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ABS TRACT 

The d i s c i p l i n e  o r i en ted  inves t iga t ions  underway a t  the Johnson 
Space Center (JSC) using ERTS-1 da ta  provide an appropriate  frame- 
work f o r  t h e  systematic  evaluat ion of t he  var ious elements comprising 
a prototype m u l t i s p e c t r a l  da t a  processing and ana lys i s  system. In 
p a r t i c u l a r  such a system may be thought of as the  i n t e g r a t i o n  of 
(1) a Preprocessing Subsystem, ( 2 )  a Spec t r a l  Cluster ing Subsystem, 
(3) a Correlat ion and C l a s s i f i c a t i o n  Subsystem, (4) Mensuration 
Subsystem, and ( 5 )  an Information Management Subsystem (see f i g .  1 ) .  
S p e c i f i c  elements of t h i s  system a re  already operat ional  a t  JSC.l 

and app l i ca t ion  i s  being pursued a t  JSC. A i r c r a f t ,  ERTS and EREP 
d a t a  w i l l  be u t i l i z e d  t o  r e f i n e  the subsystem elements f o r  each of 
t he  d a t a  a c q u i s i t i o n  systems o r  system combinations t h a t  a r e  optimally 
s u i t e d  f o r  a s p e c i f i c  Earth Resources app l i ca t ion .  The techniques 
reported here  a r e  those t h a t  have been developed t o  date  during the 
u t i l i z a t i o n  of ERTS-1 da ta  i n  t h i s  processing and ana lys i s  system. 

, l .  THE PREPROCESSING SYSTEM 

I t  i s  i n  the context  of  t h i s  system t h a t  technique development 

The Preprocessing Subsystem accepts t he  mul t i spec t r a l  da t a  from the Data 
Acquis i t ion Subsystem and incorporates  the measured sensor and platform charac- 
t e r i s t i c s  (e .g . ,  de t ec to r  c a l i b r a t i o n ,  platform navigat ional  parameter da t a ,  
e t c . )  t o  y i e l d  absolute  radiance values f o r  each sensor r e so lu t ion  element. 
Idea l ly ,  t h i s  subsystem would include an atmospheric co r rec t ion  scheme t o  r e l a t e  
t h e  sensor  readings t o  absolute  scene r e f l ec t ance  values .  Correlat ion t o  ground 
con t ro l  po in t s  and reference t o  UTM coordinates can a l s o  be accomplished a t  t h i s  
s t age .  A t  the  very least  an overlay g r i d  t o  allow easy reference t o  s p e c i f i c  
scan l i n e  and p i x e l  numbers could be introduced by t h i s  subsystem. In the case 
of the ERTS-1 mul t i spec t r a l  scanner (MSS) i n i t i a l  preprocessing i s  done by the  
Goddard Data Processing F a c i l i t y .  Since the  MSS is constructed with s i x  
de t ec to r s  i n  each of i t s  four  s p e c t r a l  bands, twenty-four d i s t i n c t  c a l i b r a t i o n s  
must be accounted f o r  i n  t h i s  preprocessing. The de tec to r s  a re  swept by a c a l i -  
b ra t ed  source on every o the r  r e t r a c e  scan and the  d e t e c t o r  outputs a re  equated 
t o  the pre-measured c a l i b r a t i o n  source radiance.  This c a l i b r a t i o n  data  i s  con- 
t inuously averaged, s o  t h a t  slow changes i n  the de t ec to r s  can be c a l i b r a t e d  out 
of t he  scene da ta .  The success of t h i s  phase of preprocessing i s  dependent on 
(a) p rec i se  pre-measurement of the c a l i b r a t i o n  source radiance,  (b) accurate  
knowledge of t he  source radiance as a funct ion of time during the  c a l i b r a t i o n  
scan,  and (c) conformance of t he  operat ing source t o  the  prelaunch measured 
performance. S t r i p i n g  which has been observed i n  a l l  four  channels of the ERTS 
MSS d a t a  can be a t t r i b u t e d  t o  such co r rec t ion  inaccuracies .  
p a r t i c u l a r l y  evident  when the scene i s  a l a rge ,  homogeneous area such as  a lake.  
Although the  s t . r iping is  due t o  d i f f e rences  i n  de t ec to r  outputs amounting t o  
between one and f i v e  quantum l e v e l s  i n  the  da t a ,  i t  is s u f f i c i e n t  t o  a f f e c t  
s e n s i t i v e  s p e c t r a l  c l u s t e r i n g  algorithms a s  shown i n  the  c l u s t e r  map of f igu re  2 .  

