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ABSTRACT 

The A p p l i c a t i o n s  a r e a  of t h e  Texas A&M U n i v e r s i t y  Remote Sens ing  
Program c o n s i s t s  of a  s e r i e s  of c o a c t i v e  p r o j e c t s  w i t h  NASA/MSC per -  
s o n n e l .  The c l o s e  working r e l a t i o n s h i p s  developed between t h e  Texas 
A&M U n i v e r s i t y  a p p l i c a t i o n s  s p e c i a l i s t s  h a s  proven t h i s  t o  be a n  eco-  
nomic and e f f i c i e n t  approach l e a d i n g  t o  p e r t i n e n t  r e s e a r c h  r e s u l t s .  
The s u c c e s s  of t h i s  program i s  w e l l  i l l u s t r a t e d  by t h e  Virus-Host Model 
Study and t h e  Houston S h i p  Channel Water Q u a l i t y  S t u d i e s  which were  
i n i t i a t e d  d u r i n g  t h e  l a s t  y e a r .  I n  each c a s e ,  t h e  Remote Sens ing  Cente r  
has  s e r v e d  t o  complement and enhance t h e  r e s e a r c h  c a p a b i l i t y  w i t h i n  t h e  
Manned S p a c e c r a f t  Cen te r .  

I n  a d d i t i o n  t o  t h e  A p p l i c a t i o n s  s t u d y  a r e a ,  t h e  Texas A&M Univer- 
s i t y  program i n c l u d e s  c o o r d i n a t e d  p r o j e c t s  i n  Sensors  and Data A n a l y s i s .  
Under t h e  s e n s o r s  a r e a ,  a n  e x t e n s i v e  e x p e r i m e n t a l  s t u d y  of microwave 
rad iomet ry  f o r  s o i l  m o i s t u r e  d e t e r m i n a t i o n  e s t a b l i s h e d  t h e  e f f e c t  of 
s o i l  m o i s t u r e  on t h e  measured b r i g h t n e s s  t empera tu re  f o r  s e v e r a l  d i f -  
f e r e n t  s o i l  t y p e s .  The Data A n a l y s i s  a r e a  inc luded  a  p r o j e c t  which 
ERTS-A and Skylab d a t a  were  s i m u l a t e d  u s i n g  a i r c r a f t  m u l t i s p e c t r a l  scan-  
n e r  measurements a t  two a l t i t u d e s .  Th i s  e f f o r t  r e s u l t e d  i n  development 
of a  l i b r a r y  of computer programs which p rov ides  a n  o p e r a t i o n a l  capa- 
b i l i t y  i n  c l a s s i f i c a t i o n  a n a l y s i s  o f  m u l t i s p e c t r a l  d a t a .  

The l e v e l  i n  d i v e r s i t y  o f  t h e  o v e r a l l  program has  l e d  t o  t h e  
fo rmat ion  of s e v e r a l  fo rmal  l a b o r a t o r y  groups ,  each headed by e x p e r i -  
enced p r o f e s s i o n a l s .  These groups  r e p r e s e n t  a  wide range  of d i s c i p -  
l i n e s  s e l e c t e d  t o  d i r e c t l y  s u p p o r t  t h e  NASA/MSC HATS and r e l a t e d  a c t i v -  
i t y .  

INTRODUCTION 

The Remote Sens ing  Cente r  a t  Texas A&M U n i v e r s i t y  i s  a  consor t ium 
of f o u r  c o l l e g e s :  A g r i c u l t u r e ,  Eng ineer ing ,  Geosciences  and Sc ience .  



We a r e  a n  i n t e g r a l  p a r t  of t h e  U n i v e r s i t y  r e s e a r c h  program and conse-  
q u e n t l y  we a r e  a b l e  t o  employ a lmos t  t h e  f u l l  r ange  of r e s e a r c h  f a c i l i -  
t i e s  a v a i l a b l e  on our  campus; i n c l u d i n g  equipment,  l a b o r a t o r i e s ,  s h i p s ,  

..-- 
a i r c r a f t ,  and a g r i c u l t u r a l  exper iment  s t a t i o n s .  More i m p o r t a n t l y ,  t h e  
Cen te r  is s t r u c t u r e d  t o  e n a b l e  i t  t o  e f f e c t i v e l y  employ t h e  o u t s t a n d i n g  
f a c u l t y  of t h e  p a r t i c i p a t i n g  c o l l e g e s ,  who a r e  e s p e c i a y l y  s t r o n g  i n  
a p p l i c a t i o n  r e s e a r c h .  

