
Paper A 3 

AN EVALUATION OF MACHINE PROCESSING TECHNIQUES OF ERTS-1 DATA 
FOR USER APPLICATIONS 

David bndgrebe and Staff 

INTRODUCTION: A Context f o r  t h e  Work 

For some 4 underway t o  l e a r n  how t o  
use  computing n s ing  and a n a l y s i s  of  re- 
motely sensed f t h i s  work i s  n o t  t o  
produce an automatic  a n a l y s i s  system, but t o  u t i l i z e  computing 
machinery f o r  t h e  r e p e t i t i v e  and rou t ine  a s p e c t s  of  t h e  t o t a l  
a n a l y s i s  and process ing  problem i n  order  t o  minimize t h e  c o s t s  
and i n c r e a s e  t h e  throughput rate. 

t i m e  of t h e  launch of  E R T S  
a number of machine process:  . .  r 

,ARSYS', and t h i s  system h a s  1 
' t e s t e d  on s e v e r a l  d i f f e r e n t  
.ner  d a t a .  Thus, an importan. 
w a s  t o  tes t  t h i s  process ing  I 

Le, h igh  q u a l i t y  d a t a  which E: 

By t h e  -1 t h i s  r e sea rch  had 
i d e n t i f i e d  ing a lgor i thms u s e f u l  
f o r  bo th  preprocess ing  ana a n a l y s i s  or t h e  d a t a .  Some of  t h e s e  
process ing  a lgo r i thms  have been embodied i n t o  a sof tware  system 
known as L been widely used and 
thoroughly problems u t i l i z i n g  a i r -  
c r a f t  s c a n  t t a s k  wi th  t h e  launch  
of  ERTS-1 nethod r e l a t i v e  t o  t h e  
h igh  volum 
produce. 

RTS-1 w a s  expected t o  

The vantage p o i n t  adopted i n  dev i s ing  t h i s  test i s  based 
on a t t e m p t i n s  t o  v i s u a l i z e  t h e  complete spectrum of  informat ion  
which might notely sensed d a t a .  An e a r t h  
r e sources  i igure 1) i s  one way t o  v i s u a l i z e  
t h i s  s p e c t r  t h e  information tree concept ,  
t h e  t o t a l i t y  or s u r r a c e  rear;ures i s  f i r s t  broken down i n t o  
r e l a t i v e l y  simple classes such as: 

Vegetat ion 
S o i l s  and Geologic Fea tu res  
Urban Fea tu res  
Hydrological  Fea tures  
Atmospheric F e a t u r e  s 

Each of  t h e s e  i n  t u r n  may be broken down i n t o  more d e t a i l .  
example, v e g e t a t i o n  might be subdivided i n t o  n a t u r a l  and cu l -  
t u r a l  v e g e t a t i o n ;  under c u l t u r e d  vegeta t ion  t h e r e  would be 
c roplands  and t h i s  could be f u r t h e r  broken down t o  s p e c i e s ,  var -  
i e t y ,  y i e l d ,  etc. I n  t h i s  way one c a n  v i s u a l i z e  t h e  informat ion  
d e r i v a b l e  through remote sens ing  of sur face  f e a t u r e s  as  being 

For 
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essentially a continuum of data classification possibilities. 
Although it is not precisely true in every case, generally the 
deeper one goes down the information tree the more difficult 
the classification task. 

From this vantage point then and realizing the importance 
of being able to ultimately satisfy an actual user's needs, a 
suitable test of a new processing approach might be devised by 
selecting a set of study projects which (a) are associated with 
specific user problems of importance and (b) which suitably 
sample this spectrum of information possibilities from left 
to right and from top to bottom. Following this approach for 
our study, five specific application investigations were select- 
ed. * These were: 

1. General Earth Feature Identification 
2. Crop Species Identification 
3. Soil Association Mapping 
4 .  Urban Land Use Analysis 
5. Water Resource Identification 

State and regional information users were also identified for 
each of these tasks and their cooperation secured so that each 
of these application investigations could be directed at a 
specific user need. 

Along with these application investigations four supporting 
technology tasks were also proposed. 
in order to bring the existing technology of processing and 
analysis into compatibility with the new data source. The four 
supporting technology tasks were: 

These tasks were needed 

.Analysis Technique Development 

.Reformatting and Temporal Registration 

.Atmospheric Modeling 

.System and Scene Corrected Data Comparison 

The purpose of this presentation is to present some new 
results on several of these study projects. Before doing so 
however, it will add to the overall perspective to briefly note 
results presented on these study projects in earlier ERTS-1 
Symposia. At the first ERTS-1 meeting in September, 1972 a 
report' was presented which treated classes of earth surface 
features similar to those of application investigation number 
1, above; however the real purpose of this study was to test 
rapid turn-around analysis possibilities and to gain an initial 
indication of the quality of the data which the satellite 
was producing. The analysis of the so-called Texoma ERTS frame, 
the first frame produced in computer compatible tape form by 
the ground station, was carried out within 48  hours after re- 
ceipt of the data and within 72 hours after the data was gather- 
ed. Successful machine classifications were obtained for such 
*In addition to the ERTS-Wabash Valley Study (UN 127, D. Landgrebe, 
Principal Investigator) two other were conceived as a part of 
the overall test. They are UN 103, R. Hoffer, Principal Investi- 
gator for problems involving especially terrain relief and UN 630, 
M. Baumgardner, Principal Investigator for other types of agri- 
cultural and range situations, e.g. dry land and irrigation farm- 
ing. These are reported on elsewhere in this symposium. 
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classes as : forest, several categories of rur.yrsur.u, crop- 
land, and several categories of water. A quantitative evaluation 
of classification accuri .ot conducted. 

At the March, 1973 :ymposium a report3 was provided 
on preliminary urban land use inventory studies using these 
methods. Preliminary analysis of data over Milwaukee, Wisconsin; 
Chicago, Illinois; and Indianapolis, Indiana were reported. 
Urban land use categories such as older housing, newer housing, 
industry, commerce, wooded areas, water and grassy areas were 
utilized. The results were evaluated on a qualitative basis. 
Later in this report we shall give the results of a replication 
of this study together with a quantitative analysis of the 
accuracy. 

.Also in the March 1973 ERTS Symposium, the results of a 

Utilizing test areas involving 500 agricul- 
relatively extensive agricultural crop classification study 
were reported.4 
tural fields scattered over a three county area, a demonstrated 
accuracy in excess of 80 percent was reported; in addition, the 
results of extrapolating training from one county to ahother 
were reported as successful and preliminary results on the 
use of temporally registered data for improving classification 
accuracy was given. Additional work of this type has been 
undertaken with data from other parts of the country where 
cropping patterns are significantly different. Some of this work 
is being done in cooperation with the Statistical Reporting 
Service, USDA (Mr. Don, VonSteen and Mr. Bill Wigton). This 
work is reported elsewhere in this meeting. 

