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ABSTRACT 

A study area was  s e l e c t e d  i n  Lancaster and Lebanon Counties, two 
of the  major a g r i c u l t u r a l  count ies  i n  Pennsylvania. This area w a s  de- 
l i n e a t e d  on p o s i t i v e  t ransparencies  on MSS d a t a  co l lec ted  on October ll, 
1972 (1080-15185). Channel seven w a s  used t o  d e l i n e a t e  general  land 
forms, drainage pa t te rns ,  water and urban areas. 
t o  de l inea te  highway networks. These i d e n t i f i a b l e  f e a t u r e s  were use- 
f u l  a i d s  f o r  l o c a t i n g  areas on the  computer output.  

Channel f i v e  w a s  used 

Computer generated maps were used t o  d e l i n e a t e  broad land use 
ca tegor ies ,  such as f o r e s t  land,  a g r i c u l t u r a l  land, urban areas and 
w a t e r .  
thereby allowing d i r e c t  comparison with U.S.G.S. 7.5 minute quadrangle 
sheets .  

These d i g i t a l  maps have a scale of approximately 1:24,000 

A i r c r a f t  d a t a  w e r e  used as a form of ground t r u t h  usefu l  f o r  the  
de l inea t ion  of land use pa t te rns .  

I. INTRODUCTION 

An area approximately 300,000 acres i n  s i z e  w a s  s e l e c t e d  f o r  
ana lys i s  wi th in  Lancas ter and Lebanon Counties i n  southeastern 
Pennsylvania. This area.was s e l e c t e d  because it is  one of t h e  most 
important a g r i c u l t u r a l  areas i n  Pennsylvania with a wide v a r i e t y  of 
a g r i c u l t u r a l  land use. The a g r i c u l t u r a l  f i e l d s  are small, v a r i a b l e  i n  
shape, and have d iverse  cropping systems. Therefore, t h i s  area, with one 
of t h e  most complicated a g r i c u l t u r a l  land use p a t t e r n s  i n  t h e  United 
States, was  deemed a s u i t a b l e  test s i t e  t o  determine the a b i l t i y  of ERTS 
mult i spec t ra l  d i g i t a l  d a t a  f o r  automatic computer mapping. 

11. PROCEDURES 

Imagery co l lec ted  on October 11, 1972 (1080-15185) w a s  se lec ted  
f o r  analysis .  Optimum conditions f o r  the  study of a g r i c u l t u r a l  land 
use do not  exis t  i n  t h e  f a l l ,  wi th  most of t h e  crops harvested and t h e  
f i e l d s  of ten  l i t t e r e d  with crop residues.  However, t h i s  w a s  one of t h e  
f i r s t  good images of t h e  area s u i t a b l e  f o r  computer analysis .  Three days 
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pr io r  t o  data  gathering, approximately one inch of r a in  w a s  recorded and 
the  f i r s t  f r o s t  of the  f a l l  occurred on the night  before the  ERTS pass. 

t o  loca te  Lancaster, Denver, Blue B a l l  and L i t i t z ,  Pennsylvania, on the  
imagery. 
and subsets were made of t he  NASA d i g i t a l  tapes. 
as delineated by l i n e  and element number, w e r e  re la ted  t o  geographic 
locat ion by means of a computer generated brightness map (1). 
computer program used t o  generate t h i s  map a symbol is chosen f o r  a 
se lec ted  brightness range within an individual channel o r  f o r  a l l  four 
channels simultaneously. 

A 35 mm s l i d e  of the geology of the area w a s  projected onto the 
d i g i t a l  brightness map t o  relate geology t o  brightness patterns.  

The d i g i t a l  data  w a s  c l a s s i f i ed  using both supervised and unsuper- 
vised c l a s s i f i e r s .  
two programs , STATS and DCLASS (1). STATS develops a var ie ty  of bas ic  
s t a t i s t i c a l  values and determines signatures of selected t ra in ing  areas. 
Training areas can be i r r egu la r  polygons o r  s t r a i g h t  l ines .  A s ing le  
s ignature  can a l so  be developed from a number of discontinuous areas. 
DCLASS is a mapping program tha t  u t i l i z e s  s ignatures  developed i n  STATS 
as input. Output consis ts  of a d i g i t a l  map of t he  selected area and/or 
a tab le  of Euclidean dis tance between the inputed signatures.  
unsupervised c l a s s i f i e r  (DCLUS) w i l l  randomly select up t o  900 points 
and form up t o  10 separable categories with a minimum critical Euclidean 
distance between categories chosen by the user (2.). 
form of a map of the area, a t ab le  of the  spec t r a l  signatures of the 
categories,  and a t ab le  indicat ing the Euclidean dis tance between the  
formed categories.  

Posi t ive transparencies w e r e  overlaid on a 1:1,000,000 scale map 

The test s i te  w a s  se lected using the  pos i t ive  transparencies 
Remotely sensed units, 

In the  

The supervised c l a s s i f i e r  approach involves the use of 

The 

Output i s  i n  the 

111. RESULTS 

Highway networks, urban areas and kegetat ive pa t te rns  were delin- 
eated on posi t ive transparencies.  These features  were useful  f o r  
r e l a t ing  l i n e  and element numbers to geographic area. Transparencies 
w e r e  a l so  used t o  loca te  possible ta rge t  areas f o r  computer analysis.  

