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ABSTRACT 

The development of l a r g e  mosaic d e t e c t o r  a r r a y s  w i l l  al low f o r  t h e  cons t ruc t ion  
of s t a r i n g  LWIR senso r s  which can observe l a r g e  fields-of-view ins tan taneous ly  and 
cont inuously.  I n  order  t o  eva lua te  and e x e r c i s e  these  new systems i t  w i l l  be neces- 
s a r y  t o  provide s imulated scenes  of many moving t a r g e t s  aga ins t  an i n f r a r e d  c l u t t e r  
background. A t  t he  AEDC as p a r t  of our ongoing e f f o r t s  t o  provide a tes t  c a p a b i l i t y  
i n  t h i s  area of sensor  eva lua t ion ,  w e  are monitor ing t h e  development of a number of 
s imula tor  technologies  which have the  p o t e n t i a l  f o r  providing a mul t ip l e  t a r g e t  tes t  
c a p a b i l i t y .  However, s i n c e  a t  t h i s  t i m e  t h e r e  i s  not  a system a v a i l a b l e  f o r  use  
wi th in  a cryo-cooled vacuum environment, w e  are c u r r e n t l y  developing a p ro jec to r ]  
sc reen  system f o r  use a t  t he  AEDC i n  an at tempt  t o  provide t h e  needed test capa- 
b i l i t y .  

This  system i s  comprised of a mechanical scanner ,  a d i f f u s e  screen ,  and a min- 
i a t u r e  blackbody. A pro to type  of t he  mechanical scanner ,  which is  comprised of fou r  
independent ly  d r iven  scanners ,  h a s  been designed,  f a b r i c a t e d ,  and eva lua ted  under 
room and cryogenic  vacuum condi t ions .  A l a r g e  d i f f u s e  screen  has  been cons t ruc ted  
and t e s t e d  f o r  s t r u c t u r a l  i n t e g r i t y  under cryogenic/vacuum thermal cyc l ing .  Con- 
s t r u c t i o n a l  techniques have been developed f o r  t h e  f a b r i c a t i o n  of minia ture  high- 
temperature blackbody sources .  F i n a l l y ,  a concept has  been developed t o  use  t h i s  
min ia tu re  blackbody t o  produce a s p e c t r a l l y  t a i l o r a b l e  source.  

INTRODUCTION 

The r o l e  of s a t e l l i t e - b o r n e  long wavelength i n f r a r e d  (LWIR) systems is rapidly 
changing from pass ive  e a r l y  warning of an o f f ens ive  m i s s i l e  launch t o  t h a t  of a 
major segment of an a c t i v e  defense-in-depth ( D I D )  network. P ro jec t ed  sa te l l i t e  sys- 
t e m s  w i l l  perform many t a s k s  inc luding  early-warning, d e s t r u c t i o n  of boost-phase 
v e h i c l e ,  t r ack ing  of those  rocke t s  which l e a k  through, mid-phase d i s c r i m i n a t i o n  of 
a c t i v e  r e e n t r y  v e h i c l e s  ( R V s ) ,  and subsequent d e s t r u c t i o n  and handover t o  ground- 
based systems f o r  t h e  f i n a l  defense l e g .  

No one type of sensor  system can be expected t o  perform a l l  of t h e  d e t e c t i n g ,  
t r ack ing ,  and d i sc r imina t ing  func t ions  which w i l l  be requi red .  A t  t h e  p re sen t  t i m e  
i t  i s  not  known which of t h e  va r ious  systems may be loca ted  on common sa t e l l i t e  

*The r e sea rch  repor ted  h e r e i n  w a s  performed by t h e  Arnold Engineering Develop- 
Work and a n a l y s i s  f o r  t h i s  r e sea rch  ment Center (AEDC), A i r  Force Systems Command. 

w e r e  done by personnel  of t he  AEDC Di rec to r  of Technology, Deputy f o r  Operat ions,  
and Calspan Corporation/AEDC Divis ion ,  ope ra t ing  c o n t r a c t o r  f o r  t h e  AEDC aerospace 
dynamics t es t  f a c i l i t i e s .  Fur ther  reproduct ion i s  author ized  t o  s a t i s f y  needs of 
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platforms o r  which may be on m u l t i p l e  smaller satel l i tes .  It i s  obvious,  however, 
t h a t  t h e  f u t u r e  test f a c i l i t i e s  needed t o  eva lua te  and test these  systems p r i o r  t o  
deployment must provide i n f r a r e d  t a r g e t s  and scenes which can reproduce scena r ios  
t y p i c a l  of t h e  most s t r e s s i n g  o f fens ive  a t t a c k  which can be envis ioned.  

