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ABSTRACT 

An e a r l i e r  paper, presented a t  the  28 Septedber meeting 
a t  Godd~rd, d e a l t  with agr icu l tu ra l  recognit ion maps of a port ion 
of the  "San Francisco" frame (1003-18175). The recognit ion maps 
vere  generated by applying mul t ispect ra l  pa t t e rn  recognition 
techniques t o  ERTS-MSS d i g i t a l  taped data. The e a r l i e r  r e s u l t s  
have been improved and extended as a r e s u l t  of f i e l d  s tud ies  
t o  check the  accuracy of the  o r i g i n a l  recognition. The goal 
of the  second recognition ma, prepared from these  da ta  was t o  
del ineate  various crop species i n  a por t ion of the  Sacramento 
Valley, and a t  the  same time t o  determine how accurately each 
could be c l a s s i f i e d  and measured from ERTS-1 data. 

The new recognition map, a new and concise display of the  
o l d  map, and c l a s s i f i c a t i o n  and mensuration accuracy data  w i l l  
be presented and discussed. The mensuration accuracy, i n  
pa r t i cu la r ,  is affected by the  presence of an edge e f f e c t  one 
r .solutj.on wfde surrounding near ly  a l l  f i e lds .  Points  on the  
edge a r e  t l i sc loss i f ied  because they contain a mixture of e.g., 
crop and bare s o i l .  Using a processing technique t o  es t imate  
the  proportions of unresolved objects  i n  t h i s  edge region, a much 
improved mensuration capabi l i ty  w i l l  be  demonstrated. 

1. INTRODUCTION 

Shortly a f t e r  the  launch of the  ERTS s a t e l l i t e ,  the  Eavironmental 
Rasearch Institute of Michigan (then Willow Run Laboratoriel: of t h e  
University of Mic~*igan) obtained d i g i t a l  tapes of t h e  "San ?rancisco': 
ERTS frame, designated 1003-18175. The request  :or these  tapes  was made 



s o  tha t  ex i s t ing  mul t ispect ra l  data analys is  software could be t e s t ed  on 
ERTS data. To ve r i fy  the software performance, i t  was decided t o  generate 
a recognition map of a port ion of the data. The area  se lec ted f o r  analys is  
was northwest of Sacramento. This 375 sq m i  a rea  of in tens ive ,  i r r i g a t e d  
agr icul ture  was c l a s s i f i e d  i n ~ c  e igh t  categories.  The i d e n t i t y  of these 
categories w a s  l a t e r  ve r i f i ed  by ground v i s i t s  t o  the  s i t e  and t o  Bureau 
of Reclamation off ices .  

The i n i t i a l  maps produced were discussed a t  the  Goddard symposium of 
29 September, 1972 and have been fu r the r  analysed by the  ERIM s t a f f  
(Refs. 1, 2). While the o r i g i n a l  maps were good and accurate c l ass i f i ca -  
t ions  of the data,  two questions remained. 

1. It was c lea r  t h a t  conventional d i g i t a l  computer page r r i n t e r  
displays of ERTS data  were cumbersome because of the  Large 
quanti ty of data displayed. While the use of co~puts-: page 
p r i n t e r  data  f o r  i n i t i a l  analys is  was accepta l le ,  could a more 
Zoncise display be found f o r  the  f i n a l  c l a s s i f i e d  r e s u l t s ?  

2. While severa l  economically important crops were c l a s s i f i e d  i n  
t h e  f i r s t  e f f o r t ,  t he re  were severill "salad" categories (cate- 
gor ies  consis t ing of severa l  crop qpecies). While t h i s  was 
unavoidable i n  the  f i r s t  map because of lack of ground informa- 
t ion ,  cov-ld a crop species map be generated given t r a in ing  s e t s  
f o r  the  important crop specie; i n  the area? 

Because the answers t o  these  questions were f e l t  t o  be s i g n i f i c a r . ~  
t o  the ERTS data  analys is  i n  general, proc-ssing of t h i s  data  s e t  w a s  
pursued. 