' . e* 

In the remainder of this report, we will provide results 
from additional studies and urban land use analysis, soil 
association mapping, and in reformatting and temporal regis- 
tration, thus further filling in the profile of possible 
performance and future utility of satellite data coupled with 
machine processing. 

URBAN LAND USE ANALYSIS 

Figure 2 shows an ERTS image centered over the southern tip 
of Lake Michigan. This data was gathered on October 1, 1972. 
In order to determine the repeatability of urban land use map- 
ping possibilities which ERTS provides a replication of an 
earlier urban land use mapping test was conducted using the 
Gary-Hammond, Indiana area. 

In conducting such an experiment the first task is to dis- 
play the data in a suitable fashion to the analyst. Figure 3 
shows the same data displayed electronically from computer com- 
patible tape data rather than by conventional photographic 
means. This image, formed on a digital image display device, 
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u t i l i z e d  t h r e e  channels  of ERTS d a t a  i n  a fash ion  s i m i l a r  t o  
s tandard c o l o r  products  a v a i l a b l e  from t h e  ERTS ground s t a t i o n .  
However, i n  t h i s  case r a t h e r  than balancing t h e  d i s p l a y  of 
the  t h r e e  s p e c t r a l  bands i n  t h e  convent ional  fash ion  t h e  
c o n t r a s t  of each band has  been maximized i n  t h i s  p r e s e n t a t i o n  
based o n . t h e  a c t u a l  range i n  t h i s  da t a .  
i n  a l a r g e  q u a n t i t y  of information being d isp layed .  However, 
of course ,  t r a i n i n g  i n  i n t e r p r e t i n g  t h i s  new media would be 
requi red  t o  real ize  it. 

I n  theo ry ,  t h i s  r e s u l t s  

One of t h e  advantages of e l e c t r o n i c a l l y  d i sp l ay ing  d a t a  i s  
i n  t h e  a d d i t i o n a l  f l e x i b i l i t y  it provides  over convent ional  means. 
For example, i n  t h i s  case our  i n t e r e s t  i s  t o  be focused on 
t h e  southern-most t i p  of Lake Michigan. The nex t  fou r  f i g u r e s  
show d i s p l a y s  of t h i s  same region a t  succeedingly inc reas ing  
l e v e l s  of d e t a i l  (Figure 4 ,  5 ,  6 ,  and 7). 

each land  use c l a s s  t o  be used. This  i s  done wi th  t h e  a id  
of a c l u s t e r i n g  algori thm. The set of t r a i n i n g  samples re- 
s u l t i n g  i s  used t o  c l a s s i f y  t h e  e n t i r e  s tudy  area, us ing  t h e  
Gaussian maximum l i k e l i h o o d  c l a s s i f i e r  of LARSYS. 

The a n a l y s i s  proceeds by s e l e c t i n g  s m a l l  areas t y p i c a l  of 

The r e s u l t i n g  c l a s s i f i c a t i o n  i s  shown i n  conjunct ion wi th  
t h e  raw d a t a  (Figure 8), and as Figure  9. Important f e a t u r e s  
and land use classes are loca ted  wi th  le t ters  o r  numbers i n  
Figure 9 and are also l i s ted  i n  Table 1. Gray levels  used fo r  
t h e  d i s p l a y  of t h e  s p e c t r a l  classes are as fo l lows:  

Industrial/Commercial  Medium Gray 
Older Housing Black 
N e w e r  Housing White 
Trees Light  Gray 
Grassy (open, a g r i c u l t u r a l )  Dark Gray 
Water Black 
Smoke White 

Older  housing and w a t e r  have been ass igned  t h e  same gray  level 
( b l a c k ) ,  bu t  cons ide ra t ion  of  t h e i r  areal d i s t r i b u t i o n s  pre-  
ven t s  confusion between t h e  t w o .  Water i s  l a r g e l y  r e s t r i c t e d  
t o  Lake Michigan and t o  s e v e r a l  o t h e r  w a t e r  bodies ,  such as 
W o l f  Lake. Older housing i s  located between coastal  i n d u s t r i a l  
es tab l i shments  and newer housing. Smoke and newer housing also 
have t h e  s a m e  gray  l e v e l s  (wh i t e ) .  Smoke, however, i s  found 
only over  Lake Michigan, while  newer housing i s  l o c a t e d  t o  
the  south.  

Agr i cu l tu ra l  a r e a s  (shown a s  dark  gray)  w e r e  i d e n t i f i e d  i n  
the southern p a r t  of t h e  s tudy  a r e a .  This  class inc luded  crop- 
land, pas tu re ,  and i d l e  land i n  r u r a l  areas, as  w e l l  a s  pa rks ,  
golf  courses ,  and open land i n  urban areas. Wooded areas (shown 
as l i g h t  gray)  are commonly a s s o c i a t e d  w i t h  t h e  dra inage  
p a t t e r n  of t h e  s tudy area. Three p r i n c i p a l  s t a n d s  of trees 
appeared, i n  conjunct ion wi th  t h e  L i t t l e  C a l u m e t  River ,  Deep 
River, and t h e  Dunes P a r k  area along Lake Michigan. Water, 
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disp layed  as  b l ack ,  i s  l o c a t e d  i n  Lake Michigan and o t h e r ,  
sma l l e r  w a t e r  bodies  such as Wolf Lake. 

N e w e r  housing developments, shown a s  whi te ,  are l o c a t e d  
on t h e  f r i n g e s  of  t h e  urbanized a r e a ,  i n  t h e  m u n i c i p a l i t i e s  
of  Munster, Highland, G r i f f i t h ,  and Merriville. The ma jo r i ty  
of t h e  s t r u c t u r e s  w e r e  b u i l t  s i n c e  World W a r  11. Lawns 
( g r a s s )  and streets are t h e  two pr imary c o n s t i t u e n t s  of  t h i s  
s p e c t r a l  class. Therefore ,  four- lane highways w e r e  a l s o  c l a s s i -  
f i e d  as newe 

Older I as b lack ,  c o n s i s t s  of  a r e a s  
developed pr They a r e  found i n  Hammond, 
Whiting, Eas Closely spaced roo f tops ,  
a long wi th  II ge t r e e s )  are t h e  reasons  
f o r  t h e  s p e c c r a i  s e p a r a r n i i c y  or t h i s  c l a s s .  