It i s  t h e  purpose of t h e  p re sen t  r e p o r t  t o  g ive  a b r i e f  summary of mul t ip l e  
t a r g e t  s imula t ion  requirements and desc r ibe  t h e  s t a t u s  of a source p r o j e c t i o n  t a r g e t  
system. 

REQUIREMENTS FOR TESTING I R  SENSORS 

The field-of-view (FOV) of i n f r a r e d  (IR) sensor  systems can be divided i n t o  
t h r e e  types:  t he  space background, t h e  e a r t h  l imb, and the  e a r t h  su r face .  Each of 
t hese  fields-of-view c o n s i s t s  of a background c o n t r i b u t i o n  and a set of t a r g e t s ,  
and i n  each case  the  t a r g e t s  move re la t ive t o  t h e  background. I n  some ins t ances  
the  t a r g e t s  may be co lder  than the  background, t hus  producing a nega t ive  c o n t r a s t  
t a r g e t .  

Sensors confined t o  looking above the  e a r t h  limb w i l l  see t a r g e t s  aga ins t  a 
background of stars. These stars, along wi th  the  t a r g e t s ,  w i l l  appear as po in t  
sources  a t  t he  f o c a l  plane of t he  sensor  and w i l l  be t h e  least  complex scene re- 
qu i r ed .  The types of o b j e c t s  could range from r e e n t r y  v e h i c l e s  (RV), decoys and 
spent  rocke t  ca s ings  t o  plumes from f i n a l  deployment and d i spe r s ion  thrusters .  Such 
plumes and i n t e n t i o n a l l y  deployed p a r t i c l e  c louds could reach s u f f i c i e n t  s i z e  as t o  
a p p e a r  as extended sources-- i l luminat ing s e v e r a l  ad jacen t  p i x e l s  on t h e  mosaic a r r a y  
i n  the  d e t e c t o r  f o c a l  p lanes .  

A simulated t a r g e t  s cena r io  f o r  sensor  systems w i l l  t hus  r e q u i r e  an o v e r a l l  
background a t  20 K t o  s imula te  the  space environment. It should inc lude  a p a t t e r n  
of stars which can be swept ac ross  t h e  field-of-view. The ra te  a t  which t h e  stars 
move ac ross  t h e  background w i l l  depend on t h e  p a r t i c u l a r  o r b i t  and viewing a t t i t u d e  
of t h e  sensor .  Superimposed on t h i s  scene w i l l  be the  t a r g e t s  and o b j e c t s  of t he  
s imulated a t t a c k  fo rce .  While these  o b j e c t s  a l l  move i n  the  same gene ra l  d i r e c t i o n  
some allowance must be made f o r  i n d i v i d u a l l y  t a i l o r e d  t r a j e c t o r i e s .  Discr imina t ion  
between t a r g e t s  and decoys i n  t h i s  exoatmospheric phase of t h e  t r a j e c t o r y  w i l l  most 
l i k e l y  r e l y  on t a r g e t  s igna tu res .  Therefore ,  a t e s t  s imula tor  should have t h e  capa- 
b i l i t y  of producing t a r g e t s  and o b j e c t s  wi th  s u f f i c i e n t  s p e c t r a l  s t r u c t u r e  f o r  t he  
sensor  t o  e x e r c i s e  i t s  d i sc r imina t ion  a lgor i thms.  The p o s s i b i l i t y  of a blooming 
t a r g e t  t o  s imula te  plumes and p a r t i c l e  c louds would a l s o  be d e s i r a b l e .  

