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Sciences, Inc. is an accurate, unencumbering device based 
on electromagnetics. It is evaluated as a three-dimensional 
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appropriateness and interactivity in a graphics environment. 
Emphasis is placed on human factors (pointing, body position) 
as a mode of interactivity. 
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INTRODUCTION 

The d e s i r e  t o  ga in  a h ighe r  degree  of  i n t e r a c t i v i t y  w i th  

computer genera ted  images has  l e d  t o  a v a r i e t y  o f  approaches 

t o  t h r e e  dimensional  i n p u t  dev ices .  Ea r ly  e f f o r t s  have u t i -  

l i z e d  sound 1 1 1 ,  l i g h t  [ 2 , 3 ] ,  and mechanical l i nkages  

[4 ,5 ,6 ,7 ,8]  t o  a s c e r t a i n  x ,y , z  p o s i t i o n s  of  an i n p u t  dev ice .  

While i n c r e a s i n g  t h e  range and i n t u i t i v e n e s s  of  use  of  i n p u t  

parameters  over  t a b l e t s ,  j o y s t i c k s ,  e t c . ,  a l l  have proven 

e i t h e r  cumbersome o r  s p a t i a l l y  l i m i t e d  due t o  problems of 

o b s t r u c t i o n  by t h e  u s e r ' s  body. 

A t h r e e  dimensional  d i g i t i z e r  f r e e  of  many of  t h e s e  li- 

m i t a t i o n s ,  and hence amenable t o  a wide scope of  a p p l i c a t i o n s  

i n  which it i s  impera t ive  t h a t  t h e  u s e r  f e e l  n a t u r a l  and un- 

encumbered, opens new doors  t o  i n t e r a c t i o n  w i t h  computers i n  

human terms.  Such a system, based on e l ec t romagne t i c s  and 

o r i g i n a l l y  designed f o r  a i r c r a f t  systems c o n t r o l  a p p l i c a t i o n s ,  

i s  manufactured by Polhemus Naviga t iona l  Sc iences ,  Inc .  of 

Essex, Vermont. The ROPAMS (Remote Objec t  P o s i t i o n  and 

A t t i t u d e  Measurement System) dev ice  acqui red  by t h e  Archi tec-  

t u r e  Machine Group, has  been used i n  a v a r i e t y  of experiments 

i n t o  t h e  n a t u r e  o f  t h r e e  dimensional  g r a p h i c a l  i n p u t  and t h e  

f e a s i b i l i t y  of use  o f  such i n p u t  t o  c o n t r o l  s o p h i s t i c a t e d  

processes  through n a t u r a l  g e s t u r e s .  

The scope of  t h i s  c u r r e n t  work has  inc luded  i n t e r f a c i n g  



t h i s  new device  t o  an a l r e a d y  e x i s t i n g  computer g raphics  

l abo ra to ry .  A s e r i e s  of experiments o r  demonstra t ions  has  

been conducted bo th  t o  e v a l u a t e  t h e  ROPAMS a s  a p a r t i c u l a r  

dev ice  and a l s o  t o  exp lo re  p o s s i b i l i t i e s  of t h r e e  dimensional  

i n p u t  t o  t h e  gene ra l  problems of  g r a p h i c a l  i n t e r a c t i v i t y .  



THE THFSE DIMENSIONAL I N P U T  DEVICE 

The ROPAMS ( a l s o  r e f e r r e d  t o  a s  " t h e  Polhemus" i n  t h i s  

p a p e r ) ,  i s  a  f u l l  s i x  degree  o f  freedom measuring dev ice ,  

p rov id ing  bo th  x , y , z  p o s i t i o n  a s  w e l l  a s  a t t i t u d e  desc r ibed  

by t h e  t h r e e  Eu le r  ang le s  on a  s enso r  body wi th  r e s p e c t  t o  

a  r e f e rence  r a d i a t o r  body. Working w i t h  e l ec t romagne t i c s ,  

it  e l i m i n a t e s  bo th  t h e  burdens o f  l i nkages  a s  w e l l  a s  t r a n s -  

miss ion problems a s s o c i a t e d  wi th  l i g h t  and sound. 

The p o s i t i o n  and o r i e n t a t i o n  measurement is  based on 

n e a r - f i e l d ,  q u a s i - s t a t i c  c h a r a c t e r i s t i c s  of an e lec t romagnet ic  

f i e l d .  The system c o n s i s t s  of two independent remote com- 

ponents ,  connected v i a  e l e c t r o n i c s  t o  a  Nova minicomputer 

( s e e  f i g u r e  1). One o f  t h e  remote bod ie s ,  t h e  r a d i a t o r ,  

c o n s i s t s  of  e l e c t r o n i c s  f o r  t r a n s m i t t i n g  a  s i g n a l  and an an- 

tenna system mounted i n  a  4 cm. p l a s t i c  cube. The senso r  

body c o n s i s t s  of a  set  of r e c e i v i n g  e l e c t r o n i c s ,  connected 

by a  f l e x i b l e  c a b l e  t o  another  antenna system housed i n  a  

s m a l l e r ,  1 .5  cm. p l a s t i c  cube. 

The t r a n s m i t t i n g  component of  t h e  system produces a  

n u t a t i n g  d i p o l e  f i e l d .  A s  t h e  antenna system c o n s i s t s  of 

t h r e e  mutual ly  or thogona l  s t u b  d i p o l e s ;  vary ing  s i g n a l  

s t r e n g t h s  i n  each of  them a l lows  t h e  a x i s  o f  n u t a t i o n  t o  be  

po in ted  i n  an a r b i t r a r y  d i r e c t i o n .  Measurement of  t h e  t ime 

va r i ance  i n  t h e  s i g n a l  induced i n  t h e  r e c e i v e r  a l lows  t h e  , 
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Figure 1. The ROPAMS configuration 



a x i s  of  n u t a t i o n  t o  be  po in t ed  a t  t h e  r e c e i v i n g  senso r  i t s e l f ,  

thereby  d e f i n i n g  i t s  p o s i t i o n  t o  be on a l i n e  of  p a r t i c u l a r  

o r i e n t a t i o n  wi th  r e s p e c t  t o  t h e  r a d i a t o r .  Dis tance  a long  

t h i s  l i n e  can be computed from induced s i g n a l  s t r e n g t h ,  

which i s  i n v e r s e l y  p r o p o r t i o n a l  t o  r a d i u s  cubed. The a t t i -  

dude of t h e  s enso r  antenna can be de r ived  from d i f f e r e n t i a l  

r e l a t i o n s h i p s  o f  c u r r e n t s  induced i n  each of  i t s  t h r e e  mutu- 

a l l y  o r thogona l  r e c e i v i n g  d i p o l e s .  

