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INTRODUCTION 

During the past decade, many actual and potential applications for 
remote sensing technology have been determined. This past year has seen 
a tremendous amount of interest generated in the application of remote 
sensing to problems related to land-use. A key element in applying re- 
mote sensing to land-use studies involves accurate identification of 
basic and vegetative cover types. In work with automatic data proccssing 
(AWP) techniques it is found that as information requirements become 
more specific, the analysis task becomes more complex. In dealing with 
m n y  problems involving automatic mapping of vegetative cover types 
conditions, one finds that an analysis sequence similar to that shown in 
Figure 1 must be pursued. As is indicated, there are many possible 
categories of basic cover types, and within the "vegetation" category 
there are many potential subgroups. Once a particular species has 
been identified, there are many interrelated factors affecting the po- 
tential yield of that crop. Of course, the crop yield is of considerable 
importance to a large number of "users", but since yield cannot be 
measured directly from remote distances, the factors related to yield 
and condition of the crop must be determined. 

Xuch of the LARS research effort this past year was devoted to 
the Corn Blight Watch Experiment, discussed in the ~ a n u a r ~  17th session 
of this review. As is indicated in Figure 1-C, Southern Corn Leaf 
Blight is only one of many different kinds of diseases or other stress 
factors which can affect vegetative conditions. This first figure 
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indicates the degree of difficulty of some of the problems encountered 
in the corn blight analysis sequence, thereby giving some insight into 
the real significance of being able to reliably identify the corn at 
various stages of development as well as identifying blight levels 
within the corn. 

In addition to the work on the corn blight this year, several 
other analysis tests were completed which resulted in significant 
findings. These aspects of our work will be discussed as follows: 

1. Field spectral measurements of soil conditions. 
2. Analysis of extended test site data. This discussion 

involves three different sets of data analysis sequences. 
3. Urban land-use analysis, for studying water runoff 

potentials. 
4. Thermal data quality study, as an expansion of our water 

resources studies involving temperature calibration 
techniques. 

FIELD SPECTML XEASUREMENTS OF SOIL CONDITIONS 

In order to accurately interpret remote sensor data, an adequate 
understanding of energy-matter interactions is mandatory. Use of a 
field spectroradiometer for detailed studies of selected situations in 
a natural environment offers one of the best ways for developing a 
better understanding of many of these complex energy-matter interactions. 
One study completed this past year involved work with several soil 
conditions using an Exotech Field Spectroradiometer. (The paper by 
Dr. LeRoy Silva describes this instrument.) Since the instrument is 
capable of measuring incoming irradiance as well as the radiance from 
the soil of interest, the resultant data could be reduced to percent 
reflectance measurements. Although the instrument is capable of ob- 
taining data throughout the optical portion of the spectrum and data 
were actually collected throughout the 0.4-16 micrometer wavelengths, 
limitations in our software for handling the recorded data forced 
the restriction of reduction and analysis of the visible wavelengths. 

Figure 2-A shows tne spectral reflectance in the visible portion 
of the spectrum for three different soil types. One sees that there 
is a much wider variation in the reflectance characteristics for these 
different soil types than normally is found for different species of 
green vegetation. In this illustration, only spectra for dry soil 
conditions are shown. Figure 2-B indicates the dry versus wet re- 
flectance for two soil types, and one sees some very marked differences, 
with the dry soil conditions having much higher reflectances than the 
wet soil conditions. However, it is not always easy to separate dry 
from wet soil moisture conditions when different soil types are involved. 



Figure 2-C shows a very high reflectance for dry Fincastle soil but a 
reflectance for the wet Fincastle that is very similar to the reflectance 
for dry Dana soils. Nevertheless, much work has indicated that it 
ought to be possible to use the thermal and microwave portions of the 
spectrum to considerable advantage in separating wet and dry soil 
conditions, even among the many different soil types of concern. 

Not only do variations in soil moisture cause distinctive 
differences in percent reflectance for the same soil type, but varia- 
tions in the surface condition, such as crusting, will cause very 
distinct differences in percent reflectance. Figure 2-0 shows the 
reflectance For a soil sample in which the action of the rain had 
crusted, or smoothed out the soil surface, causing a relatively high 
reflectance. After the crust was broken, the surface soil condition 
was still dry, but a much lower reflectance was measured at all 
wavelengths in the visible region. 

From these few examples, one sees that several natural causes 
of large variations in spectral response can be encountered. A 
field instrument such as the Exotech spectroradiometer has many 
advantages such as a fast scan rate; use under natural illumination 
conditions; and the collection of data from approximately the same 
instantaneous field of view, as well as look angle, as the scanner 
in the aircraft. Future studies with this instrument should enable 
significant progress to be achieved in determining the optimum times 
during the growing season for flight missions to be scheduled, studying 
spectral characteristics of various vegetative and soil conditions 
tt~roughout the optical wavelength region, species differentiation 
as a function of temporal changes, and other energy-matter interactions. 

In studying results from several of our computerized analyses of 
multispectral scanner data collected over fairly large geographical 
areas, it became apparent that several possible causes of spectral 
variability must always be considered. Some of the major causes of 
such variability whicli are particularly noticeable in analysis of 
vegetative ground cover and which are of primary concern to the user 
of this data are: 

.Percentage of Vegetative Cover 

.Spectral Response of Vegetation 

.Spectral Response of Soil Background 

.Illumination, Crop and/or Sensor Geometry, 
and Instrumentation Variables 



Some of t h e s e  v a r i a b l e s  a r e  a  func t ion  of t h e  vege t a t i on  and s o i l s  
while  o t h e r s  a r e  no t .  I n  our work i n  t h e  Biogeophysical Research Pro- 
gram, we a r e  p a r t i c u l a r l y  i n t e r e s t e d  i n  t h e  s p e c t r a l  c h a r a c t e r i s t i c s  of 
t h e  vege t a t i on  .and s o i l s ,  bu t  we f i nd  t h a t  i l l u m i n a t i o n ,  geometry, 
and ins t rumenta t ion  f a c t o r s  a f f e c t  t h e  scanner  d a t a  i n  ways t h a t  f r e -  
quent ly  make i t  d i f f i c u l t  t o  s e p a r a t e  and i d e n t i f y  which f a c t o r s  a r e  
a f f e c t i n g  t h e  s p e c t r a l  c h a r a c t e r i s t i c s  of v e g e t a t i v e  ground cover .  
Therefore ,  one must cons ider  a l l  p o s s i b l e  f a c t o r s  which could a f f e c t  
s p e c t r a l  c n a r a c t e r i s t i c s  of scanner  d a t a ,  i n  o r d e r  t o  proper ly  and 
a c c u r a t e l y  i n t e r p r e t  t h i s  type  of d a t a .  

One of t h e  major ques t i ons  t h a t  f r e q u e n t l y  a r i s e s  is:  How we l l  
can one e x t r a p o l a t e  from small  s e t s  of t r a i n i n g  sample d a t a  ob ta ined  
i n  one geographic  l o c a t i o n  t o  an automated c l a s s i f i c a t i o n  of l a r g e  
geographic a r e a s ?  C e r t a i n l y ,  i f  w e  a r e  eve r  going t o  u t i l i z e  t h e s e  
techniques  on an o p e r a t i o n a l  b a s i s ,  w e  must know t h e  l i m i t a t i o n s  and 
c a p a b i l i t i e s  f o r  e x t r a p o l a t i n g  smal l  d a t a  sets t o  l a r g e  a r e a s .  I n  
looking  t o  t h e  f u t u r e  and prepar ing  f o r  ERTS and SKYLAB, cons ide rab l e  
e f f o r t  t h i s  year  was devoted t o  f u r t h e r  examination of n a t u r a l  and 
o t h e r  causes  of  s p e c t r a l  v a r i a b i l i t y ,  and how t h i s  i n f luences  our  
c a p a b i l i t y  t o  e x t r a p o l a t e  t o  l a r g e  geographic a r e a s .  

CLASSIFICATION OF A 42,000-ACRE AREA 

The f i r s t  s tudy  over extended test  si tes t o  be r epo r t ed  upon 
involved d a t a  c o l l e c t i o n  i n  a  north-south f l i g h t l i n e  i n  Cen t r a l  
Indiana.  These d a t a  were c o l l e c t e d  i n  l a t e  A p r i l  (spr ing-t ime)  from 
an a l t i t u d e  of 3200 f e e t  by t h e  Un ive r s i t y  of Michigan m u l t i s p e c t r a l  
scanner  system. We have p rev ious ly  r epo r t ed  on our  c a p a b i l i t y  t o  
r e l i a b l y  i d e n t i f y  b a s i c  cover types  (Hoffer ,  1968) .  I n  f u r t h e r  
a n a l y s i s  of t h i s  d a t a ,  w e  u t i l i z e d  l e s s  than  1% of t h e  t o t a l  a r e a  a s  
a  t r a i n i n g  set. A l l  of  t h e  t r a i n i n g  d a t a  came from one smal l  a r e a  
near  t h e  no r the rn  p a r t  of t h e  f l i g h t l i n e .  Af t e r  c l a s s i f i c a t i o n ,  
256 t e s t  a r e a s  were s e l e c t e d  a t  random, account ing f o r  s e v e r a l  
thousand d a t a  p o i n t s  i n  each cover type  ca tegory ,  and t h e  computer 
c l a s s i f i c a t i o n s  were t abu la t ed  f o r  a l l  d a t a  p o i n t s  i n  t h e s e  test 
a r e a s .  The r e s u l t s  i n d i c a t e d  accuracy of over  97% f o r  t h e  automated 
c l a s s i f i c a t i o n  of  t h e  b a s i c  cover types .  However, we d id  n o t i c e  a  
s l i g h t  decrease  i n  accuracy a s  t h e  a r e a  being c l a s s i f i e d  became more 
d i s t a n t  from t h e  a r e a  where t h e  t r a i n i n g  samples had been obta ined .  
Samples from t h e  no r the rn  and from t h e  southern  p o r t i o n s  of t h e  
f l i g h t l i n e  were t hen  s e l e c t e d  and compared. F igure  3  shows t h e  
r e s u l t s  of  t h i s  comparison f o r  t h r e e  d i f f e r e n t  wavelength bands. 
The c r o s s  hatched a r e a s  i n d i c a t e  d a t a  from no r the rn  p o r t i o n s  of t h e  
f l i g h t l i n e  and s o l i d  b locks  i n d i c a t e  d a t a  from t h e  southern  p o r t i o n  



