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cP31.1&(&  ),2C y^Gf8 :,X,zRB\5N+.( :,X)'( IGR+9+.Landgrebe, 2003(

1-/M80M
17"!"#Ba\5N+.( :,aX117"!"a# /IaH 7"GuaX B),aX

v2@ Q5^.,b$[%,5u. B\5N :,X7C,. &(7KT %& (% 1&(& :%
7C%(& &?J %& &,)')'(  5.200B\5N 7C,.(O)(+.,". $

1&(& O)( c5^=T $ I)l!T :(+.U$% Ia. ,XBaL,J :,aX
Q#( ',5C.Ba8 Ba\5N+.( +)$,DaT  ),a2C :(+.'( *(?aT

&+H 1&,\G#( y^Gf8 :,X,zR./,X,zR O)(cPa3 %& IaH
1( c8,3 /173 1&(& *,FCQ#,-")) :1(k:+)?DT :,zR
)2($ kB\5N :,zR)3(Ba9d)$ :,zaR)Landgrebe,

1999.(
17"!"# %&B8 (% +)?DT :,zR /B\5N+.( :,X*(?aT

0$( 7aaK. $& IaaH QaaR+9 +aaZC %& Baa;KP8 Y%?aaL Iaa.
cuP5WBa\5N :,X7aC,. /t?a# 7K. $ kQ#( +)?DT :,X
y^Gf8.noH B\5N S#,W /B\5N :,zRya^Gf8 :,X
I. (%B8 *,5. A?8 0?N '( BK.,T Y%?L7"H.+J[ :,zR

Q#( B9d)$ :,zR /Q#( +ZC &%?8 I>,E8 O)( %& IH.%&
Y,DGf8 :,X%?=8 vb($%& y^Gf8 :,X7C,. /,zR O)(7C(
Y%?aL Ia. /&?aJ B\5N S#,W I. I@?T ,. cuP5W +X $

B8 1&(&  ),2C IqEC j)&?3.
0?2K8 '( BP)U$% O)+TY,a_oN( A(+fG#( :,X'(
1%(?X,8 +)$,DTIE;N /B\5N+.( :(+)&,aE8 IH Q#( :7".

cuP5WnoaH ,a. (% Ia5>$( +)?DaT %& ,aXO)lM),a@ ,aX
B8$ 7"HIFaECQa#& Ia. ga5T+T O)7a. B_?a<?8 :(
B87)[.U$%IaE;N :(+a. Ba\^Gf8 :,X+)$,DaT :7a".

1%(?X,aa84aa-8 '( IaaH &%(& &?aa@$ Baa\5N+.( :($ O)+aaT
1&,\G#(+W% ,-C[ O)+TO)+GF5. U$10,2G6(2Q#(.U$%

IaaC?2C jaa2H Iaa. 0,aa2G6( O)+GFaa5./Baa3'?8[ :,aaX
:%,aa8[ B),aaX+G8(%,W)/]C,aa)%$(?H ]C,aa)%($ ])+T,aa8
,-")( +),ZC $ O5MC,58(B8 &%$[+. (%IE;N I. $ 7"H:7".
B8 +)$,DT O)(&'(&+W.IaC?2C Q)&$7a=8 Qa^_ I.:,aX

/+)$,DaT Oa)( :`,a. &,aK.( O5"e2X $ B3'?8[&%$[+a.
IC?2C7a3 7X(?J I@(?8 cPF8 ,. B3'?8[ :,X)Li et

al., 2007(&(7aKT Ba3$% I. BGu),. +N,J O52X I. $ /
B9d)$&(&  X,H (% ,X.

1-1-/HNOM P)2
&(7aKT OGR%`,a. ,. /%$& '(  !"# I. s?.+8 +)$,DT %&

7X& {% +|( $& Q#( OP28 /,X7C,.. )(laR( ,a. /QufC
@ /,X7C,. &(7KTnoaH O5. B)(7 )(laR( ya^Gf8 :,aX

B8}5fFaT :(+a. Qa;~8 :+a|( &?aJ Oa)( IaH /7a.,)
noHQ#( y^Gf8 :,X)cP32�� /.(*,8l2X OP5>

:%,8[ :,X+G8(%,W &%$[+. Qb& /&,K.(  )(lR( ,. +|( O)( ,.
noHBa8  X,aH ,aX7a.,))cPa32�a#$ /.(vab($%&

Ba8 c2_ g5T+T O)( I. +|( $& O)( �?2!8aH 7a"H,a. I
Q.,| &(7KT j) ,T &,K.(  )(lR(/7C,.(7a5W  )(laR( Qb&

B8k7"HIaE;N Qab& /7aC,. &(7aKT O)( '( ]W ,8(:7a".
B8  X,H I. �$+3%& +a|( $& Oa)( �?a2!8 IaH /7a"H

)cP32Q#(%(Q#( 178[.

1. Hyperspectrol
2. Maximum Likelihood
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cP32.Y(+5|�T173 &,!)(7W Q^_ I.)7rHughes)��: )(lR(noH O5. B)(7@�#$ /&,K.(  )(lR( ,. ,X:. Qb&  X,H&%$[+
&(7KT ,. &,K.(  )(lR( ,. :%,8[ :,X+G8(%,W:Q#(% /Q.,| B3'?8[ IC?2C:IE;N Qb& :$% +. B^;b &,zG8 +|( $& g5H+T:7".(

)'( 173 :',#',.Landgrebe, 2003(

17)7W /B\"8 $ Q;~8 +|( $& O)( �?2!8IH Q#( :(
+|( t,C ,.HughesBa8 IGJ,"3&?a3)Hughes, 1968;

Landgrebe, 2003.(17a)7W '( Ba3,C YoPF8 Q^_ I.
HughesB9d)$ &(7KT  X,H :(+. B3$% I. �`?2K8 /,aX
Q#( ',5C.

2-Q'"4CD(' E!)F<=! 3#&
*,2XBa^2_ YoPFa8 Q^_ I. /73 +H� IH %?NIaH :(

B8 &,!)( B\5N+.( +)$,DT :`,. &,K.(Ia. IFa52X /7""H
OG#,H :(+. B3$%Q#( ',5C +)$,DT O)( &,K.(.Ia.%?aN

&?a@$ U$% $& B\5N+.( +)$,DT &,K.( OG#,H :(+. B^H
&%(&) :1($ kB9d)$ �,fGC()2(Ba9d)$ A(+fG#(.U$%

B9d)$ t,2T *,58 '( 0$(B8 �,fGC( (% B),-C[ /,XIH 7"H
Ba>$ k7"3,. IG3(& (% l)?C O)+G2H $ Y,_oN( O)+GF5.

B8,2T Y,_oN( t$& U$%%(+ab 1&,\Ga#( &%?8 (% ,X7C,.
B8B8 Q3,MC B),zR I. (% B9d)$ :,zR $ 7X&IH 7"H

/,zR %& &?@?8 Y,_oN( O)+GF5.Ba9d)$ Ia.0$( :,aX
&?3 cEG"8 7)7@ :,zR.Q^_ I. /B9d)$ �,fGC( U$%

B8 �V6 (% ,X7C,. '( :&(7KT IP")(Qa#( OaP28 /7a"H
,aa8( k7aaX7. Qaa#& '( (% Y,aa_oN( '( :%(7aaE8U$% %&

Y,a_oN( B8,a2T '( IP")( Q^_ I. /B9d)$ A(+fG#(
B8 1&,\G#( ,X7C,. %& &?@?8OGaR% Q#& '( *,P8( /&?3

Q#( +G2H Y,_oN(.U$% I>,E8 O)( %&A(+fGa#( :,aX
n,5b %& (% :+G2H Y,_oN( (+)' /7"GuX +ZC78 B9d)$

U$% ,.B8 Q#& '( B9d)$ �,fGC( :,X7"X&.
Q5>,KR r',. %&A(+fGa#( Ia"58' %& 173 t,!C( :,X
U$% /B9d)$&%(& &?@$ B\^Gf8 :,X.U$% O)(+aX ,aX

U$% yK< s,EC j)Ba8  a3?W (% B^;b :,X$ 7a"X&
B8 +ZC %& (% ,-C[ Y?b s,EC7C+59.
U$% Q2ub O)( %&/Ba9d)$ A(+fGa#( y^Gf8 :,X

jaa5P\T l5>,aaC[ U$% Iaa. Baa9d)$ A(+fGaa#( *?aa�1

)Fukunaga, 1990; Campbell, 1984(/2(Loog et al.,

2001) aPAC-LDR/A(+fGaaa#(1&$7aaa=8 Baaa9d)$
452DaaaT:+aaa593)Lee and Landgrebe, 1993($

)$ A(+fGaa#(d*'$ jaa)+G8(%,W+5i Baa9%(&4)Kuo and

Landgrebe, 2001(Q#( �+q8.
A(+fG#( U$% /Q#( +ZC78 I>,E8 O)( %& IH B3$%

*'$ j)+G8(%,W+5i B9d)$H Q#( %(&B_?aC Ia. Is,aEC
U$% yK<B8  3?W (% B^;b :,XY?ab s,aEC $ 7aX&

,-C[&%(& &?J %& (%.