This  system g e n e r a t e s  up t o  4 0  p o i n t s  p e r  second, w i t h  

accu rac i e s  of b e t t e r  t han  0 . 1  i nch  of  p o s i t i o n  informatkon 

and 0 . 1  degree of a t t i t u d e  ang le .  I n  t h e  ROPAMS configura-  

t i o n ,  two independent s e n s o r / r a d i a t o r  p a i r s  a r e  provided;  

e i t h e r  may o p e r a t e  a lone ,  o r  both  may o p e r a t e  s imul taneously  

i n  t ime-mult ip lered mode. The range of  t h e  system i s  prima- 

r i l y  l i m i t e d  by s i z e  of  t h e  t r a n s m i t t i n g  body, and i n  t h e s e  

a p p l i c a t i o n s  has  been found t o  be approximately f o u r  f e e t ;  

accuracy and response improve a s  d i s t a n c e  between r a d i a t o r  

and sensor  decreases .  

Computation i s  done i n  t h e  Nova p roces so r ,  which a l s o  

main ta ins  communication t o  t h e  Labora to ry ' s  h o s t  computer, 

an  I n t e r d a t a  7 / 3 2 ,  v i a  a DMA p a r a l l e l  i n t e r f a c e .  The i n t e r -  

f a c e  and sof tware  a l low two way communication between t h e s e  

computers. An i n t e r r u p t  d r i v e n  d a t a  pa th  a l lows  each newly 

computed p o i n t  t o  be t r a n s m i t t e d  t o  t h e  I n t e r d a t a  h o s t  by t h e  



Nova. In addition, a separate interface allows simultaneous, 

status driven mode control of the Nova; modes include first, 

second, or multiplexed radiator pairs, insertion of software 

filters at the Nova end, etc. In addition, this interface 

is used to download the Nova with the ROPAMS core image as 

needed. 

The Scope of Study 

As mentioned earlier, two main areas were explored in 

an initial series of experiments. The first of these consis- 

ted of an evaluation of the ROPAMS device in particular based 

on a range of parameters which any graphical input device 

must be measured against. Linearity concerns the relation- 

ship between a change in output values versus a change in 

input position across the physical range of the device. Re- 

peatability compares output values upon repeatedly returning 

to the same physical position. Responsiveness is computa- 

tion time needed to calculate successive points, though 

tolerable levels of responsiveness will clearly be at least 

partially a function of the task being driven by the input 

device. Range in this case refers to the maximum and minimum 

(in this case, effectively contact) distance between the 

radiator and sensor. 

The Polhemus device was found to be outstanding in almost 



a l l  t h e  above mentioned a r e a s ,  a l though  on occas ion  f o r t y  

p o i n t s  p e r  second, o r  h a l f  t h a t  i n  mu l t i p l ex  mode, i s  less 

than  comfortable .  Of course ,  range i s  always a  l i m i t a t i o n ;  

one would l i k e  t o  p ick  up a  t h r e e  dimensional  dev ice  and 

walk around t h e  room wi th  it. Within t h e  expected l o c a l  

range of t h r e e  t o  f o u r  f e e t ,  however, accuracy remains r e -  

markably high and p r e d i c t a b l e .  A l a r g e r  r a d i a t o r  antenna,  

i f  a v a i l a b l e ,  would i n c r e a s e  t h e  range.  There has  been 

cons ide rab le  problems w i t h  n o i s e  produced by r a d i a t i o n  from 

c o l o r  C R T ' s  i n  t h e  v i c i n i t y  of  t h e  r a d i a t o r  o r  sensor ;  

it i s  hoped t h i s  w i l l  be e l imina t ed  by a d d i t i o n  of  a  

notch f i l t e r  i n  t h e  r e c e i v i n g  e l e c t r o n i c s .  

The o t h e r  a r e a  of  e v a l u a t i o n  covers  a  b roader  i s s u e  

of t h e  app rop r i a t enes s  of a  s i x  degree  of  freedom i n p u t  

dev ice  t o  t h e  world o f  g r a p h i c a l  computer communication. 

This  i nc ludes  bo th  i t s  e f f e c t i v e n e s s  a s  an i n p u t  dev ice ,  and 

imagina t ive  a p p l i c a t i o n s  which may be de r ived  from t h e  more 

obvious i n i t i a l  ones.  

The f i r s t  f e a t u r e  of  s i x  degrees  of  freedom i s  t h e  

removal of c o n s t r a i n t s ;  t h e r e  need be no p h y s i c a l  c o n t a c t  o r  

even c l o s e  proximity  between r a d i a t o r  and s e n s o r ,  a s  opposed 

t o  t h e  proximity  r e q u i r e d ,  f o r  example, w i th  a  t a b l e t / p e n  

combination. This  beg ins  t o  make e a s e  o r  " n a t u r a l n e s s "  of 

i n t e r a c t i o n  h ighe r ,  more "obvious" t o  t h e  na ive  use r  n o t  



understanding principles of tablets, light pens, etc. This 

lends to the inclusion of a whole range of natural human 

gestures around pointing; pointing can be done from a variety 

of positions, the key being that the gesture indicates not 

a point in space, but rather a vector which intersects the 

object of interest. 

Conscious gestures such as pointing at an object to 

control it raise issues of hand/eye coordination. Without 

going into an indepth series of experiments, practical 

experience by a number of users indicates that gestures 

may be easily perfo.rmed on visual objects provided some form 

of visual feedback is included, e.g. a cursor on the display 

being pointed at or into. With feedback available, pointing 

out an object with a three dimensional input device is al- 

most as natural as pointing out across the street to a friend. 

Another whole field of applications is derived from 

less consciously directed three dimensional body position 

data. Sensor cubes may be mounted on the body in various 

ways, and used to compute continuous positional data above 

it. This is particularly possible as body mass doesn't 

interfere with the electromagnetics. This data may be 

used to update display processes via far more subtle "gestures" 

than pointing or hand waving - e-g. head attitude, head posi- 

tion, etc. [9]. The ability to use such inputs, which 



greatly increases the range of human body factors which may 

be considered to be inputs, is possible mainly due to the 

relative physical independence of radiator and sensor bodies, 

and the unencumbering nature of the device. 



THE TESTING FACILITIES 

Experiments with the Polhemus 3-D digitizer were con- 

ducted using the facilities of the Architecture Machine Group's 

"Media Room'' facility [lo]. The Media Room is a room de- 

signed to be thought of as a walk-in computer terminal 

environment; as such it includes an easy-chair instrumented 

with touch-sensitive panels and joysticks, two touch-sensitive 

color television monitors, and an octophonic sound system 

embedded in the walls. One wall of the 16 feet deep by 10 

feet wide by 8 feet high room is a wall-to-wall, floor-to- 

ceiling 8x10 feet video screen, rear projected from a General 

Electric Light Valve. 

For these applications Polhemus radiators are placed 

to the immediate left and right of the chair in the center of 

the room, and sensors used in various combinations and mountings. 