7.  CONCISE DISPLAY OF ERTS DATA 

ERTS data  are  delivered i n  d i g i t a l  tape  and f i lm £om. For many 
ERIM ~ . a l y e e s ,  d i g i t a l  tape data  a r e  processed f o r  v lde  a rea  surveys. 
The ~ c i s e  display of t ~ c h  proc- ,sed r e s u l t s  is c l e a r l y  important. A 
co: ~ i o n a l  page p r i n t e r  display of- a l l  t h e  data  i n  one ERTS frarce 
covexs a 27 f t  x 24 fr: area!! While the  u t i l i c y  of computer page p r i n t e r  
outputs f o r  i n i t i a l  analys is  is acceptable, some nwre concise display of 
f i n a l  processed outputs is e s s e n t i a l  i f  these processed outputs a r e  t o  
be accepted by users. 

Rto solutions t o  the  problem e x i s t .  F i r s t ,  a t  ERIM ve have good 70 mm 
f i lms t r ip  p r i n t e r s  developed f o r  producing a i r c r a f t  scanner imagery. 
Throggh the  development of d i g i t a l  t o  analog (DIA) conversion f a c i l i t i e s ,  
we a r e  now able to  produce high resolut ion images of ERTS raw data  o r  
procesred r e s u l t s  on the same p r i n t e r s  used f o r  p r i n t i n g  a i r c r a f t  muhi-  
r p e c t r a l  data. Data from each d i g i t a l  tape of ERTS data  may be pr in ted 



separately aca r e s u l t s  mosaiced t o  provide a 9" x 9" displa,  q u i t e  compar- 
able t o  a typ ica l  9" x 9" transparency from Goddard. 

Second, we have obtained through the courtesy of Data Corporation, 
Dayton, Ohio, a color coded recognition map of the  Sacramento data  pre- 
sented a t  the  e a r l i e r  Goddard meeting. This is shown i n  Figure 1. 
(Unfortunately, the black and white f igure  cannot do j u s t i c e  t o  the v ivid  
colors present  i n  the o r ig ina l ) .  This display was produced from d!gital 
tape using a spec ia l  display devtce developed by Data Corporation. While 
the cost  of the device wafi too high f o r  us t o  buy a pr in ter ,Data  Corpora- 
t ion  agreed t o  make maps a t  a reasonable p r i ce  fo r  us. Display s i z e s  up 
t o  40" x 60" a r e  avai lable ,  and the  bas ic  resol.ution element s i z e  is  
1/72''. The device d i r e c t s  d i f fe ren t  colored inks a t  paper t o  produce an 
e f fec t ive  color display. 

3. CROP SPECIES RECOGNITION AND MENSURATION 

After  obtaining gro-md information from the  Sacramento Valley area,  
we were convinced t h a t  our f i r s t  map wa3 an accurate map of a g r i c u l t u r a l  
categories i n  the area. However, we  wanted t o  determine whether the 
economically impcrtant species could be recognized i n  such an a g r i c u l t u r a l  
area. Also we wished t o  determine how accurately crop acreages could be 
determined from ERTS data. 

F i r s t ,  we attempted t o  c l a s s i f y  the  crops of the  area .  using t r a i n i n g  
s e t s  se lec ted from f i e l d s  of d i f f e r e n t  crop specice a s  dete~rrlined from 
ground information. The r e s u l t s ,  shown only f o r  the  a rea  f o r  which ground 
information w a s  readi ly  avai lable ,  a r e  shown i n  Figure 2. 

W e  detemined t h a t  crop species  coul-d be discriminated on the  b a s i s  
of signatures.  The c r i t e r i o n  was the  probabi l i ty  of misc lass i f i ca t ion  
computed f ron the s ignature  information. Typical p r o b a b i l i t i e s  of mis- 
c l a s s i f i c a t i o n  a re  shown i n  Table 1 below. W e  were unable t o  discriminate 
between wheat rnd barley s tubble  because the  wheat had been harvested and 
wae atubble a t  the time. Also, tomatoes and sugar bee t s  could not  be 
d iscr in inated,  probably because both have dark green fo l i age  and were 
r e l a t i v e l y  immature at  the  time of ERTS coverage. 

