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PREFACE 

This report is one of seven separate reports prepared 

by six discipline-oriented analysis teams of the Earth 

Observations Division at the NASA Lyndon B. Johnson Space 

Center, Houston, Texas, 

The seven reports were prepared originally for Goddard 

Space Fliqht Center in compliance with requirements for the 

Earth Resources Technology Satellite (ERTS-1) Investigation 

(ER-600)- The project was approved and funded by NASA 

Headquarters in July 1972. 

This report (Volume I) was accomplished by the Agricul- 
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reports. 

Volume Title NASA Number 

A COMPENDIUM OF ANALYSIS RESULTS TM X-58156 
OF THE UTILITY OF ERTS-1 DATA FOR JSC-08455 
LAND RESOURCES MANAGEMEIJT 

I ERTS-1 AGRICULTURAL ANALYSIS TM X-58117 
JSC-08456 

I1 ERTS-1 COASTAL/ESTUARINE ANALYSIS TM X-58118 
JSC-08457 

I11 ERTS-1 FOREST ANALYSIS 

IV ERTS-1 RANGE ANALYSIS 

V ERTS-1 URBAN LAND USE ANALYSIS TM X-58121 
JSC-08460 

VI ERTS-1 SIGNATURE EXTENSION ANALYSIS TM X-58122 
JSC-08461 

VII ERTS-1 LAND USE ANALYSIS OF THE TM X-58124 
HOUSTON AREA TEST SITE JSC-08463 



CONTENTS 

Section 

1.0 SUMMARY O . . . . . . . . . . . . . . . . .  

1.1 ANALYSIS . . . . . . . . 
1.1.1 Conventional Image 

Interpretation . . . . . . . . . 
1.1.2 Computer-Aided 

Classification . . . . . . . . . 
1.2 CONCLUSION . . . . . . . . 
INTRODUCTION . . . . . . . 

2.2 BACKGROUND . . . 
2.3 OBJECTIVES . . . . . . 
APPROACH . . . . . . . . . . . . . . . . . . 
3.1 STUDY AREAS AND SELECTION RATIONALE . . 

3.1.1 Hill County, Montana . . . . . . 
3.1.2 Imperial County, California . . 
3.1.3 Hardin County, Iowa . . . . . . 
3.1.4 Holt County, Nebraska . . . . . 
3.1.5 Butte County, California . . . . 
3.1.6 Worth County, Georgia . . . . . 

3.2 DATAPROCESSING. . . . . . . . . . 
3.2.1 Conventional Image 

Interpretation . . . . . . . . . 

Page 

1-1 

1-1 



viii 

Section Page 

3.2.2 Computer-Aided Processing . . .  3-23 
3.2.3 Ground Data Acquisition . . . .  3-25 

. . . . . . . .  3.2.4 Are? Measurement 3-33 

3.2.5 Field Location . UTM Grid . . .  3-33 
4.0 ANALYSISAND RESULTS . . . . . . . . . . . .  4-1 

4.1 CONVENTIONAL IMAGE INTERPRETATION . . .  4-4 
4.1.1 Crop Classification . . . . . .  4-4 

. . . . . . . .  4.1.2 Area Measurement 4-63 

4.1.3 Field Location . YTM Grid . . .  4-81 
4.2 COMPUTER-AIDED CROP CLASSIFICATION 

TECHNIQUE . . . . . . . . . . . . . . .  4-89 
4.2.1 Hill County . . . . . . . . . .  4-89 
4.2.2 Imperial County . . . . . . . .  4-96 
4.2.3 Hardin County . . . . . . . . .  4-100 

4.2.5 Butte County . . . . . . . . . .  4-110 
4.2.6 Worth County . . . . . . . . . .  4-113 

CONCLUSIONS 

Appendix A . GLOSSARY OF TERMS. ABBREVIATIONS. 
AND ACRONYMS . . . . . . . . . . . . .  A- 1 

Appendix B -- EQUIPMENT UTILIZED . . . . . . . . . .  B-1 

Appendix C -- ERTS-1 TABLES FOR PROCESSING . C-1 



TABLES 

T a b l e  P a g e  

4 - 1  H I L L  COUNTY DISPLAY COLOR AND GROUND TRUTH . . 4 - 9  

4 - 1 1  STAGE O F  MATURITY, COLOR, PERCENT GROUND 
COVER, AND HEIGHT FOR SMALL GPAINS (WINTER . . . . . .  WHEAT, SPRING WHEAT, BARLEY, O A T S ) .  4 - 1 3  

4 - 1 1 1  STAGE O F  MATURITY OF MTbJOR CROPS FOR 
AUGUST 7 ,  1 9 7 2 ,  H I L L  COUNTY DATA FROM 
CROP CALENDARS AVD P E R I O D I C  GROUND 
OBSERVATIONS . . . . . . . . . . . . . . . . .  4 - 1 5  

4 - I V  H I L L  COUNTY CONVENTIONAL INTERPRETATION O F  
ACCURACY OF CROP I D E N T I F I C A T I O N  . . . . . . . .  4 - 1 6  

4-v IMPERIAL COUNTY CONVENTIOlJAL 
INTERPRETATION . . . . . . . . . . . . . . . .  4 - 2 3  

I + - ~ I  STAGE O F  MAJOR CROPS FROM CROP CALENDAR 
AND FROM P E R I O D I C  GROUND OBSERVATIONS . . . . .  4 - 7 6  

4 - V I I  CONVENTIONAL IMAGE INTERPRETATION OF . . . . . . . . . . . . . . . .  H A R D I N C O U N T Y .  4 - 2 8  

4 - V I I I  HOLT COUNTY CROP C L A S S I F I C A T I O N  - COLOR 
I R  RENDITION . . . . . . . . . . . . . . . . .  4 - 3 0  

4 - I X  STAZE O F  MAJOR CROPS FROM CROP CA1,ENDARS 
AND FROM THE MOST CURRENT GROUND 
OBSERVATIONS . . . . . . . . . . . . . . . . .  4 - 3 4  

4-X COLORS OF TRAINING F I E L D S  FROM FIGURES 4-10  
AND 4 - 1 1  FOR HOLT CDUNTY . . . . . . . . . . .  4 - 3 5  

4-XI  ACCURACY O F  CLASS I D E N T I F I C A T I O N  FOR 
H O L T C O U N T Y .  . . . . . . . . . . . . . . . . .  4 - 3 6  

4 - X I 1  IMAGE INTERPRETATION KEY FOR HOLT COUNTY 
CROP I D E N T I F I C A T I O N .  . . . . . . . . . . . . .  4 - 3 7  

4 - X I 1 1  ACCURACY O F  CROP I D E N T I F I C A T I O N  O F  
H O L T C O U N T Y .  . . . . . . . . . . . . . . . . .  4 - 3 9  



P a g e  T a b l e  

4-XIV BUTTE COUNTY GROUND TRUTH VERSUS DISPLAY 
COLOR ON THE ACVP AND MCFV . . . . . . . .  
CROP C L A S S I F I C A T I O N  ACCURACIES . . . . . .  
BUTTE COUNTY DATA FOR T W P O R A L  
ENHANCEPENT OF MSS BAND 6 . . . . . . . . .  
BUTTE COUNTY 3ATA FOR ACVP ENHANCEMENT 
O F M S S  BANDS 5 A N D  7 . . . . . . . . . . .  
RESULTS O F  SIGNATURE EXTENSION FROM 
IMPERIAL COUNTY TO BUTTE COU14TY, 
CALIFORNIA . . . . . . . . . . . . . . . .  
AREA MEASUREMENT OF H I L L  COUNTY, MONTANA, 
AUGUST 7 ,  1 9 7 2  . . . . . . . . . . . . . .  
F I E L D  AREA MEASUREMENTS O F  IMPERIAL COUNTY, 
CALIFORNIA . . . . . . . . . . . . . . . .  
F I E L D  AREA MEASUREMENT FOR HOLT COUNTY, 
NEBRASKA . . . . . . . . . . . . . . . . .  
F I E L D  AREA MEASUREMENT OF 3UTTE COUNTY, . . . . . . . . . . . . . . . .  CALIFORNIA 

H I L L  COUNTY, MONTANA, C L A S S I F I C A T I O N  
PERFORMANCE SUMMARY TRAINING AND . . . . . . . . . . . . . .  T E S T F I E L D S . .  

COMPUTER C L A S S I F I C A T I O N  OF IMPERIAL . . .  COUNTY, CALIFORNIA, NOVEMBER 6, 1 9 7 2  

CLASSIFICATION PERFORMANCE SUMMARY FOR 
HARDIN COUNTY, IOWA . . . . . . . . . . . .  
HOLT COUNTY C L A S S I F I C A T I O N  PERFORMANCE 
S U M M A R Y . . . . . . . . . . . . . . . . . .  

BUTTE COUNTY C L A S S I F I C A T I O N  PERFORMANCE 
S U M M A R Y . . . . . . . . . . . . . . . . . .  

4 - X X V I I I  SUMMARY OF I S O C L S  RUN . . . . . . . . . . .  



P a g e  T a b l e  

4-XXIX 

C - I  

C-v 

C-VI 

TABULATION OF TRAINING AND T E S T  F I E I 3 S  FOR 
E R I P S  RUN NUMBER 2.  . . . . . . . . . . . . 
TABULATION OF TRAINIIJG AND T E S T  F I E L D S  FOR 
E R I P S  RUN NUMBER 3. . . . . . . . . . . . . 
SCHEDULE O F  DATA COLLECTION PASSES FOR 
1 9 7 2 - 1 9 7 3 . . . . . . . . . . . . . . . . .  

TABULATION OF THE TIME LAPSE BETWEEN ORDER 
AND R E C E I P T  FOR EACH TYPE 3F DATA . . . . . 
ERTS-1 DATA SUMMARY . . . . . . . . . . . . 
ERTS-1 SUMMARY OF DATA COLLECTED BEFORE 
M A R C H 1 , 1 9 7 3  . . . . . . . . . . . . . . .  
GROUND-TRUTH DATA COLLECTIOiJ FORM . . . . . 
H I L L  COUNTY, MONTANA, AREA FIEASUREMENT. . . 



FIGURES 

F i g u r e  

2-1 

3- 1 

C l a s s i f i c a t i o n  h i e r a r c h y  . . . . . . . . . . 
S i x  a g r i c u l t u r a l  s t u d y  a r e a s  w i t h i n  t h e  

Un i t ed  S t a t e s  . . . . . . . . . . . . . . . 
H i l l  County,  Montana, c r o p  c a l e n d a r  . . . . . 
I m p e r i a l  County,  C a l i f o r n i a ,  c r o p  c a l e n d a r .  . 
Hardin  County,  Iowa, c r o p  c a l e n d a r  . . . . . 
H o l t  County,  Nebraska,  c r o p  c a l e n d a r  . . . . 
B u t t e  County,  C a l i f o r n i a ,  c r o p  c a l e n d a r  . . . 
Worth County,  Geo rg i a ,  c r o p  c a l e n d a r  . . . . 
Image enhancenen t  t e c h n i q u e s  d a t a  f low . . . 
JSC ERTS-1 d a t a  p r o c e s s i n g  f l o w  . . . . . . . 
H i l l  County,  Montana, 1972 a n n u a l  g round  

t r u t h  . . . . . . . . . . . . . . . . . . . 
I m p e r i a l  County,  C a l i f o r n i a ,  a n n u a l  ground 

t r u t h  c o l l e c t e d  November 6 ,  1972 . . . . . 
Hardin  County,  Iowa, a n n u a l  ground t r u t h  

c o l l e c t e d  J u l y  26, 1972 . . . . . . . . . . 
H o l t  Zounty,  Nebraska,  annua l  ground t r u t h  

c o l l e c t e d  J u l y  2 8 ,  1972 . . . . . . . . . . 
B u t t e  County,  C a l i f o r n i a ,  annua l  ground 

t r u t h  c o l l e c t e d  August  l C ,  1972 . . . . . . 
Worth County,  Geo rg i a ,  annua l  ground t r u t h  

c o l l e c t e d  A u g u s t 1 8 ,  1972 . . . . . . . . . 
H i l l  County ERTS-1 s c e n e  1015-17392, 

August 7,  1972 ( s c a l e  1 :1 ,000 ,000)  . . . . 
4-2 Hi1 1 County MCFV f a1  s e - c o l o r  I R  

enhancement . . . . . . . . . . . . . . . . 



xiii 

Page F i g u r e  

4-3 D e n s i t y - s l i c e d  d i s p l a y  o f  H i l l  County  d a t a  
a c q u i r e d  August  7 ,  1972 (MSS bands  5 
and  7 ) .  . . . . . . . . . . . . . . . . . .  4-11 

H i l l  County c o n v e n t i o n a l  image 
i n t e r p r e t a t i o n  ( s c a l e  1 : 8 2 , 0 0 0 )  . . . . . .  4-14 

I m p e r i a l  County MCFV (MSS bands  5 and  6). . .  4-18 

I m p e r i a l  County  conventional image 
i n t e r p r e t a t i o n  ACVP f a l s e - c o l o r  I R  
enhancement . . . . . . . . . . . . . . . .  4-21 

JSC c o l o r  c o m p o s i t e  o f  I m p e r i a l  County 
d a t a  a c a u i r e d  November 6 ,  1972  . . . . . .  4-24 

JSC c o l o r  c o m p o s i t e  of  H a r d i n  ' b u n t y  d a t a  . . . . . . . . .  a c q u i r e d  August  1 3 ,  1972 4-27 

F a l s e - c o l o r  i n f r a r e d  c o m p o s i t e  o f  H o l t  
C o u n t y d a t a .  . . . . . . . . . . . . . . .  4-29 

JSC c o l o r  c o m p o s i t e  o f  H o l t  County  d a t a  
(MSS bands  4 ,  5 ,  a n d  6 ;  scale 1 :92 ,565)  . . 4-32 

JSC c o l o r  c o m p o s i t e  o f  H o l t  County  d a t a  
(MSS bands  4 ,  5 ,  and  7 ;  s c a l e  1 :92 ,565)  . . 4-33 

ACVP o f  B u t t e  County  d a t a  a c q u i r e d  
September  1 9 ,  1972 ( f a l s e - c o l o r  I R  

. . .  enhancement o f  MSS b a n d s  4 ,  5 ,  and  6 )  4-40 

B u t t e  County MCFV enhancement  o f  MSS 
b a n d s  5  and 6  ( c o n v e n t i o n a l  image 
i n t e r p r e t a t i o n  o f  September  1 9 ,  1 9 7 2 ,  . . . . . . . . . . . . . . . . . . .  d a t a )  4-48 

B u t t e  County t e m p o r a l  enhapcement  o f  
M S S b a n d 6  . . . . . . . . . . . . . . . .  4-52 

B u t t e  County ACVP enhancement  o f  MSS 
bands  5 and 7 . . . . . . . . . . . . . .  4-56 

Worth County MCFV f a l s e - c o l o r  I R  r e n d i t i o n  
o f  MSSbands  4,  5, and 7  . . . . . . . . .  4-62 



Figure 

4-17 

4-18 

Page 

4-65 Standard deviation for Hill County . . . . .  
Hill County area measurement ground-truth . . . .  nap with letters designating fields 

. . . . .  Area measurement of Imperial County 

Holt County fields selected for are3 
measurement . . . . . . . . . . . . . . . .  