The user sits in the chair, facing a "video wall" (not a 

"window," there are no edges around the screen). The size of 

the screen creates a large, immediately present graphical 

environment to manipulate via three dimensional input. Soft- 

ware on the Interdata processor reads data from the Nova/ 

Polhemus, and drives a Ramtek 9300 frame buffer, which produces 

video displayed by the light valve on the large screen (see 

figure 2). In addition, for some applications a Nippon Electric 

DP-100 Continuous Speech Recognition System is employed, 

connected to the Interdata by a separate interface. 
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The "Virtual Flashlight" 

The initial experiment was used primarily as a system 

debugging and alignment tool. A Polhemus sensor was attached 



t o  a  p l a s t i c  f l a s h l i g h t ;  t h e  f l a s h l i g h t  bu lb  was connected 

by w i r e s  t o  a  remote power supply ( b a t t e r i e s  i n  t h e  f l a s h -  

l i g h t  would have i n t e r f e r e d ,  because of  t h e i r  f e r r o u s  mass, 

w i th  t h e  d i g i t i z i n g  sys t em) .  

Software assumed t h e  d i g i t i z i n g  r a d i a t o r  was i n  a  c e r t a i n  

p o s i t i o n  i n  t h e  room w i t h  f a c e s  p a r a l l e l  t o  t h e  w a l l s  of  t h e  

room. For a  given p i e c e  o f  s enso r  l o c a t i o n a l  d a t a  from t h e  

Nova, t h e  fo l lowing  computations were performed. The x ,y , z  

l o c a t i o n  of t h e  s e n s o r ,  r e l a t i v e  t o  t h e  r a d i a t o r ,  combined 

wi th  knowledge of  t h e  r a d i a t o r ' s  p o s i t i o n  i n  t h e  room, and 

t h e  phys i ca l  dimension of s enso r  p o s i t i o n a l  measurement 

u n i t s  r e l a t i v e  t o  p h y s i c a l  s i z e  of  a  s i n g l e  p i x e l  on t h e  

l a r g e  s c reen ,  a l l  l e a d  t o  t h e  p o s i t i o n  of  t h e  s enso r  i n  

s c reen  p i x e l  x , y , z  coo rd ina t e s .  This  corresponds t o  know- 

ledge  of t h e  s e n s o r ' s  a b s o l u t e  l o c a t i o n  i n  t h e  room. The 

azimuth and e l e v a t i o n  a n g l e s  of  t h e  s enso r  p r o j e c t  a  l i n e  

w i th  t h e  s enso r  a s  an endpoin t .  The i n t e r s e c t i o n  of  t h i s  

l i n e  w i th  t h e  p lane  o f  t h e  s c r e e n  g ive  t h e  s c reen  coo rd ina t e s  

o f  t h e  s p o t  po in t ed  t o  by t h e  s enso r  (and i n  t h i s  c a s e ,  t h e  

f l a s h l i g h t  a l s o ) .  This  same p r o j e c t i o n  r o u t i n e  con t inues  t o  

be used e x t e n s i v e l y  i n  o t h e r  a p p l i c a t i o n s .  

Having ob ta ined  t h e  p o i n t  on t h e  s c reen  po in ted  t o  by 

t h e  f l a s h l i g h t ,  a  co lo red  square  i s  drawn t h e r e  a g a i n s t  a  

b lack  background. A s  t h e  p o i n t  moves, t h e  square  fo l lows  it. 



When a l l  s c a l e  f a c t o r s  a r e  c o r r e c t ,  it i s  p o s s i b l e  t o  t u r n  

on t h e  f l a s h l i g h t  i n  t h e  darkened media room and have t h e  

square  fol low t h e  moving a r e a  i l l u m i n a t e d  on t h e  sc reen  

by t h e  f l a s h l i g h t .  Another v e r s i o n  of  t h i s  demonstra t ion 

t r acked  two d i f f e r e n t  c o l o r  squa re s ,  one f o r  each  o f  t h e  

s e n s o r s ,  running i n  mul t ip lexed  mode. 

I n  f a c t ,  t h e  s p a t i a l  c o r r e l a t i o n  o f  t h e  l i g h t  beam 

and t h e  c a l c u l a t e d  t r a c k i n g  square  i s  q u i t e  h igh ,  t y p i c a l l y  

w i t h i n  s i x  inches  of  be ing  on c e n t e r .  Some e r r o r  was produced 

by t h e  s enso r  be ing  o f f  a x i s  o f  t h e  f l a s h l i g h t ;  a  s o l u t i o n  

u t i l i z i n g  t h e  r o l l  of  t h e  s enso r  about  t h e  f l a s h l i g h t  was 

c a l c u l a t e d  b u t  n o t  implemented. 

What was l e a r n e d  was t h a t  t h e  o v e r a l l  system c o n f i g u r a t i o n  

worked w e l l  enough and f a s t  enough t o  t r a c k  a  r e a l  p o i n t  i n  

space  convincingly.  L i n e a r i t y  was remarkably h igh ,  and r e -  

p e a t a b i l i t y  e x c e l l e n t .  Range proved t o  be t h e  l i m i t i n g  f a c t o r ;  

beyond t h r e e  t o  f o u r  f e e t  t r a c k i n q  e r r o r s  grew, p a r t i c u l a r l y  

i n  t h e  d i r e c t i o n  of  s enso r  azimuth ang le .  Even beyond ranges  

o f  f o u r  f e e t ,  however, t r a c k i n g  d i d  respond t o  s enso r  movements 

t o  some degree .  The i s s u e  of hand-eye coo rd ina t ion  w i l l  be 

d i scus sed  i n  t h e  nex t  s e c t i o n .  

PAINT 

I n  t h i s  demonstra t ion,  one senso r  i s  used a s  a  p a i n t  

b rush ;  a s  t h e  s e n s o r  i s  moved, p o i n t i n g  a t  t h e  s c r e e n ,  co lo red  



" p a i n t "  appears  on t h e  s c r e e n  where t h e  s enso r  i s  p o i n t i n g .  

A s  noted wi th  t h e  f l a s h l i g h t  experiment,  f i v e  degrees  of 

freedom ( x , y , z ,  azimuth,  e l e v a t i o n )  a r e  r e q u i r e d  t o  determine 

where t h e  s enso r  i s  p o i n t i n g .  

Brush s i z e  was determined by d i s t a n c e  from t h e  s c reen ;  

t h e  n e a r e r  t h e  hand-held s enso r  i s  t o  t h e  s c reen ,  t h e  l a r g e r  

t h e  brush.  P a i n t  c o l o r  i s  s e l e c t e d  by t h e  r o l l  ( o r  " t w i s t " )  

o f  t h e  sensor ;  t h e  r o l l  ang le  s e l e c t s  a c o l o r  from a rainbow 

wash of c o l o r s .  I n  one hemisphere o f  r o l l  a co lo red  brush  i s  

s e l e c t e d ;  i n  t h e  o t h e r  hemisphere no p a i n t  i s  drawn, b u t  a 

t r a c k i n g  c u r s o r  d i sp l ayed ,  t o  a l low drawing o f  d i scont inuous  

l i n e  segments. To a i d  comprehension of t h e  c o l o r / c u r s o r  

ve r sus  r o l l  ang le  r e l a t i o n ,  t h e  s enso r  was a t t a c h e d  t o  a 

"magic wand" of wood, w i th  co lo red  s t r i ~ e s  p l aced  a t  appro- 

p r i a t e  ang le s .  I n  a d d i t i o n ,  p o i n t i n g  a t  a r e d  square  i n  t h e  

upper l e f t  co rne r  of  t h e  s c reen  c l e a r s  t h e  s c r e e n .  

