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PREFACE 

Documented i n  t h f s  report  are the resul ts  o f  a study to evaluate the Large 
Area Crop Inventory Experiment el us t e r i  ng and class i f $cat ion procedures i n  
terms of variance of the proportion estimates and the probabilities of cor- 
rect classf f (cation for three categories. The categories o f  i n t e r e s t  were 
corn, soybeans, and other. 

Timely preparation o f  the d ~ t a  and experiment design f o r  thSs study would 
not have been possible without  the a i d  of several coworkers. K. Lennington 
and D. Register wrote the i n i t i a l  experiment destgn. R. Abotteen and 
3.  Johnson helped t o  verify the ground-truth labels and to  prepare the Sn i t ia l  
machine processing runs. Their assistance wt t h  this study was grea t ly  appre- 
c i a  ted. 
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I n  t rans1 t i o n  from the Large Area Crop Inventory  Experiment (I ACIE)  t o  t h e  
LACIE T r a n s i t i o n  Pro jec t  (FV79), the  basic components o f  Procedure 1 (PI)  

requ j red  inves t iga t ion .  PI, as used i n  L A C I E ,  was a two-category proce- 
dure estimating wheat and nonwheat. In t h e  mixed wheat s tates,  a three- 
category c l a s s i f i c a t i o n  was used t o  est imate winter wheat, spr ing  wheat, and 
other i n  L A C I E  Phase 111, but no i n v e s t i g a t i o n  o f  t he  appropr iate number of 
type 1 dots was made. Th is  study was i n i t i a t e d  t o  t e s t  a three-category 
c l a s s i f i e r  u s i  ng corn, soybeans, and o the r  as categor ies t o  exam1 ne the  
approprtate number o f  type 1 dots, Since a machine est imate (ME) and a 
s t r a t i f i e d  area l  est imate (SAE) were produced by both nearest-neighbor c lus-  
t e r i n g  and maximum-1 i kel  i hood c l a s s i f i c a t i o n  i n  a standard PI  run, a l l  four 
estimates were compared t o  ground-t ruth proport ions.  Each o f  these four 
propor t ion  estima,es were a l so  analyzed I n  te r~ns o f  the variance o f  the  
est imates and the variance o f  the  'orrespondi ng probabi 1 i t i e s  o f  c o r r e c t  
c l a c s i f i c a t i o n  (FCC). The reduct ion  c o e f f i c i e n t s ,  R-values , were ca l cu la ted  

f o r  a1 1 processing runs and were compared to previous two-category ca lcu la t fons .  



2.  EXPERIMENT OBJECTIVES AND DESCRIPTION 

2.1 OBJECTIVES 

The experiment was desfgned t o  t e s t  the three-category c l a s s i f i e r  using corn, 
soybeans, and other as the categories. The ob ject ives o f  the experlment 
were : 

a. To examine a three-category c l a s s i f i e r  proport ion estimate i n  terms o f  
the number o f  type 1 dots used 

b. To examine a three-category c l a s s i f i e r  I n  ternrs of the variar!ce o f  the 

estimate 

c ,  To examine the evaluat ion c r i t e r i o n  (the PCC) I n  terms o f  i t s  variance 

2.2 GENERAL DESCRIPTION 

The experiment was planned t o  include the processing o f  12 t e s t  segments 
using varying numbers o f  s t a r t i n g  dots ( type 1 )  and 105 blas cor rect ion dots 

(type 2). O f  these 12 segm@nts, 6 were obtained from the corn and soybean 
a l loca t ion  and 6 from the LACIE Trans i t ion Year (TY) a l locat ion.  Oetai led 
information about these data i s  described i n  tab le  2-1. 

The crops chosen f o r  both the s i x  segments obtained from the corn and soy- 
bean a l l oca t i on  and the s i x  segments obtained from the LACIE TY a l l oca t i on  
were the major crops f n the segment. The primary purpose o f  the t e s t  was t o  
process corn and soybeans; however, i f  one o f  these crops were not  adequately 
represented i n  a segment, another major crop was chosen t o  replace i t  as a 
crop o f  in te res t .  

The number o f  type 1 dots (sets o f  30, 45, and 60 dots)  was var ied i n  order 
t o  examine the e f fec t  o f  the number o f  dots used i n  a three-category c l ass i f i e r .  
To estlmate the  variance o f  the proport ion estimates and the PCC, three inde- 
pendent sets of dots were selected from the 209 g r i d  In tersect ions f o r  a f i x e d  
nunber o f  type 1 dots. Thus, a t o t a l  o f  108 processing runs was possible. To 

make the i n i t i a l  type 1 dot  selecti@)s f o r  a segment, three Independent sets o f  

60 dots were randomly selected i n '  the usual manner of skipping a1 1 border 



TABLE 2-1 .- DATA SET 

Number 

146 

185 

804 

812 

024 

883 

1075 

1253 

1341 

1 502 

1572 

1 591 

Acquisi t ion used 

8180, 8198, 8234, 8270 

8169, 8197, 8205, 8224 

8229, 8247, 8274, 8292 

01 99, 8235, 8280, 8289 

81 63, 8235, 8271, 8307 

8186, 8213, 8222, 8293 

8133, 8206, 8259, 8296 

81 65, 8184, 8274, 8291 

8113, 81 67,  8186, 8293 

8138, 0246, 8282, 8300 

81 53, 8206, 8279, 8296 

8134, 8241, 8255, 8278 

Segnrent 

Locat Ion 

Kentucky 

Minnesota 

Iowa 

M i s s i s s i p p i  

I l l i n o i s  

Iowa 

Nebraska 

Oklahonla 

Kansas 

Col o rado 

Nebraska 

Nebraska 

Major crops 
I 

Corn (C), Soybeans (X) 

Corn (C), Soybeans ( X ) ,  
Sprf ng wheat , Sunflowers 

Corn (C) ,  Soybeans ( X )  
Oats 

Soybeans ( X ) ,  Cotton (K), 
Rice  

Corn (c ) ,  Soybeans ( X )  

Corn ( C ) ,  Soybeans (x )  

Corn ( C ) ,  A l f a l f a  ( A )  

Soybeans ( X ) ,  A l fa l fa  (A) 

Corn ( C ) ,  Soybeans ( X )  
Sorghuni 

Corn (C), Sugar beets (Y) 
Winter wheat, A1 f a l f a  

Corn ( C ) ,  Pasture (P) 

Corn ( C ) ,  Sorghu~n ( E )  



o r  edge p ic tu re  elements (p ixe ls)  described I n  reference 1. Next, 16 dots 
were randomly deleted t o  produce three sets o f  45 type 1 dots. And agaln, 
15 dots were randomly deleted f o r  three sets of 30 type 1 dots. For both o f  
these random delet ions, each category was guaranteed to  have a t  least one 
type 1 dot, thus r e s t r i c t i n g  the de le t fon process. 

Each processing consisted o f  a three-category version of the standard PI 
c l  us ter lng and c l ass i f i ca t i on .  Proport ion and PCC estimates were obtained 
from the automat ical ly  labeled c lus te rs  and from the maximum-1 I keli hood 
c l a s s i f i e r  output. The SAE were a l so  calculated fo r  each ME using a set  o f  
105 type 2 dots. For the three rep l ica t fons,  using a f i x e d  number of star t fng 
dots (30, 45, o r  60), the type 2 dots were selected independently where the 
overlap (between sets o f  type 2 dots on ly)  occurred from necessl ty. The 
abundance o f  border and edge p i xe l s  i n  the type 1 select ions proh ib j ted a 
t h i r d  set  o f  dots f o r  three o f  the twelve t e s t  segments. Th is  caused the 
t o t a l  number o f  processing runs t o  be decreased t o  99. 

2.3 EXPERIMENT DESIGN 

An analysis o f  varlance (ANOVA) was planned f a r  ehth se t  o f  s t a r t f n g  dots 
(se t  o f  60, set o f  45, and set  o f  30) t o  determfne di f ferences between the 
proport ion est imat ion procedures. The signed df f ference between each pro- 
por t ion  estimate and the ground-truth estimate was used f o r  the response 
variable. The 1 inear  fi~odel f o r  the three analyses was as follows: 

u = the overa l l  mean o f  the observations 

oi = the segment e f fec t  (i = 1, 2. * * * ,  12) 

'J = the treatment o r  proced~rre e f f e c t  ( j  = 1, 2, 3, 4) 

Ck = the crop e f f e c t  (k 1. 2 )  



Ei j krn - the random e r r o r  fo r  each observation (m represents the repctf t i ons  

performed f o r  each observation and I s  a function o f  1, j, and k.) 