Indus t r  (shown as  m e d i u m  gray)  are 
u s u a l l y  void are cha rac t e r i zed  by t h e  
occurrence c o t s ,  streets, and bare  ground. 
Examples inc,,-- ----, -.S. S t e e l ,  Standard O i l ,  
Bethlehem Steel, t h e  Gary Cen t ra l  Business D i s t r i c t ,  and 
Broadway P l a z a  Shooping Center (F igure  9 ) .  

The l and  use  classes i d e n t i f i e d  i n  t h i s  s tudy  correspond 
w e l l  w i th  t h e  classes proposed by Anderson, Hardy, and Roach i n  
t h e  U . S .  Geologica l  Survey C i r c u l a r  6715 and a l s o  wi th  those  
developed i n  p rev ious  ERTS urban ana lyses  ( 2 ,  7 ,  11, 1 3 ) .  
Fu r the r  invc ! , however, i n t o  i n d u s t r i a l  
areas i n  t h j  )f t h e i r  l a r g e  areal e x t e n t  i n  
t h e  Gary-Han 

F ive  s p e c t r a l  classes or commerc ia l / indus t r ia l  l and  use 
w e r e  developed. 
spaced r o o f t o p s ;  t h e  o t h e r  t h r e e  are a s s o c i a t e d  wi th  g r a v e l  o r  
sandy areas i n  i n d u s t r i a l  areas, ad jacen t  t o  t h e  roo f top  classes. 
The n o r t h e r n  p a r t  of t h e  c l a s s i f i c a t i o n  image i s  shown i n  
F igure  1 0 .  
as fo l lows:  

Two of t h e  classes a r e  a s s o c i a t e d  wi th  c l o s e l y  

Gray l e v e l s  used f o r  t h e  c l a s s i f i c a t i o n  image are 

Rooftops (dark r e f l e c t a n c e )  Black 
Rooftops ( b r i g h t  r e f l e c t a n c e )  Dark Gray 
Gravel/Sandy areas ( 3  c l a s s e s )  Medium Gray 
Smoke White 
A l l  Other Classes Light  Gray 

The r e a d e r  w i l l  no t e  t h a t  t h e  same c l a s s i f i c a t i o n  i s  shown i n  
b o t h ' F i g u r e  9 and Figure 1 0 ;  t h e  o n l y  i d f f e r e n c e  i s  t h e  ass ign-  
ment of  g r a y  l e v e l s  t o  t h e  s p e c t r a l  c l a s s e s .  

The class shown as black i n  Figure 1 0  i s  a s s o c i a t e d  
p r i m a r i l y  w i t h  dark  roo f ing  m a t e r i a l ,  but  a l s o  wi th  l a r g e  c o a l  
p i l e s .  Large areas of  t h i s  spe,ctral  c l a s s  are a s s o c i a t e d  wi th  
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t h e  t h r e e  l a r g e  s teel  f i rms  i n  t h e  s tudy a r e a  -- In land ,  U . S . ,  
and Bethlehem. The o t h e r  roo f top  c l a s s ,  d i sp layed  as dark 
gray ,  i s  a s s o c i a t e d  wi th  b r i g h t e r  r e f l e c t i n g  roo f tops .  Reasons 
f o r  t h e  t h r e e  s p e c t r a l  c a t e g o r i e s  of gravel /sandy areas ( a l l  
d i sp layed  as medium g ray )  are n o t  e n t i r e l y  clear a t  t h i s  t i m e  
but they probably re la te  t o  both t h e  c o l o r  of t h e  m a t e r i a l  and 
t h e  presence/ lack of spa r se  v e g e t a t i v e  cover .  Two l a r g e  areas 
of gravel /sandy material are loca ted  i n  t h e  northwest  p a r t  of  
t h e  s tudy area, one between t h e  l a r g e  bu i ld ing  complexes of 
Inland and U . S .  S t e e l  companies and t h e  second i n  t h e  l a r g e  o i l  
r e f i n i n g  d i s t r i c t  i n  t h e  Whiting-East Chicago a r e a .  I n  t h e  
no r theas t e rn  p a r t  of t h e  s tudy  a r e a ,  another  l a r g e  a r e a  of  
gravel /sand i s  l o c a t e d  w e s t  of t h e  b u i l d i n g s  of  Bethlehem S t e e l .  
T h i s  a r e a  was dominated by one of t h e  t h r e e  c l a s s e s  of g r a v e l /  
sand, and had a p a r t i c u l a r l y  high s p e c t r a l  r e f l e c t a n c e  i n  
both t h e  v i s i b l e  and i n f r a r e d  p o r t i o n s  of  t h e  spectrum. The 
ground cover i n  t h i s  area i s  t h e  dune sand t y p i c a l  of t h i s  l o c a l e .  

The f i n a l  class used i n  t h i s  c l a s s i f i c a t i o n  scheme, t h e  
w h i t e  a r e a s  i n  Lake Michigan, i s  specula ted  t o  be smoke coming 
from c o a s t a l  i n d u s t r i a l  e s t ab l i shmen t s .  S p e c t r a l l y ?  t h e  c l a s s  
i s  s i m i l a r  t o  water ,  having a very  dark r e f l e c t a n c e  i n  t h e  in -  
f r a r e d  (Figure 8-B). Severa l  f a c t s ,  however, when considered 
a s  a whole, l e a d  one t o  conclude it i s  smoke. The l i n e a r ,  
p a r a l l e l  arrangements of t h e  d a t a  p o i n t s ,  ex tending  some 30 
m i l e s  i n t o  Lake Michigan, are c o n t r a r y  t o  t h e  c i r c u l a t i o n  
p a t t e r n s  i n  t h e  l ake .  Moreover, t h e  me te ro loq ica l  r eco rds  
r e p o r t  t h a t  t h e  wind was o u t  of t h e  southwest on t h e  morning of 
t h e  ERTS pass .  

While smoke was probably i d e n t i f i e d  i n  t h e  w e s t e r n  p a r t  
of t h e  s tudy  a r e a ,  t h e  smoke d a t a  p o i n t s  a long t h e  c o a s t  i n  
the e a s t  w e r e  probably w a t e r .  Moreover? t h e  l a r g e  a r e a  c lass i -  
f i e d  a s  smoke northwest  of Bethlehem Steel w a s  probably a t h i n  
cloud.  Despi te  t h e  s p e c t r a l  confusion i n  t h e s e  a r e a s ,  t h e  p a r t i a l  
s e p a r a b i l i t y  does warrant  f u r t h e r  i n v e s t i g a t i o n  of t h e  pheno- 
mena of smoke l o c a t e d  over  w a t e r  bodies .  