The p o i n t  of t h i s  demonstra t ion i s  n o t  t o  be  t h e  u l t i m a t e  

i n  computer p a i n t  programs. I t  has  been, however, t h e  f i r s t  

t ime one has  been a b l e  t o  i n t e r a c t  d i r e c t l y  w i th  t h e  l a r g e  

s c reen  d i s p l a y ,  you "draw where you p o i n t , "  l i t e r a l l y .  I n  

a d d i t i o n ,  any p a i n t i n g  program tests many parameters  of  an 

i n p u t  dev ice ,  a s  it i s  g r a p h i c a l l y  respons ive .  

I n  t h i s  c a s e ,  o u r  p rev ious  conc lus ions  about  l i n e a r i t y ,  

r e p e a t a b i l i t y ,  and range w e r e  confirmed. Responsiveness 



was found t o  be g e n e r a l l y  good, though s l i g h t l y  lagg ing  

i n p u t ,  enough t o  be n o t i c e a b l e  t o  even a  na ive  u s e r .  

Use of  t h e  sof tware  f i l t e r  inc luded  i n  t h e  ROPAMS Nova 

d r i v e r  i nc reased  l a g  s u f f i c i e n t l y  t o  be r a t h e r  annoying, 

s o  it was n o t  used much a f t e r  t h i s  p o i n t .  

I n  a t t empt ing  t o  draw f i g u r e s ,  w r i t e  words, e t c . ,  

hand-eye coo rd ina t ion  becomes bo th  more of  an i s s u e  

and more measurable.  I t  was found t h a t ,  provided t h e r e  

i s  some v i s u a l  feedback,  e . g . ,  a  c u r s o r  o r  p a i n t  be ing  

drawn, t h e  u s e r  can do q u i t e  w e l l  a t  p o i n t i n g  where he 

wants,  even " p a i n t i n g  from t h e  h i p . "  I t  was observed 

t h a t  a t t e n t i o n  i s  p a i d  t o  t h e  v i s u a l  feedback on t h e  

l a r g e  s c reen  r a t h e r  t han  hand p o s i t i o n ;  a s  long a s  changes 

i n  hand p o s i t i o n  produce t h e  same r e l a t i v e  changes i n  v i s u a l  

p o s i t i o n ,  a  h igh degree  o r  accuracy i s  f e l t .  Th is  sugges t s  

t h a t  l i n e a r i t y  and r e p e a t a b i l i t y  a r e  f a r  more c r u c i a l  than  

a b s o l u t e  p o s i t i o n  i n  t h e  c o n t e x t  of  visual-manual 3-D 

coord ina t ion  of  i n p u t .  

S c r o l l i n g  Text by Head A t t i t u d e  

Another s e t  of  exper iments  involves  head mounted senso r  

a p p l i c a t i o n s .  For t h e s e ,  a  s enso r  i s  a t t a c h e d  t o  t h e  v i s o r  

of  an o rd ina ry  b a s e b a l l  h a t ;  t h e  c a b l e  from t h e  s enso r  pas ses  

over  t h e  h a t  and down behind t h e  u s e r ' s  back i n  some comfortable  

f a sh ion .  
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The first such application controls the rate of scroll 

of text on the large screen. Text is ordinarily scrolling 

upwards - i.e. forward. As the reader, with head mounted 

sensor "looks" toward the bottom half of the screen, text 

continues to advance. (Here, "looking" implies maintaining 

a particular head elevation - i.e. the visor is tilted 
downward). Looking at the middle of the screen freezes 

the text, and looking up toward the disappearing top lines 

of text initiates a scroll backwards (i.e. downwards), to 

bring in lines of text which may have been missed. In 

addition, glancing to either side of the screen freezes 

the text motion, as it is assumed the reader is no longer 

paying attention and scrolling should not procede unnoticed. 

Two basic issues are touched on in this demonstration. 

The first is beginning to utilize unconscious, or perhaps 

more appropriately, reflex-level body actions to control 

a process. As opposed to painting, which requires a con- 

scious "pointing" gesture, and hand-eye coordination, tilting 

the head to read text scrolling by on a large screen is a 

fairly "natural" reaction. Utilizing head attitude to 

control the rate of scrolling is a step toward designing a 

system responsive to ordinarily instinctive levels of body 

communication. 

The second issue addressed is the relationship between 



head a t t i t u d e  and t h e  p o i n t  of v i s u a l  a t t e n t i o n .  I f  t h e  

t e x t  d i s p l a y  was s u f f i c i e n t l y  sma l l ,  very l i t t l e  head motion 

could be expected t o  be measured between r ead ing  t h e  t o p  

and bottom of t h e  s c reen ,  making head a t t i t u d e  on ly  margin- 

a l l y  u s e f u l .  C l e a r l y ,  t h e  l a r g e r  t h e  d i s p l a y ,  t h e  l a r g e r  

t h e  excurs ions  of head ang le  w i l l  be.  We found t h a t  head 

a t t i t u d e  tended t o  s t a y  w i t h i n  approximately f i v e  degrees  

of  v i s u a l  l i n e  of  s i g h t ;  i n  t h e  ca se  of  ou r  e i g h t  f o o t  h igh 

d i s p l a y ,  t h i s  meant t h a t  r e l i a b l e  r e s o l u t i o n  of  head e l e -  

v a t i o n  was b e t t e r  t han  necessary  t o  make assumptions about  

a r e a  o f  v i s u a l  focus .  

The i m p l i c a t i o n  i s  c l e a r l y  t h a t  head a t t i t u d e  i s  

s t r o n g l y  c o r r e l a t e d  t o  t h e  l o c a t i o n  of v i s u a l  a t t n e t i o n ;  i n  

t h e  ca se  of  i n t e r a c t i v e  v i s u a l  d i s p l a y s ,  head a t t i t u d e  i s  

a  v a l i d  i n d i c a t o r  of what t h e  u s e r  i s  looking  a t .  

A r e l e v a n t  f e a t u r e  of  t h e  success  of t h i s  demonstra t ion 

i s  t h e  use of  r e l a t i v e  head a t t i t u d e s ,  i . e .  changes i n  e l e -  

v a t i o n  and azimuth from some i n i t i a l  r e s t  p o s i t i o n .  A s  t h e  

demonstra t ion beg ins ,  t h e  u s e r  i s  asked t o  s i t  back comfor- 

t a b l y  and pay a t t e n t i o n  t o  t h e  middle of t h e  s c reen .  The 

head a t t i t u d e  i n  t h i s  p o s i t i o n  i s  taken  a s  a  r e f e r e n c e ,  

and r e l a t i v e  o f f s e t s  from t h i s  r e f e r e n c e  c o n t r o l  t h e  t e x t  

s c r o l l i n g .  This  compensates f o r  d i f f e r e n t  u s e r s '  id iosyn-  

c r a c i e s  - how they  wear t h e  h a t ,  whether t hey  s i t  r i g i d l y  o r  

l e a n  back somewhat i n  t h e  c h a i r ,  e t c .  



