 4 )

     printf("1");

  else

     printf("0");

  if ( dat & 2 )

     printf("1");

  else

     printf("0");

  if ( dat & 1 )

     printf("1");

  else

     printf("0");

}

/* ++++++++++++++++++++++++++++++

   +                            +

   +  getkey                    +

   +                            +

   +    - function to determine +

   +      number of key pressed.+

   +    - parameters: none.     +

   +                            +

   ++++++++++++++++++++++++++++++ */

int getkey(void)

{

  int i;

  switch( i = (int)getch() )

  {

    case 0xe0:

    case 0:

      return 256 + (int)getch();

    default:

      return i;

  }

}

int angle(int ZERO, int CURRENT)

{

  float newangle=0.0;

  /* 0.711 = 180/128 = 360/256  */

  newangle = ( CURRENT - ZERO ) * 0.711;

  return (int)newangle;

}

/* ++++++++++++++++++++++++++++++

   +                            +

   +  posit                     +

   +                            +

   +    - uses status & control +

   +      data to combine them  +

   +      and get full 8bit val.+

   +    - parameters: none.     +

   +                            +

   ++++++++++++++++++++++++++++++ */

int posit(void)

{

  /* Clear variable */

  int newpos = 0;

  int temp = 0;

  /* Combine bits */

  /* Take bits from status */

  if ( status & 128 )          /* Pin 11 */

    newpos = newpos | 0x80;

  if ( status & 64 )           /* Pin 10 */

    newpos = newpos | 0x40;

  if ( status & 32 )           /* Pin 12 */

    newpos = newpos | 0x20;

  if ( status & 16 )           /* Pin 13 */

    newpos = newpos | 0x10;

  if ( status & 8 )            /* Pin 15 */

    newpos = newpos | 0x08;

  /* Take bits from control */

  if ( control & 2 )           /* Pin 14 */

    newpos = newpos | 0x04;

  if ( control & 4 )           /* Pin 16 */

    newpos = newpos | 0x02;

  if ( control & 1 )           /* Pin 1 */

    newpos = newpos | 0x01;

  return newpos;

}

void give_get( int pot, int stat)

{

  data = data & (~0x20);    /* Clear bit 5 */

  data = data & (~0x10);    /* Clear bit 4 */

  data = data & (~0x08);    /* Clear bit 3 */

  /*    1) Set the channel select switches (3 bits) */

  _outp(DATA,data);

  _sleep(4);

 // display_data(data);

/* 2) Set the ALE (address latch enable) switch to HI (wait 50 ns)*/

  data = data & (~0x10);    /* Clear bit 4 */

  data = data | 0x08;       /* SET bit 3 */

  _outp(DATA,data);

  _sleep(1);                 /* 50 nanoseconds ....NOT CORRECT */

 // display_data(data);

/*    3) Set the START switch to HI (wait 50 ns) */

  data = data | 0x10;       /* SET bit 4 */

  data = data | 0x08;       /* keep bit 3 HI */

  _outp(DATA,data);

  _sleep(1);                 /* 50 nanoseconds ....NOT CORRECT */

  //display_data(data);

  /*    4) Set the ALE switch back to LO (wait 50 ns) */

  data = data | 0x10;       /* keep bit 4 HI */

  data = data & (~0x08);    /* Clear bit 3 */

  _outp(DATA,data);

  _sleep(1);                 /* 50 nanoseconds ....NOT CORRECT */

  // display_data(data);

  /*    5) Set the START switch to LO (wait 200 microseconds) */

  data = data & (~0x10);    /* Clear bit 4 */

  data = data & (~0x08);    /* Clear bit 3 */

  _outp(DATA,data);

  _sleep(10);              /* wait 200 microseconds....NOT CORRECT */

  data = data | 0x20;    /* Set bit 5 - Output Enable*/

  _outp(DATA,data);

  _sleep(4);

 // display_data(data);

  status = 0;

  control = 0;

  /*    6) ....begin reading data for 1 pot. */

  status = _inp(STATUS);    /* Convert input to data */

  control = _inp(CONTROL);

  /* NEED A DELAY */

  _sleep(2);

  data = data & (~0x20);    /* Clear bit 5 */

  _outp(DATA,data);

/*

   *  Bit value:   7 6 5 4 3 2 1 0

   *               x x x x x x x x

   *

   *  Note:  !## corresponds to INVERSE of ##

   *

   ******( DATA )********************************************

   *  Only 5 bits will be written to the data port.

   *  They will control the selection of pot on the A/D

   *  converter.