Y i ~  km = the response varjable 

An ANOVA was also planned for  each propor t ion est imat ion procedure t o  deter- 
mine df fferences between the number o f  s t a r t i n g  dots used (60, 45, and 30). 
f he response var iable was again the signed difference between the proport ion 
estimate and ground t r u th .  The l i n e a r  model f o r  these four ANOVAs was as 
follows : 

where 

J = the treatment e f f e c t  representing the number o f  s t a r t i n g  dots used 

(j = 1 ,  2 s  3 )  

p = t!ie overal l  mean o f  the observations 

ol = the segment e f f e c t  ( 1  = 1, 2, 1 2 )  

Ck = t h e  crop ef fect  (k  = 1,  2 )  

j kn1 
= the random e r r o r  f o r  each observation (m represents the repe t i t i ons  

performed f o r  each observation and as a func t ion  o f  i, ;f, o r  k.) 

A general linear model ANOVA program was used t o  generate the ANOVA tables 

(ref. 2 ) ,  

To exam! ne the var iab i  1 i ty i n  the performance o f  P I ,  estima,tes o f  the variance 
of the proport ion e s t i ~ i a t e s  and the variance of the PCC estimates were t o  be 

computed, The variances were estimated by pool ing the w i  thin-segment va r i -  
ances over each segment f o r  each case of 30, 45, and 60 type 1 dots. These 
var iances were then pooled over a l l  segments f o r  each case o f  30, 45, and 60 

type 1 dots, The equations f o r  computing thesc dariance estimates are  as 
f o l  1 ows , 



where 

Xi j 
the variable, proportion astlmate, dr PCC as measured f o r  the 11% 
sampl i ng and j t h  segment 

xj - the average valuc o f  Xlj f o r  the j t h  segment 

N = t o t a l  number o f  segments and range o f  J' 

Mj t o t a l  number o f  samplings which are dependent upon j and are i n  the 
range o f  I 

Separate compari sons were p la~ned  f o r  the variance o f  the proportion estimates 
and the variance o f  the PSC astimates. I n  each case, ra t i os  between the 
variances f o r  the es.'+:!ste~ o f  the set o f  45 type 1 dots and the set  of 60 
type 1 dots and betktee:! the variances f o r  the estlmates for  the set o f  30 and 
the set o f  60 type 1 dots were to  be calculated. These r a t i o s  were approxl- 
mately d is t r ibuted as F-sta t fs t lcs  and, therefore, may be tested for s ta t j s -  
tically s ign i f j can t  departures from un i t y .  S ta t l s t l ca l  tables indicated that  
ra t i os  w i th  a value o f  approximately two or larger were s lgn i f l can t  a t  the 
5-percent level i f  a total o f  12 segments was used, 



3. PROCEDURAL DESCRIPTION 

Thi s study was performed using ground-truth labe ls  tha t  were manually v e r i  - 
f ied w l  t h  an annotated ae r i a l  photograph and reg is tered g r i d  overlay. The 
g r i d  overlay corresponds t o  the g r i d  In tersect ions on the land s a t e l l i t e  
(Landsat) f l l m  products. Border (spzctmally mixed p i xe l s )  and edge ( s p a t i a l l y  
misregi s tered pixe ls  from acqufsi t i o n  t o  acgui s l  t lon) were a lso ident f  f l ed  and 
documented a t  t h i s  tfme sDnce these types o f  p i xe l s  are not  used as type 1 
dots. 

Stsndard P1 processing was perfumed. The type 1 dots s ta r ted  the nearest- 
neighbor c lus ter ing algor i thm ( re f .  3 j wd t h  the fo l lowing parameters. 

b. Percent 0 

c,  SEP = 1 

d. STDMAX = 20 

e. DLMIN = 0 

f. R2 = 8191 

g. NMIN2 = 18 

h. ITMX = 0 

1 P o f N  = 1 

j. SC Seq. S 

k. Distance measure = L2 (Euclidean) 

The NMINL parameter was changed from the standard value o f  100 to  18 I n  
order t o  prevent the delet i f in o f  small clusters. 

The c l us te r s  were automat ical ly  labeled by the c losest  type 1 dot using an 
L2 distance crt ter ion.  The cluster statistics were then used i n  a maximuin- 
11 ke l  4 hood c lass i  ff er to  c l ass l f y  the segment. Output reports included 



cluster proportion esttmates, class l f  Dcation proportfon estimates, t h e i r  
corresponding SAEs , type 1 PCCs , and type 2 PCCs, 

I n i t i a l l y ,  the three-ca togory version o f  P I  was run using each set o f  60 
type 1 dots for each segment. Following the completion o f  these runs, 15 
type 1 dots were deleted a t  random from each set o f  type 1 dots and the 
processing was repeated using the 45 rarflainlng dots. Finally, 15 more type 1 
dots were deleted a t  random, and the 30 remaining dots were used to  make the 
f i n a l  runs. 



4. RESULTS 

The estlrnates obtained fro111 the study a re  shown I n  tables 4-la,  4 4 b r  and 
4- lc f o r  the sets s f  60, 45, and 30 type 1 dots, respect ively,  The C1 and 
C2 are the two categuries o f  i n t e res t  t ha t  were processed w i t h  other ( N i .  
The ground- t r u  t h  e s t i ~ ~ ~ a t e s  o f  these ca tegorles are 400-mndonl-dot counts, 
taken fro111 annata ted a i r c r a f t  photography because d l g i  t i  zed ground-truth 111aps 
were not ava i lab le ,  The ME, SAE, type 1 do t  PCC (PCCl ), and type 2 dot PCC 
(PCC2) are shown f o r  both c l us te r  and c l ass i f i ca t i on  resu l t s .  The SAEs were 

co~~iputed on a category l e v e l  f o r  both MEs. Note tha t  the PCC values a r e  

ca~nputed f o r  the ME only. 
" 

The raw propor t ion estinlatas were differenced w i t h  the ground t r u t h  before 

a,ialysis, and these signed di f ferences appear i n  the appendix, t ab le  A-la, 
A-lb, and A-lc for 60, 45, and 30 type 1 \ :  . ?  ", respect ivc ly,  

The f i r s t  se t  o f  ANOVA tes ts  was performed on the signed di f ferences between 

proportions and ground t r u t h  f o r  each d i f f e r e n t  number o f  type 1 dots: 60, 
45, hnd 30. This  was t o  deten l~ ine i f  any s l gn i f i can t  d l f ferances existed 
between the four methods of achieving a proport i on  es tinlate. These ANOVA 
tests appear i n  tab le  4-2a, 4-2b, and 4-Zc, For each separate set  o f  s t a r t i ng  

dots, no s l gn i f i can t  d i f fe rences were found between the proportJon estinrates. 

The ANQVA tes ts  were a lso performed t a  detect  d i f ferences between 30, 45, 
and 60 s t a r t i n g  dots, based on the signed differences between the proport ions 

and ground t r u th .  These ANOVA tests appear i n  t a b l e s  4-3a, 4-3b, 4-3c, and 
4-3d. No s i gn i f i can t  d i f ferences were found between nunlbclrs o f  s t a r t i n g  dots 
(50, 45, and 30) f o r  each proport f  on est inlat ion technique: nlachine c lus te r -  

ing, SAE c lus ter ing,  machine c lass i f i ca t ion ,  and SAE c l ass i f i ca t i on .  

The variance o f  the propor t ion estjniates on a per segment basis appear i n  
the appendix, tables A-2a, A-Zb, and A-2c f o r  60, 45, and 30 s t a r t i n g  dots, 

respect ively.  Conlparisons were Illore r e a d i l y  r~iade when these variances were 
pooled over a l l  the t es t  segments f o r  each nurnber o f  s t a r t i n g  dots, as i n  



TABLE 4-1 .- R A W  DATA ESTIMATES FOR 60, 45, AND 30 TYPE 1 OOTS 

(a) 60 type 1 d o t s  



TABLE 4-1 .- Continued. 

(b) 45 type 1 dots 

, 

-t 

L m t f o n  

~ r n s ~ b n ~ t a  

&Pad-truth btl Fkcktnt 

1341 

1591 

185 

BOI 

824 

@3 

1253 

IS2 

estImte 

~ m p 1  

17 
zs 
26 

47 
37 
u 
17 
ID  
14 

12 
17 

1 
3 
1 

u 
45 
~5 

(a 
SB 
50 

9 
n 
3 5 3  
38 

35 
n 
33 

7 
3 

11 

b 
14 
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TABLE 4-2.- PROPORTION ESTIMATES ANOVA USEZG 60, 45,  
AND 30 STARTING DOTS 

- -- 

a ~ n d i c a t e s  nonsignif icance a t  the n = 5-percent level. 