1. Discriminant Analysis Feature Extraction
2. The approximated Pairwise Accuracy Criterion-

Linear Dimension Reduction
3. Decision Boundary Feature Extraction
4. Nonparametric Weighted Feature Extracton
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2-1-Q'" RS$TM4CD(' E!)F<=! 3#&
U$% %&*&+aH Ia"5-. '( �`?a2K8 B9d)$ A(+fG#( :,X

%,5K8 7"C,8 a %,5K8 j)FisherB8 1&,\G#( aIaH &?a3
(+W ])+T,8 *&+H 42)lH,8 '( *[ %&B#oH O5. B97"H

Ba#oH Ba^J(& B97a"H(+W ])+T,a8 *&+aH 425"58 $
B8 1&,\G#(&?3.t,a2T B97a"H(+W /Qa>,6 O)( %& *?�
noHBa8 %(+ab 1&,\Ga#( &%?8 ,XQa#( OaP28 /&+a59

noH B8,2T B)(7@&?FaC 07a8 B.?J I. ,X.O)(+.,a".
B8jT :(+. (% ,X%,5K8 O)( *(?TnoaH jaT&%$[+a. ,aX

#( I. $ &+HB9d)$ A(+fG/QaJ(&+W t(7H +X :(+. B),X
/17a3 A(+fGa#( Ba9d)$ :+a# +X j2H ,. Q),-C %& $

IE;N:7".ja2H ,a. �,aG),-C $ &+aH y)+KT l5C (% 17""H
U$%IE;N g5H+T :,X:7".17""H*&+aH g5H+T I. /,X

IE;N O)( B@$+J:7".17""HQJ(&+W +M)7P) ,. ,X.

3-Q'"B /UUU9;M? ", ,-UUU.-M 3#UUU&@UUU;A)
/012389*7899A#&

U$% '( BP)B8 IH B),XIa. 17a8[ 7)7W YoPF8 7C(?T
+a.( +)$,DaT :`,a. &,K.( Q^_BR,aH O5a"e2X $ Ba\5N

IC?2C &(7KT *&?;C1&,\G#( /&',# v\T+8 (% B3'?8[ :,X
IE;N g5H+T '(:7".17""HQ#,X.&,!)( ,. U$% O)( %&

IE;N:7".17""HIaE;N $ ya^Gf8 :,aX.+)$,DaT :7a"
I. B\5N+.(�),aGC g5H+T �,G),-C $ ,-C[ '( t(7H +X I^5#$

IE;N '( j) +X '( 178[ Q#& I.:7".17""HB8 /,X*(?T
IE;N Qb& I.'( ja) +aX ,a. n,a5b %& :+T`,a. :7a".

IE;N:7".17""HQR,) Q#& ,X)Xu et al., 1992.(

3-1-Q'"3#&/012 R#1;A)B VW#=389*7899A#&
IaaE;N gaa5H+T %&:7aa".17aa""HQJ,aa# �7aaX /,aaX

IE;N:7".17""H$ �?a"T s+a3 $& :(%(& IH Q#( B),X
7"aaa3,. Q=aaaL)Hansen and Salamon, 1990.(

IE;N:7".BaGb& :(%(& IaH Qa#( BaC[ /p5=aL 17""H
'( +T`,.50*[ Qab& /+aM)& Y%,;_ I. ,) $ k73,. 7L%&

7aaa3,. +GFaaa5. BR&,DaaaT n7aaa6 '(.$& O5aaa"e2X
NIE;:7a".�?a"G8 B8,aM"X /17a""H:,aX,qJ IaH 7aC(

1&(& &%?8 %& B\^Gf87""H &,!)( 7)7@ :,X.U$%:,X
IaE;N Y,a;5H+T QJ,a# :(+. :%,5u.:7a".17a""H,aX

Q#( 173 &,-"F5W.I.Ia# B^H %?N&,a!)( :(+a. U$%
g5H+TIaE;N :,aX:7a".17a""H&%(& &?a@$ ,aX:+a55mT
IC?2CoH +55mT /B3'?8[ :,Xn+a55mT $ Ba@$+J :,X
B9d)$:&$%$ :,X.

IaaC?2C +aa55mT U$% %&&,aa!)( :(+aa. Baa3'?8[ :,aaX
,a. %,a. +aX $ a %,a. O)7"� B3'?8[ 4G)%?M>( /Y,;5H+T

I_?2!8+)'IC?2C '( y^Gf8 :,Xt,a!C( a Ba3'?8[ :,X
Baa8Qaa#( U$% Iaa# :(%(& &?aaJ Oaa)( &?aa3:Bagging

)Breiman, 1996(1&(& Ia)l!T /Ba3'?8[ :,aX)Chan

and Stolfo, 1995($Bossting)Freund and

Schapire, 1995; Schapire, 1990.(
noH +55mT U$%IH B@$+J :,XDietterich and

Bakiri0,# %&19951&+H �+q8/7aC(OGJ,a# :(+a.
IE;N '( �?J B;5H+T:7".17""HBa@$+J +)&,aE8 /,aX

noHB8 1&(& U'?8[ 4G)%?M>( I. IH (% ,X+a55mT /&?3
B87X&.B8 /IC?2C :(+.Ia. (% Ba#oH7"� I^�u8 *(?T
I^�u8&+H 07;T B#oH $& :(.

IH t?# B8?2_ U$% %&Benediktsson*(+aM)& $
)2008($Dietterich (2000)1&(& %(+b B#%+. &%?8/7C(

Ba9d)$ :$% +a. +55mT '(4G)%?aM>( :(+a. &?a@?8 :,aX
I. U'?8[7"� &,!)( %?Z"8IE;N:7".1&,\Ga#( 17a""H

B8&?a3.Ba8 +|�a8 BC,a8' U$% Oa)(&(7aKT IaH 7aGR(
B9d)$7a3,. &,a)' %,5u. :&$%$ :,X.&%?a8 Oa)( :(+a.
Baa8&+aa. t,aaC Baa^H U$% $& *(?aaT:$ /Baa9d)$ �,aafGC(

B9d)$ A(+fG#(.,a. Ba9d)$ :+# O)7"� /U$% $& +X
B9d)$ '( 1&,\G#(B8 &,!)( B^L( :,X+aX ]�# $ 7""H

j)IE;N '(:7".17""HO)( :$% +. ,X:+#U'?a8[ ,aX
B87"5..&,!)( :(+. /B9d)$ A(+fG#( U$% I>,E8 O)( %&
IE;N:7".17""HQ#( IGR+9 %(+b B#%+. &%?8 ,X.

