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Abstract
ln prevlous rescarch a singular value dccomposing method 、 vith some rcstraint conditions was uscd

estimate unkno、vn endmembers and coverage in agricultural land. IIo、 veveL it is limited to the ideal casc
which observed spectra don't include noise.Hence it is necessary to verify the feasibility of this method

spectra obtained from agricultural area,

In agricultural area,two cases arc assumcd:obscrved spectra have a large and a small dcviation,If observed

spcctra have a large deviation,it is more difficult to cstimate endmembcrs.Ho、vever estimating cndmembers is

possible using the singular value decomposing lmethod even if observed spectra have a largc one,Consequently,
it is sho、ved that this methOd is applicable to even real agricultural land.

Additionally,a new index of plant charactcristic was proposed,NDVI(Normalized Difference Vegetation

lndex)has uSed in evaluating plant characteristic as usual,however it is affected by coveragc signincantly.Somc

researches have reported that NDVI expresses the plant characteristic when the influcnce of coverage can be

neglected,In this study,the influence of coverage、vas removed to express degrec of Plant activity numerically.
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value decomposing lnethodt
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1.Introduction

Remote sensing is an effcctive technology because

it can measure a、vide area in a moment, observe the

same area in chronological order and obtain data in

digital  fashion  For  example,  、 vith  rcspect  to

agricultural management, remote sensing makes it

possible to understand the situation of crop gro、vth,
thus making it easicr to iinprove the application of

fertilizcr and irrigation by using remote sensing for a

largc agricuitural area Moreover, production volumc

becomes predictable by getting information of crop

coverage.For these reasols,the use of remote sensing

tcchnology to manage large agricuitural land is

increaslng.

Recently, remote scnsing technology is used tO
classitt land―use.HOweveL it is difficult to clasHfy
when the ottCCtおagricdturtt land.Almost dl pixels
arc characterized by a combination of crop and soil

component that is called Hlixed pixel. For bettcr

classification this problem nceds to be solved.

To solvc the problem, unHlixing the mixed Pixeis

and  obtaining  accuratc  information  such  as

endmembcr and coverage is necessary(Ann and Brian,

1996;Antonio c″ αよ,2004).It haS reported that we
can estimate coverage 、vhen endmembers are known

or observcd spectra are quitc silnilar to endmcmbers.

Both cases are idcal and far from actual agricuitural

land GeneraHy, homogcnous pixels are clusive. In

prevlous research,using a singular value decomposing
mcthod and employing some restraints, it、vas sho、vn

that it is possible to estilnate unknown endmembcrs

(Awadu 2r α え,2005).HoweVer it was impossible to
asscrt the possibility of estimating the■l from observcd

spectra in agricultural land. Hence, estilnation of

endmembers 、vas carried out using remotely sensed

IInagcs.

Furthermore, NDVI (Normalized Difference

Vegetation lndex)has been used in cvaluating plant

characteristic. Howcver it depcnds on coveragc of

plant and plant characteristic.It is important to remove
the  influcnce  of  coverage  to  cvaluate  plant

characteristic more accurately. Thcrefore the ncw

index sho、ving plant characteristic、vas proposed.

2.WIaterials and WIethods

The method for estimating endmcmbers and

coverage involves the singular value decomposing

method(Sasaki Crクム,1983).First,the number of

pixels selected from a remote sensing image is defined
as K.An observed matrixザ て,an endmembers lnatrix S
and a coverage inatrix C is dcfined as

ヌ1,2 …  χ l,【

χ 汀, 2   …
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where】亀ブis a radiance of band,from areaブand「 is

the number of total bands,軌たiS an endmember of

band , of category た, と is the number of total
categories and CLJ is a coverage of categoryたfrom

areaブ・χ iS assumed to have a linear relation betwlen
S  a n d  C , a n dヌ c a n  b e  e x p r e s s e d  a s ( 2 ) . N e x t , X  i s

divided into 3 matrices that are expressed as a function

of only X.ThO matrices are defined as y,P,and″ that

consist of eigenvalues and eigenvectors of X。  しr is

defincd   as   the   matrix   that   is   made  of

column―eigenvectors of X→ 【 t, レ/is deflned as the

matrix thatis made ofline‐ eigenvectors of'【
t・
X and】P

is defined as the diagonal matrix that is made of

square root of eigenvalues ofXt・X.From equation(2)

and(3),and uSing the square matrix■the f0110Wing
equations(4)and(5)are fOrmed:

X=S・ C                       (2)

X=び ・P・ア                      (3)

s=r/・ T                         (4)

c=r・
1・
P・/                      (5)

Because endmembers and coverage are never

negative,the following restraint is valid:

Restralnt l Non‐negative restralnt condition:

s≧ o   c≧ o

FTom this restraint,some inequalities of factors of S

and C can confine ullknown matrix r ettectively.

Hence,it becomes Possible to estimate endmembers S

and coverage C.

It is generally thought that one pixel in remote sensing

data of agricultural land includes various proportions

of crop and soil. It is comparatively casicr to estimate

endmember S from observed spectra 】 r because x

becomes very silnilar to S, Here, estimation of

endmembers is carried out by changing the situation of

mixels'cOverage.

Ho、veveL since r has nOt fully restricted yet,some

additional restraints are needed. 】=ence, the coverage

restraint is adopted. BFiefly与the sum of coverages in

one pixel is about l.When K=5 and い 2, Csunl' is

defined as C F,1+CF,2,and r are restrained Csum,are

about l(j=1,2,3,4,5).

