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INTRODUCTION 

Recen t r a p i d a d v a n c e s i n e l e c t r o n i c s and 
c o m p u t e r t e c h n o l o g y has g r e a t l y i n c r e a s e d 
t h e p o t e n t i a l f o r p r a c t i a l l y i m p l e m e n t i n g 
a p p l i c a t i o n s o f m a c h i n e , o r a r t i f i c i a l , 
i n t e l l i g e n c e ( A . I . ) t e c h n i q u e s . I n t h i s 
a r t i c l e w e w i l l b r i e f l y h i g h l i g h t some o f 
t h e g o v e r n m e n t r e s e a r c h e f f o r t s i n A . I . 
The p u r p o s e o f t h i s r e s e a r c h i s t o p r o v i d e 
t h e t e c h n o l o g y t o r e d u c e c o s t s , f i l l gaps 
i n c u r r e n t c a p a b i l i t i e s , p r o v i d e new c a p 
a b i l i t i e s and i n c r e a s e p r o d u c t i v i t y . 
Though s e v e r a l g o v e r n m e n t o r g a n i z a t i o n s 
f u n d r e s e a r c h i n some common A . I . a r e a s , 
t h e r e s e a r c h i s o r i e n t e d t o w a r d o r g a n i z a 
t i o n a l o b j e c t i v e s , w i t h t h e r e s u l t s t e n d 
i n g t o b e m u t u a l l y s u p p o r t i v e and c o m p l e 
m e n t a r y r a t h e r t h a n d u p l i c a t i v e . 

NASA'S RESEARCH PROGRAM 
IN AUTOMATED OPERATIONS 

W i l l i a m G e v a r t e r 
NASA H e a d q u a r t e r s 
W a s h . , DC 20546 

The a d v e n t o f t h e NASA Space S h u t t l e i s 
o p e n i n g a new e r a in s p a c e . A e r a where 
r e a d y l o w - c o s t a c c e s s t o space makes 
p o s s i b l e l a r g e s p a c e - s t r u c t u r e s , and t h e 
b e g i n n i n g o f space i n d u s t r i a l i z a t i o n , 
i n c r e a s e d g l o b a l i n f o r m a t i o n s e r v i c e s , and 
enhanced s c i e n t i f i c e x p l o r a t i o n o f t h e 
u n i v e r s e . 

I n t h e e a r l y 8 0 ' s , i t i s e s t i m a t e d t h a t 
r o u g h l y 85% o f NASA's space p r o g r a m w i l l 
b e s p e n t f o r o t h e r t h a n t r a n s p o r t a t i o n . 
T h u s , NASA must l o o k e l s e w h e r e b e s i d e s 
p r o p u l s i o n i f f u r t h e r s u b s t a n t i a l c o s t 
r e d u c t i o n s a r e t o b e a c h i e v e d . 

I n c r e a s i n g t h e l e v e l o f autonomy o f space 
o p e r a t i o n s a p p e a r s t o b e one a p p r o a c h t o 
y i e l d i n g l a r g e c o s t r e d u c t i o n s . The J e t 
P r o p u l s i o n L a b o r a t o r y e s t i m a t e s t h a t 
a p p r o x i m a t e l y one t h i r d o f t h e c o s t o f 
m i s s i o n s i s a s s o c i a t e d w i t h g r o u n d s u p p o r t 
o p e r a t i o n s . T h u s , r e d u c t i o n s i n m i s s i o n 
o p e r a t i o n s y s t e m d e v e l o p m e n t and o p e r a t i o n s 
c o s t s can p l a y a m a j o r r o l e i n r e d u c i n g 
c o s t s o f space m i s s i o n s . 

One way o f c h a r a c t e r i z i n g t h e i n c r e a s i n g 
autonomy d e s i r e d i s i n t e r m s o f o p e r a t i o n s 
p e r command a s shown i n F i g u r e 1 . Some o f 
t h e o p e r a t i o n s e x p e c t e d t o b e a u t o m a t e d a r e 
i n d i c a t e d i n F i g u r e 2 . P o t e n t i a l i n 
c r e a s e d c a p a b i l i t y g a i n s t o b e d e r i v e d 
f r o m i n c r e a s i n g autonomy i n t h e space 
p r o g r a m have been e s t i m a t e d i n t h e 

F igu re 2 

b i l l i o n s o f d o l l a r s per year by 1990 
as i n d i c a t e d in F igu re 3 . Th is f i g u r e 
does not i n c l u d e a d d i t i o n a l p o t e n t i a l 
b e n e f i t s such as can be achieved by o n 
board data p r o c e s s i n g . 

Robot ics and machine i n t e l l i g e n c e research 
at NASA draws upon au tomat ion , r o b o t i c and 
a r t i f i c i a l i n t e l l i g e n c e techn iques t o 
reduce ground suppor t requ i rements , p r o 
v ide r e a l t ime c o n t r o l , new miss ion oppor
t u n i t i e s , and improved r e l i a b i l i t y and 
performance in suppor t o f space e x p l o r a 
t i o n , space assembly, automat ion o f man
u f a c t u r i n g f a c i l i t i e s , launch and Ea r th 
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POTENTIAL BENEFITS ASSOCIATED WITH INCREASING 
AUTONOMOUS OPERATIONS 

F igure 3 

o r b i t a l o p e r a t i o n s , and remote ope ra t i ons 
o f systems i n h o s t i l e env i ronments . 

At the p resen t t ime humans exe rc i se d i r e c t 
c o n t r o l over n e a r l y a l l dec i s i ons r e q u i r e d 
by spacec ra f t or space exper iments as w e l l 
as those d e c i s i o n s assoc ia ted w i t h data 
h a n d l i n g and data p r o c e s s i n g . To do t h i s 
r e q u i r e s ex tens i ve communicat ions, ground 
suppor t equipment, computer f a c i l i t i e s , 
data p rocess ing equipment, and suppor t 
p e r s o n n e l . A l l these i tems become 
expensive f o r extended miss ions o r f o r 
ex tens i ve data c o l l e c t i o n and p r o c e s s i n g . 
In a d d i t i o n , due to communication t ime 
lags and the t ime needed to process 
i n f o r m a t i o n and v e r i f y dec i s i ons on the 
ground, the b e n e f i t s which can be de r i ved 
f rom r e a l t ime ope ra t i ons a t the space
c r a f t are o f t e n l o s t . 

We are now e n t e r i n g the e r a , due to 
advances in computers, sensors and r o b o t i c 
a l g o r i t h m s where the i n c r e a s i n g s u b s t i t u 
t i o n o f autonomous ope ra t i ons can y i e l d 
l a r g e cos t sav ings and inc reased m iss ion 
r e t u r n b e n e f i t s . 

The goa l i s to c o n t r i b u t e toward a f a c t o r 
o f t en r e d u c t i o n i n g round-suppor t c o s t s , 
s u b s t a n t i a l l y reduce spacec ra f t system 
c o s t s , and inc rease m iss ion i n f o r m a t i o n 
r e t u r n by a f a c t o r of 1000. I n c r e a s i n g 
spacec ra f t autonomy by automat ing onboard 
m iss ion p l a n n i n g and m o d i f i c a t i o n w i l l 
he lp c o n t r i b u t e t o t h i s g o a l . Examples 
o f a p p l i c a t i o n s a r e : s e l f - c h e c k o u t , t e s t 
and r e p a i r ; onboard data e v a l u a t i o n ; 
semiautonomous spacec ra f t exper iment 
c o n t r o l ; supe rv i so ry t e l e o p e r a t o r and 
semi-autonomous rove r systems f o r p l a n e 
t a r y e x p l o r a t i o n and sample c o l l e c t i o n , 
e v a l u a t i o n and r e t u r n . 

Research i n robo t i cs /mach ine i n t e l l i g e n c e 
i s performed p r i n c i p a l l y a t NASA's J e t 
P ropu l s i on Labora to ry w i t h ass i s tance f rom 
i n d u s t r y and u n i v e r s i t i e s suppor ted by a 
HQ g r a n t program. The program has two 
major f a c e t s . T h e o r e t i c a l s t u d i e s are 
be ing conducted i n u n i v e r s i t y and i n d u s 
t r i a l l a b o r a t o r i e s t o complement those 
at JPL and to expand the machine approxima
t i o n o f human c o g n i t i v e processes . At JPL, 
a r obo t demons t ra t ion program (F igure 4) 

F igu re 4, INTEGRAGED ROBOT TEST FACILITY 

i s be ing pursued t o p rov ide p r a c t i c a l t e s t s 
and e v a l u a t i o n s o f machine i n t e l l i g e n c e 
concep ts , d e f i n e research requ i rements and 
develop and demonstrate system a p p l i c a t i o n s . 
JPL is a l so c u r r e n t l y f ocus ing on (1) de
t e r m i n i n g space program ope ra t i ons t h a t 
can s u b s t a n t i a l l y b e n e f i t f rom the a p p l i c a 
t i o n o f a r t i f i c i a l i n t e l l i g e n c e technology 
(2) de te rm in ing the a p p r o p r i a t e a p p l i c a t i o n 
o f t h i s techno logy to these opera t i ons and 
(3) work ing w i t h p o t e n t i a l users to demon
s t r a t e the f e a s i b i l i t y o f these techniques 
to the l e v e l where they can be cons idered 
f o r f u t u r e m i s s i o n s . 

