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ABSTRACT 

A head-mounted, wide-angle,  s t e r e o s c o p i c  d i s p l a y  system c o n t r o l l e d  by o p e r a t o r  posi- 
t i o n ,  v o i c e  and g e s t u r e  h a s  been developed a t  NASA’s Ames Research  Center  f o r  use  a s  
a mul t ipu rpose  i n t e r f a c e  environment.  Th i s  V i r t u a l  I n t e r f a c e  Environment Worksta- 
t i o n  (VIEW) system p rov ides  a m u l t i s e n s o r y ,  i n t e r a c t i v e  d i s p l a y  environment i n  which 
a u s e r  can  v i r t u a l l y  e x p l o r e  a 360-degree syn thes i zed  o r  remote ly  sensed  environment 
and can v i s c e r a l l y  i n t e r a c t  w i th  i t s  components. Primary a p p l i c a t i o n s  o f  t h e  system 
are i n  t e l e r o b o t i c s  , management o f  l a r g e - s c a l e  i n t e g r a t e d  in fo rma t ion  sys tems,  and 
human f a c t o r s  r e s e a r c h .  System c o n f i g u r a t i o n ,  r e s e a r c h  s c e n a r i o s ,  and r e s e a r c h  
d i r e c t i o n s  are d e s c r i b e d .  

RESEARCH OBJECTIVES 

The primary o b j e c t i v e  of  t h i s  r e s e a r c h  i s  t o  
deve lop  a mul t ipu rpose ,  multimodal o p e r a t o r  
i n t e r f a c e  t o  f a c i l i t a t e  n a t u r a l  i n t e r a c t i o n  
w i t h  complex o p e r a t i o n a l  t a s k s  and t o  augment 
o p e r a t o r  s i t u a t i o n a l  awareness o f  l a r g e - s c a l e  
autonomous and semi-autonomous i n t e g r a t e d  sys- 
tems. The system should s p e c i f i c a l l y  p rov ide  a 
uniform i n t e r f a c e  f o r  m u l t i p l e  t a s k  superv i -  
s i o n ,  be  r e c o n f i g u r a b l e  f o r  va ry ing  l e v e l s  of  
o p e r a t o r  s k i l l ,  t r a i n i n g  and p r e f e r e n c e ,  and 
have an o p e r a t o r  i n t e r f a c e  c o n f i g u r a t i o n  t h a t  
f e a t u r e s  human matched d i s p l a y s  and c o n t r o l s  
f o r  t r a n s p a r e n t  , n a t u r a l  system i n t e r a c t i o n  
and reduced t r a i n i n g  requi rements .  

I n  t h e  Aerospace Human F a c t o r s  Research  Divi- 
s i o n  o f  NASA’s Ames Research Center ,  a n  
i n t e r a c t i v e  V i r t u a l  I n t e r f a c e  Environment 
Works ta t ion  (VIEW) h a s  been developed t o  a i d  
i n  des ign ,  s i m u l a t i o n  and e v a l u a t i o n  o f  
advanced d a t a  d i s p l a y  and management concep t s  
f o r  o p e r a t o r  i n t e r f a c e  des ign .  The VIEW sys- 
t e m  p rov ides  a v i r t u a l  a u d i t o r y  and s t e r e o s -  
cop ic  image surround t h a t  i s  r e s p o n s i v e  t o  
i n p u t s  from t h e  opera tor ‘s  p o s i t i o n ,  v o i c e  and 
g e s t u r e s .  A s  a low-cost, mu l t ipu rpose  simula- 
t i o n  d e v i c e ,  t h i s  v a r i a b l e  i n t e r f a c e  conf i -  
g u r a t i o n  a l lows  an  o p e r a t o r  t o  v i r t u a l l y  
e x p l o r e  a 360-degree syn thes i zed  o r  remote ly  
sensed  environment and v i s c e r a l l y  i n t e r a c t  
w i t h  i t s  components. 

A p p l i c a t i o n  areas o f  t h e  v i r t u a l  i n t e r f a c e  
environment r e s e a r c h  are focused i n :  

1. Development of  w o r k s t a t i o n s  f o r  complex 
o p e r a t i o n a l  t a s k s  such  a s  t e l e r o b o t i c  and 
t e l e p r e s e n c e  c o n t r o l  of r emote ly  ope ra t ed  
r o b o t i c  d e v i c e s  and v e h i c l e s  t h a t  r e q u i r e  a 
s u f f i c i e n t  q u a n t i t y  and q u a l i t y  o f  s e n s o r y  
feedback  t o  approximate a c t u a l  p re sence  a t  t h e  
t a s k  s i t e .  

2 .  Development o f  concep t s  and g u i d e l i n e s  f o r  
‘portable‘ mu1 ti-modal i n fo rma t ion  management 
sys tems such a s  an EVA Spacesu i t  v i s o r  
d i s p l a y ,  w i th  subsequent  development o f  works- 
t a t i o n s  f o r  s u p e r v i s i o n  and management o f  
l a r g e - s c a l e  i n t e g r a t e d  in fo rma t ion  systems i n  
which d a t a  man ipu la t ion ,  s t o r a g e  and 
r e t r i e v a l ,  and system moni tor ing  t a s k s  can  be  
s p a t i a l l y  organized .  