3-2-Q'"/012 X(#<Y @;A)B 3#&389*7899A#&
*?� BC(+MFX$dW)XU., 1992(7aC&(& *,FC *(+M)& $

U$%IE;N g5H+T :,X.:7"17""HB8 ,XIa@?T ,a. 7C(?T
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7aa5>?T Y,aa_oN( �?aaC Iaa.Iaa. 17aa3'( jaa) +aaX I^5aa#$
IE;N:7".17""H/,XIGa#&7C?a3 :7a"..U$% Oa)(,aX
B8B@$+J I. I@?T ,. 7"C(?TIE;N :,X:7".17a""H/,aX

7C?3 45uET IG#& I# I.:
U$%t?-\8 pq# :,X1Ba@$+J /pq# O)( %& IH
IE;N +X:7"./17""H+aX :(+. noH gu�+. j) ,-"T

Q#( :&$%$ cuP5W.t,a!C( U$% I# I. &?J U$% O)(
Qa#( BC7a3::�%Qa)+~H( :+a59)Lam and Suen,

1997(:�% U$% /*'$ Qaa)+~H( :+aa59%(&)Lam and

Suen, 1995(U$% $la5. :%?�T +. B"G;8 :,X)Lam

and Suen, 1997.(
U$% %&Iaa;T% pqaa# :,aaX2)Ho et al., 1996(/

IE;N +X B@$+J:7".noaH '( BGa#+-R /17""H:,aX
I;T% ,. OP28:,XQ#( :&$%$ cuP5W +X :(+. *,3.%&

Ia;T% O)+GF5. IH Q#( B#oH /17C+. noH U$% O)(
73,. IG3(& (%.
U$%1'(7aC( pq# :,X:+a593)Kittler, 1996a($

)Kittler, 1996b(+aaX Baa@$+J /pqaa# Oaa)( %& IaaH
IE;N:7".Ia. s?.+8 *,"52N( �?q# '( BGu5> /17""H
noHQ#( :&$%$ cuP5W +X :('( I. ,X.U$% Oa)( %&

IaE;N +X:7a".pqa# ja) /noaH +aX :(+a. 17a""H
B8 +ZC %& *,"52N(*,"52N( �?q# O)( �,G),-C IH /&+59
B8 g5H+T 4X ,.caL,6 B),a-C ga5H+T I!5GC $ 7C&+9

B8&?3.,a"52N( �?qa# %& ga5H+T :(+.U$% *:,aX
4aa-8 IaaH /&%(& &?aa@$ Baa\^Gf8U$% ,aa-C[ O)+aaT:,aaX

O5MC,a58 /IaC,58 /I"52H /I"5F5. /�+< /1&,# O5MC,58
*'$IGFW U$% $ %(&:(4Q#(.Ia>,E8 O)( %& IH B3$%

B8 1&,\G#(Qa#( 1&,# O5MC,58 U$% /&?3.U$% Oa)(
1&,# '( BP)1'(7aC( pq# %& g5H+T O5C(?b O)+T:+a59
+. IH Q#(O5MC,58 I),WB@$+J *,"52N( �?q# :+59
IE;N:7".17""H1&,a-C ,a". noaH ja) I. s?.+8 :,X

Q#( 173.

3-3-Q'" RS$TUUMX(#UU<Y @UU;A)B 3#UU&
/012389*7899A#&

U$% O)( B8,2T %&B8 ,Xga5H+T ,a. &%(?8 +~H( %& *(?T
IE;N �),GC:7".17""H+X I. Q;uC :+GF5. Qb& I. /,X
E;N '( j)I:7".17""HQaR,) Qa#& I),W :,X.B8,a2T
U$%1&,5W *?"H,T IH B),X17a3 :',a#/7aC(Qa>,6 %&

B9d)$ +55mT1(+a2X Ia. Ba9d)$ �,fGC( '( /:&$%$ :,X
IE;N g5H+T:7".17""H1&+aH 1&,\Ga#( ,aX7aC(.%& ,a8(

IaP")( Qa^_ I. /B9d)$ A(+fG#( U$% /B\5N+.( +)$,DT
,X7aaC,. B8,aa2T Y,aa_oN( '(Baa8 1&,\Gaa#(�5aaX $ 7aa"H

noaH O5a. B)(7a@ &%?a8 %& (% BT,_oN(Qa#& '( ,aX
B2CQa#& Ba9d)$ �,afGC( %& :+T`,a. Qab& I. /7X&
B87.,).

1(+a2X I. B9d)$ A(+fG#( OGR+9 +ZC %& ,. O)(+.,".
IE;N g5H+T:7".17""HB8 ,X%& :+T`,a. Qb& I. *(?T
U$% ,. n,5bQR,) Q#& B^;b :,X.1234

4-7,#;Z Q'" [()\Y785 3?#=
IE;N &,!)( �7X /I>,E8 O)( %&:7".17""Hy^Gf8 :,X

&,\G#( ,.1ga5H+T $ noH :,";8+. B9d)$ A(+fG#( '(
IE;N O)( �),GC:7".17""H/,aXIa.%?aZ"8Ia. B.,5Ga#&

IE;NQ#( B),-C :7"../gafG"8 B9d)$ A(+fG#( U$%
$ j)+G8(%,W+5i B9d)$ A(+fG#( U$%*'IaH Qa#( %(&

IE;N &,!)( :(+. I>,E8 O)( %&:7".17""H/ya^Gf8 :,X
*'$ jaa)+G8(%,W+5i Baa9d)$ A(+fGaa#( '(:,aa";8+. %(&

73 7X(?J 1&,\G#( noH.17a3 IaGR+9 +aZC %& U$%
IE;N �),GC g5H+T :(+.:7".17a""H/Ia>,E8 Oa)( %& ,aX
Iaa. 17aa3 +aaH� U$%I^5aa#$Maghsoudi Mehrani$

*(%,P2X)2006(U$% '( B_?C I. IH /Q#(pqa# :,X
1'(7C(B8 1&,\G#( :+597"H.

1. Abstract-level
2. Rank-leve
3. Measurement-level
4. Stacked
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4-1-4CD(' E!)F<=!NW]SA 3#91M)*
U$%NWFEIaa. %,aa. O5aa>$( :(+aa.I^5aa#$Kuo and

Landgrebe (2001)73 �+q8.7)(r/U$% Oa)( B^aL(
*'$ OGR+9 +ZC %&I. IC?2C +X :(+. Y$,\G8 :,X%?Z"8

I;#,=8»^=8 O5MC,58B«B97a"H(+W ])+T,8 y)+KT $
:(+a. 7)7@ j)+G8(%,W+5i B#oH cJ(& $ B#oH O5.

Qa#( B9d)$ A(+fG#()Kuo and Landgrebe, 2001,

2004.(%&NWFEI. B#oH O5. B97"H(+W ])+T,8 /
Iq.(% Y%?L)1(B8 y)+KT&?3.
Iq.(%)1(

nnc nc
(i, j) (i) (i)i

b jk k k
i j k

j i

p
S (x M (x ))

nc   
!

 " #
#$ $ $

1

1 1 11  

(i) (i) T
jk k(X M (x )) !  

  ! "# $%%&(i)
kx $%%'()' k *+%%& ,- I.%%/-  .(i, j)

k" 
             $%01-" 2"(%3 $%1 4 .%/- 5678&-9: ;<9=>?  @4)2 (

5? #(A .  

 $01-")2(  
i

(i) (i)
jk k(i, j)

k n
(i) (i)

jl l
l

dist(x , M (x ))

dist(x ,M (x ))

!

!

#

" #

$

1

1
1

  

 $%%& 5B>%%C "#dist(a,b) @- $D%%3>E a >%%= b 4 .%%/- 
(i)

j kM (x ) >F?    5DG? HFI'(i)
kx    *+& "# j    $1 $& ./- 

 J1-4" 2"(3)3 ( 4)4 (./-.  

 $01-")3(  in
(i) (i, j) (i) ( j)

j k l l l
l

M (x ) W x x
#

# $
1

  

 $01-")4(  
i

(i) ( j)
(i, j) k l
l n

(i) ( j)
k l

l

dist(x , x )
W

dist(x , x )

!

!

#

#

$

1

1
1

  

        K%<9L?-">:9FM 5%/+& 5%DN-# 5678&-9: ;<9=>?
 @4  $01-" 2"(3 $1 "-#)5 (./-.  