(500 l i n e s  by 585 elements) w a s  subset from the o r ig ina l  NASA tape. 
Computer generated brightness maps, using e i t h e r  individual  channels 
o r  a combination of channels, of selected t a r g e t  areas w e r e  v i sua l ly  
re la ted  t o  the  transparencies by pat tern association. 

Sandstone ridges,  limestone val leys ,  drainage pa t te rns  and some 
cu l tu ra l  features  were determined from the brightness map. 
and val ley pa t te rns  w e r e  v i sua l ly  re la ted  t o  geology maps and U.S.G.S. 
7.5 minute quadrangle sheets.  
f i e l d s  and quarr ies  and a d u l l  area w a s  associated with a swampy area. 

For c l a s s i f i ca t ion  purposes, an area 100 l i n e s  by 240 elements i n  
s i z e  w a s  selected.  
the computer output has an approximate scde  of 1:18,000 across the lines 
and 1:22,000 down the l i nes .  

An area representing approximately 6 percent of an ERTS image 

The ridge 

Bright areas w e r e  associated with bare 

Using an image s i z e  of 100 by 100 naut ica l  m i l e s ,  

Ea& remotely sensed uni t  is approximately 
7- 
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1.2 acres i n  s ize .  

with uniformity maps. 
supervised c l a s s i f i e r  (DCLASS) . Results of t h i s  mapping were inconclusive 
because of lack of any recognizable patterns.  This w a s  probably a result  
of using too shor t  an Euclidean dis tance o r  t he  s ignatures  w e r e  of unique 
fea tures  tha t  w e r e  unident i f iable  without adequate ground t ruth.  

the  data  w a s  next analyzed with an unsupervised c l a s s i f i e r  (DCLUS). 
Five widely separated categories were delineated using the  unsupervised 
c l a s s i f i e r .  The f i r s t  two categories were r e l a t ed  t o  the forested sand- 
s tone ridges. 
areas indicated on the  U.S.G.S. 7.5 minute quadrangle sheets.  The th i rd  
category corresponded t o  various bodies of w a t e r  such as swamps, farm 
ponds and streams. The last two categories occurred i n  cu l t iva ted  areas 
with one category having a high response i n  channels f ive  and s i x  and w a s  
t en ta t ive ly  assigned as bare  s o i l  areas. The other  category i n  the cu l t i -  
vated areas w a s  considered t o  be dead vegetation. Some areas did not  f a l l  
i n t o  any of these categories and they were not  c lass i f ied .  

addi t ional  c l a s s i f i ca t ion  within some of these categories were made using 
DCLUS. The water s ignature  w a s  fur ther  subdivided in to  three  categories ,  
namely, "clean water ,I' ' 'dirty w a t e r  ,'I and "vegetated w a t e r .  'I 

forested and cu l t iva ted  categories many addi t ional  subcategories were 
deliueated. A t  present,  t h e i r  i den t i f i ca t ion  is  pending addi t ional  ground 
t ru th  col lect ion.  

limestone quarry as a t a rge t  area, three  s ignatures  were  found tha t  would 
adequately map quarries.  Areas tha t  were not quarr ies  w e r e  a l so  delineated. 
Some of these appear t o  be limestone covered parking areas. 

develop a s ignature  f o r  s m a l l  communities. This w a s  successful t o  only a 
l imited extent  probably due t o  the fact tha t  a la rge  percentage of Denver 
is vegetated. 

Effor ts  were a l so  made t o  develop s ignatures  t o  map individual agri-  
cu l tu ra l  f i e lds .  
f i e l d s  (generally less tlian f i v e  acres), most of which are on the  contour 
and the wide va r i e ty  of ag r i cu l tu ra l  pract ices .  

This study has been grea t ly  f a c i l i t a t e d  by the  a i r c r a f t  program. 
Land use pat te rns  on the  a i r c r a f t  da ta  were re la ted  t o  the  computer output. 
The a i r c r a f t  data  has been very usefu l  as an in te rpre t ive  aid.  

Training areas were selected from the brightness maps i n  conjunction 
These s ignatures  were used t o  map areas using a 

Because of the  problems encountered with supervised c l a s s i f i ca t ion ,  

The areas delineated agreed very closely with the vegetated 

A f t e r  i n i t i a l  separation of these widely separated categories,  

Within the  

Various other  spec ia l  features  were a l so  ident i f ied .  Using a known 

The town of Denver w a s  a l so  used as a t a rge t  area i n  an attempt t o  

This has been generally unsuccessful due t o  the  small 

IV . CONCLUSIONS 

The use of ERTS d i g i t a l  da ta  f o r  the automatic mapping of land use 
appears very feasible .  
f i ed  within a 25,000 acre area. 
within these categories and t h e i r  i den t i f i ca t ion  is pending confirmation 
with ground t ru th .  

Forest  land, cul t ivated land and water w e r e  c lass i -  
Additional c l a s s i f i ca t ions  were a l so  made 

The Pennsylvania S ta t e  University programs f o r  analyzing remote sensing 
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are capable of high speed operation. 
of the c l a s s i f i e r  programs generally takes less than 15 seconds f o r  a 
25,000 acre area and a turn around time of less than ten  minutes on a 
remote job terminal. 

The r e su l t s  reported here  are those of a p i l o t  study t o  evaluate 
automatic c l a s s i f i ca t ion  of the d i g i t a l  data.  
over a one month inves t iga t ive  period. 
ment i n  r e su l t s  w i l l  be  obtained with addi t ional  study. 

For example, a s ingle  run f o r  any 

These r e s u l t s  were obtained 
It is ant ic ipated t h a t  improve- 
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