   *

   *  Bits 2 1 0 will be the only needed bits with

   *  corresponding pin numbers of: 4, 3 & 2

   *

   *  Bits 4 3 will be used to control the START and ALE

   *  functions of the A/D converter. In order to get a

   *  reading off the A/D converter the following sequence of

   *  events must occur:

   *

   *    1) Set the channel select switches (3 bits)

   *    2) Set the ALE (address latch enable) switch to HI (wait 50 ns)

   *    3) Set the START switch to HI (wait 50 ns)

   *    4) Set the ALE switch back to LO (wait 50 ns)

   *    5) Set the START switch to LO (wait 100 microseconds)

   *    6) ....begin reading data for 1 pot.

   *

   ******( STATUS )******************************************

   *  From STATUS we read the following bits:

   *               7 6 5 4 3

   *    which corresponds to pins:( 11, !10, 12, 13, !15 )

   *      ( 10 & 11 flipped )

   *

   *             ( Yellow, Orange, Green, Red, Purple )

   *

   ******( CONTROL )*****************************************

   *  From CONTROL we read the following bits:

   *                         2 1 0

   *    which corresponds to pins:( !14, 16, !17 )

   *

   *                           ( Yellow, Orange, Green )

   *

   */

  if ( stat == 0 ) /* Initialize all ZERO values */

  {

    if ( pot == 0 )

      T_tip_ZERO =   posit();

    else if ( pot == 1 )

      T_mid_ZERO =    posit();

    else if ( pot == 2 )

      T_joint_ZERO =  posit();

    else if ( pot == 3 )

      F4_tip_ZERO =   posit();

    else if ( pot == 4 )

      F4_mid_ZERO =   posit();

    else if ( pot == 5 )

      F4_joint_ZERO = posit();

    else

     printf("\n (give_get-1):Incorrect Potentionmeter was specified.”);

  }

  else if ( stat == 1 )     /* Already initialized...read normally */

  {

    if ( pot == 0 )

      T_tip =    angle( T_tip_ZERO,    posit() );

    else if ( pot == 1 )

      T_mid =    angle( T_mid_ZERO,    posit() );

    else if ( pot == 2 )

      T_joint =  angle( T_joint_ZERO,  posit() );

    else if ( pot == 3 )

      F4_tip =   angle( F4_tip_ZERO,   posit() );

    else if ( pot == 4 )

      F4_mid =   angle( F4_mid_ZERO,   posit() );

    else if ( pot == 5 )

      F4_joint = angle( F4_joint_ZERO, posit() );

    else

    printf("\n (give_get-2): Incorrect Potentionmeter was specified.”);

  }

  else

    printf("\n (give_get-3): Incorrect status selection. ");

}

void read_pots(int stat)

{

  /* Pot 0:  xxxxx000 */

  data = data & (~0x04);

  data = data & (~0x02);

  data = data & (~0x01);

  give_get(0,stat);

  /* Pot 1:  xxxxx001 */

  data = data & (~0x04);

  data = data & (~0x02);

  data = data | 0x01;

  give_get(1,stat);

  /* Pot 2:  xxxxx010 */

  data = data & (~0x04);

  data = data |   0x02;

  data = data & (~0x01);

  give_get(2,stat);

  /* Pot 3:  xxxxx011 */

  data = data & (~0x04);

  data = data |   0x02;

  data = data |   0x01;

  give_get(3,stat);

  /* Pot 4:  xxxxx100 */

  data = data |   0x04;

  data = data & (~0x02);

  data = data & (~0x01);

  give_get(4,stat);

/* Pot 5:  xxxxx101 */

  data = data |   0x04;

  data = data & (~0x02);

  data = data |   0x01;

  give_get(5,stat);

  /* Pot 6:  xxxxx110   - NOT USED YET*/

/*

data = data |   0x04;

data = data |   0x02;

data = data & (~0x01);

*/

  /* Pot 7:  xxxxx111   - NOT USED YET*/

/*

data = data |   0x04;

data = data |   0x02;

data = data |   0x01;

*/

}

int initialize_hand(void)

{

  int choice = 0, i = 0;

  /* Output introduction and instructions. */

  printf("\n***************************************"

         "\n*                                     *"

         "\n*   Robotic Hand                      *"

         "\n*                                     *"

         "\n*  by Mariusz Zaczek & Aaron Trask    *"

         "\n*                                     *"

         "\n* (ADSL) Advanced Digital Systems Lab *"

         "\n*             Fall 1999               *"

         "\n*                                     *"

         "\n***************************************" );

  printf("\n Please lay your hand on a flat surface"

                 "\n and hit the ENTER key to initialize   "

