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�ABSTRACT





In 1989, Mattel™ produced the PowerGlove, a ‘toy’ virtual reality interface for the Nintendo(TM) Entertainment System.  With only one game produced that utilized its full potential, it quickly subsided in popularity and was discontinued not long after its introduction.



However, virtual reality hobbyists quickly latched onto the PowerGlove as an inexpensive alternative to VPL’s DataGlove (among others) - with the VPL glove at over $1000, the PowerGlove’s retail price of under $100 is very attractive.  Even though it is no longer in production, it is relatively easy to obtain one (the author obtained one in three days of searching and $18.50 plus shipping).



The PowerGlove can be utilized as an inexpensive method towards a more user-friendly and intuitive interface to computers and data.  This project demonstrates the principles behind interfacing a PowerGlove to external hardware, such as a PC or microcontroller.  Timing issues, pinouts, and possible applications are discussed.  A sample application is discussed and developed as well, showing how the glove can be used to simplify interfaces, while demonstrating the strengths and weaknesses of the technology involved.



�DESIGN DESCRIPTION





PowerGlove Hardware Information



The Nintendo PowerGlove is comprised of two separate parts.  The first is the glove itself, pictured below.  



�

(Picture courtesy Joe Stoner, http://www.space-research.com/~stoner/glove.html)



It is an open-fingered glove on the top of which a thick flexible shell has been attached. On top of the hand a black plastic receptacle holds two emitters, which are used to sense the position of the glove in space.  The forearm portion has a standard Nintendo keypad (four directions, A, B, START, and SELECT) and several buttons for programming the fingers (so they can be used like one of the buttons, or a series of button presses).  The electronics for the programming of the finger sensors are handled entirely by the glove itself - the only data transmitted is the actual sensor data or the equivalent keypresses.



Also on the keypad is the [CENTER] button.  This button demonstrates one of the major shortcomings of the PowerGlove hardware:  the 3-D spatial sensing is incredibly primitive (read: cost efficient).  If the glove is moved outside the sensor range at all, it must be placed in whatever spot the user wants to call ‘center’, and the [CENTER] button pressed.  It makes using the PowerGlove awkward at best.



The second portion is the ‘L-shaped bar’, shown on the next page.  The cord on the glove attaches to this bar, which houses the electronics for interfacing the glove to the Nintendo (and also the PC or other such device).  Each of the three square boxes is a sensor for the two emitters on the knuckles of the glove.  The glove emits an ultrasonic sound wave and the L-shaped bar receives it.  By measuring how out of phase the received sound is, the glove can be placed specially.  The limitation on this is that the two sensors on the knuckles of the glove are only about three inches apart, and as the distance between the L-shaped bar and the glove increases, the two sensors begin to look like one sensor.  So the glove must be used close to the L-shaped bar.  Spatially, the PowerGlove can detect position in the X, Y, and Z plane, as well as rotation of the glove through the axis of the forearm.



�

                        (Picture courtesy Chris Hand, http://www.cms.dmu.ac.uk/~cph/pg.html)    



The PowerGlove also detects the finger positions using strips of material which measure how flexed the fingers are.  The material itself is a resistor that changes value when stretched, increasing in resistance as the fingers are bent.  In the PowerGlove, this information has two bits of resolution; that is, it can differentiate between 00 (not bent), 01 (slightly bent), 10 (mostly bent), and 11 (completely bent), rather than just bent or unbent.  The pictures below show this sensor strip in the PowerGlove.



�         � 

         (The underside of the glove, partially disassembled)	      (One of the sensor strips)

(Pictures are courtesy Joe Stoner, http://www.space-research.com/~stoner/glove.html)



[Side note:  The pictures above are from Joe Stoner’s “Joystick Port Power Glove” WWW homepage.  He details how to use the sensor strips - which are more reliable in real world usage of the glove than the ultrasonic spatial orientation - to make your own glove-like input device.]





PowerGlove Operation



Since the glove was designed to be used on a Nintendo, it had two modes of operation.  For those games that specifically used the PowerGlove’s full capabilities (X, Y, and Z coordinates, finger information, roll (rotational) information, plus all the keys), the Glove can be set in ‘Hires’ mode.  For most other Nintendo games (some games just did not work very well with the concept of the glove, like Tetris and Super Mario Bros.), the PowerGlove has a ‘Lores’ mode, which is identical in data format and usage to a regular Nintendo gamepad.  



A Nintendo controller (a gamepad, a PowerGlove, or any other input device) has seven I/O pins.  Two are unused, one is power (+5V), one is ground, one is a data line (output from the controller only), and the last two are ‘clock’ and ‘latch’.  A Nintendo controller is a glorified shift register - by toggling the clock line once and then the latch line a number of times, the contents of the shift register can be read from the data line.  Each data packet is eight bits long (one clock toggle, then one latch toggle for each bit).



A standard gamepad, or PowerGlove in Lores mode, transmits one data packet (eight bits) per poll.  It contains the data:



Bit     7      6      5      4      3      2     1      0

Data	  UP    DOWN   LEFT   RIGHT    A      B   START  SELECT



However, this is not terribly useful to us; we would like to get as much information from the PowerGlove as possible.  To do this, it must be initialized to Hires mode.  This is accomplished by using the latch as an input to the glove - the data line is strictly output only - and sending the glove a specific initialization code (in hex, 0x06, 0xC1, 0x08, 0x00, 0x02, 0xFF, 0x01).  This places the glove in Hires mode; the PowerGlove then streams data as quickly as it can obtain it.  



