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I n t r o d u c t i o n  

The s p a c e  s t a t i o n  computing s y s t e m  must i n t e r f a c e  w i t h  a wide v a r i e t y  of 
u s e r s ,  from h i g h l y  s k i l l e d  o p e r a t i o n s  p e r s o n n e l  t o  payload  s p e c i a l i s t s  from 
a l l  o v e r  t h e  world.  
o p e r a t i o n s  from t h e  s p a c e  p l a t f o r m ,  ground c o n t r o l  c e n t e r s  and from remote 
sites. As a r e s u l t ,  t h e r e  is a need f o r  a r o b u s t ,  h i g h l y  c o n f i g u r a b l e  and 
p o r t a b l e  u s e r  i n t e r f a c e  t h a t  can accommodate t h e  v a r i o u s  s p a c e  s t a t i o n  
m i s s i o n s .  

The i n t e r f a c e  must accommodate a wide v a r i e t y  of 

T h i s  paper  p r e s e n t s  t h e  concept  of a n  i n t e l l i g e n t  u s e r  i n t e r f a c e  e x e c u t i v e ,  
w r i t t e n  i n  Ada, t h a t  would s u p p o r t  a number of advanced human i n t e r a c t i o n  
t e c h n i q u e s ,  such  as  windowing, i c o n s ,  color g r a p h i c s ,  an imat ion ,  and n a t u r a l  
l anguage  process ing .  The u s e r  i n t e r f a c e  would p r o v i d e  i n t e l l i g e n t  i n t e r a c t i o n  
by u n d e r s t a n d i n g  t h e  v a r i o u s  u s e r  roles, t h e  o p e r a t i o n s  and m i s s i o n ,  t h e  
c u r r e n t  s tate of t h e  envi ronment  and t h e  c u r r e n t  working c o n t e x t  of t h e  u s e r s .  

I n  a d d i t i o n ,  t h e  i n t e l l i g e n t  u s e r  i n t e r f a c e  e x e c u t i v e  must b e  suppor ted  by 
a set of t o o l s  t h a t  would a l low t h e  e x e c u t i v e  t o  be eas i ly  c o n f i g u r e d  and t o  
a l low r a p i d  p r o t o t y p i n g  of  proposed u s e r  d i a l o g u e s .  
allow human e n g i n e e r i n g  s p e c i a l i s t s  a c t i n g  i n  t h e  r o l e  of d i a l o g u e  a u t h o r s  t o  
d e f i n e  and v a l i d a t e  v a r i o u s  u s e r  s c e n a r i o s .  
t o o l s  r e q u i r e d  t o  s u p p o r t  development  of t h i s  i n t e l l i g e n t  human i n t e r f a c e  
c a p a b i l i t y  and w i l l  o u t l i n e  t h e  p r o t o t y p i n g  and v a l i d a t i o n  e f f o r t s  r e q u i r e d  
for  development  of t h e  Space S t a t i o n ' s  u s e r  i n t e r f a c e .  

T h i s  c a p a b i l i t y  would 

The paper  w i l l  d i s c u s s  t h e  set of 

The Space S t a t i o n  User I n t e r f a c e  Problem - - 
The s p a c e  s t a t i o n  u s e r  i n t e r f a c e  r e p r e s e n t s  one  of t h e  g r e a t e s t  c h a l l e n g e s  

i n  human-machine i n t e r a c t i o n  t o  date .  
t h e  s p a c e  s t a t i o n  w i l l  i n v o l v e  thousands  of p e o p l e  from a l l  o v e r  t h e  world.  
The s p a c e  s t a t i o n  u s e r  community w i l l  i n c l u d e  p r i v a t e  i n d u s t r y ,  u n i v e r s i t i e s ,  
and o t h e r  government a g e n c i e s  as w e l l  as  t h e  v a r i o u s  NASA c e n t e r s  and t h e i r  
c o n t r a c t o r s .  

The development ,  o p e r a t i o n  and u s e  of 

The s p a c e  s t a t i o n  u s e r  i n t e r f a c e  must p r o v i d e  s u p p o r t  fo r  t r a d i t i o n a l  
ground-based, on-orb i t  and payload  o p e r a t i o n s ,  each  of which i n v o l v e s  numerous 
o p e r a t i o n a l  roles. The test  and i n t e g r a t i o n  f u n c t i o n  is r e p r e s e n t a t i v e  of t h e  
d i v e r s i t y  of t h e s e  r o l e s  [DOR83]: 

o m i s s i o n  and o p e r a t i o n s  p l a n n i n g  
o s i m u l a t i o n  and modeling 
o manufac tur ing  development and test 
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o 
o on-orbit i n t eg ra t ion  and t e s t i n g  
o on-orbit maintenance and repair 
o payload i n t e g r a t i o n  and t e s t i n g  
o use r  payload da ta  processing 
o environment monitoring and con t ro l  
o 

pre- and post-launch i n t e g r a t i o n  and t e s t i n g  

real-time f l i g h t  and opera i tona l  func t ions  

While t h e  need t o  support  t r a d i t i o n a l  ope ra t iona l  roles l i k e  launch and 
f l i g h t  c o n t r o l  w i l l  continue with the  space s t a t i o n ,  an increas ing  number of 
u s e r s  w i l l  no t  have experience with NASA mission operations.  
purpose f a c i l i t y ,  t h e  space s t a t i o n  w i l l  support  u s e r s  of its s c i e n t i f i c  
l a b o r a t o r i e s  and payloads, u se r s  running manufacturing and repair opera t ions ,  
and u s e r s  providing t r anspor t a t ion  serv ices .  

As a mul t i -  

Space s t a t i o n  a c t i v i t i e s  w i l l  be d i s t r i b u t e d  over  many sites (both 
government and commercial), inc luding  space platforms,  maneuvering v e h i c l e s ,  
ground-based command s t a t i o n s ,  and da ta  c o l l e c t i o n  centers .  
a c t i v i t i e s  c u r r e n t l y  performed by ground-based personnel on s p e c i a l i z e d  
s y s t e m s  w i l l  have t o  be executed on t h e  space p la t form using multi-purpose 
equipment. 