Degrees o f  Sutn o f  Source o f  v a r i a t i o n  freedom 
Mean F-value squares square 

(a )  Using 60 s t a r t i n g  dots  

0, 85a 10.86 

12.70 

505.31 

32.59 

3349,lO 

Mean, seg~nent, and 
crop e f fec t  

Estilnat.lon procedure 
e f f e c t  

Er ror  

Total 264 3667.00 

(b) Using 45 s t a r l i n g  dots  

13 

3 

24 8 

- 4 

0, 2!ia 

-- 

3.60 

14.34 

T o t a l  264 4266.00 

697,02 

10.80 

3558.17 

Mean, segment, and 
crop ef fect  

E s t i ~ r ~ a t l o n  procedure 
effect  

Error 

(c)  Using 30 s t a r t i n g  do ts  

13 

3 

248 

0.03~ 

Mean , segment , and 
crop e f fec t  

Estinla t i o n  procedure 
e f f e c t  

Error 

To t a  1 

1223.56 

1 .8i 

5564.61 

6790.00 

13 

3 

24 8 

L L  
2 64 

U. 61 

22.44 



TABLE 4-3.- STARTING WTS ANOVA USING MACHINE CLUSTERING PROPORTIONS, 

SAE CLUSTERING PROPORTIONS, MACHINE CLASSIFICATION PROPORTIONS, 

AND SAE CLASSIFICATION PROPORTIONS 
I 

a ~ o  s i g n i f i c a n t  d i f f e r e n c e  was found a t  the  a = 5-percent l e v e l .  

r 

Source o f  v a r i a t i o n  Degrees o f  

( a )  Machlne c l  u s t e r i n g  p ropo r t i ons  

Sum o f  
squares 

Mean, segment, and 
c rop  e f f e c t  

S t a r t i n g  d o t  e f f e c t  

E r r o r  

T o t a l  

Mean 
square F-value 

13 

2 

183 

(b )  SAE cl u s t e r i  ng propor t ions  

1918.96 

14.92 

3569.12 

7.46 

19.50 

Mean, segment, and 
c r o p  e f f e c t  

S t a r t i n g  do t  e f f e c t  

E r r o r  

Tota 1 

198 5503.00 

0. 3ga 

13 

2 

183 

198 

( c )  Machine c lass1 f i c a t i a n  propor t ions  

461 .60 

3.67 

1550.73 

201 6.00 

Mean, segment, and 
crop e f f e c t  

S t a r t i n g  do t  e f f e c t  

E r r o r  

To t a  1 

7 -83 

8.47 

I 

13 

2 

183 

198 

0. 22a 

(d)  SAE c l  a s s i f i c a t i o n  p ropo r t i ons  

Mean, segment, and 
c rop  e f f e c t  

S t a r t i n g  do t  e f f e c t  

E r r o r  

0.46~ 

1968.49 

17.04 

3394.47 

5380.00 

T o t a l  198 1844.00 
* 

13 
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183 

8.52 

18.55 

487.19 

0.39 

1356.42 

0.20 

7.41 

0 .03~  



tab le  4-4. The varjances o f  the MEs, both clusterf ng and c lassf  f i ca t fon ,  were 
s i g n i f i c a n t l y  decreased by increasing the number o f  s t a r t i n g  dots from 30 t o  
45 fo r  both categories o f  in terest .  These variances were again decreased, 
but  no t  s ign i f i can t l y ,  by increasing the numbers o f  s t a r t i n g  dots from 45 t o  
60. The variances of the SAE estimates, both c lus te r i ng  and c lass i f i ca t ion ,  
d i d  no t  s i g n i f i c a n t l y  d i f f e r  f o r  any change i n  the number of s t a r t j n g  dots. 
For 60 s ta r t i ng  dots, no s i gn l f l can t  differences were found between any o f  
the proport ion est imat ion techniques for e i t h e r  crop. 

The variances of the PCCs on a per segment basis appear i n  the appendix, 
tables A-3a, A-3b, and A-3c f o r  60, 45, and 30 s t a r t i n g  dots, respkct jvely.  
These variances are pooled over a l l  t e s t  segments f o r  each number o f  s t a r t i ng  
dots and appear i n  tab le  4-5, The variance o f  the PCCl  f o r  c lus te r ing  and 
c l a s s i f i c a t i o n  was s ignf  f i c a n t l y  decreased when the number o f  s t a r t i n g  dots 
changed from 30 t o  45 and from 45 t o  60, The varlance of the PCC2 f o r  c lus te r -  
i ng  and class1 f i c a t i o n  was s i g n i f i c a n t l y  decreased when tlte number of s t a r t -  
ing dots changed from 30 t o  45. When the number o f  s t a r t i n g  dots changed from 
45 t o  60, the variance o f  PCCZ increased f o r  both clustering and c l ass i f i ca -  
t i on ,  but the increase was not  s lgn i f icant .  For 60 s t a r t i n g  dots, the variance 
o f  PCCl was s i gn i f i can t l y  d i f fe ren t  from the variance o f  PCC2 f o r  both c lus-  
t e r i ng  and c l a s s i f ~ c a t ~ o n .  This  significance can be a t t r i b u t e d  t o  the d i f -  
ference between t r a i n i n g  and t e s t  data. 

The reduct ion coe f f i c ien t ,  R, has been presented as a method of observing how 
much the machine c l a s s i f  t cat ion reduces the variance o f  the SAE p ropor t i  on 
es t imat ion  ( re f .  3) f n comparf son wf t h  the variance of a simple random sample 
est imate. I n  the computation o f  the R-values, the omission and commission 
rates are computed by comparing the machfne labels o f  the type 2 dots t o  the 
ground t r u th .  The sampling e r ro r  can be computed using the ground t r u t h  
proportions or the labe l ing  proport ion from the type 2 dots denoted herein 
as IT, The R-values were computed f o r  both c lus te r ing  and c l a s s i f i c a t i o n  f o r  
a l l  o f  the three-category runs. The omission and commission ra tes and the 

R-values are presented, f o r  both ground t r u t h  and l abe l f  ng proportions, i n  the 
appendfx, tables A-4a, A-4b, and A-4c. The R-values were then averaged over 
the 33 runs f o r  a particular number o f  s t a r t i n g  dots (60, 45, o r  30) and using 



TABLE 4-4 ,- VARIANCES~ OF 'THE PROPORTION ESTIMATES 

t i s t l c a l  s l g n i f i  cance a t  the 5-percent 1 eve1 i s  found 
whenever the r a t i o  of vardances i s  at least two. 

TABLE 4-5.- VARIANCES OF THE PCC 

. 
Number o f  

s t a r t i n g  dots 
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2 
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Number o f  
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Machine 
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0.954 
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6.111 

5.076 

6.542 

5.264 
1 

' 

16.751 

3.053 

1.138 

PCC2 

14.446 

5,484 

7.408 

PCC2 

10.992 

4.590 

5.725 



both the ground-truth and the labeling proportlon. The average R-values and 
t h e i r  corresponding variances are presented i n  table 4-6. The averaged 
R-values were only sl ight ly  hfgher than those for the two-category P I  runs 
(0,718 and 0.714) as documented i n  reference 3. 



TmLE 4-6.- THE R-VALUES AVERAGED OVER 33 THREE-CATEGORY RLlNS 

Number o f  
star t ing dots 

60 

60 

45 

45 

30 

30 

Ti  

Ground truth 

Labeling proportion 

Ground truth 

Labeling proportion 

Ground truth 

Label i ng proporti on 

Cluster 

R-mean 

0.738 

,739 

,736 

,735 

-775 

,774 

C1 assify 

R-variance 

0.024 

-025 

,032 

.032 

,029 

,029 
: 

R-mean 

0.731 

-729 

-730 

-729 

-746 

,746 

R-variance 

0,034 

.032 

.029 

,030 

,034 

,034 - 



5, CONCLUSIONS AND RECOMMENDATIONS 

Upon e~amlnat lon o f  both ME and SAE proportion estimates produced by cluster- 
ing and c l ass i f i ca t i on r  no s ign i f i can t  differences were found between the 
proport ion estimates and ground-truth estlmates. Since t h i s  was the case i n  
previous two-category studfes (ref. 4), i t  i s  not considered unusual i n  the 
three-category case, but  jnstead, indicates tha t  canc1usions should be made 
on the basis of the consistency o r  variance o f  the estimates as w e l l  as the 
accuracy. 