Fields selected for area measurement, Butte 
County, California . . . . . . . . . . . .  

Hill County UTM grid in 1000-meter 
increment8 . . . . . . . . . . . . . . . .  

Imperial County UTM  rid in 1000-meter 
increments . . . . . . . . . . . . . . . .  

Hardin County UTM grid in 1000-meter 
increments . . . . . . . . . . . . . . . .  

Holt County UTM grid in 1000-meter 
increments . . . . . . . . . . . . . . . .  

Butte County UTM grid in 1000-meter 
increments . . . . . . . . . . . . . . . .  

Worth County UTM grid in 1000-meter 
increments . . . . . . . . . . . . . . . .  

Hill County computer analysis with three 
grain classes . . . . . . . . . . . . . . .  

Hill County computer analysis with two 
wheat classes combined . . . . . . . . . .  

11111 County computer analysis with all 
small grain classes combined . . . . . . .  

Imperial County computer printoat 
classification map . . . . . . . . . . . .  

Imperial County computer-aided 
classification of November 6, 1972, 
imagery. . . . . . . . . . . . . . . . . .  



Figure  

4-33 Hardin County supe rv i sed  computer . . . . .  c l a s s i f i c a t i o n  (August 13 ,  1972).  

H o l t  County four-channel  MSS d a t a  from 
J u l y  30, 1972, p a s s  . . . . . . . . . . . .  

Holt  County temporal  a n a l y s i s  . . . . . . . . . . . . . .  ( t h r e s h o l d  0.5) 

Hol t  County temporal  a n a l y s i s  . 
( t h r e s h o l d  0.2) . . . . . . . . . . . . . .  

. . . . .  Worth County DAS o u t ~ u t  from ISOCLS 

DAS o u t p u t  from ERIPS run  number 2 showing 
a l l  c l a s s e s  . . . . . . . . . . . . . . . .  

DAS o u t p u t  from ERIPS run  number 3 showing 
a l l  classes . . . . . . . . . . . . . . . .  

Page 

4-103 



The g e n e r a l  o b j e c t i v e ,  i n  c ~ ~ p e r a t i o n  w i t h  t h e  U.S. 

Department o f  A g r i c u l t u r e  (USDA) A g r i c u l t u r a l  S t a b i l i z a t i o n  

and Conservat ion S e r v i c e  (ASCS), w a s  to e v a l u a t e  how w e l l  

f e a t u r e s  o f  a g r i c u l t u r a l  importance could  be d e t e c t e d ,  iden- 

t i f i e d ,  and located; and their areal e x t e n t  measured us ing  

ERTS-1 data, 

The ERTS-1 m u l t i s p e c t r a i  scanner  ( E X )  d a t a  for each o f  

s i x  a g r i c u l t u r e  s t u d y  areas w e r e  analyzed f o r  t h e  1972 c rop  

year .  From a set o f  1 8  c o u n t i e s  under s tudy  by t h e  ASCS, 

s i x  s t u d y  areas o f  3.2 by 5.6 k i lomete r s  (2 by 6 m i . )  were 

selected f o r  i n t e n s i v e  ground-truth c o l l e c t i o n  and s tudy.  

The s t u d y  sites w e r e  H i l l  County, Montana; Imper ia l  County, 

C a l i f o r n i a ;  Hardin Ccunty, I o w a ;  Hol t  County, Nebraska; 

Bu t t e  County, C a l i f o r n i a ;  and Worth County, Georgia-  These 

were selected to  prov ide  a manageable s tudy  a r e a  whi le  

r e t a i n i n g  a v a r i e t y  o f  c r o p  t y p e s ,  geoqraph ica l  c o n d i t i o n s ,  

and varying l e v e l s  o f  complexity f o r  t e s t i n g ,  t r a i n i n g ,  and 

eva lua t ion .  

1.1 ANALYSIS 

The d a t a  w e r e  analyzed us ing  automat ic  d a t a  p rocess ing  

(ADP) and convent ional  image i n t e r p r e t a t i o n  techniques .  The 

ADP approach used d a t a  sc rzen ing  and c l u s t e r i n g  programs 

a t  t h e  NASA Lyndon B. Johnson Space Center (JSC) f o r  t h e  

s e l e c t i o n  of  homogeneous t r a i n i n g  and test f i e l d s  and t h e  

programs f o r  supervised  c l a s s i f i c a t i o n ,  des igna ted  LAWYS, 

developed by t h e  Laboratory f o r  Appl ica t ions  of R e m o t e  Sen- 

s i n g  (LARS) a t  Purdue Univers i ty .  



The conventional image interpretation consisted of 

imags enhanczment and photointerpretation. Image enhance- 

ment utilized black-and-white 24-centimeter (9-1/2-in.) 

imagery received from the Goddard Space Flight Center (GSFC) 

which wcs processed on the additive color viewer/printer (ACVP) 

and the multiband camera film viewer (WCFV). Enhanced images 

were also made frcm displays of digital data on the data 

analysis station (DAS). These products and enlarged segments 

of color prodncts provided by the GSFC were then analyzed by 

conventional image interpretation, 

The results of the investigation showed that ERTS-1 

data generally could be used for crop classification, 

location, and area measurement, Area measurements were 

made of representative fields in the study areas using a 

mechanical/electronic planimeter to manually trace the field 

borders. Additive color-enhanced ERTS-1 imagery of &,out 

1:130,000 scale was used as base photography for the measure- 

ments, Ground-truth data were used for precise instrument 

calibration. 

Boundary detection was found to be the key to field 

detection and measureztent. Field wldth, relative contrast, 

and orientation were very importani in accurately detecting 

the boundaries of individual fields. In Hill County, 

dimensions greater than 220 meters (722 ft) under optimum 

conditions of contrast and orientation were necessary for 

clear definition. 

Fields were located using a Universal Transverse 

Mercator (UTM) coordinate system with 1000-meter grid 

increments. The grid was prepared for enhanced ERTS-1 



imagery of about  1:130,000 s c a l e .  The g r i d s  w e r e  c o n s t r u c t e d  

wi th  a programed XY-plotter which was set a c c u r a t e l y  to  

scale by comparing measured d i s t a n c e s  between s p e c i f i c  f e a t u r e s  

on t h e  imagery to  U.S. Geologica l  Survey (USGS) topographic  

maps. The appropr; . te g r i d  was matched t o  t h e  c o n t r o l  p o i n t s  

by l o c a t i n g  tracts i n  the 19-square-kilometer (12-sq. m i . )  

s tudy  areas to w i t h i n  approximately 200 meters (656 f t )  . 

1.1.1 Conventional Image I n t e r p r e t a t i o n  

Conventional i n t e r p r e t a t i o n  o f  t h e  enhanced imagery 

revoaled  t h a t  t h e  r e l a t i v e  c o n t r a s t  of a d j a c e n t  f e a t u r e s  

and t h e i r  geographica l  o r i e n t a t i o n  w e r e  impor tant  i n  ascer- 

t a i n i n g  t h e i r  d e t e c t a b i l i t y .  L inea r  f e a t u r e s ,  such as t h e  

long narrow f i e l d s  i n  H i l l  County, w e r e  more d i f f i c u l t  to 
detect when p a r a l l e l  t o  the scan l i n e s  on an  MSS image than 

when normal to t h e  scan  d i r e c t i o n .  The d a t a  were acqu i red  i n  

H i l l  County (August 7, 1972) late i n  t h e  growing season and 

most of  t h e  f i e l d s  had been ha rves ted ,  which l e f t  l i t t l e  con- 

trast between t h e  cropped and f a l l o w  f i e l d s .  F i e l d s  90 meters 

(300 ft) wide o r i e n t e d  north-south w e r e  d e t e c t a b l e .  The 

narrowest  f i e l d  d e t e c t e d  wi th  an  eas t -west  o r i e n t a t i o n  was 

135 meters (450 f t )  wide. 

The Imper ia l  County test s i te  c rops ,  which had s i m i l a r  

s p e c t r a l  r e f l e c t a n c e  c h a r a c t e r i s t i c s ,  w e r e  grouped i n t o  

classes on t h e  ACVP f a l s e - c o l o r  i n f r a r e d  ( I R )  enhancement. 

The s m a l l e s t  f i e l d  e a s i l y  i d e n t i f i a b l e  was 6.5 h e c t a r e s  

(16 a c r e s ) ,  r e c t a n g u l a r ,  b r i g h t ,  and bordered by c o n t r a s t i n g  

f i e l d s .  A d i v i d i n g  border ,  such a s  a d i r t  road about  40 meters  

(131 f t )  wide, was requ i red  t o  d e t e c t  t h e  boundary between 

f i e l d s  of  t h e  same c o n t r a s t .  Conventional i n t e r p r e t a t i o n  

beyond Level I1 ( c r o p  vs.  noncropland) was a lmost  impossible.  



Relating a particular color to just one crop species 

was attempted using various  raining fields, and these 

results also quickly indicated that crop classification in 

this manner was almost totally ambiguous. The colors were 

found to be an indicator of the density of vegetative cover. 

The crops in Hardin County were identified in those 

fields which could be detected. Corn, soybeans, and oats 

were identified with 85- to 95-percent accuracy on the basis 

of color. 

1.1.2 Computer-Aided Classification 

Atmospheric correction techniques were not used in the 

computer-aided analysis because of the lack of ground data. 

Photometers which would have measured the atmospheric effect 

of the solar energy reaching the Earth were not available for 

the test sites during the E2TS-1 overpasses. 

Computer-aided classification of the ERTS-1 data was 

demonstrated to be very successful for many important crops. 

Clustering maps and Earth Resources Interactive Processing 

System (ERIPS) displays with baseline photography and/or 

maps were the best tools for selecting training and test 

fields. Crop identification was accomplished to Levels I11 

and IV in five cf the test sites. Fields smaller than 

12 hectares (3G acres) were not easily identifiable. Worth 

County, Georgia, had many such small fields and the classi- 

fication results were very poor. The long narrow fields of 

Hill County had rather poor results from the test fields 

(less than 70 percent). The smaller fields of Imperial 



County had a n  o v e r a l l  test performance average  o f  78.7 p e r c e n t .  

Hardin County, which had l a r g e r  f i e l d s  b u t  r a t h e r  poor ly  

d e f i n e d  boundar ies ,  had a test f i e l d  accuracy  of  79 p e r c e n t .  

B u t t e  County, Californ:i.a, which had a v a r i e t y  of  shapes  and 

s i z e s ,  had an  o v e r a l l  test f i e l d  accuracy  o f  60.4 pe rcen t .  

Ho l t  County, w i t h  larce wel l -def ined  f i e l d s ,  had a test f i e l d  

accuracy  o f  98 percenc.  

1 .2 CONCLUSION 

Genera l ly ,  on ly  t h e  i a r g e  wel l -def ined  f i e l d s  (12 h e c t a r e s  

o r  more) should  be cons ide red  f o r  Level  I11 and I V  c l a s s i f i -  

c a t i o n  w i t h  t h e  e x i s t i n g  programs. However, f o r  such f i e l d s ,  

d e t a i l e d  l a n d  u s e  c l a s s i f i c a t i o n s  of  a  wide v a r i e t y  of  a g r i -  

c u l t u r a l  f e a t u r e s  cou ld  be o b t a i n e d  w i t h  r e l i a b l e ,  r e p e a t a b l e  

accuracy.  



2.0 INTRODUCTION 

2.1 PURPOSE 

T h i s  document d e s c r i b e s  t h e  r e s u l t s  of  an a n a l y s i s  

conducted t o  de t e rmine  whether  ERTS-1 d a t a  cou ld  be used to  

m e e t  USDA-ASCS requ i r emen t s  f o r  c r o p  i d e n t i f i c a t i o n ,  area 

measurement, and c o r r e l a t i o n  of  s p e c i f i c  t r a c t s .  The eva lu -  

a t i o n  was a  j o i n t  e f f o r t  o f  t h e  N a t i o n a l  Aeronau t i c s  and 

Space A d m i n i s t r a t i o n  (NASA) a t  t 4 e  JSC and o f  t h e  ASCS. 

2.2 BACKGROUND 

I n  o r d e r  t o  e v a l u a t e  t h e  u t i l i t y  of  ERTS d a t a  f o r  t h e  

ASCS programs, t h e  ASCS e s t a b l i s h e d  a test program i n  

1 8  c o u n t i e s  r e p r e s e n t i n g  1 5  states. The Execu t ive  Director 

o f  e a c h  county r e c e i v e d  t h e  ERTS-1 imagery of  h i s  county  

as a supplement  t o  c o n v e n t i o n a l  a i r c r a f t  coverage.  These 

d a t a  were used by ASCS p e r s o n n e l  t o  update  b a s e  pho to  cove r -  

age  and t o  perform a l i m i t e d  a n a l y s i s .  

I n  t h e  s p r i n g  o f  1972, a c o o p e r a t i v e  agreement was made 

between ASCS and NASA-JSC t o  e v a l u a t e  ERTS-1 d a t a  i n  d e t a i l  

f o r  a p p l i c a t i o n s  i n  a g r i c u l t u r e .  S i x  of  t h e  18  ASCS s t u d y  

sites were s e l e c t e d  f o r  i n t e n s i v e  s t u d y  a t  JSC. A r e a s  o f  

e i t h e r  6 3  s q u a r e  k i l o m e t e r s  (39 sq .  m i . )  or  1 2 4  s q u a r e  

k i l o m e t e r s  (77 s q .  m i . )  were i d e n t i f i e d  i n  each  county.  A 

s m a l l e r  19-square-k i lometer  (12-sq.-mi.) t r a c t  w i t h i n  each  

s t u d y  a r e a  was d e s i g n a t e d  f o r  i n t e n s i v e  g round- t ru th  

c o l l e c t i o n  and s t u d y  and s e r v e d  a s  t e s t i n g ,  t r a i n i n g ,  and 

e v a l u a t i o n  l o c a t i o n s  f o r  t h e  i n v e s t i g a t i o n .  



