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Abstract

The linear specttal unmixing method is a cottmonly acccpted approach to estirnatlon of coveragcs Of some

categories in hyperspecral imageりIt howeVer,the values Of cOverages are concentrated on roughly 50%,fOr

cxample in agricultural land,it is dittcult Sor this method by itsclf to estIIllatc coverages because rhc Observcd

specra Obtained in hyperspecttal imagett are quitc simila■ Thcrefore a solution of this problem needs tO be

discovered

ln this papeL a ne、v mcthod is suggested to solve that problem ltis found that it can be applied to agttculiral

land by the singular value decompもsing method adding a ne、v cOnditiOnal restraint、 This focuses on the lo、v
COFClation betwccn the endmember of soll and that of crop Evtt if cOverages of all areas arc 40%‐ 6000,

lvlaxiinum error is sho、vn to be less than O.018,sufictently small Additionally,accurate estiFnatiOn of cOverages

is provcn to be possibl●

Key words: EndmembeL Mixed pixel(miXels), Remote Sensing, Resraint cOndition, Singular value

decomposing method

1.  Introduction

Rcmote scnsing is an cn■ctivc tcchnology bccause

lt can measure a 、vlde area ln a momcnt. obscrve the

same arca in ch『on010gical order and obtain data in

digital fashion.For cxample, in respect to agiculttlral

management, remote sensing makes it possible to

understand the sltuatlon of crop rO Vヽth and easler to

ilnprovc the application of fertilizcr and ttgation by

using remote sensing for a l郎 岳c agriculttlral arca

Wloreovcr,production volume becomes predictable by

gctting infomation of crop coverage  For thcse

reasons, the use of the remote scnsing technology of

agricultural land is a trend

Rccentl)t remOte sensing technology is used to

classitt land―use  However, if the subJect is

agicultural land,it is dittcult Almost all pixcls have

the crop and soil areas combined in a2riculmral land

That mixed Pixcl problcm necds to be solvcdt

To solve the problenl, unmixing the mixed pixels

and obtaining infomation such as endmcmber and

coveragc is neccssaEy lt has been reported that some

researchers  estlmate  coverage  in  thc  cases  that

endmembcrs arc known orギ hen observed specra are

quite simllar to endmembers Both cases arc ideal,

nevertheless, they are far fronl representing real

agicultural  iand  Gencrallys the pixels that arc

homogc■ ous arc clusive, In this papcr, a nc、v mcthod

to estimatc endmembers flom only observed specra in

agricultural land is prescntcd lt uses the singular value

decomposing method and some resraints are

suggestcd in this paper assumhg that endmembers are

unknown Speciflcally, it is assumed that observcd

specra χ  is expressed by a linear combination

betwecn endmcmber S and coverage C and only

obscrved specra X are acquired. Estimation ofざ and

C iom onlyス , and cOmparison between values Of

estllnation and true values is carried out

2.  肘Iethod

2.l Singular value decomposing method

The methOd tO estimate endmembers and coverage

includes a singular value decomposing method. First,

the number Of pixels selected ttom a remote sensing

image is deflned as K An observed marix χ  is

deflned as

X =

χl,2 …  χ l,て

I  ブrFV,2  …
・  ジrPvテて

whcre)|サls a radiance of band,from arcaブandメ is

the  numbcr  of  total  bands   Additionally,  an

cndmcmbers marixざ and a coverage marix C iS

deflned as
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J  =

C =

where S,も an endmember of band,OF cate=0甲 ブ,と

is the numbcr oftotal categories and cブis a COVerage

of categoり′fTom areaブX IS assumed to havc a linear

rcla百oB beいぉ′een S and c and x can be expressed as

ズ =SaC

NextA ttζ Can be divided intO っ  marlces that arc

expressed as a ttnction of only】r Thcy are deflncd as

」, P, and  レ l They cOnsist of eigenvalues and

cigenvectors ofえ  and can be calculated caslly 」  is

deflned  as  the  matrix  tha〔   is  made  of

column―eigenvcctors of X'ハ r t , /is deaned as thc

martx that is lnadc ofline‐eigenvcctOrs ofブマ
t・
)(and P

is dcttned as the diagOnal matrix that is madc of

square root of eigenvalucs of χ  〔 `歩魚 A Follo、ving

equali,y is tOmedi

/ =」 ・P ' /         ( 5 )

ルイ  is  deaned  as  the  number  of eigenvalucs,

eigcnvectors, and ど is aが ,ルr marix,P is a ryrァ ツ

maFiX and″ is a rV/てmatrix r1/1s Rank of maFix Y

that is the numbcr oF catego占es Consequcntly,S is a

Ⅳギレr n a t r i x→a n d  C  i s  a  7 p r‐てm a r i x  F r o m  e q u a l i呼( 4 )

and(5),with adOpting a square marix T(a rV/〃

matrix),the fO1lowing equadOns are fonlled:

J=」 ・r

C‐ Tl'P'7

( 6 )

( 7 )

Because endmembcrs and cOverage are ncver negative,

the f01lo、ving restraint is validi

Resraint l non―negativc restraint cOndition i

ざ ≧0

ご ≧0

Fronl this restraint, sorlle inequalities as much as the

n u m b e r  O f  f a c t o r s  o f  S  a n d  C  c o n i n c  r a c t o r s  o f  a n

unknO,vn matrix r effectively So,it bccomes possible

to cstimate endlllembers S and coverage C

2.2 こstimation of endmembers

lt is generally thought that olle pixel in remOtc

scnsing data Of agrict1lturat land inctudes various

prOpOrtions of crop and soil ヽVhen the coverage of

crop is near Oウ6 or 1009も,it is comparatively casier to

estimatc cndmcmbcr S ttom observcd specra ザ Y

because χ becomes vett similar loざ Hcle.estimation

of endmembers is ca.ried out 、 vith changing the

situation of coverage in mixed pi、els ln this research,

79bands are uscd  Figure  l  sho、 vs t vヽo spectra

measured indoors and Figure 2 sho、 vs the n。、vchart

that is uscd in this proccdure
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Fig.1.Endmembers ofcrop ttd soil