o f  t h e  f l i g h t l i n e .  The l e n g t h  o f  t h e  bar  i n d i c a t e s  t h e  mean s p e c t r a l  
r e s p o n s e ,  p l u s  o r  minus one s t a n d a r d  d e v i a t i o n .  T h e r e f o r e ,  a  l o n g e r  b a r  
w i l l  i n d i c a t e  more v a r i a b i l i t y ,  whereas t h e  b a r s  o f  s h o r t e r  l e n g t h  
i n d i c a t e  r e l a t i v e l y  s m a l l  amounts of s p e c t r a l  v a r i a b i l i t y  w i t h i n  t h a t  
p a r t i c u l a r  wavelength  band and cover  tyTe.  A s  can  be o b s e r v e d ,  t h e r e  
is  l i t t l e  d i f f e r e n c e  i n  s p e c t r a l  r e s p o n s e  between t h e  n o r t h e r n  and t h e  
s o u t h e r n  p o r t i o n s  of t h e  f l i g h t l i n e  f o r  t h e  b a r e  s o i l  a r e a s .  Water 
showed a  d i s t i n c t l y  h i g h e r  r e s p o n s e  i n  t h e  s o u t h e r n  p o r t i o n  o f  t h e  
f l i g h t l i n e  t h a n  i n  t h e  wa te r  i n  t h e  n o r t h e r n  p o r t i o n  o f  t h e  f l i g h t l i n e  
i n  t h e  v i s i b l e  wavelengths  b u t ,  as e x p e c t e d ,  t h e r e  i s  l i t t l e  d i f f e r e n c e  
i n  r a d i a n c e  i n  t h e  r e f l e c t i v e  i n f r a r e d  p o r t i o n  o f  t h e  spectrum.  The 
low r e s p o n s e  i n  t h e  r e f l e c t i v e  I R  f o r  wa te r  i s  a t t r i b u t e d  t o  t h e  h i g h  
a b s o r p t i o n  c h a r a c t e r i s t i c s  of w a t e r  i n  t h e s e  wave leng ths ,  w h i l e  t h e  
d i f f e r e n c e s  i n  r e s p o n s e  Setween t h e  n o r t h e r n  and s o u t h e r n  p o r t i o n s  of 
t h e  f l i g h t l i n e  i n  t h e  v i s i b l e  wavelengths  i s  a s c r i b e d  t o  d i f f e r e n t  
sediment l o a d s  between t h e  North and South Fork o f  t h e  !bite X i v e r ,  where 
t n e  d a t a  was o b t a i n e d .  Ye had a n t i c i p a t e d  t h a t  v e g e t a t i o n  i n  t h e  sou t i l e rn  
p o r t i o n  o f  t h e  f l i g h t l i n e  would have a  h i g h e r  r e s p o n s e  t h a n  t h e  v e g e t a t i o n  
i n  t h e  n o r t h e r n  p o r t i o n  o f  t h e  f l i g h t l i n e .  T h i s  was t h e  c a s e  i n  t h e  
b l u e  p o r t i o n  o f  t h e  v i s i b l e  wave leng ths ,  b u t  i n  t h e  r e f l e c t i v e  i n f r a r e d ,  
j u s t  t h e  o p p o s i t e  s i t u a t i o n  o c c u r r e d .  It is  b e l i e v e d  t h a t  t h i s  was 
because  t h e  d a t a  c o l l e c t e d  i n  t h e  n o r t h e r n  p o r t i o n  o f  t h e  f l i g h t l i n e  
l a r g e l y  c o n s i s t e d  of dense  w i n t e r  wheat s t a n d s  and f o r e s t e d  a r e a s  
t h a t  were most ly  i n  t h e  low-lying bottom-lands a l o n g  t h e  s t r e a m s .  These 
f o r e s t e d  bottom-lands c o n s i s t e d  of co t tonr~ood  and sycamore t r e e s  which 
had l e a f e d  o u t  e a r l i e r  t h a n  t h e  upland f o r e s t  c o v e r - t h a t  predominated 
i n  t h e  s o u t h e r n  p o r t i o n  of t h e  f l i g h t l i n e .  Thus,  j u s t  because  d a t a  
came from a  more n o r t h e r l y  a r e a ,  i t  i s  n o t  s a f e  t o  assume t h a t  t h e  
v e g e t a t i o n  a s  a  whole w i l l  b e  l e a f c d  o u t  more i n  more s o u t h e r l y  a r e a s  
on any p a r t i c u l a r  d a t e  d u r i n g  t h e  s p r i n g .  

I n  summary, we b e l i e v e  t h a t  t h e  v a r i a b i l i t y  observed i n  t h i s  s e t  
of d a t a  w a s  caused p r i m a r i l y  by t h e  n a t u r a l  s p e c t r a l  d i f f e r e n c e s  i n  t h e  
m a t e r i a l s  invo lved .  

XAST-WEST FLIGHTLIYE SXTE:U'DI:.IG OVER A 1 33-11ILE AREA 

S i n c e  t h e  b a s i c  cover  t y p e  mapping i n  t h e  f i r s t  a n a l y s i s  had 
i n d i c a t e d  some s l i g h t  changcs i n  s p e c t r a l  r esponse  bu t  s i n c e  t h e s e  
changes  d i d  not  s e r i o u s l y  a f f e c t  t h e  c l a s s i f i c a t i o n  r e s u l t s ,  t h e  nex t  
l o g i c a l  s t e p  seemed t o  be t o  conduct  a  more complicated a n a l y s i s  
i n v o l v i n g  i d e n t i f i c a t i o n  of a  p a r t i c u l a r  c r o p  s p e c i e s  o v e r  a  l a r g e  
geograph ic  a r e a .  To l i m i t  some of  t h e  nor th - sou th  geograph ic  v a r i a t i o n  
which had been observed i n  t h e  f i r s t  a n a l y s i s ,  and which can  be s e v e r e  
i n  l a r g e  geograph ic  a r e a s ,  f l i g h t l i n e s  were l a i d  o u t  i n  a n  eas t -wes t  
d i r e c t i o n  t o  sample a  40-county a r e a  i n  I n d i a n a  and I l l i n o i s ,  a s  shown 



i n  F i g u r e  4-A. To l i m i t  t h e  t o t a l  amount of d a t a  c o l l e c t e d ,  o n l y  segments 
from a  133-mile f l i g h t l i n e  were recorded .  The l e n g t h  of each o f  t h e s e  
segments and t h e  d i s t a n c e  between t h e  segments is  i n d i c a t e d  i n  F i g u r e  4-B. 

The m u l t i s p e c t r a l  scanner  d a t a  f o r  t h i s  exper iment  were o b t a i n e d  
by t h e  U n i v e r s i t y  o f  Xichigan a i r c r a f t  on J u l y  1, 1970. ilowever, t h e  
a n a l y s i s  o f  t h e s e  d a t a  had n o t  been completed i n  t ime  f o r  t h e  3rd 
Annual E a r t h  Resources  Program Review, s o  a r e  r e p o r t e d  t h i s  y e a r .  
As a n  i n d i c a t i o n  of t h e  d i f f i c u l t i e s  sometimes encountered i n  conduc t ing  
t h i s  t y p e  o f  exper iment ,  t h e  f o l l o w i n g  comments a r e  i n c l u d e d .  I n i t i a l l y ,  
i t  w a s  p lanned t h a t  t h e  f o l l o w i n g  c o n d i t i o n s  were t o  have been met a s  
n e a r l y  a s  p o s s i b l e :  

(1) Wheat would be a t  a  mature  s t a g e  of development.  It was 
assumed t h a t  approx imate ly  uniform c o n d i t i o n s  o f  m a t u r i t y  
would e x i s t  a l o n g  an  eas t -west  f l i g h t l i n e  and t h a t  t h e r e -  
f o r e  t h e  wheat would have a  similar s p e c t r a l  r e s p o n s e  
throughout  t h e  d a t a .  

(2) A l l  d a t a  would be o b t a i n e d  from a  5000-foot a l t i t u d e  d u r i n g  
a s i n g l e  f l i g h t  sequence t o  minimize d i f f e r e n c e s  i n  a tmospher ic  
a t t e n u a t i o n  and e l e c t r o n i c  d r i f t  i n  t h e  d a t a .  

(3)  Ground o b s e r v a t i o n s  of cover  t y p e s  ( s p e c i e s  and c r o p  c o n d i t i o n )  
would be o b t a i n e d  f o r  F l i g h t l i n e  2 5  i n  I n d i a n a .  A e r i a l  
photography t a k e n  a t  t h e  same t ime as t h e  scanner  d a t a  
would t h e n  be used t o  e x t r a p o l a t e  cover  t y p e  i d e n t i f i c a t i o n  
from FL 25 t o  t h e  o t h e r  f l i g h t l i n e s  t o  t h e  w e s t .  

(4) The c l a s s i f i e r  would be t r a i n e d  w i t h  d a t a  from FL 25 and 
t h i s  t r a i n i n g  set would be used t o  c l a s s i f y  d a t a  from t h e  
e n t i r e  sequence of f l i ~ h t l i n e s  c o v e r i n g  a  geographic  a r e a  
of inore t h a n  130 m i l e s  from t h e  eas tern-most  end of FL 25 
t o  t h e  western-most end o f  FL 43. 

The a c t u a l  c o n d i t i o n s  a t  t h e  t ime  of  t h e  f l i g h t  f a i l e d  t o  meet t h e  
d e s i r e d  ones  i n  s e v e r a l  ways. T h i s  caused a  number o f  changes  i n  t h e  
d a t a  a n a l y s i s  p l a n s  and a f f e c t e d  some of t h e  r e s u l t s  and c o n c l u s i o n s .  

S i n c e  f l i g h t  m i s s i o n s  th rough  UASA must be s e t  up s e v e r a l  months 
i n  advance because  o f  a i r c r a f t  s c h e d u l i n g  r e q u i r e m e n t s ,  we had re- 
ques ted  t h e  f l i g h t  f o r  t h e  l a s t  week i n  June because  p a s t  e x p e r i e n c e  
had i n d i c a t e d  t n a t  i n  I n d i a n a  t h i s  would be t h e  optimum t ime  f o r  mature  
wneat.  Normally,  h a r v e s t i n g  does  n o t  s t a r t  u n t i l  t h e  e a r l y  p a r t  of 
J u l y .  However, i n  1973 t h e  c r o p  c o n d i t i o n s  were on t h e  e a r l y  s i d e  of 
"normal,: '  and t h e  f l i g h t  was conducted d u r i n g  t h e  l a t t e r  p o r t i o n  of t h e  
scheduled t ime  p e r i o d  ( J u l y  1 ) .  T h i s  combinat ion r e s u l t e d  i n  d a t a  i n  
which some of  t n e  wheat i n  I n d i a n a  was b e i n g  h a r v e s t e d  o r  had been 
h a r v e s t e d  a t  t h e  t ime  of f l i g h t .  I n  I l l i n o i s ,  t h e  growing c o n d i t i o n s  
appeared t o  be about  one week ahead of t h o s e  i n  I n d i a n a ,  and much of  
t h e  wheat had been h a r v e s t e d .  Some f i e l d s ,  b e l i e v e d  t o  be wheat 



s t u b b l e ,  a l r e a d y  had a n  undergrowth of weeds, g i v i n g  t h e s e  f i e l d s  a 
s p e c t r a l  r esponse  somewhat l i k e  t h a t  o f  hay f i e l d s .  S i n c e  b o t h  s t and-  
i n g  wheat and wheat s t u b b l e  were p r e s e n t ,  w e  were r e q u i r e d  t o  t r a i n  
t h e  c l a s s ' i f i e r  p o r t i o n  o f  t h e  computer programs on b o t h  mature  wheat 
and wheat s t u b b l e  o f  v a r y i n g  age  and c o n d i t i o n .  

A t  t h e  t ime  d a t a  was b e i n g  c o l l e c t e d ,  s c a t t e r e d  cumulus c loud  
cover  developed over  t h e  e a s t e r n  p o r t i o n s  of t h e  f l i g h t l i n e  a r e a ,  
t h e r e b y  f o r c i n g  t h e  FL 25 d a t a  t o  be c o l l e c t e d  from 3,500 f e e t  a l -  
t i t u d e  and w i t h  v a r i a b l e  c loud shadow e f f e c t s  on t h e  ground, whereas 
t h e  o t h e r  f o u r  f l i g h t l i n e s  o f  d a t a  had been c o l l e c t e d  from 5000 f e e t  
a l t i t u d e  under  mos t ly  c l e a r ,  sunny c o n d i t i o n s .  Th i s  change i n  d a t a  
c o l l e c t i o n  caused t h e  u s e  o f  FL 40 (on t h e  I n d i a n a - I l l i n o i s  b o r d e r )  
f o r  a  t r a i n i n g  a r e a ,  w i t h  FL 25 be ing  used o n l y  a s  a  test a r e a  t o  check 
e f f e c t s  o f  a l t i t u d e  change and c loud  shadows. 