Under t e c h n i c a l m o n i t o r s h i p from JPL 
eng inee rs , NASA Headquarters sponsors 
seve ra l research g ran ts and c o n t r a c t s w i t h 
major cen te rs o f a r t i f i c i a l i n t e l l i g e n c e 
r e s e a r c h . C u r r e n t l y , emphasis i s centered 
on the development of programming theory 
f o r automated problem s o l v i n g a t the 
U n i v e r s i t y of Maryland t h a t makes more 
e f f e c t i v e use o f computer c a p a c i t y ; t he 
use of scene a n a l y s i s techniques at the 
S tan fo rd Research I n s t i t u t e to automate a 
c l a s s o f tasks i n v o l v i n g the cont inuous 
m o n i t o r i n g o r t r a c k i n g o f p rede f i ned 
t a r g e t s ; research i n a r t i f i c i a l i n t e l l i 
gence at M . I . T . aimed at p r o v i d i n g a 
b e t t e r unders tand ing o f the computa t iona l 
aspects o f c o g n i t i v e p rocess , and in 
des ign ing machines t h a t w i l l automate 
such p rocesses ; research and h a r d 
ware demons t ra t ion at R . P . I , on 
data a c q u i s i t i o n and pa th s e l e c t i o n 
d e c i s i o n making f o r an autonomous 
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r o v i n g v e h i c l e ( F i g u r e 5 ) ; a n d r e s e a r c h 

F i g u r e 5 , RPI ROVER 

a n d d e m o n s t r a t i o n a t S t a n f o r d U n i v e r s i t y 
o f c o m p u t e r v i s u a l s y s t e m s f o r e x p l o r a t o r y 
v e h i c l e s . 

T e n t a t i v e t a r g e t s f o r t h e R o b o t i c s / M a c h i n e 
i n t e l l i g e n c e r e s e a r c h o b j e c t i v e a r e : 

o C o m p l e t e a s t u d y o f p o t e n t i a l 
a p p l i c a t i o n s o f e x i s t i n g DOD a n d 
c o m m e r c i a l a u t o m a t i o n t e c h n o l o g y 
t o NASA o p e r a t i o n s b y F Y 1 9 7 8 . 

o D e m o n s t r a t e a u t o n o m o u s r o v i n g v e h i 
c l e s c a p a b l e o f m a i n t a i n i n g a v e r a g e 
s p e e d s o f 2 k m / h r . , o r g r e a t e r , o n 
n a t u r a l t e r r a i n , u s i n g o n b o a r d 
s e n s o r s a n d c o m p u t i n g s y s t e m s t o 
p e r f o r m t h e f u n c t i o n s o f n a v i g a t i o n 
a n d g u i d a n c e , i n c l u d i n g d e t e c t i n g 
a n d a v o i d i n g t e r r a i n h a z a r d s b y 
FY 1 9 7 9 . 

o C o m p l e t e c o n c e p t u a l d e s i g n s f o r 
s u p e r v i s o r y a n d s e m i a u t o n o m o u s 
c o n t r o l o f t e l e o p e r a t o r s a n d e x p e r 
i m e n t s t h a t w i l l r e d u c e p e r f o r m a n c e 
t i m e b y a f a c t o r o f f i v e b y F Y 1 9 7 9 . 

o D e m o n s t r a t e a l g o r i t h m s c a p a b l e o f 
e x t r a c t i n g a n d c h a r a c t e r i z i n g , i n 
o n e s e c o n d , s e t s o f h i g h - l e v e l i m a g e 
f e a t u r e s n e e d e d f o r s e l e c t e d r o b o t o r 
i m a g e - a n a l y s i s f u n c t i o n s by FY 1 9 8 0 . 

o D e m o n s t r a t e , u s i n g t h e JPL i n t e g r a t e d 
r o b o t i c t e s t f a c i l i t y , s u p e r v i s o r y 
t e l e o p e r a t o r c o n t r o l p r o v i d i n g a 
f a c t o r o f 1 0 r e d u c t i o n i n t i m e , c o m 
p a r e d t o d i r e c t manned o p e r a t i o n , f o r 
s t r u c t u r a l a s s e m b l y b y F Y 1 9 8 0 . 

C u r r e n t NASA f u n d i n g i n b a s i c a r t i f i c i a l 
i n t e l l i g e n c e a n d r o b o t i c s r e s e a r c h i s 
a p p r o x i m a t e l y one m i l l i o n d o l l a r s p e r 

y e a r , b u t i s e x p e c t e d t o i n c r e a s e i n t h e 
c o m i n g y e a r s . I n a d d i t i o n , t h e r e i s 
f u n d i n g f o r a n t i c i p a t e d m i s s i o n s s u c h a s 
t h e 1984 M a r s R o v e r m i s s i o n . 

D u r i n g C Y 1977 s e v e r a l w o r k s h o p s w i l l b e 
h e l d b e t w e e n NASA and t h e A . I . c o m m u n i t y 
t o i n c r e a s e t h e i r s y n e r g i s t i c i n t e r a c t i o n 
i n p r o m o t i n g NASA 's g o a l s i n i n c r e a s i n g 
a u t o n o m o u s o p e r a t i o n s . 

NSF 'S RESEARCH PROGRAMS RELATED 
TO A R T I F I C I A L INTELLIGENCE 

Norman C a p l a n , B e r n a r d C h e r n , 
and K e n t C u r t i s 

N a t i o n a l S c i e n c e F o u n d a t i o n 
W a s h i n g t o n , DC 20550 

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

I n t h e N a t i o n a l S c i e n c e F o u n d a t i o n , t h e 
t h r e e (3) p r o g r a m s w h i c h s u p p o r t t h e m o s t 
A r t i f i c i a l I n t e l l i g e n c e r e l a t e d r e s e a r c h 
a r e t h e I n t e l l i g e n t S y s t e m s P r o g r a m o f 
t h e D i v i s i o n o f M a t h e m a t i c a l and C o m p u t e r 
S c i e n c e s , t h e A u t o m a t i o n , B i o e n g i n e e r i n g 
a n d S e n s i n g S y s t e m s P r o g r a m o f t h e D i v i s i o n 
o f E n g i n e e r i n g a n d t h e P r o d u c t i o n R e s e a r c h 
and T e c h n o l o g y P r o g r a m o f t h e D i v i s i o n o f 
A d v a n c e d P r o d u c t i v i t y R e s e a r c h a n d T e c h 
n o l o g y . A s i n d i c a t e d b y t h e t i t l e s o f t h e 
p r o g r a m s , t h e i n t e r e s t s o f t h e F o u n d a t i o n 
r a n g e f r o m b a s i c r e s e a r c h i n c o m p u t e r and 
e n g i n e e r i n g s c i e n c e s t o f u n d a m e n t a l p r o 
b l e m o r i e n t e d r e s e a r c h a d d r e s s e d t o t h e 
m a n u f a c t u r i n g p r o c e s s . 

I n e v a l u a t i n g p r o p o s a l s s u b m i t t e d t o t h e s e 
p r o g r a m s , t h e F o u n d a t i o n makes e x t e n s i v e 
use o f m a i l r e v i e w b y p e e r s who h e l p j u d g e 
t h e s c i e n t i f i c i n t e r e s t and t e c h n i c a l 
i n t e g r i t y o f t h e p r o p o s e d r e s e a r c h . S i n c e 
i n t r i n s i c s c i e n t i f i c m e r i t i s t h e p r i m a r y 
c r i t e r i o n a p p l i e d i n s e l e c t i n g p r o p o s a l s 
f o r s u p p o r t , a c l e a r d e f i n i t i o n o f r e -
s e a r c h o b j e c t i v e s , a s d i s t i n g u i s h e d f r o m 
p r o j e c t o r i m p l e m e n t a t i o n o b j e c t i v e s , i s 
r e q u i r e d . S y s t e m b u i l d i n g w i l l b e c o n 
s i d e r e d f o r s u p p o r t o n l y t o t h e e x t e n t 
n e c e s s a r y f o r t h e s t u d y o f s i g n i f i c a n t 
r e s e a r c h q u e s t i o n s . O n t h e o t h e r h a n d , w e 
a r e g l a d t o c o n s i d e r r e s e a r c h p r o p o s a l s t o 
c o m p l e m e n t s u p p o r t f r o m o t h e r a g e n c i e s s o 
a s t o p r o v i d e more o p p o r t u n i t y f o r s t u d y i n g 
b a s i c r e s e a r c h q u e s t i o n s u s i n g s y s t e m s 
w h i c h h a v e b e e n o r a r e b e i n g d e v e l o p e d 
p r i m a r i l y f o r o t h e r p u r p o s e s . T y p i c a l 
g r a n t s i n t h e s e p r o g r a m s r a n g e f r o m 
$ 4 0 , 0 0 0 / y e a r t o $ 1 0 0 , 0 0 0 / y e a r i n a m o u n t . 
M o s t g r a n t s a r e f o r t w o y e a r s a l t h o u g h 
l o n g e r o r s h o r t e r c o m m i t m e n t s a r e made 
when a p p r o p r i a t e . 