(CaSe)COVerage 40%‐ 60%

As Table l shows、cOVerage is changed ttom 409/6 tO

600。 lt is dilncult to es[imate endmembers becausc

the observed spectra are verw simitar Atterヌ is

creatcd ttom S and this C unkllown matrix r is mOved

Concrctcly,4 factors are changed from_looO to 1000

by 0 1 so that J and C shOuld not be negative as sho、vn

i n  2  1

DeinitiOn Of S as Deinition of σas

coverages declded

arbitrarily (4096‐60%)

reation ofサr

,and σ

σよom X assuming
that Iチand σare

unknown

Comparison oflダand σ

between estimated
value and true one
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Fig 2 Flowchart ofthis mcthod
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Tablc l COverage OFeach area(409ち 、609ち)
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However, T is n9t yet ttlly resricted, sO sOme

additional rcstraintsをre necdedィHencc,

thc coverage resrai=t is ttdOptcd Brieay,thc sum of

coverages in one pixel is about i csumF is deflned as

C.1+C Ⅲ 2,and r are rcsraincd as cstlln,arc abOut
l(岸1,2,3,4,5)

Resraint 2  Csurn resraint cOnditions i

C s u l a rキI

In this papeL Only o■ e ans、ver is estilnated bv
calculating the avcragc Of rnaxirnum cndmcmber and

minimum cndmcmbcr shOwing cquation(3)whcn a

few answers are estimatcd

5島々″α修=(Sl晩.+こ協々1/2    (8)

Figure 3 shOws the estimatiOn rcsults ttOm the

singular value decOmposing methOd with Resraint l

and Rcsttaint 2.As it shows,the estimatiOn results Of

both crop and s01l have lNee deviations and it ,vas

i m p o s s i b L  t。時s r a i n  t h e m  s u t t c t t n t iン2 8  s e t s  o f f T ]

arc cstimated and the maximum errOrs between

estiIコated and true is 0 015 for the crop and 0 110 fOr

the soll. It is fOund that it is vett high, cspecially in

the soil Additionally, a suddcn gadient is ttund in

wavclcntthS ttOm 700nln to 8001m in sOil ル Icntioncd

abovc,in the casc of coveragc 4096-60レ 6〕it is difttcult

to estimate endmembcrs ushg the singurar value

decomposing methOd with Rcstraht l and Rcstraint2

and some imprOvemcntis needed

3.A newy restraint added to metllod Of estimating

endme口mbers.

In Fig 3, all cstimatiOn rcsuits Of crop by thc

singular value decOmposing methOd、 vith ResFaints l

and 2 in thc 、 vavelentth Of 700nlll_800nm have a

sudden gradicnt,、vhile only some estilnatiOn results of

soit havc such a gadient Gencrally it is considered

that thcrc is no suddcn gadicnt ul the、 デravclength Of

700nm-800nm in soll. Hcnce→  cs:irnation resulis that

have a sudden gadient nccd tO bc rcmoved  A

gradient ofthe specFa shapc is fOcuscd on in orderto

0       500      1000     1500     209o

ミ、、c断 ま Ⅲ 的

Figう.Result Of estullation of endIIlcmbcrs

remOve them COreL■o,of Sdl arld crop is
regarded as an indcx of similarity of shapc、

Concretcly,査ら,1‐Sけ̀1〕iS dCined as冴ぅちブandさけ,ダさ,+1,2 iS
deined as″ぅちブand CoL correlaton cOettclent ofメ所ブ

and″う句,たdeaned as equatおn(9)(`アウl means

avttage of鉱,″甥 memS avttagc Of甥、か

Cθ′～

Because a sudden gadient leads to high cOrrclatlo■
,

csjmaion resutts Of ttgh COr need to bc remOved

They arc removed ifthey are hitterthan 0 2

Resttaint 3 correlatlon cOefncient restrattt cOnditiOn :

Cθ″<0.2 (10)

Figure 4 shO、vs endmembcrs cstilnated by the singular

value decOmpOsing methOd with Restraints l,2 and 3

in the sttuation of Table l  Comparing them 、 vith
estirnatiOn resuits Of Fig 3, a deviation Of results is

suttcicntly cOnstrahcd  ln this rlgure, thc Fue

甜艦瞥it靖鮮仏岳l:協号謎唱:罵還;吊∬遭h盟
results are estimatcd and maximum errors ttOm trlle

cndmembers tte 0 023 1n crop and o Oo31 h sOil A
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Fig 4 Resuit of estimation of endmembers

bv us血貿a new resraint

4.Estimation of coverages

lt is indicated that thc morc ilnportant task is to

estilnate endmembers and, if it is possible to estimate

thcm, il ls not hard to cstimate coverages Table 2

sho、vs the result of cstimatlon of coverages lt proves

that accllratc estimation of endmembcrs ieads to

accuratc cstullatlon of coverages

Table 2 Co■ lparison oF cOverage bet、veen me

and cstimatcd
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5.Conclusion

Evcn if the covcrages arc 400/0-60'ち and observed

spcctra are quite strnllar, this result sho、vs that it is

possiblc to cstimatc endmcmbers by adopting a ncw

res■aint Accur】 e cstimajng of endmcmbers makes it

easy to estimate covcrages       わ
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