The main s t r u c t u r e  of t h e  Cen te r  which s e r v e s  t o  c o o r d i n a t e  a l l  
remote s e n s i n g  r e s e a r c h  a t  TAMU, c o n s i s t s  o f  e i g h t  working groups 
( f i g u r e  1 ) .  The s u s t a i n i n g  U n i v e r s i t y  program prov ides  t h e  f o u n d a t i o n  
f o r  t h i s  o r g a n i z a t i o n  and t h e  s e l e c t i o n  o f  t h e s e  p a r t i c u l a r  groups  was 
d i c t a t e d  f o r  t h e  most p a r t  by t h e  o b j e c t i v e s  of our  NASA Grant  program. 
However, most o f  t h e s e  groups have a d d i t i o n a l  c o n t r a c t  suppor t .  

The NASA Grant  program c o n s i s t s  of a ba lance  between techn iques  
and a p p l i c a t i o n s  ( f i g u r e  2).  Although we s t i l l  have a s t r o n g  i n t e r e s t  
i n  microwave s e n s o r s ,  t h e  more r e c e n t  a c t i v i t y  i n  development of com- 
p u t e r  so f tward  f o r  m u l t i s p e c t r a l  a n a l y s i s  and i n  a p p l i c a t i o n s  r e s e a r c h  
are now be ing  s t r e s s e d  under t h e  NASA sponsorsh ip .  

PROJECTS 

Under t h e  Sensors  a r e a ,  we a r e  i n v e s t i g a t i n g  a new i d e a  which is  
based upon t h e  behav ior  o f  t h e  d e p o l a r i z e d  e l e c t r o m a g n e t i c  b a c k s c a t t e r  
( f i g u r e  3 ) .  The t h e o r e t i c a l  work, p r e s e n t e d  a t  t h e  URSI meet ings  a t  
UCLA t h i s  f a l l ,  i n d i c a t e s  t h a t  n e a r  s u r f a c e  v o l u m e t r i c  p r o p e r t i e s  domi- 
n a t e  t h e  d e p o l a r i z e d  component. A  v i v i d  i l l u s t r a t i o n  i s  shown i n  t h i s  
r a d a r  image o f  the '  P i sgah  C r a t e r  a r e a  ( f i g u r e  4)  i n  which t h e  volume 
s c a t t e r  p r o p e r t i e s  o f  t h e  l a v a  flow prov ide  a s h a r p  c o n t r a s t  i n  t h e  de-  
p o l a r i z e d  ,image which i s  n o t  e v i d e n t  i n  t h e  l i k e - p o l a r i z e d  image. 

I n  t h e  a n a l y t i c a l  model d e s c r i b i n g  t h e s e  e f f e c t s  i t  can be s e e n  
( f i g u r e  5)  t h a t  whereas t h e  l i k e - p o l a r i z e d  term i s  v e r y  s e n s i t i v e  t o  
t h e  d i e l e c t r i c  c o n s t a n t  of t h e  t e r r a i n ,  t h e  c r o s s - t e r m  i s  r e l a t i v e  i n -  
s e n s i t i v e .  However, i n . t h e  n e x t  graph ( f i g u r e  6 ) ,  i t  i s  s e e n  t h a t  t h e  
volume r e f l e c t i o n  c o e f f i c i e n t  g r e a t l y  e f f e c t s  t h i s  d e p o l a r i z e d  component, 
b u t  does  n o t  a p p r e c i a t i v e l y  a l t e r  t h e  l ike - te rm.  These c h a r a c t e r i s t i c s  
have been v e r i f i e d  i n  independent exper iments ,  and we a r e  p r e s e n t l y  de-  
v e l o p i n g  a  l a s e r  s e n s o r  t o  u t i l i z e  t h i s  e f f e c t  i n  measur ing water t u r -  
b i d i t y  and s u r f a c e  p o l l u t a n t s .  W e  a r e  a l s o  p r e p a r i n g  t o  assemble  a 
r a d a r  sys tem t o  u t i l i z e  t h e  e f f e c t .  