I n t e l l i g e n t S y s t e m s P r o g r a m 

The I n t e l l i g e n t S y s t e m s P r o g r a m i s 
b r i e f l y d e s c r i b e d a s f o l l o w s : 
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" T h i s program i s d i r e c t e d toward r e 
search on computer-based systems 
wh ich have some of t he c h a r a c t e r i s 
t i c s o f i n t e l l i g e n c e . Re levan t areas 
i n c l u d e p a t t e r n r e c o g n i t i o n , p a t t e r n 
g e n e r a t i o n , knowledge r e p r e s e n t a t i o n , 
p rob lem s o l v i n g , n a t u r a l language 
u n d e r s t a n d i n g , theorem p r o v i n g , and 
o t h e r s wh ich r e l a t e t o t he au toma t i c 
a n a l y s i s and h a n d l i n g o f complex 
t a s k s . " 

I t i s one o f s i x programs s u p p o r t i n g b a s i c 
r e s e a r c h i n computer s c i e n c e , t h e o t h e r s 
b e i n g T h e o r e t i c a l Computer Sc ience , S o f t 
ware Systems Sc ience , So f tware E n g i n e e r i n g , 
Computer Systems Des ign , and S p e c i a l P r o 
j e c t s . Some r e p r e s e n t a t i v e g r a n t s f rom 
t h i s program a r e : 

1 . Molgen: A Computer Science A p p l i c a 
t i o n t o M o l e c u l a r Genet i cs 

The g e n e r a l g o a l o f t h i s r e s e a r c h i s 
to deve lop a computer system (MOLGEN) 
t o a s s i s t a mo lecu la r g e n e t i c i s t i n 
p l a n n i n g l a b o r a t o r y e x p e r i m e n t s . The 
system i s t o b e i n t e r a c t i v e , d raw ing 
on b o t h t h e e x p e r t i s e o f t he human 
g e n e t i c i s t and the e x p e r t knowledge 
s t o r e d i n t h e da ta base. I n a d d i t i o n 
to the knowledge base, t he major 
components o f t h e computer system w i l l 
be an e x p e r i m e n t a l p l a n n i n g p rogram, 
an enzyme s i m u l a t i o n p rogram, and DNA 
s t r u c t u r e e n t r y and e d i t i n g sys tem. 
E x t e n s i v e use o f h e u r i s t i c and o t h e r 
" r e a s o n i n g " s t r a t e g i e s a t d e c i s i o n 
p o i n t s in t he programs make t h i s a 
r e se a rch p r o j e c t i n i n t e l l i g e n t s y s 
tems. 

2 . Cu rva tu re and Convex i t y in Scene 
A n a l y s i s Problems 

Th i s s tudy w i l l i n v e s t i g a t e t he i n t e r 
r e l a t i o n s h i p s t h a t e x i s t among v a r i o u s 
parameters o f s u r f a c e s in scenes and 
how they a f f e c t t he i n f o r m a t i o n t h a t 
i s reco rded i n p i c t u r e s o f these s u r 
f a c e s . S p e c i a l a t t e n t i o n w i l l b e 
focused on the e f f e c t s o f s u r f a c e 
c u r v a t u r e and c o n v e x i t y (or c o n c a v i t y ) 
and t he mutua l i n t e r a c t i o n s o f these 
parameters and those t h a t a re a s s o c i 
a ted w i t h t h e d i r e c t i o n o f t h e i l l u 
m i n a t i o n , t h e o r i e n t a t i o n o f t h e s u r 
face and i t s t e x t u r e and l i g h t 
r e f l e c t i n g c h a r a c t e r i s t i e s . 

3 . Techniques f o r t h e R e p r e s e n t a t i o n o f 
Movement-Related I n f o r m a t i o n Us ing a 
D i g i t a l Computer 

The l ong - range g o a l o f t h i s p r o j e c t 
i s computer r e c o g n i t i o n and d e s c r i p 
t i o n o f p a t t e r n s o f human movement. 
As a s tep toward t h a t g o a l , r esea rch 

is b e i n g conducted on a c o m p u t a t i o n a l l y 
s u i t a b l e n o t a t i o n a l system to serve as a 
l o w - l e v e l language f o r d e s c r i p t i o n o f 
human movement. The n o t a t i o n a l system is 
e v e n t - o r i e n t e d , r a t h e r than t i m e - i n t e r v a l 
o r i e n t e d , and t he events themselves are 
p r i m a r i l y s y m b o l i c , r a t h e r t han numer i c ; 
t h a t i s , s i g n i f i c a n t events are i n d i c a t e d 
by changes i n semat ic r e l a t i o n s r a t h e r t h a n 
i n n u m e r i c a l q u a n t i t i e s . A r e l a t e d focus 
i s t h e des ign and imp lemen ta t i on o f da ta 
and c o n t r o l s t r u c t u r e s a p p r o p r i a t e t o t h e 
d e s c r i p t i o n and m a n i p u l a t i o n o f i n f o r m a t i o n 
r e l a t e d to human movement wh ich may t hen 
p r o v i d e a b a s i s f o r an a p p r o p r i a t e l ow-
l e v e l programming language. 

A u t o m a t i o n , B i o e n g i n e e r i n g and 
Sensing Systems Program 

The A u t o m a t i o n , B i o e n g i n e e r i n g and Sensing 
Systems Program suppor t s resea rch in the 
e n g i n e e r i n g sc iences r e l a t e d t o the 
g e n e r a l area o f machine d e c i s i o n and 
c o n t r o l . A l t h o u g h t h i s subset o f t he 
program i s r e f e r r e d t o as advanced a u t o 
m a t i o n , t he r e s e a r c h ove r l aps i n t o t o p i c s 
g e n e r a l l y t hough t o f a s a r t i f i c i a l i n t e l 
l i g e n c e . T e c h n i c a l areas i n c l u d e sens ing 
sys tems, imag ing systems to genera te o r 
enhance v i s i o n o f p i c t u r e s , p a t t e r n r e c o g 
n i t i o n and p r o c e s s i n g , f e a t u r e e x t r a c t i o n , 
l e a r n i n g sys tems, feedback d e c i s i o n and 
c o n t r o l , and r o b o t i c s and m a n i p u l a t o r 
r e s e a r c h . The o b j e c t i v e i s t o deve lop 
fundamenta l knowledge conce rn ing the 
techn iques i n h e r e n t i n automated machine 
d e c i s i o n making independent o f the prob lem 
domain. T h e r e f o r e , the Au toma t i on , B i o 
e n g i n e e r i n g and Sens ing Systems Program is 
d r i v e n by t he e n g i n e e r i n g sc ience i n v o l v e d 
and n o t by any s p e c i f i c prob lem or goa l and 
the i n d i v i d u a l p r o j e c t s span a wide range 
o f i n v e s t i g a t i o n s . 

I n sens ing systems r e s e a r c h , areas o f 
i n v e s t i g a t i o n i n c l u d e p h y s i c a l o r chemica l 
s e n s o r s , l a s e r r a n g i n g , e l e c t r o m a g n e t i c o r 
a c o u s t i c a l p r o b i n g o f p h y s i c a l o r b i o l o g 
i c a l sys tems, and n u c l e a r imag ing . H o l o 
g raphy , u l t r a s o n i c , o p t i c a l , and o t h e r 
imag ing t echn iques are s t u d i e d bo th e x p e r 
i m e n t a l l y and t h e o r e t i c a l l y i n v a r i o u s 
p rob lem domains. P a t t e r n r e c o g n i t i o n and 
p r o c e s s i n g i s a ma jor p o r t i o n o f the a d 
vanced au tomat ion a r e a , w i t h emphasis on 
scene a n a l y s i s by means o f m o t i o n , c o l o r , 
t e x t u r e o r o t h e r pa ramete rs , and a p p l i c a 
t i o n s o f s y n t a c t i c p a t t e r n r e c o g n i t i o n 
methods. In the case o f r o b o t i c s o r man
i p u l a t o r r e s e a r c h , p r ima ry i n t e r e s t l i e s 
i n t he au toma t i c c o o r d i n a t i o n o f j o i n t 
mo t i on under computer c o n t r o l , u t i l i z i n g 
feedback t e c h n i q u e s . A l t hough these 
i n v e s t i g a t i o n s have a p p l i c a b i l i t y t o 
i n d u s t r i a l m a n i p u l a t o r s , p r o s t h e t i c d e v i c e s , 
legged l o c o m o t i o n , m u s c l e - s k e l e t o n prob lems 
and o t h e r s , t he resea rch concen t ra tes on 
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t he b a s i c u n d e r s t a n d i n g o f t he mechanisms 
o f j o i n t mo t i on and feedback c o n t r o l and 
u t i l i z e s computer s i m u l a t i o n , k i n e m a t i c 
models , and e x p e r i m e n t a l t e c h n i q u e s . 
I n v e s t i g a t o r s suppor ted by the A u t o m a t i o n , 
B i o e n g i n e e r i n g and Sensing Systems Program 
p e r f o r m t h e o r e t i c a l and e x p e r i m e n t a l r e 
s e a r c h , computer mode l ing and s i m u l a t i o n , 
and s t u d i e s o f t he complete system. 

Some r e p r e s e n t a t i v e g r a n t s f rom t h i s 
program a r e : 

1 . Use o f Range and T r i s p e c t r a l R e f l e c 
tance Data in Scene A n a l y s i s 

T h i s r e s e a r c h focuses on the use of 
r e g i s t e r e d t r i s p e c t r a l r e f l e c t a n c e 
and range da ta o f d i f f e r e n t i ndoo r 
scenes, d e v e l o p i n g procedures f o r 
e x t r a c t i n g g e o m e t r i c a l and v i s u a l 
f e a t u r e s t o r e c o g n i t i o n o f t h r e e -
d imens iona l o b j e c t i v e s by a h i g h -
l e v e l computer program w i t h some 
knowledge o f the env i ronmen t . 
S p e c i f i c a l l y , t he program w i l l seek 
t o e s t a b l i s h g e o m e t r i c a l and r e 
f l e c t a n c e models f o r o b j e c t i v e s w i t h 
d i f f e r e n t shape, s i z e , and s u r f a c e 
s p e c t r a l r e f l e c t a n c e . Fea tu re ex*-
t r a c t i o n w i l l b e accompl ished b y 
a p p l y i n g the r e g i s t e r e d range and 
r e f l e c t a n c e da ta t o o b j e c t s w i t h 
p l a n a r and nonp lanar s u r f a c e s . 