When tes t i ng  the variances o f  the ME proport ion estimates, a s i gn i f  i can t  
reductf on i n  the variances was found when the number of s ta r t i ng  dots was 
increased from 30 t o  45* The variances were again reduced, although not 
s i gn i f i can t l y ,  when the number o f  s t a r t i n g  dots was increased from 45 t o  60. 
From these resul ts,  60 s ta r t i ng  dots are recornended f o r  a three-category 
c l a s s i f i e r  

When examining the variances o f  the estlmates f o r  the four est imation proce- 
dures (us1 ng 60 s ta r t i ng  dots), no s i g n i f f  cant dif ferences were found between 
procedures. Thus, on ly  the machine c lus te r ing  may be used t o  produce an 
est imate and the SAE computations and maximum-1 i kel  4 hood e l  ass3 f f ca ti an can 
be deleted. This w i  11 a1 low two advantages over PI : ( I  ) us lng only el uster- 
i n g  w i  11 el iminate the addl tf ona'l machine time reqrrired by c lass i f  ica t ion,  
and (2) de le t ing the SAE w i l l  mlnlmi ze the analyst- label ing-t ime required 
because on ly  type 1 dot labe l ing wjll be necessary. 

The variance of the PCCl  was s i gn i f i can t l y  lower for  60 s ta r t f ng  dots than 
for e i  ther  the set o f  45 o r  30 dots. Since the type 1 dots are the t r a i n i ng  
data, an increase i n  the t r a i n i ng  sample s l ze  i s  expected t o  produce signf f- 
icant  decreases i n  the variance o f  the PCC1. For the PCC2, a s ign i f i can t  
reduction i n  the variance was observed when the number of s t a r t i n g  dots was 
increased from 30 t o  45. No signf f i c a n t  differences were observed when the 
number o f  s ta r t i ng  dots was increased from 45 t o  60. Thus, the varfance o f  



PCCl decreased when the number o f  s tar t ing dots increased up t o  60, and the 
variance of PCCZ decreased when the ,umber o f  s tar t lng dots Increased t o  45 
and then s t a t l s t l c a l l y  stabllfzed. This fu r ther  reinforces the eholce o f  60 
s ta r t ing  dots. 

The ef f lc lency o f  P I  i n  reducing the variance of a proportlon estlmate 
obtained from SAE has been presented I n  referet~ce 3. I n  t h i s  experiment, 
v i r t u a l l y  no di f ference ex1 sted between the R-values , regardless of the 
number o f  s tar t ing dots used o r  the proportlon estlmatlon procedure. There 
were no cases where the R-value was lower for c luster ing than for  c lass l f i ca-  
t ion .  This would Indlcate that  c lass l f f  cation was better than clustering, 
but the differences between the R-valusr were consistently very sma l l .  As 
I n  the two-category case, these R-values indlcate tha t  not much i s  being 
gained by c lass i f i ca t ion  o r  c luster jng over a simple random sample. SInce 
these R-values are the  produck o f  the best possible label ing o f  dots (ground 
truth),  an jmproved procedure t o  PI seems desirable t o  improve the cost- 
effectiveness o f  t h l  s machl ne processing. 

To summarize, the recommendations resul t fng from t h i s  study are as follows: 

a.  A set o f  60 s ta r t i ng  dots should be used i n  a three-category classifier. 

b. The ME produced by nearest-neighbor c luster ing i s  an adequate estfmator. 

c. Mare study i s  needed i n  the area o f  an a1 ternat ive fo r  P I .  
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Tables A-1 through A-5, included i n  the appendix, are supplemental material 
referred to  i n  section 4 o f  t h i s  document. 



TABLE A-1 ,- DIFFERENCES BETWEEN PROPORTIONS AND GROUND TRUTH 
USING 60, 45, AND 30 STARTING DOTS 

(,a) Using 60 start fng dots 

Symbol definl ttans: 
Crop coder 
A = a l f a l f a  
C corn 
E sorghm 
K cotton 

Number 

1075 

1341 

1591 

146 

105 

804 

812 

824 

803 

1253 

1502 

1572 

, 

P pasture 
X = soybeans 
Y sugar beets 

Cmp 1 

C 

C 

C 

C 

C 

C 

X 

C 

C 

X 

C 

C 

Segmm t 

Location 

Nebraska 

Kansas 

Nebrrska 

Kentucky 

Mf nnesota 

Iowa 

Mirs lss fpp~  

l l l l n o i s  

IOWU 

Oklahoma 

Colorado 

Nebraska 

Cmp 2 

A 

X 

E 

X 

X 

X 

K 

X 

X 

A 

Y 

P 

Clus 

(Ilchlna 
- -  

Crop T 

-1 3 
-3 
-3 

6 
1 
2 

(1 
-5 
-1 

-2 
0 

-4 
-5 
-7 

1 - 1 
-3 

1 
2 
3 

3 
0 

1 
3 

-1 
0 

-1 

-2 
-8 
-1 

-8 
0 

-7 

tar 

stn:i[rku' ~ t l m t e  

Crop 2 

-4 
0 

-2 

1 
4 
6 

-2 
4 
0 

-2 
0 

-2 
-6 
-4 

- 3 
-2 
-2 

- 2 
-4 
-2 

0 
2 

-3 
-2 

-2 
-2 
-2 

-3 
-3 

1 

12 
11 
5 

Crap 1 

-1 
7 
5 

-5 
-1 
-4 

4 
3 
0 

3 
-1 

-1 
-2 
0 

-6 
-2 
-5 

2 
4 

-6 

0 
-6 

3 - 1 

-4 
0 

-7  

- 6 
1 

-3 

0 
0 
1 

Crop 2 

6 
3 
4 

3 
2 
3 

-3 
-2 
-1 

0 
-2 

-2 
2 

-2 

5 
0 

-2 

- 2 
-1 
0 

-4 
3 

1 
0 

-1 
0 

-1 

4 
0 
3 

-5 
-1 0 
-1 

Classify 

Machlnr 

Crop 1 

-1 3 
-4 
-3 

7 
1 
2 

1 
-5 
-1 

-2 
-I 

-4 - 5 
-7 

2 
-1 
-3 

0 
1 
2 

3 
0 

1 
2 

-1 
0 

-1 

-2 
-8 
-1 

-8 
0 

-0 

S t r a t l f l a d  a rm1 a s t i l u t e  

Crop 2 

-5 
0 - 2 

1 
3 
6 

- 3 
-4 - 2 

-2 
0 

-2 
-6 
-4 

-3 
-2 
-2 

-2 
-4 
-2 

0 
2 

-2 - 2 

-2 - 2 
-2 

-3 - 3 
1 

12 
11 

6 

+,It,rla 

Crop 1 

-1 
7 
4 

-5 
-3 
-3 

1 
2 
I 

3 
0 

-1 
-2 
0 

-5 
-4 - 5 

2 
5 

-6 

0 
-4 

4 
1 

-2 
0 

-6 

-5 
I 

-2 

0 
0 
0 

Crop 2 

6 
3 
4 

4 
2 
3 

-4 
-2 
0 

0 
-1 

- 2 
2 

-1 

4 
0 

-2 

-1 
-1 
0 

- 5 
1 

1 
0 

-2 
0 - 1 

2 
1 
3 

-5 
-10 

1 



TABLE A-1 .- Continued. 