2.3 OBJECTIVES 

The first general objective of the Agricultural Investi- 

gation was to work jointly with the ASCS to evaluate how 

well fecitures of agricultural importznce could be detected, 

identified, and located; and their areal extent measured using 

ERTS-1 data. This general objective included the following 

specific objectives, which are listed in their order of 

priority. 

1. Separate agricultural areas from nonagricultural 

areas. 

2. Separate cropland from noncropland within the 

agricultural areas. 

3. Determine if the existence of different crop types 

(e.g., row crops, small grains) could be detected within 

the cropland. 

4. Determine if the existence of different crop species 

(e.g., wheat, barley, and oats) could be detected within the 

crcpland. 

5. For each major crop, determine the size of the 

smallest field that could be detected, identified, located, 

and measured. 

6. Determine the effect of varying field shapes and 

field sizes on the accuracy of crop classification and field 

measurement. 

7. Determine the effect of the relative contrast of 

adjacent fields on boundary detection an3 crop classificatLon. 

Figure 2-1 shows the general information hierarchy that 

was altered from the USGS Circular 671 land use hierarchy. 
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Figure 2-1.- Classification hierarchy. 



Due t o  t h e  p e c u l i a r i t i e s  of  d a t a  s e t s  from a g r i c u l t u r a l  s t u d y  

a r e a s ,  l and  use  c l a s s i f i c a t i o n s  v a r i e d  from t h e  c l a s s i f i c a t i o n  

h i e r a r c h y  a s  d e p i c t e d  i n  f i g u r e  2-1. 

The second g e n e r a l  o b j e c t i v e  was t o  e v a l u a t e  t h e  e f f e c t  

of a tmospher ic  c o r r e c t i o n  t echn iques  on t h e  a n a l y s i s  of  ERTS-1 

d a t a  as a p p l i c a b l e  t o  a g r i c u l t u r e .  

The t h i r d  g e n e r a l  o b j e c t i v e  was t o  become f a m i l i a r  w i t h  

and q u a l i t a t i v e l y  a p p r a i s e  t h e  J S C  hardware,  so f tware ,  and 

procedures  t o  p r o c e s s  and ana lyze  ERTS-1 d a t a  a s  a p p l i c a b l e  

t o  a g r i c u l t u r a l  f e a t u r e s .  

Appendix A c o n t a i n s  a  g l o s s a r y  o f  terms, a b b r e v i a t i o n s ,  

acronyms, and computer programs. A d i s c u s s i o n  cf equipment 

used i s  g i v e n  i n  appendix B, and appendix C c o n t a i n s  d a t a  

summary t a b l e s .  

A s  an  a i d  t o  t h e  r e a d e r ,  where necessary  t h e  o r i g i n a l  

u n i t s  of measure have been conver ted  t o  t h e  e q u i v a l e n t  va lue  

i n  t h e  Systbme I n t e r n a t i o n a l  d 'Un i t6s  (SI) . The S I  u n i t s  

a r e  w r i t t e n  f i r s t ,  and t h e  o r i g i n a l  u n i t s  a r e  w r i t t e n  paren- 

t h e t i c a l l y  t h e r e a f t e r .  



3-1 

3.0 APPROACH 

The approach of the ERTS-1 Agricultural Investigation 

consisted of a complete data analysis of the best data set 

available from the 1972 crop year for each of six 3.2- by 

9.6-kilometer (2- by 6-mi.) study areas. The analysis 

included conventional image interpretation and computer- 

aided techniques. In addition, two study areas were 

selected for temporal analysis of 1972 crop year data. 

The Sun-synchronous, near-polar orbit of ERTS-1 was 

designed so that virtually the entire Earth's surface was 

covered every 18 days. Varying 2eyrees of sidelap prevail 

at different latitudes. The location and liaitied size of 

the agricultural test sites permitted complete coverage twice 

every 18 days by locating test sites in the overlap region. 

Appendix C pravides a schedule of data collection passes for 

the first year of ERTS-1. The data were collected over each 

test site on two consecutive days. 

Few problems were encountered concerning the receipt of 

ordered data. The amount of data provided on the standing 

order was not sufficient to meet the requirements of the 

investigation; however, the part of the standing order that 

was allowed was usually filled completely and satisfactorily. 

Retrospective orders were necessary to supplement the standing 

order. 

The primary data formats used in the analysis were 

system-corrected (bulk) 24-centimeter (9-1/2-in.) black-and- 

white transparencies, 24-centimeter (9-1/2-in.) color com- 

posite transparencies (MSS bands 4, 5, and 7), and nine-track 

computer-compatible tapes (CCT). 



A l i m i t i n g  f a c t o r  i n  t h e  a n a l y s i s  w a s  t h e  de l ayed  

r e c e i p t  o f  d a t a .  The d e l a y  i n  r e c e i p t  o f  t h e  black-and-white 

imagery and t h e  CCT's d e c r e a s e d  t h e  t i m e  a v a i l a b l e  f o r  a n a l y s i s .  

A l s o ,  p a r t  o f  t h e  i n v e s t i g a t i o n  w a s  t o  a n a l y z e  GSFC-generated 

color compos i tes ,  b u t  t h e  irnauery was n o t  a v a i l a b l e  i n  t i m e .  

Tab le  C - I 1  i n  appendix  C g i v e s  a n  i n d i c a t i o n  o f  t h e  t i m e  

l a p s e  b..tween a n  o r d e r  and r e c e i p t  f o r  e a c h  type  o f  d a t a .  

Because t h e  test s i t e s  were so s m a l l  (19 sq .  km), t h e  

s t a n d i n q  o r a e r  i n c l u d e d  a l l  d a t a  sets t h a t  were less t h a n  

80-percent  c loud  covered .  Tab le  C-IX i n  appendix  C summa- 

r i z e s  t h e  p e r c e n t a g e  o f  d a t a  t h a t  was u s a b l e  f o r  t h e  a n a l y s i s .  

3.1 STUDY AREAS P A D  SELECTION RATIONALE 

The s i x  s t u d y  a r e a s  shown i n  f i g u r e  3-1 were s e l e c t e d  

because  of  t h e  v a r i e t y  of  c r o p  t y p e s ,  farming p r a c t i c e s ,  and 

g e o g r a p h i c a l  c o n d i t i o n s .  Study a r e a  s i z e  l i m i t a t i o n s  were 

e s t a b l i s h e d  by c o n s i d e r i n g  t h e  volume of g round- t ru th  d a t a  

r e q u i r e d  and t h e  s i z e  t h a t  would b e  manageable f o r  a n a l y s i s .  

Areas  o f  e i t h e r  6 3  s q u a r e  k i l o m e t e r s  (38.6 sq .  m i . )  o r  

124 s q u a r e  k i l o m e t e r s  (77.2 sq .  m i . )  were i d e n t i f i e d  i n  e a c h  

o f  t h e  s e l e c t e d  c o u n t i e s ,  w i t h  a s m a l l e r  19-square-ki lometer  

(12-sq.-mi.) t r a c t  w i t h i n  t h e  s t u d y  a r e a  s e l e c t e d  f o r  i n t e n -  

s ive  g round- t ru th  c o l l e c t i o n  and s t u d y .  These 19-square- 

k i l o m e t e r  s t u d y  a r e a s  ze rved  a s  t e s t i n g ,  t r a i n i n g ,  and 

e v a l u a t i o n  l ~ c a t i o n s  t o  complete  t h e  o b j e c t i v e s  o f  t h e  

i n v e s t i g a t i o n .  

3.1.1 H i l l  County,  Montana 

H i l l  County, Montana, is a d j a c e n t  t o  t h e  Canadian b o r d e r  

i n  t h e  g e n t l y  ro ' - l ing ,  g l a c i a l  d r i f t  p l a i n  o f  n o r t h - c e n t r a l  





Montana. H i l l  County c o v e r s  an  a r e a  o f  4708 s q u a r e  k i l o m e t e r s  

(2926 sq .  m i . ) ,  o f  which 728 445 h e c t a r e s  (1  800 000 a c r e s ) ,  

or 96 p e r c e n t ,  i s  fa rmland .  The ave rage  f a r n  s i z e  of  t h i s  

a r e a  is  approximate ly  972 h e c t a r e s  (2400 a c r e s )  . The s t r i p -  

f a l l o w  t e c h n i q u e s  o f  f a r r r i n ~  p r a c t i c e d  i n  t h i s  a r e a  p r o v i d e  

narrow 91- t o  107-meter (300- t o  350- f t )  l i n e a r  f i e l d s ,  which 

approach  t h e  t h e o r e t i c a l  maximum a c h i e v a b l e  ERTS-1 r e s o l u t i o n .  

The c e n t e r  p o i n t  o f  t h e  s t u d y  area i s  l o c a t e d  24 k i l o m e t e r s  

(15  m i . )  no r thwes t  o f  Havre,  Montana, a t  l a t i t u d e  4802U1 N . ,  

l o n g i t u d e  109O53' W. 

Wheat i s  t h e  major  c r o p  i n  t h e  a r e a ,  b u t  b a r l e y ,  ~ t h e r  

s m a l l  g r a i n s ,  and a l f a l f a  hay a r e  a l s o  grown, w i t h  some tame 

p a s t u r e  p r e s e n t .  The H i l l  County c r o p  c a l e n d a r  ( f i g .  3-2) 

shows t h e  major  c r o p s  and t h e i r  growth s t a g e s .  A c r o p  

c a l e n d a r  d e p i c t s  t h e  major  c r o p s  f o r  a  p a r t i c u l a r  s t u d y  a r e a  

and i n d i c a t e s  t k e  expec ted  c r o p  c o n d i t i o n  and m a t u r i t y  s t a g e  

(e.g. ,  seedbed ,  h a r v e s t )  f o r  t h e  c a l e n d a r  y e a r .  Crop ca l en -  

d a r s  a r e  based on an ave rage  of p a s t  y e a r s '  d a t a  and must 

be a d j u s t e d  t o  account  f ~ r  any a b n o r m a l i t i e s  o f  t h e  cjrowing 

seac?n f o r  t h a t  p a r t i c u l a r  test  a r e a  (e .q . ,  d r o u g h t ,  c o l d  

weather )  . 

H i l l  County, Montana, w a s  s e l e c t e d  f o r  s t u d y  because  

o f  t h e  un iqae  f i e l d  p a t t e r n s  which made i t  a good t a r g e t  f o r  

q u a l i t a t i v e  e v a l u a t i o n  o f  t h e  ERTS-1 system.  These f i e l d  

p a t t e r n s  a r e  caused by t h e  p r a c t i c e  o f  " s t r i p - f a l l o w "  

fa rming ,  i n  which a l t e r n a t e  f i e l d s  a r e  l e f t  f a l l ow.  The 

r e s u l t  is  a  series o f  long  narrow r e c t a n g u l a r  f i e l d s  which 

d i f f e r  c o n s i d e r a b l y  i n  t h e i r  s p e c t r a l  r e f l e c t a n c e  

c h a r a c t e r i s t i c s .  





The data on the August 7, 1972, pass (scene 1015-17332) 

was selected for Hill County because it was the earliest 

available pass. Most of the small grains had been har- 

vested before the earliest pass over the area. 

3.1-2 Imperial County, California 

Imperial County, California, is located in the southeast 

corner of the State of California and is bounded to the south 

by Mexico and to the east by Arizona- Within its boundaries 

are the Imperial Valley and most of the Saiton Sea. Imperial 

County is fairly large, covering 6893 square kilometers 

(4284 sq. mi,). However, agriculture is limited to the irri- 

gated valley, which is approximately 242 915 hectares 

(600 000 acres), or one-fifth of the county- The average 

farm size in the valley is 253 hectares (625 acres), The 

center of the study area is 1 1  kilometers (7 mi.) southeast 

of El Centro, California, at latitude 32O53' N., longitude 

11S028' W. 

Agriculture is dependent upon irrigation from the 

Colorado River, and ronirrigated laad is desert vegetation 

(mesquite, yucca, cacti) of little economic value. A large 

variety of crops are grown in the irrigated valley (e.g., 

alfalfa hay, barley, sugar beets, cotton, vegetablss, and 

grain sorghum). The climate pe-nits winter and s m e r  crops. 

Figure 3-3 is a crop calendar for Imperial County. 

Imperial County was selected for study primarily becausc 

it was one of the few areas in the 18 test ccunties in which 

a variety of crops were growing during the entire data 

collection period (August to December 1972). The area's 





year-long growing season insured  a v a r i e t y  o f  c r o p s  i n  

v a r i o u s  s t a g e s  o f  ma tu r i ty .  Most of t h e  fields w e r e  w e l l  

d e f i n e d  because they  w e r e  bounded by roads  or i r r i g a t i o n  

c a n a l s ,  and t h u s  w e r e  w e l l  s u i t e d  f o r  t h i s  i n v e s t i g a t i o n .  

Many of t h e  w i n t e r  c r o p s  of Imper ia l  County w e r e  i n  a n  e a r l y  

growing stage when Ems-1 w a s  launched late i n  t h e  1972 

summer growing season. D a t a  sets from t h e  November 6, 

1972, p a s s  (scene 1106-17504), w e r e  s e l e c t e d  f o r  a n a l y s i s .  

3.1.3 Hardin County, Iowa 

Hardin County, I o w a ,  is l o c a t e d  i n  t h e  nor th -cen t ra l  

r eg ion  of t h e  state and is b i s e c t e d  by t h e  I o w a  River.  The 

area is  l o c a t e d  i n  t h e  h e a r t  of  the fertile,  g e n t l y  r o l l i n g ,  

nor th -cen t ra l  g l a c i a l  till p l a i n .  The county covers  an  a r e a  

o f  924 square  k i lomete r s  (574 sq. m i , ) ,  of which approximately 

141 700 h e c t a r e s  (350 000 a c r e s ) ,  o r  95 p e r c e n t  of  t h e  a r e a ,  

i s  farmland, w i t h  aboat 75 p e r c e n t  c u l t i v a t e d  cropland.  The 

average  farm s i z e  is 88 h e c t a r e s  (217 a c r e s )  ; and corn ,  soy- 

beans, o a t s ,  and o t h e r  f eed  g r a i n s  are t h e  most e x t e n s i v e l y  

grown crops.  Some o f  t h e  cropland is i n  hay, and a smal l  

p o r t i o n  o f  t h e  land i s  permanent p a s t u r e  of tame and n a t i v e  

g rasses .  F igure  3-4 is  a c rop  ca lendar  r e p r e s e n t i n g  t h e  

crops  i n  Hardin County. The s tudy  a r e a  i s  l o c a t e d  14 k i l o -  

meters (8.5 m i . )  northwest  of Eldora,  Iowa, wi th  t h e  c e n t e r  

p o i n t  a t  l a t i t u d e  4202S1 N., l ong i tude  9301S1 W. 