CLASSIFICATION ACCURACY 

An a t tempt  was made t o  determine t h e  c l a s s i f i c a t i o n  accuracy 
by a sampling method. A number of  r e c t a n g u l a r  t e s t  areas were 
determined f o r  each land use ,  and t h e  c l a s s  accuracy determined 
(Table 2 ) .  Water, wooded areas, o l d e r  housing,  and newer hous- 
ing were a l l  i d e n t i f i e d  wi th  over  9 0  p e r c e n t  accuracy.  Trouble 
was encountered i n  indus t r ia l /commerc ia l  a r e a s ,  most of t h e  
m i s c l a s s i f i c a t i o n  being a t t r i b u t e d  t o  o l d e r  housing. The poor- 
e s t  c l a s s i f i c a t i o n  accuracy w a s  i n  g r a s s y  and a g r i c u l t u r a l  a r e a s ,  
w h e r e  less than 70 pe rcen t  of t h e  d a t a  p o i n t s  w e r e  a c c u r a t e l y  
c l a s s i f i e d .  M i s c l a s s i f i c a t i o n  of  t h e s e  areas w a s  of two 
major types .  One, a r e a s  i n  a g r i c u l t u r a l  r e g i o n s  a s s o c i a t e d  w i t h  
darker  co lored  s o i l s  proved d i f f i c u l t  t o  s e p a r a t e  from o l d e r  
housing. One such a r e a  was l o c a t e d  sou th  of  L i t t l e  Calumet 
River ,  i n  Munster and Highland. The o t h e r  t ype  of m i s c l a s s i f i -  
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:ion w a s  i n  undeveloped marshland ad jacen t  t o  indust  
!as. Large areas south  of U.S.  S t e e l  and a long  U.S, 
r 1 2  w e r e  m i s c l a s s i f i e d  a s  o l d e r  housing. 

Impor tan t  t a b u l a r  d a t a  can be generated from t h e  
) ces s ing  of ERTS da t a .  Table 3 con ta ins  an est imatc  
) p o r t i o n  of t h e  s tudy a r e a  (excluding Lake Michigan) a l l o c a t e d  
t h e  v a r i o u s  land uses ,  ob ta ined  by a simple t a l l y i n g  of  t h e  
tbers of d a t a  p o i n t s  i n  each land use.  Adjustdents  w e r e  made 
7 a g r i c u l t u r a l / g r a s s y  a r e a s ,  commerc ia l / indus t r ia l ,  and o l d e r  

nousing,  r e l a t i v e  t o  t h e  m i s c l a s s i f i c a t i o n  between t h e s e  t h r e e  
land  uses .  Acreages w e r e  ob ta ined  by mul t ip ly ing  t h e  number of 
d a t a  p o i n t s  by 1.1, t h e  approximate r e s o l u t i o n  of  ERTS. The 
data i n  Table  3 could have been repor ted  by smaller areal  u n i t s ,  
such as m u n i c i p a l i t i e s ,  townships,  or .s t r a c t s ,  by s t o r i n g  
t h e  d e s i r e d  boundaries  i n  t h e  compute 

\ 

S O I L  ASSOCIATION MAPPING 

Computerized a n a l y s i s  of ERTS MSS da ta  has  y i e l d e d  images 
which w i l l  prove u s e f u l  i n  such programs as  t h e  ongoing Co- 
o p e r a t i v e  S o i l  Survey program, involv ing  t h e  S o i l  Conservat ion 
Se rv ice  of U S D A  and o t h e r  s t a t e  and l o c a l  agencies .  I n  t h e  
p r e s e n t  mode of ope ra t ion ,  a s o i l  survey f o r  a county may t ake  
up t o  5 y e a r s  t o  be completed. Resu l t s  r epor t ed  he re  i n d i c a t e  
t h a t  a g r e a t  d e a l  of s o i l s  in format ion  can be e x t r a c t e d  from 
ERTS d a t a  by computer a n a l y s i s .  Th i s  information i s  expected 
t o  be ve ry  va luab le  i n  t h e  premappfng conference phase of  a 
s o i l  survey f o r  a county,  r e s u l t i n g  i n  more e f f i c i e n t  f i e l d  
o p e r a t i o n s  du r ing  t h e  a c t u a l  mapping. 
i n  g r e a t e r  accuracy of  mapping and decrease t h e  t i m e  r e q u i r e d  
t o  produce t h e  s o i l  survey. 

I t  i s  expected t o  r e s u l t  

1 

--Several s t a t e s  are p r e s e n t l y  a c c e l e r a t i n g  t h e i r  s o i l  sur-  
vey programs i n  l i g h t  of  t h e  inc reased  p res su re  on o u r  s o i l  
r e s o u r c e s  f o r  product ion of food and f i b e r .  S ince  soi ls  are a 
pr imary c o n s i d e r a t i o n  i n  land use  planning,  t h e s e  i n v e n t o r i e s  
of s o i l s  r e sources  are d e s p e r a t e l y  needed a t  t h e  p r e s e n t  t i m e .  

The t a s k  being pursued i n  our  ERTS-1 s tudy  i s  concerned 
p r i m a r i l y  w i t h  comparison of gene ra l i zed  county s o i l  maps wi th  
m u l t i s p e c t r a l  maps produced by computer a n a l y s i s  of ERTS MSS 
data. A t y p i c a l  s o i l  a s s o c i a t i o n  map i s  g iven  i n  F igure  11. 
I n i t i a l  i n v e s t i g a t i o n  of d i s c r i m i n a b i l i t y  of i n d i v i d u a l  s o i l  
t y p e s  f o r  m o r e  d e t a i l e d  mapping a r e  a l s o  being conducted. 

The procedure being followed i n  determining t h e  u t i l i t y  
Of ERTS data involves  d i r e c t  comparisons of ERTS images of 
v a r i o u s  types t o  e x i s t i n g  s o i l  a s s o c i a t i o n  maps. Techniques 
w e r e  developed du r ing  t h e  course  of t he  p r o j e c t  t o  f a c i l i t a t e  
making such  comparisons independent of t h e  s p e c t r a l  cha rac t e r -  
i s t ics  of t h e  s o i l s .  E s s e n t i a l l y ,  t h i s  i s  accomplished by 
the digital geornetric correction of ERTS MSS data where necessary  
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( i n  t h e  computer a n a l y s i s  phases) and d i r e c t  ove r l ay  of  con- 
ven t iona l  s o i l  maps on to  t h e  ERTS images. 

