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Ann A r b o r ,  Michigan  

The r e s e a r c h  l a b o r a t o r i e s  of  The U n i v e r s i t y  of  Michigan  p i o n e e r e d  
t h e  a p p l i c a t i o n  of  m u l t i s p e c t r a l  mapping t e c h n i q u e s  t o  e a r t h  r e s o u r c e s  
problems w i t h  e x p e r i m e n t a l  h a r d w a r e  deve lopmen t s  b e g i n n i n g  i n  t h e  mid 
s i x t i e s .  Dur ing  FY71 u n d e r  NASA/MSC s u p p o r t ,  Michigan  m o d i f i e d  i t s  
o r i g i n a l  m u l t i p a t h  m u l t i s p e c t r a l  a i r b o r n e  s c a n n e r  s y s t e m  t o  p r o v i d e  t h e  
same s p e c t r a l  b a n d s  a l o n g  a s i n g l e  o p t i c a l  l i n e  o f  s i g h t .  P r e v i o u s  t o  
t h i s  m o d i f i c a t i o n ,  t h e  c h o i c e  o f  s p e c t r a l  b a n d s  f o r  machine  p r o c e s s i n g  
was l i m i t e d  t o  t h o s e  few grouped i n  one  o f  f o u r  s e p a r a t e  o p t i c a l  p a t h s .  
A f t e r  t h e  m o d i f i c a t i o n ,  any  o f  t h e  m u l t i s p e c t r a l  bands  s e l e c t e d  f rom 
t h r o u g h o u t  t h e  u l t r a v i o l e t ,  v i s i b l e  and i n f r a r e d  r e g i o n s  c o u l d  b e  
p r o c e s s e d  t o g e t h e r .  The m o d i f i e d  s y s t e m  became o p e r a t i o n a l  i n  l a t e  
J u n e  1971 ,  o n l y  s i x  months a f t e r  c o n t r a c t  go ahead  and j u s t  i n  t i m e  f o r  
u s e  i n  t h e  Corn B l i g h t  Watch e x p e r i m e n t .  

The EIichigan e x p e r i m e n t a l  s y s t e m  h a s  s u p p l i e d  a l l  o f  t h e  m u l t i -  
s p e c t r a l  s c a n n e r  d a t a  p r o c e s s e d  and a n a l y z e d  b y  Mich igan ,  P u r d u e ,  
NASAIMSC and o t h e r s  d u r i n g  t h e  p a s t  f i v e  y e a r s .  The s y s t e m  can  g e n e r a t e  
up t o  e i g h t e e n  d i f f e r e n t  s p e c t r a l  bands  o v e r  a  w a v e l e n g t h  r a n g e  of  f rom 
0 .33  t o  1 4 . 0  m i c r o n s .  Twelve of  t h e s e  b a n d s  c a n  b e  s e l e c t e d  f o r  t a p e  
r e c o r d i n g  at  any  one  t i m e  on a  f o u r t e e n  t r a c k  a n a l o g  t a p e  machine .  The 
s c a n n e r  i n c l u d e s  p r o v i s i o n s  f o r  f i v e  s e p a r a t e  r a d i a t i o n  r e f e r e n c e  
s o u r c e s .  These s o u r c e s  a r e  v iewed i n ' s e q u e n c e  b y  e a c h  r a d i a t i o n  d e t e c t o r  
as p a r t  of e a c h  l i n e  s c a n  of  t h e  t e r r a i n  b e n e a t h  t h e  a i r c r a f t .  

