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Abs t rac t  

The p r o b l e m   o f   d i s t r i b u t e d   d e t e c t i o n   i n v o l v i n g  
N s e n s o r s  is cons idered .  The c o n f i g u r a t i o n   o f   s e n -  

s o r s  i s  s e r i a l   i n   t h e   s e n s e   t h a t   t h e  ( j - l ) t h  s enso r  

pas ses  i ts  d e c i s i o n  t o  t h e  j t h  s e n s o r   a n d   t h a t   t h e  

j t h  s e n s o r   d e c i d e s   u s i n g   t h e   d e c i s i o n  i t  r e c e i v e s  
and i t s  own o b s e r v a t i o n .  When e a c h   s e n s o r   e m p l o y s  
t h e  Neyman-Pearson t e s t ,  t h e   p r o b a b i l i t y   o f   d e t e c -  
t i o n  is maximized f o r  a g i v e n   p r o b a b i l i t y   o f   f a l s e  

a l a r m ,   a t   t h e  N t h  s t a g e .  With  two s e n s o r s   t h e   s e r i -  
a1  scheme is b e t t e r   t h a n   t h e   p a r a l l e l   f u s i o n   s c h e m e  
a n a l y z e d   i n   t h e   l i t e r a t u r e .  For c e r t a i n   d i s t r i b u -  
t i o n s   o f   o b s e r v a t i o n s ,   t h e   s e r i a l   s c h e m e   p e r f o r m s  
b e t t e r   f o r   a l l  N .  N * m e r i c a l   e x a m p l e s   i l l u s t r a t e   t h e  
g l o b a l   o p t i m i z a t i o n  by t h e   s e l e c t i o n   o f   o p e r a t i n g  
t h r e s h o l d s   a t   t h e   s e n s o r s .  

T h i s   r e s e a r c h  i s  s p o n s o r e d  by SDI/ISDG and is man- 
aged by t h e   O f f i c e  of Nava l   Resea rch   unde r   Con t rac t  
NO0014k-0515. 

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

The t h e o r y   o f   d i s t r i b u t e d   d e t e c t i o n  is rece iv -  
i n g  a l o t  o f   a t t e n t i o n   i n   t h e   l i t e r a t u r e  [ l - 6 1 .  
T y p i c a l l y ,  a number o f   s e n s o r s   p r o c e s s  t h e  d a t a   t h e y  
r ece ive   and   dec ide   i n   f avor  of one of t h e   h y p o t h e s e s  
a b o u t   t h e   o r i g i n   o f   t h e   d a t a .   I n  a two c l a s s   d e c i -  
s ion   problem,   the   hypotheses  would  be s i g n a l   p r e s e n t  
( H I  ) o r   t h e   s i g n a l   a b s e n t  ( H o ) .  These   dec i s ions   a r e  

t h e n   s e n t   t o  a f u s i o n   c e n t e r   w h e r e  a f i n a l   d e c i s i o n  
r e g a r d i n g   t h e   p r e s e n c e   o f   t h e   s i g n a l  is made. T h i s  
scheme  can  be  termed p a r a l l e l   d e c i s i o n   m a k i n g .   I n  
t h i s  p a p e r ,  we c o n s i d e r  a s e r i a l  d i s t r i b u t e d   d e c i -  
s i o n   s c h e m e   ( F i g .  1 ) .  T h o u g h   t h e   p e r f o r m a n c e   o f  
t h i s  c o n f i g u r a t i o n  i s  s u s c e p t i b l e   t o   l i n k   f a i l u r e s ,  
t h e  pe r fo rmance   o f   t he   s e r i a l   s cheme   can   exceed   t ha t  
o f   t h e   p a r a l l e l   s c h e m e .  A l s o ,  t h e   g e o g r a p h i c a l  
c l o s e n e s s   o f  some of t h e  sensors   might  make a s e r i a l  
or s e r i a l - p a r a l l e l   c o n f i g u r a t i o n   d e s i r a b l e .  