In Hires mode, if the 8 bit data byte read from the glove is 0xA0, it signifies the start of a data transmission.  Including the initial 0xA0, the whole packet (poll) is seven bytes in length: 0xA0 (start of data), X, Y, Z, rotation, fingers, keypad.  The X, Y, and Z coordinates are 8 bit two’s-complement signed numbers, with (0,0,0) representing the centered position of the glove.  Up, right, and towards the L-shaped bar are all positive.  



The finger data is a packed 8 bit byte, as follows:





Bit	    7 and 6     5 and 4       3 and 2        1 and 0   

Finger	Thumb    Forefinger   Middle finger   Ring Finger



00 represents a straight finger, and 11 represents a completely flexed finger.  The ‘pinky’ finger does not have an associated flex strip, and has no data field associated with it.



Rotational data, as far as can be told, is measured in 30 degree increments, so this byte is largely unused (as the 8 bit number should range between 0 and 12dec, as was the experience of the author).  The keypad byte is the same as for the Lores mode.





Design Objective



The objective of this project was originally to ‘fool’ existing Microsoft (or other standard protocol drivers, such as Mouse Systems or Logitech) mouse drivers into using the data from a PowerGlove as if it were a mouse.  Due to both time constraints and lack of information on mouse drivers, this idea had to be temporarily shelved.  The Power11 project demonstrates how simple it is to interface the PowerGlove to a microcontroller (in this case, the Motorola 68HC11 series of MCU); once interfaced, the microcontroller can present this data to any number of devices, either serially or (with a little additional hardware) to a parallel port.  A 68HC11 MCU is, at the time of this writing, only about $12; a full development board is under $70 - Motorola sells their EVBU series for sixty eight dollars and eleven cents.   Also, by using a microcontroller, one frees up most of the CPU cycles the end device would need to constantly poll the PowerGlove. 



As an interface, a PowerGlove (or other glove-like interface, such as the VPL DataGlove, EXOS Glove, or Virtual Technologies’ CyberGlove) is a far more intuitive and simpler way of interacting with a graphical environment.  It mimics the way we interact with the world normally (so few people type at each other in mid air), and is less intimidating than a keyboard and mouse.  For a three-dimensional virtual reality environment, it allows simulated input that is conceptually similar to the perceived output - using arrow keys in a VR program is akin to using a mouse (rather than a joystick) in a flight simulator; it just doesn’t feel quite the same.



The final design consists of a 68HC11 evaluation board (EVB), attached via a RS-232 serial cable to a PC running a communications program, and the PowerGlove attached to the 68HC11 board.  Software loaded on the EVB displays a small hand in an X-Y coordinate plane; finger data is shown on the hand as fingers being displayed or not.  A small table on the right side of the screen displays crude data packet information from the PowerGlove.  





Power11 Demonstration Software



As part of the project, Power11 (PowerGlove+68HC11) demonstrates how to read data from a PowerGlove, initialize it in ‘Hires’ mode, and output it in a useful fashion to another device (such as a PC).  The initialization and data acquisition portion draws from Ron Menelli’s ‘Menelli Box’ source code (archived at http://www.cms.dmu.ac.uk/People/ cph/menelli.html) for reading from a PowerGlove, as the author could not find timing diagrams for the PowerGlove, nor was there sufficient time to derive them through reverse engineering.



The glove itself it attached to part of Port A of the 68HC11.  On startup, the glove is reset into Hires mode, and the code enters a loop constantly polling the glove for data.  If the PowerGlove goes a period of time (roughly 200 ms) without transmitting any data, it is reset again.  If data is received, the hand icon is updated as well as the raw data list.





Design Time Requirement



The time requirement to build and test the design can be approximated as follows (all numbers are very approximate):



 8 hours 	Researching the PowerGlove - obtaining hardware and software specs.  Also obtaining mouse protocol information.

           12 hours	Setting up and learning how to use the EVBU (later scrapped because the memory size was too restrictive).  This information, however, proved to be useful for CML - the author will be writing a tutorial packet on how to set up and use the EVBU for laboratory instruction next semester.

	10 hours	Initial coding for the ‘PowerMouse’ project

            25 hours	Debugging code and rewriting it to remove the mouse protocol and include a textually-based graphical demonstration interface.

	15 hours	Documentation for the Power11 project

            _______

	70 hours	Total





�OPERATION GUIDE

- or -

“Five Simple Steps to Power11 Bliss”







�





[ Step One: ]



Attach the 68HC11 EVB Terminal Port connector to the PC’s serial port with the appropriate cable (25 to 25 oor 25 to 9 pin, straight feed - not a null modem cable).  Supply power (+5V, Ground, +/- 12V) to the EVB, but don’t turn it on yet.



[ Step Two: ]



Attach the PowerGlove’s connector to the 60-pin connector on the HC11 (see the diagram on the next page).  Assemble the L-shaped bar and attach the PowerGlove to it.