Many of t h e  

Analys is  of user  i n t e r f a c e  technology c u r r e n t l y  i n  use  on NASA projects 

Some of t h e  problems t h a t  must be addressed include: 
demonstrates t h a t  it is clearly not  adequate t o  meet the  space s t a t i o n  
cha l lenge .  

o I n t e g r a t i o n  with o the r  systems and off-the-shelf products ( cu r ren t ly  
d i f f i c u l t  o r  no t  poss ib l e )  

o Lack of support  f o r  advanced i n t e r a c t i o n  techniques 
oInadequate  development t o o l s  
o Lack of uniformity - I n t e r f a c e s  d i f f e r  from s y s t e m  t o  sys t em,  payload 

t o  payload, and s i te  t o  si te 
o D i f f i c u l t  t o  use  - r equ i r e  t h e  a s s i s t ance  of s p e c i a l i s t s  t o  accomplish 

mission (not  appl icat ions-or iented);  no t  t a i l o r a b l e  t o  needs of 
i n d i v i d u a l  users ;  poorly human-engineered; 

o Modif icat ions o f t e n  r equ i r e  reimplementation 
o D i f f i c u l t y  i n  performing v a l i d a t i o n  i n  e i t h e r  o f f - l i n e  or real-time 

modes 

Bene f i t s  t o  be der ived  from improving t h e  cu r ren t  user  i n t e r a c t i o n  approach 
include: 

o Reduced l i f e  cycle cost by providing t h e  necessary f l e x i b i l i t y  f o r  u s e r s  
t o  accomplish new mission operat ions,  and longer  l i f e  of t h e  ope ra t iona l  
sof tware due t o  increased a d a p t a b i l i t y  [BAS851 

o Greater l e v e l  of automated support ,  providing easier operat ions,  use, 
modif icat ion,  maintenance and v a l i d a t i o n  [ DOR85 ] 

o Increased o e r a t i o n a l  confidence because personnel can perform a c t i v i t i e s  
themselves  fDOR85 ] 
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Types of  I n t e r a c t i o n  t o  b e  Supported 

I 

A v a r i e t y  of u s e r - i n t e r a c t i o n  styles h a v e  been made p o s s i b l e  by a d v a n c e s  i n  
hardware technology.  
can  be d i s p l a y e d  and t h e  o p e r a t i o n s  a v a i l a b l e ,  t h e  p o t e n t i a l  f o r  e f f e c t i v e  and 
h i g h l y  u s a b l e  i n t e r f a c e s  is g r e a t l y  increased .  
of u s e r s  and wide v a r i e t y  of u s e r  p r o f i l e s  f o r  t h e  Space S t a t i o n  computing 
s y s t e m ,  it is  e s s e n t i a l  t h a t  t h e  u s e r  i n t e r f a c e  t a k e  a d v a n t a g e  of proven  
s o p h i s t i c a t e d  t e c h n o l o g i e s  such as advanced g r a p h i c s ,  a n i m a t i o n  and n a t u r a l  
language.  

With a n  i n c r e a s e  i n  t h e  amount of t h e  i n f o r m a t i o n  t h a t  

Given  t h e  a n t i c i p a t e d  number 

Graphics  may b e  used i n  any of a number of ways t o  s u p p o r t  t h e  Space 
S t a t i o n  mission,  i n c l u d i n g  map g e n e r a t i o n ,  r e a d i n g  and a n a l y s i s ,  d e c i s i o n  
s u p p o r t  a i d s ,  t e l e c o n f e r e n c i n g ,  model ing and s i m u l a t i o n ,  and t h e  g e n e r a t i o n  of 
forms, r e p o r t s  and p r e s e n t a t i o n s .  T h i s  v a r i e t y  of a p p l i c a t i o n s  p l a c e s  s p e c i a l  
r e q u i r e m e n t s  on t h e  g r a p h i c s  f u n c t i o n a l i t y .  F u n c t i o n a l  r e q u i r e m e n t s  can be 
s e p a r a t e d  i n t o  g r a p h i c s  o u t p u t  C a p a b i l i t i e s ,  g r a p h i c s  i n p u t  c a p a b i l i t i e s ,  and 
t h e  s t o r a g e ,  r e t r i e v a l  and t r a n s f e r  of g r a p h i c s  informat ion .  An e x c e l l e n t  
d e t a i l e d  d i s c u s s i o n  of t h e  classes of g r a p h i c  i n t e r a c t i o n  and t e c h n i q u e s  t o  
s u p p o r t  them is p r o  v i ded i n  [ FOL84 3. 

Output  c a p a b i l i t i e s  needed i n c l u d e  s u p p o r t  f o r  d i s p l a y  of c h a r t ,  graph and 
o t h e r  two-dimensional diagrams, d i s p l a y  of image d a t a ,  and s u p p o r t  f o r  h i g h  
q u a l i t y  typography, a v a r i e t y  of  c o l o r s  i n  d i s p l a y  o u t p u t ,  and an imat ion  
( d i s c u s s e d  i n  later paragraphs).  
most s y s t e m s  do n o t  e f f e c t i v e l y  use it. 
t i o n  of color can  b e  found i n  [MUR84].  
c a p a b i l i t i e s ,  such  as "zoom," "shrink," "pan," and " h i g h l i g h t "  w i l l  be  needed 
also. 

The use of c o l o r  h a s  e v o l v e d  so  r a p i d l y  t h a t  
U s e f u l  g u i d e l i n e s  f o r  t h e  e x p l o i t a -  

It is  expec ted  t h a t  dynamic d i s p l a y  

Command and c o n t r o l  a p p l i c a t i o n s  t y p i c a l l y  r e q u i r e  a s i g n i f i c a n t  amount of 
G r a p h i c s  c a p a b i l i t i e s  must s u p p o r t  i n t e r a c t i v e  t e x t  e n t r y ,  u s e r  i n t e r a c t i o n .  

i n p u t  of d a t a  i n  v i d e o ,  f a x ,  o r  d i g i t a l  format, t h e  development  and management 
of menu-driven systems,  t h e  development  and management of s o p h i s t i c a t e d  m u l t i -  
window a p p l i c a t i o n s ,  and screenpaimting.  
discussed in la ter  paragraphs.  