(b) Using 45 star t ing dots 

Symbol def in l t fons:  
Crop codes 
A a l f a l f a  
C g corn 
E sorghum 

Numbar 

1075 

I341 

1591 

146 

185 

804 

812 

824 

883 

1253 

1502 

1572 

K cotton 
P = pasture 
X soybeans 
Y = sugar beets 

Crop 1 

C 

C 

C 

C 

C 

C 

X 

C 

C 

X 

C 

C 

Segment 

Location 

Nebraska 

Kansas 

Nebraska 

Kentucky 

Minnesota 

Iowa 

Mississippi 

I l l i n o l s  

Iowa 

Oklahoma 

Col orado 

Nebraska 

Cluster 

S t r r t l f f d  areal Crop 2 

A 

X 

E 

X 

X 

X 

K 

X 

X 

A 

Y 

P 

Machine 

Crop 1 

-1 2 
-4 
-3 

7 
-3 

4 

2 
-5 
-1 

- 5 
0 

-4 
-5 
-7 

-2 
-1 
-1 

0 
0 
2 

2 
-1 

-2 
1 

2 
-6 
0 

-4 
-0 
0 

-6 
0 

-9 

Classify - 
Stratff ied areal 

Crop 1 

-1 2 
-5 
-3 

7 
-3 

4 

2 - 6 
-1 

-5 
-1 

-4 
-5 
-7 

-2 
-1 
-2 

0 
0 
1 

2 
-1 

-2 
1 

2 
-6 
0 

-4 
-8 
-1 

-0 
0 

-0 

estfnate 

Crop 2 

-4 
-1 
-2 

3 
7 
9 

-3 
-6 
1 

4 
-1 

-1 
-6 
0 

-3 
-2 
-1 

0 
-4 
-1 

1 
2 

-2 
-3 

-2 
-2 
-2 

-2 
-3 

3 

17 
11 
0 

estimate 

Crop 1 

- 2 
5 
4 

-4 
-1 
-1 

2 
3 
2 

2 
0 

-3 - 3 
0 

-6 
-rr 
-5 

1 
5 

-5 

1 - 3 

5 
1 

-1 
0 

-5 

-5 
1 - 2 

0 
-2 
0 

crtlMta 

Crop 2 

-4 
-1 
-2 

3 
6 
B 

-3 
-6 
0 

4 
-1 

-1 
-6 
0 

-3 
-2 
-1 

1 
-4 
-1 

1 
2 

-1 
-3 

-2 - 2 - 2 

-2 
-3 

3 

17 
11 
8 

Crop 2 

6 
4 
2 

3 
2 
2 

-4 
-2 
-1 

-1 
-3 

-2 
3 

-1 

5 
0 

-1 

-1 
-2 
0 

-6 
2 

-1 
0 

0 
0 

-2 

2 
1 
3 

-5 
-8 
0 

Crop 1 

-1 
-4 
-4 

-6 
-1 
-2 

2 
2 
1 

1 
1 

-3 
-3 
0 

-6 
-4 
-5 

2 
1 

-5 

2 
-5 

1 
i 

-4 
0 

-5 

-5 
1 

-3 

0 
0 
0 

Crop 2 

6 
4 
2 

3 
1 
1 

-4 
-2 

0 

1 
-2 

-2 
3 

-1 

5 
1 

-1 

-2 
-3 

0 

-7 
3 

1 
0 

-1 
0 

-1 

3 
1 
4 

-6 
-1 0 

1 



TABLE A-1 ,- Concluded . 
(c)  Uslng 30 star t ing dots 

Symbol def lnlt ions: 
Crop codes 
A n al fa l fa  
c * corn 
E = sorghum 
K = cotton 
P pasture 

Nlrmber 

1075 

1341 

1591 

146 

185 

804 

812 

824 

a63 

1253 

1502 

1572 

X = soybans 
Y sugar beets 

Crop I 

C 

C 

C 

C 

C 

C 

X 

C 

C 

X 

C 

C 

Segment 

Locrt ion 

Nebraska 

Kansas 

Nebraska 

Kentucky 

Htnnesota 

Iowa 

MlssissIppi 

I l l i n ~ l ~  

lowa 

Oklahorna 

Colorado 

Nebraska 

Cmp 2 

A 

X 

E 

K 

X 

X 

K 

X 

X 

A 

Y 

P 

Machin@ 

Crop 1 

-1 2 
-13 
-1 

1 3  
-9 
6 

0 
-5 
-5 

-3 
1 

-0 
-6 
-3 

-2 
3 
2 

-5 
-1 
7 

5 
6 

5 
7 

-1 
-9 
0 

-7 
-0 

1 

-7 
-5 
-a 

estlmatr 

Crop 2 

-6 
2 

-2 

4 
16 
I7 

-4 
-6 
-2 

7 
-2 

-3 
-5 
-5 

-3 
-2 
-3 

- 2 
-4 
0 

-3 
-2 

-1 
-1 

-2 
0 

-2 

-2 
-3 
-1 

21; 
17 

7 

Cluster 

Crop 1 

0 
4 
3 

-6 
3 

-2 

0 
2 
1 

3 
0 

-3 
-5 
0 

-5 
-4 
-4 

1 
0 

-5 

-2 
-3 

2 
-3 

-4 
0 

-5 

-5 
1 

-2 

1 
-2 
0 

Cmp 2 

5 
2 
0 

4 
0 
1 

-4 - 2 
0 

1 
-4 

-2 
1 
-2 

6 
0 

-1 

-1 
-2 

1 

-4 
1 

1 
4 

- 1 
0 

-1 

3 
0 
3 

-6 
-7 
2 

Crop 1 

-1 2 
-3 
-1 

12 
-9 

6 

0 
-5 
-4 

- 3 
0 

-0 
-6 
-3 

-1 
2 
1 

-6 
-1 
6 

5 
5 

4 
6 

0 
-9 
0 

-7 - ? 
1 

-7 
-5 
-8 

Crap 2 

-7 
2 

-2 

4 
14 
17 

-5 
-6 
-3 

8 
-2 

-3 
-5 - 6 

-2 - 2 
-2 

-2 
-3 
0 

-2 - 2 

-1 
-1 

- 2 
0 

-2 

-2 
-3 
-1 

23 
17 
8 

Clasrlty 

1 
Crop 1 

0 
4 
2 

-3 
4 

-3 

2 
1 
1 

4 
2 

-3 
-5 
0 

-6 
-3 
-6 

1 
3 

-6 

-3 
-2 

3 
-1 

-2 
0 

-5 

-4 
1 

-2 

1 
-3 
-1 

Crop 2 

5 
4 
1 

1 3  
0 
2 

-4 
-2 
0 

-1 
-4 

-2 
2 

-2 

6 
0 

-1 

-1 
0 

-1 

-3 
-1 

2 
1 

0 
1 

-2 

2 
1 
3 

- 5 
-6 
2 



TABLE A-2.- VARIANCES C; THE PROPORTION ESTIMATES USING 60, 45, MID 30 STARTING WTS 

(a) Using 60 star t ing dots 

Segment 
number 

1075 

1 341 

1 591 

185 

804 

81 2 

1 253 

1 502 

1572 

146 

824 

883 

Cluster I Classify 

Machine estimate 

Crop 1 

33.333 

7.000 

7.000 

2.333 

4.000 

1.000 

0.333 

14.333 

19.000 

1.000 

2,250 

1 .OOO 

Strat i f ied areal 
estimate estimate 

Crop 2 

4.000 

6.333 

4.000 

4.000 

0.333 

1.333 

0.0 

5.333 

14.333 

1.000 

1.000 

0.250 

Crop 1 

17.333 

4.333 

4.333 

1 .OOO 

4.333 

28.000 

12.333 

9.333 

0.333 

4,000 

9.000 

4,000 

Cmp 1 

30.333 

10.333 

9.333 

2.333 

4.000 

1.000 

0,333 

14.333 

21.333 

0.250 

2.250 

0.250 

Stratified areal 
estimate 

Crop 2 

2.333 

0.333 

1,000 

5.333 

13.000 

1.000 

0.333 

4.333 

20.333 

1.000 

12.250 

0.250 

Crop 2 

6,333 

6,333 

1,000 

4.000 

0.333 

1.333 

0.0 

5,333 

10.333 

1 .OOO 

1 .OOO 

0.0 

Crop 1 

16.333 

1.333 

0.333 

1.000 

0.333 

32.333 

9.333 

9.000 

0.0 

2.251. 

4.000 

2.250 

Crop 2 

2.333 

1.000 

4.000 

4,333 

9.333 

0.333 

1.000 

7.000 

30.333 

0.250 

9.000 

0.250 



TABLE A-2,- Continued, 

(6) Using 45 starting dots 

number 

'1 075 

1 341 

1 1591 
I 

185 

804 

81 2 

7 253 

1502 

: 972 

146 

824 

883 

Cluster Classify 

Machine estimate 

Crop 1 

24.333 

26.333 

12.333 

2,333 

0.333 

1.333 

17.333 

I 
10.000 

24.333 

6.250 

2.250 

2.250 

Stra t i f ied  areal 
estimate Machine estimate 

Crop 2 

2.333 

9,333 

12.333 

10.333 

1.000 

4.333 

0.0 

10.333 

2'1.000 

6.250 

0.250 

0,250 

Crop 1 

8,333 

4,333 

0.333 

3.000 

1.000 

14.333 

7.000 

9.333 

0.0 

0.0 

12.250 

2,250 

Crop 1 

23.333 

26.333 

16.333 

2.333 

0.333 

0.333 

17,333 

12.333 

21.333 

4.000 

2,250 

2.250 

Stratified areal 
estimate 

Crop 2 

4.000 

1.333 

4.000 

7.000 

9.333 

2.333 

0.333 

2.333 

31.000 

2.250 

25.000 

0,250 

Crop 2 

2,333 

6.333 

9.000 

10,333 

1.000 

6.333 

0.0 

10,333 

21,000 

6.250 

0,250 

1.000 

Crop 1 

14.333 

3.000 

0.333 

3.000 

1.000 

25.333 

7.000 

9.000 

1.333 

1.000 

4.000 

4,000 

Crop 2 

4,000 

0,333 

2.333 

7.000 

10,333 

1,000 

1.333 

1.000 

16.333 

1.000 

16.000 

0.250 



TABLE A-2.- Concluded, 

(c) Using 30 start ing dots 

Cluster Classify 

Segment Machine estimate Strat i f ied areal estimate Stratif ied area? 
number estimate estimate 