F i g u r e  1. Head -.:wpled; s t e r e o s c o p i c  d i s p l a y  
system w i t h  DataGlov- t a c t i l e  i n p u t  technology 
f o r  v i r t u a l  o b j e c t  man ipu la t ion .  
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A more g e n e r a l  r e s e a r c h  o b j e c t i v e  i n c l u d e s  use  
o f  t h i s  d i s p l a y  sys tem t o  s y n t h e s i z e  i n t e r a c -  
t i v e  test environments f o r  ae rospace  human 
f a c t o r s  r e s e a r c h  i n  such  areas as: s p a t i a l  
h a b i t a b i l i t y  r e s e a r c h ;  r a p i d  p ro to typ ing  of  
d i s p l a y  and w o r k s t a t i o n  c o n f i g u r a t i o n s ;  
r e s e a r c h  on  e f f e c t i v e  t r a n s f e r  o f  s p a t i a l  
i n fo rma t ion  and v i s u a l i z a t i o n  o f  multidimen- 
s i o n a l  d a t a ;  and s p a t i a l  c o g n i t i o n  r e s e a r c h  on 
mu1 t i s e n s o r y  i n t e g r a t i o n .  

SYSTEM COW I G U R A T I O N  

The c u r r e n t  V i r t u a l  I n t e r f a c e  Environment 
Works ta t ion  system c o n s i s t s  o f :  a wide-angle 
s t e r e o s c o p i c  d i s p l a y  u n i t ,  g love - l ike  d e v i c e s  
f o r  m u l t i p l e  degree-of-freedom t a c t i l e  i n p u t  , 
connected speech r e c o g n i t i o n  technology,  ges- 
t u r e  t r a c k i n g  d e v i c e s ,  3 D  a u d i t o r y  d i s p l a y  and 
speech-synthes is  technology,  and computer 
g r a p h i c  and v ideo  image g e n e r a t i o n  equipment. 
Th i s  hardware i s  i n t e g r a t e d  wi th  a realtime 
Unix w o r k s t a t i o n  t h a t  s u p p o r t s  t h e  computa- 
t i o n s  r e q u i r e d  t o  d r i v e  an e x t e r n a l  high- 
performance r e a l t i m e  3 D  g r a p h i c s  system, 
p r o c e s s e s  i n p u t  from up t o  12 realtime i n p u t  
p e r i p h e r a l s  (e.g.  , t h e  t r a c k e r s  and g l o v e s ) ,  
and p rov ides  o t h e r  realtime t a s k  p rocess ing .  
A c o l l e c t i o n  of s o f t w a r e  c a l l e d  t h e  .simula- 
t i o n  framework' has  a l s o  been developed t h a t  

. c o n s i s t s  o f  a well-documented l i b r a r y  of  func- 
t i o n s  t o  provide  a c c e s s  t o  a l l  o f  t h e  system 
p e r i p h e r a l s  and s o f t w a r e  s e r v i c e s ,  and of  a 
c o l l e c t i o n  of  s o u r c e  f i l e s  and s i m u l a t i o n  
s o f t w a r e  t h a t  demons t r a t e s  t h e  use  o f  t h e  
major  hardware and so f tware  components t h a t  
make up t h e  VIEW system i n  o r d e r  t o  f a c i l i t a t e  
system r e c o n f i g u r a t i o n  f o r  changing r e s e a r c h  
r equ i r emen t s .  

VIEW V i s u a l  D i sp lay  Technology -- 

The VIEW Disp lay  subsystem i s  an  i n t e g r a t e d  
technology package comprised of image d i s p l a y  
e l emen t s  , o p t i c s  , and e l e c t r o n i c s  which 
t o g e t h e r  provide  a wide a n g l e ,  s t e r e o s c o p i c  
image environment t h a t  c l o s e l y  matches human 
b i n o c u l a r  v i s u a l  c a p a b i l i t i e s .  When combined 
w i t h  h igh - re so lu t ion ,  magnet ic  6 degree-of- 
freedom head and l imb p o s i t i o n  t r a c k i n g  tech- 
nology,  t h e  d i s p l a y e d  imagery a p p e a r s  t o  com- 
p l e t e l y  sur round t h e  u s e r  i n  3-space and pro- 
v i d e s  i n t e r a c t i v e  v iewing  and man ipu la t ion  
c a p a b i l i t i e s .  S p e c i f i c  areas o f  d i s p l a y  
r e s e a r c h  i n  p rogres s  i n c l u d e :  development of  
o r t h o s t e r e o s c o p i c  and remote p re sence  d i s p l a y  
sys tems f o r  improved o p e r a t o r  performance i n  
t e l e r o b o t i c s  and t e l e p r e s e n c e  c o n t r o l ;  d i s p l a y  
o f  multi-dimensional , g r a p h i c  r e p r e s e n t a t i o n s  
of knowledge-based in fo rma t ion  systems t o  
f a c i l i t a t e  s u p e r v i s i o n  and management o f  
l a r g e - s c a l e  i n t e g r a t e d  systems; and 3D simula- 
t i o n  of v e r i d i c a l  expe r imen ta l  environments 

f o r  human f a c t o r s  r e s e a r c h .  