The u s e  of menus and windows is 

Whi le  p i c t u r e s  may be c r e a t e d ,  d i s p l a y e d  and d i s c a r d e d  "on-the-f l y , "  i t  is  
o f t e n  d e s i r a b l e  t o  store p i c t u r e s  or p o r t i o n s  of p i c t u r e s  fo r  later use. 
Without  a s t o r a g e  and r e t r i e v a l  c a p a b i l i t y ,  t h e  r e u s e  of a commonly needed 
p i c t u r e  (such as a map) would h a v e  t o  be accomplished by i n c l u d i n g  t h e  map- 
drawing program i n  e v e r y  new a p p l i c a t i o n .  
t i o n  program t o  s i m p l y  r e q u e s t  t h a t  t h e  map be r e t r i e v e d  from t h e  common 
d a t a b a s e  and d i s p l a y e d .  I n  a d d i t i o n  t o  s t o r a g e ,  t h e  c a p a b i l i t y  t o  t r a n s f e r  a 
p i c t u r e  from one  s y s t e m  t o  a n o t h e r  must b e  provided.  
fo r  t h e  g e n e r a t i o n  and i n t e r p r e t a t i o n  of p i c t u r e s  expressed  a c c o r d i n g  t o  a 
p a r t i c u l a r  p r o t o c o l .  

A b e t t e r  method is f o r  t h e  a p p l i c a -  

Suppor t  must b e  p r o v i d e d  

A number of n a t i o n a l  and i n t e r n a t i o n a l  g r a p h i c s  s t a n d a r d s  e x i s t ,  t h e  
b e n e f i t s  of which are independence of a p p l i c a t i o n  programs from d e v i c e  and 
vendor  dependencies ,  t h e r e b y  improving t h e  p o r t a b i l i t y  of a p p l i c a t i o n  programs 
and da ta .  
which can  b e  compared t o  t h e  Open Systems I n t e r c o n n e c t i o n  (OSI) model f o r  

These s t a n d a r d s  r e p r e s e n t  a h i e r a r c h y  of g r a p h i c s  software layers 
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communications software. [HIN84] Among t h e  most promising s tandards  are t h e  
Graphical  Kernel System (GKS) and Programmer's H ie ra rch ica l  I n t e r a c t i v e  
Graphics Standard (PHIGS). GKS f u n c t i o n a l i t y  ranges from s i m p l e  pas s ive  
output  t o  complex i n t e r a c t i v e  graphics ,  and developments are underway t o  
support  three-dimensional graphics  (GKS 3-D). 
i nc lud ing  Ada, are p a r t  of t h e  GKS standard,  and Ada implementations of GKS 
e x i s t .  [LEO851 
binding f o r  PHIGS has been developed. 

ANSI language bindings,  

PHIGS was designed t o  be upward compatible from GKS and an Ada 

Personal  workstat ions with high r e s o l u t i o n  bit-mapped d i s p l a y s  cont inue  t o  
decrease i n  cost, making a v a i l a b l e  and very attractive t h e  c rea t ion  of 
animated drawings. Animation is a wonderful technique f o r  i l l u s t r a t i n g  
dynamic o b j e c t s  and t h e i r  ac t ions .  
of animation wi th in  a programming environment is provided by London and 
Duisberg. The au tho r s  descr ibe  t h e  need f o r  an animation t o o l k i t  - a 
set  of easily learned,  easily appl ied ,  p o r t a b l e  animation rou t ines  t o  r e l i e v e  
t h e  t ed ious  programming assoc ia ted  with computer animation. 
would i n c l u d e  a l i b r a r y  of r eusab le  and connectable  animation rou t ines  f o r  
c r e a t i n g  new views. 
S t a t i o n  Development Environment a long  with packages f o r  developing menu- and 
window-based sys tems.  

A v e r y  i n t e r e s t i n g  discussion of t h e  use 

[LD85] 

Such a t o o l s e t  

An animation t o o l s e t  should be provided i n  t h e  Space 

Menu-driven s y s t e m s  have become commonplace f o r  command and c o n t r o l  
a p p l i c a t i o n s .  For t h e  number of o p t i o n s  and the sizes of databases w e  
a n t i c i p a t e  f o r  t h e  Space S t a t i o n  computing sys t em,  t y p i c a l  t ree-s t ruc tured  
menu systems w i l l  no t  be s u f f i c i e n t .  
t y p i c a l l y  have numerous e n t r i e s ,  is t h a t  they consume precious screen space 
and f o r c e  t h e  u s e r  t o  spend v a l u a b l e  time searching f o r  a p a r t i c u l a r  entry.  
Popular  mechanisms t o  s o l v e  t h i s  problem inc lude  p a r t i t i o n i n g  of e n t r i e s  
according t o  l o g i c a l  func t ion ,  pop-up submenus f o r  r e l a t e d  but  more s p e c i f i c  
e n t r i e s ,  paged menus and s c r o l l i n g  menus. 

The problem with these  menus, which 

I n  any menu system, accomodation must be made f o r  both n a i v e  and exper t  
users ,  which i m p l i e s  t h a t  t h e r e  must be an a l t e r n a t e  rou te  f o r  commanding o r  
s e l e c t i n g  en t r i e s .  
alternate r o u t e s  t o  avoid  using menus whenever poss ib le .  
r o u t e s  should be made obvious i n  t r a i n i n g  and documentation and designed t o  be 
c o n s i s t e n t  a c r o s s  t h e  user  i n t e r f ace .  
which understands t h e  user 's  r o l e  and experience l e v e l ,  con t inua l  customiza- 
t i o n  and opt imizat ion of menus could be made ( t a i l o r i n g  t o  t h e  user  p r o f i l e ) .  
For example, reorganiza t ion  of menu e n t r i e s  i n  accordance with frequency o r  
infrequency of use  may be i n  order. 
as t h e  Transpor tab le  Appl ica t ions  Executive (TAE) do not  i n c l u d e  these  
f l e x i b l e  and i n t e l l i g e n t  c a p a b i l i t i t e s .  [TAE85] 

Experience has  shown t h a t  exper t  u s e r s  w i l l  memorize such 
These a l t e r n a t e  

With an i n t e l l i g e n t  user  i n t e r f a c e  

Exis t ing  menu systems used by NASA, such 

Multiwindow communication is d e s i r a b l e  i n  s i t u a t i o n s  where t h e  user  is 
concurren t ly  performing many tasks .  
analysis i n  a mission c o n t r o l  cen te r  where d i s p l a y s  are updated s imultaneously 
by one or more real-time processors. Windowing c a p a b i l i t i e s  are provided by a 
window manager, which both p re sen t s  information i n  windows and allows t h e  user  
t o  manipulate windows. 
categories:  
no o v e r l a p  of windows occurs  on t h e  d i s p l a y  screen  ( t i l i n g  is used i n  t h e  
Xerox Cedar System and the Microsoft  Windows system). 
manager does e x a c t l y  t h e  opposi te  - r ec t angu la r  windows o v e r l a p  l i k e  p ieces  of 

An example would be monitoring and 

Most window management s y s t e m s  f a l l  i n t o  one of two 
" t i l i ng"  o r  "desktop." T i l i n g  i n v o l v e s  arranging windows so t h a t  

A desktop window 
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paper  on a desk  ( t h e  S m a l l t a l k  envi ronment  d e v e l o p e d  a t  Xerox PARC 
d e m o n s t r a t e s  a d e s k t o p  window manager). 