[ Step Three: ]



Turn on the PC and run a communications program - for this project, the author used Procomm Plus (PCPlus), which is highly recommended.  Make sure that the serial port is set to 9600 baud, 8 data bits and 1 stop bit (parity is irrelevant - it can be anything, as it is ignored by the EVB), and that it is looking at the serial port the EVB is plugged into (COM1 or COM2 usually).  In PCPlus this is done by pressing <Alt-P> to bring up the port menu. Select 9600 baud by pressing <5>,  N/8/1 (No parity, 8 data and 1 stop bit) by pressing <Alt-N>, and the proper COM port - likely <F1> or <F2>.  Pressing <ALT-S> saves, which means you need only configure PCPlus once.



Nintendo PowerGlove Connector

�

[ Step Four: ]



Turn on the EVB, and press <Enter>.  This brings up the BUFFALO prompt.  Type LOAD T at the prompt, and then upload the P11.S19 source file.  In PCPlus, this is accomplished by pressing <PgUp>, and selecting ASCII format <A>.  Type in the full path and filename for P11.S19, and press <Enter>.  Wait patiently for the upload to finish (it should be about 36-44 lines).



[ Step Five: ]



Put the glove on your hand (if you haven’t already out of sheer excitement).  Point it at the L-shaped bar, and with the other hand type  G C000  at the BUFFALO prompt.  The Power11 program should then run.  After the glove powers on and is set in ‘hires’ mode (it will beep once or twice), press the [CENTER] button on the PowerGlove to initialize the XYZ positioning.




�
Using the Power11 Demonstration Program



�





When the software starts up, the PowerGlove should beep once, possibly twice.  The hand starts in the center of the screen, but quickly moves to approximate the position of the glove relative to the L-shaped bar.  Once the code has been run, no keys have any effect except ‘Q’ or ‘Esc’ which quits the program.  



The hand shows three fingers and a thumb; if the line representing that particular digit is missing, it means the program thinks the digit is at least mostly flexed (10 or 11).   You will probably find that the program, and the PowerGlove in general, is much more accurate with the finger data than with the spatial data.



The raw data output shows the hexadecimal representation for each of the five bytes of relevant information (keypad data and the first, starting byte - 0xA0 - are discarded).  Some familiarity with hexadecimal numbers is required to be able to read this part - mostly it is there to show what the data being received looks like.  



To quit, either press the RESET button on the 68HC11 or turn the power off - pressing RESET leaves the program in memory, while turning it off requires you to download the code again if you wish to run it a second time.



�CONSTRUCTION GUIDE





Hardware



The hardware portion of the Power11 project is fairly simple.  After procuring a PowerGlove, all that is required is to attach the five relevant pins on the connector to the 60-pin connector on the 68HC11 EVB.  The author recommends solid core 20 or 22 gauge wire, perhaps doubled up to fit inside the socket.  Highly recommended (but not tested) is to disassemble a Nintendo product that contains a socket for a controller, and use that - controller decks, expansions for the gamepads, etc. 





Software



Once you have the P11.ASM file, the Motorola free 68HC11 assembler AS11 is available from Motorola at http://www.mcu.motsps.com/freeweb/pub/ibm/, or Rensselaer Polytechnic Institute at http://oldecse.ecse.rpi.edu:80/Courses/F97/35274/.  If the user is unfamiliar with the 68HC11, recommended reading includes most of the technical documentation at http://www.mcu.motsps.com/hc11/home.html (Motorola’s HC11 webpage).  





�TROUBLESHOOTING





Hardware



Make sure the power to the 68HC11 is correctly plugged in, or damage could occur to the board.  Also make sure the power supply is capable of ~ ½ A on the 5V supply; with all the additional hardware, you really tax the power supply.



Do not use the ‘Host Port’ on the 68HC11 EVB - it requires a null modem cable to use.



The PC can have the COM port you are attempting to use disabled in the BIOS - run the setup utility (either by holding down a key at bootup, or a separate utility).



Perhaps a silly error, but it kept the author confused for quite some time - do not reverse the Clock and Latch pins when connecting the PowerGlove to the EVB.



The L-shaped bar is a very poor design; reflection of the sound is common and results in very bad performance.  Try placing a towel or other soft, non-smooth object behind the L-shaped bar.  Also, try working in a large room to avoid these problems.





Software



Carefully set up the communications program and protocol - most errors are because the terminal is not set right.  Try to have ANSI or VT100 emulation enabled if possible.  If the data bit size is set to 7 rather than 8, some of the special characters like the hand will look silly (sillier?).



If you use a protocol other than ASCII to upload the .S19 file to the 68HC11 EVB, you will get garbage results.



Also, don’t try and upload any other kind of file (for example, the .ASM file).  Won’t work.
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�APPENDIX A:  Power11 SOURCE CODE





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

*                                                                          *

* Power11 Project v1.2          Michael Burke                   8 Dec 1997 *

*                               burkem@rpi.edu                             *

*                                                                          *

* Written for Motorola's AS11 assembler.  It will need to be changed to be *

* assembled by any other cross-assembler.  Also written to use the 68HC11  *

* Evaluation Board (EVB) and the 68HC11E9.                                 *

*                                                                          *

* This code draws heavily on Ron Menelli's "Menelli Box" Power Glove code. *

* I would like to thank him and the others who helped develop that code.   *

*                                                                          *

* Version History:                                                         *

*                                                                          *

*  v1.2  Fully implemented ANSI escape sequences, drawn hand rather than   *

*        'X' or 'O'.  Cleaned up code, eliminated bug in placing hand.     *

*                                                                          *

*  v1.1  Renamed to Power11 (P11.ASM) - Mouse code scrapped and graphical  *

*        interface started.                                                *

*                                                                          *

*  v1.0  PowerMouse started.  Original coding and debugging.  Able to xmit *

*        at 1200 baud to a terminal, and initialize the glove.  Can read   *

*        position and finger data - rotational data uncertain.             *

*                                                                          *

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





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

* Data          EQU's, constants, and data.