Four t y p e s  of techniques  are being t e s t e d :  

1) B/W photographic  image-single band 
2 )  B/W e l e c t r o n i c  image-single band 
3 )  c o l o r  e l e c t r o n i c  image-three bands 
4 )  Computer c l a s s i f i c a t i o n  image-four bands 

I n  each case an a t tempt  w a s  made t o  draw boundaries between 
g e n e r a l i z e d  so i l  a s s o c i a t i o n s  on to  t h e  image. T h i s  was follow- 
e d  by comparison wi th  a s o i l  a s s o c i a t i o n  map i n  t r a n s p a r e n t  
over lay  form. The ove r l ay  w a s  pho tograph ica l ly  manipulated 
t o  t h e  same s c a l e  as t h e  ERTS image con ta in ing  t h e  i n t e r p r e t e d  
boundaries.  

An i n s p e c t i o n  and test  of  d a t a  from v a r i o u s  d a t e s  h a s  
v e r i f i e d  t h e  o r i g i n a l  assumption t h a t  d a t a  gathered a t  a t i m e  
Of maximum so i l  exposure provides  t h e  b e s t  r e s u l t s .  T h i s  
occurs  i n  l a t e  Spring i n  t h e  Wabash Val ley.  For example on 
June 9, 1973 it w a s  found t h a t  55% of  Tippecanoe County, 
Indiana w a s  nonvegetated.  

The gene ra t ion  of  t h e  b lack  and white  images i s  s t r a i g h t -  
forward wi th  t h e  except ion  t h a t  t h e  e l e c t r o n i c a l l y  gene ra t ed  
one has  i t s  c o n t r a s t  opt imized r e l a t i v e  t o  t h e  scene d a t a  range.  
The e l e c t r o n i c a l l y  genera ted  c o l o r  image i s  generated i n  t h e  
same fa sh ion  as F igu res  3 through 7. 

superv ised  c l a s s i f i c a t i o n  of  t h e  f o u r  band d a t a .  An example 
i s  shown i n  F igu re  1 2  which i n c l u d e s  t h e  so i l  map o v e r l a y .  
I t  was found i n  t h i s  case t h a t  t h e  d a t a  could be p a r t i t i o n e d  
i n t o  1 0  m u l t i s p e c t r a l  classes such t h a t  none w e r e  s p e c t r a l l y  
similar t o  one another .  

The f o u r t h  type ,  t h e  computer c l a s s i f i c a t i o n  i s  a non- 

I n  t h i s  f i g u r e  t h e  very dark  c o l o r s  r e p r e s e n t  v e g e t a t e d  
a reas  w h i l e  i n t e rmed ia t e  and l i g h t  c o l o r s  show nonvegetated 
soils. A close i n s p e c t i o n  of t h e  image r e l a t i v e  t o  t h e  map 
boundaries r e v e a l s  t h a t  some g e n e r a l i z e d  s o i l  boundaries  are 
mislocated on t h e  convent iona l  map. AII example i s  seen i n  
t h e  upper l e f t  p a r t  of  t h e  image, where a l i g h t  co lored  area 
extends from s o i l  a s s o c i a t i o n  81(Miami-Russell-Fincastle) 
ac ross  t h e  area mapped as s o i l  a s s o c i a t i o n  73 (Raub-Ragsdale) 
and i n t o  s o i l  a s s o c i a t i o n  89 ( S i d e l l - P a r r )  . The Raub-Ragsdale 
s o i l  a s s o c i a t i o n  would n o t  t y p i c a l l y  c o n t a i n  such large d e l i n e -  
a t i o n s  of t h e s e  wel l -drained soi ls .  

Seve ra l  s o i l  a s s o c i a t i o n s  can be d e l i n e a t e d  ve ry  w e l l  i n  
Figure 1 2 .  S o i l  a s s o c i a t i o n  1 6  (Elston-Wea) i s  v e r y  d i s t i n c t i v e  
i n  the  l e f t  c e n t e r  of  t h e  image. S o i l  association 66 ( F i n c a s t l e -  
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kston)  has  a d i s t i n c t i v e  appearance i n  t h e  upper 

73 and 89 a r  i l y  d e l i n e a t  -om s o i l  associ- 
o f  t h e  image a s  w e l l  as i n  o t h e r  areas. S o i l  

8 1  i n  seve r  ,cas. 

shows r e s u l t s  of comparing f a l s e  c o l o r  e l e c t r o n i c  
nputer  c l a s s i f i c a t i o n  images wi th  t h e  s o i l  
sp. The computer c l a s s i f i c a t i o n  most Close ly  

dgreea w i c n  che s o i l  map, and t h e  d i sc repanc ie s  noted  are 
as soc ia t ed  wi th  e r r o r s  i n  t h e  convent ional  map. 

Table 5 g i v e s  r e s u l t s  o f  t h e  i n v e s t i g a t i o n  of s p e c t r a l  
s e p a r a b i l i t y  of i n d i v i d u a i  s o i l  types .  The o v e r a l l  accurac! 
Of 89% i n d i c a t e s  t h a t  ERTS d a t a  can be used  t o  assist i n  
i d e n t i f i c a t i o n  and mapping of  i nd iv idua l  s o i l  t ypes .  

Although t h e s e  s t u d i e s  have n o t  been completed,  it seer 
t h a t  several p o s i t i v e  conclus ions  w ? l l  be forthcoming. Geo- 
m e t r i c  c o r r e c t i o n  of ERTS MSS data and d i r e c t  o v e r l a y  of 
e x i s t i n g  convent iona l  s o i l  maps f a c i l i t a t e d  s p e c i f i c  and 
P r e c i s e  comparisons. Used t o g e t h e r ,  these  two sources  pro- 
v ide  inc reased  informat ion  on s o i l  c h a r a c t e r i s t i c s  which shousu 
be extremely u s e f u l  i n  t h e  Nat iona l  Cooperat ive S o i l  Survey. 
Computer c l a s s i f i c a t i o n  images contained more s o i l s  in format ion  
than any o t h e r  images i n v e s t i g a t e d .  This  advantage of computer 
a n a l y s i s ,  coupled wi th  t h e  advantages of be ing  compatible wi th  
o t h e r  &ta ' -btorage and re t r ieval  systems f o r  s o i l s  and l and  use 

A E i - m > k e  t h e  computer a n a l y s i s  approach h i g h l y  d e s i r a b l e .  
S ince  s o i l s  are a major cons ide ra t ion  i n  l and  use  and l a n d  
use planning,  t h i s  t y p e  of a n a l y s i s  w i l l  l i k e l y  become of even 
g r e a t e r  u t i l i t y  i n  t h e  next  few yea r s .  