Head-mounted d i s p l a y s .  The head-coupled 
d i s p l a y  u n i t  u ses  two p a s s i v e ,  t w i s t e d  
nemat i c ,  monochromatic, l i q u i d  c r y s t a l  d i s p l a y  
s c r e e n s  p re sen ted  t o  each  eye  o f  t h e  u s e r  
th rough wide-angle o p t i c s .  Reso lu t ion  o f  e a c h  
d i s p l a y  i s  640x220 p i x e l  e lements  w i th  320 
d i s t i n g u i s h a b l e  v e r t i c a l  l i n e s  and approxi- 
m a t e l y  16 l e v e l s  o f  g r a y s c a l e .  The LCD ele- 
ments i n c o r p o r a t e  a diamond-shaped p i x e l  
geometry t h a t  t e n d s  t o  reduce  t h e  appa ren t  
f i x e d  p a t t e r n  s p a t i a l  n o i s e  by e f f e c t i v e l y  
doubl ing  t h e  h o r i z o n t a l  and v e r t i c a l  f i x e d  
p a t t e r n  s p a t i a l  f r e q u e n c i e s .  C u r r e n t l y ,  t h e  
o v e r a l l  s i z e  o f  e a c h  d i s p l a y  i s  3.2" diago- 
n a l l y  i n  a 4:3 a s p e c t  r a t i o .  The t r a n s m i s s i v e  
LCD s c r e e n s  are back l igh ted  wi th  m i n i a t u r e  
f l o u r e s c e n t  l i g h t  s o u r c e s  t h a t  r e s u l t  i n  a 
c o n t r a s t  r a t i o  of  approximate ly  7:l. This  
LCD technology i s  c a p a b l e  of  a d d r e s s  times o f  
63.5 microseconds pe r  l i n e  wi th  t y p i c a l  p i x e l  
r e sponse  times of  approximate ly  32 m i l -  
l i s e c o n d s .  Imagery d i sp layed  on t h e  s c r e e n s  
i s  a NTSC s t anda rd  v ideo  s i g n a l  gene ra t ed  by 
computer,  remote v ideo  cameras,  o r  a combina- 
t i o n  of t h e s e  i n p u t  media wi th  o t h e r  v ideo  
s o u r c e s  such  as o p t i c a l  v ideo  d i s k .  Horizon- 
t a l  p o s i t i o n  of  t h e  images on t h e  d i s p l a y  
s c r e e n s  can  be e l e c t r o n i c a l l y  c o n t r o l l e d  by 
s l i d e r s  on  t h e  d i s p l a y  c a s i n g  t o  a d j u s t  f o r  
image /op t i c s  a l ignment  and f o r  v a r i a b l e  con- 
vergence  requi rements .  The d i s p l a y  u n i t  i s  
connected t o  suppor t  e l e c t r o n i c s  t h a t  p rov ide  
power and cond i t ioned  v ideo  s i g n a l s  th rough a 
20 f o o t  c a b l e .  I n  a d d i t i o n ,  t h e s e  e l e c t r o n i c s  
p rov ide  s t e r e o  a l ignment  p a t t e r n s ,  u s e r  selec- 
t i o n  of  b i o c u l a r  o r  b i n o c u l a r  imagery ou tpu t  
t o  t h e  v iewer ,  and can s imul t aneous ly  ou tpu t  
mul t ip l exed  s t e r e o  v ideo  s i g n a l s  f o r  v ideo tape  
s t o r a g e  and r e p l a y .  

- 

Opt ic s .  The d i s p l a y  s c r e e n s  are viewed 
d i r e c t l y  through a p a i r  o f  wide a n g l e  magnify- 
i n g  l e n s e s  t h a t  a r e  mounted approximate ly  5 mm 
from t h e  s c r e e n s  wi th  ad jus tmen t s  f o r  v a r i a b l e  
accommodation requi rements  such  as r e l a t i v e  
t i l t  and d i s t a n c e  of  LCD s u b s t r a t e  from 
o p t i c s .  These o p t i c s  provide  a 120 degree  
h o r i z o n t a l  and v e r t i c a l  f i e l d  of view f o r  each  
eye  and up t o  a 90 degree  b i n o c u l a r  f i e l d  
o v e r l a p .  T o t a l  i n s t a n t a n e o u s  v i s u a l  f i e l d  of  
view i s  approximate ly  120 degrees .  The 2.75" 
d i ame te r  of  each  o p t i c a l  element r e q u i r e s  a 
minimum 4" d iagona l  d i s p l a y  s i z e  t o  comple te ly  
f i l l  t h e  a v a i l a b l e  f i e l d  of  view. With 
640x220 p i x e l  r e s o l u t i o n  , each  p i x e l  i n  t h e  
d i a g o n a l  a r r a y  ( i . e .  each  d i s t i n g u i s h a b l e  
v e r t i c a l  l i n e )  sub tends  0.38 degrees  (22.5 
minutes )  of  h o r i z o n t a l  v i s u a l  f i e l d .  The wide 
a n g l e  o p t i c s  create a p incushion  d i s t o r t i o n  i n  
t h e  d i s p l a y e d  imagery t h a t  r e q u i r e s  a b a r r e l  
d i s t o r t i o n  compensation i n  the  image genera- 
t i c n  o r  image c a p t u r e  technology f o r  c o r r e c t  
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s c e n e  r e p r e s e n t a t i o n .  