The p robab i l i t i e s  of misclass i f ica t ion a r e  use fu l  f o r  def in ing 
separable c lasses  but do not t e l l  the  whole s to ry  because of the  l imi ted  
t r a in ing  s e t  a ress  used t o  ca lcu la te  these p robab i l i t i e s .  So t o  f u r t h e r  
test t he  a b i l i t y  t o  c l a s s i f y  crops, we made a recognit ion map. (See 
Figure 2). The s ignatures  f o r  the recognit ion map were derived from 
three  f i e l d s  of each elms of vegetation, 



TABLE I 

SELECTED PROBABILITIES OF MISCLASSIFTCATION 
FOR SACRAMENTO VALLEY CROP SPECTES 

S~ubble-Whea t* 
Tomatoes-Sugarbeets* 
Melons-Sugarbeets 
Milo-Sudan 
Tomatoes-Sudan 
Corn-Orchard 
Corn-Milo 
Tomatoes-Melons 

PROBAEILIIT OF 
MISCLASSIFICATION 

*Combined i n  Recognition Map 

3.1 Analysis of the  Recognition Map 

We analysed the recognition map of Figure 2 t o  determine the  clas- 
s i f i c a t i o n  accuracy of ihe various crops on a .Jer f i e l d  basis.  

Rice was well recognized, Of 30 r i c e  f i s l d s  (other than the t r a in ing  
se t )  examined, a l l  were correct ly  c lass i f i ed .  A f i e l d  was assumed t o  be 
cor tect ly  c lass i f i ed  i f  more than 50% of the  points  (exclusive of the  
boundary points)  were r ice .  Boundary elemants were recognized as corn and 
occasionally milo. 

About half  of the  dozen safflower f i e l d s  were correct ly  recognized. 
The remainder were cal led  stubble. Examination of the  color IR simulated 
imagery reveals a sub t le  des t inat ion between the  pale  yellow tone of 
safflowers and the  white tone of stubble. Apparently, safflowers wsre 
m t u r e  a t  the  time and some may have been harvested. 

Stubble recognition was correct  i n  a l l  20 areas examined. As 
previously mentioned, wheat and barley stubble could no t  be dist inguished,  
and the  stubble t r a in ing  set a l so  so l id ly  recognized some safflower f i e l d s ,  

Tomatoes and sugarbeets were correct ly  c l a s s i f i e d  i n  each of the  ten  
f i e l d s  examined. There wan a tendency fo r  sca t t e red  sugarbeet and tomato 
recognition t o  occur i n  other areas, par t i cu la r ly  in melon f i e lds .  

Melons were poorly reccgnized i n  t h e  th ree  f i e l d s  examined. Closer 
examhation of one of there  f i e l d s  on the C I R  sirnulatian reveals a varied 



p l a t i n g  pa t t r rn  with memo a r ras  Ln mrlonr md soma brra  a r r a r ,  Sincr tho 
rrcognition map c l a r r i f i r r  arlona i n  tha r r  a r ra r  which a r e  planted; and 
bare r o i l  rrcognit ion r l r rwhr r r ,  tho map is f e l t  t o  ire sore  ind ica t iv r  of 
tho t rue  r i t u a t i o n  than the ground infcraation.  

Water war coneirtently well recognized, with r ive rs ,  large  i r r f g a t i o n  
curcl r ,  laker and rome flooded f ie ld8 a11 recognized. A fallow f i e l d  
rigt?,aturc, obtained from one of the flooded f i e l d r  proved very spec i f i c ,  
recognizing tha t  f i e l d  and one o r  two others,  Thls combination of t'ha 
rrcognition of these two t ra ining se t8  is  f e l t  t c  accurately portray a l l  
water i n  tho rcene. 

Alfa l fa ,  orchard, corn, and milo recognition was dieappointing. 
Arear of theee crops were correct ly  c laee i f i ed ,  but a great  amount uf 
recognition ehowad up i n  other areae. Alfa l fa  and orchard signatures 
were derived from areae of eparee cover and protably represent only a 
sub t le  departure from bare eo i l .  This f a c t  may account f o r  the appearance 
of ro  much orchard and a l f a l f a  rec.ognition outside 01-chard8 aii; a i f  a l f a  
f i e l d r  , 

Bare r o i l  was consistently correct ly  c laeei f ied .  Sudan g ram wae 
a l r o  correct ly  c l a s r i f i e d  i n  the  three  area8 cxanined. 

Sincr we had good ruccerr recognizing r i c e ,  we addreared the  problem 
of acreage ert imrtion.  We had acreage8 of some f i a l d r  avai lable  from 
ground infornution and cancmtrated on the re  f i e ld8  fo r  a t o r t  of r i c r  
acrragr rrcognition. 