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

        org     $c000

        jmp     start           ; Skip data, execute code only.



* Put a stack in the program (mostly for the subroutine calls).  This stack

* is probably too large for our needs; however, this program doesn't use

* much memory so it is O.K. to make the stack large for safety.

stack   rmb     $100            ; 100hex bytes of stack

initsp  equ     *-1             ; Stack pointer initializer



* Port A definitions

* A0 is PG Data, A4 is PG Latch, A5 is PG Clock, and A7 is serial DTR

porta   equ     $1000

pactl   equ     $1026



* Generic/miscellaneous constants and variables

lastdtr fcb     $00             ; Becomes $00 if DTR goes low, $80 if high.

dtrmask equ     $02             ; AND'd mask to detect DTR

dly     fcb     $00             ; A dummy var to clear for a 3 us delay

loopvar fcb     $00             ; Generic loop variable to decrement

bitcnt  fcb     $00             ; Loop variable

retry   fcb     $00             ; If this loops, we need to reset the glove

bytecnt fcb     $00             ; Byte count loop variable



* Timing constants

t2bytes equ     30              ; 96 microseconds

t2slow  equ     1000             ; about 2100 microseconds (700)



* Power Glove data constants

c0l0    equ     $00             ; Clock=0, Latch=0

c0l1    equ     $10             ; Clock=0, Latch=1

c1l0    equ     $20             ; Clock=1, Latch=0

c1l1    equ     $30             ; Clock=1, Latch=1

pgmask  equ     $01             ; AND'd bitmask



locx    fcb     $00             ; X location

locy    fcb     $00             ; Y location

locz    fcb     $00             ; Z location

rot     fcb     $00             ; Rotational info

fngr    fcb     $00             ; Finger info



hrcode  fcb     $06             ; Init string for PG -> hiresolution mode

        fcb     $c1

        fcb     $08

        fcb     $00

        fcb     $02

        fcb     $ff

        fcb     $01



* Date for the display routines

nx      fcb     $00             ; Drawn X coordinate (upper left of hand)

ny      fcb     $00             ; Drawn Y coordinate (upper left of hand)

lx      fcb     $00             ; Last drawn x an y coordinates, to erase

ly      fcb     $00             ; with



* Equates for BUFFALO routines

outcrlf equ     $ffc4           ; Outputs a carriage return line feed -> serial

output  equ     $ffaf		; Outputs one char from Reg A -> serial

out1byt equ     $ffbb           ; Outputs one byte as two characters in hex 



* Program text

hdr1    fcc     'Computer Graphics   Power11: Use a PowerGlove as an input device     8 Dec 1997'

        fcb     $04

hdr2    fcc     'Michael Burke       burkem@rpi.edu       www.rpi.edu/~burkem/pp/    Version 1.2'

        fcb     $04

line    fcc     '#==-------------------------------------------------------------------------==#'

        fcb     $04

num1    fcc     'X Coordinate: '

        fcb     $04

num2    fcc     'Y Coordinate: '

        fcb     $04

num3    fcc     'Z Coordinate: '

        fcb     $04

num4    fcc     '  Rotational: '

        fcb     $04

num5    fcc     '     Fingers: '

        fcb     $04



* ANSI Code Sequences

clrall  fcb     $1b             ; Clear the screen

        fcb     $5b

        fcb     $32

        fcb     $4a

        fcb     $04



dlinew  fcb     $1b             ; Don't start on a new line - clip extra

        fcb     $5b             ; characters after col=80

        fcb     $37

        fcb     $6c

        fcb     $04



curhome fcb     $1b             ; Home the cursor in the upper left

        fcb     $5b

        fcb     $48

        fcb     $04



white   fcb     $1b             ; Make the cursor white

        fcb     $5b

        fcb     $33

        fcb     $37

        fcb     $6d

        fcb     $04



green   fcb     $1b             ; Make the cursor, um, uh, green?

        fcb     $5b

        fcb     $33

        fcb     $31

        fcb     $6d

        fcb     $04



red     fcb     $1b             ; R.E.D. - Radical Endeavor in Design

        fcb     $5b             ; Or, make the cursor red ...

        fcb     $33

        fcb     $32

        fcb     $6d

        fcb     $04



cp1     fcb     $1b             ; Cursor position - cp1 is the beginning

        fcb     $5b             ; data packet, then the X coordinate, then

        fcb     $04             ; cp2 (middle packet), then the Y coordinate

cp2     fcb     $3b             ; followed by the end data packet cp3

        fcb     $04

cp3     fcb     $48

        fcb     $04



header  fcb     $1b             ; Cursor locator for the header

        fcb     $5b

        fcb     $30

        fcb     $30

        fcb     $3b

        fcb     $30

        fcb     $30

        fcb     $48

        fcb     $04



ncp1    fcb     $1b             ; Cursor position for the first numerical

        fcb     $5b             ; data display (X coordinate)

        fcb     $30

        fcb     $35

        fcb     $3b

        fcb     $35

        fcb     $37

        fcb     $48

        fcb     $04



ncp2    fcb     $1b             ; Cursor position for the second numerical

        fcb     $5b             ; data display (Y coordinate)