Fo r  t h o s e  n o t  f a m i l i a r  w i t h  a i r b o r n e  s c a n n e r s ,  a f u n c t i o n a l  
d e s c r i p t i o n  o f  l i n e  s c a n n i n g  w i l l  b e  p r e s e n t e d  w i t h  r e f e r e n c e  t o  F i g u r e  1, 
The Geometry of  A i r b o r n e  Scann ing .  As shown i n  t h e  o p t i c a l  s c h e m a t i c  
a t  t h e  t o p  o f  t h e  f i g u r e ,  t h e  a i r b o r n e  s c a n n e r  c o n s i s t s  o f  a n  o p t i c a l  
t e l e s c o p e  w i t h  i t s  n a r r o w  f i e l d  o f  v iew d i r e c t e d  b y  a r o t a t i n g  f l a t  
m i r r o r  t o  s c a n  i n  a p l a n e  p e r p e n d i c u l a r  t o  t h e  l o n g i t u d i n a l  a x i s  of  t h e  
a i r c r a f t .  I n  p l a c e  of  t h e  u s u a l  e y e b a l l  a t  t h e  e y e p i e c e  o f  t h e  t e l e s c o p e ,  
t h e r e  i s  a r a d i a t i o n  d e t e c t o r ,  o r  d e t e c t o r s ,  which  c o n v e r t s  t h e  r a d i a t i o n  
t o  e l e c t r i c a l  s i g n a l s .  Again r e f e r r i n g  t o  F i g u r e  1, t h e  t e l e s c o p e  f i e l d  
of  v i e w  o r  ground r e s o l u t i o n  e l e m e n t  s c a n s  l a t e r a l l y  a c r o s s  t h e  a i r c r a f t  
ground t r a c k  t h r o u g h  a n  o p e n i n g  i n  t h e  bo t tom o f  t h e  a i r c r a f t .  Then i t  
s c a n s  r a d i a t i o n  r e f e r e n c e s  i n t e r n a l  t o  t h e  s c a n n e r  b e f o r e  making t h e  n e x t  
ground s c a n .  By t h e  t ime  t h e  n e x t  ground s c a n  b e g i n s ,  t h e  a i r c r a f t  h a s  



moved forward s o  t h a t  subsequent  l i n e  scans  form a  con t inuous  s t r i p  image 
of t h e  t e r r a i n  benea th  t h e  a i r c r a f t .  The e l e c t r i c a l  v o l t a g e  r e p r e s e n t a t i o n  
of a  s i n g l e  l i n e  scan i s  shown i n  F igure  2 ,  Scanner Vol tage  Output v s  Time. 
Note t h a t  whi le  t h e  d e t e c t o r s  f o r  a l l  wavelength bands view i n  phase  each  
of t h e  r a d i a t i o n  r e f e r e n c e s  a s  w e l l  a s  t h e  t e r r a i n ,  n o t  a l l  r e f e r e n c e s  
app ly  t o  each  wavelength band. Although t h e  the rmal  ambient and d a r k  
l e v e l  r e f e r e n c e s  may be  a  common r a d i a t i o n  s o u r c e ,  t h e  o t h e r  s o u r c e s  a r e  
a s s o c i a t e d  w i t h  e i t h e r  the rmal  o r  non the rmal  bands a s  shown. A 
s y n c h r o n i z a t i o n  r e f e r e n c e  i s  genera ted  by t h e  scanner  f o r  r e c o r d i n g  w i t h  
t h e  v i d e o  s i g n a l s  f o r  i n d e x i n g  purposes .  The marker p u l s e  r e f e r s  t o  t h e  
s c a n  p o s i t i o n  r e l a t i v e  t o  i n t e r n a l l y  mounted r a d i a t i o n  r e f e r e n c e s  and t h e  
r o l l  s t a b i l i z e d  p u l s e  r e f e r s  t o  ground s c a n  n a d i r  w i t h  a i r c r a f t  r o l l  
motion removed. 

The complete a i r b o r n e  s c a n n e r  sys tem i s  shown i n  schemat ic  b l o c k  
diagram form i n  F i g u r e  3, Michigan Exper imental  M u l t i s p e c t r a l  Scanner 
System. The t e r r a i n  r a d i a t i o n  e n t e r s  t h e  scanner  a t  t h e  bottom l e f t  and 
i s  r e g i s t e r e d  by t h e  r a d i a t i o n  d e t e c t o r s  i n  t h e  scanner  assembly a long  
w i t h  o p e r a t o r  c o n t r o l l e d  r e f e r e n c e  s o u r c e s .  The o u t p u t  of t h e  r a d i a t i o n  
d e t e c t o r s  a r e  e l e c t r i c a l  s i g n a l s  which a r e  a m p l i f i e d  i n  p r e a m p l i f i e r s  
b e f o r e  be ing  t r a n s m i t t e d  t o  an  o p e r a t o r  c o n s o l e  f o r  f u r t h e r  a m p l i f i c a t i o n  
i n  p o s t a m p l i f i e r s .  The o p e r a t o r  moni to r s  t h e  v i d e o  s i g n a l s  and a d j u s t s  
them t o  t h e  p roper  l e v e l  f o r  t a p e  r e c o r d i n g .  During r e c o r d i n g  h e  moni to r s  
t h e  s i g n a l s  reproduced from t h e  t a p e  r e c o r d  t o  conf i rm s a t i s f a c t o r y  
record ing .  The system makes a  l i n e a r  t r a n s f o r m a t i o n  of i n p u t  r a d i a t i o n  
t o  v o l t a g e  recorded  on t h e  ana log  magnet ic  t a p e .  The b o r e s i g h t  camera 
which i s  p a r t  of t h e  sys tem r e c o r d s  v i s i b l e  r a d i a t i o n  on f i l m  f o r  u s e  i n  
t h e  a n a l y s i s  of t h e  scanner  d a t a .  