Mounting c o n f i g u r a t i o n s .  The d i s p l a y  and 
o p t i c s  u n i t  i s  p o s i t i o n e d  d i r e c t l y  i n  f r o n t  of 
t h e  viewer’s eyes  and coupled t o  head mot ion  
by meam o f  a l i g h t w e i g h t  headgear conf igura-  
t i o n .  Adjustments are provided f o r  va ry ing  
e y e - r e l i e f  d i s t a n c e  and s i z e  o f  t h e  suppor t ing  
head band. Eye-cups around t h e  o p t i c  e lements  
are inc luded  t o  r educe  i n t e r f e r e n c e  o f  ambient 
l i g h t .  The e n t i r e  u n i t  i s  counterweighted  t o  
t r a n s f e r  t h e  weight o f  t h e  d i s p l a y  and o p t i c s  
u n i t  t o  a p o i n t  d i r e c t l y  over  t h e  opera tor ‘s  
s p i n e .  Also inc luded  on t h e  headgear u n i t  
are: a suppor t  f o r  a t t a c h i n g  t h e  head p o s i t i o n  
t r a c k i n g  s e n s o r ,  a microphone f o r  i n p u t  t o  t h e  
connected speech r e c o g n i t i o n  subsystem, and 
earphones  f o r  a u d i t o r y  d i s p l a y  feedback  t o  the  
o p e r a t o r .  See F igure  1. 

Desk-mounted viewer.  The wideangle  viewing 
o p t i c s  package i s  a l s o  implemented i n  a mov- 
a b l e  arm-mounted, w o r k s t a t i o n  c o n f i g u r a t i o n  
f o r  e v a l u a t i o n  i n  des ign  and eng inee r ing  
a p p l i c a t i o n s  such as t h e  d i s p l a y  o f  t h r e e  
d imens iona l  g r a p h i c  d a t a b a s e s  used i n  Computa- 
t i o n a l  F lu id  Dynamics Research .  Th i s  v iewer  
i n c o r p o r a t e s  CRT d i s p l a y  technology wi th  a 
d i s p l a y  r e s o l u t i o n  o f  400 x 400 p i x e l s .  The 
p o s i t i o n  and o r i e n t a t i o n  of  t h e  d i s p l a y  u n i t  
and mounting arm i s  t ransduced  and provided t o  
t h e  hos t  computer t o  a l low t h e  o p e r a t o r  t o  
change v i ewpo in t s  w i t h i n  t h e  d a t a b a s e  i n  r e a l  
t i m e .  

- 

Image g e n e r a t i o n  and cap tu re .  The d i s p l a y  
subsystem i s  used t o  view V i r t u a l  Environments 
t h a t  are syn thes i zed  wi th  3D computer- 
gene ra t ed  imagery, o r  t h a t  are remote ly  sensed  
by use r -con t ro l l ed ,  s t e r e o s c o p i c  v ideo  camera 
c o n f i g u r a t i o n s .  The computer image system 
e n a b l e s  h i g h  performance, r e a l t i m e  3D g r a p h i c s  
p r e s e n t a t i o n  a t  r e s o l u t i o n s  of  640x480 and 
1,000 x 1,000 p i x e l s .  Th i s  imagery i s  gen- 
e r a t e d  a t  rates up t o  30 f rames  per  second as 
r e q u i r e d  t o  update image v i ewpo in t s  i n  coord i -  
n a t i o n  wi th  head and l imb motion. Dual 
independent ,  synchronized  d i s p l a y  channe l s  are 
implemented t o  p r e s e n t  d i s p a r a t e  imagery t o  
each  e,ye of  t h e  viewer f o r  t r u e  s t e r e o s c o p i c  
dep th  cues .  For r e a l t i m e  v ideo  inpu t  o f  
remote envi ronments ,  two m i n i a t u r e  CCD v ideo  
cameras are used t o  provide  s t e r e o s c o p i c  
imagery. Development and e v a l u a t i o n  o f  
s e v e r a l  head-coupled , remote camera p l a t fo rm 
and gimbal p ro to types  i s  i n  p rogres s  t o  d e t e r -  
mine op t ima l  hardware and c o n t r o l  conf igura-  
t i o n s  f o r  remote ly  c o n t r o l l e d ,  f r e e - f l y i n g  o r  
t e l e r o b o t  mounted camera systems. Research 
e f f o r t s  a l s o  i n c l u d e  t h e  development of r e a l -  
t i m e  s i g n a l  p rocess ing  technology t o  combine 
m u l t i p l e  v ideo  s o u r c e s  w i t h  computer gene ra t ed  
imagery. 