There  are a d v a n t a g e s  and d i s a d v a n t a g e s  t o  both types.  Desktop window 
managers o f f e r  t h e  u s e r  t h e  most f l e x i b i l i t y  i n  a r r a n g i n g  windows b u t  a t  t h e  
same time r e q u i r e  t h e  u s e r  t o  perform a n  i n o r d i n a t e  number of f u n c t i o n s  
r e l a t i n g  t o  t h e  rear rangement  of windows. The t i l i n g  model r e l i e v e s  t h e  u s e r  
of  most of t h e  window management f u n c t i o n s  b u t  t y p i c a l l y  performs automatic 
r e s i z i n g  and r e a r r a n g i n g  which may n o t  b e  s u i t a b l e  o r  d e s i r a b l e .  P e r h a p s  t h e  
b e s t  c h o i c e  is a combinat ion of t h e  t i l i n g  and d e s k t o p  schemes, where t h e  
d e s k t o p  model i s  employed when t h e  u s e r  is  performing many d i f f e r e n t  t a s k s  a t  
one time, and t h e  t i l i n g  model is  employed when t h e  user is c o o r d i n a t i n g  many 
v i e w s  or a c t i o n s  t o  accompl ish  a s i n g l e  g o a l .  
u s e r  be a b l e  t o  easi ly  and q u i c k l y  move, size,  and c o v e r  windows, and be a b l e  
t o  move i n f o r m a t i o n  from one window t o  a n o t h e r  ( c u t  and p a s t e  o p e r a t i o n s ) .  
The proposed i n t e l l i g e n t  u s e r  i n t e r f a c e  c o u l d  a s s i s t  i n  t h e  m a n i p u l a t i o n  of 
windows by u n d e r s t a n d i n g  t h e  a p p l i c a t i o n  domain and choos ing  sizes and 
arrangement  as a p p r o p r i a t e .  

It is e s s e n t i a l  a l s o  t h a t  t h e  

Some u s e r  i n t e r f a c e s  employ t h e  u s e  of i c o n s  i n  c o n j u n c t i o n  w i t h  windows. 

I c o n s  could b e  used t o  p r o v i d e  t h e  user w i t h  v a l u a b l e  
Of ten ,  i c o n s  are used t o  symbol ize  a v a i l a b l e  software u t i l i t i e s  (such as m a i l )  
and document f o l d e r s .  
i n f o r m a t i o n  r e g a r d i n g  t h e  c o n t e x t  of h i s  working environment.  
f o r  each  window a n  i c o n  c o u l d  b e  provided  which t r a c k s  t h e  p r o g r e s s ,  
associated f i l e s  and problems w i t h  t h e  window's a s s o c i a t e d  t a s k .  
i n f o r m a t i o n  assists u s e r s  who may o t h e r w i s e  lose t r a c k  of what t h e y  are doing. 
T h i s  u s e f u l  concept  is i l l u s t r a t e d  i n  t h e  PERQ S a p p h i r e  window manager. [SAP] 
Because of t h e  s p a c e  s t a t i o n  computing system's p r o j e c t e d  i n t e r n a t i o n a l  u s e ,  
t h e  u s e  of i c o n s  may b e  h e l p f u l  th roughout  t h e  i n t e r f a c e ,  a l t h o u g h  care must 
be t a k e n  n o t  t o  use an  i c o n  which is c u l t u r e - p e c u l i a r  (e.g., a "mailbox" may 
n o t  be v e r y  communicative o u t s i d e  of t h e  U.S.). 

For example,  

Such 

Requirements  f o r  I n t e l l i g e n c e  --- i n  t h e  User I n t e r f a c e  

The d i v e r s i t y  of u s e r s  and m i s s i o n s  for  t h e  s p a c e  s t a t i o n  p r e s e n t s  a 
f o r m i d a b l e  c h a l l e n g e  i n  t h e  d e s i g n  of a g e n e r a l i z e d  user i n t e r f a c e  e x e c u t i v e .  
C u r r e n t  t e c h n o l o g i e s  i n  n a t u r a l  l anguages  and expert systems point to numerous 
p o t e n t i a l  i n s t a n c e s  whereby t h e  performance of t h e  u s e r  i n t e r f a c e  c o u l d  b e  
s i g n i f i c a n t l y  enhanced thrGugh t h e  a d d i t i o n  of i n t e l l i g e n c e .  

- 

I One s i g n i f i c a n t  o p p o r t u n i t y  for  improving u s e r  i n t e r f a c e s  d i s c u s s e d  
p r e v i o u s l y  ( e s p e c i a l l y  for  n a i v e  u s e r s )  is t o  i n c o r p o r a t e  n a t u r a l  l anguage  
i n t e r f a c e s .  C u r r e n t l y ,  w e  do a r e a s o n a b l y  good j o b  of l i t e r a l  i n t e r p r e t a t i o n  
of E n g l i s h  s e n t e n c e s  i n  s ta t ic  c o n t e x t s  and l i m i t e d ,  w e l l  s t r u c t u r e d  domains 
of a p p l i c a t i o n .  [ITW83] 
a l so  be a p p l i e d  t o  i n t e l l i g e n t  command i n t e r p r e t e r s  and query processors .  
a r e s u l t ,  s i g n i f i c a n t  b e n e f i t s  can be r e a l i z e d  by b o t h  t h e  i n e x p e r i e n c e d  or 
c a s u a l  u s e r s  (e+, payload t e l e s c i e n c e )  and by h i g h l y  s k i 1  l e d  o p e r a t i o n s ,  
tes t  and i n t e g r a t i o n  personnel .  