The u s e  o f  a e r i a l  pho tos  i n  l i e u  o f  ground o b s e r v a t i o n s  on some o f  
t h e  f l i g h t l i n e s  d i d  n o t  prove t o  be  a s  r e l i a b l e  f o r  a c c u r a t e  i d e n t i f i -  
c a t i o n  o f  cover  t y p e s  a s  had been a n t i c i p a t e d .  T h i s  w a s  due t o  v a r i a b l e  
i l l u m i n a t i o n  c o n d i t i o n s  i n  p a r t s  of t h e  f l i g h t l i n e  a t  t h e  t ime t h e  
photography was o b t a i n e d ,  poor q u a l i t y  and r e s o l u t i o n  i n  t h e  b l a c k  and 
whi te  photography,  and comple te ly  unusab le  r e s u l t s  f o r  t h e  c o l o r  
i n f r a r e d  pho tos .  The v a r i a b i l i t y  of ground cover  c o n d i t i o n s  added t o  
t h e  d i f f i c u l t y .  

The p rocedures  used i n  t h e  exper iment  were t h e r e f o r e  modif ied t o  
o p t i m i z e  u t i l i z a t i o n  of t h e  a c t u a l  d a t a  c o l l e c t e d .  Th is  r e s u l t e d  i n  
t h e  fo l lowing  s e t  of o b j e c t i v e s  be ing  d e f i n e d :  

(1)  Reaf f i rm p r e v i o u s  work a t  LARS showing t h e  c a p a b i l i t y  
f o r  i d e n t i f y i n g  wheat v s .  e v e r y t h i n g  e l s e .  Tes t  and 
t r a i n i n g  samples t o  be o b t a i n e d  from EL 40. 

(2 )  Determine c a p a b i l i t y  f o r  i d e n t i f y i n g  wheat ( o r  wheat 
s t u b b l e )  over  a n  extended t e s t  s i t e  a r e a ,  u s i n g  t r a i n i n g  
samples from one geographic  a r e a  t o  c l a s s i f y  a comple te ly  
d i f f e r e n t  a r e a .  I n  t h i s  c a s e ,  t h e  t r a i n i n g  samples from 
FL 40 would be used t o  c l a s s i f y  d a t a  from FL 41,  42,  and 
43. T e s t  samples from a l l  f o u r  f l i g h t l i n e s  would be  
o b t a i n e d  t o  q u a n t i t a t i v e l y  check c l a s s i f i c a t i o n  r e s u l t s .  

(3)  Determine t h e  c a p a b i l i t y  f o r  c l a s s i f y i n g  EL 25 d a t a  u s i n g  
t r a i n i n g  samples from FL 40 ,  r e c o g n i z i n g  t n e  f a c t  t h a t  FL 
25 d a t a  were c o l l e c t e d  from 3500 f e e t  a l t i t u d e  under 
somewhat c loudy  c o n d i t i o n s ,  a s  opposed t o  5000 f e e t  a l t i -  
t u d e  and mos t ly  c l e a r  c o n d i t i o n s  f o r  t h e  FL 40 d a t a .  

(4) Determine v a r i a b i l i t y  o f - i n c o m i n g  s o l a r  r a d i a t i o n  a t  t h e  
a i r c r a f t  l o c a t i o n  o v e r  t h e  e n t i r e  130-mile f l i g h t l i n e  
a r e a ,  and u t i l i z e  d a t a  h a n d l i n g  t e c h n i q u e s  developed by 
LARS t o  c a l i b r a t e  t h e  s p e c t r a l  r e f l e c t a n c e  d a t a  a s  a 
f u n c t i o n  o f  t h e  sun  s e n s o r  s i g n a l .  



(5)  d a t e r m i n e  u t i l i t y  o f  s u n  s e n s o r  c a l - i b r a t i o n  t e c h n i q u e s  
f o r  i n c r e a s i n g  a c c u r a c y  o f  a u t o m a t i c  c l a s s i E i c a t i o n  o f  
c o v e r  t y p e ,  i f  s i g n i f i c a n t  v a r i a b i l i t y  i s  found i n  s u n  
s e n s o r  s i g n a l  i n  S t e p  4 above .  

( 6  J e t e r r n i n e  m j o r  s o u r c e s  o f  v a r i a t i o n  i n  s p e c t r a l  r e s p o n s e  
o f  c o v e r  t y p e s ,  t h e  s e v e r i t y  o f  s u c h  v a r i a t i o n s  a s  i t  
a f f e c t s  a u t o m a t i c  c l a s s i f i c a t i o n  t e c l l n i q u c s ,  and whe the r  
s u c h  v a r i a t i o n s  c a n  o r  c a n n o t  be c o r r e c t e d  w i t h  v a r i o u s  
c a l i b r a t i o n  and d a t a  a n a l y s i s  p r o c e d u r e s .  

K e s u l t s  

I n i t i a l  a n a l y s i s  e f f o r t s  showed t h a t  c a l i b r a t i o n  o f  t h e  d a t a  o n l y  
f o r  e l e c t r o n i c  d r i f t  was n o t  a d e q u a t e  t o  a l l o w  a c c u r a t e  c l a s s i f i c n t i o n  
o v e r  t h e  e n t i r e  a r e a .  The a b i l i t y  t o  c l a s s i f y  a u t o m a t i c a l l y  whea t  v s .  
e v e r y t h i n g  e lse was d e m o n s t r a t e d  a g a i n  (i.l\XS, 1370)  u s i n g  t r a i n i n g  a n 3  
t e s t  s amples  f rom FL 43.  liowever, t h e  c l a s s i f i c a t i o n  o f  t h e  o t h e r  
f l i g h t l i n e s  was o n l y  p a r t i a l l y  s u c c e s s f u l .  T h e r e  were m n y  m i s c l a s s i -  
f i c a t i o n s  p r e s e n t  ( p r i m a r i l y  a s  wheat  ia a r e a s  t h a t  :?ere n o t  w h e a t ) ,  
and a l i g h t  t h r e s h o l d  a p p l i e d  t o  t h e  t r a i n i n g  d a t a  t ended  t o  c a u s e  most 
o f  t h e  t e s t  a r e a  d a t a  t o  be  t h r e s h o l d e d .  

Tile s u n  s e u s o r  s i g n a l  f o r  t h e  e n t i r e  f l i g h t l i n e  was examined and 
found t o  show s i g n i f i c a n t  changes  i n  s o l a r  i l l u m i n a t i o ~ l  ( F i g u r e  5 ) .  
G e n e r a l l y ,  a  modera t e  upward s h i f t  was found a s  t h e  a i r c r a f t  moved a l o n g  
t i le  f l i g h t l i n e .  I n  some c a s e s ,  d i s t i n c t  changes  c o u l d  b e  s e e n  be tween 
t!le end o f  one  f l i g l ~ t l i . n e  and t i le  b e g i n n i n g  o f  t h e  n e x t ,  and  i n  FL 40 
t h e r e  were  r a p i d ,  marked c i i a n ~ e s  i n  i l l u m i n a t i o n ,  even  though t h e  area 
:?as o n l y  s i x  miles l o n g  and was f lown i n  a p p r o x i m a t e l y  t h r e e  m i n u t e s .  

Tne LXKSYSU m u l t i s p e c t r a l  s c a n n e r  , ~ n a l y s i s  program s y s t e m  c o n t a i n s  
a  d a t a  c a l i b r a t i o n  f u n c t i o n  i n  which t h e  u s e r  may s e l e c t  t h e  t y p e  o f  
c a l i b r a t i o n  t o  b e  a p p l i e d ,  dependen t  upon h i s  knowlsilge o f  any  p rob lems  
c x i s t i n g  i n  t i l e  d a t a  ( P h i l l . i p s ,  1 3 6 3 ) .  L'he u s u a l  c a l i b r a t i o n  i s  o n e  
v h i c b  c o r r e c t s  f o r  low f r e q u e n c y  d r i f t  i n  t n e  d a t a  c o l l e c t i o n  o r  d a t a  
p r o c e s s i n g  sys t em.  I f  i l l u m i n a t i o n  c h a n g e s  a r e  k n o ~ m  t o  e x i s t  i n  t h e  
d a t a  r u n ,  a n  a d d i t i o n a l  c a l i b r a t i o n  may be  made t o  change  t h e  d a t a  t o  a 
c o n s t a n t  l e v e l  i n  e a c h  d a t a  l i n e .  T h i s  w i l l  f o r c e  d a t a  a n p l i f i c a t i o ~ l  
t o  a  f i x e d  l e v e l  i n  a n  a t t e n p t  t o  c o r r e c t  f o r  i l l u m i n a t i o n  changes  as 
t h e y  a r e  d e t e c t e d  by t h e  s u n  s e n s o r .  

I l l u m i n a t i o n  u s u a l l y  w i l l  change  a s  t h e  a i r c r a f t  moves th rough  
d i f f e r i n g  a t m o s p h e r i c  c o i ~ d i t i o n s ,  3nd t i l e  s u n  s e n s o r  p r o v i d e s  a measure  
o f  t h e s e  c h a n g e s  a s  t h e y  a r e  d e t e c t e d  a t  t h e  a i r c r a f t .  I l l u m i n a t i o n  
a t  tlie a i r c r a f t  may n o t  change  a t  t h e  same t i m e  o r  a t  t h e  same r a t e  as 



i l l u m i n a t i o n  a t  t h e  ground t a r g e t .  An example i s  t h e  s i t u a t i o n  i n  which 
t h e  a i r c r a f t  e n t e r s  a c loud  shadow and t h e  s u n  s e n s o r  shows a n  a b r u p t  
change w h i l e  t h e  t a r g e t  may c o n t i n u e  t o  be i n  f u l l  s u n l i g h t .  The r e v e r s e  
w i l l  o c c u r  when t h e  t a r g e t  i s  i n  shadow and t h e  a i r c r a f t  remains  i n  f u l l  
s u n l i g h t .  These t y p e s  of  s i t u a t i o n s  do not  a l l o w , u s e  o f  t h e  s u n  s e n s o r  
c a l i b r a t i o n ,  because  such  c a l i b r a t i o n  under  t h o s e  c i r c u m s t a n c e s  would 
c a u s e  even  l a r g e r  d i f f e r e n c e s  i n  ampl i tude  of  t h e  d a t a .  However, i n  t h e  
40-county t e s t  s i t e ,  t h e  s u n  s e n s o r  p u l s e  i n d i c a t e d  a  g r a d u a l  i n c r e a s e  i n  
i l l u m i n a t i o n .  Thus,  a two-point  c a l i b r a t i o n  f o r  b o t h  d r i f t  and a m p l i f i c a t i o n  
could  b e  e F E e c t i v e l y  u s e d ,  and was a p p l i e d  t o  t h i s  d a t a .  

In  F i g u r e  5 ,  t h e  a b r u p t  change i n  F l i g h t l i n e  40 was due  t o  a n  
e l e c t r o n i c  g a i n  change,  o r  manual change i n  a m p l i f i c a t i o n  o f  t h e  s i g n a l s .  
T h i s  g a i n  change o c c u r r e d  i n  a l l  t h e  middle  i n f r a r e d  c h a n n e l s  (1.0-1.4,  
1.5-1.8 and 2.0-2.6 vm), and caused d i s t i n c t i v e  changes  i n  t h e  g r a y  
s c a l e  p r i n t o u t s  o f  t h e  d a t a  a t  t h a t  p o i n t .  The s u n  s e n s o r  c a l i b r a t i o n  
p rocedure  a d j u s t e d  e f f e c t s  o f  t h i s  g a i n  change.  

