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A coherent  o p t i c a l  2-rcessor f o r  d i s j l a y i n g  a  and L-, and t h e  s p a t i a l  frequency v i s  r e l a t e d  t o  t h e  L s i g n a ? ' ~  ambiguity Functir- i s  descr ibed.  The re -  horizontal  dispiacernent,  x2, on plane P2 by 9 auired time de lay  i s  sic~'::ed by 45 degrez r o t a -  
t ions  of two i d e n t i c ? l  i:r.S t rans?arenc ies ,  and the  v = x2/1f dopoler s h i f t  by a  ~ > 5 j ? : . ~ ? t  one-dirension-1 Fcur ie r  ' 

(3)  
t ransformation.  The en i f -5  a s b i g u i t y  funi:ioq i s  d i s -  
played in the  output  (dcr:'tr s h i f t - t i n *  de!2yf plane. By an appropr ia te  choice of an input ,  t h i s  coherent 
Exanpies o f  the oot!celly :-nputed acbiguit;, funct ion processor  w i l l  be shown t o  have the  c a p a b i l i t y  of ambi- 
f o r  s i n g l e  and double ~ u l i s  s i g n a l s  a r e  s k i ? .  t o  be i n  g u i t y  funct ion d i sp lay .  
excel l e c t  a g r e s e n t  w.i tn :-eory. A d v a n t z ~ c s  of t h i s  Consider, then,  t h e  one d i r m s i o n a l  ternmral 
approach over  o t h e r  s c h r c s ,  and p o s s i b l e  ex:ecjisn t o  s i ~ ~ a l  f ( t )  i n  Fig. 2a and i t s  represen ta t ion  on the . 
rea l  time proces;ing, a r e  i i s o  discussed.  ( t , ~ )  plane [Fig.Zb]. By r o t a t i n g  t h i s  funct ion coun- 

t e rc loc iwise  about t h e  o r i g i n  an angle of e ( F i g . 2 ~ 1 ,  
1ntrodx:ion - we generate  t h e  func t ion  

The arnbigui ty  func t ic - ,  f i r s t  intro!.;-_s.' f y  :cod- f[ tcosa + r s ina]  

ward1, has been appl ied ir, radar  i n  p r e d i c t f ? ;  t h e  ca- i h u S ,  for a m t r t i o n  of 45 degrees, o b t a i n  
p a b i l i t y  of  a  given s ignai  ro simu1taneous:y f e t e n i n e  f ( ( t  + T ) / ~ l ,  and-for a r o t a t i o n  of -45 degrees, we 
the range and v e l s c i t y  of 2 t a r g e t .  The i-2:;' is  de- ob ta in  f { ( t  - r) / r '2 j .  I f  we cascade t ransparencies  of 
t e m i n f d  by t h e  tiale delay,  T ,  and t h e  v e l c c i t y  by the two funct ions,  i n  the irlput p lane  of the proces- 
dnppicr s h i f t ,  v. The a::.:ti.;uity func t ion  i t r  a  given sor of ~ i ~ . l  so a s  to form the product 
s i g n a l ,  f ( t ) ,  i s  f [ t  + r ) / n ]  f i t  - r)/fl '] ,  then,  from Eq.2, the resu l -  

(1 
t i n g  output is 

x(v.7) [I f ( t ) f [ t  - r )exz( - j2nvt )  d t  

Tn o p t i c s ,  Papoul i s  has m-ioyed the ambiguity funct ion 
2 I n  a n t l y r i n g  d i f f r a c t i o n  pz2nonena . 

In t h i s  paper, we &scribe a  r a t h e r  e a s i l y  imple- 
mented coherznt  processor  able of generatin: the  
adhicjuity funct ion in ~ a s n i r u d e .  A s i m i l z r ,  y e t  some- 
whzt r a r e  elzboratio, schsr.- f o r  generat ing x ( ~ . ~ )  in  
both magnitude and phase i s  * l sn  presentsd.  
Suck a scheme, exa-pie, would need t o  be u t i l i z e d  
h'!i~fl f u r t h e r  coherent  prccessing of  t h e  ambiguity func- 
t ion i s  required.  

. . 

co!?er;!n: anbllattg funct ion ?rocessor6 which u t i l i z e s  
tilul t i o l e  channels t o  d i sp lay  the  ambigui t y  func t icn  
f o r  d i s c r e t e  va lues  of T.  The s c h n e  of Casasent e t .  

genera tes  one-dimensional " s l i c e s "  o f  t h e  aabiyc- 
i  ty  funct ion in t h e  ( v , r )  plane. S imi la r  one-dieen- 
s'onal d i s p l a y s  have a l s o  been e l e c t r o n i c a l l y  

8 p r o d ~ ~ c e d  . Our method, a s  described i n  t h e  following 

s e c t ; o ? j ,  (1 )  d l s p l a y s  I ~ ( V , T ) ~ ~  i n  a  continuous 
( r a t h e r  than quant ized)  f o m  over  t h e  e n t i r e  ( v , ~ )  
p13ne8 ( 2 )  has t h e  capac i ty  f o r  extension t o  r e a l  t i n e  
processing,  and ( 3 )  i s  e a s i l y  implmented. 

The coheren t  processor capable of  d i s p l a y i n g  t h e  
anhigvi iy func t ion  ( i n  magnitude) i s  pic tured  i n  Fig 1. 
?he f i e l d  ampli tude,  U(V,T), i n  plane P2 is  re1a:ed 

t o  the coheren t ly  i l luminzted t ransparency,  S ( ~ , T )  i n  
p:rnt? PI  by a one-dimensional Fourier  transform: 

rf f ( t ' ) f ( t 9  - f i r !exp[- j2n(&u)t ' l  d t '  

w5ere we have made t h e  change of v a r i a b l e  

The i n t e n s i t y  d i s t r i b u t i o n  assoc ia ted  with Eq.4 i s  im- 
mediately recognized a s  a  scaled version of t h e  

-10 squared inodulus o f  t h e  anb iau i ty  func t ion .  

Exoerimental Rejul ts 

To eva lua te  t h e  performance of t h e  proposed Dro- 
cessor ,  t h e  ambiguity func t ions  f o r  a  s i n g l e  and doub- 
l e  pulse s igna l  a r e  evaluated a n a l y t i c a l l y  and com- 
pared t o  t h e  corresponding o p t i c a l  system outputs .  In 
p r a c t i c e ,  t h e  processor  output  i s  magnified by conven- 
t i o n a l  means f o r  observat ion and photographic purposes. 

For a  Single Pulse 

For a  s i n g l e  pulse,  (Fiq.3a), we rray w r i t e  

where A i s  t h e  w a v e l ~ n g t h  of  t h e  s p a t i a l l y  coherenc 
t l l i :minat ion,  f  i s  t h e  focal length of both l e n s e s  L, f ( t )  = r e c t  ( ~ / 2 T l  
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