 $01-")5 (  innc
(i, j) (i) (i)

w i ik k k
i k

S p (x M (x ))
# #

# " !$ $
1 1

  
(i) (i) T

ik k(x M (x ))!  
56O<4         ">FP?  #9& $8FQ1 >1 R5S-9TL/- U>VFisher 
5? HFFP=  $01-" 2"(3 $1 ">FP? H<- $& R#(A)6 (./-.  
 $01-")6(  NWFE w BJ tr( )!# $ $1  

        5S">%N W9%X 5<>%LY< ZY[%? @- U9F6(%DS U-91
$D3>E          R5%/+& ZN-# 4 5/+& HF1 U>VwS     $%01-" >%1 

)7 (5? H<\I<>S ##96 :  
 $01-")7(  w w wS / S / diag(S )# %0 5 0 5  

          56O<4 ]-9TL/- @- R$B>^? H<- "# 9_' #"(? `4" "#
            #-7%P= $%1  -(L1 >= R./- a7A a#>bL/- *+& U>8c? 91

*+&   $^cd >V  U781            e%F&9= >%1 4 #"4! .%/# $%1 a788&
  $^cd H<- f<>L'  U781  8&a78     $^cd 9<(g= $1 >V  U781   h7%A

  .E>< ./# 5<>Q' .     U>8c?91 56O<4 ]-9TL/- ,>i'- U-91
     *+& 9V U-91 R*+&m ;<9=>? R      HF%1 5678&-9: U>V

     $%1 5/+& ZN-# 4 5/+&       J%1-4" jDF%/4)8 (  4)9 (  $%1
 5? ./#       $^cd eF&9= jDC9? #"-4 >= 78<!  U781  a788&   >V

7'(A .  
 $01-")8(  

mN
(m, j) (m) (m)

w m mk k k
k

(m) (m) T
mk k

S p (x M (x ))

                     (x M (x ))
#

# " !

!

$
1  

mNN
(m, j) (m) (m)m

b jk k k
j k
 j m                                                         

(m) (m) T
jk k

pS (x M (x ))
N

                     (x M (x ))

# #
&

" !
!

!

$$
1 11 

 $01-")9( 
iNN

(i,m) (i) (i)i
mk k k

i k
i m                                                                

(i) (i) T
mk k

p
(x M (x ))

N

                    (X M (x ))

# #
&

% " !
!

!

$ $
1 11 

  

      $^cd H<- f<>L' 5A4" $1 5Lk<>1 l>C  U781  a788&   >V
    #9& eF&9= mV >1 -" .  ReTL8? eF&9= `4"    %' $1 (  @- 5n

`4"    a@-7'- o0/ U>V       5%? a#>bL%/- U9%F6       "# $%& 7%8&
5? a#-# p9A ZFgb= $1 7P1 qT1 #(A.  

  
4-2-   !"# $%&'(    )*+,-   .*+,,&       /0 1+234 )3+5

67& )3,"8'- 9:;<= >0'?@A0  
   ̀ 4" "#          9%1 5%6O<4 ]-9TL/- @- 7P1 R$B>^? H<- eTL8?

       5%6O<4 @- U9/ 9V U4" R*+& U>8c?      ]-9TL%/- U>%V
A7      *+& #-7P= $1 $& *+& U>8c?91 a       R#(%1 7%V-(N >V



 !"# )0'- 9B=C  D0C0 .E0E )*,-  9F%#'-0 )35AVIRIS !"# $%&'( = 9:;<= >0'?@A0 /0 .E3F@A0 3- G )*,- .*,,& 35  
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 $^cd K<  U781        $%^cd \%F' 4 a7%<# `@(?! a788&   U7%81
>i'- 5? ,  #(A .        *+%& #-7%P= $1 R$DC9? H<- ,>i'- >1    >%V

(g%%=<      f<>%%L' 5%%I)V $%%& .%%A-# 7%%V-(N #(%%S4 9
$^cd  U781  a788&   78LkV >V .       $%1 f<>%L' H<- 5Lk<>1 l>C

    7'(A eF&9= mV >1 5A4" .        9%<@ #9%cV-" @- $B>^? H<- "#
5? a#>bL/- eF&9= H<- U-91 #(A :  

 96-C(1),C(2), …, C(k)$^cd 9<4>g=   U7%81  %A h7
     $^cd @- K< 9V $1 r(19?  781U   a7%88&        4 78%A>1 >%VfC 

 $^cd 9<(g=  U781     4 7A>1 5<>Q' h7Ak *+%& #-7P=    R>%V
  ZkYF: #"(? "#      $%^cd 9<(g= "# >V   U7%81      R5<>%Q' h7%A

7V# s" .B>C $/ ./- HY)? :  
1. ZkYF:         $%^cd K%< >%Q8= $& 5<>V   U7%81     "# a7%88&

 9_'">Qt-  >A#"(?    ./- a#9& ).)ku     "# $& 5<>V
 ZYA3a7A a#-# q<>)' "(A>V 2"(3 $1  7'-.(  

2. ZkYF:        $%^cd 78v >< 4# $& 5<>V   U7%81     "# a7%88&
a#9%%& 9_'">%%Qt- >%%Q'! #"(%%?  9<(g%%= "# 5%%8P< w7%%'-

$^cd   U7%81               *+%& 7%8v >%< 4# HF%1 5<>%Q' h7%A
mV   #"-# #(S4 5'>A(:).)ku   ZY%A "# $& 5<>V3 

$'x 2"(3 $1  U"(c'@a7A a#-# q<>)' 7'-.( 
3. .)ku     $^cd yFV $& 5<>V  U781  a788&      #"(%? "# U-

     .)k%u 58P< w./- a#9Y' 9_'">Qt- >Q'!    $%& 5<>%V
  $^cd 9<(g= "#  U781    $1 5<>Q' h7A      zd>%8? 2"(%3
$LE96 "-9u 5B>N  7'-).)ku U>V "# 7Fb/  ZYA3 .(  

   ZkYF: $DC9? H<- "#           56#>%/ $%1 l4- jL%/# U>%V
$^cd   5? U781  7'(A . $^cd U-91      Zk%YF: j%F^1 U781    >%V
`4"    5? 5bDLT? U>V    #9& #>Q8[F:  -(= .    $%B>^? H<- "#

./- $LE96 "-9u 5/"91 #"(? `4" 4# :  
'   ZkYF: #"(? "#              7%8v >%< 4# $%& ,4# jL%/# U>%V

$^cd  U781       a#9%& 9_'">Qt-  >A#"(? "# a788&    R7%'-
   $^cd $1 5<>Q' U{"  a788&    5? a#-# U-     #-7P= $& #(A

$'()'  V  $^cd jF^1 @-  ! 5A@(?! U> U781  a7%88&   >%V
7%%A>1 9L[%%F1 . 5%%A@(?! $%%'()' $%%& 5%%/+& -9%%<@

  5%%'-4-9E U-"-# $%%& .%%/- 5%%/+& R#"-# U9L[%%F1
     *+& 9I<# >1 $k<>^? "# U9L[F1     H<-91>81 4 ./>V
     *+& $F^1 @-  ! "(|C l>)LC-    ./- 9L[F1 >V . "#
    $^cd @- J^E 4 J^E $DC9? H<- U781 a788& $& 5<>V 

a#9%%& 9_'">%%Qt- 9_'#"(%%? Zk%%YF: #"(%%? "#  R7%%'-
 5? a#>bL/-  #(A .   Zk%YF: #"(? "#        yF%V $%& 5<>%V

$^cd  U781    a788&          a#9%Y' 9_'">%Qt- >Q'! #"(? "# U-
           $& 24>b= H<- >1 R#"-# #(S4 .B>C HF)V \F' ./-

     $^cd ,>)= @- .B>C H<- "#  U781  a788&      a#>bL%/- >%V
5? #(A. 

' ZkYF:      4# $& ,4# jL/# U>V    $%^cd 78v ><     U7%81
     a#9%& 9_'">Qt-  >A#"(? "# a788&       HF'-(%u @- R7%'-

  a@-7'- o0/ eF&9=       ̀ 4" @- 4 U9F6Mean    U-9%1 R 
mF)g=      ek%v91 #"(? "# U9F6     Zk%YF: 5<>%Q'     >%V

  5%? a#>bL/-   #(%A .          @- a#>bL%/- m%V .%B>C H%<- "#
$^cd  U781  a788&            HLE9%6 9%_' "# .%B>C 7%8'>? >V

(?! $'()' #-7P= >1 *+&./- 9L[F1 5A@.  
  