Restraint 2 Csum restraint conditions i Csumサ ≒ 1

All estilnation results of crop and soil by the

singular value decomposing method with Restraint l

and 2 in the wavelength of 700nm‐ 800nHl are likely to

have a sudden gradicnt. Basicallッ,there should be no

sudden gradientin the waveiength of 700nm-800nm in

soll. Hence, estimation results that have a sudden

gFadient need to be removed.A gradient of the spectra
shape is focused on in ordcr to remove them.

Correlation of soil and crop is regarded as an index of

silnilarity of shape.Concretely,SF,1~Sl,1lis deflned as

″抗f and品 ,2→■1,2 iS deSned as ど 張j and COr,

correlation coefficient ofダ現すandど張ど,iS desned as

equation(6).( 冴抗  means  average  of

aず.,・.冴ザ2 meanS average of冴丁2J)・When N is 79,

the number of each冴丁お78.

Cor=

Restraint 3 Correlation coefrlcient restraint conditioni

Cわァ< 0 . 2

Because a sudden gradient leads to high co「elation,

estilnation resuits、vith high Cθr need to be removed.

Hence,those with values greaterthan 0 2 are removed.

In our previous paper, the effectiveness of this

method was tested(Awadu cr al, 2005).Figure l

shows the aowchart that is used in this procedure.

Figure 2 shows the observed spectra as】r and Table l

shows the coverage as C.As it is showed,coverage is

changed from 40%t060%.It is difrlcuit to estimate

endmembers because the observed spectra are very

similar.

Fig.1.Flowchart of this lnethod.

Figure 3 shows endmembers estimated by the
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Deflnition of C as

coveragcs dccided

arbitranly (40%-60%)

Deflnition of S as

endmembers measured

indoors

Creation ofX from

S and C

fromえ assuming that

S and C are unknown

Comparison of S and C

between estimated valuc

and truc one.
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Awadu et ali Proposal of a New lndcx for Plallt Characte五並ics

sttgul釘valuc dccolllposing mctl10d with Restrall■ts l,

2 and 3五 l thc situation of Table l ln this igure,tlle

血 c cndlllcmbcr Of soil and the estmatcd onc 、 vcrc

vett si面 1釘,sO it was fOwd tl■at tllc accula呼ls higll,

and tl■e maxIIllllm CrOrs iom tt■ c endnlcl■bers ale

0 0 2 3血 c r o p  a n d  0  0 0 3 1  i n  s o l l  A  s i g t t i c a l l t

mprovcmcnt call be seen For tlls rcason, with

coverage of 40%‐ 600/0, thc endIIember S cOuld be

cstimated accllltteけ
駈 cr cstlll■航地 cndlncl.lbers of crop ttd飼 ,

using endlllember of crop, IM― NDVI(■ Iwroved

NDVI)waS proposed Ths ttdex shows pwe plallt

charactenstic by remOvttg tllc hnllence of coverage

ln general,NDⅥ  is calculatcd with obsetted spectra

as tlle eq■lation(7),while IM_NDVI is calculatcd witll

cndIIlember of crop ody as sho、中■h cquatioll(8)
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NDVI=(NIR― RED)/(NIR十配 D)

IM‐NDVI=(Ir― rcd)/(1古tCd)

where NIR is a digltal value tt ncar血 住ared of

obsetted wectra,配D is ll■red spectta,nir is a digltal

valuc in ncar inflarcd Of crOp cndIIlembeL and red is a

ditttal value representIIlg crop endll■ember
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Fig 2 The obsetted spectra 8oln 5arcas

Table l Coverage of each ttea(40%-60%)

Areal Area2 Area3 Area4 Area5

0       500      1000     1500     2000

Wttclength(nm)

Fig 3 Rcsult of estimation Of cndlnembers by

ushg a nc、v restraェlt

3.Results and Discussiom

Tllc rcmotett scnSCd IInttc ofMiura pcninsllla was
used tt ths stuⅢ as理早Cultlral lalld and ive odler
釘eas werc sclcctcd to get sllmlar spcctra(Fig 4)It is

much morc dinほ cult to cstllnatc lwml。、vn cndl■cmbcrs

when sIIllllar Spcctla tte obtalltlcd IIom thc areas

Figurc 5 shows dhe cstimation result tl■at is qultc

accllrate ln Fig 4 t、vo alcas swounded by dlck lincs

arc  sho、vn  To  comparc  trtlc  alld  estllltlatCd

endl■lembcrs,thc obsen ed spcctla ion■ theい戸o arcas

arc rcgardcd as tnle cndlllcmbers becausc NDVI IIom

tllese tteas arc tlle hghest and lowcst IM‐NDVI can

also  be  calculatcd 、 vitl■  endll■cmbcrs  estunated

B e c a u s e  I M―N D V I  d o e s n ' t  d c p c n d  o n  t l l e  d L r e r e n c c  o f

covcragc, it may rcprcscnt plal■t cllaractcristic  To

kIIow the statts ofthc yield,IM―NDVI call be used as

a ne、v hdcx of plant charactcdstic Fllltllemorc, a

coverage llltlagc can bc prOduccd in thc slllgul釘valuc

dccol■lposll■g mctllod witl■  rcstraints (Fig 6)

Calculathg IM‐ NDVI alld covcrage,lltlorC infomatiOn

h agricultllral land、vas obttted

Fig4 NDヽ アI imagc tt Millla PeninsLlla and Sclccted

ive areas uscd for estim航10■Of endmembers(areaS

s l l r r o u n d e d町血 n l i n c s ) , a l l l d  t t o  a r c a s  s u p p O s e d  t o

bc pwe p破 els(arcaS SWOLlllded by thlck lllles)
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F七 5 Col■■pttison of cstllllatcd cndmembers and mle
endmembcr

Fig 6(a):ThC NDVI imagc (b)i thC IM― NDVI

llllage (c)i dlC Covcrage imagc OfMIwa Peninsula
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