                 "\n all angles to zero.\n");

  while(TRUE)

  {

        choice = getkey();

    if ( choice == 13 )     /*     ENTER - Lock location     */

    {

      /* Read in values of all potentionmeters */

      read_pots(0);

      /* Done reading all pots...begin motion */

      printf("\n POSITIONS LOCKED - Begin Motion \n");

      return 1;

    }

  }

}

void idle(void)

{

  read_pots(1);

  glutPostRedisplay();

}

void init(void)

{

  float light_position[]   = {0.0, 3.0, 3.0, 0.0};

  float local_view[] = {0.0};

    GLfloat ambient[]    = { 0.0, 0.0, 0.0, 1.0 };

    GLfloat diffuse[]    = { 0.7, 0.0, 0.0, 1.0 };

    GLfloat specular[]   = { 1.0, 1.0, 1.0, 1.0 };

  glEnable(GL_DEPTH_TEST);

  glDepthFunc(GL_LESS);

  glLightfv(GL_LIGHT0, GL_POSITION, light_position);

  glLightModelfv(GL_LIGHT_MODEL_LOCAL_VIEWER, local_view);

  glFrontFace(GL_CW);

  glEnable(GL_LIGHTING);

  glEnable(GL_LIGHT0);

  glEnable(GL_AUTO_NORMAL);

  glEnable(GL_NORMALIZE);

  glMaterialfv(GL_FRONT, GL_AMBIENT, ambient);

  glMaterialfv(GL_FRONT, GL_DIFFUSE, diffuse);

  glMaterialfv(GL_FRONT, GL_SPECULAR, specular);

  glMaterialf(GL_FRONT, GL_SHININESS, 128.0);

  glClearColor(0.5, 0.5, 0.5, 1.0);

  glColor3f(1.0, 1.0, 1.0);

}

void display(void)

{

  GLUquadricObj *cone;

  glClear(GL_COLOR_BUFFER_BIT|GL_DEPTH_BUFFER_BIT);

  glLoadIdentity();

  /* Set pot values to the corresponding values */

  Cthumb = -T_tip;

  Bthumb = -T_mid;         /* Thumb */

  Athumb = -T_joint;

  Cfourth = -F4_tip;

  Bfourth = -F4_mid;        /* First finger...Index finger */

  Afourth = -F4_joint;

gluLookAt(120.0, 120.0, -120.0,

              0.0,   18.0,   15.0,

              1.0,    0.0,    0.0);

  glRotatef(position,1.0,0.0,0.0);

   glColor3f(0.0,0.0,0.0);

   cone = gluNewQuadric();

   glPushMatrix();

   {

     glTranslatef(0.0, 0.0, 0.0);

     glRotatef( (GLfloat) wrist, 0.0, 1.0, 0.0);

     glPushMatrix();

     {

       glTranslatef(0.0,0.0,-15.0);

       glScalef(0.25,1.0,1.0);

       gluCylinder(cone, 21.0, 19.0, 30.0, 20, 20);

     }

     glPopMatrix();

     /* First Finger */

       glTranslatef(0.0,-13.5,15.0);

       glPushMatrix();

       {

         glutSolidSphere(3.0,10,10);

         glRotatef( (GLfloat) Afirst, 0.0, 1.0, 0.0);

         gluCylinder(cone, 3.0, 3.0, 4.0, 20, 20);

         glTranslatef(0.0,0.0,4.0);

         glutSolidSphere(3.0,10,10);

         glRotatef( (GLfloat) Bfirst, 0.0, 1.0, 0.0);

         gluCylinder(cone, 3.0, 3.0, 9.0, 20, 20);

         glTranslatef(0.0,0.0,9.0);

         glutSolidSphere(3.0,10,10);

         glRotatef( (GLfloat) Cfirst, 0.0, 1.0, 0.0);

         gluCylinder(cone, 3.0, 3.0, 8.0, 20, 20);

         glTranslatef(0.0,0.0,8.0);

         glutSolidSphere(3.0,10,10);

       }

       glPopMatrix();

     /* Second Finger */

       glTranslatef(0.0,9.0,0.0);

       glPushMatrix();

       {

         glutSolidSphere(3.0,10,10);

         glRotatef( (GLfloat) Asecond, 0.0, 1.0, 0.0);

         gluCylinder(cone, 3.0, 3.0, 12.0, 20, 20);

         glTranslatef(0.0,0.0,12.0);

         glutSolidSphere(3.0,10,10);

         glRotatef( (GLfloat) Bsecond, 0.0, 1.0, 0.0);

         gluCylinder(cone, 3.0, 3.0, 12.0, 20, 20);

         glTranslatef(0.0,0.0,12.0);

         glutSolidSphere(3.0,10,10);

         glRotatef( (GLfloat) Csecond, 0.0, 1.0, 0.0);

         gluCylinder(cone, 3.0, 3.0, 8.0, 20, 20);

         glTranslatef(0.0,0.0,8.0);

         glutSolidSphere(3.0,10,10);

