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STATEME NT OF THE PROBLEM STUDIED

The goal of this stud y was to theoreticall y develop and experi-

ment a l l y investigate synthetic aperture (SA) imag ing techni que s ap-

plicable f rom the visibl e to submil limeters wavelength region of the

spectrum (i.e., “short ” wavelengths in the interva l of 0.4 m to 1

mm). In this short wavelength region it is assumed that only inten-

sity (square law or photon ) detec tors exist , and hence , tha t the am-

p litude and phase of the scattered radiation can not be detected

directl y as with SA microwave radars. Two dimensional imag ing was

to be demonstrated using whatever SA data gathering techniques are

app licable for this short wavelength reg ion , e.g., interferometric ,

ranging, dopp ler , etc. Emphasis was to be on multi—static confi gu-

ration s , i. e., where source(s) and detector(s) are physically sepa-
rated by significant distances.

SU)flIARY OF RESULTS

We have developed a number of different synthetic aperture (SA)

imag ing techniques applicable to short wavelength radiation . The SA

data can be obtained using doppl er , interferometric , or ranging
technique s in bistatic confi gurations. The synthetic aperture data

history can be realized through relative motion between the objec t

and the sensor system. In a broadened context of SA concepts , the

use of temporall y modulated signal transmission or the use of a scan-

ning illumination beam can also provide an extended received si gna l

his tory which may be processed for high resolution performance. A

critica l feature is desi gning the pro per system configuration and

SA f orm a t tha t simp lifies the subsequent data processing , i.e., imag— • . “,~~ \
ing. In fac t, for example , the deve lopment of polar forma tt ing for ~~~~~~

SA imaging of rotating objects overcame a previous limitation in~~ i c ’.
reso lut ion that was , in esse nce , limi ted by the ~~~~~~~~~~~~~~~~~~~~~~ ‘.

processing. ~
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We h ave  t v~~ic a I t  V tiip t i . i s  t ~ t’ tI i n t o r l  o renie t  r i c  SA im a ging at  v i s  I —

hi. ’ w a v e l e n g t h s  w i t h  p r e p o t  t e n i t a t t  in g  l o t  su b s e q u e n t  op t  i c a l  p r o —

ci’ ss i ig v i a he leg  i i  ph i c t e e  hn i ue S . i n  s i t c h  an nt  or I e remt ’  t r i c SA

sv st em  i t  is t h i n s t  a n t  a n eet i s  r o t at i ye pes i t  i en ot  t lie oh , ‘c t i n

hi ’ i ut ~‘ t t ~-r e i i c  t t e l  ii t h a t  d o t e  n a i  no t h e  pes i t  i en ot  t h e  i n s t  an t  a —

noons d a t  .u p o i n t  in be St\ . In gen~’ra 1 , good t w e — d  imens  i ona I i m a g i n g

r~~qu i l l -S  a ceinb i ia t i eli of  I i o l d  s i an l i  i n g  a I eng w i t  h i o hj  c C  t met i en i n

or de ’r t o  I i I I  t l ie  SA. T h e  r cc er t l e d  SA d a t  a i s i ml) l v  t h e  i i t  i’ll s i t v

et  t In ’  sea e t e d  l i g h t  I rent t h e  e hj  o ct  as tie t e e  ed w i t  h i a l a r g e  ai~~a

d. ’ t ec t er . lii t li t ’ i d o t  I i t  W i t  i en t lie SA d a t  a is in  lie leg  i-a ph i  t em

;llic l t lit ’ irn: ige is  t ~,rnied by s m p h v i i  1 urn i  n a t  t u g  t lie SA w i t  h i a pr op e r

roe en st  t t ic t en w a ve .

A l~ i b e i a t e r v  t e t  den i ot i st  ra t in g SA imag ing i n  v i s  i b l e ’ ligh t was

i~~s e r n h l t ’d t m n d t ’ r  t h i s  g r a n t ’ s t t i n d i n g .  Spec i a l  e le c  I ron i c c , i n t e r —

erernet  or  , t r a n s  t a t  i on s ta ge s  , re t a t  ing t ab  I os , opt i ca t iiiotiui t a t i en

and p o l a r  I ermat  I i tin rec e m d c  i-s w e r e  pa i t  o f t lit ’ s vs t e r n .  Ac cii i a  t o

reg is  t a t  ion hot weot i  I h i t ’ rt ’ t a t  i vu ’ pos i t  ion  e I t hit ’ ob j ec t t o  t lie j u t  o r —

I ~‘ r e l i c t ’ I i t ’ Id and t lie &la t a ~ 0 i l i t  p es  it i o n  i n  t h e  SA was t lie taos t d i  I —

I i c i  I t i t  qu i  i l e n i o n  t • Sue c oss  I i i i  SA imag i n g  was denioii s t  r a t e d  t or oh—

t -c I s  w i t h  I i n o a i  m e t  i eu and t h a t  I em ob j e c t S  w i t li ro t  a t  in g  met  i O U .

l i i  t lie ear  l v  st  ages  of t lie ~~~ i-k , t lie SA d at  a was roe o rded  out  o

pho eg ma ph i  c I i l iii wit Ii .1 I a  s~~ i - beam , t lit’ f i l iii was t ie xt dove  l o p e d ,

an d lien i I 1 umi n a t  ed (as •i he I ogra in  ) t o  con st rite ( lie imag e  . I n  t lie

1 it t  w t -~ I i g t ’ s t ’ I I he g t ~iu i  I , a n ea t -  i t ’  a t  t im .’ SA s y st  em was  d e mo n—

ct  t a t  oil . Her . ’ t lie SA (1:1 t a was d i roe t l v  e l e c  t ron i C :11 1 v wi i t t on eu I 0

a t h t ’rrno p h a s t m c  I I gli I m o d u i  I a t  or ( T I M )  . The I I  “I i s  a I we— ti i m on s  i ona I

s l~a t  i , l  ph a s e — n e c l u m  t a t  el I I t t  u se s  an e le c t i o n  gnu t o  wr i t t ’  t lie d a t  a

o n t o  lie t i i t ’r m op l a s t  i c  is a c h u g -  in d u c e d  d ot  o m m a t  ion .) Tlic ’ I’lJ’I

was th e ’  i n p u t t r a u i s ducor  to  a co h e ren t  opt  t e a l  p r o c e sso r  and wa s  sot

u p  t o  m ee t ’ i ye thi t a d i  roe t I ‘
~
‘ I rem I ho lahor : i  t e i v  as it was h em uig gon-

er at  t •d t em .u rc ’ t at  i ng oh joe  t . The image c ou l d  he ohs or ved to I Ol in

i n  ron 1 I umo i i i  t h e  out  pu t p 1 •-ine ol I ho p i eec ss o r .
\
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SA imaging for the case of generalized objec t motion suggests

that extension of processing techn iques to a third dimension may be
quite usef ul and possibl y essential. Though algor ithms for this pur-

pose were not established , it is expected that such processing could

be handled digitally (and possibl y wi th future special—purpose hybrid
processor designs . As we demonstrated , certain relative motions ,

s uch as linear or ci rcu lar , are el egantl y and efficientl y handled
wi th presently available op tical processing methods.

In conclusion , we point out tha t we have anal yzed a number of

different bistatic SA imaging techniques app li cable to short wave—

length radia t ion and have exper imentally demonstrated near real t ime

two—d imensional SA imaging using visible li ght. *
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