A large rectangular  area of Lake Livingston, Texas, was se l ec t ed  t o  study 
t h e  s t a t i s t i c s  o f  t he  s t r i p i n g  i n  the d a t a  (Frame 1037-16244) and t o  develop a 
s t r i p i n g  removal technique. I t  was f i r s t  e s t ab l i shed  t h a t  the b e s t  ava i l ab le  
es t imates  f o r  t he  c o r r e c t  average da ta  values f o r  water i n  the four ERTS channels 

This s t r i p i n g  is  
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are the composite averages given by the detectors in each channel. If each 
detector's average output for water were moved to the composite average, the 
stripes would be removed and the composite average unchanged. A stripe removal 
procedure was therefore developed to suitably correct the recorded ERTS integer 
values. 
computer. 
senting the established difference between the ith detector average and the 
composite average, was added into the appropriate accumulators. Whenever an 
accumulator absolute value exceeded 0 . 5  the reselm data value for that detector 
was changed by the integer value closest to the current accumulator value. The 
accumulator was then updated by an equal but opposite amount. If the new data 
value was negative or greater than 127 (63 for the infrared channel) it was moved 
back into the allowable data range and the accumulator was corrected accordingly. 
In this procedure, offset correction errors are reduced using a portion of the 
scene itself as a calibration target. 
to all the data in the frame. The smoothed data was processed once more using 
the clustering algorithm and resulted in the cluster map shown in figure 3. 
reduction in striping is clearly evident. Complete preprocessing of the data 
should also include a correction for gain calibration error (stripes attributable 
to inaccurate gain corrections have also been observed). Such a procedure, which 
will be important in high reflectance target scenes, is now in the process of 
being developed. 
investigator to determine if such smoothing procedures aid in his application, 

of a target viewed from space. Since the atmospheric aerosol content changes 
from place to place, identical targets located at different places may classify 
differently in automatic pattern recognition studies. The same is true for 
identical targets viewed at different times. Figure 4 (ERTS Frame 1038-16303 
over Lake Somerville, Texas) shows an example of such unwanted atmospheric 
effects. The programs described here (PREPS-ROTAR) correct the sensor response 
data by converting the data to target reflectance, a target parameter that is 
independent of the atmosphere. 

The atmospheric correction process in use at JSC consists of two program 
modules. The first module, PREPS is used to pre-calculate a family of curves 
relating sensor output to target reflectance. The PREPS program is based on 
the following assumptio7s: (a) the sensor is pointing in the nadir direction, 
(b) the target is a Lambert reflector whose reflectance is constant across a 
given ERTS/MSS band, and (c) the atmosphere consists of two homogeneous layers, 
a Rayleigh scattering molecular layer on top and a Mie scattering aerosol layer 
near the earth's surface. At present, calculations have been made for an aerosol 
layer with the characteristics of a continental type haze. Other haze models 
will be included in the near future. 

Within the limits of the above assumptions, accurate numerical solutions to 
the radiative transfer problem are obtained. These solutions, which include all 
orders of multiple scattering, give the radiance at the sensor as a function of 
wavelength, target reflectance, haze level in the atmosphere and solar zenith 
angle. They are then normalized, multiplied by the sensor response function and 
integrated across the sensor bandwidth to obtain the sensor output as a function 
of target reflectance using the atmospheric haze level, solar zenith angle, 
instrument mode (compressed or linear) and instrument gain (high or low) as fixed 
parameters. 

For any NSS frame to be corrected, the appropriate solar zenith angle, 
instrument mode and instrument gain are selected. A "response tape" is produced 
for each desired set of these parameters. The response tape contains curves 
(i.e., tables), which relate instrument response to target reflectance for a 
given haze level. The haze level is specified by giving the haze optical depth 
T at wavelength 0 . 5  um, The optical depth at other wavelengths is determined 
by the haze model. A typical set of response curves is shown in figure 5 .  The 
three curves shown correspond to T = 0.0, 0.424, and 0.848. 