Yet many of  t h e  n a t u r a l  l anguage  t e c h n o l o g i e s  can  
As 

An i n t e l l i g e n t  u s e r  interface c o u l d  t r a n s l a t e  loose or s h o r t e n e d  q u e r i e s  o r  
commands p r o v i d e d  by the user i n t o  correct and f u l l y  q u a l i f i e d  messages t o  t h e  
s p a c e  s t a t i o n  computing sys tems based on s t o r e d  knowledge of: 

E .4.2.5 



o Missions 
o I n d i v i d u a l  user  r o l e s  w i t h i n  t h e  missions 
o Opera t iona l  environment conf igu ra t ion  
o Opera t iona l  environment state 
o Ind iv idua l  u se r  characteristics 
o User's c u r r e n t  con tex t  

S to red  knowledge of space s t a t i o n  missions would d e f i n e  t h e  unde r ly ing  
bases  for  communication by: 

o Establishing the vocabulary, i n c l u d i n g  abbrev ia t ions ,  acronyms, synonyms, 
g e n e r a l i z a t i o n s ,  se t  memberships, a b s t r a c t i o n s ,  t ype  inhe r t ances ,  etc. 
[ BRA83 ] 

o Defining acceptable actions, t h a t  would i n c l u d e  prepatory dec i s ions ,  test  
a c t i o n s ,  main goa l s ,  cau t ionary  a c t i o n s ,  concluding a c t i o n s  or enablement 
ac t ions .  [GAL841  

o Establishing thematic role frames, t h a t  spec i fy  a n t i c i p a t e d  or a l l o w a b l e  
a c t i o n  themes i n v o l v i n g  t h e  thematic  o b j e c t  being quer ied  or  commanded, 
t h e  agen t  f o r  a c t i o n ,  ins t ruments  i n v o l v e d  i n  t h e  a c t i o n ,  a l o n g  wi th  

time or durat ion.  [WIN841 
I a c t i o n  d e s c r i p t o r s  i n c l u d i n g  source and d e s t i n a t i o n ,  t r a j e c t o r y ,  l o c a t i o n ,  

I 
T h i s  l e v e l  of knowledge allows robus t  i n t e r p r e t a t i o n  of q u e r i e s  or 

I commands, whether provided by n a t u r a l  language i n p u t  or  by more s t r u c t u r e d  
language-based inputs .  
i n t e r f a c e  i f  knowledge of i n d i v i d u a l  u se r  r o l e s  w i th in  t h e  missions are a l s o  
provided. 

Add i t iona l  c a p a b i l i t y  can be added t o  t h e  use r  

T h i s  would a l l o w  t h e  user  i n t e r f a c e  to:  

o Restrict user  a c t i o n s ,  p rov id ing  another  l e v e l  of s e c u r i t y  a t  t h e  user 
, i n t e r f a c e .  
, 
l o Forgive erroneous or flawed input, now t h a t  t h e  bounds of an  i n d i v i d u a l ' s  
I i n t e r a c t i o n  i s  known. 

l o Provide more power i n  t h e  use r  i n t e r f a c e  by c a l l i n g  up s c r i p t s  [SHA85] of 
f r equen t  or a l l o w a b l e  a c t i o n  sequences. 

Knowledge of t h e  environment conf igu ra t ion  and t h e  environment s ta te  would 
allow y e t  another  l e v e l  of u se r  i n p u t  checking. 
commanding of space  s t a t i o n  ope ra t ions  or payloads must bear  t h e  response 
d e l a y s  of ground r o u t i n g  and s a t e l l i t e  l i n k s ,  it is d e s i r a b l e  t o  p rov ide  t h e  
maximum amount of u se r  i n p u t  checking a t  t h e  poin t  of input .  C e r t a i n l y ,  one 
would want t o  restrict any a c t i o n s  t h a t  are dangerous or de t r imen ta l  t o  t h e  
p la t form,  payloads  o r  mission. While t h e r e  would undoubtably be checks made 
a t  t h e  p o i n t  of commanding, an a d d i t i o n a l  layer of u se r  i npu t  f a u l t  t o l e r a n c e  
is o f t e n  necessary.  

Because ground-based 

Knowledge and obse rva t ion  of use r  c h a r a c t e r i s t i c s  would a l l o w  s ta t ic  and 
dynamic t a i l o r i n g  of t h e  use r  i n t e r f a c e  for i n d i v i d u a l  users .  
obvious  a p p l i c a t i o n  would be i n  acknowledging or i n f e r r i n g  t h e  s k i l l  l e v e l s  of 
u s e r s  and modifying t h e  use r  i n t e r f a c e  inpu t  and p resen ta t ion  modes 
accord ingly .  
powerful i n t e r f a c e s  being hard t o  l e a r n  and "user-friendly" i n t e r f a c e s  g e t t i n g  

The most 

T h i s  would circumvent t h e  f r equen t  problems a s s o c i a t e d  wi th  
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i n  t h e  way of experienced users .  I n  a d d i t i o n ,  t h e  u s e r  i n t e r f a c e  c o u l d  employ 
s e l e c t i v e  d isseminat ion  of  in format ion  techniques  which can dynamica l ly  t a i l o r  
t h e  method p r e s e n t a t i o n  (e.g., t e x t  vs. g raphics )  t o  t h e  u s e r  p r o f i l e  [ITW83] 
or s e l e c t i v e  omission of in format ion  techniques  (e.g., a b s t r a c t i o n ,  indexes,  
summar iza t ion)  [WIN84]. 

The t e c h n o l o g i e s  ex is t  today t o  p rov ide  t h e  c a p a b i l i t i e s  desc r ibed  above i n  
a c o s t - e f f e c t i v e ,  low r i s k  and t i m e l y  f a sh ion  f o r  space s t a t i o n .  
t h e  completeness  and robus tness  of t h e  knowledge base would improve, p rov id ing  
an  i n c r e a s i n g l y  powerful u se r  i n t e r f a c e ,  

Over time, 

I n  t h e  l o n g  term, knowledge of t h e  u s e r s  con tex t  w i l l  p rov ide  t h e  most 
s i g n i f i c a n t  improvement i n  t h e  use r  i n t e r f a c e .  
i n t e r f a c e  would a t t empt  t o  understand t h e  u s e r s  i n t e n t  and recognize  t h e  p l a n  
being pursued. 
a user ' s  i n t e r a c t i o n  i n  l i g h t  of h i s  r o l e  and i n  l i g h t  of t h e  s ta te  of  t h e  
environment t o  answer t h e  f o l l o w i n g  quest ions:  [SHA85] 

Here, t h e  i n t e l l i g e n t  u s e r  

I n  t h i s  mode, t h e  use r  i n t e r f a c e  would c o n s t a n t l y  be a n a l y z i n g  

o Why is t h i s  c h a r a c t e r  doing what he is doing? 
o What are is mot iva t ions?  
o What are h i s  p lans?  
o What's h i s  i n t e n t i o n ?  