P a r a l l a x  

I n  ano the r  head mounted a p p l i c a t i o n ,  head p o s i t i o n  i s  

used t o  produce p a r a l l a x  e f f e c t s  on t h e  l a r g e  s c reen  video 

d i s p l a y .  I n  t h i s  c a s e ,  a  r e d  r e c t a n g l e  p a r t i a l l y  obscures  

a . p i e c e  of  t e x t  underneath it. A s  t h e  u s e r ,  wearing a  head 

mounted senso r ,  t r i e s  t o  "peek" above o r  around t h e  obscu- 

r i n g  r e c t a n g l e ,  e i t h e r  it o r  t h e  t e x t  moves a p p r o p r i a t e l y  

t o  s imu la t e  p a r a l l a x .  The e f f e c t ,  q u i t e  convincing,  i s  

a s  i f  t h e  r e c t a n g l e  w e r e  s i t u a t e d  i n  space approximately h a l f  

way between t h e  u s e r  and t h e  s c reen .  

Two d i f f e r e n t  modes of r e l a t i v e  motion were used.  I n  

one, t h e  t e x t  remained s t a t i o n a r y  and t h e  r e c t a n g l e  moved 

i n  f r o n t  of it, This  would seem t o  correspond more c l o s e l y  

wi th  t h e  a c t u a l  v i s u a l  p a r a l l a x  pe rcep t ion .  I n  t h e  o t h e r ,  

t h e  r e c t a n g l e  remained s t a t i o n a r y  and t h e  t e x t  moved i n  and 

o u t  behind it. Various u s e r s  found one o r  t h e  o t h e r  more 

convincing.  

I n  t h i s  a p p l i c a t i o n ,  g r o s s  body p o s i t i o n  ( aga in ,  r e l a t i v e  

t o  some i n i t i a l  rest p o s i t i o n )  i s  used t o  d r i v e  t h e  g r a p h i c a l  

ou tpu t .  Again, it i s  a  r e f l e x  a c t i o n  once t h e  u s e r  r e a l i z e s  

he can c o n t r o l  t h e  d i s p l a y  e x a c t l y  a s  he would look around 

o b j e c t s  i n  r e a l  l i f e .  One can imagine a p p l i c a t i o n s  i n  which 

it i s  d e s i r e d  t o  d r i v e  t h e  g r a p h i c a l  ou tpu t .  Again, it i s  

a  r e f l e x  a c t i o n  once t h e  u s e r  r e a l i z e s  he can c o n t r o l  t h e  

d i s p l a y  e x a c t l y  a s  he would look around o b j e c t s  i n  r e a l  l i f e .  

One can imagine a p p l i c a t i o n s  i n  which it i s  d e s i r e d  t o  d i s p l a y  

- 22  - 



a  l a r g e r  number of  d a t a  i t ems  than  could reasonably f i t  

on sc reen ;  t h e  u s e r  could s e l e c t  a  p a r t i c u l a r  i t em by peeking 

around s tacked  i t e m s  and s e l e c t i n g  a  p a r t i c u l a r  l a y e r  f o r  

expansion.  I n  a d d i t i o n ,  p a r a l l a x  e f f e c t s  l end  ano the r  

l e v e l  o f  r e a l i t y ,  as w e l l  a s  " n a v i g a t i o n a l  a i d s , "  t o  2 1 / 2  

dimension " d a t a  spaces"  [ l l l .  

C o n t r o l l i n g  Visua l  Objec t s  i n  Motion 

Before moving on t o  d i s c u s s i o n  of more s o p h i s t i c a t e d  

multi-media a p p l i c a t i o n s  o f  3-D i n p u t ,  s e v e r a l  game "hacks" 

deserve  mention. The p o i n t  of  t h e s e  examples i s  i n t e r a c t i o n ,  

t h e  n a t u r e  of  any v ideo  game, i n  p a r t i c u l a r ,  i n t e r a c t i o n  w i t h  

moving o b j e c t s ,  by p o i n t i n g  and o t h e r  hand g e s t u r e s ,  u s ing  

m u l t i p l e  degrees  of freedom. 

The f i r s t ,  " ca t ch  t h e  ducks ,"  i nvo lves  "ducks" 

f l y i n g  somewhat randomly a c r o s s  t h e  s c reen .  A s i n g l e  p l a y e r  

t r i e s  t o  c a t c h  a  duck by p o i n t i n g  a t  it and s t u f f  it i n  a  

"baske t"  be fo re  it has  had t i m e  t o  escape o f f - sc reen .  Up 

t o  s i x  ducks may be on sc reen  a t  a  t ime.  A duck i s  "caught" 

by p o i n t i n g  w i t h i n  i t s  boundar ies ;  once caught ,  a s  long a s  

t h e  3-D p o i n t e r  remains w i t h i n  a  c e r t a i n  d i s t a n c e  from t h e  

duck ' s  c e n t e r ,  t h e  duck fo l lows  t h e  p o i n t e r  (quacking a n g r i l y  

of c o u r s e ! ) .  I f  t h e  p o i n t e r  moves t o o  f a s t ,  t h e  duck f l i e s  

o f f  aga in .  



With a  number of  ducks on sc reen ,  hu r ry ing  t o  escape 

and f l a p p i n g  around somewhat, p l a y e r s  s t a r t  t o  scramble,  

keeping t r a c k  of  s e v e r a l  o b j e c t s  a t  once,  and madly grabbing 

and pushing ducks around. When a  c u r s o r  shows t h e  p o s i t i o n  

of  t h e  p o i n t e r ,  it i s  p o s s i b l e  t o  c a t c h  n e a r l y  a l l  t h e  ducks; 

w i thou t  t h e  c u r s o r  p l a y e r s  do w e l l  t o  c a t c h  any. Once aga in  

we see t h a t  w i th  t h e  proper  v i s u a l  feedback loop ,  a  s o p h i s t i c a t e d  

l e v e l  of  hand-eye coo rd ina t ion  i s  qu ick ly  ob ta ined ,  even i n  

d e a l i n g  wi th  moving o b j e c t s  w i th  a  "mind of t h e i r  own;" with- 

o u t  t h e  feedback,  t h e  t a s k  i s  v a s t l y  more d i f f i c u l t .  

The o t h e r  example of i n t e r a c t i n g  w i t h  motion i s  a  

v e r s i o n  ( c a l l e d  "phong" f o r  i d i o s y n c r a t i c  r ea sons )  of  t h e  

popula r  v ideo game "pong." Phong uses  bo th  d i g i t i z i n g  

systems,  running i n  mul t ip lexed  node. Not on ly  does a  p l a y e r ' s  

paddle  appear  on sc reen  where t h e  s enso r  i s  p o i n t i n g ,  i n  ad- 

d i t i o n  t h e  b a l l  changes v e l o c i t y  a s  a  f u n c t i o n  of x ,y  acce l -  

e r a t i o n  of t h e  paddle  it i s  h i t  by. Spin i s  imparted by 

t h e  r o l l  ang le  of  t h e  s e n s o r ,  and t h e  b a l l  g a i n s  speed over  

t h e  course  o f  a  v o l l e y .  