The r e s u l t s  of t h e  c l a s s i f i c a t i o n s  w i t h  d a t a  c a l i b r a t e d  f o r  b o t h  
d r i f t  and t h e  s u n  s e n s o r  s i g n a l  showed encourag ing  improvements i n  
accuracy .  On FL 40 ,  t h e  t r a i n i n g  d a t a  had an o v e r a l l  c l a s s i f i c a t i o n  
accuracy  o f  332 (98.5% c o r r e c t  c l a s s i f i c a t i o n  f o r  wheat ,  u s i n g  662 d a t a  
p o i n t s ,  and 99.9% c o r r e c t  c l a s s i f i c a t i o n  f o r  a l l  o t h e r  c r o p s  o r  c o v e r  
t y p e s ,  u s i n g  3,104 d a t a  p o i n t s ) .  The t e s t  sample a c c u r a c y  showed somewhat 
v a r i a b l e  r e s u l t s  from f l i g h t l i n e  t o  f l i g h t l i n e ,  a s  shown i n  Tab le  I. 
T h i s  i s  though t  t o  be due t o  t h e  n a t u r a l  v a r i a t i o n  i n  c o n d i t i o n  o r  
d e g r e e  of  m a t u r i t y  of t h e  cover  t y p e s .  C l a s s i f i c a t i o n  a c c u r a c y  was v e r y  
h i g h  i n  FL 43,  approx imate ly  80 m i l e s  d i s t a n t  from t h e  a r e a  where t r a i n i n g  
samples had been s e l e c t e d .  

A s  a  check on t h e  e f f e c t s  of  c a l i b r a t i o n  on c l a s s i f i c a t i o n  a c c u r a c y ,  
two a d d i t i o n a l  c l a s s i f i c a t i o n s  were made. The f i r s t  used t h e  same 
c h a n n e l s  t h a t  had been s e l e c t e d  from t h e  two-point c a l i b r a t i o n  d a t a  b u t  
used d a t a  t h a t  had been c a l i b r a t e d  o n l y  f o r  e l e c t r o n i c  d r i f t .  The 
l a s t  c l a s s i f i c a t i o n  used t h e  b e s t  f i v e  c h a n n e l s ,  a g a i n  u s i n g  t h e  d a t a  
c a l i b r a t e d  o n l y  f o r  d r i f t .  I n  t h e  l a t t e r  c a s e ,  t h e  f e a t u r e  s e l e c t i o n  
a l g o r i t h m  i n d i c a t e d  a d i f f e r e n t  s e t  of 5 c h a n n e l s  t h a n  had been used 
i n  t h e  p r e v i o u s  c l a s s i f i c a t i o n .  The s p e c t r a l  bands were 0.55-0.58, 
0.66-0.72, 0.80-1.00,  1.03-1.40,  and 1.50-1.80 micrometers .  

The t e s t  f i e l d  p e r c e n t a g e s  a r e  g iven  i n  T a b l e s  I ,  11, and I11 f o r  
t h e  t h r e e  c l a s s i f i c a t i o n s .  For e a s e  i n  compar ison,  F i g u r e  6 shows 
t h e  c l a s s i f i c a t i o n  a c c u r a c y  of  t h e  wheat t e s t  f i e l d s .  The two-point  
c a l i b r a t i o n  i s  c o n s i s t e n t l y  t h e  b e s t  c l a s s i f i c a t i o n ,  w i t h  t h e  two 
c l a s s i f i c a t i o n s  hav ing  o n l y  d r i f t  c a l i b r a t i o n  b e i n g  abou t  e q u a l .  The 
l a s t  c l a s s i f i c a t i o n ,  u s i n g  t h e  b e s t  f i v e  combina t ions  o f  wavelength  
bands ,  was s l i g h t l y  more s e n s i t i v e  t o  a c c u r a t e  wheat c l a s s i F i c a t i o n  



t h a n  t h e  o t h e r  c l a s s i f i c a t i o n  u s i n g  d a t a  c a l i b r a t e d  on ly  f o r  d r i f t ,  
b u t  was s t i l l  much l e s s  a c c u r a t e  t h a n  t h e  c l a s s i f i c a t i o n  u s i n g  d a t a  
hav ing  two-point c a l i b r a t i o n .  A l l  t h r e e  c l a s s i f i c a t i o n s  had s i m i l a r  
h igh test f i e l d  a c c u r a c i e s  i n  FL 40 where t h e  t r a i n i n g  s t a t i s t i c s  had 
been o b t a i n e d .  

One a d d i t i o n a l  test was made, u s i n g  d a t a  from FL 25, t h e  eas t -wes t  
l i n e  a c r o s s  Tippecanoe County, I n d i a n a .  These d a t a  were c o l l e c t e d  
on t h e  same f l i g h t  a s  t h e  d a t a  f o r  FL 43-43, but FL 25 was flown a t  a  
lower a l t i t u d e  (3500 f e e t  above t e r r a i n ) ,  and abou t  20 minutes  l a t e r .  
S c a t t e r e d  cumulus c l o u d s  were p r e s e n t  o v e r  t h i s  a r e a .  The l i n e  b e g i n s  
abou t  21 m i l e s  e a s t  of t h e  FL 40 end p o i n t .  The FL 25 d a t a  were c l a s s i -  
f i e d  u s i n g  t h e  t r a i n i n g  s t a t i s t i c s  o b t a i n e d  from FL 40  and t h e  two-point 
c a l i b r a t i o n .  A s e t  of 17  wheat f i e l d s  and 4 l a r g e  a r e a s  of o t h e r  cover  
were s e l e c t e d  a s  t e s t  f i e l d s .  Wheat f i e l d s  were c l a s s i f i e d  w i t h  90.5% 
accuracy ,  bu t  t h e  o t h e r  f i e l d s  were o n l y  30.6% c o r r e c t l y  c l a s s i f i e d ,  
i n d i c a t i n g  t h a t  many p o i n t s  were m i s c l a s s i f i e d  i n t o  t h e  wheat c a t e g o r y  
o r  t h r e s h o l d e d .  V e g e t a t i v e  c o n d i t i o n s  a l o n g  t h i s  f l i g h t l i n e  were q u i t e  
d i f f e r e n t  t h a n  i n  t h e  t r a i n i n g  a r e a ,  a s  i n d i c a t e d  by t h e  f a c t  t h a t  t h e  
wheat h a r v e s t  w a s  l e s s  t h a n  h a l f  f i n i s h e d  on t h i s  f l i g h t l i n e ,  i n  c o n t r a s t  
t o  having been n e a r l y  completed i n  many a r e a s  i n  t h e  I l l i n o i s  f l i g h t l i n e s .  
However, i t  i s  b e l i e v e d  t h a t  t h e  v a r i a b l e  c loud  c o n d i t i o n s  a t  t h e  t i m e  
t h e s e  d a t a  were c o l l e c t e d  caused more e r r o r  i n  t h e s e  c l a s s i f i c a t i o n  
r e s u l t s  t h a n  e i t h e r  t h e  d i f f e r e n c e  i n  a l t i t u d e  o r  t h e  d i f f e r e n c e s  i n  
v e g e t a t i v e  cover  c o n d i t i o n s .  

The c o n c l u s i o n s  from t h i s  exper iment  inc luded  t h e  f o l l o w i n g :  

(1) The c a p a b i l i t y  f o r  a c c u r a t e l y  i d e n t i f y i n g  wheat u s i n g  
AiIP t e c h n i q u e s  was shown t o  be  h i g h  over  r e l a t i v e l y  
s m a l l  a r e a s  (about  9 s q u a r e  m i l e s ) .  

(2)  When t r a i n i n g  samples from one a r e a  were u t i l i z e d  t o  
c l a s s i f y  d a t a  from o t h e r  geographic  a r e a s ,  c l a s s i f i c a t i o n  
a c c u r a c i e s  tended t o  be r a t h e r  poor  u n l e s s  a two-point  
c a l i b r a t i o n  (which c o r r e c t e d  f o r  b o t h  e l e c t r o n i c  d r i f t  and 
v a r i a t i o n s  i n  s o l a r  i l l u m i n a t i o n )  was u t i l i z e d .  The 
t e s t  f i e l d  r e s u l t s  i n d i c a t e d  t h a t  wi thou t  t h e  two-point 
c a l i b r a t i o n ,  t h e r e  was a  g e n e r a l  d e c r s a s e  i n  accuracy  
as c l a s s i f i c a t i o n  was a t t empted  f o r  a r e a s  f u r t h e r  and 
f u r t h e r  from t h e  t r a i n i n g  s i t e .  

( 3 )  Proper  c a l i b r a t i o n  allowed r e c o g n i t i o n  a c c u r a c i e s  of 
91% t o  be o b t a i n e d  f o r  t e s t  a r e a s  80 m i l e s  away from 
t h e  t r a i n i n g  sample l o c a t i o n .  

(4)  I n  g e n e r a l ,  t h e  two-point c a l i b r a t i o n  ( d r i f t  and 
i l l u m i n a t i o n )  should be u t i l i z e d  i n  a l l  d a t a  a n a l y s i s  
i n v o l v i n g  l a r g e  geograph ic  a r e a s .  



(5) The c a l i b r a t i o n  p rocedures  u t i l i z e d  appeared t o  s a t i s f a c t o r i l y  
a d j u s t  f o r  manual changes  i n  t h e  g a i n  s e t t i n g ,  a l t h o u g h  
f u r t h e r  a n a l y s i s  a l o n g  t h i s  l i n e  is  recommended. 

( 6 )  IJse o f  t h e  s u n  s e n s o r  t o  c a l i b r a t e  t h e  s c a n n e r  d a t a  
proved u n s a t i s f a c t o r y  under c o n d i t i o n s  of  s c a t t e r e d  
cumulus c l o u d s ,  s i n c e  t h e  shadow c o n d i t i o n s  on t h e  ground 
were q u i t e  v a r i a b l e  and d i f f e r e n c e s  i n  i l l u m i n a t i o n  a t  t h e  
a i r p l a n e  and on t h e  ground below t h e  a i r p l a n e  d i d  no t  
c o i n c i d e .  

( 7 )  Even though c o n d i t i o n s  of t h e  ground cover  were s t r i k i n g  
and more pronounced a l o n g  t h e  eas t -wes t  f l i g h t l i n e  a r e a  
t h a n  had been a n t i c i p a t e d ,  a d e q u a t e  t r a i n i n g  of  t h e  
c l a s s i f i e r  ( i n v o l v i n g  s e l e c t i o n  o f  r e p r e s e n t a t i v e  samples  
o f  d a t a  from t h e  v a r i o u s  c o n d i t i o n s  and s t a g e s  o f  m a t u r i t y ) ,  
a l lowed  r e a s o n a b l y  a c c u r a t e  a u t o m a t i c  c l a s s i f i c a t i o n  
r e s u l t s  t o  be  o b t a i n e d  from a n  a r e a  e x t e n d i n g  more t h a n  
90 m i l e s  from e a s t  t o  west .  

I t  i s  s t r o n g l y  recommended t h a t  a d d i t i o n a l  s t u d i e s  o f  n a t u r a l  
v a r i a b i l i t y  o v e r  l a r g e  geograph ic  t e s t  s i t e s  b e  conducted f o r  many 
cover  t y p e s  and s p e c i e s .  It i s  a n t i c i p a t e d  t h a t  ERTS and SKYLAB d a t a  
w i l l  o f f e r  many e x c e l l e n t  o p p o r t u n i t i e s  f o r  t h i s  t y p e  o f  endeavor .  