2 . Research on Space-Var ian t O p t i c a l 
Computers 

Th i s program of r esea rch on space-
v a r i a n t o p t i c a l computers i n v o l v e s 
two major phases. The p r ima ry e f f o r t 
d u r i n g t h i s f i r s t year w i l l b e aimed 
a t o p t i c a l t echn iques f o r p e r f o r m i n g 
c o o r d i n a t e t r a n s f o r m a t i o n s . Th i s 
w i l l i n c l u d e s p e c i f i c a l l y : A n i n 
v e s t i g a t i o n o f t h e c a p a b i l i t i e s and 
l i m i t a t i o n s o f t h e methods conce ived 
o f by Bryngdah l ; a search f o r a l t e r 
n a t i v e methods u s i n g computer gen 
e r a t e d holograms bu t no t s u b j e c t t o 
severe space-bandwid th p r o d u c t l i m i 
t a t i o n s o f t he c u r v e d - i n p u t - o u t p u t -
s u r f a c e method; a search f o r new 
o p t i c a l methods o f any k i n d f o r 
p e r f o r m i n g s p a c e - v a r i a n t l i n e a r f i l 
t e r i n g ; and development o f e x p e r i 
menta l expe r ience w i t h t h e known 
methods. The second phase of t he 
program w i l l b e devoted t o space-
v a r i a n t o p t i c a l f i l t e r i n g o f v a r i o u s 
k i n d s o f d a t a . 

3 . Theory o f P a t t e r n P rocess ing Us ing 
New Charge-Coupled Device A r c h i t e c 
t u r e s 

The c e n t r a l o b j e c t i v e o f t h i s r ese a rch 
i s t o e s t a b l i s h p a t t e r n p r o c e s s i n g 
t h e o r y f o r charge coup led dev i ce 
p rocesso r a r c h i t e c t u r e t o b e used i n 
advanced a u t o m a t i o n . T h i s can be 
d i v i d e d i n t o more s p e c i f i c o b j e c 
t i v e s t h a t i n c l u d e d e v i s i n g fundamen
t a l a r c h i t e c t u r e s f o r CCD and m i c r o 
p rocesso r -based advanced au tomat ion 
sys tems, e s t a b l i s h i n g s i g n a l p r o c e s s 
i n g a l g o r i t h m s t h a t are bes t s u i t e d 
f o r d e c i s i o n and c o n t r o l i n such 
a r c h i t e c t u r e s , s t u d i e s o f un ique 
s i g n a l p r o c e s s i n g p o s s i b i l i t i e s such 
a s r e g i s t r a t i o n , d i l a t i o n , i l l u m i n a 
t i o n v a r i a t i o n and r a n g i n g , and v e r i 
f i c a t i o n o f r e s u l t s ( t o the e x t e n t 
p o s s i b l e ) u s i n g e x i s t i n g e x p e r i m e n t a l 
systems. The approach w i l l emphasize 
g e n e r a l s o l u t i o n s so as to have broad 
a p p l i c a b i l i t y . 

P r o d u c t i o n Research and Technology Program 

The P r o d u c t i o n Research and Technology 
Program's pu rv i ew i s t h e p r o d u c t i o n sys tem, 
i . e . , t h e way goods are manufac tu red and 
p roduced . I t i s concerned w i t h r esea rch 
on t h e t e c h n i c a l problems wh ich u n d e r l i e 
b o t h t he p h y s i c a l t r a n s f o r m a t i o n s o f 
o b j e c t s and t h e i n f o r m a t i o n a l t r a n s f o r m a 
t i o n s necessary t o u n d e r s t a n d , mode l , c o n 
t r o l and c a r r y o u t m a n u f a c t u r i n g o p e r a t i o n s . 
The program recogn i zes t h a t major m o d i f i c a 
t i o n s i n m a n u f a c t u r i n g l e a d i n g t o quantum 
jumps in p r o d u c t i v i t y would be hastened 
i f such a sc ience base c o u l d be e s t a b l i s h e d 
and a p p l i e d . 

The f i r s t i n d u s t r i a l r e v o l u t i o n i n v o l v e d t h e 
t r a n s f e r o f s k i l l s f rom man to machine and 
much has been accompl ished in t h i s a r e a . 
The second i n d u s t r i a l r e v o l u t i o n , wh ich i s 
i n i t s i n f a n c y , i n v o l v e s the t r a n s f e r o f 
i n t e l l i g e n c e f rom man to machine. The 
P r o d u c t i o n Research and Technology Program 
i s concerned w i t h i d e n t i f y i n g and unde r 
s t a n d i n g those r e s e a r c h problems whose 
s o l u t i o n i s necessary t o accompl i sh t h i s 
t r a n s f e r o f i n t e l l i g e n c e f rom man to machine 
i n t he area o f m a n u f a c t u r i n g . 

The p rog ram 's o b j e c t i v e s i n c l u d e : 

o Promot ion o f p r o b l e m - o r i e n t e d r e s e a r c h 
i n b o t t l e n e c k a r e a s , where modest r e 
search i nves tmen ts can have h i g h l e v e r 
age i n i m p r o v i n g p r o d u c t i v i t y . 

o Promot ion of more f undamen ta l , b u t 
s t i l l p r o b l e m - o r i e n t e d , r e s e a r c h aimed 
a t e s t a b l i s h i n g a sc ience base f o r 
m a n u f a c t u r i n g . 

o R e v i t a l i z a t i o n o f t h e i n d u s t r y / u n i v e r 
s i t y c o l l a b o r a t i o n t h a t f l o u r i s h e d 
p r i o r t o t h e l a t e 1950 's and 1 9 6 0 ' s . 
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Researchers i n c l u d e p h y s i c i s t s , a p p l i e d 
ma thema t i c i ans , m a t e r i a l s s c i e n t i s t s , 
computer s c i e n t i s t s ( a r t i f i c i a l i n t e l l i 
gence r e s e a r c h e r s ) , and eng ineers (ae ro 
space, m e c h a n i c a l , e l e c t r i c a l and i n d u s 
t r i a l ) . 

Some r e p r e s e n t a t i v e g r a n t s f rom t h i s p r o 
gram a r e : 

1 . Computer I n t e g r a t e d Assembly Systems 

The o b j e c t i v e o f t h i s r esea rch i s t o 
make m a n i p u l a t i o n and v i s i o n systems 
f o r assembly and i n s p e c t i o n more v e r 
s a t i l e and e a s i e r t o use . There are 
f o u r major areas o f r e s e a r c h . Man ipu
l a t o r Programming System: Prev ious 
r e s e a r c h r e s u l t s w i l l be used t o com
p l e t e a system wh ich is a model f o r 
p r a c t i c a l i n d u s t r i a l systems. That 
system w i l l be used as a resea rch t o o l 
t o deve lop language f a c i l i t i e s f o r p r o 
gramming t asks i n v o l v i n g s e v e r a l sensor 
equ ipped m a n i p u l a t o r s . The f e a s i b i l i t y 
of a s t anda rd system f o r use by o t h e r 
l abs w i l l b e e v a l u a t e d . A n a l y s i s o f 
Assembly: The programming of assembly 
examples s o l i c i t e d f rom i n d u s t r y w i l l 
be s t u d i e d . Common subtasks and sub-
t a s k l i b r a r y w i l l b e i d e n t i f i e d . 
Assembly system and p a r t s w i l l be 
modeled f u n c t i o n a l l y . I n t e r a c t i v e 
T r a i n i n g Sys tem- fo r Assembly Program
m ing : A s imp le i n t e r a c t i v e t r a i n i n g 
system w i l l be implemented wh ich com
b ines " t e a c h mode" m a n i p u l a t o r p r o 
gramming w i t h s imp le symbo l i c commands 
and a l i b r a r y o f models o f p a r t s . Re
l a t i v e l y few p o s i t i o n s w i l l need t o b e 
s p e c i f i e d because o f p o s i t i o n c a l c u l a 
t i o n s f rom p a r t models . A s imp le means 
o f model b u i l d i n g has been p r o v i d e d . 
Resu l t s o f t he a n a l y s i s o f assembly w i l l 
be u t i l i z e d i n t h e fo rm o f a l i b r a r y o f 
models. I n s p e c t i o n and V i s i o n Program
ming Systems: An a n a l y s i s o f i n s p e c 
t i o n t asks w i l l b e made t o c l a s s i f y 
what i n f o r m a t i o n i s necessary f o r p r o 
gramming i n s p e c t i o n . I n p a r t i c u l a r , 
an i n v e s t i g a t i o n w i l l be made o f d imen
s i o n a l i n s p e c t i o n to de te rmine what can 
be automated to a i d programming. Un-
o r i e n t e d p a r t s i n a box w i l l be l o c a t e d 
and separa ted v i s u a l l y f o r g r a s p i n g by 
a m a n i p u l a t o r . The V i s i o n Language w i l l 
be used i n p i c k i n g p a r t s , and w i l l be 
extended t o i n c l u d e p a r t s models f o r 
t h a t t a s k and t o r e p r e s e n t the i n f o r m a 
t i o n found i m p o r t a n t i n t he a n a l y s i s o f 
i n s p e c t i o n . A s imp le programming s y s 
tem f o r v i s i o n i n assembly w i l l b e 
comp le ted . 