        fcb     $30

        fcb     $36

        fcb     $3b

        fcb     $35

        fcb     $37

        fcb     $48

        fcb     $04



ncp3    fcb     $1b             ; Cursor position for 3rd data display

        fcb     $5b

        fcb     $30

        fcb     $37

        fcb     $3b

        fcb     $35

        fcb     $37

        fcb     $48

        fcb     $04



ncp4    fcb     $1b             ; Cursor position for 4th data display

        fcb     $5b

        fcb     $30

        fcb     $38

        fcb     $3b

        fcb     $35

        fcb     $37

        fcb     $48

        fcb     $04



ncp5    fcb     $1b             ; Cursor position for 5th data display

        fcb     $5b

        fcb     $30

        fcb     $39

        fcb     $3b

        fcb     $35

        fcb     $37

        fcb     $48

        fcb     $04



ncd1    fcb     $1b             ; Cursor position for the first numerical

        fcb     $5b             ; data display (X coordinate)

        fcb     $30

        fcb     $35

        fcb     $3b

        fcb     $37

        fcb     $32

        fcb     $48

        fcb     $04



ncd2    fcb     $1b             ; Cursor position for the second numerical

        fcb     $5b             ; data display (Y coordinate)

        fcb     $30

        fcb     $36

        fcb     $3b

        fcb     $37

        fcb     $32

        fcb     $48

        fcb     $04



ncd3    fcb     $1b             ; Cursor position for 3rd data display

        fcb     $5b

        fcb     $30

        fcb     $37

        fcb     $3b

        fcb     $37

        fcb     $32

        fcb     $48

        fcb     $04



ncd4    fcb     $1b             ; Cursor position for 4th data display

        fcb     $5b

        fcb     $30

        fcb     $38

        fcb     $3b

        fcb     $37

        fcb     $32

        fcb     $48

        fcb     $04



ncd5    fcb     $1b             ; Cursor position for 5th data display

        fcb     $5b

        fcb     $30

        fcb     $39

        fcb     $3b

        fcb     $37

        fcb     $32

        fcb     $48

        fcb     $04







dwnback	fcb	$1b		; Moves the cursor down one line and back 

	fcb	$5b		; four characters, to print second line of

	fcb	$42		; hand graphic

	fcb	$1b

	fcb	$5b

	fcb	$34

	fcb	$44

	fcb	$04



erase	fcc	'    '		; Erases the hand

	fcb $04





* End Data Segment *********************************************************





* Main Code Loop Segment ***************************************************

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

* start         The beginning of executable code.  Initializes the stack

*               pointer, clears the registers, and enables Port A (PG port).

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

start   lds     #initsp         ; Initialize the stack pointer

        ldad    #$0000          ; Clear the registers; if you try and

        ldx     #$0000          ; push a register that hasn't been init'd

        ldy     #$0000          ; it can sometimes hang the 68HC11



        ldaa    #00

        staa    pactl           ; Disable the Port A pulse accumulator



        jsr     setdisp         ; Initialize the display



roll    jsr     pginit          ; Initialize the power glove





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

* main          The main loop; read in data from the PG and output to the

*               serial port as a graphical display.

*

*               If it so happens that FF data bytes pass by that are

*               'invalid' (a proper PG data sequence starts with $A0). we

*               also run the 'reset glove' routine again'.

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

main    clr     retry           ; Reset the 'retry counter'

tryagn  ldx     #t2slow

        jsr     delay           ; Delay "a while"



        jsr     getbyte         ; Grab a data byte from the PG

        cmpa    #$a0            ; Is it a 'start of data' sequence?

        beq     go              ; If it is, GO!



        inc     retry

        beq     roll            ; If we loop the 'retry counter', reset PG

        bra     tryagn



go      jsr     pgread          ; Read data from the PG

        jsr     display         ; Display the obtained data

        bra     main            ; Start over



        swi                     ; If we get here, reality is on paid leave.





* End Main Code Segment ****************************************************





* Subroutines **************************************************************



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

* delay         Delay - rougly 4 us + 1.5 us * X

*               INPUT in register X

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

delay   dex

        bne     delay

        rts





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

* pginit        Initializes the power glove; sets it in 'hires' mode, and

*               ready for data acquisition.  (Most of this is taken from

*               Ron Menelli's PG code verbatim). 

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

pginit  ldab    #c1l0		

        stab    porta          



        ldab    #c1l1

        stab    porta          



        clr     dly

        ldab    #c1l0

        stab    porta          



        clr     dly   

        ldab    #c0l0

        stab    porta          

        ldab    #c1l0

        stab    porta          



        clr     dly   

        ldab    #c0l0

        stab    porta          

        ldab    #c1l0

        stab    porta          



        clr     dly

        ldab    #c0l0

        stab    porta          

        ldab    #c1l0

        stab    porta          



        ldab    #c1l0

        stab    porta          

        ldx     #2404           ; 7212 us delay (from Menelli code)

        jsr     delay



        ldab    #c1l1

        stab    porta          

        ldx     #752            ; 2260 us delay (from Menelli code)