The e a r t h  limb field-of-view r e q u i r e s  a l l  of t h e  prev ious ly  noted s imula t ions  
p l u s  a superimposed extended source over an  ex tens ive  p o r t i o n  of t h e  imaged scene. 
This  extended source could have s i g n i f i c a n t  s t r u c t u r e  depending on t h e  atmospheric 
condi t ions .  Per iods  of i n t e n s e  s o l a r  a c t i v i t y  can r e s u l t  i n  a u r o r a l  events  wi th  
s i g n i f i c a n t  r a d i a t i o n  i n  wavelengths t o  which the  I R  systems are s e n s i t i v e .  This  
s t r u c t u r e  can las t  from seconds t o  s e v e r a l  minutes;  thus  an a d d i t i o n a l  s imula t ion  
requirement is  a superimposed I R  background which has  a s t r u c t u r e d  i n t e n s i t y  t h a t  
can be var ied  wi th  t i m e .  

The requirements f o r  an ear th- looking FOV s imula tor  are s o  d i f f e r e n t  f romthose  
previously descr ibed t h a t  i t  i s  probable  t h a t  completely d i f f e r e n t  concepts and 
technologies  w i l l  be needed t o  produce i t .  The emit ted and r e f l e c t e d  r a d i a t i o n  
from the  e a r t h  su r face  and clouds w i l l  provide a complex, s t r u c t u r e d  background. 



Exoatmospheric o b j e c t s  such as sa te l l i t es ,  R V s ,  and decoys can be coo le r  than  t h i s  
background and can p resen t  a nega t ive  c o n t r a s t .  Objec ts  r e e n t e r i n g  the  atmosphere 
w i l l  experience aerothermal  hea t ing ,  and thus  t h e i r  r a d i a n t  energy can be expected 
t o  inc rease  by several o rde r s  of magnitude as they are being t racked .  Objec ts  with- 
i n  t h e  atmosphere, such as a i r c r a f t ,  c r u i s e  missiles, and s h i p s ,  w i l l  have p o s i t i v e  
s i g n a t u r e s ;  however, t hese  w i l l  be modified by atmospheric absorp t ion .  This  absorp- 
t i o n  w i l l  vary  depending on t h e  pa th length  of t he  r a d i a t i o n  through t h e  atmosphere 
which w i l l  be  a func t ion  of t he  viewing angle  of t he  sa te l l i t e  system. 

The a b i l i t y  t o  test s u r v e i l l a n c e  sensor  systems h inges  on the  development of 
new t a r g e t  s imula t ion  techniques.  It is u n l i k e l y  t h a t  a s i n g l e  scene genera tor  
w i l l  be a b l e  t o  provide the  v a r i e t y  of s cena r ios  requi red  f o r  t he  eva lua t ion  of t he  
va r ious  types  of s enso r s  which are being proposed f o r  f u t u r e  s u r v e i l l a n c e  and de- 
fense  systems. 

TEST METHODOLOGY 

Surve i l l ance  systems us ing  s t a r i n g  mosaic a r r a y s  are expected t o  have l a r g e  
a p e r t u r e  o p t i c a l  t e l e scopes  wi th  a wide field-of-view. This  p r e s e n t s  a p a r t i c u l a r  
problem f o r  a ground test  f a c i l i t y  which must provide a s imulated I R  scene a t  an 
e f f e c t i v e  i n f i n i t e  d i s t a n c e .  The prime technology b a r r i e r  i s  t h e  l a r g e  mi r ro r s  
needed t o  provide t h e  co l l imated  r a d i a t i o n .  A test  methodology has  been proposed 
which circumvents t h e  problems a s soc ia t ed  wi th  the  l a r g e  chamber o p t i c s .  

I n  t h i s  eva lua t ion  sequence, t h e  miss ion/scenar io  t e s t i n g  is  accomplished on 
the  sensor  f o c a l  p lane  before  assembly i n  t h e  te lescope  system. The test must pro- 
v ide  an I R  scene genera tor  and a set  of o p t i c a l  mi r ro r s  t o  focus t h i s  scene on the  
mosaic a r r a y .  Th i s  t e s t i n g  can provide an eva lua t ion  of t he  o p t i c a l  performance of 
t h e  f o c a l  plane and t h e  d a t a  processing c a p a b i l i t y  of the  a s soc ia t ed  computer system 
and i t s  a lgor i thms.  