1 075 

1341 

1 591 

185 

804 

81 2 

1 253 

1 502 

1572 

146 

824 

883 

Crop 1 

34.333 

126.333 

8.333 

6.333 

7.000 

36.333 

24,333 

24,333 

2,333 

1.000 

9.000 

1.000 

Crop 2 

16.000 

49.000 

4.000 

1.333 

0.333 

4,000 

1,333 

1,1000 

73.000 

16.000 

2.250 

0.0 

Crop 1 

4.333 

16.333 

1,000 

6.333 

0.333 

9.333 

7.000 

9.000 

2.333 

2.250 

2.250 

6.250 

Crop 2 

6.333 

4,333 

4.000 

3.000 

14,333 

1.333 

0.333 

3.000 

24,333 

6.250 

6,250 

2,250 

Crop 1 

34.333 

117.000 

7.000 

6.333 

2,333 

37.333 

27.000 

21.333 

2.333 

1.000 

12.250 

1,000 

Crop 2 

20.333 

46.333 

2.333 

1.333 

0.0 

2.333 

1,333 

1,000 

57,000 

20.250 

2.250 

0.0 

Crop 1 

4,000 

16.333 

0.333 

6,333 

2.333 

26.333 

6.333 

6.333 

4.!lW 

2,250 

0.0 

4,000 

Crop 2 

7.OOQ 

2,333 

4.000 

5.333 

10.333 

0.333 

2.333 

1.000 

19,W 

1.000 

2,250 

0.250 



TABLE A-3.- VARIANCE OF THE FCC USING 
60, 45, AND 30 STARTING WTS 

(a )  Using 60 s ta r t ing  dots 

. 
Segment 

1075 

1 341 

1 591 

185 

804 

81 2 

1253 

1502 

1572 

146 

824 

883 

Cl us ter Classify 

PCCl 

0.0 

0,963 

0.963 

0.0 

0.0 

0,963 

2,723 

0.963 

3,630 

0.722 

2.723 

0. 0 

PCCl 

0.0 

0.963 

0.963 

0.0 

0.0 

0.963 

3,853 

0.963 

0.853 

0.0 

2.890 

0.002 

PCC2 

12.423 

0.333 

5.230 

5.590 

4.103 

2.170 

11.323 

2.803 

3.610 

0.303 

10.890 

9.923 

PCC2 ' 

28.690 

4.680 

3.253 

3.243 

4,823 

10.663 

16,163 

0.010 

1.203 

0.303 

6.250 

9.61 0 



TABLE A-3,- Contl nued. 

(b) Using 45 s ta r t ing  dots 

Segment 

1075 

1341 

1591 

185 

804 

81 2 

1253 

1502 

1572 

146 

824 

883 
+ 

, 
Cluster 

PCCI PCCZ 

0.0 9.663 

1.613 2,613 

11.590 0,053 

6.750 9,390 

0.0 2,203 

6.453 8,423 

4.840 6,070 

0.0 5.590 

1.763 2.170 

1,210 0.250 

1.210 4,203 

1.210 4.410 

Classify 

PCCI 

0.0 

1,613 

41.070 

1.763 

1.613 

5.063 

6,453 

0.0 

1,843 

1.210 

1.2'10 

1.210 

P C C ~  

20.410 

2.823 

0.120 

3.773 

2.203 

2.203 

9.120 

6.413 

4.423 

0.360 

3.063 

10.890 



TABLE A-3.- Cone1 uded. 

( c )  Usfng 30 s ta r t i ng  do ts  

Segment 

1075 

1341 

1 591 

185 

804 

812 

1253 

1502 

1572 

146 

8 24 

883 

Classify C lus te r  

PCCl 

0.0 

25.853 

3.630 

27.543 

0.0 

3.853 

0.0 

0.0 

45.563 

44.223 

0.0 

2.723 

' 'PC1 

0.0 

25.963 

3.630 

3.743 

0.0 

14,963 

3,630 

0,0 

49,083 

100.000 

0.0 

0.0 

PCC2 . 
34.443 

24.943 

5.643 

23.543 

3.003 

2,110 

7.453 

13.043 

1,703 

43,560 

3.802 

9,303 

PCC2 

13.090 

22.863 

2.403 

19.253 

5.813 

7.680 

12.213 

11,543 

1.203 

17.640 

1,000 

16.402 



TABLE A-4.- THE R-VALUES FOR 60, 45, AND 30 STARTING 
DOTS USING LABELING PROPORTIONS 

(a)  R-values for 60 startf ng dots 

5-1 deflnltfons: 
R * reduction eoefflclent 
n the probabltlty r pixel I s  labeled nheat 
n10 = the ptwbabll i ty  a plxal I s  classified wheat and labelad nanwheat 
wol m the probability a pirh I s  classified nonnhwt and labeled wheat 
Crop codes 
A * alfalfa 
C corn 
E sotghun 
K cotton 
P m pasture 
X m soybmns 
Y - sugar beets 

* 

Hunkr 

1016 

1341 

1691 

146 

186 

804 

812 

824 

883 

1253 

1602 

1572 

Crop 1 

C 

C 

C 

C 

C 

C 

X 

t 

C 

X 

C 

u 

Segnwnt 

Locrtion 

N,brrskn 

Kans~r 

Nebraskr 

bntueky 

Minnesota 

Iowa 

M i ~ ~ i ~ ~ l p p l  

I11 inolr 

Iowa 

Oklahoma 

Caton& 

Nlbrdska 

Crop 2 

A 

X 

E 

X 

)I 

X 

K 

X 

X 

A 

Y 

P 

Clustmr Clrsrff 
[ M m  f v )  0.7280(11 vr&ncr (02) r 0.0321 [Ilwn (ul 

n l ~  

0,033 
,125 
,067 

,469 
,408 
A60 

,059 
,076 
m111 

.I64 
,344 

,043 
,011 
.OM 

.269 
,233 
,194 

,191 
,136 
.tW 

,718 
600 

,306 
m 300 

,016 
.I1 7 
,183 

,056 
.OIX) 
,058 

,636 
,867 
,465 

. 0.738621 

"01 

0,600 
,479 
,444 

,023 
,321 
,391 

,111 
,577 
0435 

,165 
.I23 

.667 
,867 
,938 

,089 
,107 
,OR 

,190 
,197 
,113 

,014 
,011 

,243 
,196 

,126 
,178 
,176 

.714 
,737 
A12 

,091 
,013 
,146 

vrr lmca (0') 

I 

0,429 
,462 
,429 

633 
633 
624 

,167 
,248 
,221 

,690 
,640 

,114 
,143 
,182 

,762 
,714 
,706 

,662 
.681 
.605 

,888 
.a98 

,729 
0 661 

,377 
,429 
$924 

,133 
.I81 
,162 

.733 

.714 
,790 

"0 

0,067 
,107 
,050 

,468 
,429 
.447 . 071 
,077 
.a62 

,164 
,313 

,044 
,011 
,023 

,2b9 
* 267 
,194 

,174 
.093 
,260 

.778 
,600 

,269 
,241 

. W6 

.I02 
,104 

,044 
.000 
,069 

.671 

.a67 
,465 

= 0.0251 

R 

0.786 
,817 
.707 

,666 
,826 
.MI 

,833 
,836 
,787 

,661 
,697 

.87J 
,934 
,997 

.M8 
,673 
041 1 

,619 
,666 
* 1 6  

,880 
,617 

,828 
,753 

,419 
.SOD 
.622 

.921 
,770 
,716 

,823 
.935 
,060 

wOl 

0,622 
. ~ a  
,409 

,260 
, 286 
,346 

.Ma 
,660 
500 

.I72 
* I40  

,661 
,067 
,934 

,114 
,096 
,066 

,190 
,180 
,113 

,014 
.011 

,267 
. I %  

,103 
,166 
,147 

.667 
,737 
-41 2 

,078 
,013 
,169 

w 

0,429 
,462 
,423 

.bSB 
,633 
,639 

, I 0  
,243 
,214 

,690 
,640 

,118 
-144 
,164 

,752 
.I12 
,072 

+ 866 
€a7 

,606 

,888 
,897 

,729 
,659 

,316 
*433 
.33? 