2 . Machine I n t e l l i g e n c e Research A p p l i e d 
t o I n d u s t r i a l Au tomat ion 

The o b j e c t i v e s o f t h i s proposed program 

are to dev i se and implement an advanced 
programmable /adaptab le au tomat ion s y s 
tem w i t h a p p l i c a b i l i t y t o l a r g e i m p o r t a n t 
c lasses o f m a t e r i a l h a n d l i n g , i n s p e c t i o n , 
and assembly processes f o r b a t c h - p r o 
d u c t i o n d i s c r e t e p a r t manufac tured p r o 
d u c t s . Two groups of t asks are p l a n n e d : 
The major group i n c l u d e s g o a l - o r i e n t e d 
resea rch i n t o advanced v i s i o n and m a n i -
p u t a t i o n t echn iques aimed a t s i g n i f i 
c a n t l y e x t e n d i n g t he adap t i ve c a p a b i l 
i t i e s o f i n d u s t r i a l r o b o t s and p r o v i d i n g 
s i m p l i f i e d programming c a p a b i l i t i e s f o r 
automated v i s u a l i n s p e c t i o n . The second 
group o f t asks i s t o dev ise and i m p l e 
ment so f twa re moduleB w i d e l y u s e f u l f o r 
computer i zed v i s u a l s e n s i n g , v i s u a l 
i n s p e c t i o n and sensor c o n t r o l l e d manip
u l a t i o n u s i n g s tandard hardware. These 
modules w i l l reduce t o p r a c t i c e pas t 
r esea rch r e s u l t s and make the resea rch 
r e a d i l y a v a i l a b l e t o i n d u s t r y . Research 
to be pursued i n c l u d e s : development o f 
m i n i m a l l y i n t e r a c t i v e methods t o a u t o 
m a t i c a l l y genera te computer programs f o r 
t he v i s u a l i n s p e c t i o n o f p a r t s and sub 
assembl ies by " t r a i n i n g by show ing ; " 
use o f s o l i d s t a t e cameras t o e x p l o r e 
v i s u a l feedback o f m a n i p u l a t o r s t o 
p o s i t i o n i n g a r o b o t and e f f e c t o r (hand) 
i n r e a l t i m e ; use o f v i s u a l and t a c t i l e 
sensor feedback t o accompl ish p r e c i s i o n 
m a n i p u l a t i o n s ; use of bo th range and 
i n t e n s i t y i n f o r m a t i o n r e q u i r i n g f a s t e r 
and more p o w e r f u l image p rocess ing 
a l g o r i t h m s t o app l y t o complex i n s p e c 
t i o n problems t o widen the u t i l i t y o f 
v i s u a l s e n s i n g . 

3 . Genera l Methods to Enable Robots w i t h 
" V i s i o n " t o A c q u i r e , O r i e n t and T r a n s 
p o r t Workpieces 

Th i s r esea rch e f f o r t seeks t o develop 
gene ra l methods by which computer-
c o n t r o l l e d r o b o t s u s i n g v i s u a l sensors 
can (1) a c q u i r e a workp iece (pa r t ) so 
t h a t i t may be b rough t to a f i x t u r e 
w i t h o u t a c o l l i s i o n ; (2) compute t h e 
o r i e n t a t i o n o f a workp iece h e l d i n t he 
r o b o t hand; and (3) t r a n s p o r t t he w o r k -
p i ece t o t he f i x t u r e w i t h o u t c o l l i s i o n s . 
The resea rch i s expected t o r e s u l t i n 
new image p r o c e s s i n g techn iques as w e l l 
as k i n e m a t i c equa t i ons f o r m a n i p u l a t o r s 
and r o b o t system a r c h i t e c t u r e wh ich w i l l 
enable a c l a s s o f p r e s e n t l y u n s o l v a b l e 
i n d u s t r i a l problems t o b e a t t a c k e d . 

Planned a c t i v i t i e s i n c l u d e the f o l l o w i n g : 
Methods to a c q u i r e and o r i e n t workp ieces 
w i t h a r b i t r a r y r e s t i n g s t a t e s w i l l b e 
deve loped . Fea tu res which d e s c r i b e 
workp ieces ' o r i e n t a t i o n w i l l b e i n v e s t i 
g a t e d . Some o f these f e a t u r e s w i l l be 
based on a p a r t i a l image of t h e wo rk -
p i e c e and o t h e r s on the complete image. 
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F e a t u r e s b a s e d o n g r a y - s c a l e p i c t u r e s 
w i l l b e u s e d when f e a t u r e s b a s e d o n 
b i n a r y p i c t u r e s p e r f o r m u n s a t i s f a c t o r i l y . 
A l t e r n a t i v e m e t h o d s t o s a m p l e image d a t a 
f r o m d i f f e r e n t o r i e n t a t i o n s d u r i n g 
i n s t r u c t i o n w i l l b e e x a m i n e d . G r a p h s o f 
i m a g e f e a t u r e s v e r s u s o r i e n t a t i o n w i l l 
b e made . P r o c e d u r e s t o make a d e c i s i o n 
a b o u t w o r k p i e c e o r i e n t a t i o n w i l l b e 
d e v e l o p e d w h i c h u s e m u l t i p l e v i e w s o f 
t h e w o r k p i e c e . O b s t a c l e a v o i d a n c e t e c h 
n i q u e s w h i c h e m p l o y a p r o g r a m m e r ' s 
a b i l i t y t o s p e c i f y a n o m i n a l w o r k p i e c e 
t r a j e c t o r y u s i n g a s w i t c h b o x w i l l b e 
t e s t e d . E x p e r i m e n t s w i l l b e p e r f o r m e d 
e m p l o y i n g a n a c c u r a t e s i x - d e g r e e - o f -
f r e e d o m r o b o t and a s p e c i a l f i x t u r e 
w h i c h h o u s e s d i a l gauges t o m e a s u r e 
o r i e n t a t i o n and p o s i t i o n . A p r o b a b i l i s 
t i c m o d e l o f t h e o v e r a l l p r o c e s s w i l l b e 
f o r m u l a t e d i n a n e f f o r t t o d e c r e a s e t h e 
a v e r a g e c y c l e t i m e . 

AUTOMATION AT THE 
NATIONAL BUREAU OF STANDARDS 

J . A l b u s 
N . B . S . 
W a s h . , DC 20234 

The o b j e c t i v e s o f t h e N a t i o n a l B u r e a u o f 
S t a n d a r d s p r o g r a m i n A u t o m a t i o n T e c h n o l o g y 
a r e : 

1 . T o p r o v i d e s t a n d a r d s f o r t h e i n t e r f a c e s 
b e t w e e n m o d u l a r c o m p o n e n t s o f c o m p u t e r -
a i d e d m a n u f a c t u r i n g s y s t e m s . 

2 . T o p r o v i d e s t a n d a r d s f o r t h e l a n g u a g e s 
u s e d t o p r o g r a m a u t o m a t i o n s y s t e m s . 

3 . T o p r o v i d e p e r f o r m a n c e m e a s u r e s f o r 
s p e c i f i c a t i o n and p r o c u r e m e n t o r r o b o t s 
and n u m e r i c a l l y c o n t r o l l e d m a c h i n e t o o l s . 

4 . T o c a r r y o u t r e s e a r c h i n d y n a m i c m e a s u r e 
m e n t and c o m p u t e r c o n t r o l t e c h n i q u e s . 

One o f o u r m o s t s i g n i f i c a n t p r o j e c t s o f t h e 
c u r r e n t y e a r i s o u r s u p p o r t t o t h e A i r 
F o r c e i n i n t e r f a c e s t a n d a r d s f o r t h e i r I n 
t e g r a t e d C o m p u t e r A i d e d M a n u f a c t u r i n g 
(ICAM) s y s t e m . ICAM i s e n v i s i o n e d a s a s e t 

o f a p p l i c a t i o n p r o g r a m s f o r d e s i g n and m a n 
u f a c t u r i n g , i n t e g r a t e d w i t h s i m u l a t i o n and 
o t h e r u t i l i t y p r o g r a m s a r o u n d a common d a t a 
b a s e . The A i r F o r c e p l a n s t o s p e n d $75 
m i l l i o n i n 160 d i f f e r e n t c o n t r a c t s o v e r 
t h e n e x t 5 y e a r s t o d e v e l o p t h i s s o f t w a r e 
w h i c h m u s t b e b o t h c o m p a t i b l e and p o r t a b l e . 

NBS has i d e n t i f i e d and e v a l u a t e d 6 4 
s t a n d a r d s c o n c e r n i n g t h e i n f o r m a t i o n 
t r a n s f e r and d a t a b a s e s i n v o l v e d i n t h e 
i n t e r f a c e s b e t w e e n t h e d i f f e r e n t 
a p p l i c a t i o n s p r o g r a m s , b e t w e e n t h e 
a p p l i c a t i o n s p r o g r a m s a n d t h e o p e r a t i n g 
s y s t e m s , t h e D a t a Base Management S y s t e m , 

and t h e v a r i o u s t e r m i n a l s , p e r i p h e r a l d e 
v i c e s , and s a t e l l i t e c o m p u t e r s i n a n e t 
w o r k s y s t e m . Our r e c o m m e n d a t i o n s o n t h e 
u s e o f t h e s e s t a n d a r d s b y t h e A i r F o r c e i n 
t h i s s e m i n a l p r o j e c t w i l l i n f l u e n c e t h e 
s t a n d a r d s u s e d b y a l l m a n u f a c t u r i n g i n d u s 
t r y i n t h e 1 9 8 0 ' s . 

Our p r o g r a m p l a n f o r i n t e r f a c e s t a n d a r d s 
o v e r t h e n e x t 5 y e a r s i s : 

1 . T o d e v e l o p g u i d e l i n e s f o r t h e s p e c i f i c a 
t i o n o f k e y i n t e r f a c e s f o r i n d u s t r i a l 
r o b o t s , n u m e r i c a l l y c o n t r o l l e d m a c h i n e 
t o o l s , and f o r r o b o t s and m a c h i n e t o o l 
c o m b i n a t i o n s . 

2 . T o d e v e l o p a f o r m a l F e d e r a l s t a n d a r d 
f o r t h e s e i n t e r f a c e s . 

3 . T o c o n t i n u e t o s u p p o r t t h e A i r F o r c e 
r e g a r d i n g C o m p u t e r A i d e d M a n u f a c t u r i n g 
s t a n d a r d s r e l a t e d t o t h e ICAM p r o j e c t . 