Hardin County was s e l e c t e d  a s  a s tudy  a r e a  because it 

represen ted  a g r i c u l t u r e  t y p i c a l  of  t h e  midwest corn  bel t .  

The f i e l d s  a r e  smal l  t o  medium i n  s i z e ,  p r i m a r i l y  r e c t a n g u l a r ,  

and f a l l .  i n  a t y p i c a l  a g r i c u l t u r a l  p a t t e r n .  A v a r i e t y  of 

major crops  comprised a r e l a t i v e l y  low c o n t r a s t  t a r g e t  on 

whjch to test  the ERTS-1 sensors .  



















3.2 DATA PROCESSING 

The following sections provide a generalized approach 

to the processing of the ERTS-1 data for the six agricultural 

test sites. Since this was one of the first attempts at 

analyzing ERTS data, no optimum procedures had been estab- 

lished. Consequently, the team objective was to obtain the 

most information from the data by any conceivable means. 

Nine people worked on the project at one time or another, 

which resulted in somewhat different approaches in the anal- 

ysis techniques for each study area. The following is a gener- 

alized approach to the processing of the ERTS-1 data for the 

six ayricultural test sites. The specific variations to the 

analysis approach will be discussed in section 4, Analysis 

and Results. 

The primary analysis was performed on MSS system- 

corrected (bulk) digital data tapes and imagery. The MSS 

system-corrected CCT's were in most cases of better quality 

than expected; however, much of the black-and-white imagery 

had limited density range. The imagery then was reprocessed 

by the JSC Photographic Technology Laboratory (PTL). Both 

conventional image interpretation and computer-aided tech- 

niques were utilized co achieve the objectives of the 

investigation. 

3.2.1 Conventional Image Interpretation 

The ar,alysis of the ERTS-1 imagery with conventional 

techniques was divided into two efforts. 'The first approach 

utilized the various equipment available to make color- 

enhanced images from black-and-white imagery. These enhanced 



images were t h e n  s u b j e c t e d  t o  c o n v e n t i o n a l  image i n t e r p r e -  

t a t i o n .  The second c o n v e n t i o n a l  image i n t e r p r e t a t i o n  

approach was t o  a n a l y z e  c o l o r  compos i te  imagery s u p p l i e d  

by t h e  GSFC and color composi te  imagery g e n e r a t e d  in-house 

on t h e  DAS from magnet ic  t a p e s .  

3.2.1.1 lmage enhancement.-. The a n a l y s i s  o f  t h e  image 

enhancements i n c l u d e d  t h e  f o l l o w i n g  t a s k s .  

1. C l a s s i f y i n g  f e a t u r e s  w i t h i n  t h e  s t u d y  a r e a  t o  t h e  

l e v e l s  p r e s e n t e d  i n  t h e  h i e r a r c h y  i n  f i g u r e  2-1; i .e . ,  a g r i -  

c , ; l t u r a l  and n o n a g r i c u l t u r a l ,  c r o p l a n d  and noncropland,  c r o p  

c l a s s e s  and  c r o p  s p e c i e s .  

2. Determining minimum f e a t u r e  s i z e s  d e t e c t a b l e  a s  

a f u n c t i o n  o f  shape  an?. c o n t r a s t .  

3 .  Measuring a r e a s  o f  r e p r e s e n t a t i v e  f i e l d s  w i t h i n  

t h e  s t u d y  area. 

4 .  Loca t ing  f i e l d s  w i t h i n  t h e  s t u d y  a r e a  u s i n g  a 

c o n v e n t i o n a l  c o o r d i n a t e  system such  as t h e  UTM. 

Image enhancement t e c h n i q u e s  were used t o  i n v e s t i g a t e  

ERTS-1 MSS imagery f o r  e a c h  o f  t h e  s i x  test sites. S e v e r a l  

t e c h n i q u e s  were examined, and a d d i t i v e  o r  f a l s e - c o l o r  

enhancements and e l e c t r o n i c  d e n s i t y - s l i c i n g  d i s p l a y s  were 

found t o  be  t h e  most promising.  The a d d i t i v e  c o l o r  enhance- 

ments were p repa red  w i t h  t h e  ACVP f o r  f i l m  c h i p s  c u t  from 

ERTS-1 24-cent imeter  (9-1/2-in.)  p o s i t i v e  black-and-white 

MSS imagery.  The ACVP i s  d e s c r i b e d  i n  appendix B. E l e c t r o n i c  



d e n s i t y - s l i c i n g  d i s p l a y s  w e r e  prepared  wi th  t h e  MCFV, which 

is also desc r ibed  i n  g r e a t e r  d e t a i l  i n  appendix C. 

The d a t a  flow is shown i n  f i g u r e  3-8. Third-generat ion 

GSFC 24-centimeter (9-1/2-in.) black-and-white p o s i t i v e  ERTS-1 

MSS imagery w a s  r ece ived  f o r  each o f  t h e  test sites. IJpon 

r e c e i p t  t h e  imagery w a s  screened f o r  q u a l i t y  arid t h e  d a t a  sets 

w e r e  s e l e c t e d  f o r  a n a l y s i s .  Some of  t h e  imagery proved t o  be 

of  too high average d e n s i t y  and too l o w  c o n t r a s t  and w a s  

reprocessed  pho tograph ica l ly  t o  a h igher  q u a l i t y  (desc r ibed  

i n  appendix B ) .  The imagery was trimmed to  f i l m  c h i p s  about  

6 square  c e n t i m e t e r s  (2-1/2 sq. i n .  ) , with  t h e  test sites 

centered ,  t o  f i t  t h e  f i l m  g a t e s  of  t h e  ACVP. False-color  

r e n d i t i o n s  w e r e  genera ted  w i t h  the ACVP and t h e  most u s e f u l  

w e r e  photographed. N o  a n a l y s i s  was performed d i r e c t l y  on the 

ACVP sc reen  to minimize t h e  l e n g t h  o f  t i m e  t h e  imagery w a s  

exposed t o  t h e  h e a t  o f  t h e  p r o j e c t i o n  bulbs.  Color  p r i n t s  

w e r e  most o f t e n  used i n  t h e  a n a l y s i s .  Numerous combinat ions 

of  t h e  MSS bands, inc lud ing  p o s i t i v e s  and nega t ives ,  w e r e  

produced to  a r r i v e  a t  t h e  optimum d i s p l a y  f o r  d e t e c t i o n ,  

c l a s s i f i c a t i o n ,  a r e a  measurement, and f i e l d  l o c a t i o n .  False-  

c o l o r  I R  r e n d i t i o n  was a s c e r t a i n e d  t o  be t h e  b e s t  genera l -  

purpose a d d i t i v e  zoior  enhancement. 

E l e c t r o n i c  d e n s i t y  s l i c i n g  of  t h e  same d a t a  sets used 

on t h e  A C W  was performed wi th  t h e  MCFV. Due t o  t h e  i n h e r e n t  

nor i l inea r i ty  i n  t h e  MCFV sc reen  d i s p l a y ,  t h e  enhancements 

w e r e  d i r e c t e d  toward c l a s s i f i c a t i o n  e f f o r t s  only.  Analog and 

d i g i t a l  d i s p l a y s  were produced and t h e  most promising w e r e  

photographed f o r  f u r t h e r  s tudy.  Tra in ing  f i e l d s  w e r e  s e l e c t e d  

from t h e  groune-truth d a t a  f o r  programing o f  t h e  d i g i t a l  
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Figure 3-8.- Image enhancement techniques data flow. 



color  display.  Although seve ra l  i t e r a t i o n s  wi th  t h e  MCFV 

are normally required to  achieve t h e  most u se fu l  d i sp l ay ,  

t i m e  c o n s t r a i n t s  and equipment d i f f i c u l t i e s  p roh ib i ted  more 

than one i t e r a t i o n ,  The d i sp lay  photographs w e r e  analyzed 

v i sua l ly ,  with about 0.5 day spent  on each enhancement. 

3-2.1.2 Calor composite enhancements filmed a t  GSFC 

and on the JSC DM.- The degree t o  which a g r i c u l t u r a l  fea- 

t u r e s  could be de tec ted ,  i d e n t i f i e d ,  and measured i n  t h e  

s i x  s tudy areas w a s  evaluated. Conventional image i n t e r -  

p r e t a t i o n  techniques w e r e  appl ied t o  ERTS-1 co lo r  composites 

produced on t h e  DAS, as w e l l  as t o  those  generated a t  GSFC. 

The DAS does not  c l a s s i f y ,  bu t  ne re ly  d i sp l ays  t h e  d a t a  and 

produces f i lm, The t o o l s  used i n  t h e  ana lys i s  of co lor  

composites included rear p ro j ec t ion  viewers, l i g h t  t a b l e s ,  

tube magnifiers ,  scales, and image i n t e r p r e t a t i o n  keys. 

The da t a  w e r e  screened upon r ece ip t .  Objects  i n  the 

a rea  of i n t e r e s t  w e r e  noted which would i n t e r f e r e  wi th  t h e  

i n t e r p r e t a t i o n ,  such as clouds or cloud shadows. The ERTS-1 

tapes  were screened on t h e  DAS t o  determine any t ape  de fec t s ,  

such as d a t a  dropouts. The GSFC composites were screened 

on rear pro jec t ion  viewers t o  f i nd  any f i lm  d e f e c t s ,  such 

as poor c o n t r a s t  caused dur ing f i l m  processing,  

The GSFC co lor  composites are produced a t  a s c a l e  of 

1:1,000,000 and contain  MSS bands 4 (g reen) ,  5 ( r e d ) ,  and 

7 (IR), The JSC co lor  composites produced on t h e  DAS were 

enlarged approximately four  t i m e s  t o  a s c a l e  of 1:246,000. 



The MSS-formatted t ape  was ccnver ted  to t h e  m u l t i s p e c t r a l  

d a t a  system (MSDS) format s o  t h a t  t h e  d a t a  could be viewed 

and f i lmed on t h e  DAS. The HSDS t a p e  (700 p i x e l s  wide by 

2300 scan  l i n e s  long)  covered an  area 34 by 161 k i lomete r s  

(21 by 100 m i , ) .  The scale was abou t  1:246,000. 

Another e d i t  t ape  was prepared  from t h e  MSDS format  i n  

which t h e  d a t a  w e r e  expanded t h r e e  t i m e s  t o  enhance t h e  

informat ion  on t h e  imagery. This  covered an a r e a  on t h e  

ground which w a s  12 k i lomete r s  (8 m i . )  c r o s s t r a c k  by 10 k i l o -  

meters (6 m i . )  a long  t r ack .  The s tudy  area was c e n t e r e d  on 

t h e  en la rged  image. The average s c a l e  was 1:82,000. 

The ERTS-1 M S S  d a t a  have f o u r  s p e c t r a l  bands: band 4 

(g reen) ,  band 5 ( r e d ) ,  band 6 ( n e a r  I R ) ,  and band 7 ( I R ) .  

The DAS h a s  on ly  three guns f o r  d i s p l a y  and f i l m i n g  (green,  

r ed ,  and b l a e ) .  Various assignments o f  ERTS bands t o  DAS 

guns were used; f o r  example, ERTS band 5 w a s  d i sp layed  on 

t h e  green gun, band 7 w a s  d i sp layed  on t h e  red  gun, and 

band 4 w a s  d i sp layed  on t h e  b l u e  gun t o  g i v e  a f a l s e - c o l o r  

I R  r e n d i t i o n  o f  t h e  image. Another example used ERTS 

band 4 d i sp layed  on t h e  green gun and band 5 on t h e  red  

gun. These assignments  gave 3 r e n d i t i o n  as c l o s e  t o  t r u e  

c o l o r  as poss ib le .  Severa l  enhancements were f i lmed and 

t h e  b e s t  f i l m s  were analyzed. The DAS color gun i n t e n s i -  

t ies  w e r e  computed from t h e  his togram o u t p u t  of t h e  EMBEDT 

program, which i s  a Univac 1108 EXEC I1 program t h a t  conver t s  

t h e  ERTS-1 MSS t a p e  produced by GSFC t o  MSDS format.  These 

va lues  were v c r i e d  t o  enhance c e r t a i n  f e a t u r e s  and t o  g i v e  

t h e  b e s t  r e n d i t i o n s  f o r  a n a l y s i s .  



3.2.2 Computer-Aided Processing 

The ERTS-1 data were computer processed by various 

multispectral pattern recogllition programs. Some of these 

programs were developed by JSC, but zast were part of the 

system developed by LARS at Purdue University. The hard- 

ware systems at JSC which were used were the ERIPS, the 

Univac 1108, and the LARS remote terminal. These systems 

are described briefly in appendix B. 

The following sections describe the generalized data 

flow for the comauterized processing of ERTS-1 data, which 

is shown in figure 3-9. After receipt of the data, the 

ERTS-1 data tape was logged into the Earth Observations 

Division (EOD) ERTS data control system. The CCT's were 

duplicated and the originals retained. The duplicate tapes 

were then reformatted by a combination of several JSC con- 

version programs which produced nine-track, 800-bpi tapes in 

MSS, MSDS, and LARSYS I1 formats. These included the multi- 

spectral bulk edit tape program EMBEDT. \fiere practical, 

preprocessing also included the generation of an edit t ape  

containing only the data in the study area to be analyzed. 

Gray maps wc-re generated from either the PICTOUT sub- 

system of LAKSYS, or SCER'TS, a data-screening program devel- 

oped at J S C .  These gray maps were used in correlation with 





base photography and ground truth to define training and 

test fields, and to locate them by line and sample 

coordinates. 