Development  of Key Equations 

C o n s i d e r   t h e   s e r i a l   c o n f i g u r a t i o n   o f  d i s t r i -  
b u t e d   s e n s o r s   s h o w n   i n   F i g .  1 .  D e n o t e   t h e   s e n s o r  

d e c i s i o n s   a s  u 1 ,  u2 ,..., U N .  The j t h  s e n s o r  re -  
c e i v e s  t h e  decis ion  uj-1  and i ts  own o b s e r v a t i o n  Z j  

t o  make i t s  d e c i s i o n   u j .  The d e c i s i o n  U N  a t   t h e  N t h  

s e n s o r  is t h e   f u s e d   d e c i s i o n   a b o u t   t h e   h y p o t h e s e s .  
We a s s u m e   t h a t  t h e  d a t a  a t  t h e   s e n s o r s ,   c o n d i t i o n e d  
on e a c h   h y p o t h e s i s ,   a r e   s t a t i s t i c a l l y   i n d e p e n d e n t .  
T h i s  i m p l i e s   t h a t  Z j  and u j - 1   a r e   a l s o   c o n d i t i o n a l l y  

i n d e p e n d e n t .   T h e  j t h  s e n s o r   e m p l o y s   a n  N-P  t e s t  
u s i n g  t h e  d a t a   ( Z ~ ~ u j - 1  ) .  The o p t i m a l i t y   o f  t h i s  

assumption is shown by Theorem 1 ,  d i s cussed  la ter .  

D e n o t i n g   t h e   d i s t r i b u t i o n   o f  Z j  as   p(Zj lH1)  and 

p ( Z j l H o ) ,   t h e   l i k e l i h o o d   r a t i o   t e s t  becomes 
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1 

Many t i m e s  i t  i s  c o n v e n i e n t   t o   u s e  
hood r a t i o ,  iln A ( Z j )  = A*(Zj) .  Hence , 

A*(Zj) 9- [ t!'l i f  u .  = 1 
J-1 

Ho t .  
J 90 

i f  u .  = 0 
J-1 

and 

= o  

t h e  l o g  l i k e l i -  

* 
For t h e  f i r s t  s t a g e ,   t l , l  - - t l , O '  * 

A t  t h e  j t h  s t a g e ,   t h e   f a l s e  alarm p r o b a b i l i t y  
is given by 

Us ing  ( 3 ) ,  (4) and   t he   cond i t iona l   i ndependence   a s -  
sumption, we have 

S i m i l a r l y ,  

Knowing t h e   d i s t r i b u t i o n   o f   t h e   o b s e r v a t i o n s  Z j  and 
us ing  ( 2 )  and (4 through 6 ) ,  i t  i s  p o s s i b l e   t o  com- 
p u t e  t h e  P ~ , j ' s  r e c u r s i v e l y   p r o v i d e d   t h e  P ~ , j ' s  a r e  
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s p e c i f i e d .   i f  tnFi P ~ , j ' s  a r e   x e p t   t h e   s a n e ,   t h e  

s e r i a l   c o n f i g u r a t i o n   e x h i b i t s   s o m e   n i c e   p r o p e r t i e s  

~ 7 ; .  H o w e v e r ,   f o r  a g i v e n  PO,% a t   t h e  ~ t h  s t a g s ,  

t h i s  p r o c e a u r e   d o e s   n o t   g d a r a n t e e  a naximum P c , ~ j .  
I n   o r d e r  t o  g l o b a l l y   o p t i m i z e   t h e   ? e r f o r m a n c e ,   t h a t  
is t o   z a x i m i z e  P ~ , N  f o r  a g iven  ? F , N ,  we need a nul- 
t i a i n e n s i o n a i   s e a r c h  w i t h  r e s p e c t   t o   t h e   v a r i a b l e s  
P F , ~ ' s ~  j = 1 ,2,. .., ( X - 1  ) .  The r e s u l t s   o b t a i n e d  
u s i n g   t h e   n m e r i c a l   s e a r c h   p r o c e d u r e  will De p r e s e n t -  
ed i n   t h e   n e x t   S e c t i o n .  Tne Theorem 1 s t a t e d   b e l o w  
shows : h a t   t n e  I;-? t e s t 3   a t   t h e   s e n s o r s  i s  optimum 
f o r   t h a   s e r i a i   3 i s t - i b u t e a   d e c i s i o n   p r o b l e m .  The 
?roof  can be found i n  [6j. 

