VIRTUAL i

/4

I-glasse$ Developer
Kit

Version 1.2

Revised 6/95



Table Of Contents

Section A - i-glasses!O Tracker Software Development Toolkit

1013 = 11 F= L1 o o [T RRPPT
Stack based compilaition fOr WatCOmM ..........oouiiiiiii e e e e e e e
Building the libraries and testers with DOS/4GW Professional....
Stereoscopic 3D rendering
Integer Math
Filtering.....cccccooveieieeee e

16-bit DOS COMPIIALION. ... .ttt e e e e e st e e e e e e e e s ntbeeeeaaeeaansbeneeaaeaeaannns

Section B - i-glasses!O Tracker Interface

e Ry (o = Tod (TR @ 1= o1 = o o P PPPPPRt
Communicating With Host Computer
Using the i-glasses! tracker..........ccccccceeeniinneen.
The i-glasses Tracker command set
Virtual i-O Tracker Modes
Mode 0: RAW Data MOE ........cciiiiiiiiiiieeiieiee ettt s
Mode 1: Cooked Data Mode....
Mode 2: Euler ANGIES MOME ......cciiiiiiiiiiiie ettt e a e e e
Emulation Modes
Mode 3: Microsoft Mouse Emulation Mode
EXaMPIES. .o
ST Ta0] o] LI @Fo o [ PP UOUPPPPRRT
Version COMPALIDIILY ........ooiiiii et e e e et e e e e e e e et e e e e e e e e nnneeeeas

Section C - Mouse Emulation mode for i-glasses!O Head Tracker

Y Lo TU = =T 41U =1 1o o T PRPP C-1
How to use the Tracker in a mouse emulation mode
N[O RS Y=ty =1l o] o S PRTPR
NO Mouse/Pointing DeVICE .........ccceevviiciiiiieeeee e
Serial Port(s) present, but none free, non-serial mouse
Serial Port(s) present, but none free, serial MOUSE ..........ccccuvviiiieiiiiiiiiiiiec e
Serial Port(s) present, one or more free, non-serial mouse
Serial Port(s) present, one or more free, serial MOUSE............cceeeeiiiiiiiiiiiee e iiriiee e
Running Applications with the Tracker in Mouse Emulation Mode
Mouse & Tracker on the same serial port with a switch boX.........ccccccvieiiiiiii e,
Mouse & Tracker on different ports running at the same time
No mouse installed and the Tracker on a serial port...........ccccceeevnvnneen.

Section D - Stereoscopic 3D Graphics & Head Tracker

ST 10T LT PP PP PP SPPPPPOUPR D-1
Hardware
TACKET ettt et e e st e et een D-1
i-glasses! ] 3D DiSPlay SYSIEM ...t e e e et e e e e e e neeeas D-1
Interfacing to @ Home Console Game SYSIEM ........ccuvuviiiieeiiiiiiiee et e D-2

Section E - i-glasses!O Video Specification

i-glasses! ] Video SPECIfICALION..........uuuiiiieei ittt e e e e e e e e e s st aaeeaaeeeaeaees E-1
ViIAEO MUIRIPIEXEIS ...ttt e e ettt e e e e e e ettt e e e e e e e e nntbreeeaeeeasnnneeeeas E-2



I-glasses!- Tracker Software Development Toolkit
Version 1.2

Copyright 1995, Virtual i-O
All Rights Reserved

Section A
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Installation

Make adiredory onyour hard drive cdl ed vio. Copy the diredory viodked to vio. Heredter, C: refersto the drive
where you creaed vio.

Everything you need to know about programming the tracker is included in these libraries. To recompile and work
with these fil es, set the environment variable SOFT to point to where tesefilesreside. For example, if these flesare
locaed in C:\vio, then type: set  SOFT=C: \ vi o.

If you include %SOFT %\batch in your path, you can hawe accessto handy batch files to quickly move from one
library direcory to another. For example, if you typei mat h, you'll be placeal in %SOFT%\src\imathl. Thiswas
done to make DOS more UNIX-like (ali ases).

You can aso cd to C:\vio and type set env, which will setup the environment variable SOFT and add
%SOFT%\batch to the path.

Usage

To make alibrary, simply type m which cdlswhake -f wat com nmak.
To update alibrary (make it and copy it to %SOFT%\libs) type m updat e.
Torelink ahigher level library tester or application, typel .

To clean adiredory, typem cl ean.

To clean and update alibrary, typem r ermrake.

Makefiles

This development system uses a generic makefil e, which islocaed in %SOFT%\make. All frequently used
information is placed in thisfile so individual library makefiles are trivially simple (they include
%SOFT%\make\genwat.mak). If you usestadk basedarguments and/or don’'t have DOS/AGW Pro, you'll haweto
make changs to genwat.mak.

Stack based compilation for Watcom

To use stack based arguments with Watcom, uncomment the USE_STACK_ARGS linein
SOFT%\make\genwat.mak (remove the #), then remake the entire library. Type sr ¢, then type makeal | (cdls
batch files in %SOFT %\batch).

Building the libraries and testers with DOS/4GW Professional

If you have DOS/AGW Professonal (from Tenberry Systems), you must either set the environment variable
usedgwpro (set usedgwpr o=1) or modify %SOFT%\make\genwat.mak by uncommenting the line
USE _4GWPRO (removethe #).
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Stereoscopic 3D rendering

Examine the cock in src\grid 1. Chedk out test.c: this code shows how to set up the tracker and draw stereo 3D in
interleaved mode. The graphics code islocated in src\vgfxl for dired video memory rendering, and src\dramgfx1 for
off screen rendering and interleaved copying. Press‘b’ to toggle the badkground color. Press's to toggle stereo 3D
and 'd' to toggle DRAM rendering (unlessyou're using a Pentium, DRAM rendering should be much slower than
dired display memory rendering. That's *this* example only. Full texture mappel screenswith transparercy effeds
will probably runfaster when renderingin DRAM).