VIEW Audi tory  Di sp lay  Technology 
L_ 

Binaura l  a u d i t o r y  d i s p l a y .  The i n i t i a l  audi- 
t o r y  subsystem f o r  VIEW i s  capab le  o f  present -  
i n g  a wide v a r i e t y  o f  b i n a u r a l  sounds t o  t h e  
o p e r a t o r  v i a  headphones us ing  sound-synthesis 
technology developed f o r  music s y n t h e s i z e r s .  
Th i s  system has  been developed so t h a t  a b a s i c  
sound l i b r a r y  may be des igned  and s t o r e d  o f f -  
l i n e  f o r  l a te r  realtime man ipu la t ion  us ing  an 
i n t e r a c t i v e  e d i t i n g  i n t e r f a c e  and/or  ‘front- 
panel’ c a p a b i l i t i e s  o f  t h e  s y n t h e s i z e r .  Thus, 
d i f f e r e n t  sound s i g n a t u r e s  (e .g . ,  d i f f e r e n t  
t imbres  o r  temporal p a t t e r n s )  can b e  a s soc i -  
a t e d  wi th  d i f f e r e n t  o b j e c t s  o r  t ypes  o f  i n fo r -  
mation i n  t h e  v i s u a l  d i s p l a y s  t o  ach ieve  a 
quasi-semantic o r  symbolic c a p a b i l i t y .  Then , 
f o r  each o f  t h e  independent  and s imul taneous  
sound s i g n a t u r e s  o r  ‘objects’,  a set  o f  g l o b a l  
sound parameters  can  be  dynamica l ly  coordi-  
na ted  wi th  t h e  o t h e r  d i s p l a y  parameters  v i a  
t h e  i n t e r f a c e  between t h e  hos t  computer and 
t h e  s y n t h e s i z e r  . For example , s t e r e o  panning, 
p i t c h ,  and i n t e n s i t y  can  be a s s o c i a t e d  wi th  
p o s i t i o n ,  s i z e ,  o r  d i s t a n c e  of  o b j e c t s  i n  t h e  
v i s u a l  d i s p l a y .  Also ,  commerc ia l ly-ava i lab le  
speech- syn thes i s  technology wi th  un l imi t ed  
vocabu la ry  i s  used t o  p rov ide  an  a d d i t i o n a l  
d i s p l a y  c a p a b i l i t y  f o r  v o i c e  r e p o r t  r equ i r e -  
ments and v e r b a l  acknowledgement o f  system 
i n p u t .  Th i s  s y n t h e s i z e r  i s  a t e x t  t o  speech 
c o n v e r t e r  t h a t  g e n e r a t e s  a human-sounding 
v o i c e  wi th  c a p a b i l i t y  t o  modify p ronunc ia t ion  
of  ou tpu t  words, t o  change speaking  rate, and 
t o  s e l e c t  from s i x  d i f f e r e n t  v o i c e  q u a l i t i e s .  

The primary f u n c t i o n  o f  t h i s  i n i t i a l  a u d i t o r y  
d i s p l a y  i s  t o  provide  both  d i s c r e t e  and 
dynamic a u d i t o r y  cues  which can  augment o r  
supp ly  in fo rma t ion  mis s ing  from t h e  v i s u a l  o r  
g e s t u r a l  d i s p l a y s .  For example, d i s c r e t e  c u e s  
might s i g n a l  c o n t a c t  between t e l e r o b o t  end- 
e f f e c t o r s  and t a r g e t  o b j e c t s  o r  a l e r t  t h e  
o p e r a t o r  t o  a t t e n d  t o  in fo rma t ion  i n  a d a t a  
window which i s  c u r r e n t l y  o u t  of  t h e  f i e l d -  
of-view. S i m i l a r l y ,  a u d i t o r y  parameters  can  be  
dynamica l ly  modulated and coord ina ted  wi th  t h e  
o t h e r  subsystem d i s p l a y s  f o r  such t a s k s  as  
moni tor ing  t h e  r e l a t i v e  p o s i t i o n s  of d u a l  
robo t  arms i n  o r d e r  t o  keep them w i t n i n  a 
p rosc r ibed  motion envelope .  