A subsequent test  program is conducted wi th  t h e  t e l e scope  assembled. I n  t h i s  
test a co l l ima t ing  mi r ro r  is requi red ;  however, i t  can be l i m i t e d  i n  s i z e  t o  t h e  
en t rance  a p e r t u r e  of t he  test system. This  t es t  becomes one of i n t e g r a t i o n ,  o p t i c a l  
alignment,  t e l e scope  throughput,  o f f -ax is  r e j e c t i o n ,  and rad iometr ic  c a l i b r a t i o n ,  
a l l  of which can be accomplished by mapping t h e  field-of-view wi th  c a l i b r a t e d  I R  
sources .  

Two types  of test  f a c i l i t i e s  are requi red .  The f i r s t  i s  a f o c a l  plane a r r a y  
(FPA) f a c i l i t y  t h a t  p rovides  rad iometr ic  c a l i b r a t i o n  and a l s o  produces dynamic I R  
scenes t o  test the  d e t e c t o r  system's  a b i l i t y  t o  d e t e c t ,  s o r t ,  and t r a c k  o b j e c t s .  
The second f a c i l i t y  r e q u i r e s  a co l l ima t ion  system t h a t  can i l l u m i n a t e  the  f u l l  
a p e r t u r e  of t h e  sensor  te lescope .  The m i r r o r s  requi red  f o r  such a f a c i l i t y  need t o  
be approximately 20-percent l a r g e r  than t h e  en t rance  a p e r t u r e  of t h e  test a r t ic le .  
Fu l l - ape r tu re  i l l umina t ion  would preserve  the  d i f f r a c t i o n - l i m i t e d  r e s o l u t i o n  of  t he  
sensor  t e l e scope  and would a l s o  permit t o t a l  FOV tests by us ing  a scanning and f o c a l  
plane mapping technique. 

I n  t h e  p re sen t  paper our concern is  wi th  t h e  development of a system t o  produce 
dynamic I R  scenes  f o r  t he  FPA f a c i l i t y .  
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REVIEW OF TARGET SIMULATOR CONCEPTS 

Mul t ip le  t a r g e t  s imula tor  concepts  f a l l  i n t o  two genera l  ca t egor i e s .  Those 
systems i n  t h e  f i r s t  ca tegory  compose t h e  scene from a mosaic of d i s c r e t e  e lements  
and can be f u r t h e r  grouped as I R  emitters o r  I R  modulators,  f i g s .  la ,  l b ,  and f i g s .  
lc-le, r e s p e c t i v e l y .  I l l umina t ion  by a wide-beam I R  source i s  requi red  f o r  a l l  of 
t hese  systems, i . e . ,  f i g s .  la-le. The second ca tegory  i s  comprised of what are 
c l a s sed  as analog systems, c . f . ,  f i g s .  I f  and l g .  

Some examples of t h e  concepts  t h a t  have been, o r  are c u r r e n t l y  being eva lua ted  
are l i s t e d  i n  t a b l e  I.  Our assessment of t he  s ta te -of - the-ar t  wi th  regard t o  t h e  
scene s imula to r s  t h a t  are being developed f o r  use wi th  w a r m  backgrounds has  ind i -  
ca ted  t h a t  some of t h e s e  may be capable  of adap ta t ion  f o r  use i n  a c ryogenica l ly  
cooled vacuum environment. However, t he  u n a v a i l a b i l i t y  of a m u l t i p l e  t a r g e t  simu- 
l a t o r  t o  provide a m i x  of s p e c t r a l l y  d i f f e r i n g  t a r g e t s  wi th  independent c o n t r o l  of 
i n t e n s i t y  i n  a cryo-cooled vacuum environment provided t h e  impetus f o r  t h e  cryogenic  
p r o j e c t o r  system c u r r e n t l y  being developed a t  t h e  AEDC. 