To correct each reselm in the MSS frame the second module (ROTAR) is used. 
The input to the ROTAR program consists of the appropriate response curves and 
the ERTS data to be corrected. The user can divide the frame into rectangular 
areas and assign values of T to each area. ROTAR generates a "correction curve" 
for each optical depth input t o  the program. The curve relates the instrument 
output to the target reflectance for each specific value of optical depth. It 
is obtained by interpolating (or extrapolating) to the designated values of T 

Twenty-four accumulator registers were established in the processing 
Each time a new reselm was considered, the quantity (AT-Af), repre- 

The procedure was then applied uniformly 

The 

The impact of these striping effects must be assessed by each 

The atmosphere can make a significant contribution to the apparent signature 
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from t h e  input  response t a b l e s .  Each d a t a  p o i n t  i s  c o r r e c t e d  by determining 
t h e  t a r g e t  r e f l e c t a n c e  from the  appropr i a t e  c o r r e c t i o n  curve .  The co r rec t ed  
d a t a  can then  be analyzed wi th  p a t t e r n  r ecogn i t ion  programs. Figure 6 shows 
a LARSYS grey s c a l e  map o f  d a t a  from t h e  Somervi l le  frame co r rec t ed  by ROTAR. 
The numbers r e p r e s e n t  t he  percent  r e f l e c t a n c e s  o f  t h e  p i c t u r e  elements i n  t h a t  
channel.  

a t  var ious  p o s i t i o n s  i n  the  Houston Area Test S i t e  (HATS) dur ing  each ERTS over -  
pass .  This  i s  accomplished by the  use  of PREPS photometers whose c a l i b r a t e d  
response y i e l d  t h e  o p t i c a l  t h i ckness  va lues .  These va lues  a r e  then  used i n  
performing t h e  atmospheric c o r r e c t i o n s .  A t  t h i s  po in t  a d d i t i o n a l  e f f o r t  is 
requ i r ed  t o  develop t h i s  c a p a b i l i t y  t o  a r e l i a b l e  ope ra t iona l  system. The PREPS/ 
ROTAR c a l c u l a t i o n s  have been compared wi th  t a r g e t  r e f l e c t a n c e s  measured on t h e  
ground. The r e s u l t s ,  which a r e  shown i n  f i g u r e  7 ,  appear  accu ra t e  t o  wi th in  two 
pe rcen t .  (Note: The allowable range of t a r g e t  r e f l e c t a n c e  i s  0 t o  100  pe rcen t  
of t he  Lambert p e r f e c t  r e f l e c t o r  va lue . )  These r e s u l t s  a r e  under more d e t a i l e d  
e r r o r  a n a l y s i s  a t  t h i s  t i m e .  Both the  ground r e f l e c t a n c e  and the  ae roso l  o p t i c a l  
depth  measurements a r e  s u b j e c t  t o  known sys temat ic  e r r o r s  and w i l l  r e q u i r e  f u r t h e r  
a n a l y s i s  f o r  f i n a l  v e r i f i c a t i o n .  

Addi t iona l  development i n  t h i s  preprocess ing  subsystem i s  t h e r e f o r e  r equ i r ed  
i n  c o r r e c t i n g  f o r  t he  g a i n  s t r i p p i n g  e f f e c t ,  i n  r e fe rence  g r i d  ove r l ay ing ,  and 
i n  f u r t h e r  t e s t i n g  o f  t he  atmospheric c o r r e c t i o n  scheme. 

A c a p a b i l i t y  has  been developed t o  measure t h e  ae roso l  o p t i c a l  t h i cknesses  