GEOMETRIC CORRECTION AND TEMPORAL 
REGISTRATION OF ERTS DATA 

Ea r l i e r  it had been i n d i c a t e d  t h a t  suppor t ing  technology 
t a s k s  i n  t h e  ERTS Wabash Val ley Study involved r e fo rma t t ing  and 
temporal r e g i s t r a t i o n ,  and scene co r rec t ed  d a t a  comparisons. I n  
t h e  case of t h e  l a t te r  it had been assumed p r i o r  t o  t h e  launch 
of ERTS t h a t  t h e  geometr ic  accuracy p r e s e n t  i n  scene c o r r e c t e d  
data would prove ve ry  h e l p f u l  i n  l o c a t i n g  s p e c i f i c  ground p o i n t s ,  
both i n  t h e  c l a s s i f i e r  t r a i n i n g  p rocess  and i n  t h e  e v a l u a t i o n  
and u t i l i z a t i o n  of r e s u l t s .  This  has  c e r t a i n l y  proved t o  be 
t h e  case .  A geometr ic  c o r r e c t i o n  sof tware system which used 
t h e  ERTS o r b i t a l  and  sensor  system parameters  as i n p u t s  i s  
u t i l i z e d  t o  deskew, r o t a t e  and r e s c a l e  computer compat ible  
t a p e  da t a .  For example, i n  one t e s t ,  da t a  from Tippecanoe 
County was geomet r i ca l ly  ad jus t ed  t o  achieve a 1 : 2 4 , 0 0 0  
s c a l e  computer l i n e  p r i n t e r  p r i n t o u t  of t h e  area. 
t e s t  t h e  geometry t h e  p r i n t o u t  w a s  then o v e r l a i d  on 

TO 
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a s tandard  1:24,000 quadrangle map and s i g n i f i c a n t  landmarks 
t r a c e d  onto  t h e  p r i n t o u t .  In  t h i s  manner it was determined 
t h a t  a maximum e r r o r  of 1 .3  p i c t u r e  elements w a s  obtained.  

If g r e a t e r  accuracy i s  requi red  ground c o n t r o l  p o i n t s  can 
be in t roduced  t o  reduce t h e  geometric e r r o r  s t i l l  f u r t h e r .  
If it is  d e s i r e d  t o  p r e c i s e l y  a l i g n  d a t a  from one ERTS pass  
onto t h a t  of  ano the r ,  t h e  same system can be used, but  achiev- 
i n g  s t i l l  smaller r e l a t i v e  e r r o r  between the  two d a t a  sets by 
allowing f i n a l  adjustment  of t h e  geometry t o  be under t h e  
c o n t r o l  of a two dimensional  c o r r e l a t i o n  algorithm. Table 6 
shows accurac i e s  which appear t o  be t y p i c a l  of us ing  t h e s e  
techniques t o  a d j u s t  t h e  geometr ic  q u a l i t i e s  of  ERTS-1 d a t a .  
I n  essence ,  t h i s  system amounts t o  a d i g i t a l  implimentat ion Of  
the  scene c o r r e c t i o n  c a p a b i l i t y  of t h e  ERTs ground s t a t i o n ,  bu t  
with t h e  a d d i t i o n  o f  an inter-image c o r r e l a t o r .  I t  has  Proven 
immensely va luab le  i n  reducing t h e  t i m e  requi red  f o r  an a n a l y s t  
t o  t r a i n  a c l a s s i f i e r  and t o  e v a l u a t e  i t s  performance by 
g r e a t l y  s impl i fy ing  t h e  problem of l o c a t i n g  s p e c i f i c  ground 
loca t ion .  
da ta  sets from subsequent pas ses  of ERTS-1 so t h a t  t h e  Value O f  
mult i temporal ,  m u l t i s p e c t r a l  c l a s s i f i c a t i o n  can be tested. 

I t  a l s o  p rov ides  a b a s i s  f o r  developing mul t i tempora l  

CONCLUSIONS 

I n  t h i s  p r e s e n t a t i o n  a broad s tudy  has  been d e s c i r b e d ,  
t he  purpose of  which i s  t o  e v a l u a t e  a set  of m a c h i n e . a n a l y s i s  
and process ing  techniques  app l i ed  t o  ERTS-1 data.  
phase of t h i s  s tudy s t i l l  has  s e v e r a l  months t o  completion. 
However, based on t h e  a n a l y s i s  r e s u l t s  i n  urban land use  
a n a l y s i s  and s o i l  a s s o c i a t i o n  mapping t o g e t h e r  w i th  p r e v i o u s l y  
repor ted  r e s u l t s  i n  g e n e r a l  e a r t h  su r face  f e a t u r e  i d e n t i f i c a t i o n  
and c rop  s p e c i e s  c l a s s i f i c a t i o n ,  a p r o f i l e  of  g e n e r a l  a p p l i -  
c a b i l i t y  of t h i s  procedure i s  beginning t o  emerge. Pu t  i n  
the  hands of  a u s e r  who knows w e l l  t h e  informat ion  he needs 
from t h e  d a t a  and a l s o  i s  f a m i l i a r  w i th  t h e  r eg ion  t o  be 
analyzed it appears  t h a t  s i g n i f i c a n t l y  u s e f u l  in format ion  
can be genera ted  by t h e s e  methods. When supported by p re -  
process ing  techniques  such as  t h e  geometr ic  c o r r e c t i o n  and 
temporal r e g i s t r a t i o n  c a p a b i l i t i e s ,  f i n a l  p roducts  r e a d i l y  
useable  by u s e r  agencies  appear  p o s s i b l e .  I n  p a r a l l e l  w i t h  
a p p l i c a t i o n ,  through f u r t h e r  r e s e a r c h ,  t h e r e  i s  much p o t e n t i a l  
f o r  f u r t h e r  development of t h e s e  techniques  bo th  wi th  r e g a r d  
t o  provid ing  h igher  performance and i n  new s i t u a t i o n s  n o t  y e t  
s tud ied .  

--- The ana1l\Psis 
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Table 1. Features of interest, land uses, and major highways 
indicated in Figure 9 .  

1 2 
L Feature, land use, or highway Spectral class 

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T 
U 
V 
2 
3 

4 

5 
6 
7 

8 

9 

.Smoke plume 
Inland Steel 
United States Steel 
Bethlehem Steel 
Oil Refineries 
Wolf Lake 
Lake Michigan 
Gary-Central Business District 
Highland-subdivision 
Indiana Harbor 
Port of Indiana 
Gary Municipal Airport 
Indiana Dunes State Park 
Agricultural area 
Indiana-Illinois state line 
Wicker Memorial Park 
Trees along Deep River 
Hammond-residential area 
East Chicago-residential area 
Munster-subdivision 
Gary-residential area 
Interstate Highway 80-94 
Interstate Highway 80-90 
U . S .  Highway 12 
Interstate Highway 9 4  

Illinois Highway 3 9 4  

U.S. Highway 4 1  

Interstate Highway 65 
U.S. Highway 3 0  

smoke 
commercial/industrial 
commercial/industrial 
commercial/industrial 
commercial/industrial 
water 
water 
commercial/industrial 
newer housing 
commercial/industrial 
commercial/industrial 
newer housing 
wooded 
grassy/agricultural 
----- 
grassy/agricultural 
wooded 
older housing 
older housing 
newer housing 
older housing 
newer housing 
newer housing 
newer housing 
newer hou s ing 
newer housing 
newer housing 
newer hou s in y 

'White letter or number indicated in Figure 9. 
2 
Features of interest of land uses are indicated by letters; highways 
are indicated by numbers. 
Five spectral categories of commercial/industrial land use were 
used in the classification scheme. 