Mult ip lexed d i g i t i z e r  mode slows response  down some- 

what more than  i s  comfor tab le ,  b u t  exper ienced  p l a y e r s  can 

main ta in  some f a i r l y  i n t e n s e  v o l l e y s .  Given t h e  speed of t h e  

b a l l  and respons iveness  of  t h e  paddles ,  however, most of  t h e  

a c t i o n  c o n s i s t s  of r e a c t i n g  t o  opponents s h o t s ,  r a t h e r  than  



planning  s p i n ,  e t c . ,  t o  g ive  a  t r i c k y  r e t u r n .  Trying t o  

c o n t r o l  such a  f a s t  paced environment u t i l i z i n g  a l l  s i x  

degrees  of  freedom i s  t o o  d i f f i c u l t  wi thout  some pe r iod  of  

t r a i n i n g  and concen t r a t i on .  Of course ,  u s ing  a  more i n t u i t i v e  

s enso r  mounting ( e . g . ,  a t t a c h e d  t o  a  ping-pong paddle)  would 

a i d  immensely. 

"Put  That  There" 

The smal l ,  unemcumbering Polhemus d i g i t i z e r  has  opened 

new avenues of human i n t e r a c t i o n  - g e s t u r i n g ,  p o i n t i n g ,  

e x p l o i t i n g  body a t t i t u d e s ,  e t c .  P a r t i c u l a r l y  e x c i t i n g  i n  t h i s  

i n t e r a c t i o n  i s  i t s  sense  of immediateness and n a t u r a l  e a s e  of 

use;  f o r  example, l i t e r a l l y  " p a i n t i n g "  a  video w a l l  by t h e  

s imple  a r t  of  p o i n t i n g  a t  it. I n  e x p l o i t i n g  n a t u r a l  pa ths  of 

human communication a s  t h e  languages of computer i n t e r f a c e ,  

we a r e  tempted t o  exp lo re  multi-modal human i n p u t s ,  s p e c i f i -  

c a l l y  t h e  j unc t ions  of speech and g e s t u r e .  

To t h i s  end, a Nippon E l e c t r i c  DP-100 Continuous 

Speech Recognit ion Uni t  i s  conf igured  t o  communicate wi th  t h e  

c e n t r a l  I n t e r d a t a  p roces so r .  The DP-100 has  a  u s e r  de f ined  

vocabulary of up t o  1 2 0  " u t t e r a n c e s "  (words o r  p h r a s e s ) .  

A f t e r  be ing  t r a i n e d  by speaking each word once,  it w i l l  recog- 

n i z e  and r e p o r t  back "sen tences"  of up t o  f i v e  such u t t e r a n c e s  

i n  connected ( i . e . ,  "normal,"  unbroken) human speech.  



"Put  t h a t  t h e r e "  [12] j 'oins g e s t u r e  and speech r e c o g n i t i o n  

t o  a l l ow t h e  u s e r  t o  b u i l d  and modify a  g r a p h i c a l  d a t a  base  

by p o i n t i n g  and speaking.  "Draw a s m a l l  ye l low t r i a n g l e  

t h e r e "  spoken whi le  p o i n t i n g  a t  t h e  s c r e e n  causes  t h e  t r i a n g l e  

t o  be drawn t h e r e ,  where t h e  u s e r  i s  po in t ing .  Objec t s  may 

be c r e a t e d  from a  smal l  r e p e r t o i r e  of shapes ,  c o l o r s ,  and 

s i z e s ,  s imul taneous ly  b u i l d i n g  a  d a t a  base  i n  so f tware .  

Shapes may a l s o  be c r e a t e d  by r e l a t i o n s h i p  t o  o t h e r  o b j e c t s ,  

e . g . ,  "Crea te  a  b l u e  c i r c l e  t o  t h e  r i g h t  of  t h e  r e d  squa re , "  

o r  "make a  c i r c l e  below t h a t  squa re , "  whi le  p o i n t i n g  a t  a 

p a r t i c u l a r  square .  

Objec t s  may l i k e w i s e  be  modif ied,  e . g . ,  "Move t h a t . .  . 
t h e r e "  w i th  two p o i n t i n g  g e s t u r e s .  S i m i l a r l y ,  commands may 

t a k e  forms such a s  "make t h a t  a  b l u e  squa re , "  "move t h a t . . .  

below t h a t ,  " (wi th  two p o i n t i n g  g e s t u r e s )  , " e r a s e  t h a t ,  " 

"change t h e  b l u e  square  t o  r e d , "  e t c .  The d a t a  base  i s  up- 

da t ed  a p p r o p r i a t e l y  a s  w e l l .  Likewise,  v a r i o u s  c a l l s  t o  t h e  

o p e r a t i n g  system can be made by vo ice  command, o r  t h e  pre-  

v i o u s l y  desc r ibed  p a i n t i n g  program i n i t i a t e d .  

The most s t r i k i n g  f e a t u r e  of  t h i s  demonstra t ion i s  t h e  

s ense  of presence,  immediacy and i n t u i t i v e  c l a r i t y  of t h e  

i n t e r a c t i o n .  A Polhemus senso r  has  been mounted on a  l e a t h e r  

watchband; s t r apped  t o  t h e  w r i s t ,  it a l lows  t h e  u s e r  freedom 

t o  wave h i s  hands and p o i n t  f r e e l y  a t  t h e  l a r g e  d a t a  s u r f a c e ,  



t h e  video sc reen ,  immediately a t  hand. Command language i s  

i n t u i t i v e  and s imple;  cont inuous speech and po in t ing .  A l -  

though t h i s  p a r t i c u l a r  demonstra t ion invo lves  a  very s imp l i s -  

t i c  g r a p h i c a l  environment, one can imagine more complex 

symbols, drawn a s  non-des t ruc t ive  ove r l ays  on maps, diagrams, 

e t c . ,  and caus ing  some h ighe r  l e v e l  of  computation o r  

c o n t r o l  func t ions .  

I n  p a r t i c u l a r ,  i t  i s  t h e  combination of  hand g e s t u r e  and 

speech which bo th  i s  r e s p o n s i b l e  f o r  t h e  enveloping sense  of 

i n t e r a c t i o n  and a l s o  a l lows  a  r i c h n e s s  of command s t r u c t u r e .  