The system m o d i f i c a t i o n  completed i n  June 1971  amounted t o  t h e  
s u b s t i t u t i o n  of the s i n g l e  s c a n n e r  assembly shown on t h e  l e f t  of  t h e  
f i g u r e  f o r  two double  ended m i l i t a r y  s u r p l u s  s c a n n e r s  o r i g i n a l l y  used i n  
t h e  sys tem.  The r a d i a t i o n  r e f e r e n c e s ,  d e t e c t o r  a s s e m b l i e s ,  e l e c t r o n i c s ,  
o p e r a t o r  d i s p l a y s  and t h e  t a p e  machine remained t h e  same. However, t h e  
sys tem c o n f i g u r a t i o n  i s  a dynamic one which is  c o n t i n u a l l y  changing t o  
a c c e p t  new d e t e c t o r  assembl ies  and e l e c t r o n i c  components w i t h  improved 
performance.  F i g u r e  4 ,  M 7  Scanner Performance C h a r a c t e r i s t i c s ,  shows t h e  
g r o s s  pa ramete rs  of t h e  c u r r e n t  sys tem which i s  formed around t h e  Michigan 
d e s i g n a t e d  M7 scanner .  

F i g u r e  5 ,  O p t i c a l  Schematic of Michigan Exper imental  M u l t i s p e c t r a l  
Scanner ,  shows t h e  o p t i c a l  c o n f i g u r a t i o n  of t h e  M7 scanner .  F igure  6 ,  
Michigan Exper imental  M u l t i s p e c t r a l  Scanner ,  shows a  similar view of t h e  
a c t u a l  s c a n n e r  w i t h  i n s p e c t i o n  p a n e l s  removed. The key f e a t u r e  t o  n o t e  
i n  t h e  d e s i g n  i s  t h e  f l e x i b i l i t y  t o  e a s i l y  a c c e p t  d i f f e r e n t  r a d i a t i o n  
r e f e r e n c e  s o u r c e s  and new d e t e c t o r  assembl ies .  Weight and s p a c e  s a v i n g s  
were s a c r i f i c e d  t o  p r o v i d e  t h i s  f l e x i b i l i t y  which allowed t h e  immediate 
u s e  of r e f e r e n c e s  and d e t e c t o r  a s s e m b l i e s  from t h e  o r i g i n a l  sys tem w i t h  
t h e  unders tand ing  t h a t  t h e y  would e v e n t u a l l y  b e  r e p l a c e d  a s  t ime  and 



funds  p e r m i t t e d .  Also,  t h e  s c a n  motor d r i v e  s h a f t  was extended beyond 
t h e  a f t  end of t h e  motor hous ing  i n  o r d e r  t h a t  i l l u m i n a t i o n  s o u r c e s  
(such a s  l a s e r s )  might  l a t e r  be  added t o  t h e  sys tem i n  t i m e  phase w i t h  
t h e  s c a n  m i r r o r .  