SciTed'sdired SVGA linea addressed graphics accessshould make this quite a kit easer (320x400,256t0 64k
color modes, addressed linealy, and not throughslow VGA hardware (no outs, of course, either). Contact KiTech
for more info.

Integer math

All math isnow in 14 bit fixed point (1<<14=1.0). The yaw computation now does not require gjuare rootand has
worst case error of 12 thousandths of a degreewith 4 thousandths of a degree aerage case (when compared to
floating point). If you do your own integer math, it is extremely important to have an acarate yaw computation. |If
you can do better, plea® e usknow. Thelookup tables used here aie 256 entries for sine and 256 ertries for
arctanget. Thisuses 2048bytes. The lookup tablesare 28 bit fixed point and the ertries are interpolated when
looked up.

Seesrc\convertl\convert.c for the math required to perform theande computations (it’s fast, short, and smple).
Filtering

The filtering method has changed to adaptive filtering (and will change aggin). We ae arrently experimentingwith
filteringin thislibrary (you'll seeit in src\convertl\convert.c. Thefiltercodeis in srcfilter1\filter.c (currently
working as a simple running average, althoughthe codeisa gerera Finite Impulse Response (FIR) filter library. An
Infinite Impulse Response (11 R) interpalating filter isalso included). If your apgication does additiond filtering (as
in src\convertl\convert.c), you must havean option to tirn it onandoff.

For now, don't set the tracker filter settings in your application. Use tcd to set the filters. WEe'l provide auser
preferencestoal with the tradker to set filter values (tradker.exe in the appsitradkman diredory).

If you use tcd, DO NOT ATTEMPT TO CALIBRATETHE TRACKER. Fadory cdibration requires hardware jigs

and cannot be done reliably by hand. We are providing this code so you can seehow everythingworks (it's an open
system). Oncefadory cdibrated, the trader should not need to be cdibrated agan.
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16-bit DOS Compilation (Borland C/C++ compiler. Tested with version 3.1)

For the purpose of creaing red-mode drivers, the foll owing modules have been modified to all ow compil ation under
Borland C/C++ 3.1 (or later) for 16-bit 386 DOS red-mode:

imath.c
vector.c
timer.c
filter.c
convert.c
serial.c
tracker.c

These are all the fil esthat you need to write ared-mode driver. The vedorl and filterllibraries are optional
(vedorl.hisneeded by other libraries, though).

Examine %SOFT%\apps\simple for asingle header and single library example that uses the bare es&ntials.

For a Borland 16-bit red-mode \ersion, see %SOFT%\src\apps\bsimple. The library vstrad1.lib and heacder
vstradkl.h can be used to creae a red-modedriver.

To make aBorland .obj file, typeb, whichcdlsnmake -f borl and. nak.
To remake al Borland files, type bmakeal | (in %SOFT%\src).

Real-mode driver examples

Example red-mode drivers for Raven’s Heretic and LucasArts Dark Forcescan be fournd in apps\htdrv and
apps\dark respedively. A better way to handle drivers would be to use 32-hit protecied mode DLLs. This ismore
elegant and will have higher performance as red/protecied mode swappingwon't be recesary. Contad Tenberry
Systems for more information.

Notes

The tradker spedficationisfinalized (for a 1.0 version). Thus, if you foll ow the spec you don't need to use any of
this code diredly. If you find a differencein the specand the ade please let us know.

Do not use any of the ade thatreads and writes to tracker memory. This will change and isnot otherwise
documented. To set filter values and mode settings, use tradker mode commands (not tradker read/write commands).

If you getanerror communicating with the tracker, send a"!\r" string to the tracker until you getan'O".  If you

kegpsendingjust 'S, the tradker may never responduntil reset with a"!\r* or other ! command. The examples cdl
resetTradker(), which performs this operation.
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Introduction

Thei-glasses! O Trader, avail able exclusively from Virtual i-O Corporation, seds yaw,
pitch, androll information to ahast computer. This informationis then availablea
appli cation software for creaing immersive, head-trading, red-time stereoscopic 3D
simulations cdled virtual reality.

Basic Tracker orientation

All orientation descriptions are from the perspedive of someone adually weaing the
Tradker:

* Positive yaw is defined as a left head rotation.
e Positive pitch isan upwvard hea tilt.
» Positiveroll isa left hea tilt.

Y axis
A

. Roll
Pitch

P X axis

Yaw

Z axis

The coordinate system used is+Y up,+Z out, and +X right (The positive axes can beformed
with the right-hand index, midd e finger, and thumb: aright-handed coordinate system. See
Computer Graphics, principles and pactice, by Foley et a for more information on
coordinate systems).
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Communicating with the host computer

The Tradker communicaes with the host computer viaan RS-232C3-wire rial interface
(TXD, RXD, GND). The Tradker canrunat 1200, 2400, 4800, 9606nd 19200 bp. The
Tradker can be queried and tested using a standard ASCII terminal program.

All commands are printable ASCII strings, and provide feadbadk to tell theapgdicaionif a
command was succesgully procesed. All commands (except ‘'S’) beginwitha ‘!’
(Attention) and end with a carriage return (Hex D). The Tracker responds with an ‘O’ for
OK or an‘E’ for an Error. The‘S’ (Send data) comnand equests the Tracker to send datato
the host. Inthiscase, orly the requested datais returned, and atime-out chedk must be used
to determineif an error occurred.