I CRYOGENIC MULTIPLE TARGET SYSTEM 

Components f o r  t he  p r o j e c t i o n  sc reen  m u l t i p l e  t a r g e t  system are shown i n  f i g .  2. 
The sources  are minia ture  I R  emitters which i n  t h e  pro to type  w i l l  be designed as 
blackbody c a v i t i e s .  I n  f u t u r e  ve r s ions  t h e  s p e c t r a l  ou tput  of t h e  sources  w i l l  be  
t a i l o r e d  t o  s imula te  s p e c i f i c  t a r g e t  s i g n a t u r e s .  The p r o j e c t i o n  o p t i c s  are dupl i -  
ca ted  for  each source and c o n s i s t  of a s e t  of c ryogen ica l ly  cooled (20-K) m i r ro r s  
dr iven  by mechanical a c t u a t o r s .  The choice  of mi r ro r  d r i v e r  i s  determined by t h e  
type of t a r g e t  motion t o  be s imulated.  The mechanical scanner c u r r e n t l y  under de- 
velopment i s  geared toward slow-moving t a r g e t s  a t  l a r g e  d i s t a n c e s .  The screen  is  a 
cryogenica l ly  cooled r e f l e c t i v e  s u r f a c e  which is d i f f u s e  t o  I R  r a d i a t i o n .  The num- 
be r  of moving t a r g e t s  which might be p ro jec t ed  s imultaneously wi th  t h i s  system is 
l i m i t e d  by t h e  degree of m i n i a t u r i z a t i o n  which can be accomplished i n  t h e  sources  
and scanners .  The c l u t t e r  background can be p ro jec t ed  from a s i n g l e  s t i l l - f r a m e  

I p r o j e c t o r .  Recent development e f f o r t s  have been d i r e c t e d  toward cons t ruc t ing  and 
t e s t i n g  t h e  p r o j e c t i o n  sc reen ,  developing and t e s t i n g  t h e  scanner  system, and de- 
veloping the  technology r equ i r ed  t o  produce a high-temperature minia tur ized  black- 
body source.  

MINIATURE BLACKBODY SOURCE 

It w a s  recognized e a r l y  i n  t h e  development process  t h a t  c u r r e n t l y  a v a i l a b l e  
I blackbody sources  w e r e  t oo  l a r g e  f o r  use i n  a m u l t i p l e  t a r g e t  system. These con- 

ven t iona l  blackbody sources  are composed of an  i so thermal  c a v i t y  whose w a l l s  have 
an emis s iv i ty  c l o s e  t o  u n i t y  and an area much l a r g e r  than t h e  emi t t i ng  o r i f i c e .  
requirement t o  ope ra t e  t h e  source w i t h i n  a vacuum/cryogenic environment complicates  
t h e  des ign  of a min ia tu re  blackbody (MBB) s ince :  ( 1 )  The need t o  ope ra t e  w i t h i n  a 
20-K enc losure  r e s u l t s  i n  s t r o n g  thermal g r a d i e n t s  between t h e  MBB and i t s  support  
s t r u c t u r e .  This  complicates  t h e  problem of providing an i so thermal  c a v i t y  and re- 
s u l t s  i n  an increased  design e f f o r t  t o  minimize h e a t  l o s s  from the  c a v i t y ;  (2)  Out- 
gassing from components used i n  t h e  manufacture of convent ional  blackbody sources  
can contaminate s e n s i t i v e  o p t i c a l  components l oca t ed  wi th in  the  cryogenic/vacuum 
environment. A s  a r e s u l t  of t h e  need t o  minimize these  hea t  loss and contamination 
e f f e c t s  i t  i s  not  appropr i a t e  t o  use cons t ruc t ion  techniques t h a t  have been used 
success fu l ly  f o r  blackbody sources  ope ra t ing  at ambient cond i t ions .  It has  been 
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determined t h a t  t he  m u l t i p l e  t a r g e t  system w i l l  r e q u i r e  a contaminat ion-free MBB 
opera t ing  a t  temperatures  up t o  600 K. 
r e s t r i c t i o n s  upon the  materials used f o r  cons t ruc t ion  and n e c e s s i t a t e s  improved 
thermal i s o l a t i o n .  