3D Audi tory  d i s p l a y .  Add i t iona l  r e s e a r c h  i s  
underway a t  Ames  t o  deve lop  an  a u d i t o r y  
d i s p l a y  p ro to type  t h a t  i s  capab le  o f  s y n t h e t i -  
c a l l y  gei.c?.*ting three-dimensional sound c u e s  
i n  r e a l t i m e .  ?i%ese cues  L a r e  p re sen ted  v i a  
headphones and a r e  perce ived  o u t s i d e  o f  t h e  
head a t  a d i s c r e t e  d i s t a n c e  and d i r e c t i o n  i n  
t h e  3-space sur rounding  t h e  u s e r .  When 
i n t e g r a t e d  i n t o  t h e  VIEW system, p o s i t i o n  o f  
t h e  o p e r a t o r  can  be monitored i n  r e a l t i m e  and 
t h e  in fo rma t ion  used t o  ma in ta in  s e v e r a l  

A 
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l a c a l i z e d  sound cues i n  f ixed p o s i t i o n s  o r  i n  
motion t r a j e c t o r i e s  r e l a t i v e  t o  the use r .  
This  c a p a b i l i t y  w i l l  f u r t h e r  a i d  the 
operator 's  s i t u a t i o n a l  awareness by augmenting 
s p a t i a l  information from the  v i s u a l  d i s p l a y  
and providing o u t s i d e  the  field-of-view navi- 
g a t i o n a l  and cueing a i d s  ( s e e  
Wenzel,et.a1.,1988, t h i s  volume). 

VIEW I n t e r a c t i o n  

Visceral i n t e r a c t i o n  with t h e  V i r t u a l  Environ- 
ment surrounding the  use r  i s  enabled by speech 
and g e s t u r e  input  technologies .  Current 
r e sea rch  inc ludes  conf igu ra t ion  and eva lua t ion  
of t hese  input  m o d a l i t i e s ,  both s e p a r a t e l y  and 
i n  combination, t o  f a c i l i t a t e  e f f e c t i v e ,  
n a t u r a l  user  i n t e r a c t i o n  i n  va r ious  simulated 
t a s k  environments. 

Speech recogni t ion.  The VIEW system inc ludes  
commercially-available , speaker-dependent , 
connected speec h-recogni t i  on technology t h a t  
a l lows t h e  user  t o  g i v e  system commands i n  a 
n a t u r a l ,  conve r sa t iona l  format t h a t  can no t  be 
achieved with h i g h l y  constrained d i s c r e t e  word 
r ecogn i t ion  systems o r  through keyboard inpu t .  
Typical speech mediated i n t e r a c t i o n s  are 
r e q u e s t s  f o r  d i s p l a y / r e p o r t  of system s t a t u s ,  
i n s t r u c t i o n s  f o r  supervisory c o n t r o l  t a s k s ,  
and ve rba l  commands t o  change i n t e r f a c e  mode 
o r  conf igu ra t ion .  

DataGloves. For tact i le  i n t e r a c t i o n  with the  
displayed t h r e e  dimensional v i r t u a l  environ- 
ment, t h e  use r  wears l igh twe igh t  glove-like 
dev ices  t h a t  t r ansmi t  data-records of arm, 
hand and f i n g e r  shape and p o s i t i o n  t o  a host  
computer. The g loves  are instrumented with 
f i b e r  o p t i c  flex-sensing dev ices  a t  each 
f i n g e r  j o i n t  and between f i n g e r s .  Electromag- 
n e t i c  t r ack ing  senso r s  l i k e  those descr ibed 
f o r  sensing the operator 's  head coord ina te s  
are a l s o  mounted on each glove t o  t r ansmi t  
r e l a t i v e  p o s i t i o n  and o r i e n t a t i o n  o f  t h e  hands 
and arms t o  t h e  hos t  system. The system a l s o  
inc ludes  preprocessor  r e s i d e n t  sub rou t ine  and 
e d i t i n g  c a p a b i l i t y  t o  recognize and t r ansmi t  
s p e c i f i c  handlf inger  g e s t u r e s  f o r  use i n  
supe rv i so ry  c o n t r o l  modes, and sof tware capa- 
b i l i t y  t o  qu ick ly  c a l i b r a t e  system measure- 
ments f o r  use with d i f f e r e n t  ope ra to r  hand 
s i z e s .  Primary u s e s  of t h i s  technology are t o  
provide a three-dimensional cu r so r  i n  the  
displayed environment, and t o  enable  in t e rac -  
t i o n  with v i r t u a l  o r  remote o b j e c t s .  Current 
implementations of t h i s  r e s e a r c h  a t  Ames 
inc lude  a three-dimensional g raph ic  database 
of an a r t i c u l a t e d  hand t h a t ,  in t he  v i r t u a l  
d i s p l a y  environment, appears  s p a t i a l l y  
correspondent  with t h e  viewer's real hand and 
i s  d i r e c t l y  c o n t r o l l e d  by t h e  instrumented 
g love  dev ice .  With t h i s  c a p a b i l i t y ,  t h e  

ope ra to r  can pick-up and manipulate v i r t u a l  
o b j e c t s  t h a t  appear i n  the  surrounding v i r t u a l  
environment. S imi l a r ly ,  i n  VIEW system 
developed data-management environments, multi-  
p l e  windows o f  information and simulated con- 
t r o l  panels  are pos i t i oned ,  s i z e d  and 
a c t i v a t e d  by simply manipulating the  v i r t u a l  
o b j e c t s  i n  3-space. In  coordinat ion with t h e  
connected speech r ecogn i t ion  technology, t h e  
hand and arm g e s t u r e  information can a l s o  be 
used to  e f f e c t  and/ o r  d i r e c t  speech-indicated 
a c t i o n s  i n  the  synthesized o r  remote environ- 
ment (e.g. ,  c o n t r o l  of r o b o t i c  arms and end- 
e f f e c t o r s ,  and a s soc ia t ed  c o n t r o l  of remote 
camera viewpoints) ( F i s h e r ,  1986; Foley, 
1987). 