The LARSYS statistical processor CLASSIFY was run with 

selected training data. The Univac 1108 program ISOCLS was 

then run on both t5e complete study area and the selected 

training fields to cluster each class of training fields by 

similar spectral characteristics to determine the need for 

subclasses. If the need for a subclass in any given class 

was found to exist, CLASSIFY was run again, including among 

the original classes the newly determined subclass. Output 

from the ISOCLS run was a cluster map printout, a card deck 

containing cluster statistics, and a nine-track, 800-bpi 

tape in DAS color study format. The output from the LARSYS 

statistical processor CLASSIFY was a classification character 

map printout and a DAS tape. The tapes were displayed and 

viewed on the DAS and a film record was nade. The results 

of the LARSYS data processing were studied. This included 

comparing these results with those from the conventional 

image interpretation analysis. 

3.2.3 Ground Data Acquisition 

Personnel from NASA-EOD held workshops for ASCS county 

personnel prior to the beginning of the project to farnil- 

iarize them with image interpretation techniques. In addi- 

tion, ground-truth acquisition was discussed and plans were 

developed to furnish J S C  with the data necessary to implement 

the project. 



The c o l l e c t i o n  of ground-truth information f o r  t h e  

inves t iga t ion  consisted of annual and periodic observations.  

Annual observations were made once during t h e  1972 growing 
season f o r  a l l  f i e l d s  i n  t he  19-square-kilometer (lZ-sq.-d.) 
i n t ens ive  study a rea  of  each s tudy area. Per iodrc  observa- 

t i o n s  w e r e  made every 18 days co inc iden t  wi th  t he  local ERTS 

o v e r f l i g h t  f o r  25 to SO selected t r a i n i n g  and test f i e l d s  

wi thin  each study area.  

Both t h e  annual and per iod ic  observat ions  w e r e  recorded 

on a ground-truth summary form (tables C-I11 to C-V) and 

submitted to JSC. Both observat ions  w e r e  collected by 

USDA-ASCS personnel i n  each county. For each observat ion 

t h e  s ec t ion  number, ASCS photo number, farm number, f i e l d  

number, acreage i n  f i e l d ,  crop spec ies ,  es t imated c rop  
height ,  s tage  of matur i ty ,  and r o w  d i r e c t i o n  were ente red  

on t h e  ground-truth summary f o r  each f i e l d .  Exis t ing  ASCS 

farm and f i e l d  numbers were used. A 1 1  f i e l d s  operated by 

one fanner i n  t h e  study area w e r e  considered as a farm. 

For t h e  annual ground-truth observation,  ASCS furnished 

black-and-white 1:7,920-scale base photography of  t he  19- 

square-kilometer in t2ns ive  s tudy area i n  each of the  six 

counties.  The photography w a s  annotated wi th  farm number, 

f i e l d  number, and the acreage of each f i e l d .  Farms were 
ou t l i ned  i n  blue  and f i e l d s  i n  red. 

The annual ground-truth observat ions  f o r  each of t h e  

i n t ens ive  study areas are depicted as color-coded c h a r t s  i n  
f i gu re s  3-10 through 3-15. 















3.2.4 Area Measurement 

Area measurements w e r e  ma& of  selected f i e l d s  t o  

determine t h e  f e a s i b i l i t y  and l i m i t a t i o n s  of enhanced ERTS 

imagery and conventional area measurement techniques. 

Although o t h e r  techniques w e r e  considered, t h e  m o s t  p r a c t i c a l  

approach from t h e  s tandpoint  of a v a i l a b l e  manpower, t i m e ,  and 

ins t rumentat ioc  w a s  fa lse-color  enhanced ERTS-1 imagery and 

a photographic data quantizer.  A desc r ip t ion  of t h e  d a t a  

quant ize r  is presented i n  appendix B. A l l  area measurezents 

w e r e  made from ACVP enhancements of about 1:130,000 scsle. 
Color p r i n t s  on a s t a b l e  resin-coated photographic paper 

w e r e  used a f t e r  a test determined t h a t  r e s u l t s  w e r e  as 

accurate  as measurements made from transparency material. 

The a reas  of  s e l ec t ed  f i e l d s  from each test site were m e a s -  

ured, chosen as r ep re sen ta t ive  of  t h e  var icus  f i e l d  condi t ions  

found within  t h e  test site. The a c t u a l  area of  each f i e l d  

w a s  taken from gromd- t ru th  d a t a  suppl ied by t h e  ASCS. One 

well-defined f i e l d  of known s i z e  i n  each site w a s  used t o  

c a l i b r a t e  t h e  p rec i se  scale of t h e  enhancement used. Five 

or s i x  area readings per  f i e l d  w e r e  made and averaged t o  

minimize e r ro r s .  An occasional  very high or very low f i g u r e  

compared t o  t:le average w a s  discarded,  s ince  these  genera l ly  

occurred due t o  opera tor  fa t igue.  

3.2.5 F ie ld  Location - UTM Grid 

The f i n a l  purpose of  t h e  ana lys i s  w a s  t o  determine i f  

t h e  ERTS-1 i rdgery w a s  of s u f f i c i e n t  q u a l i t y  t o  al low an 

inves t iga to r  to r e a d i l y  l o c a t e  S i e ld s  and o the r  su r f ace  fea- 

t u r e s  i n  terms of a conventional mapping coordinate  system. 



The UTM system w a s  s e l ec t ed  as t h e  most p r a c t i c a l  f o r  t h i s  

task.  I n  order  t o  maintain t h e  geometric f i d e l i t y  of  t h e  

ERTS-1 imagery, t h e  ACRE fa lse-color  enhancements were 

ascer ta ined  t o  provide t h e  optimum enlargements f o r  use a s  

bare phgiography. Previous s t u d i e s  determined t h a t  no 

s i n g l e  :SS band provided an o v e r a l l  d e f i n i t i o n  of s c r f a c e  

f e a t u r e s  super ior  t o  t h e  enhancements. The low d i s t o r t i o n  

c h a r a c t e r i s t i c s  of t h e  ACVP o p t i c s  w e r e  also conaidered an 

advantage. 

The f alse-color enhancements w e r e  prepared from f i l m  

ch ips  c u t  from the  1:1,000,000-scale system-corrected ERTS-1 

imagery. The imagery w a s  GSFC thi rd-generat ion black-and- 

white p o s i t i v e s  f o r  Imperial  County. Fif th-generation 

imagery reprocessed to a higfler q u a l i t y  was used f o r  H i l l  

County. The scale of each enhancement w a s  determined by 

loca t ing  i d e n t i f i a b l e  p o i n t s  on t h e  enhancements and on a 

USGS map of t h e  site area and comparing t h e  measured d i s -  

t ances  on each. The r e s u l t s  showed t h a t  each enhancement 

w a s  approximately 1:130,000 scale. Based upon t h i s ,  t h e  

f a s t e s t ,  easiest, and y e t  mst accura te  approach w a s  t o  pre- 

pare  a family of g r i d s  of  s l i g h t l y  d i f f e r e n t  scales centered 

about t h e  scale of 1:130,000. The appropr ia te  g r i d  f o r  a 

site could then be se l ec t ed  by p rec i se ly  l oca t ing  t h r e e  o r  

four  po in t s  of known UTM coordinates  on t h e  enhancement and 

overlaying each g r i d  u n t i l  t h e  bes t  f i t  w a s  obtained.  

The g r i d  over lays  w e r e  prepared on a programed Gerber 

XY-plotter d i r e c t l y  onto  a high-contrast  film. The s c a l e  

f a c t o r s  were obtained from t h e  enhancements, on which seve ra l  

UTM coordinates  had been p lo t ted .  Contact dup l i ca t e s  of t h e  

g r i d s  were ~,tade photographically for use with t h e  test  site 



enhancements. Grid increments of 1000 meters were selected 

to minimize the amo-mt of interpolation between grid lines. 

Locating a sufficient number of common points on the maps 

and the enhancements to obtain a best grid fit proved to be 

difficult in some areas due to lack of map or image detail. 

The Hill County grid, for example, was prepared using only 

four points. Additional reference points would be useful 

for assessing the presence of distortions in the imagery. 

However, no significant distortions were foun3 to be present 

in the imagery of the areas that were checked. 



4.0 ANALYSIS AND RESULTS 

The r e s u l t s  of t h e  i nves t iga t ion  showed t h a t  ERTS-1 da t a  

genera l ly  could be used f o r  c rop  c l a s s i f i c a t i o n ,  l oca t ion ,  

and area measurement. Although app l i ca t ions  procedures must 

be developed, good c l a s s i f i c a t i o n s  w e r e  achieved from t h e  

d i g i t a l  d a t a  processed by c l u s t e r i n g  programs and t h e  LARSYS 

programs. 

S p a t i a l  information contained i n  the  imagery w a s  used 

pr imari ly  a t  t he  agricultural-versus-nonagricultural l e v e l  of 

c l a s s i f i c a t i o n  (Level I ) .  Generally, nonagr icu l tu ra l  a r e a s  

w e r e  e i t h e r  i r r e g u l a r  i n  shape, showed a s  l i n e  f ea tu re s ,  o r  

had a r e f l ec t ance  c h a r a c t e r i s t i c  s i m i l a r  t o  water  o r  s o i l .  On 

the  o the r  hand, a g r i c u l t u r a l  a r e a s  tended t o  e x h i b i t  regu la r  

shapes and a high I R  re f lec tance  i f  crops w e r e  growing. 

Cropland was d i s t inguishable  from noncropland (Level 1 1 1 ,  

because v i r t u a l l y  a l l  cropland cons i s ted  of e i t h e r  r egu la r ly  

shaped f i e l d s  o r  w e l l  defined and obviously manmade bounda- 

ries. The presence of o the r  c lues ,  such a s  canals ,  loca t ion  

with r e spec t  t o  o the r  f i e l d s ,  and s i a i l a r i t y  t o  known crop- 

land, was a l s o  useful .  The ground-truth maps of  a l l  the  

count ies  ( f i g s .  3-10 t o  3-15) show the  d i s t i n c t  f i e l d  

boundaries. 

Five general  ca t ego r i e s  were de l inea ted  on a co lo r  I R  

composite overlay: cropland, grass land,  water, woodland, and 

flood-plain vegetat ion.  Of these ,  only cropland was obviously 

a g r i c u l t u r a l  and was defined a s  manmade c u l t i v a t i o n  f ea tu re s .  



The s e p a r a t i o n  was based on l o c a t i o n ,  a s s o c i a t i o n ,  shape, 

and p a t t e r n ,  as w e l l  as s p e c t r a l  response. S t r a i g h t  l i n e s  

and r e c t a n g u l a r  shapes w e r e  assumed t o  appear  p r i m a r i l y  i n  

cropland.  The crop-fal low c u l t i v a t i o n  p r a c t i c e  i n  H i l l  County 

and t h e  unripened wheat a r e a  i n  Canada produced a d i s t i n c t i v e  

p a t t e r n  on ERTS imagery, a s  seen  i n  f i g u r e  4-1, 

B a r e  so i l ,  vege ta t ion ,  and water w e r e  d e l i n e a t e d .  The 

s e p a r a t i o n  w a s  based on r e l a t i v e  r e f l e c t a n c e  i n  t h e  d i f f e r e n t  

bands of ERTS imagery. For example, w a t e r  had a ve ry  low 

r e f l e c t a n c e  i n  t h e  I R  bands, whi le  v igorous  v e g e t a t i o n  had a 

h igh  r e f l e c t a n c e  i n  t h e  I R  bands. B a r e  soil  w a s  s e p a r a t e d  

by i ts  r e l a t i v e l y  h igh  r e f l e c t a n c e  i n  a l l  ERTS bands. 

Crops wi th  s i m i l a r  commercial uses  and/or s i m i l a r  spec- 

t r a l  r e f l e c t a n c e  c h a r a c t e r i s t i c s  w e r e  a r ranged i n t o  c rop  

types  such a s  small g r a i n s ,  coa r se  g r a i n s ,  g r a s s e s ,  and  t r u c k  

farm c r o p s  (Level 111). The s p e c t r a l  informat ion  conta ined i n  

t h e  v a r i o u s  ERTS bands was enhanced us ing  a d d i t i v e  c o l o r  

t echn iques  wi th  t h e  ACVP and MCFV t o  a c c e n t u a t e  t h e  d i f f e r -  

ences  i n  r e f l e c t a n c e  p r o p e r t i e s  o f  t h e  v a r i o u s  c r o p  types .  

The t a s k ,  t h e r e f o r e ,  w a s  t o  produce an enhancement which 

d i s p l a y e d  each c rop  type  as a unique c o l o r .  On t h e  f a l s e -  

a t lor  I R  enhancements, c rop  t y p e s  w e r e  r e l a t e d  a s  c l o s e l y  

as p o s s i b l e  t o  t h e  v a r i o u s  shades  o f  r ed ,  p ink ,  and gray. 

A l i m i t e d  number of o t h e r  f a l s e - c o l o r  enhancements w e r e  

genera ted ,  b u t  none proved s u p e r i o r  t o  the f a l s e - c o l o r  I R  

r e n d i t i o n .  The e l e c t r o n i c  d e n s i  t y - s l i c i n g  technique used 

by t h e  M C N  w a s  a p p l i e d  t o  s i n g l e  and m u l t i p l e  channels  of 

ERTS imagery i n  v a r i o u s  ways t o  ach ieve  an optimum d i s p l a y  





f o r  s e p a r a t i o n  of  c rop  types .  Addi t iona l  d e t a i l s  a r e  given 

i n  t h e  a n a l y s i s  of each s tudy a r e a .  

Tra in ing  f i e l d s  were used to d e v i s e  c o l o r  enhancements 

i n  which the i n d i v i d u a l  c rop  s p e c i e s  (Level IV) dere d i sp layed  

a s  unique c o l o r s  a s  much as p o s s i b l e .  The techniques  w e r e  

t h e  saae as f o r  c rop  types.  Addi t iona l  approach d e t a i l s  

p e c u l i a r  t o  t h e  s p e c i f i c  enhancements are g iven  i n  t h e  anal -  

y s i s  o f  each area. 

Detec t ion  a n a l y s i s  was performed independent ly  of  t h e  

c l a s s i f i c a t i o n  t a s k  and involved use  o f  t h e  ACVP enhance- 

ments almost exc lus ive ly .  Detec t ion  w a s  performed v i s u a l l y  

and c o n s i s t e d  of  comparing t h e  enhanced ERTS images t o  

l a rge - sca le  ground-truth photography provided by t h e  ASCS. 

The smallest detectable f e a t u r e s  w e r e  l o c a t e d  f o r  a g r i c u l -  

t u r a l  and n o n a g r i c u l t u r a l  areas. F a c t o r s  such as shape, 

c o n t r a s t ,  and l o c a t i o n  w e r e  used as gu ides  i n  t h e  s e l e c t i o n  

of  f e a t u r e s .  