2 .  THE CLUSTERING SUBSYSTEM 

The preprocessed ERTS d a t a  r ep resen t s  a c l a s s  of m u l t i v a r i a t e  d a t a  f o r  which 
c l u s t e r i n g  subsystems have been under development f o r  s eve ra l  yea r s .  Image 
enhancement techniques may be used t o  br ing  out  s u b t l e  s p e c t r a l  v a r i a t i o n s  or  
d a t a  groupings w i l l  be c l u s t e r e d  t o  a i d  i n  the  s e l e c t i o n  of “ t r a i n i n g  f i e lds ’ ’  f o r  
use i n  the  c l a s s i f i c a t i o n  subsystem. An example of such a technique i s  t h e  
ISODATA algor i thm.3  I t  i s  an i t e r a t i v e  technique f o r  grouping each m u l t i v a r i a t e  
d a t a  p o i n t  wi th  o t h e r  s i m i l a r  d a t a  p o i n t s .  On each i t e r a t i o n ,  a l l  of t he  d a t a  
p o i n t s  a r e  ass igned  t o  one of the  e x i s t i n g  c l u s t e r s  and each c l u s t e r  i s  examined 
t o  determine i f  i t  should be s p l i t ,  l e f t  a lone ,  o r  combined wi th  some o t h e r  
c l u s t e r .  A r ev i sed  s e t  of c l u s t e r s  i s  genera ted  and the  process  i s  repea ted  
u n t i l  t h e  r e s u l t i n g  c l u s t e r s  s t a b i l i z e  o r  some o t h e r  c r i t e r i o n  s e t  by the  inves-  
t i g a t o r  has been s a t i s f i e d  ( i . e . ,  maximum number of i t e r a t i o n s  o r  c l u s t e r s ) .  The 
fundamental assumption i n  the  a lgor i thm i s  t h a t  t h e  d a t a  i s  comprised of wel l  
s epa ra t ed  c l u s t e r s  o f  s i m i l a r  p o i n t s .  That i s ,  t h e r e  a r e  reg ions  i n  the  mul t i -  
v a r i a t e  s ace where t h e  d a t a  p o i n t s  a r e  dense along wi th  a reas  between those  
reg ions  wRere the  d a t a  p o i n t s  a r e  s a r e  ( r e f e r  t o  f i g u r e  8a i n  t h i s  d i scuss ion ) .  
The ISODATA ve r s ion  i n  use  a t  J S C 4 J 9  ass igns  p o i n t s  t o  the  e x i s t i n g  c l u s t e r s  by 
a “ c i t y  block“ d i s t a n c e  measure. Each c l u s t e r  i s  def ined  by the  l o c a t i o n  of i t s  
c e n t e r  p o i n t .  The d i s t a n c e  from a d a t a  po in t  t o  a c l u s t e r  i s  de f ined  a s  the  sum 
of t h e  d i s t a n c e s  p a r a l l e l  t o  each of t he  coord ina te  axes .  While p o i n t s  a r e  
being assigned t o  c l u s t e r ,  information i s  accumulated f o r  r e c a l c u l a t i n g  c l u s t e r  
c e n t e r s  and the  s tandard  dev ia t ions  i n  each v a r i a b l e  f o r  each c l u s t e r .  The 
s p l i t t i n g  and combining dec i s ions  a r e  made on the  b a s i s  of t hese  s tandard  de- 
v i a t i o n s  and t h e  i n t e r - c l u s t e r  d i s t a n c e s .  I f  t he  s tandard  d e v i a t i o n  i n  one of 
t h e  v a r i a b l e s  becomes l a r g e r  than  a f ixed  input  value (STDMAX), t h e  c l u s t e r  i s  
s p l i t  i n t o  two c l u s t e r s  wi th  c e n t e r s  a t  p l u s  and minus one s tandard  dev ia t ion  
from t h e  o l d  c e n t e r .  I f  c l u s t e r s  a r e  too c lose  t o g e t h e r ,  they a r e  combined and 
a s i n g l e  c e n t e r  i s  computed. 

process  which i s ,  t y p i c a l l y ,  t he  counting of d i s c r e t e  even t s  dur ing  a f i x e d  t i m e  
pe r iod  (see f i g u r e  8b f o r  t he  low r e f l e c t a n c e  t a r g e t  ana logy) .  For b r i g h t  tar-  
g e t s ,  the  ERTS d a t a  appear t o  be normally d i s t r i b u t e d  about a mean va lue .  For  
mean va lues  above 1 0 ,  however, t h e  Poisson d i s t r i b u t i o n  i s  i n d i s t i n g u i s h a b l e  
from the  normal d i s t r i b u t i o n .  The use fu l  f e a t u r e s  of t he  Poisson d i s t r i b u t i o n  
i s  t h a t  once tt;e mean va lue  i s  known, every th ing  e l s e  about the d i s t r i b u t i o n  i s  
known. The p r o b a b i l i t y  o f  occurrence of each i n t e g e r  count i s  known; t h e  
s t anda rd  d e v i a t i o n  i s  known. There i s  no such r e l a t i o n s h i p  f o r  normal d i s t r i -  
bu t ions .  Using these  f a c t s ,  t he  s p l i t  c r i t e r i o n  i n  ISODATA can be e s t a b l i s h e d  
as “ s p l i t t i n g  occurs  i f  one of t he  s tandard  dev ia t ions  becomes l a r g e r  t han  the  
square  r o o t  of t he  mean f o r  t h a t  channel i n  t h a t  c l u s t e r . ”  In p r a c t i c e ,  t h e  
a l lowable  s t anda rd  dev ia t ion  i s  made p ropor t iona l  t o  the  square r o o t  of t h e  mean 