Theorem 1 

G i v e n   t h a t   t h e   o b s e r v a t i o n s   a t   e a c h   s t a g e   i n  a 
s e r i a l   d i s t r i b a t e d   d e t e c t i s n   e n v i r o n m e n t  w i t h  N s e n -  
s o r s   a r e   i . i . d . ,   t n e   p r o b a b i l i t y   o f   d e t e c t i o n  i s  
maximized f o r  a g i v e n   p r o b a b i l i t y   o f   f a l s e   a l a r m ,   a t  

t h e  N t n  s t a g e ,  when e a c h   s t a g e  employs  the Neyman- 
? e a r s o n   t e s t .  

Performance  Evaluation 

Llsing s t a n d a r d   n u m e r i c a l   ? r o c e d u r e ,  we eva lu-  
a ted   the   per formanee  of a s e r i a l  scheme f o r   t h e   c a s e  
o f   t h e   o e t e c t i o n   o f  a c o n s t a n t   s i g n a l  i n  a d d i t i v e  
white  'Saussian  noise  and  compared i t  v i t h   t h e   p a r a l -  
i c l  s c h e m e .   T h e   r e s u l t   f o r  two s e n s o r s  is shown i n  
F i g .  2 .  I n  g e n e r a l ,   f o r  2 s e n s o r s ,   t h e   s e r i a l  
schema is  n o t   i n f e r i o r   t o   t h e   p a r a l l e l  scheme. The 
proof  of t n i s   f o l l o w s   f r o m  Theorem 2 [ e ] .  
Theorem 2 

I f   t h e   s w i t c h i n g   f u n c t i o n   c o r r e s p o n d i n g   t o   t h e  
o p t i m a l   p a r a l l e l   f u s i o n   c a n   b e   r e a l i z e d   i n   t e r m s   o f  
a s e q u e n c e   o f   t w o   v a r i a c l e   f u n c t i o n s  'wi th  s i n g l e  
o u t p u t ,   t h e n  t h e  o p t i m a l   s e r i a l   s c h e m e  is  b e t t e r  
t han   t he   op t ima l   pa ra l l e l   s cheme .  

Conclusion 

A s e r i a l   d i s t r i a u t e d   n e t w o r k   o f  N senso r s   de t ec -  
t i ng   t he   p re sence   o r   absence   o f  a s i g n a l  is  a n a l y z e d  
i n   t h i s   p a p e r .  When the   s enso r   obse rva t ions   cond i -  
t i oned  on t h e   h y p o t h e s i s ,   a r e   s t a t i c a l l y   i n d e p e n d -  
e n t ,   t h e   s e n s o r s  employ  Neyman-Pearson t e s t   f o r  maxi- 
m i z i n g   t h e   d e t e c t i o n   p r o b a b i l i t y   f o r  a g i v e n   f a l s e  

a l a r m   p r o b a S i l i t y   a t   t h e  Nth s t a g e  (Theorem 1 ) .  For 
c e r t a i n   n o i s e   d i s t r i b u t i o n s ,   t h e   p a r a l l e l   s t r u c t u r e  
r e q u i r i n g  i t s  f u s i o n   s c h e m e   t o   b e l o n g   t o   c e r t a i n  
- l a s s   o f   s w i t c h i n g   f u n c t i o n s ,  i s  i n f e r i o r   t o   t h e  
s e r i a l  scheme  (Theorerr. 2 ) .  As a drawback,   any  ser i -  
a l   n e t w o r k  is  v u l n e r a b l e   t o   l i n k   f a i l u r e s .  Some 
n u m e r i c a l   s x a a 7 l e s   i l l u s t r a t e   t h e   p e r f o r m a n c e   o f   t h e  
o p t i m a l   s e r i a l   d e c i s i o n   s z h e m s .  
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