       }

       glPopMatrix();

    /* Third Finger */

       glTranslatef(0.0,9.0,0.0);

       glPushMatrix();

       {

         glutSolidSphere(3.0,10,10);

         glRotatef( (GLfloat) Athird, 0.0, 1.0, 0.0);

         gluCylinder(cone, 3.0, 3.0, 14.0, 20, 20);

         glTranslatef(0.0,0.0,14.0);

         glutSolidSphere(3.0,10,10);

         glRotatef( (GLfloat) Bthird, 0.0, 1.0, 0.0);

         gluCylinder(cone, 3.0, 3.0, 12.0, 20, 20);

         glTranslatef(0.0,0.0,12.0);

         glutSolidSphere(3.0,10,10);

         glRotatef( (GLfloat) Cthird, 0.0, 1.0, 0.0);

         gluCylinder(cone, 3.0, 3.0, 9.0, 20, 20);

         glTranslatef(0.0,0.0,9.0);

         glutSolidSphere(3.0,10,10);

       }

       glPopMatrix();

    /* Fourth Finger */

       glTranslatef(0.0,9.0,0.0);

       glPushMatrix();

       {

         glutSolidSphere(3.0,10,10);

         glRotatef( (GLfloat) Afourth, 0.0, 1.0, 0.0);

         gluCylinder(cone, 3.0, 3.0, 12.0, 20, 20);

         glTranslatef(0.0,0.0,12.0);

         glutSolidSphere(3.0,10,10);

         glRotatef( (GLfloat) Bfourth, 0.0, 1.0, 0.0);

         gluCylinder(cone, 3.0, 3.0, 9.0, 20, 20);

         glTranslatef(0.0,0.0,9.0);

         glutSolidSphere(3.0,10,10);

         glRotatef( (GLfloat) Cfourth, 0.0, 1.0, 0.0);

         gluCylinder(cone, 3.0, 3.0, 10.0, 20, 20);

         glTranslatef(0.0,0.0,10.0);

         glutSolidSphere(3.0,10,10);

       }

       glPopMatrix();

       /* THUMB */

       glTranslatef(0.0,4.5,-15.0);

glPushMatrix();

 glRotatef(180, 1.0, 0.0, 0.0);

       glPushMatrix();

       {

         glRotatef(90.0, 1.0,0.0,0.0);

         glRotatef( (GLfloat) Athumb, 0.0, 1.0, 0.0);

         glutSolidSphere(3.0,10,10);

         gluCylinder(cone, 3.0, 3.0, 5.0, 20, 20);

         glTranslatef(0.0,0.0,5.0);

         glutSolidSphere(3.0,10,10);

         glRotatef( (GLfloat) Bthumb, 0.0, 1.0, 0.0);

         gluCylinder(cone, 3.0, 3.0, 9.0, 20, 20);

         glTranslatef(0.0,0.0,9.0);

         glutSolidSphere(3.0,10,10);

         glRotatef( (GLfloat) Cthumb, 0.0, 1.0, 0.0);

         gluCylinder(cone, 3.0, 3.0, 6.0, 20, 20);

         glTranslatef(0.0,0.0,6.0);

         glutSolidSphere(3.0,10,10);

       }

       glPopMatrix();

glPopMatrix();

     }

     glPopMatrix();

   glutSwapBuffers();

}

void reshape (int w, int h)

{

   glViewport (0, 0, (GLsizei) w, (GLsizei) h);

   glMatrixMode (GL_PROJECTION);

   glLoadIdentity ();

   glFrustum(-14.0, 14.0, -14.0, 14.0, 30.0, 400.0);

   glMatrixMode(GL_MODELVIEW);

   glLoadIdentity();

   glTranslatef (0.0, 0.0, -50.0);

}

void keyboard (unsigned char key, int x, int y)

{

   switch (key) {

      case 'a':

         Afirst = (Afirst + 5) % 360;           break;

      case 's':

         Bfirst = (Bfirst + 5) % 360;           break;

      case 'd':

         Cfirst = (Cfirst + 5) % 360;           break;

      case 'f':

         Asecond = (Asecond + 5) % 360;         break;

      case 'g':