        jsr     delay



        ldaa    #7              ; Send 7 bytes to the PG

        staa    bytecnt

        ldy     #hrcode

byteloop ldaa   #8              ; Send each bit of the code to the PG

        staa    bitcnt

        ldaa    0,y

bitloop lsla

        bcc     bitoff

        ldab    #c1l1

        stab    porta          

        ldab    #c0l1

        stab    porta          

        ldab    #c1l1

        stab    porta          

        bra     nextloop

bitoff  ldab    #c1l0

        stab    porta          

        ldab    #c0l0

        stab    porta          

        ldab    #c1l0

        stab    porta          

nextloop clr    dly             ; 3 us delay

        dec     bitcnt

        bne     bitloop         ; Do until the whole byte is transferred



        ldx     #t2bytes

        jsr     delay           ; Delay after each byte sent

        iny

        dec     bytecnt

        bne     byteloop        ; Do until the seven byte hires code is sent



        ldx     #296            ; 892 us delay

        jsr     delay



        ldab    #c1l0

        stab    porta          

        ldx     #20000          ; Delay a 'long time' (as defined in the

        jsr     delay           ; PG timing diagrams - at least 1 ms)



        rts                     ; Go back to where we came from





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

* getbyte       Get one byte of data from the PG and store in ACCA

*               This is a line-for-line copy of Ron Menelli's code.               

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

getbyte ldab    #c1l0

        stab    porta          

        ldab    #c1l1

        stab    porta          

        clr     dly             ; Delay 3 us

        ldab    #c1l0

        stab    porta          



        ldaa    #8              ; Read 8 bits of data from the PG

        staa    bitcnt



getloop lsla

        ldab    porta

        andb    #pgmask         ; Mask off all but the first bit

        aba                     ; Assemble the data byte

        ldab    #c0l0

        stab    porta          

        ldab    #c1l0

        stab    porta          

        dec     bitcnt

        bne     getloop



        rts                     ; ET go home?





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

* pgread        Read data in from the Power Glove and store in memory.        

*               Most of this code is straight from Ron Menelli's code.

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

pgread  psha

        pshx



        jsr     getbyte         ; Get one byte from the PG

        staa    locx            ; Our X position

        ldx     #t2bytes        ; Delay

        jsr     delay



        jsr     getbyte         ; Get one byte from the PG

        staa    locy            ; Our Y position

        ldx     #t2bytes        ; Delay

        jsr     delay



        jsr     getbyte         ; Get one byte from the PG

        staa    locz            ; Our Z position (mostly ignored)

        ldx     #t2bytes

        jsr     delay

        

        jsr     getbyte         ; Get one byte from the PG

        staa    rot

        ldx     #t2bytes        ; Our rotational data (mostly ignored)

        jsr     delay



        jsr     getbyte         ; Get one byte from the PG

        staa    fngr            ; Finger data (2 bits/finger, 4 fingers)

        ldx     #t2bytes        ; Delay

        jsr     delay

        

        jsr     getbyte         ; Get one byte from the PG

        ldx     #t2bytes        ; And throw it away (keypress data)

        jsr     delay

        

        jsr     getbyte         ; Throw away two bytes of data

        ldx     #t2bytes        

        jsr     delay

        jsr     getbyte         



        pulx

        pula

        rts                     ; Go back to whence we came.





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

* setdisp       Setup the display - clear the screen, draw the top banner

*               and the numerical coordinates, and center the hand.

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

setdisp psha                    ; Save our ever important registers

        pshx



        ldx     #clrall         ; Clear the screen

        jsr     sout

        ldx     #header         ; Home the cursor

        jsr     sout

        ldx     #green          ; Red cursor

        jsr     sout

        ldx     #hdr1           ; Draw the top header

        jsr     sout

        jsr     outcrlf

        ldx     #hdr2

        jsr     sout

        jsr     outcrlf

        ldx     #line

        jsr     sout

        jsr     outcrlf



        ldx     #ncp1           ; X coordinate data

        jsr     sout

        ldx     #num1

        jsr     sout

        ldx     #ncp2           ; Y coordinate data

        jsr     sout

        ldx     #num2

        jsr     sout

        ldx     #ncp3           ; Z coordinate data

        jsr     sout

        ldx     #num3

        jsr     sout

        ldx     #ncp4           ; Rotational data

        jsr     sout

        ldx     #num4

        jsr     sout

        ldx     #ncp5           ; Finger data

        jsr     sout

        ldx     #num5

        jsr     sout



        ldaa    #13             ; Reset the X and Y coordinates drawn

	staa	ny

	staa	ly



        ldaa    #25

        staa    nx

        staa    lx 



        jsr     display         ; Display the hand and raw data



        pulx                    ; Get back our saved registers

        pula

        rts                     ; Go home





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

* display       Display the powerglove info

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

display psha                    ; Save the registers

        pshx



        jsr     drawcoor        ; Draw the raw data



        jsr     cvtcoor         ; Convert locx and locy to (0-50, 4-22)

        jsr     loccrsr         ; Place the cursor in the correct location

        jsr     killhnd         ; Erase the hand previously there, if any



        ldaa    nx              ; New coordinates are now plotted, and made

	staa	lx		; 'old' coordinates as well.

        ldaa    ny

        staa    ly



        jsr     loccrsr

        jsr     drawhnd         ; Draw the hand at that location



        pulx                    ; Unsave the registers

        pula

        rts                     ; /STAYHERE





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

* cvtcoor       Converts locx and locy to nx and ny, which can then be

*               displayed on the terminal.