RESEARCH SCENARIOS 

Te le robo t i c s  

Control of autonomous and semi-autonomous 
t e l e r o b o t i c  dev ices  and v e h i c l e s  r e q u i r e s  an 
i n t e r f a c e  conf igu ra t ion  t h a t  a l lows v a r i a b l e  
modes of ope ra to r  i n t e r a c t i o n  ranging from 
high-level ,  supe rv i so ry  c o n t r o l  of m u l t i p l e  
independent systems t o  h igh ly  i n t e r a c t i v e ,  
k i n a e s t h e t i c  coupling between o p e r a t o r  and 
remote system. An appropr i a t e  i n t e r f a c e  f o r  
supe rv i so ry  c o n t r o l  modes w i l l  provide t h e  
ope ra to r  with m u l t i p l e  viewpoints  of t h e  
remote t a s k  environment i n  a multi-modal 
d i s p l a y  format t h a t  can be e a s i l y  d i s t r i b u t e d  
and reconf igured according t o  changing t a s k  
p r i o r i t i e s .  For remote ope ra t ions  t h a t  cannot 
be performed autonomously, t h e  i n t e r f a c e  w i l l  
need c a p a b i l i t y  t o  qu ick ly  switch t o  in t e rac -  
t i v e  con t ro l .  In  t h i s  t e l ep resence  mode, t h e  
o p e r a t o r  w i l l  r e q u i r e  a s u f f i c i e n t  q u a n t i t y  
and q u a l i t y  of sensory feedback t o  approximate 
a c t u a l  presence a t  t h e  remote t a s k  s i t e .  

The v i r t u a l  environment d i s p l a y  system i s  
c u r r e n t l y  used t o  i n t e r a c t  with a simulated 
t e l e r o b o t i c  t a s k  environment. The system 
ope ra to r  can ca l l  up m u l t i p l e  images of t h e  
remote t a s k  environment t h a t  r ep resen t  
viewpoints  from f r ee - f ly ing  o r  te lerobot-  
mounted camera platforms.  Three-dimensional 
sound cues g i v e  d i s t a n c e  and d i r e c t i o n  infor-  
mation f o r  proximate o b j e c t s  and events .  
Switching t o  t e l ep resence  c o n t r o l  mode, t h e  
operator 's  wide-angle, s t e r eoscop ic  d i s p l a y  i s  
d i r e c t l y  l i nked  t o  t h e  t e l e r o b o t  3D camera 
system f o r  p r e c i s e  viewpoint c o n t r o l .  Using 
t h e  t a c t i l e  input  glove technology and speech 
commands, t h e  ope ra to r  d i r e c t l y  c o n t r o l s  t h e  
robo t  a r m  and dexterous end e f f e c t o r  which 
appear t o  be s p a t i a l l y  correspondent with h i s  
own arm. Current experimental  r e sea rch  
inc ludes  eva lua t ion  of ope ra to r  performance i n  
t e l e o p e r a t i o n  placement t a s k s  and of super- 
v i s o r y  c o n t r o l  i n t e r f a c e  conf igu ra t ions .  
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Dataspace 

S imi l a r  t o  i n t e r f a c e  requirements f o r  super- 
v i s o r y  c o n t r o l  of t e l e r o b o t i c  systems, t h e  
o p e r a t o r  i n t e r f a c e  f o r  l a rge - sca l e  i n t e g r a t e d  
information systems such as  Space S t a t i o n  w i l l  
a l s o  r e q u i r e  a range of i n t e r a c t i o n  moda l i t i e s  
f o r  ope ra to r  i n t e r v e n t i o n  i n  the  case o f  sys- 
t e m  degradat ion o r  c o n f l i c t s  i n  resource a l lo -  
c a t i o n .  E f f i c i e n t  supe rv i s ion  o f  t h e s e  
automated systems w i l l  depend on h igh ly  
g raph ic ,  multi-dimensional s t a t u s  representa-  
t i o n s  o f  t h e  numerous sub-systems i n  a format 
t h a t  can be e a s i l y  monitored i n  p a r a l l e l  with 
o t h e r  mission r e l a t e d  t a s k s  such as planning 
and schedul ing,  t e l e r o b o t  supe rv i s ion ,  and 
communication a c t i v i t i e s .  In  the event  o f  sys- 
t e m  c o n f l i c t  o r  malfunct ion,  t h e  i n t e r f a c e  
environment should enab le  n a t u r a l  i n t e r a c t i o n  
wi th  multi-modal, knowledge-based warning and 
advisory systems. 