The r a d i a t i o n  i n t e r c e p t e d  by t h e  f i v e  i n c h  d iamete r  c o l l e c t i n g  
a p e r t u r e  i s  d i r e c t e d  i n t o  t h e  Dall-Kirkham t e l e s c o p e  which h a s  a  t h r e e  
i n c h  d i a m e t e r  secondary m i r r o r .  The incoming r a d i a t i o n  blocked from 
t h e  t e l e s c o p e  by t h i s  secondary i s  d i r e c t e d  upward t o  d e t e c t o r  p o s i t i o n  
number one. This nominal t h r e e  i n c h  d iamete r  c o l l e c t i n g  a p e r t u r e  i s  
broadband ( 0 . 3  t o  14.0  m i c r o n s ) .  C u r r e n t l y  a  f o c u s i n g  l e n s  des igned  f o r  
8.0 t o  14.0  microns  i s  used a t  t h i s  p o s i t i o n  w i t h  a  HgCdTe d e t e c t o r  t o  
provide '  the rmal  d a t a .  I n  work i s  a  m o d i f i c a t i o n  t o  use  a  d i c h r o i c  m i r r o r  
i n  t h i s  p o s i t i o n  t o  d i v e r t  UV r a d i a t i o n  on to  a  p h o t o m u l t i p l i e r  d e t e c t o r  
w h i l e  m a i n t a i n i n g  t h e  the rmal  d e t e c t o r  i n  t h e  same p o s i t i o n .  A wide 
v a r i e t y  of d e t e c t o r  a s s e m b l i e s  can b e  used i n  t h i s  p o s i t i o n .  

The r a d i a t i o n  c o l l e c t e d  by t h e  e f f e c t i v e  f o u r  i n c h  a p e r t u r e  of t h e  
t e l e s c o p e  i s  f o l d e d  i n t o  a  d i c h r o i c  m i r r o r  which r e f l e c t s  t h e  r a d i a t i o n  
below a  nominal  0 . 9  micron and t r a n s m i t s  t h e  energy  beyond. The 
r a d i a t i o n  beyond 0.9 microns  i s  focused  on to  t h r e e  s e p a r a t e l y  f i l t e r e d  
InAs d e t e c t o r  e lements  by a  l e n s  op t imized  f o r  t r a n s m i s s i o n  i n  t h e  1 . 0  
t o  2 . 6  micron r e g i o n .  Th is  d i c h r o i c  and l e n s  can b e  changed r e l a t i v e l y  
e a s i l y  f o r  d i f f e r e n t  d e t e c t o r  c o n f i g u r a t i o n s  a t  t h i s  d e t e c t o r  p o s i t i o n  
number two. 

The r a d i a t i o n  a t  wavelengths  s h o r t e r  t h a n  0 .9  microns i s  focused 
o n t o  t h e  e n t r a n c e  s l i t  of a p r i sm s p e c t r o m e t e r  a t  d e t e c t o r  p o s i t i o n  
number t h r e e .  Th is  s p e c t r o m e t e r  d i s p e r s e s  v i s i b l e  and n e a r  i n f r a r e d  
r a d i a t i o n  th rough  f i b e r  o p t i c  bundles  o n t o  a s  many a s  twelve photo- 
m u l t i p l i e r  t u b e s .  The s i x t e e n  f i b e r s  a r e  d i r e c t e d  on to  n i n e  s e p a r a t e  
p h o t o m u l t i p l i e r  d e t e c t o r s  i n  t h e  c u r r e n t  c o n f i g u r a t i o n .  

The r a d i a t i o n  r e f e r e n c e  s o u r c e s  c u r r e n t l y  i n  u s e  w i t h  t h e  sys tem 
a r e :  (1) a n  NBS lamp packaged t o  s i m u l a t e  a  p o i n t  s o u r c e ,  (2 )  two 
t e m p e r a t u r e  c o n t r o l l e d  greybody the rmal  r e f e r e n c e s  which f i l l  t h e  
c o l l e c t i n g  a p e r t u r e ,  and (3)  a sky i l l u m i n a t i o n  r e f e r e n c e  c o n s i s t i n g  of 
an  o p a l  g l a s s  d i f f u s i n g  p l a t e  mounted i n  t h e  t o p  of t h e  a i r c r a f t  . The 
o p e r a t o r  h a s  c o n t r o l  of t h e  r a d i a t i o n  from a l l  r e f e r e n c e  s o u r c e s  th rough  
e l e c t r o n i c  c o n t r o l  of t h e  lamp and g reybodies  and a t t e n u a t i n g  o p t i c a l  
f i l t e r s  f o r  t h e  sky i l l u m i n a t i o n .  The c a l i b r a t e d  o u t p u t  of t h e s e  s o u r c e s  
a r e  moni tored and recorded  manual ly  by t h e  o p e r a t o r  d u r i n g  d a t a  c o l l e c t i o n .  
These i n t e r n a l  r e f e r e n c e s  a r e  c a l i b r a t e d  p e r i o d i c a l l y  a g a i n s t  e x t e r n a l  
s t a n d a r d s  i n  t h e  l a b o r a t o r y .  