To accompl ish  t h e  understanding of a user's context ,  a d d i t i o n a l  r e sea rch  is 
needed i n  concept  modeling and reasoning about g o a l s  and a c t i o n s  of  r a t i o n a l  
a g e n t s  (i.e., t h e  user).  [ITW83]. Once achieved,  t h e  use r  i n t e r f a c e  c o u l d  
become an a c t i v e  e lement  of t h e  user-computer d i a l o g ,  i n s t e a d  of a p a s s i v e  
one. T h i s  c o u l d  be  most important  when responding t o  emergency o r  abnormal 
c i rcumstances  where t h e  use r  must qu ick ly  t ake  some form of a l t e r n a t e  ac t ion .  
I n  such a s i t u a t i o n ,  t h e  use r  does no t  have t h e  time (or o f t e n  t h e  presence of 
mind) t o  comple t e ly  d e s c r i b e  a new course  of ac t ion .  
l e v e r a g e  t h e  machines knowledge of con tex t  and s u c c i n c t l y  execute  a new set of 
a c t i o n s ,  such as: [HAM841 

Ins t ead ,  h e  would 

o Use a l t e r n a t e  agen t  t o  accomplish t h e  goa l  
o Use a l t e r n a t e  p l a n  
o Execute s c r i p t  r a p i d l y  
o Wait o u t  c u r r e n t  state 
o Jump i n t o  t h e  middle of  t h e  s c r i p t  
o Counterplan a g a i n s t  a p o t e n t i a l  f u t u r e  state 

o Recover 
1 o Put  up wi th  it 

I n  a d d i t i o n  t o  augmenting t h e  o p e r a t i o n a l  u se r  i n t e r f a c e  wi th  knowledge- 
based c a p a b i l i t i e s ,  t h e r e  is a l s o  s i g n i f i c a n t  p o t e n t i a l  f o r  a s s i s t i n g  t h e  
d i a l o g  des ign ,  pro to typing  and management tasks with e x p e r t  sys t em 
c a p a b i l i t i e s .  
i n t e r f a c e s  and r a p i d  prototyping.  
a u t h o r s  i n  s e l e c t i n g  i n t e r a c t i o n  approaches and conf igur ing  t h e  use r  i n t e r f a c e  
accord ingly .  S i m i l a r l y ,  t h e r e  is a p o t e n t i a l  f o r  a s s i s t i n g  i n  t h e  
i n t e r p r e t a t i o n  of u s e r  i n t e r a c t i o n  d a t a  and metrics and i n  sugges t ing  
improvements o r  e x p l a i n i n g  perce ived  behavior .  

Mission and u s e r  r o l e  knowledge can assist i n  s i m u l a t i n g  user 
An e x p e r t  s y s t e m  c o u l d  assist t h e  d i a l o g  

[ ITW83 J 
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Although t h e r e  has  been o n l y  l i m i t e d  work i n  inco rpora t ing  a r t i f i c i a l  
i n t e l l i g e n c e  t echno log ie s  i n t o  i n t e l l i g e n t  u se r  i n t e r f a c e s ,  w e  are convinced 
t h a t  t h e r e  is s i g n i f i c a n t  p o t e n t i a l ,  p a r t i c u l a r l y  f o r  a program as complex as 
s p a c e  s t a t i o n .  

- User I n t e r a c t i o n  Design and Val ida t ion  

A real c h a l l e n g e  l i es  i n  combining t h e s e  use r - in t e rac t ion  c a p a b i l i t i e s  i n  a 
way t h a t  is c o n s i s t e n t  and conherent  f o r  t h e  p a r t i c u l a r  u se r s ,  t h e i r  t a s k s ,  
and t h e i r  environment. 
c a p a b i l i t i e s  or f e a t u r e s  which may be d e s i r a b l e  f o r  one class of u s e r s ,  t ype  
of a c t i v i t y  or o p e r a t i o n a l  environment may n o t  be f o r  another.  For example, 
f e a t u r e s  which suppor t  ease of l e a r n i n g  are needed f o r  t h e  inexperienced or 
i n f r e q u e n t  u se r  w h i l e  f e a t u r e s  t o  enhance e f f i c i e n c y  and power are l i k e l y  t o  
be far more important  f o r  experienced or every-day users .  
of t h e  o p e r a t i o n s  or t a s k s  t h a t  are c a r r i e d  ou t  have  i m p l i c a t i o n s  f o r  user- 
i n t e r f a c e  des ign  as w e l l .  
e n t r y  and t e x t  e d i t i n g )  e f f i c i e n c y  of phys ica l  a c t i o n s  (such as number of key 
s t r o k e s )  is important.  
minimizing t h e  user 's  mental  l o a d  and reducing errors is more important.  

Th i s  is an  e s p e c i a l l y  d i f f i c u l t  t a s k  because 

The c h a r a c t e r i s t i c s  

For t a s k s  t h a t  are r e p e t i t i v e  i n  n a t u r e  (e+, d a t a  

For t a s k s  r e q u i r i n g  a high l e v e l  of mental  e f f o r t ,  

I I n  s h o r t ,  t h e  f e a t u r e s  r equ i r ed  t o  support  e f f e c t i v e  user i n t e r a c t i o n  can 
mean d i f f e r e n t  t h i n g s  f o r  d i f f e r e n t  u s e r s  and types  of tasks .  
u s e r s  t h e m s e l v e s  are n o t  static e n t i t i e s .  
i n t e r f a c e s  which e v o l v e  as a g iven  use r  g a i n s  experience and s o p h i s t i c a t i o n ,  
both wi th  t h e  t a s k  and wi th  t h e  computer system. 

I n  a d d i t i o n ,  
I d e a l l y ,  one would l i k e  user 

The major components of e f f e c t i v e  use r - in t e r f ace  design inc lude :  

o t h e  a b i l i t y  t o  e v a l u a t e  key f e a t u r e s  of u se r  i n t e r f a c e s ,  e s p e c i a l l y  a t  
a n  early p o i n t  i n  t h e  development 

l 

l 
o t h e  a v a i l a b i l i t y  of a t o o l s e t  t o  suppor t  u se r - in t e r f ace  development 

o a s y s t e m  a r c h i t e c t u r e  which a l l o w s  development of u se r  i n t e r f a c e s  t o  
proceed independent ly  and i n  p a r a l l e l  w i t h  development of t h e  rest of t h e  
sys t em.  