5-.E3%H  )/3A  

 mL<"(IB- $FD&       9<(g= U4" 91 $B>^? H<- "# a7A $}-"- U>V
   h78i8/ 5bFd91-AVIRIS a#>F:     a7%A U@>/   7%'- .  H%<-

            U@"4>[%& zd>%8? @- 5%Y< $%1 r(19? 9<(g= /  5%DI8S
     H}4~ "# $& R./-1992    2"(3 $1 RAirborne   �>b="- @- 

20$%%^08? @- RU9L?(%%DF&   l>)%%A "# U- >'><7%%8<- .%%B><-
.%%/- a7%%A $%%LE96 . U-"-# U9<(g%%= R9_'#"(%%? 9<(g%%=

145 ×145      "# $& ./- ZkYF: 220      >%1 4 5%bFd 7%'>1 
   5'>%%Y? K%%FYb= 2"7%%u20   K%%FYb= 2"7%%u 4 9%%L? 

  K<9L?(<#-"10    ./- a7A $LE96 .F1  .     "# 9<(g%= H%<-
   5bFd h#47G?5/2-4/0       K%FYb= 2"7u >1 4 9L?49Y<>? 

  5bFd10   a7A $LE96 9L?('>'  ./-  .     #"(%? 5%8F?@ h#-#
             HF%?@ U91">%& 4 q%A(: $[%^' R$B>^? H<- "# a#>bL/-

 Z?>A16 ZYA "# $& ./- *+& 4 4 Ra7A a#-#  >[' 
            $%1 a7%A a#-# �>gLN- ZkYF: a-9)V $1 *+& 9V ,>'

    l47S "# >Q'!1  ./- a7?!  .      l>%/ "# U91">& $[^' H<-
1992 $1    ">& $DF/4         #47%C $%& a7<#96 $FQ= 58F?@33 

# 4 5%%DI8S $%%^08?  ! 7%%3"66$%%^08?  ! 7%%3"#   U-
  ./- a#(1 U@"4>[& .      >%F? H<- @-9      U-"-# $%& *+%& 

a7%%A W>%%TL'- R78Lk%%V U9L[%%F1 5%%'-4-9E 7%%'- . 5?>%%)=
$?>'91            $%1 $%B>^? H%<- $%1 r(%19? U>V     ,9%' $DF%/4    "-\%E-

MATLAB 7./- a7A $LA(' .  
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 ZYA3 .91 56O<4 ]-9TL/- "# eF&9= h(G' *+& U>8c?)Maghsoudi Mehrani et al., 2006(  
  

  
 ZYA4 .$^08? @- $PB>0? #"(? j^08? HF?@ U91">& 4 qA(: j[^'  .P/4 $1 U-9/2×9/29L?(DF&   
) @- a7A U@>/@>1http://dynamo.ecn.purdue.edu/~biehl/multispec/documentation.html(  

  
  9<4>g%%= U>V7%%'>1 HF%%1 x>%%1 5ILk%%c)V .%%Dn $%%1
          W! 51�%S U>V7'>1 @- 5N91 #(S4 HF8�)V 4 5bFd91-
           9<4>g%= H<- "# U\<(' U>V7'>1  7?! #(S4 $1 �n>1 $&

5%%?    U>V7%%'>1 @- 5%%N91 @- �x(%%)P? R#(%%A109×103 R
163×149   4 220×218     C x>1 \<(' .Dn $1     4 a7%A ��
195  5u>1 7'>1     $^cd U-91 a7'>?       "-9%u a#>bL/- #"(? U781

   ̀ @-#9: $FD& 4 $LE96         H%<- U4" 9%1 >V195     ,>%i'- 7%'>1 
./- a7A .  

            >[%' -" mL<"(%IB- 2(u  -\F?  -(L1 $Y8<- ZFB# $1
  $'()' 9�&- R#-#    $1 #(S(? U>V         9%_' "# 5[%<>?@!  -(%8n

    $1 $F^1 4 7A $LE96     TL'- .k= a#-#  -(8n   -�B w7<#96 W>
    $B>^? H<- "#30  $'()' 73"#        5A@(?! $'()'  -(8n $1 >V
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    a7%A $LE96 9_' "#      4 7%'-70         $%'()'  -(%8n $%1 7%3"# 
5[<>?@! .  

  
5-1-.E3%H   9:;<= >0'?@A0 N=C )/3ANWFE  

    !"#$% &'( )*        +$,-. / 0$12'/ 3(456$7(      8/) 89$:;
   9< =>?@( 4A@*)BC 4'BDE .    012'/ *(9FE +; +GBE >;   8>$H 

    !$%*  I9< 3(4567( JK65C          !$7* +$; 0E/>$L6C 8>$H
 MN< )(*B"@ )* O'>6@ +P  I9CQ5!7( I9'*41 3)* .  

  

 R/9G1 .STP =>@  4H +; I9< I*(* U>D6V( I)>"< I(4"H +; >H
STP 4H M#NWX *(9FE / STP  

I)>"< STP =>@ M#NWX *(9FE 
0 others 10670 

1 Alfalfa 54 
2 Corn-notill 1423 

3 Corn-min 834 

4 Corn 234 

5 Grass/pasture 497 

6 Grass/trees 747 

7 Grass/pasture-mowed 26 

8 Haywindrowed 489 

9 Oats 20 

10 Soy-notill 968 

11 Soy-min till 2468 

12 Soy-clean 614 

13 Wheat 212 

14 Woods 1294 

15 Bldg-grass-trees- drives 380 

16 Stone-steel towers 95 
  

 
 MN<5 .+,-. !%* 012'/ *(9FE +; !-#@ 0KP 89:;  Y/) )* >H

NWFE  

            !$7* +; () !%* &'46ZW; +P 06[>\  ]>WC &'( )*
0C   9H*       ̂ ( I*>L6$7( ![>\14         !$%* >$;  !$7( 0$12'/ 
67/85 .   +$$,-. !$$%*  0$$12'/ *(9$$FE &$$'( )* 9$$:;8 

STP  R/9G )*  JK65C 8>H1!7( I9CQ .  
  

 R/9G2 . !%*+,-. STP 89:;  Y/) )* JK65C 8>HNWFE 
 8(4;14012'/   

+,-. !%*89:;  STP =>@  J'*)  
65/90  Corn-notill 1 

33/78  Corn-min  2 

46/98  Grass/pasture  3 

02/97  Grass/trees  4 

63/99  Hay-windrowed  5 

38/82  Soy-notill  6 

54/67  Soy-mintill  7 

45/92  Soy-clean  8 

35/98  Woods  9 

67/85  Overall accuracy   

  
]>"H    R/9$G )* +P )B.1  0$C +$A\TC     4$H  *B$<

+$$,-. &$$'( )* ST$$P  +$$?W6@ () 0E/>$$L6C !$$%* 89$$:;
0C           I_$W`@( *B$V &$'( +$P  9$H*         +$N:'( 8(4$; !$7( 8(

  ; 012'/ 3(4567(4         +$; O'>6@ / *4W1 =>?@( STP 8>:-C 
**41 +#'>,C 4`'9N' >; >a@Q ^( I9CQ !7* .  

  
5-2-  !"#$ %&'( )$*+, -.#/ -012 !011* #3  

       +,-. ^( bWP4E *>?'( 8(4; +[>,C &'( )*  89:;  I9::P     >$H
     &'9; c!d41 =>?@( STP 8>:-C4; 012'/ 3(4567( (96;(

     +,-. 4H *>?'( 8(4; +P bWE4E  89:;         +$; )>$; 4$H  I9::P
         0'(9$G &'46ZW; +P I9< =>?@( 012'/ 3(4567( 8Be@

     ,; / 4A@ *)BC STP &W; STP fW    *B< *>?'( >H . fK\4C
   0$C +P 9F;       0$C =>$?@( !#$'>;         ^( 0$-WP4E *>$?'(  9$<

+,-.   89$:;   I9$::P    *B$; >$H .   +$,-. b$WP4E 8(4$;   89$:;
I9::P   0C >H         *4$P I*>L6$7( 0LK65C 8>H*4-H() ^( ](BE .