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

cvtcoor psha                    ; Stack <- registers

        pshb

        pshx



* Scott Benner (bennes@rpi.edu) helped me with this conversion routine.

* Speed is of the essence; my routine was four times as long!

        ldaa 	#$00       	; Load the number (0 High) into D

        ldab 	locx

        addd 	#$80       	; Changes -128-127 to 0-255

        ldx 	#0005       	; Divide by 5 to make it 0-51

        idiv

        xgdx

	addb	#$01		; Make in the range 1-52

	stab	nx		; Store new x coordinate



        ldaa 	#$00       	; Set the high byte of Reg D (Reg A) to 00

        ldab 	locy      	; and the low byte to locy

        cmpb    #$80            ; Reverse the Y axis

        bne     ynot80

        addb    #$01

ynot80  negb



        addd 	#$80       	; Changes -128-127 to 0-255

        ldx  	#$000f     	; Integer division by 15 will scale 0-255 to

        idiv            	;  0-17

        xgdx            	; Move the Quotient to where we can work with it

        addb 	#$04       	; Add 4 to the value, now 4-21

        stab 	ny		; Store the new y cordinate



        pulx			; Push me, pull me

        pulb

        pula

        rts			; Home now





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

* loccrsr       Locate the cursor at lx and ly

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

loccrsr psha			; Quit pushing me around

        pshb

        pshx



        ldx     #cp1		; Start the data packet to locate the hand

        jsr     sout



        ldab    ly              ; Load the D register with the Y coordinate

	jsr	outxy		; Output the coordinate as two ascii characters



        ldx     #cp2		; Middle packet

        jsr     sout



        ldab    lx              ; X coordinate

	jsr	outxy



        ldx     #cp3		; End the escape sequence

        jsr     sout



        pulx			; Clean up, go home

        pulb

        pula

        rts			





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

* outxy		Translates a hex number -> two ascii decimal characters

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

outxy   ldaa    #$00            ; B is already loaded with the coordinate



        ldx     #10		; Divide by ten to get the tens place and

        idiv			; one's place, needed sperately



        xgdx			; Ten's place first

        ldaa    #$30		; Make it a character number

        aba

        jsr     output



        xgdx			; Now grab the one's place

        ldaa    #$30		; Mae it a character number

        aba

        jsr     output



	rts			; Home now





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

* killhnd       Erases the hand

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

killhnd	psha			; Code 'n Save?

	pshx



	ldx	#erase		; Erase the first line

	jsr	sout



	ldx	#dwnback	; Go down one line and back four spaces

	jsr	sout



        ldx     #erase          ; Erase the second line

        jsr     sout



        pulx                    ; Yonder whence we go now, Yoda I talk like.

        pula                    

        rts





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

* drawhnd       Draw hand at current coordinates

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

drawhnd psha                    ; Yoda lift rocks, unga bunga.

        pshb

        pshx



        ldx     #white          ; Make hand white

        jsr     sout



        ldaa    #$20            ; Space

        jsr     output



* Draw each of the three fingers

        ldaa    #$20            ; Put a space in A

        ldab    fngr

        andb    #$20            ; First finger

        bne     nof1

        adda    #$5c            ; Add $5c to space, making it a finger

nof1    jsr     output          ; Output finger, or space if no finger



        ldaa    #$20            ; Put a space in A

        ldab    fngr

        andb    #$08            ; Middle finger

        bne     nof2

        adda    #$5c            ; Add $5c to space, making it a finger

nof2    jsr     output          ; Output finger, or space if no finger



        ldaa    #$20            ; Put a space in A

        ldab    fngr

        andb    #$02            ; Ring finger

        bne     nof3

        adda    #$5c            ; Add $5c to space, making it a finger

nof3    jsr     output          ; Output finger, or space if no finger



        ldx     #dwnback        ; Start second line of hand

        jsr     sout



        ldaa    #$20            ; Put a space in A

        ldab    fngr

        andb    #$80            ; Thumb

        bne     noth

        adda    #$0d            ; Add $0d to space, making it a thumb

noth    jsr     output          ; Output thumb, or space if no thumb

        

        ldaa    #$40            ; Solid block

        jsr     output



        ldx     #locz           ; Output the Z coordinate in raw hex

        jsr     out1byt



        pulx

        pulb

        pula

        rts





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

* drawcoor       Draw the raw coordinates

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

drawcoor psha                   

        pshx



        ldx     #red            ; Red data output

        jsr     sout



        ldx     #ncd1           ; X coordinate data

        jsr     sout

        ldx     #locx

        jsr     out1byt



        ldx     #ncd2           ; Y coordinate data

        jsr     sout

        ldx     #locy

        jsr     out1byt



        ldx     #ncd3           ; Z coordinate data

        jsr     sout

        ldx     #locz

        jsr     out1byt



        ldx     #ncd4           ; Rotational data

        jsr     sout

        ldx     #rot

        jsr     out1byt



        ldx     #ncd5           ; Finger data

        jsr     sout

        ldx     #fngr

        jsr     out1byt



        pulx

        pula

        rts





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

* sout		Simple string output, copy of BUFFALO outstrg0 routine

*		made simpler and faster - also, nondestructive of reg A

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

sout    psha



sout1   ldaa    0,x		; Get the next character from reg X

        cmpa    #$04		; If its hex $04, stop

        beq     soutnd

        jsr     output		; Otherwise, output to terminal

        inx

        bra     sout1



soutnd  pula			; Clean up, go home

        rts





* End Subroutines **********************************************************





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

* End of p11.asm - Power11 68HC11 code                                     *

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













�APPENDIX B: 68HC11 SELECTION GUIDE





(Source: http://www.cms.dmu.ac.uk/~cph/Public/Menelli/6811typs.txt, taken from the Motorola Selection Guide)