Our work on r a d a r  r e t u r n f r o m  A r c t i c  i c e  u s i n g  NASAIMSC d a t a  from 
Miss ion 47 and 126 has  l e d  t o  development of a  model which p r e d i c t s  t h e  
b a c k s c a t t e r  from a v a r i e t y  o f  i c e  types  w i t h  a r e a s o n a b l e  d e g r e e  of 



r e l i a b i l i t y  ( f i g u r e  7).  Recent work w i t h  Miss ion  126 d a t a  has  suppor ted  
e a r l i e r  f i n d i n g s  u s i n g  Miss ion 47 d a t a  ( f i g u r e  8) and conf i rms t h e  i c e  
t y p e  i d e n t i f i c a t i o n  p o t e n t i a l .  

The d a t a  i n d i c a t e s  t h a t  t h e  d i e l e c t r i c  c o n s t a n t  of r e l a t i v e l y  new 
i c e  i s  an  agreement w i t h  t h e  waveguide measurements of CRREL, bu t  t h a t  
t h e  e f f e c t i v e  d i e l e c t r i c  c o n s t a n t  of m u l t i - y e a r  i c e  i s  much h i g h e r  t h a n  
p r e d i c t e d  ( f i g u r e  9) .  Th i s  i n d i c a t e s  t h e  need f o r  reexamina t ion  o f  t h e  
p h y s i c a l  s e a  i c e  model. 

A p r o j e c t  which has  r e c e i v e d  s p e c i a l  emphasis under  t h e  NASA pro-  
gram d u r i n g  t h e  l a s t  y e a r  is t h e  s t u d y  o f  microwave rad iomet ry  f o r  s o i l  
m o i s t u r e  d e t e r m i n a t i o n  ( f i g u r e  1 0 ) .  L ike  most of our  Sensor  s t u d i e s ,  
an  a n a l y t i c a l  model i s  used a s  a  r e f e r e n c e  sys tem f o r  t h e  i n v e s t i g a t i o n .  
V e r i f i c a t i o n  o f  t h e  model r e q u i r e d  i n f o r m a t i o n  abou t  t h e  s o u r c e ,  meas- 
urements under  h i g h l y  c o n t r o l l e d  c o n d i t i o n s ,  and f i n a l l y  a i r b o r n e  d a t a .  

S o i l  samples were  c o l l e c t e d  a t  each of seven  s i t e s  i n  Texas 
( f i g u r e  11) f o r  waveguide measurements of t h e i r  complex d i e l e c t r i c  con- 
s t a n t  ( f i g u r e  12) .  The s i t e s  were  s e l e c t e d  i n  s u p p o r t  o f  our  Skylab 
p r o p o s a l  f o r  u s e  of t h e  microwave d a t a .  The d i e l e c t r i c  c o n s t a n t  d a t a  
showed t h a t  i n  g e n e r a l  sandy s o i l s  were  more s e n s i t i v e  t o  m o i s t u r e  v a r i -  
a t i o n s  t h a n  c l a y  s o i l s  ( f i g u r e  1 3 ) .  I n  a d d i t i o n  i t  was found t h a t  t h e  
a b s o r p t i o n  p rocess  i n  c l a y  s o i l s  i s  such t h a t  t h e  d i e l e c t r i c  c o n s t a n t  
change w i t h  t h e  l e n g t h  of t ime a f t e r  m o i s t u r e  was a p p l i e d  ( f i g u r e  14).  
Also  wet  c l a y  s o i l s  were  v e r y  s e n s i t i v e  t o  compaction,  whereas ,  sandy 
s o i l s  were  r e l a t i v e  i n s e n s i t i v e  t o  a b s o r p t i o n  o r  compaction.  . A d e t a i l e d  
knowledge of t h e  c h a r a c t e r i s t i c s  of t h e  s o i l s  is  impor tan t  i n  a n a l y s i s  
of microwave emiss ion  from t e r r a i n  because  t h e  c o n t r i b u t i o n  o f  t h e  
normal sky t empera tu re  term i s  low-much lower t h a n  f o r  w a t e r  measure- 
ments,  f o r  example. 