Proteded mode apgications will need a i-modd serial hander. A bi-modd serial hander
for Watcom C/C++ is provided onthe devdoper kit disk.

Using the i-glasses! Tracker

The Tradker must be initi ali zed to a known state before an gplication can legin using the
Tradker. Sincethe Tradker may bein acontinuous streaming mode and & any of six
suppated bps rates, the host must send areset command urtil successul. Thiswill givethe
Tradker time to stop sending data and © change its communications rateif necesary. After
the Tradker has been successully reset, the hast must put the Tracker into the appropriate
mode for the application (palled, streaming, ASCII, binary, etc.). For emulation puposes, the
Tradker retdns its st operating modes (data mode, send mode, and send format) when it was
powered of. All applicdions that directly supportie Tradker must set and verify the
operating modes oninitial startup.
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The i-glasses! Tracker command set

All commands o the Tracker are printable ASCII characters. Each command (exce ‘S’) i
terminated with acariage return (Hex D). Result codes, ‘O’ and ‘E’ are ASCIl ‘O’ and ‘E’.
Trader orientation dbtais sent to the hog in either ASCII or binary. The serial protocol is

ore start bit, 8 data bits, no farity, and ore stop Lt.

Command

Description

'R

Resets the Tracker to the default state: cooked, polled, binary modle. A
applications should putthe Tradker into Cooked, Euler, oran emulation
mode before requesting orientation data.

Get the Tracker revisionstring. This alows future revisions of the protocol
to work as applicaions will know what version d the rardware they are

talking to. The string format is:
M<16 chars>P<16 chars>T<8 chars>HxxX.XXXFXXX.XXX

where M is for Manufacturer followed by a 16 charader 1D string, Pisfor
Product code followed by a 16 charader product code or serial number, T
defines product Type, H isfor Hardware revisionfoll owed by a C format
“%07.3f " revisionstring, and F is for Firmware revision with the same C
format string. An‘O’ or an'E’ isappended to the end d the returned string
to indicate whether an internal self test has passed or failed.

<data mode>,<send mode>,<send format>[,<magnetic filter>,<tilt
filter>][,<Mouse sensitivity>,<Mouse threshold>]<CR>

Tells the Tracker to change data mode, send mode, send format, and filte
modes, andis terminated with a qaiage return (Hex D). Datamodesare ‘0’ -
4", Send modes are ‘P’ for pdled, ‘C’ for Continuows, and‘0’-'1’ in mouse
mode. Send formats are ‘A’ for ASCIl and ‘B’ for Binary. Filter rangesare
‘0" for none, ad ‘7’ for maximum. These parameters mug be sert al at
once, separated by commas, and in the defined order. Filter modes and mouse
parameters are the only optional commands and shoudn't be set by the
application, bu rather by the Trader manager software. If they are set by
the application, the user must beable 1o charge them. If the optiona mouse
parameters are set, the filter parameters must also be spedfied. The mouse
sensiti vity and threshold settings are full y described in the mouse emulation
sedion. Only Tradker manager software shoud set mouse settings.

Tells the Tracker to send a packet of orientation data. In continuous modes
‘S dtarts the stream. When a ‘! isest, the stream stops and the command is
processed. ‘!" followed by a cariage return can be u®d to gop the stream.
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Virtual i-O Tracker Modes

Mode 0: Raw data mode

The Tradker sends raw data readings from the sensors. The numeric format is 12 kits
unsigned (0..4099 stored in 16bitsfor al values. This modeis most useful for debugging
the hardware.

Data packet format for mode O (binary)

Thetotal packet sizeis 12 bytes. The byte format is:

Byte Description

0 Healer (always 255
X-axis high byte
X-axis low byte
Y -axis high byte
Y-axis low byt
Z-axis high byte
Z-axis low byt
Pitch high byte
Pitch low byte
Roll high byte
Roll low byte
Arithmetic chedksum (Bytes 0-10 addéd together)

© 0O NO Ol WN P

T
()

Data packet format for mode 0 (ASCII)

The datais ransmitted in the preceding form in ASCII hex with spaeparating ead two
byte ASCII hex value. This isfor debugging only

Send mode for data mode 0

The send modes for datamode O are ‘P’ for Polled and ‘C’ for Continuows. In continuous

mode, a‘!’<CR> command stops the stream and the 'S’ command restarts it. To readmlata i
continuows mode, the application searches for a start headbr (255. Oncefound,the rest of

the padket must be read in, the checksum computed and ompared to the packet’s chedksum.

If the chedksums don't match, the apgi caion must reread the data one byte beyondwhere it

last founda 255and start the processover aggin. Alternatively, theapgication can gop the
stream with a‘!’<CR>, pause a few characier send times, flush itsread bufers, then send a

‘S and kegin reading the stream.

All raw modes should notbeused for commercial applications They arefor fadory
debugging only.
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Mode 1: Cooked data mode

The Tradker scdes the magnetic vector, centering it abdug zero, and lineaizes thetilt
sensor readings based on irternal fadory cdibration mnstants. This isthe mode to use when
performing the angle computation onthe hod. The dataformat is signed 16bit words. The
X, ¥, and z magnetometer realings are approximately +/- 16384 {This varies with the Earth’s
magnetic field). The pitch androll readings are converted to linea valueswhere +16384=
180 degrees and -16384= - 180 ckgress.

To convert to floating point: degrees = (float)reading/16384.0*180.0. Aprovided C library
routine converts the cooked data values into yaw, pitch, androll.