     0C M"g Be@ &'9; >H*4-H() &'( ^( 0N'  )* (96;( +P 9:P
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       *(* !-#$@ R>"6\( ](_WC  M#NWX 4H *)BC     4$H h9$< I
+,-.  89:;           ST$P *)B$C )* M#$NWX ]Q +; I9::P    8>$H

   0C !7* +;  JK65C  9'Q .    0$C ![>\ &'( )*       )* >$; ](B$E
       +$,-. i$' 8()Q +:WZ; &6d41 4A@   89$:;      8(4$; I9$::P

STP       +,-. 4H 8(^( +;  JK65C 8>H  89:;      i$'  I9$::P
   *)/Q !7* +; 4'BDE .    +; 8(4; ![>\ &'( )*    ]*)/Q !7*

 +,-. 4'BDE   $:;89              4'/>D$E ^( =(9$P 4$H ^( 0'>$a@ h9$<
+,-.  89:;        +$,-. 4H +; jB;4C +W[/( h9<   89$:;     I9$::P

M#NWX           +$,-. ]Q ST$P +$; jB$;4C 8>H   89$:;   I9$::P
)          +$6d41 k)Bl 012'/ 3(4567(  ]Q 8(^( +; +P 07TP

!7((+,-. 4'BDE )*   0C )(4% 0'>a@ h9< 89:; *4W1.  
  

5-2-1-      ?@$2 #2 AB* %2 CD<$  EFG,   ";0G, HI+
JK.L8M NOL=O  

M#$$NWX *)B$$C )* Y/) &$$'( )*  9$$:m >$$' /* +$$P 0'>$$H
+,-.  89:;           / 9$@*B; I*4$P 4A@)>an( >a@Q *)BC )* I9::P

  M#$$$NWX *)B$$$C )* &W$$$:o"H    pW$$$H +$$$P 0'>$$$H
+,-.  89:;  I9::P            *B$; I*4$N@ 4A@)>an( >a@Q *)BC )* 8(

          &'46Z$W; +P 9< q>56@( I9@4; STP ](B:g +; 07TP
@ *(9FE+@B" !<(* () 0<^BCQ 8>H.  

      +$,-. b$WP4E Y/) &'( )*   89$:;   I9$::P    >$H    (9$6;(
 STP 0C>"E     012'/ *(9FE >; >H      8/>#$C 0G(4567( 8>H

            +$; O'>6@ +P 9@9< bWP4E 4`'9N' >;  I9< 4Pr Y/) >;
   +,-. !%*  I9CQ !7*       0$KP 89$:;6067/85   ]>Z$@ () 

*(* .        >\ >$; +#'>,C )* 846ZW; !%*  )>A6@( sTV4;  !$[
    +$,-. b$WP4E ]/9$; 012'/ 3(4567(  89$:;  I9$::P    >$H

 9Z@ Ml>\ .       )* +$P !<(* 4A@ )* 06#'>; ![>\ &'( )*
    0$12'/ ^( 8*(9$FE )* STP 4H     &'46Z$W; &tW$FC 8>$H

   STP ^( () 0'(9G     *)(* 4$`'* 8>H .    R/9$G )*2   *(9$FE 
012'/     +,-. +; jB;4C 8>H  89:;  I9::P      &'46Z$W; +P  >H

STP &W; 0'(9G  >H0C *>?'( () !7( I9CQ  9:P.  
* >$$; &'(4;>$$:;) 0$$12'/ *(9$$FE &6d4$$1 4$$A@   8>$$H

    +,-. 4H 8(4; k/>L6C 0G(4567(  89:;    06#$'>;  I9::P
             *(9$FE &6d4$1 4$A@ )* >; 0[/ c*B< *>?'( !%* u'(_d(

012'/     STP 8(4; k/>L6C 8>H        9\ ^( uW; u'(_d( / >H
 012'/ *(9FE     STP ^( 0V4; 8>H     9$FE R>"6\(  >H  ̂ ( 8*(

STP               &6$d) v>$; !Kg +; / +6d>' u'(_d( 9\ ^( uW; >H
  STP &'( R>"6\(           ]9$< q>$56@( 8(4$; +W,; w@><  >H

 0C xP         0C uH>P 0KP !%* +?W6@ )* / *B<  9;>' .  8(4$;
    0C _W@ MNZC &'( M\    STP 8(4; ](BE      *(9$FE +P 0'>H

012'/               +:WZ$W; 9$\  !$7( *>$'^ )>W#$; >a@Q +:Wa; 8>H
 12'/ *(9FE     !$d41 4A@ )* 0G(4567( 0 .     *)B$C &$'( )*

 ]>"H  U>V         R/9$G )* +$P )B.3    0$C I9H>Z$C      *B$<
           () !$%* &'46Z$W; +P +:WZW; 0G(4567( 012'/ *(9FE

0C +?W6@  *(9FE  9H*40!7( 012'/ .  
]>"H  0C +A\TC +P )B. +,-. !%*  *B<   )* 89$:;

    +;  +:WZW; ![>\49/86           !$[>\ +$; !-#$@ +$P 9W$7) 
 2'/ 3(4567(   +$,-. / 01     89$:;)     +$,-. !$%* >$;    89$:;

67/85 (*)(* !y%* u'(_d( ^( ]>Z@.  
  +,-. !%* &W:o"H        ST$P ^( i$' 4H 89:;     )* >$H

; >; ![>\ &'46a;W R/9G )*  !%* +:WZ4!7( I9CQ .  

  
 R/9G3 .+; 8(4; +:Wa; 012'/ *(9FE *8(4; !%* &'46ZW; ]*)/Q !7 4H W; 0<^BCQ f@B"@ >; STP ![>\ )* STPI9@4; STP ](B:g +; 46Z  

+,-. 89:; I9::P  1  2  3  4  5  6  7  8  9  
012'/ *(9FE  14  9  13  10  4  8  124  7  86  

  

R/9G 4.+,-. !%* ](_WC 012'/ *(9FE 8(4; 0KP 89:;I9@4; STP ](B:g +; 46ZW; 0<^BCQ f@B"@ >; STP ![>\ )* JK65C +:WZW; 8>H  

+:WZW; 012'/ *(9FE  30012'/   35012'/   40012'/   45012'/   50012'/   
!%*) 9l)*(  47/86  41/86  49/86  39/86  19/86  
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R/9G 5 .!%* +,-. 89:; STP +; 46ZW; 0<^BCQ f@B"@ >; STP ![>\ )* JK65C 8>H ](B:g STP  I9@4; >; )* 4A@ &6d41 *(9FE +:WZW; 012'/  
+,-. !%*89:;) 9l)*(  STP =>@  J'*)  

38/88  Corn-notill 1 
76/72  Corn-min  2 
31/97  Grass/pasture  3 
83/95  Grass/trees  4 
63/99  Hay-windrowed  5 
94/68  Soy-notill  6 
72/83  Soy-mintill  7 
02/83  Soy-clean  8 
11/98  Woods  9 
49/86  Overall acuracy  10 

 
5-2-2- 9LO#V .; !"#Q?/; #2 -W6 X$YT, Mean  

      * 07TP +; 8z)  ![>\ &'( )*     8z) &W`@>WC +P 9< I*(
+,-.  89:;  I9::P       9<>; +:WZW; ]Q +; JK65C 8>H . 9:@>C

    STP 0C>"E (96;(  M-% ![>\       0$12'/ *(9$FE >; >H    8>$H
            +$P !$d41 k)Bl 0-WP4E / 9< +6d41 4A@ )* 8/>#C

 MN< )(*B"@ {;>|C O'>6@6*B;  .  
     0C I9H>ZC xH *)BC &'( )*         06[>$\ )* !$%* *B$<

  012'/ *(9FE +P  >H        ^( 0$6%/  !$7( 8/>#C 25   0$12'/ 
     !7( +:WZW;  *B< I*>L67()   +$,-. !$%*     89$:;75/85 

9l)*(       !<(* 9H(BV !d4ZWX ^( ]>Z@ .     !$[>\ &$'( )*
  STP 8(4; }(*9?C    012'/ *(9FE >H       4$A@ )* k/>L6C 8>H

 9< +6d41 . 012'/ *(9FE        &'46ZW; ![>\ &'( )* +P 0'>H
  +,-. 4H 0'(9G  89:;    TP +; !-#@ I9::PS     4$`'* 8>H

0C +?W6@ ()  R/9G )*  9H*5!7( I9CQ .  
     012'/ *(9FE >; +C>@4; +P 06%/        8(4$; k/>$L6C 8>$H  

  

STP             sTV4$; !$%* +P 9< I9H>ZC  9CQ)* (4G( +; >H
    !7( I9< !d( )>m* )>A6@( .          !$Kg +$; !$%* !$d( &$'(

           ̂ ( 0$V4; 8(4; *>'^ )>W#; *(9FE +; 012'/ *(9FE u'(_d(
STP     ?W6@ )* / >H      ST$P &$'( kv>"6\( u'(_d( +    >$H 

 STP kv>"6\(    !$%*  ]Q ~$-E +; / $ 4`'* 8>H     +$; $$
    0C uH>P 8*>'^ )>W#; ](_WC   9$;>' .      &W$:m M$\ 8(4$;

R>C4@ 0gB@ 0KNZC 9< =>?@( kv>"6\( &W; 8^>7.  
  