The a i r b o r n e  measurements o b t a i n e d  by ~ A ~ A / ~ o d d a r d  i n d i c a t e d  i n  
s o i l  m o i s t u r e  dependence o f  approx imate ly  1 . 5 ' ~ / 1 %  s o i l  m o i s t u r e  which 
i s  i n  e x c e l l e n t  agreement w i t h  b o t h  t h e  a n a l y t i c a l  model and t h e  ground- 
based tower measurements ( f i g u r e  15).  However, t h e  v a r i a n c e  o f  t h e  d a t a  
was such t h a t  t h e  r e s u l t s  i n d i c a t e s  t h a t  t h e  p r e s e n t  sys tem c a p a b i l i t y  
f o r  measurement of s o i l  m o i s t u r e  u s i n g  a i r b o r n e  microwave r a d i o m e t e r s  
i s  no b e t t e r  t h a n  10-15% s o i l  m o i s t u r e ,  t h a t  i s ,  we b e l i e v e  t h a t  con- 

s i d e r a b l y  more work i s  needed b e f o r e  rad iomet ry  can be shown t o  be a 
p r a c t i c a l  s e n s o r  f o r  s o i l  m o i s t u r e  d e l i n e a t i o n .  . . . . 

7.: 
, . 

- . i  , - 
The Data  A n a l y s i s  group a c t i v i t i e s  ( f i g u r e  16)  are devoted t o  de -  :. 

v e l o p i n g  a  c a p a b i l i t y  w i t h i n  t h e  Cen te r  f o r  e f f e c t i v e  u s e  o f  t h e  com- 
p u t e r  i n  s t a t i s t i c a l  d a t a  a n a l y s i s .  

The p r o d u c t s  of t h i s  e f f o r t  i n c l u d e  what we c a l l  p r o d u c t i o n  pro-  
grams ( f i g u r e  17) t h a t  e s p e c i a l l y  f a c i l i t a t e  r e d u c t i o n  of microwave 



, .. 
d a t a .  These programs permit  t h e  a u t o m a t i c  r e d u c t i o n  of a  l a r g e  volume 
of d a t a ,  f o r  example a n  e n t i r e  l i n e  of r a d a r  s c a t t e r o m e t r y  d a t a ,  t o  a  
form which i s  compat ib le  w i t h  our  s t a n d a r d  a n a l y s i s  t echn iques .  

We have a l s o  developed t h e  s o f t w a r e  f o r  m u l t i s p e c t r a , l , a n a l y s i s  
u s i n g  each of s e v e r a l  s t a t i s t i c a l  methods ( f i g u r e  1 8 ) .  

The s t r o n g  p o i n t  o f  t h i s  a c t i v i t y  is  t h e  e x c e l l e n t  computer f a c i l -  
i t y  a t  TAMU which is  l o c a t e d  i n  t h e  same b u i l d i n g  a s  t h e  Remote Sens ing  
Center .  A s  you can  s e e  ( f i g u r e  1 9 ) ,  t h e  machine has  a n  expanded capa- 
b i l i t y ,  b u t  more impor tan t  i s  t h e  low c o s t  and u n u s u a l l y  good a v a i l a -  
b i l i t y  o f  t h e  equipment.  The a v e r a g e  turnaround t ime on jobs i s  j u s t  
15 minu tes ,  which is e x c e p t i o n a l  f o r  a  un ivers i ty -awned  f a c i l i t y .  The 
computer i s  suppor ted  by a l a r g e  s t a f f  which i s  p a r t  o f  a  $ 2 ~ / y r .  d a t a  
p r o c e s s i n g  c e n t e r  f a c i l i t y .  

Withi'n t h e  l a s t  y e a r  t h e  Cen te r  h a s  a c q u i r e d  t h r e e  new s t a f f  mem- 
b e r s  whose a c t i v i t i e s  a r e  devoted t o  remote s e n s i n g  a p p l i c a t i o n s .  Th is  