I n r e g a r d t o o u r s e c o n d p r o g r a m o b j e c t i v e s , 
t h e d e v e l o p m e n t o f l a n g u a g e s t a n d a r d s u s e d 
i n p r o g r a m m i n g a u t o m a t i o n s y s t e m s , w e a r e 
c u r r e n t l y e n g a g e d i n f i n a l i z i n g a F e d e r a l 
s t a n d a r d o n t h e APT p r o g r a m m i n g l a n g u a g e . 
T h i s s t a n d a r d w i l l a l l o w a l l F e d e r a l i n 
s t a l l a t i o n s t o i n t e r c h a n g e t h e i r APT p r o 
g r a m s . The Navy e s t i m a t e s t h a t t h i s one 
s t a n d a r d w i l l s a v e t h e G o v e r n m e n t $ 3 . 8 
m i l l i o n p e r y e a r i n r e p r o g r a m m i n g c o s t s . 

W e w i l l c o n t i n u e t h i s w o r k o v e r t h e n e x t 
f i v e y e a r s w i t h t h e p u b l i c a t i o n o f s t a n 
d a r d s u b s e t s and s u p e r s e t s o f t h e APT 
l a n g u a g e w i t h v a l i d a t i o n p r o c e d u r e s f o r 
t e s t i n g APT c o m p i l e r s . 

The t h i r d o b j e c t i v e o f o u r p r o g r a m i s t o 
d e v e l o p p e r f o r m a n c e m e a s u r e s f o r t h e 
s p e c i f i c a t i o n , p r o c u r e m e n t , and e v a l u a t i o n 
o f r o b o t s and N C t o o l s . 

W e h a v e d e v e l o p e d a h i e r a r c h i c a l c l a s s i f i 
c a t i o n s y s t e m f o r d i f f e r e n t l e v e l s o f 
r o b o t c o n t r o l s y s t e m s and w i l l b e p r o v i d i n g 
c o n s u l t i n g s e r v i c e s t o t h e A i r F o r c e o n t h e 
d e v e l o p m e n t o f a d v a n c e d c o n t r o l s y s t e m s f o r 
r o b o t s f o r b u i l d i n g t h e F -16 a i r c r a f t . W e 
p l a n t o d e v e l o p c o m p r e h e n s i v e p e r f o r m a n c e 
t e s t m e t h o d s a n d e v a l u a t i o n t e c h n i q u e s f o r 
r o b o t s b y 1979 a n d t e c h n i q u e s f o r e v a l u a t 
i n g d y n a m i c p e r f o r m a n c e o f m a c h i n e t o o l s 
by 1 9 8 0 . 

The f o u r t h o b j e c t i v e o f o u r p r o g r a m i s t o 
c a r r y o u t r e s e a r c h i n t h e t e c h n o l o g i e s o f 
c o m p u t e r c o n t r o l . U n d e r t h i s p a r t o f o u r 
p r o g r a m w e h a v e d e v e l o p e d a c o n t r o l s y s 
t e m m o d e l e d a f t e r t h e c e r e b e l l u m , w h i c h 
i s a p a r t o f t h e b r a i n w h i c h c o m p u t e s t h e 
f u n c t i o n s r e q u i r e d f o r p r e c i s e c o o r d i n a t e d 
c o n t r o l o f r a p i d movements o f t h e l i m b s , 
h a n d s , a n d e y e s . T h i s m o d e l c a l l e d CMAC 
( C e r e b e l l a r M o d e l A r i t h m e t i c C o m p u t e r ) was 
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r e c o g n i z e d by I n d u s t r i a l Research Magazine 
i n i t s annua l IR-100 c o m p e t i t i o n as "one 
o f t h e 100 most s i g n i f i c a n t new t e c h n i c a l 
p r o d u c t s of year 1976 . " CMAC was c o n s i d e r 
ed i m p o r t a n t f o r a number of r easons : 

F i r s t , i t reduces a s i g n i f i c a n t new neu ro -
p h y s i o l o g i c a l t h e o r y t o a mathemat i ca l 
f o r m a l i s m o f s u f f i c i e n t p r e c i s i o n t o make 
p o s s i b l e s c i e n t i f i c p r e d i c t i o n s o f motor 
b e h a v i o r . 

Second, i t i s a new techn ique o f computer 
memory management wh ich makes p r a c t i c a l t he 
r e a l t i m e computa t ion o f a l a r g e c l a s s o f 
i m p o r t a n t m u l t i v a r i a n t f u n c t i o n s b y t a b l e 
l o o k - u p . Th i s c l a s s o f f u n c t i o n s i n c l u d e s 
those f r e q u e n t l y encountered i n the servo 
c o n t r o l o f machine t o o l s , r o b o t s , aerospace 
v e h i c l e s , and many i n d u s t r i a l p rocesses . 

T h i r d , i t i s a dev i ce wh ich can be i m p l e 
mented w i t h i nexpens i ve m ic rop rocesso r 
t echno logy t he reby making i t s use econom
i c a l f o r a wide v a r i e t y o f c o n t r o l system 
a p p l i c a t i o n s . 

F o u r t h , i t i s a dev i ce wh ich can be i n t e r 
connected in a h i e r a r c h i c a l s t r u c t u r e so 
as to genera te s e n s o r y - i n t e r a c t i v e , adap
t i v e , g o a l - d i r e c t e d behav io r i n autonomous 
systems. CMAC p r o v i d e s an e n t i r e l y new 
approach to many s i g n i f i c a n t problems i n 
a r t i f i c i a l i n t e l l i g e n c e , da ta base manage
ment, and l a r g e sca le d i s t r i b u t e d comput
i n g systems. 

The NBS Automat ion Technology Program is 
c u r r e n t l y funded a t $540K per y e a r . T h i s 
i s expected t o r i s e t o $1.0 m i l l i o n i n 
FY 78 and to about $3.0 by 1980. Of t h i s 
f u n d i n g a p p r o x i m a t e l y 20% is devoted to 
d e v e l o p i n g sensors and c o n t r o l t e c h n o l o g y . 

OFFICE OF NAVAL RESEARCH 
PROGRAMS IN ARTIFICIAL INTELLIGENCE 

M. D e n i c o f f 
ONR 
A r l i n g t o n , VA 22217 

The O f f i c e o f Nava l Research suppo r t s two 
major r e s e a r c h e f f o r t s i n A r t i f i c i a l 
I n t e l l i g e n c e : (1) l a r g e f i l e systems and 
(2) maintenance a u t o m a t i o n . 

I . Large F i l e Systems 

The non-numer ic l a r g e f i l e p rob lem, most 
c h a r a c t e r i s t i c o f c i v i l i a m and m i l i t a r y 
l o g i s t i c s , management, f i n a n c i a l , and 
p e r s o n n e l and da ta p r o c e s s i n g env i ronmen ts , 
i s t he p rob lem area most p o o r l y addressed 
by c u r r e n t computer t e c h n o l o g y . The r e 
qu i remen t h e r e , b a r e l y touched upon by 
r e s e a r c h a c t i v i t y t o t he t i m e o f 1970, i s 
t h e development o f t echn iques t o improve 
search and r u n t i m e e f f i c i e n c y ; t o des ign 

so f twa re wh ich faces up to s e c u r i t y i s sues 
i n a h i g h l y i n t e r a c t i v e , network e n v i r o n 
ment; to accomp l i sh a major b reak th rough 
by moving away f rom systems which produce 
ca lendar o r i e n t e d , vo luminous o u t p u t ; and 
t o move v i g o r o u s l y toward the t o a l o f r e a l 
t ime i n t e r a c t i o n between d e c i s i o n makers 
and s t o r e d d a t a . I n s p i t e o f a lmost twen ty 
years o f h e r a l d i n g the a r r i v a l o f o n - l i n e 
compu t ing , our c u r r e n t systems are l a r g e l y 
ba t ch o r i e n t e d ; o u t p u t i s voluminous and 
ca lendar d i r e c t e d ; management by e x c e p t i o n 
seldom o c c u r s ; t h e r e i s ve ry l i t t l e d i r e c t , 
o n - l i n e manager i n t e r a c t i o n w i t h computers . 
Large Data Base resea rch a c t i v i t y , i n i t i a t e d 
by t h e O f f i c e o f Naval Research in 1972, 
se t ou t to deve lop a body o f techn iques f o r 
c o r r e c t i n g these d e f i c i e n c i e s . . Most i m 
p o r t a n t , t he ONR program had the l a r g e r 
goa l o f moving computa t ion f rom i t s c u r r e n t 
s t a t e o f c o n s t i t u t i n g a pass ive c a p a b i l i t y 
— a l l o f t h a t da ta s i t t i n g t h e r e i n s t o r 
age w a i t i n g to be asked ques t i ons which are 
seldom or never asked. The 1972 o b j e c t i v e 
was t o push s t r o n g l y i n t he d i r e c t i o n o f 
a c t i v i s t systems wh ich are capable o f 
c a r r y i n g on e x t e n s i v e E n g l i s h language 
d i a l o g u e s , wh ich have an automated c a p a c i t y 
f o r comprehending r e l a t i o n s h i p s across d a t a , 
f o r making i n f e r e n c e s , f o r us i ng t h a t f a c 
i l i t y t o take i n i t i a t i v e , i n r e a l t i m e , t o 
a l e r t managers t o the impending occur rence 
o f c r i t i c a l e v e n t s . Knowledge systems used 
t o a n t i c i p a t e and p reven t c r i s i s , no t com
p u t e r s used t o r e c o n s t r u c t the h i s t o r y o f 
p a s t d i s a s t e r s i s t he u l t i m a t e Large Data 
Base resea rch o b j e c t i v e . Large F i l e Sys
tem resea rch has two major aspec t s ; one 
be ing t he des ign o f so f twa re t o f a c i l i t a t e 
t he manager ia l da ta r e t r i e v a l p rocess ; t he 
o t h e r , b e i n g t h e c r e a t i o n o f mechanisms t o 
improve manage r i a l — da ta base i n t e r a c t i o n . 
From t h e so f twa re des ign p e r s p e c t i v e , t he 
program i n c l u d e s such elements as p r i v a c y 
and s e l e c t i v e access c o n t r o l c a p a b i l i t i e s ; 
p rocedures f o r au toma t i c r e c o n f i g u r a t i o n 
o f f i l e s ac ross s t o r a g e media; the i n c l u 
s i o n o f smooth ing a l g o r i t h m s t o c o n t r o l t he 
r e c o n f i g u r a t i o n p r o c e s s ; the r o u t i n e c r e a 
t i o n o f " u t i l i t y f i l e s " c o n t a i n i n g summary 
d a t a ; da ta s t r u c t u r i n g t o f a c i l i t a t e i n 
f e r e n t i a l s e a r c h ; t he c a p a b i l i t y f o r p r o 
v i d i n g s ta temen ts o n the accuracy o r r e 
levance o f o u t p u t ; t he i n c o r p o r a t i o n o f 
knowledge r e p r e s e n t a t i o n methodo log ies t o 
c r e a t e a c o n t e x t f o r i n t e r p r e t i n g the 
meanings o f i n t e r r o g a t i o n s a r r i v i n g f rom 
d i v e r s e sou rces . From the user p e r s p e c 
t i v e , t h e r e s e a r c h i n c l u d e s r e a l t i m e 
i n t e r r o g a t i o n ; o n - l i n e model ing c a p a b i l 
i t i e s ; a t e x t r e a d i n g , t e x t summar i za t i on , 
and message p r i o r i t i z a t i o n c a p a b i l i t y ; t h e 
development o f a n a t u r a l language f r o n t 
end t o enab le d i r e c t c o n t a c t w i t h computers 
by h i g h l e v e l managers — t h i s i n t e r a c t i o n 
r a n g i n g f rom "one l i n e r s " t o s o p h i s t i c a t e d 
o n - l i n e b rows ing and s i m u l a t i o n ; b u i l d i n g 
a c a p a b i l i t y f o r a n t i c i p a t i n g c r i s i s s i t -
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u a t i o n s t h r o u g h the s e t t i n g and m o n i t o r i n g 
o f au tomat i c a larms o r t r i g g e r s . 