4.1 CONVENTIONAL IMAGE INTERPRETATION 

4.1.1 Crop C l a s s i f i c a t i o n  

Crop c l a s s i f i c a t i o n  was t r i e d  on a l l  s tudy  a r e a s  us ing  

convent ional  image i n t e r p r e t a t i o n  techniques .  Variouc 

enhancements produced a v a r i e t y  of images a s  desc r ibed  i n  

each s tudy area .  



4.1.1.1 H i l l  County.- Addi t ive  f a l s e - c o l o r  enhancements 

and d e n s i t y - s l i c e d  d i s p l a y s  w e r e  prepared f o r  t h e  August 7 ,  

1972, d a t a  set. Reprocessed GSFC t h i r d - g e n e r a t i o n  24-centimeter 

(9-1/2-in.) p o s i t i v e s  w e r e  used f o r  each case .  The d a t a  set 

was ve ry  poor due t o  image q u a l i t y  and to  t h e  late d a t e  i n  

t h e  growing season when t h e  ERTS imagery was recorded.  As 

i n  m o s t  c a s e s ,  t h e  a d d i t i v e  color d i s p l a y  had t h e  h igher  

r e s o l u t i o n ,  perhaps b:! a f a c t o r  o f  2,  and more of  the long 

narrow f i e l d s  c h a r a c t e r i s t i c  of  t h i s  a r e a  w e r e  v i s i b l e .  How- 

e v e r ,  only  a smal l  number of t h e  total  f i e l d s  could  be inves-  

t i g a t e d  because t h e  ground t r u t h  f o r  t h e  d a t a  set was ve ry  

l imi ted .  Only t h e  f i e l d s  t h a t  w e r e  d i s t i n c t  enough t o  pe rmi t  

an a c c u r a t e  i d e n t i f i c a t i o n  were analyzed.  

F igure  4-2 i s  a  recombined f a l s e - c o l o r  I R  r e n d i t i o n  

produced wi th  t h e  MCFV i n  t h e  analog mode. The MSS 7  i s  

shown a s  r e d ,  MSS 5 a s  g reen ,  and MSS 4 a s  b lue .  The poor 

image q u a l i t y  is  due t o  t h e  two f a c t o r s  mentioned above. 

The farming p r a c t i c e  o f  having long narrow f i e l d s  of a l t e r -  

n a t i n g  p l a n t e d  and fa l low a r e a s  i n  t h i s  c a s e  c r e a t e d  an 

a d d i t i o n a l  d i f f i c u l t y ,  because a t  t h e  r e s o l u t i o n  of ERTS, 

t h e  narrow f i e l d s  were poor ly  reso lved  on t h e  imagery; 

t h i s  r e s u l t s  i n  i n d e f i n i t e  borders  and a  s p e c t r a l  q u a l i t y  

i n d i c a t i v e  of  a high p ropor t ion  of  mixture  elements.  

The v i s i b i l i t y  o f  a  long,  narrow, r e c t a n g u l a r  f i e l d  was 

h igh ly  dependent upon i ts a n t r a s t  w i t h  neighboring f i e l d s .  

V e r y  few f i e l d s  of  high c o n t r a s t  were a v a i l a b l e  f o r  s tudy 

i n  H i l l  County due t o  t h e  advanced m a t z r i t y  of c rops  a t  t h e  

t i m e  t h e  imagery was taken.  A f i e l d  o f  win te r  wheat about  

62 meters (200 f t )  wide wi th  r e l a t i v e l y  h igh I R  r e f l e c t i v i t y  

was v i s i b l e  wi thout  d i f f i c u l t y .  F i e l d s  95 meters (300 f t )  

wide were e a s i l y  seen. For d e t e c t i o n  purposes,  a  f i e l d  o f  
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The results of the investigation depended heavily on 

the selection auld location of the training and test areaus. 

The long, narrow fields did not provide the best conditions 
for the selection and location of training and test fields 

to provide a high degree of confidence. Motwithstanding, 
it is felt that the three classes of fallow, sod, and small 

grains can be discriminated with better than 90 percent 

accuracy during this phase of the growing season. 

4.2.2 Imperial County 

The PWaue alustering routine and ground-truth information 

were used to select eight different crop types and species 
for classification training and testing. Although corre- 
sponding test fields were not available, additional training 

fields were selected so that the classification would be a 

fairly accurate representation of the actual ground scene. 

The classification results are presented in table 4-XXIV, a 
computer printout classification map (fig. 4-31), and a 

color-coded classification map (fig. 4-32). 

Bare soil was the most easily discriminated group. The 

classification test results for each of the bare soil classes 

were 90 percent and 65.6 percent, a composite accuracy of 
83 percent. The composite accuracy of bare soils increased 

to 93 percent when the ground-truth reports (fig. 3-11) were 

considered because sorghum was classified as essentially 
bare soil. This accuracy was slightly less than the 95 per- 

cent accuracy for alfalfa. The alfalfa accuracy figure was 
based on a training data accuraby of only 75 percent, which 

indicates that bare soil classification results are mare 

valid than for alfalfa. 
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The results of the first and second phases of analyses 

are summarized by crop species. 

Field Corn and Popcorn - The classification accuracy 
for the identification of known test cornfields was about 

97 to 98 percent for both data sets, The single-pass data 

set did not contain the necessary information to separate 

popcorn from field corn, Distinguishing field corn from 

popcorn wr;s attempted using a two-pass data set and was 

successful for one particular field- This was possible 

because the reflectance of popcorn fields in channels 3 and 4 

of the ERTS-1 MSS in the August 16, 1972, pass was higher 

than that of field corn. Such a spectral response may well 

be due to some peculiarity in the development of popcorn 

that is different from that of field corn. For example, 

popcorn matures faster than field corn. 

Sunflowers - This class was separable from corn because 
of its higher reflectance in the third channel of the single- 

pars data sets of July 30, 1972. At this stage the sunflowers 

were blooming. Sunflowers were not separable from corn, 

particularly popcorn, using the Augast 16th data only- 

Alfalfa - Tke study site contained only a few small 
fields af alfalfa, some of which had recently been harvested 

at the time of both ERTS-1 passes. Alfalfa fields were 

classified as either pasture or grass in the second pass. 

Specifically, for the data of the first ERTS-1 pass only two 

fields of usable size were identified at or near the blooming 

stage duriag the second pass. These two fields were used 

as traicizcj fields for both data sets. Together they com- 

prised a t~ta-2 of about 30 data points. The accuracy of 



classification for these fields was 85 percent for the single- 

pass data set and 90 percent for the two-pass data set, 

Pasture and Grass - These two classes were well separable 
from the other classes of the study site, as well as between 

themselves. The pasture was divided into three subclasses, 

one of which was bromegrass. The distribution of bromegrass 

data overlapped the other types of grasses in the study site, 

in some cases by as much as 50 percent. Bromegrass was there- 

fore not separable from other grasses in the area. 

Fallow Land @are Soil) - Bare soil has unique spectral 
response and was well separable from all types of vegetation. 

The two fallow fields in the study site were assigned to the 

same class, although the combined distribution of the data 

was definitely bimodal. No difference was discernible in 

the classification naps, which were generated by assigning 

the two fallow fields to either the same or to different 

subclasses. This was true for the two-pass data set, even 

though some of the fallow fields seemed to be overgrown 

with vegetation at the second pass. Positive recognition of 

fallow fields may require that one of the tbd passes be made 

when the field is primarily bare soil. 

4.2.5 Butte County 

Preliminaq screening on the DAS allowed more accurate 

location of the test site. The segment of the tape which 

represented t.he test site was reformatted to the LARSYS I1 

format for input to the clustering and classification pro- 

grams. The results were used as an aid in the selection of 

training fields. These training fields were used to compute 



class statistics for input to the classification program. 

Because of the difficulty in selecting field boundaries due 

to low contrast, several iterations of the training fields 

selected were required. Training fields for corn, rice, and 

bare soil were selected at random for available fields, while 

other training fields were selected on a field availability 

basis. Classification was performed on the Univac 1108 LARSYS, 

the ERIPS system, and on LARSYS on the Purdue terminal, 

The results were not conclusive, which is probably 

attributable to the large variety of crop types. Analysis 

of the September 19, 1972, data pass showed corn, rice, and 

fallow land to be the most separable of the 17 classes. 

Only 8 of these 17 classes were selected for testing classi- 

fication accuracy due to thl limited representation of the 

remaining classes in the test site (table 4-XX'JII) . 

Three classes had classification accuracies of less than 

70 percent: corn, native trees, and weeds. The low classi- 

fication of corn could be partially attributed to the weeds 

and drowned spots in fields which caused corn to be confused 

with pasture. Ten percent of the weedy corn (CORN) was 

clasaifieci into the category of good corn (CORh' 1). Disre- 

garding the misclassifications into pasture and CORN 1, corn 

had a classification accuracy of 84 percent. The low classi- 

fication of weeds was confused with alfalfa and plum and 

almond trees. The similarity of weeds and alfalfa was some- 

what understandable. However, the confusion of weeds with 

trees can only lead to the conclusion that information was 

needed in the ground-truth reports (fig. 3-14) to describe 

the density of the native trees. The five test ricefields 

had several distinct stages of growth which accounted for 





the wide range of classification accuracy ( 0  to 92 percent). 

The zero classification was in a test field where harvesting 

had begun, and the field was classified as wheat stubble. 

The other test crops (plums, corn, beans, and almonds) had 

very low classification accuracies without readily apparent 

explanations. 

4.2.6 Worth County 

Approximately 30 percent of this 19-square-kilometer 

(12-sq,-mi,) study area was wooded. The cultivated fields in 

the site were generally small, ranging in size from less than 

0.4 hectare (1 acre) to 40 hectares (100 acres). The 

majority of the fields were less than 12 hectares (30 acres). 

Field boundaries followed natural contours, woods, and 

drainage patterns, thus giving most of the fields a nonrec- 

tangular shape, Worch County was included in the analysis 

because it contained small and irregularly shaped fields 

of cotton, tobacco, and peanuts. 

Using a clustering routine and DAS screening, clustering 

was attempted to assign homogeneous colors to fields of a 

known crop. From this method woods were delineated from 

cropland fairly well. A few of the crops, such as peanuts 

and bare soil, also separated fairly well. Corn and cotton 

seemed to be confused for each other; and other crops, 

especially the smaller fields, were not discriminable. 

The printout of distances between clusters was examined 

in an attempt to ascertain which clusters were close and 

could be grouped to obtain more homogeneous field patterns. 

This technique was not successful; the best display output 



remained t h e  i n i t i a l  one o b t a i n e d  by t r i a l  and error matching 

( f i g .  4-37). 

Tab le  4 - X X V I I I  shows t h e  v a l u e s  used i n  t h e  f i lming  and 

g i v e s  an i n d i c a t i o n  of which c l u s t e r s  were grouped. 

F i v e  c l a s s e s  w e r e  selected us ing  ERIPS: waods, c o r n ,  

c o t t o n ,  peanu t s ,  and LrNAMIT. The UNAMIT class was composed 

of  areas t h a t  were u s u a l l y  found i n  t h e  p rox imi ty  o f  peanut  

f i e l d s ,  b u t  appeared  s p e c t r a l l y  d i f f e r e n t  from peanuts .  

The UNAMIT class w a s  a c t u a l l y  b a r e  s o i l  o r  h a r v e s t e d  peanuts .  

Tab le  4 -XXIX is a t a b u l a t i o n  o f  t h e  t r a i n i n g  and test f i e l d s  

used f o r  E R I P S .  These f i e l d s  w e r e  s e l e c t e d  because o f  t h e i r  

homogeneous appearance  on t h e  g r a y  maps and c l u s t e r i n g  o u t p u t ,  

as w e l l  as appear ing  w e l l  de f ined .  From t h e  r e s u l t s  o f  t h e  

c l a s s i f i c a t i o n ,  it appea r s  t h a t  t h e y  w e r e  indeed c l e a n  f i e l d s .  

I t  probably  would have been b e t t e r  t o  have had more t r a i n i n g  

and test f i e l d s  i n  each  o f  t h e  c l a s s e s ;  however, t h e  supplv  

of  wel l -def ined  f i e l d s  w a s  a lmost  comple te ly  d e p l e t e d  by 

t h o s e  s e l e c t e d .  F igure  4-38 is  t h e  DAS o u t p u t  from E R I P S .  

Using ERIPS f o r  a f i n e r  breakdown, t h e  woods class was 

d i v i d e d  i n t o  t w o  classes, woods and SWOODS ( s p a r s e  woods). 

Much o f  t h e  sou the rn  p o r t i o n  o f  t h e  s tudy  a r e a  was classi- 

f i e d  as corn.  There w e r e  many small f i e l d s  i n  t h i s  a r e a ,  

a l though  n o t  the abundance o r  co rn  t h a t  i s  shcwn. An a r e a  

of s p a r s e  woods c l a s s i f i e d  a s  co rn  was enterec? as a t r a i n i n g  

f i e l d  f o r  SWOODS. Addi t iona l  t r a i n i n g  and tc=t f i e i d s  w e r e  

a l s o  added. I t  was hoped t h a t  t h e  c r e a t i c l  J '  t h i s  a d d i t i o n a l  

class would be s u f f i c i e n t  t o  o b t a i n  a more ayitirate 

c l a s s i f i c a t i o n .  

















and a field with high spectral response. This situation 

caused a blooming effect, in which the field with high response 

appearec? larger, and the field with low response appeared 

smaller. In Hill County, dimensions greater than 220 meters 

(722 ft) under optimum conditions of contrast and orientation 

were necessary for clear definition. 

Fieid shape did not influence field measurement if 

satisfactory contrasting borders were present. 

Area measurement using conventional image interpretation 

indicated that the standard error for fields with fair to 

gaod boundary definition was less than 5 percent on 5-hectare 

(12.5-acre) fields or larger. 