Data packet format for mode 1 (Binary)

Thetotal pacet sizeis 12 bytes. The byte format is:

Byte Description

0 Healer (always 255
X-axis high byte
X-axis low byte
Y -axis high byte
Y-axis low byte
Z-axis high byte
Z-axis low byt
Pitch high byte
Pitch low byte
Roll high byte
Roll low byte
Arithmetic chedksum (Bytes 0-10 adde together)

© 0O NO Ok WN -

=
R o

Data packet format for mode 1 (ASCII)

The datais transmitted in the preceding form in ASCII hex with spaeparating ead two byte
ASCIl hex value. This isfor debugging only
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Send mode for data mode 1

The send modes for datamode 1 are ‘P’ for Polled and ‘C’ for Continuows. In continuous

mode, a ‘!’ <CR> command stops the stream and the ‘S’ command restarts it. To readmlata i
continuows mode, the application searches for a start headtr (255. Oncefound,the rest of

the padket must be read in, the checksum computed and ompared to the packet’s chedksum.

If the chedksums don't match, the apgi caion must reread the data one byte beyondwhere it

last founda 255and start the processover aggin. Alternatively, theapgication can gop the
stream with a‘!’<CR>, pause a few characier send times, flush itsread bufers, then send a

‘S and kegin reading the stream. Continuows mode is hot recommended for commercial
applications (error recovery is diff icult and serial interrupts and CPU cycles are waged).

B-6



Mode 2: Euler angles mode

The Tradker sends yaw, pitch, androll angles. The dataformat for yaw, pitch, androll isa

signed 16-bit word, where +16384= 180 degrees, and -16384= -180 dgrees.

Data packet format for mode 2 (Binary)

The total padket sizeis 8 bytes. The byte format is:

Byte

Description

0

~No ok WD

Healer (always 255

Y aw high byte

Yaw low byte

Pitch high byte

Pitch low byte

Roll high byte

Roll low byte

Arithmetic chedksum (Bytes 0-6 addel together)

Data packet format for mode 2 (ASCII)

The datais ransmitted in the preceding form in ASCII hex with spaeparating ead two
byte ASCII hex value. This isfor debugging only

Send mode for data mode 2

The send modes for datamode 2 are ‘' P’ for Polled and ‘C’ for Continuous. In continuous
mode, a‘!” command stops the stream and ‘S’ command restarts it. To read data i
continuows mode, the application searches for a start headr (255. Oncefound,the rest of
the padket must be read in, the chedksum computed and ompared to he macket’s chedksum.
If the chedksums dorit match, the apgi caion must reread the data one byte beyondwhere it
last founda 255and start the processover again. Alternatively, theapgication can gop the
stream with a*!’<CR>, pause a few characier send times, flush itsread bufers, then send a
‘S and kegin reading the stream. Continuows mode is not reammended for commercial
applications (error recovery is diff icult and serial interrupts and CPU cycles are waged).
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Emulation Modes
Mode 3: Microsoft mouse emulation mode

When in binary mode and @mmunicating with amouse devicedriver, thismode opratesat
1200 b and simulates a 7 hit data byte (with 1stop and 1start) by always sending the last

data bit asa simulated stop Ht. The output format is defined by the Microsoft mouse data
format (3 byte format).

Whil e operating in mouse mode, X is determined by a scded yaw angle calculation. Y is
determined by ascded pitch angle sensing.

Send mode 0 for mouse mode

This mode sends values like amouse. Delta valuesare &nt as long as the Tracker moves
The size of the deltas depends on haow far the Tradker has moved.

Send mode 1 for mouse mode

When the Tradker isfirst initialized into tHsmode,a refeenceposition is taken. Any
movement away from this reference position results in deltas being continuously sentilin
the Tradker is moved badk to within the threshdld nea the reference position. The size of the
deltas depends on hav far away the Tradker is moved from the reference position.

Sensitivity and mouse mode mickey values

One X mickey is 1/4 degreechangein yaw and
oreY mickey is 1 degreechangein pitch

for a sengitivity of 1. Assensitivity increass, the dange perdegee ncreases. Thus, a
sensitivity of 2 represents 1/2 degreechangeinyaw, etc. A sensitivity of O can beused to
disable X or Y mickeys. For example, DOOM works best with the Y axis disabled, where
yaw causes the head to turn and pitch has no effect. The range for sensitivi§. is 0-
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Mouse threshold settings

The threshald settings determine how far the Tradker has to move before pacet is sent. If
the threshdd is low, a movementithe Tradker will result in packets being sent frequently
(small mickey courts sent frequently). If the thresholdis high, the Tracker must move father
before a packet is sent (large mickey countssentinfrequently). The threshald is related to
sensitivity in that the movement valuesarefirst adjusted by sensitivity before being compared
to the threshald settings. The threshald rangeis 0-9.

Mode 4: CyberMaxx emulation mode [Not yet implemented]
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Examples

Modes for terminal debugging

IMO,P,A,0,0
IMO,C,A,0,0

R+aw padled mode, ASCII, nofiltering.
Raw cortinuows mode, ASCII, nofiltering.

Modes useful for applications

'M1,P,B

IM1,P,B,0,0
IM1,P,B,3,3
IM1,P,B,7,7
IM2,P,B,3,3

Emulation modes

Mouse mode
IM3,P,A,0,0,2,2

IM3,C,A,0,0,2,2

IM3,C,B,3,3,2,2

Cooked pdled mode, binary, filtering nat changed.
Cooked pdled mode, binary, nofiltering.

Cooked pdled mode, binary, medium filtering.
Cooked pdled mode, binary, full filtering.

Euler palled mode, binary, medium filtering.

Mouse mode, pdled, ASCII, nofiltering, low threshold settings.

This isfor debugging only

Mouse mode, continuows, ASCII, nofiltering, low threshold settings.
Transmits only when the mouse moves. For debugging only.