C l e a r l y  a  l a r g e  range of manipula t ions  r e q u i r e  bo th  a  p o i n t i n g  

( t o  disambiguate a  r e f e r e n c e  o r  s e l e c t  a  l o c a l i t y )  a s  w e l l  

a s  speaking component. I n  a d d i t i o n ,  knowing where t h e  u s e r  

i s  p o i n t i n g  may be used t o  c o r r e c t  ambigu i t i e s  i n  t h e  d a t a  

r e t u r n e d  by t h e  speech r ecogn ize r ,  which i s  less than  p e r f e c t  

i n  i t s  r e c o g n i t i o n ;  a  redundancy of  c o n t r o l  i n p u t s  p rov ides  an  

o p p o r t u n i t y  t o  r e s o l v e  c o n f l i c t i n g  i n t e r p r e t a t i o n s  of  t h e i r  

r e s u l t s .  I f  t h e  speech r ecogn ize r  r e p o r t s  t h a t  a  u s e r  i s  

t a l k i n g  about  " t h a t  diamond" wh i l e  p o i n t i n g  t o  a  square ,  it 

i s  probably i n c o r r e c t  i n  i t s  vo ice  i n t e r p r e t a t i o n ,  and t h e  

combination o f  p o i n t i n g  and knowledge of  t h e  d a t a  base  a l low 

f o r  e r r o r  c o r r e c t i o n .  

"Talking Heads" 

Another i n s t a n c e  of t h e  u s e f u l n e s s  of r e a l  t ime th ree -  
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dimensional  d i g i t i z a t i o n  of body p o s i t i o n  i s  a  f a c e t  of  a  

novel  t e l e - con fe renc ing  scheme. Take an example of two ( o r  

more) remote u s e r s .  A l i v e  con fe ree  speaks  t o  p l a s t i c  f a c e s  

of  t h e  remote p a r t i c i p a n t s ,  whi le  a  v ideo  camera immediately 

o p p o s i t e  i s  focused on h i s  f ace .  For each p a r t i c i p a n t ,  bo th  

audio  and v ideo  a r e  t r a n s m i t t e d .  Each of  t h e  p l a s t i c  masks 

a t  t h e  remote ends a r e  s c u l p t e d  r e p l i c a s  of  t h e  p a r t i c u l a r  

remote p a r t i c i p a n t s  ( i n  t h e  same r e l a t i v e  l o c a t i o n  a t  each 

conference s i t e ) ,  w i th  t h e  v ideo  of t h a t  person  p r o j e c t e d  

on to  t h e  mask; t h e  r e s u l t  i s  as toundingly  l i f e l i k e .  I n  

a d d i t i o n ,  each p l a s t i c  head moves t o  mimic t h e  head motion of 

t h e  remote l i v e  person.  

A demonstra t ion o f  t h i s  e f f e c t  was produced us ing  a 

s i n g l e  mask and f i l m  p r o j e c t o r .  The moving head was achieved 

us ing  hardware which o r i g i n a l l y  used a  f i l m  audio  t r a c k  t o  

r e c o r d  two dimensions o f  camera a t t i t u d e  f o r  l a t e r  playback 

v i a  m i r r o r s  a s  a  "moving movie" I n  t h i s  c a s e ,  du r ing  

f i l m i n g  a  Polhemus senso r  was taped  t o  t h e  back of  t h e  sub- 

j e c t ' s  head. Two dimensions of  head a t t i t u d e  were deduced 

from senso r  coo rd ina t e s  and a t t i t u d e ,  and v a l u e s  computed t o  

d r i v e  two channe ls  o f  D/A c o n v e r t e r s  t o  produce a p p r o p r i a t e  

v o l t a g e s  f o r  t h e  camera audio  a t t i t u d e  r e c o r d e r s .  I n  playback,  

t h e  recorded a t t i t u d e  audio  d r i v e s  t h e  head mask, whi le  an 

image i s  p r o j e c t e d  on it t o  r e f l e c t  t h e  head a t t i t u d e  of t h e  

f i lmed  s u b j e c t .  

- 2 8  - 



CONCLUSION 

Electromagnetics based six degree of freedom input is a 

new addition to the world of interactive computer graphics. 

Practical applications of ROPAMS have proven it to be a re- 

liable and flexible input device. In particular, the rela- 

tive unencumbering nature and absence of positional restric- 

tions on the sensor body, make it ideally suited for a new 

range use of body position to control sophisticated processes. 

The general theme of any input device is interaction. 

The work described in this thesis indicates that three- 

dimensional input is ideally suited to the world of computer 

graphics. In fact, we are still in a period of innovation 

with three dimensional input; every new application suggests 

yet another generation of ideas and experiments to further 

apply this input to humanized computer interaction. 
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Appendix I: ROPAMS - I n t e r d a t a  Operat ion 

Loading t h e  Nova 

The Nova c o r e  image i s  downloaded. from an I n t e r d a t a ,  

where it i s  s t o r e d  on d i s c  i n  t h e  f i l e  system, v i a  t h e  p a r a l l e l  

i n t e r f a c e .  S ince  ROPAMS uses  on ly  t h e  lower h a l f  of  t h e  

a v a i l a b l e  Nova memory, downloading and o t h e r  programs run i n  

t h e  upper h a l f .  

To download, t h e  fo l lowing  code must be  toggled  i n t o  

t h e  Nova from t h e  f r o n t  pane l ,  s t a r t i n g  a t  l o c a t i o n  40000. 

( A l l  Nova numbers a r e  i n  o c t a l . )  

DOB, 0 ,  26 
NIOS, 26 
N I O P ,  26 
SKPBZ, 26 
JMP, -.l 
HALT 

ACO, ( s t a r t i n g  add res s  t o  download t o )  must be s e t  t o  c o n t a i n  

zeros .  S t a r t  t h e  Nova a t  40000, r e s e t ,  and s t a r t  aga in  ( t h i s  

c l e a n s  o u t  t h e  I n t e r d a t a  t o  Nova i n t e r f a c e ) .  

Now, on t h e  I n t e r d a t a  run  load-nova. I t  w i l l  a sk  f o r  a  

" r e v  number." I n  g e n e r a l ,  t h e  h i g h e s t  r e v  number i s  t h e  

c u r r e n t  v e r s i o n  of ROPAMS; c o r e  images l i v e  in)u>cms)nova 

and a r e  named nova - image. e e v  number). Load-nova w i l l  p r i n t  

a  few l i n e s  t e l l i n g  how much has  been down loaded;  i f  it 

d o e s n ' t ,  e i t h e r  t h e  i n t e r f a c e  i s n ' t  f unc t ion ing  o r  t h e  Nova 

i s n ' t  execu t ing  t h e  c o r r e c t  code.  

- 31 - 



I n t e r f a c e s  and Data T rans fe r  

The Nova-Interdata i n t e r f a c e  c o n s i s t s  of two independent 

dev ices .  The I n t e r d a t a  t o  Nova s i d e  i s  device  x 1 5 1 1  on t h e  

I n t e r d a t a ,  t h e  Nova t o  t h e  I n t e r d a t a  s i d e  i s  dev ice  x 1 5 0 ' .  