The ERTS d a t a ,  recorded a s  i n t e g e r s ,  a r e  s i m i l a r  t o  t h e  r e s u l t s  of a Poisson 
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with  the  cons t an t  o f  p r o p o r t i o n a l i t y  s e l e c t a b l e  by t h e  i n v e s t i g a t o r .  
t h e  p r o p o r t i o n a l i t y  cons t an t  of  0 .8  and 1.0 have been t e s t e d  and y i e l d  reasonable  
c l u s t e r i n g  r e s u l t s .  The c r i t e r i o n  f o r  combining c l u s t e r s  was a l s o  modified t o  b e  
c o n s i s t e n t  wi th  t h i s  s p l i t t i n g  c r i t e r i o n .  
dev ia t ions  i n  each c l u s t e r  were i n v e s t i g a t e d  by e n t e r i n g  a 
l a ,  2.0 f o r  2a, e t c .  The a lgor i thm assumes t h a t  t h e  t su r face  i s  an e l l i p s o i d  
i n  the  m u l t i v a r i a t e  space and i s  o r i e n t e d  wi th  i t s  axes p a r a l l e l  t o  t he  coord ina te  
axes.  
t h e  c l u s t e r  means. I f  they  do, t h e  c l u s t e r s  are combined. 

4b a r e  examples) i n d i c a t e  i t s  f l e x i t i l i t y  and i t s  c a p a b i l i t y  t o  genera te  meaning- 
f u l  c l u s t e r  r e s u l t s  r ega rd le s s  04 t h e  range of t h e  d a t a  va lues  considered. 
Addi t iona l  t e s t i n g  of t h i s  technique i s  r equ i r ed  t o  a s s e s s  i t s  u t i l i t y  i n  va r ious  
a p p l i c a t i o n s .  

Values of 

Sur faces  der ived  from t h e  s t anda rd  
t va lue ,  1 .0  f o r  

I t  then t e s t s  t h e  s u r f a c e s  t o  see i f  they i n t e r s e c t  on t h e  l i n e  j o i n i n g  

Resul t s  ob ta ined  i n  t h e  t e s t i n  of t h i s  a lgor i thm t o  d a t e  ( f i g s .  2 ,  3 ,  and 

3.  THE CORRELATION AND CLASSIFICATION SUBSYSTEM 
This  subsystem a s s o c i a t e s  m a t e r i a l  o r  f e a t u r e  des igna t ions  t o  each set  o f  