This  ope ra t iona l  requirement p l aces  severe  

A schematic of an AEDC MBB is presented  i n  f i g .  3.  The core  of t h e  blackbody 
is  made of aluminum. A dua l  acme thread is  c u t  i n  the  ou te r  su r f ace  t o  accommodate 
the  h e a t e r  w i r e  ( f i g .  4 ) .  The dua l  thread permi ts  both ends of t he  h e a t e r  w i r e  t o  
e x i t  a t  t h e  rear of t h e  core .  P r i o r  t o  winding t h e  i n s u l a t e d  h e a t e r  w i r e  on t h e  
core ,  the  ends of t he  constantan h e a t e r  which are t o  be used as t h e  electrical sup- 
p l y  l eads  are s t r i p p e d  and e l e c t r o p l a t e d  wi th  copper. This  adds power l e a d s  t o  the  
hea te r  without  any welded o r  so ldered  connections.  The i n s u l a t e d  s e c t i o n  of t h e  
h e a t e r  w i r e  is  wound on the  threaded po r t ion  of t h e  h e a t e r  core  and a t t ached  t o  i t  
i n  such a manner t h a t  good thermal con tac t  i s  e s t a b l i s h e d  between the  h e a t e r  w i r e  
and the  core.  The heated core  is  mounted i n  the  MBB assembly v i a  a ceramic tube 
( f i g .  3 ) ,  and the  h e a t e r  l eads  pas s  through two passageways down t h e  l eng th  of t h i s  
tube.  

Work cont inues  i n  t h e  area of embedding temperature senso r s  i n  t h e  body of the  
core .  The c u r r e n t  technique under i n v e s t i g a t i o n  is  p o t t i n g  t h e  ceramic-coated 
platinum senso r s  i n t o  t h e  core  using a curable  ceramic cement. I n i t i a l  work has  
ind ica t ed  reasonably success fu l  bonding t o  t h e  anodized core  holes .  

SPECTRAL SOURCES 

One method f o r  d i sc r imina t ing  between RVs and decoys i s  by comparing t h e  spec- 
t ra l  s igna tu res  of t h e  o b j e c t s  i n  the  FOV of t he  sensor .  This  can be accomplished 
by us ing  bandpass f i l t e r s  a t  t h e  d e t e c t o r s .  Some systems use  two co lo r  bands and 
o t h e r s  t h r e e .  A s impl i f i ed  example of d i sc r imina t ion  between an RV and an iden- 
t i c a l l y  shaped decoy might c o n s i s t  of determining t h e  temperature d i f f e r e n c e  between 
them. One would expect  t h a t  dur ing  the  mid-course f l i g h t  t h a t  t h e  massive RV would 
r e t a i n  i t s  b a s i c  temperature  whi le  t he  low mass decoy would drop i n  temperature  as 
they both r ad ia t ed  hea t .  
be r e l i e d  on t o  d i s t i n g u i s h  t h e  d i f f e r e n c e  s i n c e  the  view angle  and a spec t  angle  of 
each ob jec t  could be q u i t e  d i f f e r e n t .  However, t h e  r a t i o  of t h e  energy received i n  
t w o  appropr i a t e ly  chosen bands could be used t o  i d e n t i f y  the  RV as t h e  w a r m e r  ob- 
j e c t .  Evaluat ion of t h e  a b i l i t y  of dual-  and t r i - c o l o r  s enso r s  t o  d i sc r imina te  be- 
tween t a r g e t s  and decoys i n  a ground tes t  f a c i l i t y  r e q u i r e s  s p e c t r a l l y  t a i l o r e d  
sources .  Th i s  can be accomplished wi th  blackbody sources  us ing  s p e c t r a l  f i l t e r s .  

The abso lu te  r a d i a n t  energy rece ived  by a sensor  could not  

A schematic of a method f o r  producing a s p e c t r a l l y  t a i l o r e d  source  i s  shown i n  
f i g .  5 .  The concept is  shown f o r  a two-color system al though i t  can be extended 
f o r  a t r i - c o l o r  source.  I n  
f r o n t  of each blackbody is a bandpass f i l t e r  corresponding t o  t h e  bandpass f i l t e r s  
of t he  sensor  t o  be t e s t e d .  
i n  each band is  set by a d j u s t i n g  e i t h e r  t h e  blackbody temperature o r  t he  o r i f i c e  
s i z e  t o  t h e  mixing i n t e g r a t i n g  sphere.  
by choice of o r i f i c e  s i z e  between the  mixing sphere and the  a t t e n u a t i n g  sphere.  

The r a d i a t i o n  i s  produced by two blackbody sources .  