ACREAGE ESTIXATES FOR A 504-SQUARE-WILE MEA 

The t h i r d  s t u d y  t o  be  r e p o r t e d  i n v o l v i n g  a u t o m a t i c  c l a s s i f i c a t i o n  
r e s u l t s  o v e r  extended t e s t  s i t e s  concerned a n  a t t e m p t  t o  c o n v e r t  a u t o -  
m a t i c  c l a s s i f i c a t i o n  r e s u l t s  t o  a c r e a g e  e s t i m a t e s  of v a r i o u s  cover  
t y p e s ,  and t o  compare t h e s e  a c r e a g e  e s t i m a t e s  t o  e x i s t i n g  f i g u r e s  
p u b l i s h e d  by t h e  Crops and L i v e s t o c k  R e p o r t s  of  t h e  S t a t i s t i c a l  Repor t ing  
S e r v i c e ,  U.S. Department o f  A g r i c u l t u r e ,  and t h e  Census of  A g r i c u l t u r e ,  
U.S. Jepar tment  o f  Commerce (Johnson,  1971) .  

I n  t h i s  s t u d y ,  f i v e  f l i g h t l i n e s  i n  Tippecanoe County,  I n d i a n a  were 
ana lyzed .  Tippecanoe County is  a n  a r e a  o f  504 s q u a r e  m i l e s ,  o r  
322,560 a c r e s ,  and t h e  s c a n n e r  d a t a  were c o l l e c t e d  by a i r c r a f t  from 
a n  a l t i t u d e  of 5000 f e e t ;  a  s c a n n e r  swath wid th  o f  1.11 m i l e s  was 
u t i l i z e d ,  r e s u l t i n g  i n  a n  a r e a  o f  82,372 a c r e s  b e i n g  over f lown.  
T h e r e f o r e ,  25.75X o f  t h e  t o t a l  a r e a  i n  Tippecanoe County w a s  i n c l u d e d  
i n  t h e  sample.  Each r e s o l u t i o n  e lement  d i g i t i z e d  and ana lyzed  r e -  
p r e s e n t e d  a n  a r e a  e q u i v a l e n t  t o  approx imate ly  1600 s q u a r e  f e e t  ( t h e  
r e s o l u t i o n  e lement  i m e d i a t e l y  below t h e  a i r p l a n e  r e p r e s e n t s  a  much 
s m a l l e r  a r e a  t h a n  one o f f  t o  t h e  s i d e  o f  t h e  f l i g h t l i n e  because  o f  t h e  
geometry of  m u l t i s p e c t r a l  s c a n n e r s . )  The d a t a  f o r  e a c h  o f  t h e  f i v e  
f l i g h t l i n e s  was c l a s s i f i e d  i n t o  cover  t y p e s  d e s i g n a t e d  as: 



. co rn  . soybeans 

. f o r a g e s  

. t r e e s  

. b a r e  s o i l  

.wa te r  
The " fo rages : '  c a t e g o r y  r e p r e s e n t s  hay ,  p a s t u r e ,  wheat s t u b b l e  and o a t  
s t u b b l e .  Tab le  I V  i n d i c a t e s  t h e  number of RSU's i n  each of t h e  cover  
t y p e s  i n  t h e  t e s t  a r e a s ,  t h e  number of RSU'S c o r r e c t l y  c l a s s i f i e d  i n  each 
cover  t y p e  (by f l i g h t l i n e ) ,  and t h e  p e r c e n t a g e  c o r r e c t  c l a s s i f i c a t i o n  
f o r  each  cover  t y p e  i n  t h e  test a r e a s .  The accuracy  of t h e  t r a i n i n g  
c a t e g o r i e s  was even b e t t e r  t h a n  t h e  t e s t  c l a s s i f i c a t i o n ,  as a n t i c i p a t e d .  
T r a i n i n g  f i e l d  a c c u r a c i e s  a r e  n o t  g iven  h e r e  a s  t h e y  do n o t  r e a l l y  
r e p r e s e n t  t h e  o v e r a l l  accuracy  o f  au tomat ic  c l a s s i f i c a t i o n  f o r  t h e  
f l i g h t l i n e .  F i g u r e  7 shows t h e  c l a s s i f i c a t i o n  r e s u l t s  f o r  each of t h e  
f l i g h t l i n e s  invo lved .  T h i s  b a r  g raph  r e p r e s e n t s  t h e  m a t e r i a l  i n  Tab le  
I V ,  b u t  i n  more u n d e r s t a n d a b l e  form, and w i t h  t h e  w a t e r ,  s o i l ,  and t r e e  
c l a s s e s  combined a s  " o t h e r , "  s i n c e  t h e y  r e p r e s e n t  r e l a t i v e l y  small 
numbers of d a t a  p o i n t s .  In  t h i s  c a s e ,  t h e  h e i g h t  of t h e  b a r  i n d i c a t e s  
t h e  t o t a l  number o f  p o i n t s  cons idered  i n  t e s t i n g  t h e  c l a s s i f i c a t i o n  
r e s u l t s .  The number of p o i n t s  c o r r e c t l y  c l a s s i f i e d  a r e  t h e n  i n d i c a t e d  
by t h e  lower  p o r t i o n  of t h e  b a r ,  t h e  number i n c o r r e c t l y  c l a s s i f i e d  by 
t h e  upper p o r t i o n  of t h e  b a r ,  and t h e  pe rcen tage  c o r r e c t  c l a s s i f i c a t i o n  
i s  a l s o  shown a t  t h e  top  of t h e  i n d i v i d u a l  b a r s .  I n  comparing t h e  
h e i g h t  o f  t h e  b a r  w i t h  t h e  number of d a t a  p o i n t s  invo lved ,  (shown on t h e  
o r d i n a t e ) ,  one s e e s  t h a t  t h e r e  may be a s  much a c r e a g e  p l a n t e d  i n  soy- 
beans  a s  i n  c o r n  f o r  an  i n d i v i d u a l  f l i g h t l i n e .  I n  o t h e r  f l i g h t l i n e s ,  
t h e r e  w i l l  be  t w i c e  a s  much c o r n  a s  soybeans p r e s e n t .  T h i s  i n d i c a t e s  
t h a t  o u r  t e c h n i q u e s  f o r  sampl ing need t o  be c a r e f u l l y  deve loped ,  and 
t h a t  a n  a c c u r a t e  sample of cover  t y p e s  is  mandatory i n  o r d e r  t o  o b t a i n  
a c c u r a t e  a c r e a g e  e s t i m a t e s  f o r  l a r g e  geograph ic  a r e a s .  F igure  8 shows 
t h e  combinat ion f o r  a l l  f i v e  f l i g h t l i n e s .  Again t h e  h e i g h t  o f  t h e  b a r  
shows t h e  number of d a t a  p o i n t s  invo lved  i n  t e s t i n g  t h e  accuracy  of 
t h e  c l a s s i f i c a t i o n .  An a c t u a l  p e r c e n t a g e  c o r r e c t  c l a s s i f i c a t i o n  f o r  
t h e  test a r e a s  f o r  each o f  t h e  f o u r  major cover  t y p e  groups  c o n s i d e r e d  
is  shown a t  t h e  t o p  of t h e  ba r .  F igure  9 snows t h e  o v e r a l l  r e s u l t s  f o r  
t h e  sample a r e a  i n  terms of t h e  p e r c e n t  c o r r e c t  c l a s s i f i c a t i o n .  I n  
t h i s  f i g u r e ,  t h e  number of d a t a  p o i n t s  invo lved  i n  de te rmin ing  t h e  
p e r c e n t  c l a s s i f i c a t i o n  f o r  each of t h e  cover  t y p e s  i s  i n d i c a t e d  on  t h e  
b a r .  The c l a s s i f i c a t i o n  accuracy  f o r  t h e  "water ,"  " s o i l  ,!' and " t r e e s "  
c a t e g o r i e s  ( p r e v i o u s l y  grouped t o g e t h e r  a s  "other")  i s  a l s o  shown. 

S ince  i t  appeared t h a t  t h e  accuracy  of t h e  c l a s s i f i c a t i o n  w a s  
r e a s o n a b l y  h i g h ,  the nex t  s t e p  was t o  c o n v e r t  each r e s o l u t i o n  element 
i n  t h e  s c a n n e r  d a t a  t o  a n  a c r e a g e  f i g u r e .  Table  V shows t h e  number of 
d a t a  p o i n t s  i n  each cover  t y p e  c l a s s  f o r  t h e  e n t i r e  a r e a  overf lown.  
For t h i s  d a t a ,  an  average  o f  2 7 . 2  r e s o l u t i o n  e lements  i n  t h e  s c a n n e r  



d a t a  was used t o  r e p r e s e n t  one a c r e  of  c o v e r  t y p e .  T h i s  f i g u r e  was 
t h e n  expanded t o  t h e  e n t i r e  322,560 a c r e s  f o r  t h e  c o u n t y ,  and a n  a c r e a g e  
e s t i m a t e  f o r  e a c h  of  t h e  cover  t y p e s  of i n t e r e s t  f o r  t h e  e n t i r e  county  
was o b t a i n e d .  F i g u r e  1 0  shows t h e  r e s u l t s  o b t a i n e d .  The p e r c e n t a g e  
o f  t h e  t o t a l  a r e a  i n  t h e  coun ty  e s t i m a t e d  t o  be  i n  t h e  d i fEeren t :  cover  
t y p e s  i s  a l s o  i n d i c a t e d .  A s  c a n  be s e e n ,  t h e  computer a c r e a g e  c a l -  
c u l a t i o n s  r e s u l t e d  i n  an e s t i m a t e  of  323,853 a c r e s  f o r  t h e  t o t a l  a r e a  
i n  t h e  c o u n t y ,  whereas  t i le  a c t u a l  a r e a  is  322,560 a c r e s .  Cons ide r ing  
t h e  Fac t  t h a t  geomet r i c  c o r r e c t i o n  had no t  been made on t h e  d a t a  and t h a t  
a n  a v e r a g e  f i g u r e  was used t o  r e p r e s e n t  t h e  r e s o l u t i o n  e l e m e n t s  f o r  
a l l  l o o k  a n g l e s  o f  s c a n n e r  d a t a ,  i t  i s  f e l t  t h a t  t h i s  d i f f e r e n c e  is w e l l  
w i t h i n  t h e  a c c u r a c y  of  t h e  t e c h n i q u e s  u t i l i z e d ,  and i s  t h e r e f o r e  
n e g l i g i b l e .  

The e s t i m a t e d  a c r e a g e  f o r  t h e  d i f f e r e n t  c o v e r  t y p e s  o b t a i n e d  by 
computer c l a s s i f i c a t i o n  were t h e n  compared w i t h  t h e  Census o f  A g r i c u l t u r e  
r e p o r t s  and t h e  Crops and L i v e s t o c k  r e p o r t s .  I n  some c a s e s ,  t h e  d i f f e r e n t  
cover  t y p e s  cou ld  n o t  be  d i r e c t l y  compared because  t h e  o f f i c i a l l y  
p u b l i s h e d  f i g u r e s  d i d  n o t  c o n t a i n  any d a t a  f o r  c e r t a i n  c o v e r  t y p e s  which 
were used i n  o u r  computer c l a s s i f i c a t i o n .  A s  shown i n  F i g u r e  11, t h e r e  
i s  a  f a i r l y  wide v a r i a t i o n  i n  even t h e  pub l i shed  e s t i m a t e s  of  a c r e a g e  
f o r  some of  t h e  c o v e r  t y p e s .  For example, t h e  p u b l i s h e d  r e p o r t s  
i n d i c a t e  a  v a r i a t i o n  f o r  c o r n  of  from 82,510 t o  76,9013 a c r e s .  T h e r e f o r e ,  
we f e e l  t h a t  o u r  remote s e n s i n g  e s t i m a t e  o f  84,210 a c r e s  of  c o r n  i n  t h e  
county  i s  w e l l  w i t h i n  r e a s o n ,  and compares f a v o r a b l y  w i t h  t h e  a c c u r a c y  
of  c u r r e n t  t e c h n i q u e s  f o r  e s t i m a t i n g  a c r e a g e .  