E v a l u a t i n g  - User I n t e r f a c e s  

The des ign  of u s e r  i n t e r f a c e s  shou ld  proceed i n  a much more i t e r a t i v e  
f a s h i o n  than  t h e  des ign  of o t h e r  p a r t s  of t h e  software.  
unknowns concerning which combination of u se r - in t e r f ace  c a p a b i l i t i e s  w i l l  b e s t  
s u i t  t h e  v a r i o u s  t y p e s  of u s e r s ,  t h e i r  t a s k s  and o p e r a t i o n a l  environments. A t  
t h e  same t i m e ,  t h e r e  are few des ign  p r i n c i p l e s  t o  which a deve lope r  can  t u r n  
f o r  conc re t e  guidance. Even obv ious ly  important  p r i n c i p l e s  such as 
consis tency" can  be  d i f f i c u l t  t o  app ly  i n  p r a c t i c e  s i n c e  t h e  des igner ' s  

concept  of cons is tency  may no t  f i t  t h e  users .  Design dec i s ions  which seem 
obvious  t o  t h e  d e v e l o p e r s  can l e a d  t o  confusion among users.  

There are t o o  many 

I1 

User behavior  can be a v a l u a b l e  source  of guidance i n  s e l e c t i n g  user- 
i n t e r a c t i o n  c a p a b i l i t i e s .  
what e r r o r s  they  make, how much time they  r equ i r e ,  and 80 on, t h e  des igner  h a s  
an  o b j e c t i v e  and meaningful b a s i s  f o r  choosing among a l t e r n a t i v e s  and f o r  
confirming t h e  u s a b i l i t y  of choices  a l r e a d y  made. The earlier one can begin 

By obse rv ing  how u s e r s  accomplish a g i v e n  t a sk ,  



? 

t o  ga the r  t h i s  t ype  of in format ion  t h e  b e t t e r ,  u s ing  p ro to types  and 
s i m u l a t i o n s  t o  test o u t  des ign  a l t e r n a t i v e s .  

These e v a l u a t i o n s  can range from informal  o b s e r v a t i o n a l  s t u d i e s  t o  formal  
s t anda rd ized  experiments.  
i d e n t i f y i n g  t h e  s t r e n g t h s  and weaknesses of a s i n g l e  des ign ,  t hen  an  informal  
o b s e r v a t i o n a l  s tudy  i s  s u f f i c i e n t .  I f  t h e  purpose of t h e  e v a l u a t i o n  i s  t o  
compare a l t e r n a t i v e  des igns ,  t hen  one must  t u r n  t o  t h e  methodology of 
c o n t r o l l e d  exper imenta t ion ,  u s ing  a s tandard  set of procedures  i n  o rde r  t o  
produce as unbiased an e v a l u a t i o n  as poss ib l e .  
t h e  e v a l u a t i o n  t o  be v a l i d ,  t h e  use r s ,  t h e i r  t a s k s ,  and surrounding c o n d i t i o n s  
must be r e p r e s e n t a t i v e  of t hose  t h a t  w i l l  be supported by t h e  o p e r a t i o n a l  
s y s t e m .  

If t h e  e v a l u a t i o n  i s  concerned s o l e l y  wi th  

I n  e i t h e r  case, i n  o rde r  f o r  

S imula t ions  may be  of  s p e c i a l  interest i n  t h e  des ign  of t h e  space  s t a t i o n  
because they can be used t o  e v a l u a t e  use r - in t e rac t ion  c a p a b i l i t i e s  t h a t  do no t  
Yet e x i s t ,  t h u s  p rov id ing  informat ion  about  t h e  l i k e l y  b e n e f i t s  r e s u l t i n g  from 
v a r i o u s  t e c h n o l o g i e s  t h a t  may r e q u i r e  s u b s t a n t i a l  r e sources  t o  implement. 
Gould, Cont i ,  and Hovanyecz [ l ]  c a r r i e d  o u t  t h i s  t y p e  of s tudy by s i m u l a t i n g  a 
" l i s t e n i n g  typewri te r"  t h a t  cou ld  t ake  human speech as i n p u t  and produce a 
p r i n t e d  v e r s i o n  of  t h a t  speech as output.  A human t y p i s t  hidden from view 
s imula t ed  t h e  speech r ecogn i t ion  c a p a b i l i t i . e s  r equ i r ed  f o r  t h e  typewri te r .  

Tools  f o r  Developing User I n t e r f a c e s  -- 
I n  l i g h t  of  t h e  above d i scuss ion ,  f a c i l i t i e s  are needed f o r  r eco rd ing  user 

i n t e r a c t i o n .  
a tomic l e v e l  (e.g., eve ry  keys t roke)  t o  a much h igher  l e v e l  such as  t h e  t o t a l  
time requ i r ed  t o  complete  a g iven  t a s k  or a summary of t h e  d i f f e r e n t  commands 
used. The l e v e l  of d e t a i l  w i l l  o b v i o u s l y  depend on t h e  ques t ion  of i n t e r e s t .  
I n  e v a l u a t i n g  a t e x t  e d i t o r ,  f o r  example, one may wish t o  l o g  a time-stamped 
record  of  a l l  keystrokes.  
i n t e r f a c e s  no t  o n l y  i n  terms of s ta t ic  d i s p l a y s  but  i n  terms of t h e  dynamic 
a s p e c t s  of an i n t e r a c t i o n  as well. 

The l e v e l  of de ta i l  of t h e  information captured  can vary  from a n  

T o o l s  are a l s o  needed f o r  pro to typing  use r  

T o o l s  and a s s o c i a t e d  da tabases  are needed t o  assist  i n  d e f i n i n g  user- input  
languages and i n  creat ing ,  e d i t i n g ,  and s t o r i n g  d i s p l a y s  and d i s p l a y  
d e f i n i t i o n s  of  a l l  types  i n c l u d i n g  graphics ,  t e x t ,  animation,  menus, and 
forms. The Dialogue Management System (DMS), developed by Hartson and h i s  
c o l l e a g u e s  [3], c o n t a i n s  many of t h e s e  c a p a b i l i t i e s .  

A r c h i t e c t u r e  f o r  t h e  I n t e l l i g e n t  User Interface System -- - 
Given t h e  i t e r a t i v e  n a t u r e  of u se r - in t e r f ace  des ign ,  one of t h e  key 

p r o p e r t i e s  d e s i r e d  of user i n t e r f a c e s  is f l e x i b i l i t y .  The space s t a t i o n  
computing s y s t e m  must a l l o w  changes i n  use r  i n t e r f a c e s  as a r e s u l t  of 
improvements sugges ted  by u s e r  t e s t i n g  or t h e  a d d i t i o n  of new u s e r s ,  new 
ope ra t ions ,  or new o p e r a t i o n a l  sites. 
q u i c k l y ,  and wi thout  a d v e r s e l y  impact ing o t h e r  p a r t s  of t h e  sof tware.  