         Bsecond = (Bsecond + 5) % 360;         break;

      case 'h':

         Csecond = (Csecond + 5) % 360;         break;

      case 'z':

         Athird = (Athird + 5) % 360;           break;

      case 'x':

         Bthird = (Bthird + 5) % 360;           break;

      case 'c':

         Cthird = (Cthird + 5) % 360;           break;

case 'v':

         Afourth = (Afourth + 5) % 360;         break;

      case 'b':

         Bfourth = (Bfourth + 5) % 360;         break;

      case 'n':

         Cfourth = (Cfourth + 5) % 360;         break;

      case 'w':

         wrist = (wrist + 10) % 360;            break;

      case 't':

         Athumb = (Athumb - 10) % 360;          break;

      case 'y':

         Bthumb = (Bthumb - 10) % 360;          break;

      case 'u':

         Cthumb = (Cthumb - 10) % 360;          break;

      case 'p':

         position = (position + 10) % 360;      break;

      case 'o':

         updown += 1;                           break;

      case 'i':

         updown -= 1;                           break;

      case 'q':

      case 'Q':

         exit(0);

         break;

      case 27:

         exit(0);

         break;

      default:

         break;

   }

   glutPostRedisplay();

}

int main(int argc, char** argv)

{

  GLenum type;

  glutInit(&argc, argv);

  initialize_hand();

  type = GLUT_RGB | GLUT_DEPTH;

  type |= (doubleBuffer) ? GLUT_DOUBLE : GLUT_SINGLE;

  glutInitDisplayMode(type);

   glutInitWindowSize (500, 500);

   glutInitWindowPosition (100, 100);

   glutCreateWindow (argv[0]);

   init();

   glutDisplayFunc(display);

   glutReshapeFunc(reshape);

   glutKeyboardFunc(keyboard);

   glutIdleFunc(idle);

   glutMainLoop();

   return 0;

}

APPENDIX B: MC68332 Code

***********************************************

*                                             *

*  finger_3.s                                 *

*                                             *

* -Author  : Mariusz Zaczek (zaczek@uiuc.edu) *

* -Date    : 04/24/2000                       *

*                                             *

***********************************************


opt
nolist


***********************************************

*                                             *

*                                             *

***********************************************

*

*  EQUATES

*

FUNCNUM_3       equ     $9999       * 12) PWM, 11) PWM, 10) PWM,  9) PWM

FUNCNUM_2       equ     $9999       *  7) PWM,  6) PWM,  5) PWM,  4) PWM

FUNCNUM_1       equ     $9999       *  3) PWM,  2) PWM,  1) PWM,  0) PWM

max_X           equ     $e8             * 222/256 +5 VDC

min_X           equ     $24             *  46  "   "

max_Y           equ     $e1             * 215  "   "

min_Y           equ     $1d             *  39  "   "

Servo_Period    equ     $28f6       * 20 ms

Servo_Max       equ     $037b       * 1.7 ms

Servo_Min       equ     $016f       * 0.7 ms

Servo_Mid       equ     $029d       * Mid value ... 1.2 ms

Servo_Diff      equ     $020c       * Diff between max & min = 1.0ms

* Finger #1 - Joint 0a

CHANNEL_0       equ     $FFFF00      * CH 0 - PWM (control reg)

HIGH_TIME_0     equ     $FFFF04      * ( high time )

PERIOD_0        equ     $FFFF06      * ( period )

* Finger #1 - Joint 0b 

CHANNEL_1       equ     $FFFF10      * CH 1 - PWM (control reg)

HIGH_TIME_1     equ     $FFFF14      * ( high time )

PERIOD_1        equ     $FFFF16      * ( period )

* Finger #1 - Joint 1

CHANNEL_2       equ     $FFFF20      * CH 2 - PWM (control reg)

HIGH_TIME_2     equ     $FFFF24      * ( high time )

PERIOD_2        equ     $FFFF26      * ( period )

* Finger #1 - Joint 2

CHANNEL_3       equ     $FFFF30      * CH 3 - PWM (control reg)

HIGH_TIME_3     equ     $FFFF34      * ( high time )

PERIOD_3        equ     $FFFF36      * ( period )

* Finger #2 - Joint 0a

CHANNEL_4       equ     $FFFF40      * CH 4 - PWM (control reg)

HIGH_TIME_4     equ     $FFFF44      * ( high time )

PERIOD_4        equ     $FFFF46      * ( period )

* Finger #2 - Joint 0b

CHANNEL_5       equ     $FFFF50      * CH 5 - PWM (control reg)

HIGH_TIME_5     equ     $FFFF54      * ( high time )