These r e s u l t s  a r e  p a r t i c u l a r l y  s i g n i f i c a n t , - i n  t h a t  t h i s  may be t h e  
f i r s t  t i m e  t h a t  a c r e a g e  e s t i m a t e s  have been o b t a i n e d  from m u l t i s p e c t r a l  
scanner  d a t a  and t h a t  t h e s e  e s t i m a t e s  have t h e n  been compared t o  p u b l i s h e d  
f i g u r e s  f o r  d i f f e r e n t  c o v e r  t y p e s  o v e r  a  r e a s o n a b l y  l a r g e  geograph ic  
a r e a .  A t  l e a s t  two f a c t o r s  appear  t o  be r e q u i r e d  i n  o r d e r  t o  o b t a i n  
a c r e a g e  e s t i m a t e s  w i t h  s c a n n e r  d a t a  which a r e  r e a s o n a b l y  c l o s e  t o  a c t u a l  
a c r e a g e  e s t i m a t e s  f o r  t h e  a r e a .  F i r s t ,  t h e  sample covered by t h e  s c a n n e r  
d a t a  must be l a r g e  enough t o  be r e p r e s e n t a t i v e  o f  t h e  a r e a .  l in imal  
sample s i z e  and number o f  samples  r e q u i r e d  f o r  any p a r t i c u l a r  a r e a  would,  
o f  c o u r s e ,  be  a  f u n c t i o n  of t h e  v a r i a b i l i t y  of t h e  m a t e r i a l s  w i t h i n  tile 
a r e a .  A g r e a t  d e a l  o f  a d d i t i o n a l  work needs  t o  be done i n  sampl ing 
t e c h n i q u e s  f o r  remote s e n s i n g  purposes .  The second requ i rement  f o r  
a c c u r a t e  a c r e a g e  e s t i m a t e s  of  a n  a r e a  would be  t r l a t  s i l f f i c i e n t l y  a c c u r a t e  
c l a s s i f i c a t i o n  r e s u l t s  must be o b t a i n e d .  Again,  a d d i t i o n a l  work remains  
t o  be done i n  o r d e r  t o  d e f i n e  what a  " s u f f i c i e n t l y "  a c c u r a t e  c l a s s i f i c a t i o n  
r e a l l y  i n v o l v e s .  



URBAN LAND-USE AXALYSIS 

Land-use i s  chang ing  e v e r y  y e a r  i n  many p a r t s  of  t h e  world and 
o u r  n a t i o n .  Such l and-use  changes  o f t e n  i n v o l v e  l a r g e  geograph ic  a r e a s .  
The g r e a t e s t  p o r t i o n  o f  t h e s e  changes  i n  t h e  Uni ted  S t a t e s  d u r i n g  r e c e n t  
y e a r s  h a s  o c c u r r e d  when a g r i c u l t u r a l  and f o r e s t  l a n d s  a r e  c o n v e r t e d  t o  
h o u s i n g ,  i n d u s t r y ,  highways,  p u b l i c  b u i l d i n g s  and p a r k s .  The e f f e c t s  
a s s o c i a t e d  w i t h  t h e s e  changes  a r e  numerous and f a r - r e a c h i n g .  We f e e l  
t h a t  remote  m u l t i s p e c t r a l  s e n s i n g  has  a  p o t e n t i a l  f o r  o b t a i n i n g  v a l u a b l e  
d a t a  t o  u s e  i n  l and-use  a n a l y s i s  and p l a n n i n g  f u t u r e  developments .  The 
c a p a b i l i t y  f o r  s a t e l l i t e s  t o  o b t a i n  remote  s e n s i n g  d a t a  ove r  l a r g e  geo- 
g r a p h i c  a r e a s  and a t  r e g u l a r  t ime  i n t e r v a l s  shou ld  o f f e r  a  g r e a t  d e a l  of  
p o t e n t i a l  i n f o r m a t i o n  t o  a d e q u a t e l y  p l a n  f o r  t h e  e a r l y  development o f  
t h e  l a n d s c a p e  o f  o u r  n a t i o n .  

I n  a p i l o t  p r o j e c t  t h i s  p a s t  y e a r ,  a  t y p i c a l  s m a l l  s u b d i v i s i o n  
l o c a t e d  n e a r  L a f a y e t t e ,  I n d i a n a  over  which s c a n n e r  d a t a  h a s  been ob- 
t a i n e d ,  was a n a l y z e d .  Automatic d a t a  p r o c e s s i n g  t e c h n i q u e s  were u t i l i z e d  
t o  d e t e r m i n e  t h e  amount of t h e  a r e a  i n  t h i s  u rban  development which w a s  
under ha rd  s u r f a c e  cover  and t h a t  which was under permeable  cover  t y p e s .  
F i g u r e  12-A shows a  b l a c k  and w h i t e  v e r s i o n  of a  c o l o r  i n f r a r e d  photo  o f  
t h e  a r e a  a n a l y z e d .  F i g u r e  12-U d e p i c t s  t h e  a u t o m a t i c  computer c l a s s i -  
f i c a t i o n  o f  t h e  a r e a s  i d e n t i f i e d  a s  e i t h e r  t r e e s ,  s h r u b s ,  o r  g r a s s .  
Comparison between F i g u r e s  12-A and 12-B i n d i c a t e s  a h i g h  d e g r e e  o f  a c c u r a c y  
f o r  t h e  computer c l a s s i f i c a t i o n  r e s u l t s .  F i g u r e  1 2 - C  shows t h e  a r e a s  
i d e n t i f i e d  by t h e  computer a s  man-made and h a r d  s u r f a c e  a r e a s .  These  have  
been s u b d i v i d e d  i n t o  e i t h e r  " roof"  o r  " s t r e e t s  and d r iveways . ' '  I n  some 
c a s e s ,  t h e  c l a s s i f i c a t i o n  f o r  roof  s u r f a c e s  is  somewhat i n a c c u r a t e  due 
t o  shadow e f f e c t s .  However, t h e  t o t a l  ha rd  s u r f a c e  a r e a  c l a s s i f i c a t i o n  
a p p e a r s  t o  be  f a i r l y  a c c u r a t e .  

The c l a s s i f i c a t i o n  a c c u r a c y  o f  t h i s  a n a l y s i s  was t e s t e d  u s i n g  two 
d i f f e r e n t  p h o t o i n t e r p r e t a t i o n  t e c h n i q u e s .  The f i r s t  i nvo lved  t h e  u s e  o f  
a  v e r y  f i n e  d o t  g r i d  coun t  of  t h e  a r e a .  The second p r o c e d u r e  was t o  
p l a n i m e t e r  t h e  h a r d  s u r f a c e  a r e a s .  F i g u r e  12-D shows t h e  compar ison between 
t h e  p e r c e n t a g e  o f  t h e  a r e a  shown i n  F i g u r e  12-A a s  de te rmined  by d o t  
g r i d  t e c h n i q u e s ,  and t h e  computer c l a s s i f i c a t i o n  r e s u l t s .  Thus ,  t h e  
computer i n d i c a t e d  t h a t  8% of  t h e  a r e a  was covered  by roof  s u r f a c e s ,  t h e  
p h o t o i n t e r p r e t a t i o n  d o t  g r i d  e s t i m a t e  i n d i c a t e d  8 .22  coverage  by roof  
s u r f a c e s ,  e t c .  I n  t o t a l ,  t h e  computer e s t i m a t e  i n d i c a t e d  t h a t  24.4% o f  t h i s  
a r e a  was covered  by hard s u r f a c e  whereas  t h e  d o t  g r i d  a n a l y s i s  i n d i c a t e d  
21.52 o f  t h e  a r e a  had a ha rd  s u r f a c e  c o v e r .  

IJe b e l i e v e  t h a t  t h e  r e s u l t s  o f  t h e s e  t y p e s  o f  a n a l y s e s  c o u l d  be 
a v a l u e  i n  p l a n n i n g  f o r  c u l v e r t s  and o t h e r  r u n o f f  d e s i g n  s p e c i f i c a t i o n s  



in urbanized watershed areas. For example, a one-inch rain in a one-hour 
time period for an area such as this, where about 20-25% of the area is 
under impermeable cover, would call for a different runoff design than an 
area where 507; of the watershed is under hard surface cover. 

This was the laboratory's first attempt to quantify an urban land-use 
scene. The results show promise for the role of remote sensing in the 
rapid identification and mapping of present and changing patterns in 
land-use. The rapid changes taking place in this country and the increasing 
pressure on our land resources indicate that these techniques will prove 
most valuable for the management and development of our land resources 
in the years ahead. 

LJATER QUALITY STIT3IES 

The water quality studies to be reported upon are an extension of 
water resource studies involving temperature calibration techniques of 
multispectral scanner data. The University of Michigan multispectral 
scanner has hot and cold plates mounted within the field of view of the 
thermal infrared channels. These calibration plates can be used to 
obtain calibrated data, in order to remotely measure true radiometric 
temperatures, providing the emissivity of the objects being scanned is 
approximately E = 1.2. The previous work at LARS has shown that these 
calibration techniques can be used with a high degree of accuracy for 
obtaining temperature maps of water bodies. ?leasurements made of the 
water temperature from boats on the river at the time the scanner was 
flown over confirm that the accuracy of temperature measurements obtained 
from scanner calibration is usually with .2-.4OC of the temperature 
obtained for the same area from the scanner data. 

In studying the correlation between temperature measurements made on 
the river and the temperature obtained from calibrated scanner data, 
we noticed that the scanner data seemed to be quite variable as one 
viewed the entire water body. Further investigation appeared to indicate 
that the variation observed was not due to normal variations in temperature 
of the water surface, but rather was due to noise in the scanner data. 
In an attempt to reduce the amount of noise in the scanner data, a 
sequence of line averaging and weighted line averaging studies were 
carried out. One must remember that in utilizing data from line scanner 
systems from altitudes of 2000 feet, only every 8th scan line is required 
for contiguous scanner coverage. Thus in our digitization process, 
seven of the eight scan lines norinally were not being utilized. By digi- 
tizing all eight scan lines and averaging all eight scan lines, or four 
out of the eight, or three out of the eight, etc., we found that the amount 
of noise in the data could be substantially reduced. Figure 13 shows a 
single column line of data taken along the line of flight; the top of 