p i x e l  energy responses through t h e  use  o f  ground informat ion  a v a i l a b l e  about the  
scene being processed  o r  by the  comparison of t hese  responses wi th  predetermined 
m a t e r i a l  s p e c t r a l  s igna tu res .  This  can be accomplished i n  e i t h e r  a superv ised  
c l a s s i f i c a t i o n  mode, by developing c l a s s i f i c a t i o n  c r i t e r i a  based on t h e  " t r a i n i n g  
f i e l d  concept" s u c c e s s f u l l y  u t i l i z e d  by LARS a t  Purdue Un ive r s i ty ,  o r  i n  an 
unsupervised c l a s s i f i c a t i o n  mode, by r e l a t i n g  s p e c t r a l  c l u s t e r  members t o  known, 
c o r r e l a t a b l e  scene f e a t u r e s ,  o r  by a s s o c i a t i n g  t h e  c l u s t e r  c e n t e r  t o  h i s t o r i c a l l y  
e s t a b l i s h e d  s p e c t r a l  s igna tu res .  To a i d  i n  ground c o r r e l a t i o n s ,  techniques a r e  
under development a t  JSC t o  l o c a t e  s p e c i f i c  ERTS r e s o l u t i o n  elements accu ra t e ly  
on a e r i a l  photographs. One technique ,  being developed s p e c i f i c a l l y  i n  urban 
scenes ,  c o n s i s t s  o f  r e l a t i n g  s p e c i f i c  reselms c l u s t e r e d  as  extremely high r e f l e c -  
t ance  responses t o  t h e  s p e c i f i c  ground f e a t u r e s  known t o  cause such a response.  
When s e v e r a l  appropr i a t e ly  spaced o b j e c t s  a r e  p o s i t v e l y  c o r r e l a t e d  wi th  p i x e l s  
i n  t h i s  way, a r e l a t i v e  s c a l e  between t h e  a e r i a l  photography and ERTS c l u s t e r  
maps can be e s t a b l i s h e d .  Such geographic c o r r e l a t i o n ,  a l s o  being explored  us ing  
h igh  c o n t r a s t  boundaries i n  o t h e r  than  urban scenes ,  can be used a s  the  b a s i s  
f o r  e s t a b l i s h i n g  polynomial p i x e l  t r a n s l a t i o n  func t ions  t o  allow the  d i r e c t  
r e g i s t r a t i o n  of t h e  c l a s s i f i c a t i o n  o r  c l u s t e r i n g  maps onto  r e c t i f i e d  l a r g e - s c a l e  
photography o r  base  r e fe rence  maps. Once such techniques  can be r e f i n e d ,  
d e t a i l e d  a n a l y s i s  of t h e  s p e c t r a l l y  c l u s t e r e d  d a t a  can y i e l d  e s t ima tes  t o  t h e  
p ropor t iona te  composition of r e s o l u t i o n  elements i n  heterogeneous a reas .  One 
such a n a l y s i s  has a l r eady  been performed us ing  a land/water i n t e r f a c e  as the  
c o r r e l a t i o n  mechanism and t h e  comparison of c a l c u l a t e d  water a r ea  t o  t h e  t r u e  
a r e a  a s  a measure of success .  

Data c o l l e c t e d  over t h e  Galveston Bay (Texas) a rea  on August 29, 1972 
(Scene ID'S 1037-16244 and 1037-16251) were analyzed through t h e  use  of t h e  
c l u s t e r i n g  a lgor i thm.  Nineteen water bodies  ranging i n  a r e a  from 2.8 t o  607.2 
ac re s  were chosen f o r  ana lys i s .  NASA a i r c r a f t  photography o f  t he  a r e a  from 
60,000 f e e t  was used a s  a b a s i s  f o r  determining t h e  t r u e  a r e a  of each of t he  
n ine t een  water  bodies .  An examination of t h e  l o c a t i o n s  of t he  c l u s t e r / c l a s s i -  
f i c a t i o n  cen te r s  i n  two ERTS-1 channels (MSS bands 4 and 7) a s  shown f o r  example 
i n  f i g u r e  9 ,  r evea led  t h a t  t he  non-water c l a s s e s  ( c i r c l e d  symbols) l i e  above a 
th re sho ld  of 20.0 i n  MSS band 7 .  The pure  water c l a s s e s  (boxed symbols) l i e  
c l o s e  toge the r  nea r  2.8 i n  MSS band 7.  Thus, t h e  o t h e r  c l a s s e s  can be assummed 
t o  be simpled mixtures  of water and non-water c l a s s e s  such t h a t  a percentage 
water  amount can be ass igned  t o  each mixture c l a s s  based on a d i s t a n c e  measure 
between the  two pure  c l a s s e s .  

By cons ider ing  only those  mixture c l a s s e s  t h a t  were s p a t i a l l y  ad jacent  t o  
pure water c l a s s e s ,  t h e  t o t a l  number of p i c t u r e  elements r ep resen t ing  each of 
t h e  n ine t een  water bodies was determined. A l i n e a r  r eg res s ion  a n a l y s i s  of t h e  
r e s u l t s  revea led  t h a t  t h e  su r face  a r e a  (A, ac re s )  of a water  body was given a s  
A = 0.60958 + 1.09344 Z i E i  where Ei is  the  f r a c t i o n  o f  t he  i t h  r e s o l u t i o n  
element composed of water. The s t anda rd  e r r o r  of t h e  e s t ima te  was found t o  be 
6.7 ac re s .  The c o r r e l a t i o n  c o e f f i c i e n t  of t he  e s t ima te  was determined a s  0.998 
f o r  t h e  sample t e s t e d .  The s lope  o f  t h e  r eg res s ion  curve was 1.093 which i s  
c o n s i s t e n t  with t h e  va lue  of ground coverage i n  ac re s  pe r  p i x e l  ob ta ined  by 
o t h e r  methods. A f u r t h e r  a n a l y s i s  revea led  t h a t  t h e  abso lu te  e r r o r  (5.2 ac re s )  
was independent of t h e  s ize  of t h e  water  body. On the  b a s i s  of t h i s  l i m i t e d  
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ana lys i s ,  t h i s  regression estimate introduces no systematic  e r r o r s  and can be 
used p r a c t i c a l l y  f o r  es t imat ing t h e  areal ex ten t  of water bodies.  The est imate  
can be f u r t h e r  t e s t e d ,  but  can be expected t o  i v e  the b e s t  r e s u l t s  i n  terms of 
percentage accuracy f o r  l a r g e r  s i zed  water bodfes. 