The following parts have a 4 MHZ non-multiplexed bus

+-----------------------------------------------------------------------------+

| PART  | EPROM | ROM | EEPROM | RAM | IO |  Comments                         |

+-----------------------------------------------------------------------------+

| 7N4   |  24K  |     |   640  | 768 | 62 | 8bit D/A, 6PWM, Math              |

| N4    |       | 24K |   640  | 768 | 62 | 8bit D/A, 6PWM, Math              |

| 7M2   |  32K  |     |        |1280 | 62 | 16bit Math Coprocessor            |

| M2    |       | 32K |        |1280 | 62 | 16bit Math Coprocessor            |

| 7P2   |  32K  |     |   640  |1024 | 62 | 2 extra SCI                       |

| P2    |       | 32K |   640  |1024 | 62 | 2 extra SCI                       |

| 7K4   |  24K  |     |   640  | 768 | 62 | 4PWM                              |

| K4    |       | 24K |   640  | 768 | 62 | 4PWM                              |

| KA4   |       | 24K |   640  | 768 | 51 | 4PWM                              |

| K3    |       | 24K |   640  | 768 | 62 | 4PWM                              |

| K1    |       |     |   640  | 768 | 62 | 4PWM                              |

| K0    |       |     |        | 768 | 62 | 4PWM                              |

| F1    |       |     |   512  |1024 | 30 |                                   |

+-----------------------------------------------------------------------------+



The following parts have a 2 MHZ non-multiplexed bus

+-----------------------------------------------------------------------------+

| PART  | EPROM | ROM | EEPROM | RAM | IO |  Comments                         |

+-----------------------------------------------------------------------------+

| 7G5   |  16K  |     |        | 512 | 66 | 10bit A/D 4PWM                    |

| G5    |       | 16K |        | 512 | 66 | 10bit A/D 4PWM                    |

| G7    |       | 24K |        | 512 | 66 | 10bit A/D 4PWM                    |

| 7J6   |  16K  |     |        | 512 | 54 |                                   |

| J6    |       | 16K |        | 512 | 54 |                                   |

+-----------------------------------------------------------------------------+



The following parts have a 3 MHZ multiplexed bus

+-----------------------------------------------------------------------------+

| PART  | EPROM | ROM | EEPROM | RAM | IO |  Comments                         |

+-----------------------------------------------------------------------------+

| E20   |       | 20K |   512  | 788 | 38 |                                   |

| 7L6   |  16K  |     |   512  | 512 | 46 |                                   |

| L6    |       | 16K |   512  | 512 | 46 |                                   |

| L5    |  16K  |     |        | 512 | 46 |                                   |

| L1    |       |     |   512  | 512 | 46 |                                   |

| L0    |       |     |        | 512 | 30 |                                   |

| 7E9   |  12K  |     |   512  | 512 | 38 |  4 input capture                  |

| E9    |       | 12K |   512  | 512 | 38 |  4 input capture                  |

| E1    |       |     |   512  | 512 | 38 |  4 input capture                  |

| E0    |       |     |        | 512 | 22 |  4 input capture                  |

| 8A8   |       |     | 8K+512 | 256 | 38 |                                   |

| A8    |       |  8K |   512  | 256 | 38 |                                   |

| A7    |       |  8K |        | 256 | 38 |                                   |

| A1    |       |     |   512  | 256 | 38 |                                   |

| A0    |       |     |        | 256 | 38 |                                   |

| 7D3   |   4K  |     |        | 192 | 32 |                                   |

| D3    |       |  4K |        | 192 | 32 |                                   |

| D0    |       |     |        | 192 | 14 |                                   |

+-----------------------------------------------------------------------------+



The following parts have a 2 MHZ multiplexed bus

+-----------------------------------------------------------------------------+

| PART  | EPROM | ROM | EEPROM | RAM | IO |  Comments                         |

+-----------------------------------------------------------------------------+

| 8E2   |       |     |    2K  | 256 | 38 |                                   |

+-----------------------------------------------------------------------------+



Notes:

0) To form part numbers from these designations, start with MC68HC and then add

   a 7 or an 8 if the suffis has it, then 11 then the suffix, then the package

   type. For example: 8E2 in a PLCC package is MC68HC811E2FN, 7D3 in a 48-pin

   DIP is MC68HC711D3P, A8 in a PLCC is MC68HC11A8FN O.K.?

1) On the E2, and F1 parts the EEPROM is relocatable to the top of any 4K page.

   Relocation is done with the upper 4 bits of the CONFIG register.

2) I think the L6 part comes in 64 or 68 pin versions.

3) The E9 part only comes in 52 pin PLCC

4) The A8 comes in either 52 pin PLCC or 48 pin DIP. 

   On the 48 pin DIP version Port E bits 4,5,6,7 (Analog inputs 4,5,6,7) are

   not available. That's where they get the extra 4 pins from.

5) The suffix for 52 pin PLCC is "FN"

   The suffix for 52 pin ceramic window is "FS"

   The suffix for 48 pin DIP  is "P"
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