I I . Maintenance Au tomat ion 

The i n c r e a s i n g t e c h n o l o g i c a l comp lex i t y o f 
nava l weapons sys tems, coup led w i t h a n t i c 
i p a t e d shor tages o f r e q u i r e d manpower 
s k i l l s and r i s i n g r e p a i r c o s t s , underscore 
the i n e v i t a b i l i t y o f a n impending d i f f i c u l t 
s i t u a t i o n i n F l e e t main tenance. Automa
t i o n o f Navy maintenance a c t i v i t i e s i s 
p roposed , no t as a s u b s t i t u t e f o r , bu t as 
a necessary a d j u n c t to s o l v i n g the prob lem 
by i n c r e a s i n g the manpower s u p p l y , or i m 
p r o v i n g the fundamenta l r e l i a b i l i t y o f 
weapons. 

Research o b j e c t i v e s i n c l u d e : 

a . Au tomat ing t h e processes o f e q u i p 
ment f a i l u r e d i a g n o s i s and r e p a i r , i n c l u d 
i n g : (1) Use of the computer as an " e x p e r t 
c o n s u l t a n t " t o the t e c h n i c i a n i n p e r f o r m 
i n g gene ra l d i a g n o s i s and r e p a i r . (2) Dev
e l o p i n g f u l l y automated d i a g n o s t i c s and 
r e p a i r c a p a b i l i t i e s f o r s e l e c t e d equipment 
a reas . (3) E x p l o r i n g p o s s i b i l i t i e s o f com
p u t e r a s s i s t e d j u r y r i g adv ice f o r c lasses 
o f m a l f u n c t i o n s . (4) Where f e a s i b l e , dev
e l o p i n g automated procedures f o r i n i t i a t 
i n g / a c c o m p l i s h i n g j u r y r i g s o l u t i o n s . 

b . Automat ing the f u n c t i o n o f manufac
t u r i n g r e q u i r e d f o r u n a v a i l a b l e spare p a r t s , 
i n c l u d i n g : (1) Development o f automated, 
onboard manu fac tu r i ng c a p a b i l i t i e s . P o s 
s i b i l i t i e s range f rom use o f n u m e r i c a l l y 
c o n t r o l l e d machines t o des ign o f A . I . 
p rocedures f o r o n e - o f - a - k i n d p r o d u c t i o n . 
(2) C o n s i d e r a t i o n o f s t o c k i n g rough f i n 
i shed (genera l u t i l i t y ) modules w h i c h , 
w i t h A . I . m a n u f a c t u r i n g , can b e t a i l o r e d 
to a unique end i t e m need. 

c . The des ign o f A . I . p rocedures f o r 
au tomat ing the f u n c t i o n o f t e s t i n g f o r 
d e t e r i o r a t i o n , damage, o r m i s c a l i b r a t i o n 
o f o n - t h e - s h e l f s tocked i t e m s . 

d . Mechan iz ing the f u n c t i o n o f e q u i p 
ment c o n d i t i o n m o n i t o r i n g ; the i n t e r e s t 
be ing t h a t o f au tomat i c a la rm r i n g i n g when 
p r e - e s t a b l i s h e d t h r e s h o l d c o n d i t i o n s are 
b reached. 

e . The e x p l o i t a t i o n o f A . I . v i e w i n g and 
m a n i p u l a t i o n c a p a b i l i t i e s t o reduce b o t h 
damage and manpower requ i remen ts f o r o n 
board sh i p m a t e r i a l s h a n d l i n g and movement. 

f . Design o f g e n e r a l i z e d , automated 
dev ices f o r accomp l i sh i ng manpower i n t e n 
s i v e sh ipboa rd housekeeping f u n c t i o n s . 

g . The des ign o f A . I . knowledge base, 
process m o d e l l i n g c a p a b i l i t i e s t o schedule 
and mon i t o r the t o t a l i t y o f maintenance 

a c t i v i t i e s r e l e v a n t t o o p e r a t i n g embarked 
c a r r i e r squadrons. 

The f i e l d o f A r t i f i c i a l I n t e l l i g e n c e has 
produced fundamenta l r e s u l t s i n t he areas 
o f machine c o n c e p t u a l i z i n g , machine v i s i o n , 
and m a n i p u l a t i o n ; these r e s u l t s are so p r o 
m i s i n g a s t o i n d i c a t e the a d v i s a b i l i t y o f 
a l a r g e i nves tmen t t o t e s t t h e a p p r o p r i a t e 
n e s s / f e a s i b i l i t y o f these techn iques f o r 
add ress ing the i ssues d e s c r i b e d above. 
Very r e c e n t r e s u l t s demonst ra ted the 
u t i l i t y o f A . I . a l g o r i t h m s f o r : (1) Under
s t a n d i n g and respond ing to n a t u r a l language 
ques t i ons on the w i r i n g i n t r i c a c i e s o f a 
complex c i r c u i t d e s i g n , and (2) au toma t i c 
r e c o g n i t i o n and u n d e r s c o r i n g o f c i r c u i t 
m a l f u n c t i o n s , and (3) automated guidance 
t o t e c h n i c i a n s o n accomp l i sh ing the r e p a i r . 

ARTIFICIAL INTELLIGENCE R&D 
AT THE NAVAL RESEARCH LABORATORY 

J . S l a g l e 
NRL 
Wash., DC 20375 

The need f o r A . I . t echno logy i s i n c r e a s i n g 
r a p i d l y i n the Department o f Defense i n 
gene ra l and the Navy in p a r t i c u l a r . Whi le 
the na tu re o f the Navy 's r e s p o n s i b i l i t i e s 
becomes more d i f f i c u l t and the equipment 
becomes more s o p h i s t i c a t e d a lmost d a i l y , 
t he a b i l i t y o f t he Navy t o f u l f i l l i t s 
m iss ions has no t f u l l y kep t pace. There 
are a number of reasons f o r t h i s , the most 
s i g n i f i c a n t o f wh ich a r e : 

1 . The peop le i n the m i l i t a r y are c o s t l y 
and y e t mos t l y u n s k i l l e d . The amount o f 
t he m i l i t a r y budget spent on pe rsonne l has 
i nc reased t o 60%, and i s l i k e l y t o i nc rease 
f u r t h e r w i t h the c o n t i n u a t i o n o f t he a l l 
v o l u n t e e r m i l i t a r y , y e t due to some o f the 
d isadvantages o f m i l i t a r y s e r v i c e , i t i s 
d i f f i c u l t t o draw and keep s u f f i c i e n t 
s k i l l e d l a b o r t o o p e r a t e , m a i n t a i n , and 
r e p a i r the w idespread s o p h i s t i c a t e d e q u i p 
ment. 

2 . The t r a i n i n g o f peop le to hand le and 
r e p a i r s o p h i s t i c a t e d m i l i t a r y equipment i s 
ve ry expens i ve . Once t r a i n e d , many m i l i 
t a r y peop le can o b t a i n s u b s t a n t i a l l y h i ghe r 
s a l a r i e s i n p r i v a t e e n t e r p r i s e and t h e r e 
f o r e o f t e n leave b e f o r e t h e m i l i t a r y has 
f u l l y recovered the cos t s o f t h e i r t r a i n i n g . 

3 . Machines can ope ra te in env i ronments 
h o s t i l e t o p e o p l e , f o r example, under f i r e 
o r i n extreme c l i m a t e s o r , f o r c e r t a i n 
Navy a p p l i c a t i o n s , under w a t e r . 