A t  the o u t r r t  w r  k n w  t h a t  tho boundary e l r m n i t ~  baing m i r c l a r r i f i r d  
would impair our acrragr r r t imr t ion  accuracy. SO m rrt imrtod tho parcentram 
of r i c r  i n  t h r  boundary rlrmrnta urina r p r c i a l  t o c h n i ; ~ u ~ r  dovrloprd by 
l o p  f 3 Wr found t h a t  about 75% of a typical  boundary 
elamant w r s  r i c r  and 25% b a r r  r o i l  and water, Thir  v a ? w  i r  i n  good a8roe- 
owrt e t h  tha around mmarurrd 50-60 f t  irrigation canal width. A cu . i l  
of thin mino would occupy about 114 of an ERTS d i g i t a l  tap. rrmplo point. 

The r o r u l t r  of acroaga ostimrtor f o r  t h e  rovrn rlco f i o l d r  r tudiod 
;vo ahown i n  Tablo 11. Notico t h a t  a l l  f i e l d r  are  g r ra to r  than 100 acror 
i n  r i ro .  Acrrago o r t i m t o r  taking only ruuplor racognired a r  rice are 
w n r i r t o n t l y  law, o w n  thouah rol i l ;  rrcognit ion w u  obtainod i n  each f i e ld .  
O r b 8  a rovirrd o r t ~ t r  bmod on rrcognit ion m d  mixt dror , much b r t t r r  
ac r r ra r  rrtimatrr a r e  obtainrd. W x t u r o r  m a l y r i r  .d w e d  t o  rrtiautr 
tho mount of r i c r  i n  tho boundary olrmmtr.  BOUT ,r rlomontr r r p r r a t i n a  

r i c e  ~ i r l d a  mrr u r i g n r d  r q u d l y  t o  both f io ld r . J  n o  improvwpy~~t i n  
a a r r a y  ortimation w i n 8  the  ~ x t u r r r  t r chn iqw i r  f a l t  t o  b r  r i p i f i c r r r t .  



TABLE I1 

RICE 
FIELD - 

COMPARISON OF RICE FIELD ACREAGES ESTIMATED 
BY RECOGNIT?.ON AND BY RECOGNITION 

PI,US <ONVEX MIXTURES 

TRUE RECOGNITION RECOGNITION 
ACRE3iGE - ESTIMATE PLUS CONMIXED 

4. SIGNIFICANT RESULTS 

Several r i g n i f i c a n t  r e s u l t s  have accrued from th ip  inves t igat ion.  

1. Concise dieplay of ERTS d i g i t a l  tape video o r  recognit ion d a t a  
can be obtained by D/A conversion of data  and p r in t ing  on 70 nun 
f i lme t r ip  p r in te r s  developed f o r  the  airborne scanner program. 
Alternatively,  spec ia l  purpose cc lo r  d i g i t a l  dj.cplays ary be 
generated by devices which p r i n t  i n  colored in: : d i r e c t l y  on 
paper using 0.014" rerolut ion c e l l  s i ze .  

2. Accurate crop rpeciea recognit ion cen be done i n  -.reas of l a rge  
f i e l d  agr icu l tu re  under r e l a t i v e l y  c l e a r  atmospheric conditions. 
Cropr moot accurately recognired a r e  those which &re green and 
rubrtantial1.y completely cover the  underlying r o i l .  Mature o r  
harveoted crops cai. be discriminated with l c r r e r  degreao of 
accuracy. Cropr with incomplete cover can be recognized ina ide  
their f i e l d  houndarier , but  recognit ion a l s o  oc;:urs ou t r ide  
agr icu l tu ra l  f i e ld8  yie ld ing a l a rgo  number of f a l r e  alarm 
detect iom.  



3. Accurate acreage ,stirsation of crops i n  f i e l d s  100 acres i n  
i z e  o r  smaller  requires t h a t   me es t imate  be aade of the  

amount of crop contai.ned i n  poaiibly misclasnified boundary 
elements. Without this estimate, acreage determined from 
pa t t e rn  recognition r e s u l t s  w i l l  be biased low. The amount of 
b i a s  increases with decreastng f i e l d  s i z e ,  and is  a l s o  dependent 
on f i e l d  shape. 
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Figure 3b. 

Figure 2 
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