Mouse mode, continuous (whenever the mouse moves),

binary, medium filtering, low threshold settings. For true mouse

emulation, this command must be sent at 1200 big o put he  Trader
into 1200 big mode.
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Sample Code

[* test.c: Simple program that prints data to the screen. */

/* Uses src\simple\vstrackl.lib. See the devkit disk for more info. */
[* Created 2/17/95 */

[* John Schultz */

#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <math.h>
#include "vstrackl.h"

void main(int argc,char ** argv) {
TrackerData td;
TrackerStatus ts;

ts = initTracker(&td, TP_COM1,9600,timerSecs(2));
printf("%s.\n", trackerInfo(ts));
if (ts 1= TS_OK) {
closeTracker(&td);
exit(0);
i if

ts = sendTrackerCMD(&td,"!M1,P,B\r" ,timerSecs(2));
if (ts 1= TS_OK) {

printf("%s.\n", trackerinfo(ts));

closeTracker(&td);

exit(0);
i if

requestTrackerData(&td);

while (1) {
floaty,p,r;
if (kbhit() && getch() =='q") break;
ts = readTracker(&td,timerSecs(1));
if (ts 1= TS_OK) {
printf("\n%s.\n" trackerInfo(ts));
resetTracker(&td,timerTSecs(1));
Y if
requestTrackerData(&td);

y = TOFLOAT(td.euler.y);
p = TOFLOAT(td.euler.x);
r = TOFLOAT(td.euler.z);

printf("x %6Id y %6Id z %61d y %6.2f p %6.2f r %6.2f\n",
td.magnetic.x,td.magnetic.y,td.magnetic.z,y,p,r);

} /Il while
closeTracker(&td);
} /I main

/* test.c */
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Virtual i-O Head Tracker
Version Compatibility
5 June 1995

We at Virtual i-O are working constantly to improve the quality ard ease of use of our Head Tradker and its
acompanying software. During the early months of 1995 we releagd new and improved versions of the tracker as
soon as they were realy for production. Asaresult, there are currently diff erent versions of the Head Tradker in the
field. To runyour applications efficiently on past versions of the tradker, and to have them runwell on future
versions, your appli cation program should tail or its use of the Head Tradker to ead spedfic version.

The Virtual i-O Head Tradker makesthis as easy by providing functional compatibility and version infor mation.
Each application must make proper use of bath of these to maximizeits performance

Functional Compatibility

Virtual i-O provides functional compatibility in newversions of the Head Tradker. Versionn of the Head Tracdker
contains all the functionsin version n— 1. This guarantees that appli caions written for the functionality of today’s
tracker will work with tomorrow’ s tracker.

The Head Tradker has four data modes:

0) Raw

1) Cooked

2) Euler

3) Mouse

4) CyberMaxxm

Euler Mode is the standard application interface to the Head Tracker.

We recommend using Euler Mode to maximize functional compatibility. Euler Mode isthe most device-independent
mode. In Euler Mode, yaw, pitch, and roll in degreesare ent from the Head Tracker. Thus, the apgicdion reed not
know anything about the underlying technology of the Head Tracker.

Cooked Mode is a device-dependent mode. In Cooked Mode, filtered readings from the sensors in normalized
(scded and centered) volts are sent from the Head Tradker. Thus, the application must know about the urderlying
magnetic and gravometric technology of the Head Tracker, and must compute yaw, pitch, and roll itself. In ealy
versions of the Head Tradker, Cooked Mode was faster than Euler Mode; so appli cations with excesscomputer
power could trade deviceindependencefor speed by using Cooked Mode instead of Euler Mode. Even then, usng
Euler Mode enabled gplicationsto runfaster on slow computers. In future versions of the Head Tracker, Cooked
Mode may be slower than Euler Mode; so applicaions should use Euler Mode if at dl pasdble.

Raw Mode isthe most device-dependent mode. In Raw Mode, urfiltered reading from the sensorsin un-normalized
volts are sent from the Head Tradker. Raw Mode should only be used for troubleshooting the Head Tracker.

Mouse Mode and CyberMaxx Mode ae for use with apgi caions not written for the Head Tracker. Applications
should not use Mouse Mode or CyberMaxx Mode.
If an appli cation written today wants to work with yesterday’ s tradker, it must do one of two things:

1) limit its wse of functions to only those in older versions of the HeadTradker, or

2) chedk the version of the Head Tradker being used with the apgication and adjust your software
acordingly.
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Sincelimiting functionality is not desirable, version checingis highly recommended.

Version |nformation

An applicdion can ched which version of the Head Tracker isbeingused. The gplicaion serdsaVersion
Command to the Head Tradker, and the Head Tradker send the version information badk to the application. The
appli cation can then use the ersion information to decide which functions of the Head Tradker it will use.

The version command sent by the application to the Head Tracker is:
'V
The version information sent by the Head Tradker to the application is:

MVi rt ual 0i - O 000P00000001499. 000, Tt r acker OHhhh hhhFfff. fffO

¢ isthe spacecharacer, hhh.hhhis the hardware version number, and fff.fff is the firmware version number. The
digits of these version numbersto the left of the dedmal point indicate versionsthat changed the functionality of the
Head Tradker. Thedigitsto theright indicate versions that correcied problemsin the functiondity. The hardware
and firmware versions released so far are shown in the foll owing tables. 1499000is the Virtual i-O part number.
This number may or may not change depending on version number. Virtual i-O will keep a current list of all tradker
updates and will diseminate this information via massmaili ngs with namestaken from our developerdatabase. We
will also provide this information in newversions of the Developer Kit manuals.