I n  normal o p e r a t i o n ,  Polhemus p o i n t s  a r e  t r a n s f e r r e d  t o  

t h e  I n t e r d a t a  v i a  an i n t e r r u p t  d r i v e n  d r i v e r .  The I n t e r d a t a  

s i d e  of t h e  i n t e r f a c e  r e c e i v e s  an i n t e r r u p t  f o r  each b y t e  

t r a n s f e r r e d  a s  w e l l  a s  end of  t r ansmis s ion ;  s t a t u s  b i t s  i n d i -  

c a t e  which c a s e  has  occured.  The i n t e r r u p t  hand le r ,  r p o l - i n t h ,  

watches f o r  an end of  t r ansmis s ion  i n t e r r u p t  t o  sync up on 

t h e  d a t a  t r a n s f e r ,  then  cont inuous ly  l oads  succes s ive  d a t a  b y t e s  

i n t o  t h e  c o r r e c t  addresses  of  an i n p u t  b u f f e r .  Higher l e v e l  

I n t e r d a t a  sof t -ware  t r a n s l a t e s  t h i s  r a w  d a t a  i n t o  more 

convent iona l  form ( p o s i t i o n  and a t t i t u d e  a r e  t r a n s m i t t e d  a s  

s igned  twelve b i t  numbers).  

Running t h e  Nova 

Assuming a  c o r r e c t  c o r e  image, t h e  fo l lowing  procedure  

w i l l  run ROPAMS. Pu t  2000 ( t h e  s t a r t i n g  add res s )  i n  t h e  

swi tches ,  and h i t  t h e  "examine" swi tch .  Then set t h e  f r o n t  

pane l  f o r  t h e  d e s i r e d  o p e r a t i o n  mode, and h i t  t h e  "cont inue"  

switch.  The Nova should be  running,  and d a t a  w i l l  be t r a n s -  

f e r r e d  t o  t h e  I n t e r d a t a  when i t s  i n t e r r u p t s  a r e  enabled.  



The f r o n t  pane l  determines  o p e r a t i o n  mode, a s  fo l lows:  

b i t  number f u n c t i o n  

MSB 

LSB 

read  mode from I n t e r d a t a  
n o t  used 
n o t  used 
i n s e r t  softward, f i l t e r  i n s e n s o r  2 
Bores igh t  s enso r  2 
t e s t  s enso r  2 
s tandby senso r  2 
normal s enso r  2 
n o t  used 
n o t  used 
n o t  used 
f i l t e r  i n  s enso r  1 
Bores igh t  s enso r  1 
t e s t  s enso r  1 
standby senso r  1 
normal s enso r  1 

When r ead ing  t h e  mode from t h e  I n t e r d a t a ,  t h e  b i t  p a t t e r n  i n  

t h e  I n t e r d a t a  t o  Nova i n t e r f a c e  i s  used i n s t e a d  of t h e  f r o n t  

pane l .  The r o u t i n e s  - -  one, two and bo th  run t h e  r e s p e c t i v e  

s e n s o r s  i n  normal mode from an I n t e r d a t a .  

I n t e r d a t a  Dr iver  Software 

Seve ra l  l e v e l s  of so f tware  a t  t h e  I n t e r d a t a  end i n t e r p r e t  

t h e  raw Polhemus d a t a .  - Po l  i s  t h e  lowes t  l e v e l ,  and has  t h e  

fo l lowing  e n t r y  p o i n t s :  

set up loads  t h e  i n t e r r u p t  hand le r ,  enab le s  
i n t e r r u p t s  from t h e  Nova 

c l e a r  d i s a b l e s  i n t e r r u p t s  and c l e a r s  t h e  i n t e r r u p t  
hand le r  

s t a r t  enab le s  i n t e r r u p t s  on ly  



d i s a b l e s  i n t e r r u p t s  on ly  

get t a k e s  an  argument, p o l - p t r ,  a p o i n t e r  
I t  s e t s  t h e  p o i n t e r  t o  a s t r u c t u r e  po l -da ta ,  
dec l a red  a s  below 

g e t  d same a s  g e t ,  w i t h  a t t i t u d e s  expressed i n  
degrees  r a t h e r  t h a n  r a d i u s  

d c l  1 pol-data  based ( p o l - p t r )  , 

2 p s y s ( 2 )  I /* one f o r  each senso r  */  
3 az  f l o a t  
3 e l  f l o a t ,  
3 r o l l  f l o a t ,  
3 x f i x ,  
3 y f i x ,  
3 z f i x ,  
3 v a l i d  f i x ,  /* d o e s n ' t  work, ROPAMS bug */ 
2 packe t s  f i x  /* s e r i a l  Polhemus packe t  number */  
2 which f i x ,  /* most r e c e n t l y  r ece ived  senso r  number */ 

Another r o u t i n e ,  r p o l l y ,  o p e r a t e s  s i m i l a r l y  t o  - po l  

except  t h a t  it r e t u r n s  x ,y  c o o r d i n a t e s  of t h e  s c reen  l o c a t i o n  

be ing  po in t ed  t o  by t h e  s enso r  body. To become o r i e n t e d  i n  

t h e  room, one must f i r s t  c a l l  r p 0 1 l y S ~ n i t  ( i n i t s )  where 

d c l  1 i n i t s  ( 2 )  
2 x ,  f i x  
2 y ,  f i x  
2 z ,  f i x ;  

The x ,y ,  and z a r e  t h e  approximate coo rd ina t e s  i n  t h e  

room of each r ad?a to r ,  i n  Ramtek coo rd ina t e s  a t  t h e  same s c a l e  

a s  on t h e  L igh t  Valve sc reen .  

Now, c a l l i n g  r p o l l y  ( s y s ,  s c r e e n  - d a t a )  does t h e  fo l lowing .  

Sys i s  a b i t  a r r a y ,  each b i t  i n d i c a t e s  whether t o  conve r t  d a t a  

f o r  t h a t  s e n s o r .  Screen - d a t a  i s  t h e  r e s u l t i n g  s t r u c t u r e  of  

va lues .  



d c l  1 s y s  ( 2 )  b i t  (1) ; 

d c l  1 s c r e e n  d a t a ,  
2  po11.y T2) /* one element p e r  s enso r  */ 
3 a z  f l o a t ,  /* i n  r a d i a n s  */ 
3 e l  f l o a t ,  
3 r o l l  f l o a t ,  
3 x  f i x ,  /* Ramtek coo rd ina t e  */ 
3 y  f i x ,  /* Ramtek coo rd ina t e  */  
3 z f i x ,  /* Polhemus u n i t s  */ 
3 v a l i d  b i t  ( I ) ,  /* doesn'  t work, ROPAMS bug */ 
3 c l ipped  b i t  (1) , /* t r u e  i f  t h e  s c reen  coo rd ina t e s  

w e r e  c l i p p e d  */ 
2 packe t s  f i x ,  /* most r e c e n t  packe t  number */ 
2 which f i x ,  /* most r e c e n t  d a t a  s enso r  number */ 



Appendix 11: Videotape Description 

The videotape accompanying this text is meant to 

assist understanding of the various demonstrations. It runs 

as follows: 

Log number 

10 the virtual flashlight, sensor and 
radiator illustration 

45 PAINT 

95 Parallax with head position 

115 Scrolling text by head attitude 

155 "Put that there" 

240 Talking heads tele-conferencing 