5-2-2-1- Z#8+O     %2 [\#=?5; -.#/   .; !08M ]/"
%&'(  %2 -012 )$*+, 6L^18  

   H MNZC M\ 8(4;      +$; jB$;4C kv>$"6\( ]*B$-@ ]>#"
+,-.  89:;  I9::P     STP 8(4; ]B1>@B1 8>H     JK65C 8>H

    I9$$CQ !$$7* +$$; kv>$$"6\( 4'*>$$,C 8/) 0gB$$@ +$$;
R>C4@            kv>$"6\( (9$6;( +P bWE4E &'9; c9< =>?@( 8^>7
+,-. 89:; I9::P R>C4@ JK65C 8>H  0:F' c9@9< 8^>7  

  
  
  
  
  
  
  

  

 MN<6 .+,-. !%*  !-#@ 0KP 89:;012'/ *(9FE +; I9@4; STP ](B:g +;  46ZW; 8()Q &W`@>WC >; STP ![>\ )* JK65C 8>H  
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 R/9G6 .+; 8(4; +:Wa; 012'/ *(9FE +;  46ZW; 8()Q &W`@>WC >; STP ![>\ )* STP 4H 8(4; !%* &'46ZW; ]*)/Q !7* I9@4; STP ](B:g  

+,-.89:; I9::P  1  2  3  4  5  6  7  8  9  
012'/ *(9FE  14  1  13  36  5  5  132  7  86  

  
  41(P(i, j, k, l)           4$H ST$P 4$H +$; jB;4C R>"6\( 

+,-.  89:;           / c9$<>; M#$NWX 4$H h9::Pi  ]>Z$@     h9$:H*
+,-.  89:;   I9$::P        / J$K65C 8>$Hj   / k     4$H k>D$65C 

   /  M#NWXlSTP +; jB;4C   &W`@>WC  9<>; JK65C 8>H
)mean(   +:WZW;  )max (   +:W"P /)min(    4$H kv>"6\( 

+,-.  89:;   4; I9::P(8 I         / 9$< +-$7>eC J$K65C 8>$H
 +|;() w�7109'*41 R>"g( R>"6\( 4H 8/)  :  

 +|;())10(  
P(i, j, k, l) meanP (i, j, k, l)

max min
 ! "

 
  

    ]Q )*P (i, j, k, l)!      I9CQ !7* +; 9'9G kv>"6\( 
*B; .  M#NWX &W; w�7    R>C4@ JK65C 8>H      =>$?@( 8^>$7

  &'( 0:F' c9<     &W`@>$WC )>$;) mean(    +:WZ$W;  )max ( /
  +:W"P)min (  M#NWX &W; kv>"6\(     JK65C 8>H) 0:F'

   RB. )*j   / k (           +$|;() !$'>a@ )* / 9$< +-$7>eC)11( 
9'*41 R>"g( :  

 +|;())11 (  
P (i, j, k, l) meanP (i, j, k, l)

max min
!  !! "

 
  
           +$P 9$CQ !$7* +; 89'9G kv>"6\(  bWE4E &'9;

 R>C4@ 0gB@          $< =>$?@( >$a@Q 8/) 8^>$7  *B$; I9 .   &$'( )*
  +,-. !%* *4-H()     +; 89:;28/87     +#'>,C )* +P 9W7) 

!<(* !d4ZWX ^( ]>Z@ M-% kv>\ >;.  
  

5-2-2-2- %O#?/M        J_:RI> ";0_G, -6;`_:     > #_3
Z#8+O [\#=?5; -.#/  

          0$<>@ kTNZC ^( 84W1BKG 8(4; M-% kv>\ 9:@>C 41(

 �)_; ^(            ST$P ^( 0$V4; kv>$"6\( ]9$< 4$E      )* / >$H
 +?W6@STP kv>"6\( ]9< imBP     +$; / $ 4$`'* 8>H

      *(9$FE 8(4$; 0'>$a@ 89$\ $ 0KP !%* uH>P ]Q ~-E
012'/          !$%*  *B$< I*(* )(4$% 0G(4567( 8>H      +$; 8>$H

 R/9G MN< +; I9CQ !7*6!7( .  
]>"H  0C I9H>ZC +P )B.      &6d4$1 4$A@ )* >$;  *B$<
  4�P(9\50    /  *4$P !d4Z$WX !$%*  0G(4567( 012'/ 

+,-. !%*  89:; +; 0KP01/889W7) .  
  

5-2-3-%O#?__/M   J__:RI> ";0__G, -6;`__:  > #__3
Z#8+O ]I+a*; +?F$b Z#=c; > [\#=?5; -.#/  

   0C +P 84`'* Y/)      R>C4@ =>?@( ^( wX ](BE     &W$; 8^>7
STP     I*>WX 4'/>DE / >H          R>$"g( ^( I*>L6$7(  *4$P 8^>7

   !7( !'4�P( 46KWd 0gB@ .       !$7( b$WE4E &'9; Y/) &'(
 $$$NWX *)B$$$C )* +$$$PM#   9$$$:m >$$$' /* +$$$P 0'>$$$H

+,-.  89:;     ^(  !$7( I*4$P 4A@)>an( >a@Q *)BC )* I9::P
          *B$< I*>L6$7( &W`@>$WC &6d4$1 4A@ )* Y/) .  ~$%(/)*

   STP *)BC )* 0:F'     )*  !7( sT6V( >a@Q &W; +P 0'>H
 kv>$$$$$"6\( &W`@>$$$$$WC  ST$$$$$P 4$$$$$H *)B$$$$$C

+,-.  89:;  I9::P        I*)/Q !$7* +; STP ]Q JK65C 8>H
0C    TP / *B<     �)_$; ]Q *)B$C )* )(9$,C &'( +P 07   4$E

    I9@4; STP ](B:g +;  9<>; 9$< 9H(BV q>56@( .  )* >$C(
 M#NWX *)BC     +,-. pWH +P 0'>H  89:;  I9::P     *)BC )* 8(

       0$C  !$7( I*4$N@ 4A@)>an( >a@Q         4$6KWd R>$"g( ^( ](B$E
 *4P I*>L67( .            8(4$; +$P !$7( b$WE4E &'9$; Y/) &'(  

  
 R/9G7 .+,-. !%* ](_WC :;012'/ *(9FE 8(4; 0KP 89 I9@4; STP ](B:g +;  46ZW; 8()Q &W`@>WC >; STP ![>\ )* JK65C +:WZW; 8>H  

+:WZW; 012'/ *(9FE  35012'/   40012'/   45012'/   50012'/   55012'/   
!%*) 9l)*(  38/87  71/87  84/87  01/88  84/87  
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M#NWX     M#NWX ^( 4A@*)BC 8>H   I4?:X MV(* 8>H   +$P 8(
4C     +$;  *)(* )(4$% M#NWX )* ]Q _P   M#$NWX ](B$:g   8>$H

      0$C I*>L6$7( q>56@( )* 4��C   *B$< .     ^( 84W1B$KG 8(4$;
   / +$$�)>g/r {.>$$:C )* +$$P 4$$6KWd �B$$@ &$$'( MNZ$$C
           b$'45E �$g>; !$7( &N"C 8^4C {.>:C )* &W:o"H

   +@>67Q 0gB@  *B< k>gT.(        I9$@4; ST$P 8(4$; 8)(�1 
 0C =>?@(  *4W1 .    07TP 0C>`:H ~%(/)*    ST$P ](B:g +;