has  caused a  pronounced s h i f t  i n  our  r e s e a r c h  emphasis which we f e e l  
w i l l  i n c r e a s e  t h e , r e l a v e n c y  of our  p roduc t s .  I n  November we coopera ted  
w i t h  NASAIMSC i n  a n  exper iment  on t h e  Houston Sh ip  Channel ( f i g u r e  20). 
Airborne m u l t i s p e c t r a l  d a t a  were  o b t a i n e d  u s i n g  t h e  U n i v e r s i t y  of Mich- 
i g a n  a i r c r a f t .  Th i s  work is  p a r t  of a n  e f f o r t  t o  p rov ide  our  s t a t e ' s  
r e s p o n s i b l e  agency w i t h  new methods o f  moni to r ing  and r e g u l a t i n g  e f f l u -  
e n t s .  Under t h e  new Texas laws governing p o l l u t i o n ,  t h e  t a s k  of moni- 
t o r i n g  t h e  s t a t e ' s  i n l a n d  w a t e r  r e s o u r c e s  and c o a s t a l  r e g i o n s  h a s  ex- 
panded. The Texas Water Q u a l i t y  Board i s  look ing  t o  remote s e n s i n g  f o r  
a s s i s t a n c e  i n  t h e i r  programs. 

F i n a l l y ,  I want t o  i n t r o d u c e  you t o  one of t h e  most e x c i t i n g  p rac -  
t i c a l  a p p l i c a t i o n s  o f  remote s e n s i n g  d a t a  t h a t  we have been involved i n .  
A  p r i v a t e  l and  d e v e l o p e r  i n  Houston r e c e n t l y  approached u s  f o r  a s s i s -  
t a n c e  i n  a s s e s s i n g  t h e  b e s t  way t o  u t i l i z e  t h e  n a t u r a l  v e g e t a t i o n  and 
s o i l s  d i s t r i b u t i o n  on a land a r e a  scheduled f o r  development ( f i g u r e  21).  
The impact of u rban  development upon v i r g i n  l ands  has  g e n e r a l l y  been 
s e v e r e  and some e f f o r t  was needed t o  minimize d e s t r u c t i o n  and i f  p o s s i -  
b l e  t o  c a p i t a l i z e  on t h e  e x i s t i n g  t e r r a i n  t o  reduce  development c o s t s  

and m a i n t a i n  t h e  a e s t h e t i c  v a l u e  of t h e  l and .  Th is  p r o j e c t  h a s  o n l y  
j u s t  begun, b u t  w e  have e s t a b l i s h e d  s e v e r a l  t e s t  p l o t s  on t h e  s i t e  and 
have a c q u i r e d  a e r i a l  photography of some s e c t i o n s .  We a r e  h o p e f u l  t h a t  
NASA w i l l  d e s i g n a t e  t h e  a r e a  a s  a  HATS t e s t  s i t e  and a s s i s t  u s  w i t h  t h e  
d a t a  a c q u i s i t i o n  and a n a l y s i s .  



CONCLUSION 

The Texas A6rM program i s  a r a p i d l y  expanding e f f o r t  which i s  g r e a t l y  
a s s i s t e d  by t h e  e x c e l l e n t  c o o p e r a t i o n  r e c e i v e d  from t h e  NASA/MSC person-  
n e l .  We b e l i e v e  t h a t  t h i s  c o a c t i v e  e f f o r t  w i l l  prove t o  be a n  impor tan t  
p a r t  of t h e  o v e r a l l  NASA/MSC involvement i n  remote s e n s i n g  a p p l i c a t i o n s  
r e s e a r c h .  

The f o l l o w i n g  paper  by D r .  Rober t  T o l e r  d e t a i l s  a n o t h e r  o f  t h e  
Remote Sens ing  C e n t e r ' s  p r o j e c t  which t y p i f i e s  t h e  t y p e  o f  c o a c t i v e  i n -  
t e r d i s c i p l i n a r y  r e s e a r c h  which w e  are e s t a b l i s h i n g  w i t h  t h e  Manned Space- 
c r a f t  Cen te r .  - 
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I BM 360/65 DI GITAL COMPUTER 

- U N I V E R S I T Y  OWNED TO PROVIDE LOW 

COST, E F F I C I E N T  OPERATION WITH  A 

F U L L  RANGE OF COMPUTER C A P A B I L I T Y  

AND USER 'SERVICE fi 

- 6 MILLION BITS CORE STORAGE 

- D I S C  STORAGE 

- MAGNETI c ,TAPE (MULTI PLE TRACK, DENSITY) 

- MULTIPLE COMPILER/UTILITIES 

- CORE RESIDENT WATFIV (SOFTWARE 

DEVELOPMENT) 

- MVT OPERATING SYSTEM (OPERATIONAL 

COST/TURNAROUND 

- USER COST $ 3 7 5 / ~ P U  HOUR 
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