The r e l a t i v e  i n t e n s i t y  of t h e  r a d i a t i o n  t o  be included 

The t o t a l  i n t e n s i t y  of t h e  r a d i a t i o n  i s  set 

PROJECTION SCREENS 

Earlier s t u d i e s  have ind ica t ed  t h a t  gold-coated grit-epoxy s u r f a c e s  hold 
promise as being capable  of ope ra t ing  a t  cryogenic  temperatures  wi th  acceptab le  d i f -  
fuse  r e f l e c t i n g  c h a r a c t e r i s t i c s .  Recent s t u d i e s  have shown t h a t  such s u r f a c e s  can 
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surv ive  repea ted  cyc l ing  from 20 t o  300 K. 
d i s t r i b u t i o n  func t ion  (BRDF) measurements w i th  a g r i t  sc reen  have shown t h a t  f o r  
s m a l l  i l lumina ted  areas of the  sc reen  it does not  d i f f u s e  t i g h t l y  focused coherent  
r a d i a t i o n .  For l a r g e r  areas of i l l umina t ion ,  acceptab le  d i f f u s e  r e f l e c t i o n  char- 
acter is t ics  were obta ined .  
obtained wi th  o t h e r  materials,  t h e r e  are i n d i c a t i o n s  t h a t  acceptab le  d i f f u s e  char- 
ac te r i s t ics  can be obta ined  wi th  materials t h a t  d i f f u s e  focused I R  r a d i a t i o n  wi th  
i n t e r n a l  body-ref lect ion p rope r t i e s .  The gold-coated grit-epoxy s u r f a c e s  are sur -  
f ace  d i f f u s e r s ,  i .e . ,  t h e  inc iden t  r a d i a t i o n  does not  p e n e t r a t e  i n t o  the  body of t h e  
material. Surface d i f f u s e r s  were chosen because they had a b e t t e r  chance of surv iv-  
ing  the  vacuum cryogenic  condi t ions .  Examples of body d i f f u s e r s  are compressed sa l t  
powders i n  which r a d i a t i o n  a c t u a l l y  e n t e r s  t h e  material, undergoes mul t ip l e  r e f l e c -  
t i o n s  i n  the  c r y s t a l l i n e  s t r u c t u r e ,  and is  reemi t ted  i n  a d i f f u s e  manner. However, 
compressed sa l t  powders have obvious l i m i t a t i o n s  when considered f o r  use  i n  a 
cryogenic/vacuum contamination-free environment. 
p r o j e c t i o n  screen  could poss ib ly  be made of a t h i n  shee t  of germanium, a c r y s t a l l i n e ,  
I R  t r ansmi t t i ng  material  used f r equen t ly  as a vacuum chamber window. Radiat ion in -  
c ident  upon the  rough face of t he  germanium would be p a r t i a l l y  s c a t t e r e d  and re- 
f l e c t e d  i n  a random d i s t r i b u t i o n  p a t t e r n  whi le  t h e  remainder of t h e  r a d i a t i o n  would 
be t ransmi t ted  i n t o  the  m a t e r i a l  where i t  would undergo mul t ip l e  s c a t t e r i n g  from t h e  
i n t e r n a l  c r y s t a l l i n e  s t r u c t u r e ,  r e f l e c t  o f f  t h e  p l a t ed  back su r face ,  and be re- 
emit ted a t  t h e  rough sur face .  Some inhe ren t  blooming of the  t a r g e t  w i l l  occur i n  
t h i s  (and any) body d i f f u s e r .  

However, some b i d i r e c t i o n a l  r e f l e c t i v i t y  

From cons ide ra t ions  of t hese  d a t a  and BRDF measurements 

A s u i t a b l e  body d i f f u s e r  t a r g e t  

MECHANICAL ACTUATOR 

A mechanically scanned mir ror  system can provide a s ta te -of - the-ar t  dynamic 
t a r g e t  genera tor  f o r  o b j e c t s  which move a c r o s s  t h e  FOV of t h e  sensor  a t  slow angular  
ra tes .  A t y p i c a l  s cena r io  might suppose a sensor  viewing a t a r g e t  t r a v e l i n g  a t  
17,000 nmi/hr a t  a d i s t a n c e  of 5,000 nmi. The angular  v e l o c i t y  (assuming t h e  o b j e c t  
t r a v e l i n g  normal t o  the  l ine-of -s ight )  is  approximately 1 mrad/sec. These rates can 
be provided by s tandard  micrometer d r i v e s  ope ra t ing  pivoted mi r ro r s .  