These changes must be made easily, 

Software d e s i g n e r s  have  t r a d i t i o n a l l y  i s o l a t e d  t h e  so f tware  from t h e  
e f f e c t s  of  hardware changes. I n  t h e  same way, t h e  computat ional  o r  f u n c t i o n a l  
p o r t i o n  of t h e  sof tware  shou ld  be  i s o l a t e d  from changes i n  t h e  p o r t i o n s  
c o n t r o l l i n g  t h e  u s e r  i n t e r f a c e .  Hartson and h i s  c o l l e a g u e s  [3] have w r i t t e n  
e x t e n s i v e l y  about  t h e  a r c h i t e c t u r a l  i s s u e s  involved.  
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Communicating with t h e  user ,  i n c l u d i n g  a l l  i n p u t  checking, shou ld  be t h e  
r e s p o n s i b i l i t y  of t h e  use r - in t e rac t ion  components w h i l e  t h e  c o r r e c t  and 
e f f i c i e n t  func t ion ing  of t h e  sys t em f u n c t i o n a l i t y  shou ld  be t h e  r e s p o n s i b i l i t y  
of t h e  computat ional  components. Hartson has  argued f o r  a para l le l  s e p a r a t i o n  
i n  t h e  s k i l l s  requi red  t o  design,  implement, and tes t  t h e s e  two components 
w i th  t h e  use r  i n t e r f a c e  f a l l i n g  wi th in  t h e  domain of t h e  human-factors 
s p e c i a l i s t  and t h e  computat ional  po r t ion  belonging t o  t h e  t r a d i t i o n a l  so f tware  
des igne r  and programmer. 
two components, t h e  two types  of s p e c i a l i s t s  can work independent ly  and i n  
p a r a l l e l  wi thout  i n t e r f e r e n c e .  

Once t h e  i n t e r f a c e  has  been def ined between t h e s e  

Because of t h e  complexi ty  of such a use r  i n t e r f a c e  and t h e  complexi ty  of 
t h e  v a r i o u s  missions o r  r o l e s ,  it is  necessary t o  deve lop  a suppor t  s y s t e m  f o r  
t h e  use r  i n t e r f a c e .  
c o n s i s t i n g  of t h e  fo l lowing:  

We propose a comprehensive use r  i n t e r f a c e  s y s t e m  

o User Interface E x e c u t i v e .  T h i s  Ada sof tware  package would p rov ide  t h e  
use r  i n t e r f a c e  u t i l i t i e s  embedded wi th in  t h e  o p e r a t i o n a l  space 
s t a t i o n  computing sys t ems  and be configured f o r  t h e  s p e c i f i c  machine and 
miss ions  f o r  each i n s t a l l a t i o n  v i a  a r e s i d e n t  da tabase  and knowledge base. 

0 user Iuterface R o t o t y p i n g  Subsystem. T h i s  would bundle  t h e  use r  
i n t e r f a c e  e x e c u t i v e  w i t h  gene ra l i zed  s imula t ion  capabi l i t i es  and data 
monitor ing and c o l l e c t i o n  rout ines .  This subsystem would p rov ide  a 
pnambic ("pay no a t t e n t i o n  t o  t h e  man behind t h e  cur ta ins")  l a b o r a t o r y  for  
use r  i n t e r f a c e  experimentation. 

o User Interface C o n f i g a r a t o r .  Th i s  sof tware  would customize t h e  use r  

The customizat ion provided by t h i s  t o o l  would 

The low l e v e l  cus tomiza t ions  would be accomplished 

i n t e r f a c e  e x e c u t i v e s  f o r  i n s t a l l a t i o n  and a l s o  t h e  pro to typing  subsystem 
f o r  experimentat ion.  
i n c l u d e  i n p u t  and p resen ta t ion  op t ions  and t h e  h igher  l e v e l  d i a l o g  
customizat ions.  
through a combination of program d i r e c t e d  sof tware  b u i l d s  from a l i b r a r y  
of u s e r  i n t e r f a c e  p r i m i t i v e s  and parametr ic  o r  language-driven i n i t i a l i z a -  
t i ons .  
compi le r  t h a t  w i l l  conf igure  t h e  user  i n t e r f a c e  e x e c u t i v e  wi th  t h e  
r equ i r ed  knowledge and in fe rence  algori thms.  

Higher l e v e l  cus tomiza t ions  w i l l  be accomplished through a r u l e  

0 Dialog b n a g e r e n t  Subsystem. This subsystem would i n p u t  knowledge 
r ega rd ing  t h e  mission, u se r s ,  con f igu ra t ion ,  etc., and be used t o  compose 
and conf igure  d i a l o g  sess ions .  
p ro to typing  subsystem would be ana lyzed  t o  v a l i d a t e  d i a l o g  s e s s i o n  before  
deployment. 

Data r ece ived  from t h e  u s e r  i n t e r f a c e  

The u s e r  i n t e r f a c e  s y s t e m  would be designed wi th  a n  open a r c h i t e c t u r e  t o  
a l low easy expansion as new use r  i n t e r f a c e  t echno log ie s  become a v a i l a b l e .  
approach d iscussed  i n  t h i s  paper w i l l  n a t u r a l l y  pu t  g r e a t e r  requirements  on 
t h e  l o c a l  process ing  c a p a b i l i t i e s  of t h e  user i n t e r f a c e  devices .  Current  
d e c l i n i n g  c o s t  t r e n d s  i n  h igh  r e s o l u t i o n  graphic  works ta t ions  l e a d s  u s  t o  
b e l i e v e  t h a t  t h e  inc reased  f u n c t i o n a l i t y  r e c e i v e d  from a n  i n t e l l i g e n t  u se r  
i n t e r f a c e  w i l l  be  a cost e f f e c t i v e  s o l u t i o n  for t h e  space  s t a t i o n .  
a d d i t i o n ,  t h e  proposed open a r c h i t e c t u r e  will l end  i tself  t o  a d d i t i o n s  of new 
t e c h n o l o g i e s  o v e r  t h e  space  s t a t i o n  l i f e  cyc le .  

The 

I n  
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