F i g u r e  7 ,  D e t e c t o r  C o n f i g u r a t i o n s  f o r  M7 Scanner ,  shows t h e  d e t e c t o r  
assembl ies  c u r r e n t l y  a v a i l a b l e  f o r  use  i n  t h e  sys tem and t h o s e  planned 
f o r  t h e  n e a r  f u t u r e .  A l l  d a t a  c o l l e c t e d  d u r i n g  t h e  last  h a l f  of 1971 
used t h e  s p e c i f i c  d e t e c t o r s  l i s t e d  i n  t h e  t o p  row of the c h a r t .  



A 9 . 3  micron  l o n g  wave leng th  p a s s  f i l t e r  was u s e d  w i t h  t h e  HgCdTe 
d e t e c t o r  i n  p o s i t i o n  one t o  p r o v i d e  t h e r m a l  c o v e r a g e .  Some o f  t h e  f u t u r e  
d e t e c t o r s  w i l l  b e  a v a i l a b l e  f o r  u s e  by t h e  s p r i n g  of  1972 and a l l  s h o u l d  
b e  o p e r a t i o n a l  by  t h e  summer o f  1972 .  It is  i n t e r e s t i n g  t o  n o t e  t h a t  
t h e  most  u s e f u l  wave-length bands  of  t h o s e  a v a i l a b l e  f o r  p r o c e s s i n g  t h e  
c o r n  b l i g h t  d a t a  were  t h e  Chermal I R  ( 9 . 3  t o  1 1 . 5  m i c r o n s ) ,  two i n  t h e  
mid I R  ( 1 . 0  t o  2 . 6  m i c r o n s )  and t h r e e  i n  v i s i b l e  and n e a r  IR (0 .4  t o  0 .9  
m i c r o n s ) .  The s p e c i f i c  bands  i n  t h e  non t h e r m a l  w a v e l e n g t h s  v a r i e d  w i t h  
t h e  chang ing  c r o p  c o n d i t i o n s .  I t  was f o r t u n a t e  t h a t  t h e  s y s t e m  w a s  
m o d i f i e d  i n  t ime  t o  make t h e s e  bands  a v a i l a b l e  f o r  m u l t i s p e c t r a l  
p r o c e s s i n g  of  c o r n  b l i g h t .  

F i g u r e s  8 and 9 show an  e x t e r n a l  v iew o f  t h e  Michigan C47 a i r c r a f t  
which  n o r m a l l y  t r a n s p o r t s  t h e  m u l t i s p e c t r a l  mapping s y s t e m  and a n  
i n t e r n a l  v iew of t h e  i n s t r u m e n t a t i o n  i n s t a l l e d  i n  t h e  a i r c r a f t .  The 
i n t e r n a l  v i ew l o o k s  f o r w a r d  i n  t h e  a i r c r a f t  f rom t h e  r e a r .  The 747 
s c a n n e r  w i t h  r e f e r e n c e  s o u r c e s  and r a d i a t i o n  d e t e c t o r s  removed i s  i n  
t h e  l o w e r  r i g h t  hand c o r n e r  o f  t h e  f i g u r e .  The s c a n n e r  rests i n  an  
i n s t r u m e n t  w e l l  t h r o u g h  t h e  f l o o r  o f  t h e  a i r c r a f t .  The s u p p o r t i n g  
e l e c t r o n i c s  and o p e r a t o r  p o s i t i o n s  f o r  t h e  s y s t e m  a r e  fo rward  of  t h e  
s c a n n e r  p o s i t i o n .  At t h e  t i m e  of  t h i s  p h o t o g r a p h  most  of  t h e  o r i g i n a l  
m u l t i s p e c t r a l  s y s t e m  was s t i l l  i n s t a l l e d  i n  t h e  a i r c r a f t  i n c l u d i n g  one  
o f  t h e  d o u b l e  ended m i l i t a r y  s u r p l u s  s c a n n e r s .  The m o d i f i e d  m u l t i -  
s p e c t r a l  s y s t e m  weighs  a b o u t  1200 pounds which  i s  a b o u t  h a l f  t h e  
i n s t r u m e n t a t i o n  p a y l o a d  o f  the C47 a i r c r a f t .  T h e r e f o r e  o t h e r  s y s t e m s  
may b e  i n s t a l l e d  and o p e r a t e d  i n  c o n j u n c t i o n  w i t h  t h e  m u l t i s p e c t r a l  
mapping f u n c t i o n s .  