A gimbal system f o r  p ivo t ing  a mi r ro r  f l a t  both i n  t h e  X and Y d i r e c t i o n s  about 
a s i n g l e  p o i n t  on i t s  s u r f a c e  is shown i n  f i g .  6. The f r i c t i o n - f r e e  X and Y p i v o t s  
c o n s i s t  of Bendix f l exures .  The Bendix f l e x u r e  has  t h e  advantage of r i g i d  conduc- 
t ive pa ths  through t h e  device  and thus  provides  f o r  d i r e c t  cool ing  of t h e  mir ror  
from the  mounting block.  

A pro to type  system us ing  four  such gimbaled mi r ro r s  assembled i n  a common u n i t  
i s  shown i n  f i g .  7 .  The focused beam from four  independent sources  housed between 
the  micrometer d r i v e s  is  f o l d e d , o n t o  t h e  gimbaled m i r r o r s  v i a  mir ror  f l a t s  on t h e  
underside of t he  cruciform c e n t r a l  mounting block. 

The Newport Research Corp. (NRC) micrometer d r i v e s  (modified f o r  vacuum use) 
have a O . l - V m  r e s o l u t i o n  which, when coupled t o  the  75-mm moment a r m  of t h e  gimbal, 
provides  a r e s o l u t i o n  of 1 .3  prad of t he  mir ror  o r  2.6 urad of t h e  s t e e r e d  beam. 
The minimum and maximum micrometer d r i v e  speeds us ing  the  s tandard c o n t r o l l e r  w i l l  
provide beam s l e w  rates from 1 t o  10 mrad/sec. 

A prototype of t h i s  a c t u a t o r  ( f i g .  8) has  been cons t ruc t ed ,  and its performance 
has  been eva lua ted  a t  ambient condi t ions  us ing  an H e / N e  laser as a r a d i a t i o n  source.  
This  eva lua t ion  has  shown t h a t  m u l t i p l e  t a r g e t s  can be pro jec ted  onto  the  screen  and 
moved independently of each o the r  i n  a con t ro l l ed  r epea tab le  manner. A gimbaled 
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mirror  dr iven  by an  NRC micrometer d r i v e  has  been t e s t e d  under cryogenic/vacuum 
cond i t ions  and has  been found t o  ope ra t e  i n  a con t ro l l ed ,  r epea tab le  manner. 

CONCLUSION 

An i n f r a r e d  m u l t i p l e  target jcomplex scene genera tor  is  a requirement f o r  eva l -  
u a t i o n  of sensor  systems p r i o r  t o  deployment. T e s t  f a c i l i t i e s  must provide t h e  
senso r s  w i th  a range of real is t ic  mission s imula t ions  t o  e f f e c t i v e l y  determine the  
opera t ing  c h a r a c t e r i s t i c s .  Due t o  t h e  d i v e r s i t y  of mission requirements ,  no one 
s imula t ion  system can meet a l l  t he  needs of the  sensor  t e s t i n g  community; t h e r e f o r e ,  
a wide v a r i e t y  of approaches are c u r r e n t l y  under development. Most of t he  pro to type  
mul t ip l e  t a r g e t  s imula to r s  stress t h e  a b i l i t y  t o  c r e a t e  a l a r g e  number of d i s c r e t e ,  
p r e c i s e l y  loca t ed  sources  wi th  f i x e d  s p e c t r a l  conten t  and l i m i t e d  dynamic range. 
The AEDC s imula t ion  system emphasizes s p e c t r a l l y  t a i l o r e d ,  analog t a r g e t  images 
having wide dynamic range i n  a cryogenic environment. These a t t r i b u t e s  are d e f i n i t e  
requirements  f o r  t e s t i n g  space-viewing sensors .  The system can produce a s m a l l  num- 
ber  of t a r g e t s ,  i t  i s  mechanically complex, and a d i agnos t i c  c a p a b i l i t y  must co- 
e x i s t  wi th  i t  t o  determine the  p o s i t i o n a l  accuracy of t h e  ind iv idua l  t a r g e t s .  All 
of these  l i m i t a t i o n s  can be d e a l t  wi th  i n  a manner which w i l l  not  de t r imen ta l ly  
a f f e c t  t h e  use fu lness  of t he  concept.  
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Figure 2. Multiple target projection system 
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Figure 5 .  Spectrally tailored IR source 
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Figure 8.  
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Photograph of mechanical mirror scanning system 
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