Hardware Date Interface Description

Version Specification

Number Numbers

001.000 2/7/95 1.0 Initial release

001.001 4/25/95 1.0 Improved A/D converters

Firmware Date Interface Description

Version Specification

Number Numbers

001.000 2/7/95 1.0 Initial release

001.001 2/15/95 1.0 Improved filtering; improved serial driver
001.002 3/13/95 1.0 Fixed mouse mode bug in Logitech suppat
001.003 4/2595 1.0 Fixed Euler Mode bugin sign of yaw

All traclkers releagdbefore version 001003 reed to have the sign (+ or -) for yaw switched in the gplicaion when
using Euler mode. For example, if you are gettinga “-12548 yaw reading from the trader, switch it to “+12548
before procesgng.
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Mouse emulation

Mouse emulation all ows PC game playersto use the Virtua i-O Headtracker (heredter, “ Tradker”) on games that
do not yet suppatt the Tracker diredly. Today, there ae many games on the market that al ow the playerto either
move or change their viewpoint using a mouse (heredter, a mouse refersto any pointing device). The Tradker mouse
emulation supparts these types of mouse-controlled games. Games that require mouse button presses will work only
on computers that can suppart two mice atthe smetime. Such computerswill al ow two miceto be physicdly
conneded and adive at the same time, and will have amouse driver that can suppott two miceat once Such as
Logitedh's mouse driver, viathe mouse dua command).

When two miceare conneded & once (the Tradker and the painting device), the Tradker can ke used to change he
player’s viewpoint or pasition whil e the mouse’ s buttons can be used to adivate feauresin the game. When set up
thisway, both miceare active. If bath micemove & the same time, both adions take effed (they’ re summed up).
Most games that suppart mice also have equivalent keyboad commands and won't require an additional mousein
addition to the Tradker.

In thismanual, a serial mouse refers to any pointing devicethat plugsinto a seria port. PS/2, Bus, and Inport mice
arereferred to as non-serial mice

For more information on setting up and using amouse and mouse drivers, seeyour mouse documentation.
How to use the Tracker in a mouse emulation mode

The Tradker is put into mouse enulation using Virtua i-O’'s TRACKER.EXE software.

If you have: See section:
No seria port. 1
No mouse/pointing device 2

Serial port(s) present, but none freg non-serial mouse.
Serial port(s) present, but none freg serial mouse.

Serial port(s) present, one or more freg non-serial mouse.
Serial port(s) present, one or more freg serial mouse.

o 01 bW
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Section 1: No serial port.
Adding a serial port

If you do not have a erial port installed on your machine, you will need b add one. Serial cards are avail able
at most computer stores. They usually come with 165500 UARTS (a more advanced UART than the older
82501645Q and are capdle of higher speedoperation with lesserrors due 1 enhancedhardware buff ering).
These cards typically comewith two serial ports, takeup a very short 8-hit slot, and cost lessthan $40.

Some serial port cards all ow non-standard port addressesnd interrupts, all owingyou to use more than two
seria ports smultaneously. Application software must beale to suppat non-stardard port addres®s and
interrupts. An example of an appli cation that could use threeseria ports at oncewould be a multi- player game
that uses amouse, a serial port connedion (dired or modem), and the Tradker.

After aserial port card has been added to your computer, seesedion 8 or 9 beow.
Section 2: No mouse/pointing device.

A mouse driver isrequired for applicaions that suppart mouse input. In order to use the Tradker in a mouse
emulation mode, a mouse driver must be installed. Mouse drivers come with mice, tradkball s, pointing sticks,
touch pads, and drawing tablets, etc. The Tracker providesmouse x and y output only (no buttons), and
cannot be used as a standalone mouse. Thus, to use the Tradker for mouse emulation, amouse deviceand
driver must be present. Mouse driver install ation and setup is described in the mouse documentation. If a
mouse driver is present, seesedion 9 below.

Section 3: Serial port(s) present, but none free, non-serial mouse.
An A/B switch box isrequired (seebelow), or an additional serial port must be addel (seealso sedion 1).
Adding an A/B (two position) RS-232 Serial Switch Box

An A/B seria switch box will allow you to conned two serial devicesto the same rial port. By flipping the
A/B switch, you can switch between two diff erent deviceswithout turning your computer off (Do not plugin
or unplug anything whil e the computer is powered on). A 9 pin or 25pin A/B switch box can beused. For
example, if you are goingto conned the switch boxup to a9 pin serial port, you will need a9 pin A/B switch
box. A switch box with all male connedorswould be optimal, but a female switch box can k& used with
gender benders. You can also use a 25 pin switch box, but 9 pin to 25pin adapters will be necessary. If your
seria port is 25 pin, then a 25 pin switch box will be ogimal. You will need a9 to 25pin adapter for the
Tradker. A serial cable from the computer to the switch box will also be necessary. The gerder and
connedor type of this cable will depend on the switch bax chosen.

There are many diff erent combinations of connedors and switch bakes pedble. If you are unaure of what you
need for your situation, write down the number of pins and gender of your serial port (9 or 25 pin, male), the
number of pins and gender for the Tradker (9 pin, female), thentell your computer deder that you want to
conned two serial deviceswith these pinouts and genders to one serial port and switch between them usngan
A/B switch box.

After aswitch box has beenaddel, see sdion 8 bdow.
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Section 4: Serial port(s) present, but none free, serial mouse.

An A/B switch box is required (seesedion 3 above), or an additional serial port must be addel (see edion 1).
If an A/B switch box is used, the Tradker will share the same port asthe mouse. Seesedions 7 and 8 below.

Section 5: Serial port(s) present, one or more free, non-serial mouse.