4 .  THE MENSURATION SUBSYSTEM 

This subsystem summarizes the  c l a s s i f i e d  mul t i spec t r a l  d a t a  i n  terms of the  
mensuration parameters appropriate  t o  a s p e c i f i c  user  app l i ca t ion .  Regression 
formulae of the type discussed above can be used t o  es t imate  the  t o t a l  geograph- 
i c a l  a r ea  d i r e c t l y  observed t o  be devoted t o  a p a r t i c u l a r  land use o r  a s p e c i f i c  
land f ea tu re .  I f  t h e  t o t a l  da t a  ana lys i s  system i s  based on a s t a t i s t i c a l l y  
r igorous model, ex t r apo la t ion  algorithms can be appl ied i n  t h i s  subsystem t o  
i n f e r  information with known accuracy and c o s t  function l e v e l s  about t he  t o t a l  
a r ea  of i n t e r e s t  based on the l i m i t e d  sample d a t a  a c t u a l l y  processed (e.g., t o t a l  
es t imate  of crop y i e l d  based on the  observed acreage wi th in  the measured geograph- 
i c a l  a r ea  and the  observed crop vigor  and maturi ty) .  The wide coverage of ERTS 
d a t a  can hopefully reduce the need f o r  such ex t r apo la t ions  a s  the c a p a b i l i t y  t o  
e f f i c i e n t l y  process ERTS da ta  tapes  f u r t h e r  develops. In  t h i s  subsystem, addi-  
t i o n a l  information i s  normally required t o  r e l a t e  the c l a s s i f i e d  remotely sensed 
observat ions t o  the  user  des i r ed  management parameters. 
through the use of phenomenological o r  mathematical models t o  which the c l a s s i f i e d  
da t a  provides input o r  through the  c o r r e l a t i o n  of the observed d a t a  with o t h e r  
conventionally obtained s t a t i s t i c a l  d a t a  (v i z . ,  census d a t a ,  h i s t o r i c a l  records 
on d o l l a r  y i e ld  per  bushel ,  e t c . ) .  Techniques f o r  t h i s  subsystem have y e t . t o  be 
demonstrated using ERTS d a t a ,  but poss ib l e  approaches a r e  being explored a t  JSC 
i n  the context of the j o i n t  USDA/NASA d a t a  u t i l i z a t i o n  program. Since t h i s  sub- 
system must be c lose ly  t a i l o r e d  t o  operat ional  requirements,  user  agencies must 
play a s i g n i f i c a n t  r o l e  i n  s e l e c t i n g  the  techniques most appropriate  i n  t h i s  
subsystem f o r  t h e i r  app l i ca t ion .  

This may be accomplished 

5. THE INFORMATION MANAGEMENT SUBSYSTEM 
This subsystem s t o r e s  a l l  summary da ta  i n  r e t r i e v a l  f i l e s ,  updates these  

Such a system, with high-speed response and wide 
f i l e s  a t  t he  u s e r ' s  opt ion and generates  outputs  i n  formats appropriate  t o  
s p e c i f i c  user  requirements. 
output f l e x i b i l i t y  has been developed and deinonstrated a t  JSC. This subsystem 
r e f e r r e d  t o  as t he  Regional Information Management System (RIMS)6 is based on a 
one square kilometer g r i d  and contains  inventory information on land-use i n  t h e  
HATS a rea .  A t y p i c a l  output form t h i s  system using the  i n t e r p r e t a t i o n  o f  a i r -  
c r a f t  d a t a  as  t he  source i s  shown i n  f i g u r e  1 0 .  Information c e l l s  represent ing 
100  percent f o r e s t r y ,  water, urban and a g r i c u l t u r e  have been. r e t r i e v e d  from the  
d a t a  base and displayed i n  t h i s  geographical format,  The techniques f o r  t h i s  
subsystem must a l s o  be c lose ly  t a i l o r e d  t o  the u s e r ' s  s p e c i f i c  ope ra t iona l  
requirements. User d e f i n i t i o n  and documentation of such requirements i s  e s s e n t i a l  
before  meaningful techniques development f o r  t h i s  subsystem can be developed. 
Ind ica t ions  a r e  t h a t  ERTS d a t a  can provide use fu l  d a t a  f o r  the generat ion and 
update of such d i sp lay  information. 