t i l i s  graph shows r e s u l t s  of a s i n g l e  s c a n  l i n e ,  t h e  bottom graph  shows 
t h e  r e s u l t s  where e i g h t  s c a n  l i n e s  were averaged t o g e t h e r  and d i s p l a y e d  
a s  s i n g l e  s c a n  l i n e s  of d a t a .  The r e d u c t i o n  i n  t h e  amount of v a r i a b i l i t y  
i n  t h e  scanner  d a t a ,  due t o  use  of t h e  l i n e  averag ing  t echn ique  i s  q u i t e  
a p p a r e n t  i n  t h i s  f i g u r e .  F i g u r e  14 shows t h e  r e s u l t s  of such l i n e  
a v e r a g i n g  a p p l i e d  t o  a n  e n t i r e  segment o f  t h e  f l i g h t l i n e ,  and d i s p l a y e d  
i n  a  map fo rmat .  On t h e  l e f t  i s  t h e  s c a n n e r  p r i n t o u t  o f  c a l i b r a t e d  
the rmal  d a t a  i n  t h e  3 t o  13 .5  pm p o r t i o n  of t h e  spectrum. The Wabash 
Xiver i s  f lowing  from n o r t h  t o  s o u t h ,  and t h e  Tippecanoe River  e n t e r s  
t h e  Wabash from t h e  west  ( l e f t ) .  From t h e  c a l i b r a t i o n  l e v e l s  i n d i c a t e d  
f o r  t h e  d a t a ,  i t  c a n  be e a s i l y  observed t h a t  t h e  Tippecanoe River  i s  
c o o l e r  t h a n  t h e  Gabash River  i n t o  which i t  f lows.  J u s t  above t h e  j u n c t i o n  
of t h e s e  two r i v e r s  t h e r e  a p p e a r s  t o  be q u i t e  a  g r e a t  d e a l  of v a r i a b i l i t y  
i n  t h e  t e m p e r a t u r e  of t h e  r i v e r  a s  i n d i c a t e d  by t h e  s c a t t e r i n g  of p o i n t s  
r e p r e s e n t i n g  d i f f e r e n t  t empera tu re  l e v e l s .  The  r e s u l t s  o f  a v e r a g i n g  
e i g h t  s c a n  l i n e s  and d i s p l a y i n g  them a s  a  s i n g l e  s c a n  l i n e  a r e  shown on 
t h e  r i g h t .  I n  t h i s  c a s e  one s e e s  t h a t  t h e r e  i s  a much s m a l l e r  amount of 
t empera tu re  v a r i a t i o n  i n  t h e  d a t a  d i s p l a y e d .  The r e s u l t s  o f  a v e r a g i n g  
f o u r  scan  l i n e s  and t h e n  n o t  u s i n g  t h e  i n t e r v e n i n g  f o u r  scan  l i n e s  of 
d a t a  o b t a i n e d  a t  t h i s  a l t i t u d e  showed v e r y  s i m i l a r  r e s u l t s  t o  t h o s e  
d i s p l a y e d  i n  t h i s  f i g u r e .  Thus, i t  a p p e a r s  t h a t  a  c o n s i d e r a b l e  i n c r e a s e  
i n  d a t a  q u a l i t y  can be o b t a i n e d  th rough  some of t h e s e  p r e p r o c e s s i n g  
t e c h n i q u e s .  I n  a d d i t i o n ,  c o r r e c t i o n s  f o r  s c a n n e r  look  a n g l e ,  sun a n g l e ,  
e t c .  must f r e q u e n t l y  s t i l l  be a p p l i e d .  A d d i t i o n a l  work remains  t o  be 
done t o  d e t e r n i n e  t n e  e f f e c t  of sucn l i n e  a v e r a g i n g  t e c h n i q u e s  on t h e  
q u a l i t y  o f  t h e  d a t a  f o r  a g r i c u l t u r a l  v e g e t a t i o n  and s o i l  a n a l y s i s  
problems . 

The work t h i s  p a s t  y e a r  h a s  i n d i c a t e d  more c l e a r l y  t h a n  e v e r  b e f o r e  
t h a t  when d e a l i n g  w i t h  n a t u r a l  v e g e t a t i v e  s o i l  and hydro log ic  f e a t u r e s ,  
t h e  n a t u r a l  v a r i a b i l i t y  of t h e s e  m a t e r i a l s  i s  s i g n i f i c a n t .  However, a s  
i n d i c a t e d  i n  F i g u r e  1 5 ,  t h e r e  a r e  s e v e r a l  o t h e r  f a c t o r s  b e s i d e s  t h e  
n a t u r a l  geograpn ic  v a r i a t i o n  of t h e  m a t e r i a l s  which can  c a u s e  d i s t i n c t  
and s i g n i f i c a n t  v a r i a t i o n  i n  t h e  s i g n a l s  b e i n g  recorded .  iJe a r e  look ing  
forward w i t h  g r e a t  a n t i c i p a t i o n  t o  working w i t h  d a t a  i r o n  ERTS and 
SKYLAB, s i n c e  d a t a  c o l l e c t e d  i n  t h e s e  exper iments  w i l l  be o b t a i n e d  over  
a  l a r g e  geograph ic  a r e a  and i n  a n  ex t remely  s h o r t  t ime  p e r i o d  ( a s  com- 
pared t o  t h e  t ime  r e q u i r e d  t o  c o l l e c t  t h e  f l i g h t l i n e  d a t a  u s i n g  a n  
a i r c r a f t  s y s t e m ) ,  and a l s o  t h e  s a t e l l i t e  d a t a  w i l l  i n v o l v e  a  much s m a l l e r  
s c a n  a n g l e .  The EXTS and SKYLA3 d a t a  shou ld  t h e r e f o r e  a l l o w  some of 
t h e  c a u s e s  of s p e c t r a l  v a r i a b i l i t y  such  as i l l u m i n a t i o n  c o n d i t i o n s ,  
i n s t r u m e n t a t i o n  d r i f t  and a d j u s t m e n t s ,  and a tmospher ic  c o n d i t i o n s  (which 
change over  t i m e ) ,  t o  be minimized. T h i s  w i l l  a l l o w  u s  t o  b e t t e r  



unders tand  t h e  r e g i o n a l  v a r i a t i o n  and s p e c t r a l  r e s p o n s e  of  t h e  v e g e t a t i o n ,  
w a t e r ,  and s o i l s ,  w i t h  which t h e  Biogeophys ica l  Group a t  LARS i s  
p a r t i c u l a r l y  concerned.  

Conc lus ions  o f  t h e  p r o j e c t s  t h i s  p a s t  y e a r  i n v o l v e  s e v e r a l  a d d i t i o n a l  
a s p e c t s ,  which can  be  summarized a s  f o l l o w s :  

1 . )  Bas ic  cover  t y p e s  can  b e  a u t o m a t i c a l l y  mapped w i t h  
a  h i g h  d e g r e e  of  accuracy  i n  s p i t e  o f  t h e  n a t u r a l  
v a r i a b i l i t y  o f  t h e  m a t e r i a l .  

2.) C a l i b r a t i o n  o f  s c a n n e r  d a t a  a l l o w s  s i g n i f i c a n t  
improvement i n  t h e  accuracy  o f  c l a s s i f i c a t i o n  o f  
c r o p  s p e c i e s  when e x t r a p o l a t i n g  from one  geograph ic  
a r e a  t o  a n o t h e r  many m i l e s  away. 

3 . )  C a l i b r a t i o n  and p r e p r o c e s s i n g  t e c h n i q u e s  s i g n i f i c a n t l y  
improve many a s p e c t s  o f  d a t a  q u a l i t y .  However, t h e s e  
t e c h n i q u e s  must b e  a p p l i e d  t o  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  w i t h  c a u t i o n ,  f o r  t h e y  c o u l d  c a u s e  more harm t h a n  
h e l p  i n  t h e  a u t o m a t i c  c l a s s i f i c a t i o n  of  any p a r t i c u l a r  
s e t  of  d a t a .  For example,  under c o n d i t i o n s  of v a r i a b l e  
c l o u d  c o v e r ,  s u n  s e n s o r  c a l i b r a t i o n  proved q u i t e  un- 
s a t i s f a c t o r y .  I n  g e n e r a l ,  however, i t  would appear  t h a t  
d r i f t  and i l l u m i n a t i o n  c a l i b r a t i o n  w i l l  g e n e r a l l y  be  
r e q u i r e d  f o r a i r c r a f t  d a t a  c o l l e c t e d  o v e r  l a r g e  geograph ic  
a r e a s .  

4 . )  V a r i a t i o n s  i n  ground covzr  c o n d i t i o n s  o f t e n  a r e  much inore 
pronounced t n a n  a n t i c i p a t e d .  iIowever, a d e q u a t e  t r a i n i n g  
of  t h e  c l a s s i f i e r ,  i n v o l v i n g  s e l e c t i o n  of sainples t o  r e -  
p r e s e n t  t h e  t o t a l  r a n g e  of  c r o p  c o n d i t i o n s  and s t a g e s  
of  m a t u r i t y ,  d i d  a l l o w  s a t i s f a c t o r y  c l a s s i f i c a t i o n  of  
t h e  d a t a .  S t u d i e s  i n v o l v i n g  a d a p t i v e  c l a s s i f i c a t i o n  
t e c h n i q u e s  must be developed and t e s t e d .  

5 . )  P r e l i m i n a r y  work on a e r i a l  e s t i m a t e s  of  a c r e a g e  o f  
major c r o p  s p e c i e s  and v a r i o u s  o t h e r  cover  t y p e s  f o r  
a r e a s  i n  e x c e s s  of 300,000 a c r e s  i n d i c a t e d  a  h i g h  
d e g r e e  of  a c c u r a c y ,  and o f f e r s  good promise f o r  
improving c u r r e n t  t e c h n i q u e s  f o r  such a c r e a g e  e s t i -  
mates .  It is  s i g n i f i c a n t  t h a t  t h e s e  r e s u l t s  were 
o b t a i n e d  w i t h  scanner  d a t a  t h a t  had n o t  been geo- 
n e t r i c a l l y  c o r r e c t e d .  T h i s  t e c h n i q u e  a l s o  a p p e a r s  
t o  o f f e r  a n o t l ~ e r  method o f  e v a l u a t i n g  t h e  accuracy  
of  c l a s s i f i c a t i o n  r e s u l t s ,  p rov ided  t h e  a r s a  sampled 
i s  l a r g e  enough, and t h a t  t h e  e x i s t i n g  a c r e a g e  f i g u r e s  
from o t h e r  s o u r c e s  a r e  r e a s o n a b l y  a c c u r a t e .  

I t  i s  b e l i e v e d  t h a t  t h e s e  r e s u l t s  concern ing  a  d e v e l o p i n g  c a p a b i l i t y  
t o  a c c u r a t e l y  i d e n t i f y  and map v a r i o u s  a g r i c u l t u r e  cover  t y p e s  and 
o b t a i n  a c c u r a t e  a c r e a g e  e s t i m a t e s  ( a s  were i n d i c a t e d  i n  F i g u r e  1 3 )  a r e  
among t h e  major  m i l e s t o n e s  t h a t  have been ach ieved  i n  a u t o m a t i c  d a t a  
a n a l y s i s  r e s e a r c h  t o  d a t e .  



A p p r e c i a t i o n  i s  e x p r e s s e d  t o  t h e  A i r p h o t o  I n t e r p r e t a t i o n  and 
Photogrammetry L a b o r a t o r y ,  Schoo l  of  C i v i l  E n g i n e e r i n g ,  Purdue  U n i v e r s i t y  
f o r  u s e  o f  t h e  Highway 37 s c a n n e r  and p h o t o g r a p h i c  d a t a .  

'411 a i r c r a f t  s c a n n e r  d a t a  and  t h e  40-county p h o t o g r a p h i c  d a t a  used  
were c o l l e c t e d  by t h e  I n s t i t u t e  o f  S c i e n c e  and Techno logy ,  U n i v e r s i t y  o f  
: .Iichigan. 

The r e s e a r c h  summarized h e r e i n  was s u p p o r t e d  by  XASA u n d e r  Gran t  
?JGL 15-005-112. G r a t e f u l  a p p r e c i a t i o n  is  e x p r e s s e d  t o  )?hS~l  f o r  t h i s  
s u p p o r t .  