Plug the Tradker into an avail able serial port. If the port hasa 25 pin connedor, a9 to 25 pin adapter will be
required. A two-mouse mode capdle mouse driver isrequired. See £dion 8 beow.

Section 6: Serial port(s) present, one or more free, serial mouse.
Plug the Tradker into an avail able serial port. If the port hasa 25 pin connedor, a9 to 25 pin adapter will be

required. If atwo-mouse mode driver isnot avail able, an A/B switch box (seesedion 3) can be used with the
Tracdker sharing the same port as the mouse. Seesedions 7 and 8 below.
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Running Applications with the Tracker in Mouse Emulation Mode

Section 7: Mouse and Tracker on the same serial port with a switch box

If you are using a switch box with the Tradker and mouse on the same port, put the switch on the Tracker and
put the Tracker into the desired mouse emulation mode usng TRACKER.EXE. Then, switch theboxto the
mouse and start your game. Once [est dl menus and in the game, flip the switch to the Tracker and begin
playing. If you must accessthe user interface fli p the switch badk to the mouse, perform the required user
interfaceadions, then flip the switch to the Tracker when badk in the game. When dane playing the care, flip
the switch badk to the mouse for use in other mouse controll ed gplications.

Section 8: Mouse and Tracker on different ports running at the same time (Two-mouse mode)

If you hawe the Tracker plugged in and amouse cevice available & the same time (Two serial ports present
with a serial mouse on one port and the Tradker on another, or a PS/2, Bus, or Inport mouse with the Tracker
on aserial port), you will need to use atwo-mouse mode cpale mouse driver. In this case, put the mouse
into two-mouse mode (mouse dud, for the Logitech mouse driver). Keep the Tradker steady whil e you set up
your game with the mouse (placethe Tradker on a steady, stable surfacg. Oncein the game, put the Tracker
on and begin playing. You can use the mouse & the same time as the Tracker to control the game.

Section 9: No mouse installed and the Tracker on a serial port

If you are goingto run agame that all ows user interfaceand game control with the keyboad (In addition to a
mouse, such as DOOM'™), you can runthe game with just the Tracker ading asamouse. Putthe Tradker into
amouse emulation mode using TRACK ER.EXE, then runyour mouse driver (set up for the serial port the
Tradker isplugged into), then start the game. Use the keyboard to get set up, then begin playing the gane.
The Tradker can then be used for positional and diredional control in addition to the keyboard.

Final Notes

The Tradker must be put into mouse emulation before runnng nouse controll ed gamesthat do not suppat the
Tradker diredly. Applicationsthat suppart the Tracker diredly will not need to use mouse emulation. But, if an
application isrunthat suppartsthe Tradker diredly, a mouse emulation supparted gamewill require the Tracker to be
put into mouse emulation mode usng TRACKER.EXE. Thisisdue to the fact hat the Tradker will stay in the last
mode it was put into, even if it ispowered off. If you only run mouse emulation supparted games, you will only need
to run TRACKER.EXE to change the way emulation works (such as sensitivity settings).

These mouse emulation mode stups are the most common and are essy to use. There are many diff erert ways o use
the Tradker in mouse emulation mode, so fed freeto experiment. Hawve fun!
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Virtual i-O i-glasses! Stereoscopic 3D Graphics and Head-tracker
Development Tools

Software

The Virtual i-O i-glasse! development tod s are based on IBM PC and campatible computers. The development
todsinclude al source mde necessry to crede gereosopic 3D head-tradking apgicaionson arny computer. The
sourcecoceisANSI-C and caneasily be ported to other platforms. The seria library and graphicsexanplesare
designed spedficdly for the PC, but the concepts are easily ported to other architedures.

Hardware
Head-tracker (Tracker)

Thei-glasses! Tradker can be interfaced to any device capdle of communicatingwith a standard RS-232C serial 3-
wireinterface The Tradker supparts 120Q 240Q 480Q 960Q and 19200bps. The higher communication rates
(9600and 19200 all ow response times of lessthan 15mswith very littl e perceptible lag. The Tradker can auto-
deted the communications rate and daes not require any switchesto be set by the user.

i-glasses! 3D Display System
Field and frame sequential stereoscopic 3D video

Thei-glasses! can be used on any device cgable of produdng NTSC compasite video. Stereoscopic 3D is suppotted
by two methods. The first method is compatible with stereoscopic 3D videotape, and is cdled field-sequential
stereoscopic 3D. This method uses the even scanlinesfor one eye, and the oddscanlines for the other eye. Since
NTSC video isinterlacead (where the even scanlinesare displayedall a once, then the odd scanlinesare displayedall
at once), videotapes can be produced such that one eye' sview is on thefirst field, and the other eyeis on the ssoond
field. Thei-glasses! video hardware then splits the images out to eacheye. This isthe industry standard way of
producing stereoscopic 3D videotape. When computers creae 3D images for this mode, they render two separate
images into two separate frame buffers. The frames are then switched betweenat 60Hz to simulate an intedaced
display. Inthiscase, the 3D mode isframe-sequential, but to avideo display, it appeas jud like aninterlacedsignal.
If the computer is capdle of gererating interlaced NTSC composite video, then the imagescan be rendered in the
same way as described below.