4 . Success fu l o p e r a t i o n o f the modern m i l 
i t a r y complex r e q u i r e s e f f e c t i v e , e f f i c i e n t , 
and r a p i d command and c o n t r o l of a l a r g e 
complex of people and equipment . However, 
t he systems f o r command and c o n t r o l have 
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not f u l l y kept pace w i t h the r a p i d advances 
in the equipment be ing commanded and con
t r o l l e d . 

5 . S k i l l e d humans can s t i l l f a r ou tpe r fo rm 
computers in many aspects of p rocess ing 
t a s k s , such as those assoc ia ted w i t h no isy 
s i g n a l s f rom r a d a r , r a d i o , and a c o u s t i c 
equipment. Many o the r tasks such as the 
h a n d l i n g of day to day r e p o r t s and mounds 
of paperwork can be more e f f e c t i v e l y hand
l ed b y computers. I t i s t h e r e f o r e impor
t a n t t h a t u s e f u l and t r u s t w o r t h y systems 
be made a v a i l a b l e to f r e e m i l i t a r y person
n e l f o r those tasks f o r which humans are 
best s u i t e d . 

Whi le i t i s t r u e t h a t the cos t o f computer 
s o f t w a r e , e x p e c i a l l y A . I . type s o f t w a r e , 
i s r i s i n g r a p i d l y , the p o t e n t i a l b e n e f i t s 
f rom success fu l A . I . techn iques f a r o u t 
weigh the i n i t i a l c o s t s . 

The A . I . R&D at NRL is e s s e n t i a l l y concen
t r a t e d in the Computer Science Labora to ry 
i n the Communications Sciences D i v i s i o n . 
The t h r e e f u l l - t i m e sen io r computer 
s c i e n t i s t s have pub l i shed more than f i f t y 
r e f e reed j o u r n a l a r t i c l e s and a book 
( S l a g l e , 1971). These p u b l i c a t i o n s have 
been in Computer Science in genera l w i t h 
the main t h r u s t i n A . I . encompassing a u t o 
mat ic c l u s t e r i n g , p a t t e r n r e c o g n i t i o n , 
d e d u c t i o n , h e u r i s t i c search , symbol manip
u l a t i o n , and i n t e l l i g e n t knowledge base 
management. The c u r r e n t ( F i s c a l 1977) 
budget i s $200,000. Next yea r , i t i s 
expected to exceed $300,000, a p o r t i o n of 
which w i l l g o t o o u t s i d e c o n t r a c t o r s a t 
u n i v e r s i t i e s , e t c . Cur ren t p r o j e c t areas 
o f i n t e r e s t , o rdered by i n c r e a s i n g fund ing 
l e v e l , are automat ic speech compression, 
r o b o t i c s , i n t e l l i g e n t knowledge-based 
management systems, and c l u s t e r i n g and 
p a t t e r n r e c o g n i t i o n . These p r o j e c t s w i l l 
now be d i scussed . 

The o b j e c t i v e of the speech compression 
p r o j e c t i s to develop a techn ique to enable 
low b i t r a t e speech communication w i t h 
minimum loss of q u a l i t y . The main Navy 
a p p l i c a t i o n i s t o i n te rsubmar ine communica
t i o n . The approach in t h i s l a b o r a t o r y has 
been based on the use of a lophones-smal l 
i d e n t i f i a b l e segments o f speech s i m i l a r t o 
but more numerous than phonemes. I f speech 
can be represen ted by a manageable number 
o f alophones and be f u l l y r e c o n s t r u c t a b l e , 
then the amount o f da ta r e q u i r e d to t r a n s 
m i t t he speech can be g r e a t l y reduced. 
Using d i g i t i z e d speech i n the form o f l i n 
ear p r e d i c t i v e cod ing (LPC) c o e f f i c i e n t s , 
we are a p p l y i n g c l u s t e r a n a l y s i s techn iques 
to determine cand idate se ts o f alophones 
f o r vowel sounds i n E n g l i s h . 

The purpose o f the r o b o t i c s p r o j e c t i s to 
i n v e s t i g a t e the f e a s i b i l i t y o f employing a 

mechanical arm f o r automated underwater 
tasks on an unmanned, f r e e swimming v e h i c l e . 
Techniques are b e i n g developed f o r the 
accomplishment o f u s e f u l tasks w i t h o u t the 
use o f t e l e v i s i o n images or l a r g e comple
ments of computers. V i a b l e types of 
sensory feedback, dynamica l l y a l t e r a b l e 
p l a n n i n g s t r a t e g i e s , and i n f o r m a t i o n r e p r e 
s e n t a t i o n s must be developed f o r t h i s p r o 
gram to succeed. As an i n i t i a l exper imen
t a l t o o l f o r t h i s r e s e a r c h , we have 
acqu i red a model "MIT Robot Arm" such as 
the one shown in F igu re 6. We w i l l acqu i re , 
des ign and b u i l d sensors as needed. 

We are deve lop ing an i n t e l l i g e n t knowledge
base management system w i t h the f o l l o w i n g 
c a p a b i l i t i e s : 

1 . A b i l i t y t o handle very l a rge knowledge 
bases (order o f a b i l l i o n or more b i t s ) . 

2 . A b i l i t y t o do bo th e x p l i c i t and i m p l i c i t 
( i n f e r e n t i a l ) q u e s t i o n answer ing. 

3. Compact i n f o r m a t i o n r e p r e s e n t a t i o n . 

4 . Ut i l i zes semant ic (domain s p e c i f i c ) i n 
f o r m a t i o n f o r bo th b e t t e r c o n t r o l o f t he 
knowledge base search and i n fe rence p r o 
cesses and to a s s i s t in m a i n t a i n i n g know
ledge base i n t e g r i t y . 

We are now in the process of " b r i n g i n g up" 
the f i r s t v e r s i o n o f the System f o r 
P a r a l l e l Represen ta t ion of Knowledge (SPARK) 
on the DEC-10 Computer System at NRL. Ex
per iments employ ing r e a l i s t i c Navy know
ledge bases w i l l be performed w i t h t h e 
system t o determine i t s u t i l i t y and b e n e f i t s . 

We are i n v e s t i g a t i n g automat ic c l u s t e r i n g 
and p a t t e r n r e c o g n i t i o n from a bas ic r e 
search and a p p l i e d p o i n t of v iew. Our 
main a p p l i c a t i o n i s emiss ion i d e n t i f i c a 
t i o n - t he process o f i d e n t i f y i n g u n f r i e n d 
ly p l a n e s , s h i p s , e t c . by means o f t he 
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pass ive a c q u i s i t i o n o f data such as t h e i r 
radar and r a d i o s i g n a l s . The o b j e c t i v e 
o f the automat ic emiss ion i d e n t i f i c a t i o n 
p r o j e c t i s t o employ c l u s t e r i n g * a n d p a t t e r n 
r e c o g n i t i o n techn iques to automate the 
process o f i d e n t i f i c a t i o n o f ob j ec t s by 
c l ass ( t h a t i s t o i d e n t i f y s h i p s , f o r 
example, by t h e i r type but no t by name) 
us ing data c o l l e c t e d f rom a v a r i e t y o f 
remote sens ing dev i ces . 
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* C l u s t e r i n g is a procedure t h a t assigns 
samples t o se ts c a l l e d c l u s t e r s i n 
such a way t h a t : 

1. The members of a c l u s t e r are s i m i l a r 
to one ano ther . 

2. The members of d i f f e r e n t c l u s t e r s are 
d i s s i m i l a r . 

A sample is a l i s t o f parameters ( f ea tu res ) 
f o r example, (THIN, BLUE, TALL) or ( 1 . 0 , 
2 . 5 , 3 . 1 , - 1 . 0 , - 1 1 . 7 , 10 .5 , 5.0) o r 
(BROWN, 140, BLUE, 67, 36) . C l u s t e r i n g 

may be used to get d i r e c t i n s i g h t i n t o the 
data ( f o r example, taxonomy) or as a f i r s t 
s tep t o au tomat ic p a t t e r n r e c o g n i t i o n . I t 
may be a p p l i e d to many k inds of d a t a , f o r 
example, emiss ions , pe rsonne l , chemica ls , 
and s h i p s . 

ARTIFICIAL INTELLIGENCE RESEARCH FUNDED 
BY THE ADVANCED RESEARCH PROJECTS AGENCY 

W. Gevarter 

ARPA funds A . I . research in the areas o f : 

1 . N a t u r a l Language 
2. Knowledge-based I n f e r e n t i a l Rea

son ing Systems 
3. Computer V i s i o n Systems 

This research i s l a r g e l y u n i v e r s i t y based. 

1 . N a t u r a l Language 

In t h i s area ARPA funds : 

a . S to r y -unde rs tand ing research 
b . B e t t e r man-machine d ia logue i n t e r 

a c t i o n research 

2. Knowledge Based Reasoning Systems 

Research in t h i s area inc ludes work on 
p r o d u c t i o n r u l e formal isms ( ru le -based 
systems) . P roduc t i on systems they have 

helped suppor t i n c l u d e MYCIN (a d i a g 
n o s t i c system f o r i d e n t i f y i n g b a c t e r i a 
b lood i n f e c t i o n s and an t ibody p r e s c r i p 
t i o n ) and DENDRAL (a q u a l i t a t i v e chem
i c a l analyses system us ing mass spec-
t ronomy) . Research con t inues on i n 
ference-based systems t h a t can do r e a 
soning and are se l f - documen t ing ( i n d i 
c a t i n g how r e s u l t s were o b t a i n e d ) . 
I n t e r e s t i s a l so e v o l v i n g o n l e a r n i n g , 
whereby the computer can acqu i re i t s 
own models and r u l e s e m p i r i c a l l y . 

3. Computer Vision_Systerns 

Research in t h i s area i s cen tered on 
t r y i n g t o develop automat ic r e c o g n i 
t i o n and e x t r a c t i o n o f f e a t u r e s f rom 
scenes. 
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