In  summary, a systematic approach toward techniques development has been 
adopted a t  JSC. 
aga ins t  which cu r ren t  and f u t u r e  techniques development e f f o r t  can be r e l a t e d  
and reported.  The s i g n i f i c a n t  techniques refinements accomplished t o  da t e  a t  
JSC have been summarized i n  t h i s  context  with t h e  s p e c i f i c  areas requir ing 
add i t iona l  development and extensive use r  agency a c t i v i t y  highl ighted.  

The system breakdown presented he re in  provides a framework 

1. 

2.  
3. 

REFERENCES 
S. B. Chism, C. L. Hughes. "Screening and Data Handling Plan f o r  ERTS-1 
Computer Compatible Tape and A i r c r a f t  24-Band Scanner Data." 
Electronics  Company, I n c . ,  640-TR-132, January 1973. 
"ERTS Data Users' Handbook." Goddard Space F l i g h t  Center,  Document 71SD4249. 

Lockheed 

B a l l ,  G. H. and Hall ,  D. J .  ISODATA, A Novel Technique f o r  Data Analysis and 
P a t t e r n  C l a s s i f i c a t i o n ,  Technical Report, Standard Research I n s t i t u t e ,  Menlo 
Park ,  Ca l i fo rn ia ,  May 1965. 

1155 



4 .  Kan, 1:. 1'. F .  and l l o l l e y ,  W. A.  "More on C l u s t e r i n g  w i t h  F i n a l  Recommenda- 
t i o n s  i n  lSODATA," Lockhccd E l e c t r o n i c s  Company, I n c . ,  I louston,  Texas ,  
I 'echnical  Repor t  64O-'rll-112, May 1972.  

5.  M i n t e r ,  It. T. "ISOCLS, I t c r a t i v e  S e l f - o r g a n i z i n g  C l u s t e r i n g  Program." 
Imckhccd 1 . l e c t r o n i c s  Company, I n c . ,  Houston, Texas ,  CPD 202, October  1972. 

6 .  A l l i s o n ,  . J . ,  Argo, 'N. ;mtl S h e l t o n ,  M .  "Users' Guide t o  a Regional  I n f o r -  
mat ion  Managcmcnt Sys tcni (RIMS) .I' To be  p u b l i s h e d .  

CALIBRATION A M  FLIGHT 
INFMWATION 

I 

P M E T E R S  AND 
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LAKE SOMERVILLE 
ISOOATA CLUSTER MAP 

Figure  4 b  - ISODATA 
c l u s t e r  map o f  Lake 
SomerviZZe from t h e  
MSS d a t a  of August 3 0 ,  
1 9 7 3 .  Haze l a y e r  
r e s u l t e d  i n  t h e  l a k e  
be ing  e Z a s s i f i e d  a s  
s e v e r a  Z t a r g e t s .  On 
c l e a r  d a y s  t h e  same 
program c l a s s i f i e s  the  
l a k e  as a s ingZe 
t a r g e t .  
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REFLECTAIICE OF WATER. LAKE LIVINSTOII, AUGUST 29 ,  1972 
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REFLECTANCE OF WATER, LAKE SMERYILLE, AUGUST 30. 1972 
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Figure 7 - Comparison of r e -  
f l e c t a n c e s  obta ined  from 
ERTS MSS data  correc t ed  w i t h  
ROTAR t o  ground measuring 
va lues .  

Figure 6 - Corrected gray s c a l e  map 
for a p o r t i o n  of t h e  SomerviZZe 
frame . 

. -- 

Figure 8 - Typ ica l  cZus te r  param- 
e t e r s  and i Z Zus t ra t ion  of t h e i r  
i n  f Zuence. 

Figure 10 - Typ ica l  RIMS 
o u t p u t  of t h e  HATS Area. 
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