The v a r i o u s  i n d i v i d u a l  s t u d i e s  were  c a r r i e d  o u t  by D r .  J a n  C i p r a ,  
i i e sea rch  Agronomist  a t  LARS; I l r .  E r i c  S t o n e r ,  g r a d u a t e  s t u d e n t ;  Mr. 
F o r r e s t  Goodr i ck ,  Resea rch  F o r e s t e r  a t  LLYS; Xr. Gary Johnson ,  g r a d u a t e  
s t u d e n t ;  D r .  C h r i s t i a n  J o h a n n s e n ,  A s s i s t a n t  P r o f e s s o r  of  Agronomy; 
Xr. P h i l l i p  LeZlanc ,  g r a d u a t e  s t u d e n t ;  :*lr. L u i s  B a r t o l u c c i ,  g r a d u a t e  
s t u d e n t ;  as w e l l  a s  t h e  a u t h o r .  
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Earth R e s o u r c e s  Data A n o l y s ~ s  S e q u e n c e  

B o s ~ c  Cover Type Mapplng 

I 
I I I I I I I  

Clouds Ice 8 Water So118 8 Vegetat~on Urban Other 
Snow Geolaglc Features 

Features 

I 
Natural 

I 
Cultural 

Grassland Brushland Forest Orchards Row Crops Srnoll Forages Other 
& Vineyards Gram 

Row Crops 

r-l-57 
Corn Sorghum Soybeans Coilon. Sugar Beets, 

1 etc n other geographic oreas 

Acreage Yield lnd~cators 

Maps Tables Vegetotlve Vegetative 

Dens~ty Cond~tlon 

M a t u r t y  Stresses 

Nut r~ent  insect D~seose Mo~s lu re  Other 

(Pollutants, e tc)  

Southern Corn Other 
Lea f  B l ~ g h l  

Figure  1. Data a n a l v s i s  sequence  i n  a u t o m a t i c  i d e n t i f i c a t i o n  
and mapping of  v a r i o u s  e a r t h  r e s o u r c e s  and t h e i r  c o n d i t i o n .  
F i g u r e  1-a  shows t h e  b a s i c  c o v e r  t y p e s  t h a t  cou ld  be m a ~ p e d  
and one p o s s i b l e  s u b d i v i s i o n  f o r  t h e  v e g e t a t i v e  c a t e g o r y .  
The a c r e a g e  and v i e l d  f a c t o r s  a r e  o f  pr imarv concern  f o r  each  
s p e c i e s  o f  concern ,  a s  p o i n t e d  o u t  i n  1-b. The complex 
i n t e r a c t i o n s  o f  manv s t r e s s  f a c t o r s ,  a l l  of  which mav i n f l u e n c e  
s p e c t r a l  r e sponse  of t h e  v e q e t a t i o n  b e i n g  s e n s e d ,  a r e  i n d i c a t e d  
i n  1-c. 
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F i g u r e  2.  S p e c t r a l  r e f l e c t a n c e  o f  v a r i o u s  s o i l  c o n d i t i o n s .  
These d a t a  were  o b t a i n e d  i n  s i t u  under  c o n d i t i o n s  o f  n a t u r a l  -- 
i l l u m i n a t i o n .  F i g u r e  2-a shows r e f l e c t a n c e  of  t h r e e  s o i l  
t v p e s  i n  a  d r y  c o n d i t i o n ,  w h i l e  2-b shows marked d i f f e r e n c e s  
i n  r e f l e c t a n c e  between wet and d r y  s o i l s  f o r  two s o i l  t v p e s .  
F i g u r e  2-c i n d i c a t e s  t h a t  t h e  r e f l e c t a n c e  f o r  some s o i l  t v p e s  
i n  a  dry  c o n d i t i o n  is very s i m i l a r  t o  t h e  r e f l e c t a n c e  o f  
o t h e r  s o i l s  t h a t  a r e  v e t .  The s u r f a c e  c o n d i t i o n  of a  dry  
s o i l  can cause  s i g n i f i c a n t  d i f f e r e n c e s  i n  s p e c t r a l  r e f l e c t a n c e ,  
a s  shown' i n  2-d. 
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~ Wate r (Northern Portion of Fltn) 

~ Water (Southern Portion of Fltn) 

III Bare Soil (Northern) 

~ Bare Soil (Southern) 

_ Green Vegetation (Northern) 

E:;:;:!J Green Vegetation (Southern) 

36~------------------------------------------------
0 .40 -0 .44 

(Blue) 
0 .66-0.72 

(Red) 

Wave length Band 

0.80 -1.00 
(Reflective IR) 

Figure 3. Spectral variabilitv of basic cover types along a 
North-South flightline. Data from areas about 60 miles 
apart are shown for three wavelength bands. The bars 
~epresent mean spectral response ±lo. Distinct differences 
exist for the water and the vegetation response between the 
two locations sampled. 
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7, 2 Scale 

Fllghtline Locations within the 
40 County Test Site , 

ILLINOIS 

CMrnpoqn 

Scale 
1 I I I I I 

40 m~les  ' 

I 
I L----- l  
I l ippecance 
I Counly 
I 

I INDIANA 

Figure 4 .  The 40-County t e s t  a r e a  showing t h e  g e n e r a l  l o c a t i o n  
o f  t h e  f l i g h t l i n e s  i s  shown i n  4-a. The l e n g t h  o f  t h e  f l i g h t -  
l i n e  segments  and d i s t a n c e s  between segments  i s  shown i n  4 - b .  



Illumination Changes of 40 Ccunty Test Site 
Data Values of Sun Sensor, Channels 3,6,11 July 1,1970 

6 5  F1 43 FI 42 FI 41 FI 40 'Gain Changed ~n 

Tme: 1059 1110 Ill0 1130 c hannnls 11.12,13 

500 10 20  33 4 0  50 60 X) 8 0  9 0  100 

F i g u r e  5. Sun s e n s o r  s i g n a l s  i n  three wavelength  b a n d s ,  a long  
E-\I f l i g h t l i n e .  Time o f  d a t a  c o l l e c t i o n  i s  a l s o  shown, and 
i n d i c a t e s  a g e n e r a l  upward s h i f t  i n  i l l u m i n a t i o n  l e v e l s  from 
wes t  t o  east  a s  the d a t a  were b e i n g  c o l l e c t e d .  A d i s t l n c t  
change i n  ga in  s e t t i n g  i s  i n d i c a t e d  i n  t h e  Channel 11 d a t a  
i n  F.L. 40. These changes were  c o r r e c t e d  i n  t h e  c a l i b r a t i o n  
p r o c e d u r e s .  



Classification Accuracy of Wheat in the 40 
County Test Site Flightlines, July 1 ,  1970 

Calibration Channels 
2-Point 3,5,8,11,12 
Drift 3,5,8,11,12 

l]]]]IIIl Drift 5,8,10,11,12 

F i g u r e  6 .  C l a s s i f i c a t i o n  accuracv  f o r  wheat  t e s t  f i e l d s  i n  
each  o f  t h e  f l i g h t l i n e  a r e a s .  Onlv F.L. 4 q  was used f o r  
s e l e c t i o n  o f  t r a i n i n g  samples .  The 2-point  c a l i b r a t i o n  
( d r i f t  and sun s e n s o r )  a p p e a r s  t o  g i v e  much more a c c u r a t e  
c l a s s i f i c a t i o n  r e s u l t s  than  d r i f t  c a l i b r a t i o n  o n l y .  
Note t h a t  F.L. 40 (where t h e  t r a i n i n g  samples  were  s e l e c t e d ) ,  
i s  approx imate lv  80 m i l e s  from F.L. 43. 
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Cover Type Classification 
For Test Samples Representing 500 Sq. Mile Area 

40 
9 3 . 1  % Classification Accuracy 

96.9 '10 W No. Points not 
Correctly Classified 

a No.  Points 
3 0 Correctly Classified 

Overal I Accuracy = 94.1% 

2 0  

10 

0 
Corn Soybeans Forages Other 

(Water, Soil, 
Trees 1 

F i g u r e  8. C l a s s i f i c a t i o n  r e s u l t s  o f  test sample p o i n t s  f o r  
a l l  f l i g h t l - l n e s  i n  combinat ion.  The h i g h  p e r c e n t a g e  c o r r e c t  
c l a s s i f i c a t i o n  shown, a l o n g  w i t h  t h e  large numbers o f  sample 
p o i n t s ,  i n d i c a t e s  ve ry  good e x t r a p o l a t i o n  from t h e  t r a i n i n g  
f i e l d s  t o  t h e  e n t i r e  area. 



Accuracy of Cover Type Classification for 
Test Samples Representing 500 Sq. Mile Area 

(Numbers Indicate Total Data Points tested in each Class) 

Corn Soybeans Forages Water Soi I Trees 

F i g u r e  9 .  Accuracy o f  c l a s s i f i c a t i o n  o f  t e s t  samples .  
The accuracv  and number of  d a t a  p o i n t s  i n v o l v e d  a r e  
i n d i c a t e d .  The i n d i v i d u a l  c l a s s e s  of  w a t e r ,  s o i l  and 
t r e e s  ( p r e v i o u s l y  combined as "o the r" )  a r e  a l s o  shown. 



ADP Results of Acreage Estimates 
(Actual Area = 322,560 Acres) 

Computer Classification 
Cover Type Acreage Estimate * 

Corn 
Soy beans 
Fornges (Hay, Pasture, Stubble) 123, 020 
Woods 2 5 , 9 4 0  
Urban 81 Other 33, 920 

(Roads, Water, Misc.) 

Total = 3 2 3, 850 Acres 

Percentage of 
Total Area 

*An Estimated 83,072 Acres Were Scanned 

F i g u r e  10 .  Acreage e s t i m a t e s  o f  major  cover  t y p e s  i n  
Tippecanoe Countv,  based  upon computer c l a s s i f i c a t i o n  of  
t h e  v a r i o u s  c o v e r  t y p e s .  The cover  t v p e s  have been combined 
t o  f a c i l i t a t e  compari.son w i t h  p u b l i s h e d  f i g u r e s  o f  ac reage  
e s t i m a t e s  . 
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Land Use Mapping 
Green Vegetation Features 

c:::J Gross _ Trees - SMtls 

(a) (b) 

(c) 

COHPARISON or RF. SULTS 

Computer 
Material Classification 

Roof 8.0 

Asphalt 10.1 

Concrete 6 . 3 

Tree::> 15.2 

r.ras~ GO.l 

(d) 

Estimate 

8.2 

7.6 

5.7 

18.6 

59.9 

Figure 12. (a) Black and white reproduction of a color 
infrared photo of subdivision study area. (b) Computer 
printout of classification results showing only areas 
c1assi fied as tree & shrubs or as grass. (c) Printout 
of a:eas classified as man-made and hard ~urface area. 
( d) Percentage of total area classified into the various 
cover types by computer compared to area percentages 
estimated by .~ very fine dot grid and using an aerial 
photo. 



Effect of Scan Line Averaging on Data Noise 

Individual Scan Lines 

Averaged Scan Lines 

? 
3 
C z 
aJ 
a 
E e 
C 
C 
0 .- 
u 
0 
K 

Data Points along Line of Flight 

Figure 13. Effects  of scan l i n e  averaging on data noise.  
Data on top shows data points along the l i n e  of  f l i g h t  for 
a s ing le  column of data, using non-averaged scan l i n e s .  
Bottom data shows averaged scan l i n e s .  The reduction i n  
the amount of noise i n  the data i s  evident. 
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Figure 14. Computer printout of thermal data calibrated to 
i ndicate true radiometr ic temperature , and comparing 
individual scan lines and aver aged scan lines of data. 
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No te the more distinct "speckled" pat tern i n t he i ndividual 
scan l ine data, par ticularly in the portion of the Wabash 
River above the point where the Tippecanoe River comes in 
from the left (west). 



Causes of Spectral Variability 
Natura I ,  Geographic Variation 

of the Materials 
Illumination Conditions 
Atmospheric Conditions 
Instrumentation Drift and 

Adjustments 
Data System Imperfections 

Figure 15. Major causes of spectral variability. Satellite 
data from ERTS and SKYLAB should allow some of these factors 
to be minimized (as compared to aircraft data collection 
techniques) thereby allowing a better understanding of the 
natural geographic variations of the vegetation, soils, 
water, and other earth resources materials of concern. 