3 
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Table 2. Classification accuracy for test samples 

Land Use Percentage of Data Points Classified As: 

C/I’ OHg2 NHg3 Wod4 A/G5 Wat6 

Cmrc/Inds.’ 89.8 7.3 0.3 - 0.2 2.5 

- - Old Hsng.2 0.9 97.9 0.9 0.3 

- New Hsng 0.6 4.0 94.0 - 1.4 - - - Wooded - 2.0 - 94.4 3.5 - 
7 

3.1 65.5 - - - Agrc/Grsy5 0.8 27.4 3.2 

Water - - 99.2 
7 - - 0.8 

- 
X Classification accuracy by class = 90.3%. 
1 
Commerce/Industry 

Older Housing 

Newer Housing 

Wooded 

Agricultural/Grassy 

Water 

2 

3 

4 

5 

6 
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Table 3. Land use area claculations for study area (excluding 
Lake Michigan). 

~ ~- 

Land Use Number of Number of Number of % of Study 
Data Pts. Acres Hectares Area 

~~~~ - 

Cmrce/Indstry’ 25766 28343 11479 8.2 

Older Housing’ 56528 62181 25183 .18.0 

Newer Housing 28540 31394 12714 9.1 

Wooded 52346 57581 23320 16.6 

Agric/Grassy’ 150982 166080 67262 48.0 

Water 499 549 222 0.2 

TOTAL 314661 346127 140181 100.0 

~ ~~~~ - ~~ 

1 
Adjustments made in accordance with test classification accuracy 
(see Table 2.) 



Table 4 .  ERTS-Wabash Valley Study 

SOIL ASSOCIATION MAPPING COMPARISON 

Soil Association Percent Difference 
Within Association 

Color Electronic Computer Classi- 
Image fication Image 

73 Raub-Ragsdale 35.0 8.5 

89 Sidell-Parr 

16 Elston-Wea 

81 Miami-Russell-Fincast1€ 

11.0 27.0 

0 0 

20.0 3.8 

3.1 - 3.0 66 Fincastle-Ragsdale-BrooKston - 
AVERAGE (Weig 15.0 7.3 

Table 5 .  ERTS-Wabash Valley Study 

SOIL TYPE SEPARA BILITY TEST 

SOIL TYPE PERCENT CORRECT 
(TRAINING SAMPLES) 

Rag sdale 

Fincas tle 

Genesee 

Wea 

Side11 

Miami 

Ockley 

OVERALL 

90.6 

81.8 

100.0 

98.6 

84.0 

77.3 

76.9 

89.0 246 DATA POINTS 
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Table 6. GEOMETRIC CORRECTION & TEMPORAL 

REGISTRATION ACCURACY FOR 

ERTS-1 
Task 

Geometric correction 
(estimated parameters 1 

Geometric correction 
(ground control) 

Temporal registration 
(correlation control) 

MSS CCT DATA 
T y p i c a l r  
1-2% accumulative 

Maximum 1.33 pixels 
RMS .65 pixels 

Maximum 1.4 pixels 
RMS . 5  pixels 
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Figure 1. 

Figure 2,. 

Figure 3. 

Figure 4. 

Figure 5. 

Figure 6.  

F igure  7. 

Figure 8. 

F igure  9. 

F igure  1 0 .  

F I G U R E  CAPTIONS 

An E a r t h  Resources Information T r e e  

An ERTS-1 image o f  t h e  southern Lak 
October 1, 1972 

Michigan reg ion  

E l e c t r o n i c a l l y  d i sp l ayed  ERTS-1 d a t a  from Computer 
Compatible Tape 

E l e c t r o n i c a l l y  d i sp l ayed  da ta  showing inc reas ing  d e t a i l  

E l e c t r o n i c a l l y  d i sp l ayed  da ta  showing i n c r e a s i n g  d e t a i l  

E l e c t r o n i c a l l y  d i sp l ayed  da ta  showing i n c r e a s i n g  d e t a i l  

E l e c t r o n i c a l l y  d i sp l ayed  da ta  showing i n c r e a s i n g  d e t a i l  

Photos  from d i g i t a l  d i sp l ay ,  showing r e l a t i o n s h i p  
between g ray  s c a l e  imagery and l and  use  c l a s s i f i -  
c a t i o n .  Image i n  A i s  from t h e  v i s i b l e  p o r t i o n  of  
t h e  spectrum (Band 4 ,  0.5-0.6um) :B i s  from t h e  r e f l e c t i v e  
i n f r a r e d  (Band 6 ,  0.7-0.8pm) ; C i s  a computer- 
implemented c l a s s i f i c a t i o n  of  t h e  s tudy  area (see 
t e x t  f o r  exp lana t ion  of gray l e v e l s ) .  Images i n  
A ,  B,  and C show t h e  e n t i r e  s tudy  area; enlargements  
of t h e  northwestern po r t ions  of those  t h r e e  images 
are shown i n  D ,  E ,  and F ,  r e s p e c t i v e l y .  Hor izonta l  
l e n g t h  of  A ,  B,  and C i s  54 k i lome te r s  (34 m i l e s ) ;  
ver t ical  l e n g t h  i s  46  k i lometers  (29  m i l e s )  . 
l e n g t h  of D ,  E ,  and F i s  27 k i lome te r s  (17 m i l e s ) ;  
ve r t ica l  l e n g t h  i s  23 k i lometers  (14.5 m i l e s ) .  
The t r u e  nor th-south  l i n e  i s  r o t a t e d  about  1 8  degrees  
counterclockwise t o  v e r t i c a l .  Hor izonta l  scale i s  
approximately three- four ths  t h a t  of  t h e  ver t ical  
scale. 

Photo from d i g i t a l  d i s p l a y  o f  computer-implemented 
land use  c l a s s i f i c a t i o n  of Gary-Hammond area (see 
t e x t  f o r  exp lana t ion  of gray l e v e l s ) .  
numbers refer t o  f e a t u r e s  of i n t e r e s t ,  a l i s t i n g  of  
which i s  found i n  Table 1. 

Hor izonta l  

Letters/ 

Photo from d i g i t a l  d isplay of  computer-implemented 
land  use c l a s s i f i c a t i o n  of Gary-Hammond area (north-  
e r n  p a r t  of  s tudy  a r e a )  using gray  l e v e l s  which 
emphasize t h e  i n d u s t r i a l  land u s e s .  C l a s s  shown a s  
b lack  i s  dark  roo f ing  m a t e r i a l ;  dark gray  i s  l i g h t e r  
co lored  roo f ing  m a t e r i a l ;  medium gray  i s  gravel /sandy 
areas; smoke i s  w h i t e .  All o t h e r  s p e c t r a l  classes 
are shown a s  l i g h t  gray .  
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Figure 11. A typical conventional soil association map. 