Advanced d a t a  d i s p l a y  and management concepts 
f o r  t h i s  t a s k  environment are being developed 
wi th  t h e  v i r t u a l  environment d i s p l a y  technol- 
ogy. Current i n v e s t i g a t i o n s  inc lude  use of 
t h e  system t o  c r e a t e  a d i s p l a y  environment i n  
which d a t a  manipulation and system monitoring 
t a s k s  are organized i n  v i r t u a l  d i s p l a y  space 
around the  ope ra to r .  Through speech and ges- 
t u r e  i n t e r a c t i o n  with t h e  v i r t u a l  d i s p l a y ,  t h e  
ope ra to r  can r a p i d l y  c a l l  up o r  d e l e t e  infor-  
mation windows and r e p o s i t i o n  them i n  3-space. 
Three-dimensional sound cues and speech- 
s y n t h e s i s  technologies  are used t o  enhance the 
o p e r a t o r s  o v e r a l l  s i t u a t i o n a l  awareness of t h e  
v i r t u a l  d a t a  environment. The system a l s o  has 
t h e  c a p a b i l i t y  t o  d i s p l a y  r econf igu rab le ,  v i r -  
t u a l  con t ro l  panels  t h a t  respond t o  glove-like 
t ac t i le  inpu t  dev ices  worn by t h e  ope ra to r .  
Major r e sea rch  i s s u e s  inc lude  development o f  
multi-modal d a t a  access and manipulation 
g u i d e l i n e s ;  concepts f o r  multi-dimensional,  
g raph ic  r e p r e s e n t a t i o n  of knowledge-based 
information systems; and d e f i n i t i o n  of i n t e r -  
f a c e  conf igu ra t ions  f o r  shared workspace 
environments i n  c o l l a b o r a t i v e  systems manage- 
ment. 

DISCUSSION 

Research Di rec t ions  

Projected near  term technology developments 
f o r  t h e  VIEW system inc lude  improved and 
d i s to r t ion -co r rec t ed  computer generated 
imagery processed a t  s i g n i f i c a n t l y  higher  
frame rates; High r e s o l u t i o n ,  c o l o r  d i s p l a y  
elements;  I n t e g r a t i o n  of 3D a u d i t o r y  d i s p l a y  
technology f o r  s p a t i a l l y  correspondent ,  syn- 
thes i zed  sound cueing; Tac t i le  feedback capa- 
b i l i t y ;  Mul t ip l e  viewpoint d i s p l a y  

i n t e g r a t i o n ;  And m u l t i p l e  VIEW d i s p l a y  sta- 
t i o n s  f o r  shared workspace conf igu ra t ions  i n  
which each user  i s  g r a p h i c a l l y  p re sen t  and 
i n t e r a c t i v e  i n  the  V i r t u a l  Environment. 

Conclusions 

Unlike most technology f o r  360-degree v i s u a l  
s imula t ion  environments, t h e  v i r t u a l  environ- 
ment d i s p l a y  system does no t  make use o f  
l a r g e ,  expensive,  s p e c i a l  purpose p r o j e c t i o n  
conf igu ra t ions .  The descr ibed system i s  port-  
a b l e  and low-cost without l a r g e  space and 
equipment requirements.  In  comparison t o  o t h e r  
r e sea rch  e f f o r t s  i n  head-mounted d i s p l a y s ,  
t h i s  system is  unique i n  p re sen t ing  a s tereos-  
copic  image t h a t  c l o s e l y  matches human binocu- 
l a r  v i s i o n  c a p a b i l i t i e s  and i n  i t s  configura- 
t i o n  with s ta te-of- the-ar t  a u d i t o r y ,  speech 
and t ac t i l e  input  technology. 

The VIEW systems' c a p a b i l i t i e s  f o r  providing a 
h igh ly  g r a p h i c a l ,  uniform i n t e r f a c e  f o r  vary- 
ing t a s k  environments and l e v e l  of i n t e r a c t i o n  
may reduce ope ra to r  workload and t r a i n i n g  
requirements and i n c r e a s e  p roduc t iv i ty ,  and 
I.t's use of muti-modal i npu t  channels  and aug- 
mentat ion of v i s u a l  d i s p l a y s  t o  provide unob- 
t r u s i v e  redundancy may i n c r e a s e  accuracy and 
e f f i c i e n c y  i n  human-machine i n t e r a c t i o n .  
Also, m u l t i p l e  viewpoint p re sen ta t ion  of t a s k  
r e l a t e d  information i n  a 360-degree, dynamic 
s t e reoscop ic  d i s p l a y  appears  t o  inc rease  
s i t u a t i o n a l  awareness and e f f e c t i v e n e s s  i n  
monitoring c o g n i t i v e l y  demanding s p a t i a l  tasks 
such as c o n s t r u c t i o n  and proximity ope ra t ions  
o r  s p a t i a l  r e p r e s e n t a t i o n s  of knowledge-bas:..c' 
systems and a c t i v i t i e s .  
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