PERIOD_5        equ     $FFFF56      * ( period )

* Finger #2 - Joint 1

CHANNEL_6       equ     $FFFF60      * CH 6 - PWM (control reg)

HIGH_TIME_6     equ     $FFFF64      * ( high time )

PERIOD_6        equ     $FFFF66      * ( period )

* Finger #2 - Joint 2

CHANNEL_7       equ     $FFFF70      * CH 7 - PWM (control reg)

HIGH_TIME_7     equ     $FFFF74      * ( high time )

PERIOD_7        equ     $FFFF76      * ( period )

* Finger #3 - Joint 0a

CHANNEL_8       equ     $FFFF80      * CH 8 - PWM (control reg)

HIGH_TIME_8     equ     $FFFF84      * ( high time )

PERIOD_8        equ     $FFFF86      * ( period )

* Finger #3 - Joint 0b

CHANNEL_9       equ     $FFFF90      * CH 9 - PWM (control reg)

HIGH_TIME_9     equ     $FFFF94      * ( high time )

PERIOD_9        equ     $FFFF96      * ( period )

* Finger #3 - Joint 1

CHANNEL_10       equ     $FFFFA0     * CH 10 - PWM (control reg)

HIGH_TIME_10     equ     $FFFFA4     * ( high time )

PERIOD_10        equ     $FFFFA6     * ( period )

* Finger #3 - Joint 2

CHANNEL_11       equ     $FFFFB0     * CH 11 - PWM (control reg)

HIGH_TIME_11     equ     $FFFFB4     * ( high time )

PERIOD_11        equ     $FFFFB6     * ( period )

        include equ332.asm


org
$9000

*        org
$e0000

* only when using own EEPROM chips

*        dc.l    $2ffc           ; Power on/Reset stack pointer

*        dc.l    Start           ; Power on/Reset program counter      

*

*  Start

*

*    - This is where it all begins ...

*

Start


move.w
#$2700,SR


clr.b
SYPCR

* only when using own EEPROM chips

*       bra.l
csInit

* Initialize chip selects

csInitReturn


move.b
#$7F,SYNCR


* only when using own EEPROM chips

*       lea
bos,sp

* Point the stack pointer to bottom

        jsr     TPUInit         * Initialize TPU



jsr
PortEInit
* Initialize Port E (Input)


jsr
PortFInit
* Initialize Port F (Input)


jsr
PortQSInit
* Initialize Port QS (Output) 7pins


clr.w
D1

* Start Pot counter at 0

*

*  Main_Loop

*

*     - Main program body.

*

Main_Loop


jsr 
CaptureData

* Get data from pots and i/o


jsr
CalculateData

* Calc Data and update servo


        bra     Main_Loop

* Loop back ...

*

*  CaptureData

*

*    - Reads Port E for potentiometer input and updates PWM signals

*

CaptureData

* Start sequence for reading potentiometers 

*   bits 3,2,1,0 will be for pot select (0000, 0001, 0010, etc.)

*   bit  4 will be for ALE 

*   bit  5 will be for START

*   bit  6 will be for Output Enable


jsr
Delay1u


jsr
Delay1u


jsr
Delay1u


jsr
Delay1u

*

* Read next potentiometer ...

*


* Increase pot counter by 1

Counter


cmp.b
#%001000,D1


bge
ResetCounter


add.b
#1,D1


jmp
CounterEnd

ResetCounter


clr.w
D1

CounterEnd

* Check if pot counter is over the number of pots limit

*
If yes then start at 0

*
If no then continue on

        andi.w  #%00001111,D1



move.b
D1,PORTQS
        * Clear Port QS, set Pot num.


jsr
Delay1u

        andi.w  #%00011111,D1


move.b  D1,PORTQS
        * Set ALE bit


jsr
Delay1u


jsr
Delay1u

        andi.w  #%00111111,D1


move.b
D1,PORTQS
        * Set START bit


jsr
Delay1u


jsr
Delay1u

        andi.w  #%00101111,D1


move.b
D1,PORTQS
        * Clear ALE bit


jsr
Delay1u


jsr
Delay1u


andi.w  #%00001111,D1


move.b  D1,PORTQS
        * Clear START bit


jsr
Delay125u

* Delay 125microseconds


andi.w  #%01001111,D1


move.b
D1,PORTQS
        * Enable Output


jsr
Delay1u


jsr
Delay1u

   
move.b
PORTE0,D2

* Get A/D converter output


jsr
Delay1u


jsr
Delay1u


rts



* End ( CaptureData )