,117 
,186 
,163 

.733 
,714 
,190 

R 

0,862 
,762 
.646 

,910 
,917 
,966 

.a56 
,824 
e7bG 

,688 
691 

,879 
,934 
, 992 

,637 
,686 
,413 

,599 
.I87 
1 6  

,080 
,616 

-81 3 
.700 

,268 
.446 
,464 

,878 
,775 
,717 

,830 
,935 
1 B74 



TABLE A-4,- Continued. 

(b) R-values for 45 starting dots 

Symbol dmtinitions: 
R = reduction coeff lci tnt  
n = the p n r b b l l l  ty  a piwet I s  labeled wheat 

Nurber 

1016 

1341 

1691 

146 

185 

801 

612 

824 

883 

1213 

1502 

1 672 

= the probability 4 pixel i s  classifled wheat and 1ab.lrd mnwheat 
= the probsbllfty 1 pine1 i s  classifled nonwheat and l n b e l d  &eat 

Crov coder 
A . r l h l f a  
C = corn 

crop 1 

C 

C 

C 

C 

C 

C 

K 

C 

C 

X 

C 

C 

S e w n t  

Loert ion 

Hebtrslr 

Klnsrs 

Ntbraslu 

Kantucky 

HInnrsotr 

Iowa 

M l ~ ~ i ~ ~ l p p t  

f l l lnois 

LOW 

O k l r h  

Colorado 

Nabraska 

E = sorghum 
K = cotton 
P pasture 
X * soybans 

Clurtrr Clan#lf 

crop [hen ((V 0.73476i vhr1m.e 3) 0,0321 [Mu" (p) . 0.729l5b varyrnu (a2) . 0,0101 

Y sugar brats 

A 

X 

E 

X 

X 

X 

K 

X 

X 

A 

Y 

P 

"10 

0,060 
,121 
.lo0 

,661 
,361 
,560 

,106 
,063 
,099 

,192 
,219 

,066 
,011 
,079 

,231 
,200 
.229 

,213 
,182 
,260 

,770 
.4a1 

,192 
,020 

,136 
,067 
,127 

, (177 
,000 
.000 

,714 
,833 
-545 

"01 
0.678 

,438 
* 378 

,232 
,339 
,346 

.Ma 
,664 
,622 

,121 
,140 

,503 
,am 
.87S 

,127 
,092 
,054 

,172 
,148 
,132 

,014 
-01 1 

,263 
.214 

,100 
,218 
,176 

,786 
.684 
,412 

,061 
,013 
.I81 

1 

0.429 
,462 
,429 

,833 
,633 
* 624 

,167 
,248 
,221 

,690 
,640 

.I14 
,143 
,152 

,762 
,714 
,706 

,562 
,581 
,605 

,668 
,898 

,626 
.661 . 377 
524 

.324 

.I33 
,101 
.I62 

,733 
,714 
,790 

R 

0.796 
,764 
,696 

,917 
.911 
,891 

, W2 
A11 
,834 

.546 

.694 

,867 
.eeo 
,897 

,624 
.503 
.452 

.622 
,654 
,612 

. BBO 
,519 

,741 
.46S 

,439 
,483 
mE34 

,975 
,725 
,742 

,912 
.910 
,931 

"10 

0.MB 
.071 
.06? 

,489 
,347 
,417 

,094 
,030 
,075 

,231 
,260 

,067 
,011 
,057 

,269 
,233 
,221 

,196 
,140 
.235 

,778 
,300 

,269 
,172 

,109 
.069 
,132 

,079 
a 0 0 0  . OBO 

,679 
-828 
.545 

"01 

0.591 
,426 
,306 

,218 
,339 
,309 

,647 
,651 
,600 

11 

0.427 
,466 
,423 

,539 
,533 
.634 

.I67 
,248 
,216 

R 

0,831 
,701 
,661 

,907 
,902 
.924 

,921 
.02S 
,780 

. 659 

.571 

.B67 

.aao . BO 
,661 
,549 
,450 

,564 
,615 
,694 

,880 
,496 

,767 
,629 

+389 
.SO1 
.477 

,992 
,726 
,742 

dB9 
,900 
,914 

,105 
.lo5 

.683 

.am 
A76 

.12B 
,095 
.066 

-138 
,230 
,132 

,014 
,023 

,232 
,196 

,100 
,244 
,121 

,846 
,684 
,412 

,065 
,014 
.I57 

,687 
+ 640 

,119 
,146 
.I56 

,750 
,712 
,702 

,568 
- 1 7  
,610 

,888 
.B96 

.726 
,659 

'386 
,437 
.327 

.I27 

.184 

.I63 

.733 
,718 
,790 



TABLE A-4 .- Concluded . 
(c)  R-values for 30 s ta r t ing  dots 

Nmbrr 

1075 

1341 

1691 

116 

185 

8r)4 

812 

8W 

083 

1263 

3 502 

1612 

Syllbol 
R . reduction co~ftlclmt 
n - the probability r pix@\ i s  Iabe!ed rhwt 
nI0 . the probrbflity a plxel I s  c l a s s i f t ~ d  w h ~ t  and labeled m m h w t  
uo1 m the ptobmblllty a pixel I s  clasrl f lsd nonwheat and lsbrlod wheat 

Croa codas 
A - a l f a l f a  
C * corn 
E - sowhum 
I( cottun 
P pasture 
X = roylnml 
Y 8 sugar bmts 

S t  - 
Loertlon 

N&r&rQ 

Kanrar 

Hebrrslu 

Kentucky 

Mtnnlloth 

IOM 

Mlsrlrtlppl 

I 1 1 1 ~ l l ~  

lour 

Oklbhorm 

Colorado 

Hebnslra 

dr f ln l  tlonr: 

C 

c 

C 

C 

C 

C 

X 

C 

C 

X 

C 

C 

cmr 2 

------- 
A 

X 

E 

K 

X 

X 

K 

X 

X 

A 

Y 

P 

Ctuwtrr clarslfx 
[M"n (u) 

n10 

0, 060 
,196 
.I13 

,510 
,306 
. I 0  

,118 
076 

,086 

,316 
,313 

,076 
.MI 
,101 

,269 
,300 
,260 

,170 
.205 
,306 

,889 
,500 

,316 
,267 

4\21 
,100 
,127 

,066 
.000 
0 W6 

,821 
,Bb? 
,455 

0.77446, 

"1 

0.699 
,333 
,366 

,161 
,339 
,273 

.706 
,664 
,739 

,166 
,106 

,833 
.BOO 

1.000 

,177 
067 

.MI 

.269 
,116 
076 

,014 
,015 

,157 
.W6 

,125 
,289 
,176 

,867 
,684 
,363 

,000 
,027 
,206 

Vrrllnc. (a2) 0.029 [ N m  (u) * 0.74633; 

no1 

0,682 
a 340 
,302 

,143 
,921 
,231 

,647 
,640 
,696 

,168 
,105 

,833 
,800 
.9M 

,143 
,068 
,027 

,241 
.I97 
038 

A14 
,047 

,174 
,070 

,160 
vZB9 
,121 

,917 
,68a 
,313 

,000 
.a27 
-1B1 

1 

0,429 
,442 
,429 

,467 
,633 
,624 

,117 
,248 
,221 

. 1 0  . MQ 
,774 
,143 
,162 

,762 
,714 
,706 

.562 
,601 
.605 

,888 
.a98 

,729 
,659 

,377 
,429 
-324 

,133 
.I81 
a162 

,733 
,714 
,790 

n r i r n r a  (r2) 

w - -  
0.423 

,486 
,417 

,644 
.633 
,534 

,170 
,243 
,223 

,a? 
,640 

,119 
,150 
,162 

,748 
,710 
,709 

,666 
* 696 
,610 

,888 
+895 

.734 
,663 

,381 
,433 
,327 

,121 
.la3 
,162 

,733 
,718 
,799 

0,1177 
,773 
,779 

,BIB 
,876 
,991 

,866 
,889 
,952 

,783 
,638 

,909 
,932 
.PBf 

,734 
,661 
,462 

,617 
,631 
* 696 

.961 
,772 

,764 
-568 

,446 
.604 
,634 

,930 
,725 
,597 

.a62 

.950 
,904 

* 0.034) 