Figure 12. A nonsupervised computer classification of ERTS-1 
data showing 10 spectral classes. 
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c -  

Figure 2 .  An ERTS-1 image of t h e  sou the rn  Lake Michigan 
reg ion  October 1, 1 9 7 2 .  
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Figure - - _ _ _  - -~ .ayed ERTS-1 data from Computer 
Compatible Tape. - 
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Figure 4 .  E l e c t r o n i c a l l y  d i sp l ayed  d a t a  showing i n c r e a s i n g  
d e t a i l .  
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Figure 5. E l e c t r o n i c a l l y  displayed d a t a  showing i n c r e a s i n g  
de t a i  1. 
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Figure 6. Electronically displayed data showing increasing 
detail. 
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Figure 7. E l e c t r o n i c a l l y  displayed d a t a  showing inc reas ing  
d e t a i l .  
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Figure 8. Photos from d i g i t a l  d i s p l a y ,  showing r e l a t i o n s h i p  between 
gray s c a l e  imagery and land use c l a s s i f i c a t i o n .  Image 
i n  A i s  from the  v i s i b l e  po r t ion  of t h e  spectrum (Band 4 ,  
0.5-0.6um); B i s  from the  r e f l e c t i v e  i n f r a r e d  (Band 6 ,  
0 . 7 - 0 . 8 p m ) ;  C i s  a computer-implemented c l a s s i f i c a t i o n  of 
t h e  study a rea  ( see  t e s t  f o r  explana t ion  of gray l eve l s ) .  
Images i n  A,  B ,  and C show the  e n t i r e  s tudy  a r e a ;  en large-  
ments of t he  northwestern po r t ions  of those  t h r e e  images 
are shown i n  D,  E ,  and F ,  r e spec t ive ly .  Hor izonta l  l eng th  
of A,  B ,  and C i s  54 ki lometers  (34 m i l e s ) ;  v e r t i c a l  
l ength  i s  46 k i lometers  ( 2 9  m i l e s ) .  Hor izonta l  l eng th  of 
D ,  E ,  and F is  27 k i lometers  ( 1 7  m i l e s ) ;  ve r t ica l  l eng th  
i s  2 3  ki lometers  (14.5 m i l e s ) .  The t r u e  north-south l i n e  
i s  r o t a t e d  about 1 8  degrees  counterclockwise t o  ve r t i ca l .  
Horizontal  s c a l e  i s  approximately th ree - fou r ths  t h a t  of 
t h e  v e r t i c a l  s c a l e .  
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R . 5  W. I R . 4  W. R . 3  W. I 
Y C N T G O M L R I  c o  

Figure 11. A t y p i c a l  conventional s o i l  a s s o c i a t i o n  map. 
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TIPPECANOE COUNTY 

General Soil Map 
AGRICULTURAL EXPERIMENT STATION AND COOPERATIVE 
EXTENSION SERVICE, PURDUE UNIVERSITV; AND THE SOIL 

CONSERVATION SERVICE, U.S. DEPARTMENT OF AGRICULTURE 

Scale 1 190080 

I I I I I  I I I I 
1 0 1 2 3 4 Mi les 

Base map from the Indiana Geological Society 

Note: This map is intended for general planning. Each delineation contains 
soils different from those shown in the legend. f o r  operational planning, 
use detailed soil maps rhat may be available in published or unpublished 
form ar the local Soil and Water Conservation District Office. 

4. 

16. 

36. 

38. 

64. 

66. 

73 

81 

83. 

84. 

88. 

89. 

90. 

SOIL ASSOCIATIONS 
Genesee-Shoals-Eel: Nearly level, well drained, loamy Genesee, 
moderately well drained, loamy Eel, and somewhat poorly drained, 
loamy Shoals in alluvial deposits. 

Elston-Wea: Nearly level, well drained, loamy soils on outwash sand 
and gravel. 

Ockley-Westland, Nearly level, well drained, loamy Ockley on 
outwash sand and gravel. 

Ockley4ox; Nearly level, well drained, loamy soils on outwash sand 
and gravel. 

Crosby-Brookston: Nearly level, somewhat poorly drained, clayey 
Crosby and very poorly drained, loamy Brookston in glacial till. 

Fincastle- Ragsdale-Brookston; Nearly level, somewhat poorly drained, 
silty Fincastle in wind-blown silts and glacial till, very poorly 
drained, silty Ragsdale in wind.blown s i l t s  and loamy Brookston in 
glacial till. 

Raub-Ragsdalet Nearly level, somewhat poorly drained, silty Raub in 
wind.blown s i l t s  and glacial till and very poorly drained. silty 
Ragsdale in wind.blown sil ts. 

Mian,i-Russell-fincasrle: Sloping, well drained, loamy Miami in glacial 
til l and silty Russell in wind-blown s i l t s  and glacial till and nearly 
level somewhat poorly drained, silty Fincastle in wind.blown silts 
and glacial till. 

Miami-Crosby: Sloping, well drained, loamy Miami and nearly level, 
somewhat poorly drained, clayey Crosby in glacial till. 

Miami-Hennepin: Sloping, well drained, loamy Miami and steep, well 
drained, shallow, loamy Hennepin in glacial till. 

0dell.Chalmersr Nearly level, somewhat poorly drained, loamy Odell 
and very poorly drained, loamy Chalmers in glacial till. 

Sidell-Parr: Sloping, well drained, silty Sidell in wind-blown silts and 
glacial til l and loamy Parr in glacial till. 

Hennepin-Rodman: Steep, well drained, shallow, loamy Hennepin in 
glacial till and excessively drained, shallow, sandy Rodman on sand 
and gravel. 

November, 1971 
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Figure 12. A nonsupervised computer classification 
data showing 10 spectral classes. 
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