CalculateData

        clr.l   D5              * Clear reg 5

        move.w  #max_X,D5       * Set D5 to max X value

        sub.w   #min_X,D5       * Calculate range between max & min

        sub.w   #min_X,D2       * Subtract min value to get numerator

        mulu.w  #$ff,D2

        divu.w  D5,D2           * Scale value to 0-256


jsr
SetServo


rts



* End ( CalculateData )


*

*  SetServo

*     

*     - Set the Servo to the new position as specified by Pot

*

SetServo

        mulu.w  #Servo_Diff,D2

        divu.w  #$00ff,D2

        add.w   #Servo_Min,D2

* Test which servo to move ...


move.w
D1,D0

        andi.w  #%00001111,D0


cmp.w   #%00000000,D0


beq
High_0


cmp.w
#%00000001,D0


beq
High_1


cmp.w   #%00000010,D0


beq
High_2


cmp.w
#%00000011,D0


beq
High_3


cmp.w   #%00000100,D0


beq
High_4


cmp.w
#%00000101,D0


beq
High_5


cmp.w   #%00000110,D0


beq
High_6


cmp.w
#%00000111,D0


beq
High_7


cmp.w
#%00001000,D0


beq
High_8


cmp.w   #%00001001,D0


beq
High_9


cmp.w
#%00001010,D0


beq
High_10


cmp.w
#%00001011,D0


beq
High_11


jmp
ServoEnd

High_0


move.w  D2,HIGH_TIME_0


jmp
SetServoEnd

High_1


move.w  D2,HIGH_TIME_1


jmp
SetServoEnd

High_2


move.w  D2,HIGH_TIME_2


jmp
SetServoEnd

High_3


move.w  D2,HIGH_TIME_3


jmp
SetServoEnd

High_4


move.w  D2,HIGH_TIME_4


jmp
SetServoEnd

High_5


move.w  D2,HIGH_TIME_5


jmp
SetServoEnd

High_6


move.w  D2,HIGH_TIME_6


jmp
SetServoEnd

High_7


move.w  D2,HIGH_TIME_7


jmp
SetServoEnd

High_8


move.w  D2,HIGH_TIME_8


jmp
SetServoEnd

High_9


move.w  D2,HIGH_TIME_9


jmp
SetServoEnd

High_10


move.w  D2,HIGH_TIME_10


jmp
SetServoEnd

High_11


move.w  D2,HIGH_TIME_11

SetServoEnd


rts



* End ( SetServo )

* 

*  PortEInit

*    

*     - Intializes all pins of Port E to input pins.

*

PortEInit

        move.b  #$00,PORTE0     * Clear the data register

        move.b  #$00,PEPAR      * Configure Port E as I/O

        move.b  #$00,DDRE       * Configure Port E as input

        rts


* End ( PortEInit )

*

*  PortQSInit

*

*    - Initialize Port QS to output (only 7 pins available)

*

PortQSInit


move.b
#$00,PORTQS
* Clear data register


move.b
#$80,PQSPAR
* 0-6 I/O, bit 7 TxD


move.b
#$ff,DDRQS
* Set all pins as Digital Output


rts


* End ( PortQSInit )

*

* TPUInit

*

*  - Initialize the TPU for channels 0-11 to be PWM

*

TPUInit

* Set channel 0-11 to be PWM

        move.w  #FUNCNUM_1,(CFSR3).L

        move.w  #FUNCNUM_2,(CFSR2).L


move.w  #FUNCNUM_3,(CFSR1).L

* Emu mode off, sup on, sysclk/32  ---> 1 TCR1 = 238ns*8

        move.w  #$0080,(TPUMCR).L

* Set Host seq. reg. to NO PARITY

        move.w  #$0000,(HSQR1).L


move.w
#$0000,(HSQR0).L

* Call _SetPWM_ function to ...

*  ... set the PWM periods and control Regs

        jsr     SetPWM

* ($00a0 = %10100000)

        move.w  #$aaaa,(HSRR1).L


move.w  #$00aa,(HSRR0).L

* ($00f0 = %11110000)

        move.w  #$ffff,(CPR1).L


move.w  #$00ff,(CPR0).L

        rts                              * End ( TPUInit )