  0C q>56@( I9@4;      M%(9\ +P *B<51  M#NWX 9l)*    8>H
             8z) 4$A@ *)B$C ST$P +$;  I9$< +6d41 4A@ )* h4?:X

9:H* .   I4?:X  ![>\ &'( )*        4A@ )* k/>L6C *>F;( >; 0'>H
     +,-. 4'/>DE 8/) / 9< +6d41         +$P 9$'*41 =>$?@( 89:;

        R/9G �4< +; I9CQ !7* +; O'>6@7 !7(  .    +$; +GBE >;
6@            h4$?:X ^( I*>L6$7( !$[>\ )* !%*  R/9G &'( )* O'>

13×13        Z$'(_d( +$P  !7( I9W7) +:WZW; +; 0    / 8t9$G 
        !$[>\ >$; +#'>,C )* I9"g      0[B$"FC 0$12'/ 3(456$7(

+; 0C )>"< 9'Q.  
 *(9$$FE 8(4$$; +$$P 06[>$$\ >$$;  I9$$< 4$$Pr Y/) 4$$1(

012'/      0C M�>% +:WZW; 9\ >H        0$:F' c**4$1 {WLKE  9<
  012'/ *(9FE 8(4;           )(4$% +:WZ$W; i$' 0G(456$7( 8>$H  

  

   R>C4@ w�7 / *4W1          4$6KWd _W@ }>6'>a@ / *B< =>?@( 8^>7
         R/9G )* I9< 4Pr O'>6@  */) )>P +;8    9H(BV !7* +; 

9CQ .  
    +,-. !%* !"#% &'( )*    89:;3398/89   ![>\ )* 

 +:WZ$$W; ^( I*>L6$$7(50 h4$$?:X ^( I*>L6$$7( >$$;  0$$12'/ 
11×11          $; !$%* ^( +$P  9CQ !7* +; +       )* I9$CQ !$7*

Y/) 0C>"E !7( 4Ev>; 0K-% 8>H.  
  

6-%7$?O > %dBe  -+$:  
               4$; 0$12'/ 3(456$7( ^( I*>L6$7( s9$H  +$[>,C &'( )*

  +; STP 8>:-C     +,-. &'9:m *>?'( )BA:C  89:;    / I9::P
    &'( O'>6@ bWP4E+,-.   89$:;   I9$::P         +$; 0;>W6$7* / >$H

  O'>6@+,-.            i$' 4$H >$; +#'>,C )* 846a; 0KP 89:;  ̂ ( 
Y/) MWNZE 8>H !7( I*B; Y/) &'( h9:H*.  

Y/)      +,-. / 012'/ 3(4567( 8>H      &'46Z$W; 89$:;
               +$[>,C &$'( +$F[>|C *)B$C +$,|:C +$; jB$;4C R>"6\(

 +$;   +KW$7/Kuo and Landgrebe (2001)  >$; 40 I*(* 
   / 0<^BCQ6      I*>WX STP 4H 8(4; 0Z'>C^Q I*(*     8^>$7

          Y/) 8(4$; !$[>\ &'46a; )* +P 9<DAFE    )* !$%*  

 R/9G8 .+,-. !%* 012'/ *(9FE ![>\ )* 89:;  >;  I9@4; STP ](B:g +;  46ZW; 8()Q &W`@>WC >; STP ^( I*>L67( >;  STP 4H +:Wa; 8>H
JK65C 8>H46KWd *>F;(  

I4?:X *>F;(  3#3  5#5  7#7  9#9  11#11  13#13  15#15  17#17  19#19  
+,-. !%* 89:;  

)9l)*(  78/87  94/87  07/88  07/88  09/88  10/88  04/88  95/87  93/87  
  

 R/9G9 .,-. !%* ](_WC+ 012'/ *(9FE +:WZW; 8(4; 0KP 89:;  >;  I9@4; STP ](B:g +;  46ZW; 8()Q &W`@>WC >; STP ![>\ )* JK65C 8>H
JK65C 8>H46KWd  

0;>56@( I4?:X *>F;(  13#13  11#11  9#9  
+:WZW; 012'/ *(9FE  +,-. !%*89:; )9l)*(  

35012'/   61/88  57/88  61/88  
40012'/   98/88  98/88  02/89  
45012'/   00/89  04/89  04/89  
50012'/   22/89  34/89  23/89  
55012'/   05/89  91/88  93/88  
60012'/   91/88  94/88  97/88  
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  */9\58       Y/) 8(4$;  9$l)* aPAC      */9$\ )* !$%*   
57  6C()>X4W� 0$$12'/ 3(456$$7( 8(4$$; / 9$$l)*  i$$'4

]^/  )(*1) NWFE (   */9\ !%*90    9CQ !7* +; 9l)*  .
I*>WX Y/) )* &W:o"H +; I9< 8^>7  +KW7/Thoonen  

 ](4$$`'* /)(2008  &'46Z$$W; &W$$"5E Y/) {$$'4. ^( 
R>"6\(2  +,-. !%*        */9$\ 89$:;74      Y/) >$;  9$l)* 

 !'4�P( MWKeE3    */9$\ 81         0@(9$WC Y/) >$; /  9$l)* 
   sBP)>C 06V)* )>6V>7 0d*>DE3 /9\   *82     +$; 9$l)* 

9CQ !7*.  
  0C +P 0?'>6@            !$7* +$; I9$< �4|C Y/) ^( ](BE

!7( �4< &'9;  *)/Q :  
$             +$@B"@ &W$"H >$; I*>L6$7( *)B$C 4'BD$E 41(    8>$H

+$$@B"@ / 0Z$$'>C^Q +$$; 0$$<^BCQ 8>$$H  Y/) +KW$$7/
  +,-. R>"6\( &'46ZW;       0$12'/ / **4$1 89:;    8>$H

             )* +$P !$[>\ &'4$6a; )*  *B< +6d41 4A@ )* R/(
 41 4A@  &6d65    +,-. !%*  !7( 012'/     0KP 89:;

30/68      0$C ]>Z@ +P *B; 9H(BV        ^( I*>L6$7(  9$H*
          !$%* *B-a; �g>; 9\ +m >E 012'/ 3(4567( Y/)

!7( I9<. 
$        Y/) +; 012'/ 3(4567( =>?@( >;NWFE    =>$?@( / 

+$$,-. b$$WP4E 89$$:; I9$$::P 0$$C  >$$H  ](B$$E !$$%*
+,-.             Y/) ^( i$' 4$H >$; +#'>,C )* () 89:;    8>$H

'*  *4; 4Ev>; 4` .    +$@B1 +$; &'(         Y/) )* +$P *B$; 8(
+$$,-. / 0$$12'/ 3(456$$7(  !$$%*  0[B$$"FC 89$$:;

+,-.         +; ![>\ &'46a; )* 0KP 89:;67/85 9W7)  .
&W"H     +$,-. bWP4E Y/) )*  )B.  89$:;  I9$::P   >$H

          ̂ ( +$P !$[>\ &'4$6a; )*  0$12'/ q>56@( >; I(4"H
Y/) ]^/ 8>$$H  +$$; ]^/ q>$$56@( 8(4$$; )(*  )B$$A:C

P4E         ]^/ q>$56@( 8(4$; i$W6@� x6')B`[( /  bW    >$H
 +$$; !$$%* &$$'(  *B$$; I9$$< I*>L6$$7(26/89 9W$$7) 

)Maghsoudi Mehrani et al., 2006(.  0[>$\ )* 
             &'4$6a; )*  +$[>,C &$'( )* I9< I*>WX Y/) )* +P

  +,-. !%* ![>\      +; 0KP 89:;34/89  ̂ ( +P  9W7) 
 Y/) 0C>"E        +$,-. !$%* 8()(* +6<�1 8>H    89$:;

 ZW; 0KP *B; 846 .   !%* ]*B; i'*_@ !Kg     /* )* >H

  0C  4WV( Y/)       9<>; I*>L67( *)BC 4'BDE �B@ 9@(BE .
    STP  I9< I*>L67( 4'BDE )*        4`'9$N' ^( }TC>$P >H
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