Interleaved stereoscopic 3D video

The seaond method is more suited to computer graphics and can use a non-intedaced display mode. This methodis
cdled interleaved stereoscopic 3D. Here, images are rendered into one frame buff er, where the first scanline
represents the left eye, the second scanline the right eye, the third scanline the left eye, and so on for theentire
display. Thus, a320x400frame buffer is split up into two 32«200images (one for the left eye and one for the right
eye) by thei-glasss! video hardware. For PC applicdions, the i-glasses! can take VGA (31.5kHz) compatible video
signalsdiredly (the 31.5kHz signal is converted to 1575kHz). The aurrernt hardvare requiresVGA compatible input
to suppart non-interlaced interleaved stereoscopic 3D.
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Examples

A complete stereoscopic 3D appli cation with head-trading is included with the developer kit, and can runat up to 70
frames per second with negligible lag. The source @de shows how to interface ad communicae with the Tracker as
well as how to produce stereoscopic 3D images. All examplesare simple and concise, andcan easily be gplied to
other computer architedures.

Interfacing to a Home Console Game System
Stereoscopic 3D (i-glasses!)

Since the many home console systems output NTSC compasite video, they can be diredly connectd tothe i-glassel
display system. If these systems can output interlaced videoand can render |eft and right eye viewsto alternate
scanlines (interleared), then stereoscopic 3D can be easily supparted. If the system you areworkingwith can
perform verticd retracepage-flipped programming, then it may beale to page flip with the vertica retrace nterrupt.
If thisisthe cas, then frame-sequential stereoscopic 3D can be supparted. For thismode, two imagesare endered
to two separate frame buffers (video pages), and the \ertical retraceinterrupt handler switches the display pagesat
60Hz. To suppat thismode, aminimum of 4 videopages are needed (with 6 pages, triple buffering can be used for
more spead). Whil e the verticd retraceinterrupt is constantly switching pages, the apgicéion rerders to the other
two off- screen pages. When both pages hawe keen rendered, aflag is set to tell the vertical retraceinterrupt routine to
switch to the next two pages.

Head-tracking (Tracker)

In order to suppart the Tracker, a rial interfacemust be available. If the home system controll ers areserial, then it
may be possbleto crede aY-adagter and all ow one controll er and the Tradker to be used simultaneously. If only
one UART exists on the game port, then a serial port add-on will have to be used on one of the system’ s expansion
ports.

While Virtua i-O is interested in having the widest range of suppated systems availi ble to the end
consumer, we do nd officially suppat nor are we officially suppated by any of the main hame console
game systems o date. When such suppastavailable, Virtual i-O will includemore indepth information
for interfacing with these types of systems
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Supported Video Modes
NTSC Composite
VGA modes 1h-13h, including uncheined modes ("X")
Enigma 32(x200

Video Timing Ranges
60 and 70 Hz vertical refresh (449 a 525linesverticd total)
15.75-31.5kHz horizontal refresh

Resolution of 6000 series TFT LCD Panels
180,000 sub-pixels, for 256x230triads (Computer addressable pixels). Thisresolution  comfortably
supparts 32200 modes.

Supported Stereo-3D modes

Field Sequential
Field Sequential NTSC video (videotape). The left eyeisdefined asthefirst scanlinein
thefirst field (Closest to the top of the screen).

Frame Sequential
VGA at 320x200, 320x400, 640x200, 64400, and 640x480. The left eye is undefined.

Interleaved VGA
The left eyeisthefirst scanline.
Interleaved 640x480:640x240 per eye.
Interleaved 640x400: 640x200 per eye.
Interleaved 320x400: 320200 per eye.

Interleaved Enigma
Interleaved 320x200: 320x100 per eye.

Programming Interleaved Stereoscopic 3D
A left eye and aright eye image must be rendered into an interleaved display format.
Thefirst scanline isthe left eye, and the next scanlineistheright eye (and so on, down
the screen). The images can be rendered diredly to video memory, or rerdered off-
screen and copied whil e interleaving to the video memory.



Sour ce of Video Multiplexers

John Willi amson
Stereoscopic 3D Video & Virtua Redity Tednologist
Virtual i-O

Multi plexers, or 3D Converters, are systems which take two full video frames and combine them into asinge
stereoscopic, field sequential, 3D format which can then be viewed with awide variety of 3D systems, including the
Virtual i-O i-glasss. Thesesystemswill work only with video (NTSC or PAL), to date there does nat exist asystem
which will multiplex for VGA (athoughthere is a growing demand).

There are veral applicationswhich would causesomeone to want this capability. These indude havingtwo, 2D
cameras or inputs from either two computers or two outputs on amulti-chanrel option an an SGI.

The followingisashort list of companieswhich are currently producing and selli ng these systems. Inclusionon ths
listin noway constitutes anendarsement from Virtual i-O.

I kegami Electronics (U.S.A.), Inc.
37 Brook Avenue

Maywood, NJ 07607

Voice: 201-368-9171

Catalog Name: 3D Converter (Part of the LK-33 System) Price $40,000

Comments: Have not reviewed it due to its high cost. Based on the quality of their canera, this is quite possbly the
best system on the market, and possbly the only system to handle component input.

3D Video Plus

2 TheOld House

36 Southend Road
Beckenham, Kent BR3 2AA
England

Voice/Fax: +44 181 650 4862

Catalog Name: 3D Video Encoder

Comments: Havenot reviewed it. They domake aPAL version.
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3D TV Corporation
P.O.Box Q

San Rafael, CA 94913-4316
Voice: 415-479-3516

Fax: 415-479-3316

Catalog Names: Model 100: $1,800
Model 200 $3,200
Model 300 $3,600

Comments. Havenot reviewed. A PAL versionisaso available.
SOCS/3D
536 N. Santa Cruz Blvd., #201
L os Gatos, CA 95030
Voice: 408-354-9050
Fax: 408-354-0600
Catalog Name: S3D-1110Video Field Multiplexer. Cost: $1,500

Comments:. Seansto be avery goodsystem for the noney. Supparts S-Video (dlightly higherthan NTSC, but lower
than component).
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