The M7 m u l t i s p e c t r a l  s y s t e m  c a n  a l s o  b e  i n s t a l l e d  i n  the Michigan  
C46 a i r c r a f t  wh ich  c o n t a i n s  a  h i g h  r e s o l u t i o n ,  s i d e  l o o k i n g  a i r b o r n e  
r a d a r  (SLAP,) sys t em.  T h i s  SLkX s y s t e m  i s  a l s o  used  f o r  e a r t h  r e s o u r c e  
a p p l i c a t i o n s .  However, t h e  two s y s t e m s  c a n n o t  b e  o p e r a t e d  s i m u l t a n e o u s l y  
and t h e  a i r c r a f t  d a t a  c o l l e c t i o n  t ime  i s  r educed  f rom f o u r  t o  two h o u r s  
b e c a u s e  of  r e d u c e d  f u e l  c a p a c i t y  w i t h  b o t h  s y s t e m s  i n s t a l l e d .  T h i s  
combined s y s t e m  i n s t a l l a t i o n  i n  t h e  C46 i s  u s u a l l y  a t empora ry  one  
which p r o v i d e s  f o r  IR and r a d a r  mapping w i t h  one a i r c r a f t  on t h e  same 
f i e l d  t r i p .  

As ide  f rom c o n t i n u e d  development  of  new d e t e c t o r  a s s e m b l i e s  and 
e l e c t r o n i c  components  t o  improve  s c a n n e r  p e r f o r m a n c e ,  s e v e r a l  o t h e r  i t e m s  
a r e  s c h e d u l e d  f o r  i n v e s t i g a t i o n  i n  t h e  n e a r  f u t u r e .  One i s  t o  make 
p r o v i s i o n  f o r  s c a n n i n g  i n  a n  o b l i q u e  i n s t e a d  o f .  a v e r t i c a l  p l a n e  a c r o s s  
t h e  a i r c r a f t  t r a c k .  The o b l i q u e  v i e w  of v e g e t a t i o n  s h o u l d  show more 
v e g e t a t i o n  and less ground i n  a r e s o l u t i o n  e l e m e n t .  T h i s  mix of  s o i l  and 
c r o p  i n  a  common r e s o l u t i o n  e l e m e n t  h a s  been  a problem i n  r e m o t e l y  
i d e n t i f y i n g  f a r m  c r o p s  i n  t h e  p a s t  and the t e c h n i q u e  may b e n e f i t  o t h e r  
a p p l i c a t i o n s .  The o t h e r  new t e c h n i q u e  of  p o t e n t i a l  b e n e f i t  i s  t o  a c t i v e l y  
s c a n  i n  s e l e c t e d  w a v e l e n g t h  bands  which w i l l  b e  r e c o r d e d  a l o n g  w i t h  
p a s s i v e  bands .  L a s e r  r a d i a t i o n  s o u r c e s  can  b e  c o u p l e d  wi t l l .  l i n e  s c a n n e r s  
t o  p r o v i d e  t h i s  c a p a b i l i t y .  
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FIGURE 1. THE GEOMETRY O F  AIRBORNE SCANNING 
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FIGURE 4 ,  M7 SCANNER PERFORMANCE CHARACTERISTICS 
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FIGURE 9. INTERIOR VIEW OF C-47 REMOTE SENSING AIRCRAFT 
SHOWING IVlULTISPECTRAL MAPPING SYSTEM 
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