Specific tracts were located by correlation to a UTM 

grid system. A technique was developed in which a UTM grid 

was overlaid on an ACVP enlarged image and matched to control 

points with known UTM coordinates. Slight variations in the 

scale of the enlarged image were compensated for by a family 

of grids, each varying slightly in scale. Macching the 

appropriate grid to the control points ~ a d e  possible the 

location of tracts in the 19-square-kilometer (12-sq-mi.) 

study areas to within approximately 200 meters (656 ft), 

This method is suitable for any text site covered by ERTS-1 

for which large-scale base maps are available, 

Computer classification of the ERTS-1 d~.ta was very 

successful for many important craps, Clustering maps and 

ERIPS displays with baseline photcgraphy and maps of the 

subject were the tools fcr selecting trainin\ and test 

fields. \ - .op identification was accomplished to Levels I11 



and IV in five of the test sites. Fields of less than 

12 hectares (30 acres) were not easily identifiable. North 

County, Georgia, had many such small fields; and the classi- 

fication results were very poor. The long, narrow test 

fields of Hill County produced rather poor classification 

accuracies ('ess than 70 percent). The smaller fields cf 

Imperial County had an overall test-performance average of 

78.7 percent, Hardin County, which h ~ s  larger fields with 

rather poorly defined field boundaries, had a test field 

accuracy of 79-1 percent. Butte County, California, which 

had a variety of shapes and sizes, had an overall test field 

accuracy of 60.4 percent. Holt County (with large, well- 

defined fields) had a test field accuracy of 98 percent. 

A general conclusion can be reached that only large 

(12 ha or more) well-defined fields should be considered for 

Level I11 and Level IV classification with the existing pro- 

grams. However, for such fields Level I11 and Level IV 

classification of a wide variety of agricultural features 

can be obtained with reliable, repeatable accuracy. 

Lyndon B. Johnson Space Center 
National Feronautics and Space Administration 

Houston, Texas, November 1974 
641-14-07-50-72 



APPENDIX A 

GLOSSARY OF TE-, ABBREWIATIOMS, 

ACRONYMS, AND COMPUTER PROGRAMS 

across-track 

Across the direction of the spacecraft ground track; 

sometimes called horizontal when referring to output 

product coordinates. 

ACV 

Additive color viewer, a device enablir.; the color 

enhancement of one or more black-and-white images of 

the same scene by film density sl~cing and/or 

additive color procedures. 

A m  

Additive color vieuer/printer, a photo-optical device 

which provides the capability to enlarge, superin>ose, 

ald register up to four separate black-and-white 

transparencies for viewing, printing, or color enhance- 

ment. (See appendix B . ) 
ADP 

Automatic ~ a t a  processing, such as computer-aided 

computations. 

along-track 

In the direction of the spacecraft ground track; 

sometimes called vertical when referring to output 

product coordinates. 

ASCS 

Agricultural Stabilization and Conservation Service, 

an agency of the U.S. Department of Agriculture. 



Block fallow 

A farming practice whzre alternating blocks of land 

are cropped or fallowed. 

BENDIX DAS 

Bendix computer with color cathode-ray tube to display 

multispectral data taps. 

bpi 

Bits per inch. 

CCP 

Computer-compatible tapes co:. tining digital ERTS-1 

data. These tapes are standard 19-centimeter (7-1/2-in.) 

wide magnetic tapes in 9-track or 7-irack format. Four 

CCT's are required for the four-band multispectral digi- 

tal data corresponding to one scene in the ERTS-1 images. 

CED 

County Executive 3irector. The Manager of the ASCS 

activity in each farming county. 

CLASS I FY 

Subsystem of LARSYS which classifies Jata into previously 

designated categories using the output frcn, STAT. 

clustering 

Mathematical procedure for organizing multispectral 

data into spectrally homogeneous groups. Clusters 

reqaire identification and interpretation in a post- 

processing znalysis. Both ISOCLS and NSCLA? are 

spectral clustering programs. 

contrast 

Ratio of two adjacent scene radiances expressed as a 

number equal to or greater than 1. 



CRT 

Cathode-ray tube  ; t e l e v i s i o n  type  sc reen .  

DAS 

Data a n a l y s i s  s t a t i o n ,  a computer system c o n s i s t i n g  

of t a p e  d r i v e s  and computer, a d i s p l a y  and c o n t r o l  

conso le ,  and f ih recorder. The D M  is used to 

reformat ,  analyze ,  and review remotely sensed d i g i t a l  

data t a p e s -  

D e l l  F o s t e r  Data Q u a n t i z e r  

t4echanical e l e c t r o n i c  p lanimeter ,  (See appendix B, ) 

DISPLAY 

Subsystem o f  LARSYS which o u t p u t s  t h e  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  runs ,  

EMBEDT 

Univac 1108 program which was des igned p r i m a r i l y  to 
c o n v e r t  t h e  ERTS System-corrected t a p e  produced by 

Goddard Space F l i g h t  Center  t o  m u l t i s p e c t r a l  d a t a  

system e d i t  format. 

EOD 

Ear th  Observat ions  Div i s ion  of  t h e  NASA Johnson Space 

Center ,  Houston, Texas. 

EREP 

Ear th  Resources Experiment Package c o n s i s t i n g  of  t h e  

e a r t h  r esources  remote s e n s o r s  mounted on t h e  Skylab 

s p a c e c r a f t .  

ERIPS 

Ear th  Resources I n t e r a c t i v e  Process ing  System, a 

system a t  JSC which a l lows  rea l - t ime  i n t e r a c t i o n  by 

an  i n v e s t i g a t o r  wi th  s e v e r a l  d i g i t a l  s p e c t r a l  a n a l y s i s  



procedures. Major subsystems include pattern rccog- 

nition by maximum ,ikelihood classification, image 

registration, image composition, image manipulation and 

display. 

Ems-1 

First Earth Resources Technology Satellite, ERTS-1 was 

launched into a circular, Sun-synchronous, near-polar 

orbit at an altitude of approximately 915 kilometers 

(494 n. mi,) in June 1972. It orbits the Earth 14 times 

a day and views the same scene every 18 days. 

ERTS-1 scene 

Collection of the inage daL3 of one nominal framing area 

(185 square kilometers) of the Earth's surface; this 

includes al.1 data from each spectral band of each sensor. 

Fallow 

Land tilled hut not seeded for one or more growing 

seasons to conserve moisture an2 kill weeds. 

geometric accuracy 

Geoqraphic (latitude-longitude), based on the standard 

Ear:h-fixed coordinatz reference system, which employs 

lati,ude 2nd longitude. 

Positional, the ability to locate a point in an image 

with respect to 3 map. 

gray scale 

'A scale of gray tones between white and black, with an 

arbitrary number 5f segments. The ERTS-1 images have 

a 15-step uray scale exposed on every frame of imagery. 

The scale gives the relationship between gray level on 

the image and the electron beam density dse? to expose 

the original image. 



yro~..d-control point 

Any pcint that has a known location on the Earth's 

surface which can be identified in ERTS imagery. 

GSFC 

Goddard Space Flrght Center, National Aeronautics and 

Space Administration, located in Greenbelt, Naryland. 

GSFC cclor composite 

Color composite of three channels of ERTS-1 MSS digital 

data supplied to users by GSFC. They are third- or 

fourth-generation imaqes as compared with first-generation 

composites produced from CCT's using a film recorder. 

ha 

Hectare, a metric unit of area equal to 10 000 square 

meters or 2.47 acres. 

HATS 

Houston Area Test Site encompassing 18 co~nties in 

southeast Texas. Houston is the primary urban area in 

the test site. 

image skew 

Image distortion caused when the scan of the sensor is 

not perpendicular to the plane formed by the space- 

craft and the instantaneous ground-track velocity 

vector. 

irradiance 

Amount of energy im~inging upoq a unit normal surface, 

per unit time, per unit wavelength, per unit solid 

angle . 
ISOCLS 

Iterative Self-organizing Clusterinq System, a computer 

program developed at JSC which utilizes a clustering 



algorithm to group homogeneous spectral data. Several 

controlling inputs allow investigators to control the 

size and number of clusters. Because the system produces 

a classification-type clustering map in which clusters 

require postprocessing identification and interpretation, 

the system is frequently referred to as a nonsupervised 

classification system. 

ISODATA 

Interactive Self-Organizing Data Analysis technique, 

a computer program for data clustering. 

JSC 

Lyndon B. Johnson Space Center, National Aeronautics 

and Space Administration, located in Houston, Texas. 

Lambda, the Greek symbol used to designate a wavelength 

of the electromagnetic spectrum. 

LARS 

Laboratory for Applications of Remote Sensing, Purdue 

University. 

LARSYS 

Nm.e designating the set of classification programs 

developed for aircraft dat; handling anc analysis at 

tne Laboratory for the Applications of Remote Sensing 

(LARS) at Puj-due Ur.iversi ty . 
LARSYS I1 

Digital tape format for multispectral data used in 

LARSYS programs. 

maximum likelihood ratio 

Maximum likelihood ratio in remote sensing i? a 

probability decision r111e used to classify a tarciet 



from multispectral data. Two types of errors are 

feasible; failure to classify the target correctly 

and misclassification of background as the target. 

I? its simplest form, the likelihood ratio is PtjPb. 

This expression compares the probability (P) of an 

unkaown spectral measuremerat being classified as 

target (t) to the probability of an unknown spectral 

measurement being classified as backgrcund (b). When 

Pt/Pb 2 1, the formula decides t, anci when P P /P < 1, t b 
it decides b. Probability density functions are 

computed from spectral samples, often referred to as 

training samples. As the number of training samples 

increase, the mathematical computations of the maximum 

likelihood ratio increase in complexity. As a result, 

digital computer analysis is required; and the entire 

process is referred to as automatic data processing 

(ADP) of multispectral remotely sensed data, or auto- 

matic spectral pattern recognition of multispectral 

remotely sensed data. 

MCFV 

Multiband camera film viewer is an electro-optical 

instrument designed to accept three channels of black- 

and-white positive or negative multiband negative 

transparenciee, to register the images, and to display 

the composite image f o r  color enhancement. Color 

enhancement is achieved through film density slicing 

.nd/or additive color viewing. 

MSDS 

Multispectral Data Sys~em tape format includes a:. 

ai-craft 24-cb.,nnel scalner and a ground data analys-s 

station. The la--ter is 013 of the two major data 

analysis stations in the JS--EOD Data A~al: -is Labora- 

tory. (See DAS.) 



W S  

Multispectral scanner system, sometimes referred to 

simply as the multispectral scanner. Usually refers 

to the operational scanning system on ERTS-1. 

MTFO 

Module training field option is a supervised computer- 

aided technique using the LARSYS classifier to allow 

modification of the statistical inputs. 

multispectral scanner spectral bands 

The division of the visible and near-IR portions of the 

electromagnetic spectrum into discrete segments. 

n. mi. 

Nautical mile, equivalelrt to 1/60th of a degree at the 

Earth's eqliator, or about 6076 feet. 

nm 

Nanometer, unit of length equal to lo-' meters. 

Color 

Green 

Red 

Reflective 
IR 

%S 
channe 1 

1 

2 

3 

4 

nonsupervised classification 

A procedure which groups spectral data into homogeneous 

clusters. Identification and interpretation are 

achieved in a postprocessing analysis. 

NSCLAS 

The name of a clustering computer program developed 

by the Llaboratory for the Application of Remote 

Sensing at Purdue Universit.~. (See clustering. ) 

ERTS-1 
band 

4 

5 

6 

7 

Wavelength, 
nm 

500-600 

600-700 

700-800 1 
800-1100 1 



PI CTOUT 

Subsystem to LARSYS which produces the alphanumeric 

pictorial printouts of data. 

Pixel 

Picture resolution element, refers to one instantaneous 

field of view (IFOV) as recorded by the multispectral 

scanning system. On the ERTS-1 system it is equivalent 

to approximately 0.44 hectare (1.09 acres). One ERTS-1 
6 frame contains approximately 7.36 x 10 pixels, each 

described by four radixice values. 

PMI S 

Passive Microwave Imagina System. 

PMIS DAS 

SEL 810A computer with color CRT to display multispectral 

data tapes. 

radiance 

Measure of the radiant energy emitted by a radiator 

in a given direction. 

RBV 

Return beam vidicon. 

reflectance 

Ratio of the radiance of the energy reflected from a 

body to that incident upon it; commonly measured in 

percent . 
S APE 

Sensor Application Performance Evaluation. 

SC 4060 

Used by the Univac 1108 to generate output on microfilm 

as opposed to the printer. 



Scene-corrected d a t a  

System-corrected d a t a  t h a t  have been processed t o  

produce p r e c i s i o n  l o c a t e d  and c o r r e c t e d  imagery on 

24-centimeter (9-1/2-in.) f i l m .  

scene  r e g i s t r a t i o n  

Superimposing p o i n t s  i n  t w o  images o f  a scene  t aken  a t  

t h e  same t i m e .  

SCERTS 

Univac ; I 0 8  program which o u t p u t s  g r a y  maps on microfi lm.  

SHNF 

Sam Houston Na t iona l  F o r e s t ,  l o c a t e d  i n  t h e  Houston 

Area T e s t  Site. 

s p e c t r a l  response  

S p e c t r a l  r ad iance  of a n  o b j e c t  sensed a t  t h e  s a t e l l i t e  

and recorded by t h e  MSS. 

STAT 

Subsystem of LARSYS which g e n e r a t e s  and o u t p u t s  

s t a t i s t i c s .  

S t r i p  f a l low 

Farming p r a c t i c e  where a l t e r n a t i n g  s t r i p s  of land a r e  

cropped o r  fal lowed t o  l e s s e n  wind o r  water  e r o s i o n .  

The narrow s t r i p s  a r e  g e n e r a l l y  pe rpend icu la r  t o  t h e  

p r e v a i l i n g  wind d i r e c t i o n .  

Sun azlmuth ang le  

Angle i n  degrees  measured i n  t h e  h o r i z o n t a l  p lane  from 

t r u e  n o r t h  t o  a v e r t i c a l  circle pass ing  through t h e  

Sun. 