R 

0.672 
,696 
,661 

,869 
,012 
,993 

,922 
,663 
,931 

,846 
,636 

,900 
,938 
,997 

,719 
,539 
,3116 

,582 
,640 
,619 

,961 
,694 

,792 
,497 

,451 
,600 
,477 

,9396 
,726 
,569 

+OW 
.955 
.88b 

'10 I 
0.050 

,126 
,133 

,611 
,246 
,606 

.096 
A64 
,088 

,462 
.Zl9 

,056 
,035 
,112 

* 308 
,276 
,233 

,1Q9 
,196 
,294 

.a89 
,400 

,280 
-241 

a108 
,085 
,132 

,069 
.DM) 
.0118 

,760 
,862 
,465 



TABLE A-5 .- THE R-VALUES FOR 60, 45, AND 30 STARTING 
DOTS USING GROUN9-TRUTH PROPORTIONS 

(a) R-values for 60 star t ing dots 

Synhol definitions: 
R - nductlon coefficient 
F m the probablljty 4 plxal t r  labeled wheat 
not . the pmbabillty n ptxel i s  cTasslffad wheat and labelad nanrrhsat 
nI0 = tho prabablliW a piae: Is classif'led nonwhe4t and labeled Moat 

Cmp coder 
A r al fa l ta  
c 8 corn 

Nunber 

1075 

1341 

15t1 

146 

' 3 5  

804 

A12 

824 

883 

1253 

1502 

1572 

t 

K cotton 
P . pasturr, 
X r soybeans 

Cnp 

C 

C 

C 

C 

C 

C 

X 

C 

C 

X 

C 

C 

s t m n t  

locatton 

Lbrarkr  

Kbnrao 

le j r r rka  

Kentucky 

Nlmrsota 

lour 

H I ~ $ l ~ ~ i p p l  

l l l f n o l r  

IWa 

Oklahom 

Colorado 

Lbraskr 

Y sugar beets 

Clustar C l r ~ r l f  
c p  

A 

X 

E 

X 

K 

X 

K 

X 

X 

A 

Y 

P 

[ban (PI - 
"10 

0.067 
,107 
,050 

,468 
.42D 
,447 

-071 
,077 
.062 

,154 
,313 

,044 
,011 
,023 

,269 
.267 
,194 

,174 
,093 
,250 

,778 
,500 

,269 
,241 

.M6 

.lo2 

.lM 

. M 4  . MI0 

.069 

.571 
,867 
,455 

a*" (u) 8 

"10 

0,033 
.*25 
-067 

,469 
,408 
,460 

.069 
,076 
,111 

.I64 
,344 

,043 
v011 
,034 

,269 
,233 
,194 

,191 
.136 
,260 

778 
,500 

.308 

.3U0 

. 1Q6 
,117 
,183 

.OFiS 
- 0 1  
,066 

,676 
4867 
,465 

0.7n3rl 

"1 

0.622 
.43a 
,109 

,250 
.286 
.345 

.588 
,660 
.6W 

.I72 

.I40 

,667 
,867 
,934 

,114 
,095 . 056 

,190 
,160 
.I13 

.014 
-01 1 

,257 
.I96 

,103 
.I56 
,147 

.667 
,737 
,412 

.078 
,013 
,169 

0.737791 

0.60(1 
,479 
,444 

,023 
,321 
,316 

.688 
,677 
.I36 

,166 
,123 

.667 
,867 
,938 

,009 
,107 
.054 

,190 
,197 
,113 

.014 
,011 

,243 
.I% 

,125 
,178 
,176 

,714 
,737 
,412 

.091 
,013 
,145 

varfmc. lo2} = oq0341 

n 

0.37 

.SO 

,22 

,63 

. I6  

-75 

*65 

-93 

.70 

36 

,I5 

-78 

variance (a2, 

1 

0.37 

.64 

.22 

.63 

.16 

.7S 

.55 

.P3 

-70 

-36 

. I 5  

.7n 

R 

0.849 
,16a 
,636 

$91 0 
,917 
,956 

,840 
.829 
,763 

,666 
,690 

,663 
,932 
.991 

.636 
,598 
,425 

,699 
,477 
,581 

,997 
,640 

,803 
,713 

2 6 9  
,465 
.448 

,866 
,767 
.726 

,039 
,935 
A71 

0.0241 

R 

0.776 
,815 
,701 

,664 
,926 
,962 

,819 
,840 
.787 

,640 
,696 

,861 
+ 932 
,997 

,687 
$ 6 1  
,422 

,619 
,560 
,581 

,698 
.640 

,820 
.765 

,423 
,609 
.610 

.917 
767 

,723 

,820 
,934 
,840 



TAOLE A-5 .- Continued. 

(b) R-values for 45 starting dots 

: ~ g n e n t  

N d r r  L a u t l o n  
--. 

1076 Nebrrrkr 

1341 Kansas 

1591 Nebraskr 

146 Kentucky 

185 Mnnesota 

804 tour. 

812 H l r s i r r l p p l  

824 l l l l n o l r  

883 lcwa 

1253 Oklahoi,ra 

1502 Colorado 

1572 Nebraska I I 
fi the protra5fllty a pin01 I s  labeled wheat 
nl0 the probabill ty a plxel  I s  c lass i f  led theat bnd lubelad nonnhaat 
no, m the probablll ty a pine1 t s  classlfI@d nonnheat and l a b e l e d  nhnat 

Cmp codes 
A = al fa l fa  
C corn 
E sorghum 
K cotton 
P pasture 
X = soybeans 
Y sugar beets 



TABLE A-5 .- Concl uded. 

( c )  R-values for 30 s ta r t ing  dots 

Syrrbol daftnlt lons: 
R = reduction coef f i c f rn t  
r the probabi l i ty  a p ixel  i s  labeled *heat 

q0 the pmbab i l l t y  4 p ixel  is c lass l i led  J a a t  and labolad mnwheat 
no, the pprobabi 1 l ty a plael I s  class1 f i c d  nonwheat and labeled wheat 

Crop codes 
A a l f a l f a  
c corn 
E sorghum 
K cotton 
P pasture 
X = roybcsns 
Y . supar beets 

Cmp 1 

C 

C 

C 

C 

C 

C 

X 

c 

5 

X 

C 

C 

Nubr r  

1075 

1341 

1591 

146 

la5 

004 

012 

824 

883 

1253 

1502 

15*:! 

Clurtar C l a s ~ i f y  
k m n t  

, 
locat  ion 

Ilebrrrka 

Klnrrs 

Nebrash 

&ntuEky 

Hinna~ota 

Iowa 

Mlsslssippi 

t ~ i i m ~ s  

Iowa 

Ok lahm 

ColcradD 

Habrarka 

= 0.031J 

R 

0,068 
.696 
,669 

,859 
,813 
,993 

,912 
,866 
,932 

,939 
,535 

,976 
,937 
,996 

,720 
,547 
,305 

,5110 
,633 
,507 

.910 
,746 

,720 
,502 

,459 
.ST6 
,465 

,9996 
.718 
,577 

,194 
.957 
.W2 

Crop 2 [ b a n  (11) - 0.17509; varlrner (02) 0.0291 [krn (PI 4 0.746361 

"10 nO1 w R "0 

A 0.050 0.609 0.37 O,B73 0.050 0.682 
,196 ,333 ,778 ,125 ,340 
.1W ,356 ,703 ,133 .J02 

X .El0 ,161 -54 ,875 ,511 ,143 
,306 .339 .a76 2 4 5  ,321 
.6BD .273 .997 r b M  .236 

E .I10 ,705 .22 ,960 .M ,647 
,076 .654 . U93 .064 ,640 
,086 ' ,739 .952 *OW ,696 

X ,385 ,155 -63 ,775 .462 ,1511 
,313 ,105 ,637 ,219 ,105 

X ,075 ,033 .I6 ,986 A56  ,033 
,044 . UOO ,949 ,035 ,800 
,101 1.000 ,902 .I12 ,930 

X ,269 7 .75 ,734 ,300 ,143 
,300 ,067 ,669 ,276 ,068 
.250 ,041 ,456 ,233 ,027 

. K ,110 ,259 .55 ,677 ,109 ,241 
,205 ,115 ,531 ,195 ,197 
.308 ,075 ,607 ,294 ,038 

x .ae3 .OIO ,93 ,970 ,009 ,014 
.So0 ,045 ,010 .4W .047 

X .346 .157 .7a ,756 ,200 ,174 
.267 . O M  .564 ,241 .070 

h ,121 .I25 -36 ,451 .I08 ,150 
.I00 .289 ,605 ,085 .289 
,127 ,176 .524 ,132 .I21 

Y ,066 ,857 . lb  .989 .069 .917 
,000 .6M . ,718 .OW ,864 
,045 ,353 ,605 ,048 ,313 

P ,821 ,000 .78 .a55 .750 ,000 
,067 .OZ? ,960 ,862 ,027 
,455 ,205 ,902 ,455 ,101 

va r l ~ncc  (u2) 

n 

0.31 

,51 

.22 

,63 

. I6 

.75 

.55 

.93 

.70 

.36 

. 15  

. ttl 