*

*  SetPWM

*

*    - Sets the original control reg., periods and High times

*

SetPWM

        clr.l   D0

        clr.l   D1                      * Clears all pertinent registers

        clr.l   D2

        clr.l   D3

        clr.l   D4

        clr.l   D5

        clr.l   D6

        clr.l   D7

C Initialize Channels 

        move.w  #$0092,(CHANNEL_0).L         * PWM (channel 0)

        move.w  #$0092,(CHANNEL_1).L         * PWM (channel 1)

        move.w  #$0092,(CHANNEL_2).L         * PWM (channel 2)

        move.w  #$0092,(CHANNEL_3).L         * PWM (channel 3)

        move.w  #$0092,(CHANNEL_4).L         * PWM (channel 4)

        move.w  #$0092,(CHANNEL_5).L         * PWM (channel 5)

        move.w  #$0092,(CHANNEL_6).L         * PWM (channel 6)

        move.w  #$0092,(CHANNEL_7).L         * PWM (channel 7)

        move.w  #$0092,(CHANNEL_8).L         * PWM (channel 8)

        move.w  #$0092,(CHANNEL_9).L         * PWM (channel 9)

        move.w  #$0092,(CHANNEL_10).L        * PWM (channel 10)

        move.w  #$0092,(CHANNEL_11).L        * PWM (channel 11)

C Set Current position of servo

        move.w  #Servo_Mid,(HIGH_TIME_0).L   * 50% High Time

        move.w  #Servo_Mid,(HIGH_TIME_1).L   * 50% High Time

        move.w  #Servo_Mid,(HIGH_TIME_2).L   * 50% High Time

        move.w  #Servo_Mid,(HIGH_TIME_3).L   * 50% High Time

        move.w  #Servo_Mid,(HIGH_TIME_4).L   * 50% High Time

        move.w  #Servo_Mid,(HIGH_TIME_5).L   * 50% High Time

        move.w  #Servo_Mid,(HIGH_TIME_6).L   * 50% High Time

        move.w  #Servo_Mid,(HIGH_TIME_7).L   * 50% High Time

        move.w  #Servo_Mid,(HIGH_TIME_8).L   * 50% High Time

        move.w  #Servo_Mid,(HIGH_TIME_9).L   * 50% High Time

        move.w  #Servo_Mid,(HIGH_TIME_10).L  * 50% High Time    

        move.w  #Servo_Mid,(HIGH_TIME_11).L  * 50% High Time    

C Define period of servo

        move.w  #Servo_Period,(PERIOD_0).L   * PERIOD = 20 ms

        move.w  #Servo_Period,(PERIOD_1).L   * PERIOD = 20 ms

        move.w  #Servo_Period,(PERIOD_2).L   * PERIOD = 20 ms

        move.w  #Servo_Period,(PERIOD_3).L   * PERIOD = 20 ms

        move.w  #Servo_Period,(PERIOD_4).L   * PERIOD = 20 ms

        move.w  #Servo_Period,(PERIOD_5).L   * PERIOD = 20 ms

        move.w  #Servo_Period,(PERIOD_6).L   * PERIOD = 20 ms

        move.w  #Servo_Period,(PERIOD_7).L   * PERIOD = 20 ms

        move.w  #Servo_Period,(PERIOD_8).L   * PERIOD = 20 ms

        move.w  #Servo_Period,(PERIOD_9).L   * PERIOD = 20 ms

        move.w  #Servo_Period,(PERIOD_10).L  * PERIOD = 20 ms

        move.w  #Servo_Period,(PERIOD_11).L  * PERIOD = 20 ms

        rts                             * End ( SetPWM )

*

*  csInit - code to initialize the chips (from jake's buggy code)

*

csInit

        move.w  #$0E04,CSBARBT  * Initialize EPROM chip select

        move.w  #$68b0,CSORBT

        move.w  #$0003,CSBAR0   * Initialize RAM write (MSB)

        move.w  #$503e,CSOR0

        move.w  #$0003,CSBAR1   * Initialize RAM write (LSB)

        move.w  #$303e,CSOR1

        move.w  #$0003,CSBAR2   * Initialize RAM read (MSB and LSB)

        move.w  #$683e,CSOR2

        bra.l   csInitReturn    * Jump back to the startup sequence

*

* Delay 125 microseconds

*

Delay125u


clr.l
D5

Delay125uMid


cmp.l
#5000,D5


bge
Delay125uEnd


nop


add.l
#1,D5


jmp
Delay125uMid

Delay125uEnd


rts

*

* Delay 1 microseconds

*

Delay1u


clr.l
D5

Delay1uMid


cmp.l
#400,D5


bge
Delay1uEnd


nop


add.l
#1,D5


jmp
Delay1uMid

Delay1uEnd


rts

* Stack Section

                org     $a000   

stack           ds.l    32

bos
PAGE  
8

_1006692368.doc
[image: image1.png]






_1006691150.doc


Pitch Axis







Yaw Axis







Tip







Top







Middle