Sun e l e v a t i o n  ang le  

Angle of t h e  Sun above t h e  hor izon measured i n  d ~ q r e e s .  



supervised classificatian 

Classifl--tion procedure in which data of known classes 

are used to establish the decision logic from whicli 

unknown data are assiqned to the classes. The A3P 

supervised olassificati~n procedure utilized at JSC 

during the ERTS-1 pzoject used a Gaussian maximum like- 

lihood decision rule. 

swath path 

The dimension on the ground scene transverse to space- 

craft velocity and within the sensor field of view (FOV). 

system-corrected data 

Film images generated by a data processing subsystem 

which makes initial radiometric and geometric correc- 

tions as the video-to-film conversion is recorded on 

70-nm film through an electron beam recordzr; formerly 

referred to as bulk images. 

temporal data 

Sequentially acquired inforn~ation. 

temporal registration 

The ability to scperimpoce two images of the same 

scege taken at different times (sbme or different 

spectral hands). 

test field 

The spatial sample of digital data of a known ground 

feature selected by the investlyator used to validate 

the statistical parameters ge~arat~d from training 

field samples. 

threshold 

The bo~ndary in spectral space beyond which a data 

point (pixel) has a sufficiently low probability of 



be ing  inc luded  i n  a g i v e n  class and,  t h e r e f o r e ,  is 

pu rpose ly  exc luded  from t h a t  class. 

t r a i n i n (  f i e l d  

The s p a t i a l  s m p l e  of d i g i t a l  d a t a  o f  a known s round  

f e a t u r e  selected by t h e  i n v e s t i g a t o r ,  from which 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  a r e  computed f c r  u s e  i n  supe r -  

v i s e d  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  o f  remote ly  s ensed  

d a t a .  The statistics a s s o c i a t e d  w i t h  t r a i n i n g  f i e l d s  

form t h e  i n p u t  t o  t h e  maxim-an l i k e l i h o o d  r a t i o  compu- 

t a t i o n s  and, i n  a s e n s e ,  " t r a i n n  t h e  computer t o  

d i s c r i m i n a t e  between samples .  

USE A 

Uni ted  S t a t e s  Department o f  A g r i c u l t u r e .  

USGS 

Uni ted  S t a t e s  G e o l o g i c a l  Survey o f  t h e  Department o f  

t h e  I n t e r i o r .  

UTM G r i d  

Ui i iversa l  T r a n s v e r s e  Merca tor  g r i d ;  a r e c t a n g ~ l a r  

c o o r d i n a t e  sys tem d e r i v e d  cram a Transve r se  Merca tor  

p r o j e c t i o n  by which p o i n t s  or  a r e a s  on t h e  E a r t h ' s  

s u r f a c e  ex t end ing  t o  84'  N.  a n 6  80' S. l a t i t u d e s  cc . 
h e  r e a d i l y  d e s c r i b e 6  and l o c a t e d  w i t h i n  a unique  

q u a d r i l a t e r a l  a r e a  3n a map. P r e c i s i o n  p r o c e s s i n g  o f  

t h e  ERTS-1 imagery c o r r e c t s  t h e  imagery s c e n e  by scene  

so t h a t  i t s  g e c y r a p h i c  c r i e n t a t i o n  w i l l  conform t o  t h i s  

IlTA g r i d  :ystem. 



APPENDIX B 

EQUIPMENT UTILIZED 

Additive Color Viewerfirinter (ACW) 

The ACWP is a photo-optical device which provides the 

investigator with the ability to enlarge, superimpose, and 

register up to four separate black-and-white transparencies 

for viewing, printing, or color enhancement, Each of the 

four optical channels is essentially an individual projector 

containing its own light source, vacuum platen, neutral 

density and selectable color filter, objectivc lens, and 

controls for X- and Y-movement, image rotation, focus, and 

magnification. The images from all channels are folded by 

two high-quality mirrors and converged onto a screen/printing 

plane. 

The film gates accept up to 70-nmt width roll or cut film, 

although only a 2.5-square-centimeter (1-sq.-in.) section is 

projected at a time. Each image is illuminated by a 300-watt 

tungsten bulb operating at a col~r temperature- of 3200 K 

and projected onto a diffusing glass screen by a 210-mm 

focal length Schneider Coxcponon lens. Each lens has its 

own mechanical shutter which is activated by a solenoid con- 

trolled from the front panel of the instrument. The tested 

resolution at the film gates exceeds 160 lines/rnm, or better 

than 20 lines/mm at the viewing screen. The brightness of 

the projected image is controlled by a neutral density film 

roll at each channel which permits adjusting image brightness 

without changing the color temperature of the projection 

bulb. Red, green, blue, yellow, and cyan filters permit the 

construction of false-color enhancements. The filters are 

glass and are inserted between the condensing lens and the 

film gate. 



Printing of the final image is accomplished at the 

viewing screen port using 20- by 25-centimeter (8- by 10-in.) 

or 10- by 13-centimeter (4- by 5-in.) cut film. Exposures 

are made by activating the appropriate shutters througl. an 

exposure button located on the front panel. Color or  lack- 

and-uhite film is used as required. 

n~ltiband Camera Film Viewer (MCFV) 

The H C W  is an electro-optical instrument designed to 

accept three channels of black-and-white positive or negative 

multiband camera film transparencies, to register the imagery, 

acd to display the composite image for color enhancement. 

  he output of the !4CFV is a 30-square-centimeter (12-sq.-in.), 

1000-line, television-type color display which is viewed by 

the investigator or photographed for later use. Input to 

the display is provided by the scanner section. This sec- 

tian co3sists of a three-channel flying-spot scanner and 

scanner film gates which accept either roll film up to 13 

centimeters (5 in. ) wide or cut film chips. The maximum 

area that m y  be viewed 3t one tine, however, is limited to 

abut a 56-mer. square. Each film gzte is provided with 

remotely controlled movements in tte X,Y,Z scale and focus 

and rotation directions so that precision registration of 

the superimposed images may be achieved. All areas of a 

13-centimeter (5-in.) frame are within reach with the appro- 

priate X- and Y-movements. An electronic zoom is used to 

extend the magnification from about 5 times to about 30 times. 

A reference channel is also included to monitor light trars- 

mission through the system to compensate for transmission 

and excitation irregularities. 



The processing electronics in the MCW are comprised of 

the analog signal processor (ASP) and the digital image 

processors (DIP). The ASP processes the three! data signals 

and the reference channel output. The processed signal is 

then sent to the display monitors for presentation. The 

monitors consist of three high-resolution monochrome tele- 

vision receiver units, one for each primary additive color, 

One monitor has a red phosphor screen, another has a green 

phosphor screen, and one has a blue phosphor screen. The 

three color images are combined through the use of two 

separate dichroic mirrors and precision placement of the 

monitors. When seen from the viewing port, a single image 

is seen which is capable of about 40 line pairs per mm 

resolution and with uniform color across the viewing screen. 

Controls are provided so that data from any or all channels 

may be sent to any or all of the monitors in any arrangement. 

In addition, the data may be presented to the monitors as 

positive, negative, or electronically reprocessed signals. 

Virtually any false-color combination can be obtained through 

this flexibility. 

The signal from the scanner may be enhance6 in a more 

quantitative mode through the use of the DIP, The DIP 

amplifies the data signal and slices it into 15 voltage 

levels; each level corresponding to a certain film density. 

The operator then programs a color into each level so that 

in the sliced image a color/film density relationship is set 

up. Each channel may be sliced and color programed inde- 

pendently and combined with any other channel. In this 

manner, film density differences may be greatly enhanced 

over that of conventional analog color techniques. The 



B-I 

operator has  t h e  a d d i t i o n a l  f l e x i b i l i t y  o f  being able to 

vary t h e  width o f  t h e  d e a s i t y  (voltage) slice and to move 

the slice up and down t h e  f i l m  dens i ty  scale. D i g i t a l  and 
analog d i s p l a y s  m y  also be cocabind as desired. 

A permanent record of  t h e  d i sp l ay  is made by photographing 

t h e  screen w i t h  a 70-mm Hasselblad camera and Ektachrome color 

film. 

D e l l  Fos t e r  Graphic Quantizer 

This instrument is e s s e n t i a l l y  a combination mechanical/ 

e l e c t r o n i c  planimeter. The perimeter o f  a f i e l d  is manually 

traced by t h e  opera tor  while an e l e c t r o n i c  u n i t  conver ts  t h e  

movements i n t o  a d i g i t a l  readout of t h e  area included wi th in  

tha completed perimeter trace. Readout is programed t o  
i n d i c a t e  square inches on t h e  f i l m  or as i n  t h i s  e f f o r t ,  

t h e  a c t u a l  sur face  area i n  t h e  scene. To achieve t h e  latter,  

t he  scale o f  t h e  p r i n t  or transparency must be p rec i se ly  

determined and entered i n t o  t h e  area program used by t h e  
data quant izer .  F i e ld  areas are displayed to  t h e  t e n t h s  
o f  an acre, which is considered within  t h e  t o l e r ances  of 

t he  instrument. Operator and image errors f a r  exceed those  
o f  the instrument i n  any case. An average of f i - . re  readings 
pe r  f i e l d  is normally made i n  o rder  t o  minimize these  e r ro r s .  

A t e l e t y p e  p r i n t o u t  provides a permanent record of  a l l  

measurements, p l u s  any comment t h e  opera tor  wishes t o  add 

f o r  future reference.  

Earth Resources I n t e r a c t i v e  Processing System (ERIPS) 

The Earth Resources I n t e r a c t i v e  Processing System (ERIPS) 

a t  J S C  is a system combining software and hardware to  allow 

for i n t e r a c t i v e  a n a l y s i s  of  remotely sensed da ta .  The system 



is comprised o f  a n  I M  360 Model 75 computer connected to 
t w o  remote t e rmina l s .  LARSYS sof tware  is used, b u t  t h e r e  
are some JSC modi f i ca t ions  and a d d i t i o n s .  I t  is des igned 
to allow t h e  a n a l y s t  t o  analyze  data from v a r i o u s  remote 

s e n s o r  data, i n c l u d i n g  the ERTS-1 MSS and Skylab EREP S-192 

data. The primary a p p l i c a t i o n s  a v a i l a b l e  are image 

manipu la t ion- reg i s t r a t ion  and p a t t e r n  r e c o g n i t i o n  o f  d i g i t a l  

m u l t i s p e c t r a l  data. 

LARS Remote Terminal 

The LARS R e m o t e  Terminal a t  JSC provides  a direct commu- 
n i c a t i o n  l i n k  wi th  t h e  LARS a t  Purdue Univers i ty .  With 
t h i s  f a c i l i t y  a u s e r  a t  JSC can have a c c e s s  to  the most 

c u r r e n t  LARS sof tware  f o r  t h e  p rocess ing  of MSS d a t a .  



APPENDIX C 

BRTS-1 TABLES FOR PROCESSIEM; 

TABLE C-I,- SCHEDULE OF DATA COLLgCTIOM FMSES FOR 1972-9973 



TABLE C-11.- TBBULBTION OF THE TIME LAPSE BETWEEN 

ORDER AND RECEIPT FOR EACH TYPE OF DATA 

*For standing orders, the order date is considered to be 
the date the data were collected. For retrospective orders, 
the order date is considered to be the date on the order form. 

1 

County I Scene I M Y S  I 

24-cm black-and-white transparency (standing order) . 
Holt 

Hill 

Hardin 

Imprial 

Butte 

Worth 
I 

1007-16551 

1015-17392 

1021-16324 

1106-17504 
1124-17504 

1058-18221 

1047-15382 

179 

98 

155 

87 
101 

118 

129 

24-an color composite transparency (retrospective order) 

Holt 

Hill 

Hardin 

Imperial 

Butte 

Worth 

1007-16551 

1015-17392 

1021-16324 

1106-17504 
1124-17504 

1058-18221 

1047-15382 

>239 

57 

167 

90 
94 

148 

148 

Nine-track CCT (retrospective order) 

Ylolt 

Hill 

Hardin 

Imperial 

Butte 

Worth 

1007-16551 

1015-17392 

1021-16324 

1106-17504 
1124-17504 

1058-18221 

1047-15382 

x45 

-5 

-5 

Mo record 
2 1 

Mg record 

3 9 
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TABLE C-VI . - HILL COUNTS, IIONTANA, AREA MEASURE11C:iT 

[width of rectangular fields] 

Farm 
no. 

N-1 

N- 2 

N-21 

t 

Field 
no. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

2 

3 

4 

5 

6 

7 

8 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

lob 

11 

12 

13 

14 

15 

16 

17 

Width, 
meters 

72.42 

40.23 

74.43 

66.38 

68.39 

84.49 

46.25 

30.17 

76.44 -- 
116.67 

68.39 
-- 
- - 

265.54 
- - 

156.91 
- - 
52.30 

52.30 

52.30 

48.28 

50.29 

52.30 

52.30 

52.30 

88.51 

44.25 

36.21 

80.46 

86.50 

64.37 

82.47 
- - 
- - 
95.56 

Farm 
no. 

N-3 

N-4 

Field 
no. 

18 

19 

2 0 

21 

22 

2 3 

24 

2 5 

26 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Width, 
meters 

88.51 

82.47 

100.58 

84.49 

92.53 
-- 
- - 
- - 
-- 
-- 
-- 
- - 
-- 
-- 

100.58 

100.58 

297.72 

102.59 

94.54 

112.65 
- 

92.53 

116.67 

86.50 

116.67 

100.58 

110.64 

108.63 

108.63 

96.56 

104.60 

96.56 

88.51 

164.95 

9.9.56 

207.20 

I 



TABLE C-V1.- H I L L  J., MWl'ArJA, AREh - Contintmi 
[Width of rectangular fields] 

earn 
RO. 

N-19 

1 N-20 

! 

14-5 

N-6 

N-7 

N-8 

Field 
no. 

1 

2 

3 

4 

5 

6 

7 

1 

2 

3 

1 

2 

3 

4 

1 

2 

3 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 

2 

3 

4 

5 

6 

7 

Width, 
meters 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

275.60 
-- 
-- 

205.19 

201.16 

209.21 

197.14 

164.95 

422.45 

221.28 

112.65 

102.59 

112.65 

102.59 

102.59 

102.59 

90.59 
-- 
- - 

108.63 
-- 
- - 

144.84 

301.75 

241.40 

277.61 

418.42 

126.73 

110.64 

Width, 
lptters 

-- 
-- 
-- 

164.95 

96.56 

96.56 

96.56 

110.64 

152.88 

102.59 

80.46 

104.60 

126.73 

106.61 

106.61 
-- 
-- 

116.67 
-- 
-- 
-- 
-- 
-- 
-- 
- - 
-- 
-- 

106.61 

106.61 

-- 
-- 
80.46 

80.46 

80.46 

84.49 

76.44 

86.50 

94.54 

82.47 

Field 
no. 

16 

17 

18 

19 

20 

2 1 

22 

23 

24 

2 5 

26 

2 7 

2 8 

25 

30 

31 

32 

33 

34 

3 5 

36 

1 

2 

3 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 * 

. 
Farm 
IK) . 

N-16 

N-17 

N-18 



TABLE C-V1.- U I U  C O U m .  ~OXTANA, AREA I(EASUREM&NT - C o n c l u d e d  

[ U i d t h  of rectanoular f i e l d s 1  

* U.S. OQOtRHUW PRtRnWO -ICE 1978 ' 67J- l3 l  


