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1->5*D5
I]]]J",*? 9A  ]]]^2?7B 9A <-&]]]C  5]]]zA 0"]]]*

8,.9O7? B;cY> 0A6> OU' / #W"&)L@N! 0"*0?AB6>
 !"D }A;!A~&C 7 "*IC"*. !"D LD "-!S 9A7  C? 0"*

+!?AB 4,N#$.6,� 7 4,N#$. 0B"G#HA I,(*A  !"C6tB
0A6]]> 0+]],5D []]HA7?B r=@]].  ]]g,h 0"*"(,]]C 7

9A "Y!S  2"C"&)?"(]) L]> ?7B 9A <-&]C 0?7"]&J EA?
 .8,.9 /+&2S6#@],> 1],! 8,@,Q {"N,Nn' ?B R"C"&)

 !"D 82A  C?6> L>L#WAB6Q "*+!A.
6#CA E+&-&C1?A;]C 6]%2B E+&-&C ?"Y| "> EA6(*

T"]C 9A /A6]' E?A;*". 6>19997 E+]) m"]'6Q "s]J L]>
EBABT"]]C 9A RS 0"]]*2000?A6]]H RA6>?"]]D ?"]],#WA ?B
#J6tICA L.`],^g' RA;]' ?;DP]. E+&-&C LD "-!S 9A
 !"^./A+]#>A R"](* 9A B?AB  2e"> �"#c$! 0�6!A 7  g,h

B"g#CA B?;. EB6#$t ?;h L>y8,.9L]#J6t ?A6H R"C"&)
ICA.E76]t  g,h ?"#J? !"]D 4]Y. 0"]*L]> /"]*E�]27
 !"D4#$,C629 ?B  !"C6tB 0"*k6]C76J ]  _6. 0"*
`2B1!)VNIR(6#CA>EB7+]n. ?B  ]g,h +]!"> L]C "

52/0"'86/0E"';D j;. k6C76J 4#$,C629 /6#.76^,.
)SWIR(EB7+n. ?B  g,h +!"> <) ">60/1"]'43/2

 2"].6t k6]C76J 4#$,C629 7 6#.76^,.)TIR("]> RS
EB7+n. ?B  g,h +!"> u&Q125/8"'65/116#.76^,.

)Yamaguchi et al., 1998([,]C7 yB"g#]CA L]>8]2A
EBAB L#CB6-&.  !+X. [>"&. f"@#DA 7  2"C"&) ?B "*
ICA E+).4#$,C 82A`],^g' RA;' 0A?AB �,'6' L> "*
 !"]]^.15/30790I]]CA 6]]#..�d]]C 0"*62;G]]'

{"n,nG]]'2L1AEBAB L]]D6#]]CA E+&-&]]C :"]]W 0"]]*
L]>  ]C+&* 7  ^26#.;2BA? {"n,nG' 9A �Q /+&#$*

{"n,nG]]' �d]]C3L1B ]]. p2+]]c'!;]])0A6]]> 7 +
06>?"D",Y. l5#=. 0"* .+!B6t.

EBAB I],5>"H L> Li;' ">7 09"]C9?"> ?B 6#]CA 0"]*
 !"]D  !A7A6J  >"29?A ]C? 0"]*)Qiu et al., 2006(7

 !"D O6#$tEB7+]n. ?B I,5,J76,Q 7 I,&,M;_"D 0"*
 iA6=#CA EB". RA;&3 L> "Y!S I,(*A 7 TUN#CA  !+X.

A /6�"a <*7�Q ?B / 5zA?A6H  C?6> B?;.  !"D 7B 82

L#J6t+]!A.B"]N.2L]> Ic$]! I],5,J76,Q  !"]D 0e"]> 6
V"]W L],M7A EB"]. I],>;�6. I,&,M;_"D0A6]> A? 9;$]!

 . e"> l5#=. [2"&z ?B EB"g#CA ]c26N' 8,],X' 7 B6>
 !"D 82A  t+&DA6Q�,n. ?B "*V"W  !+X. 0"*/9;$!

6]].A ?B p,Y$]]' �]]3">]]D RB6]]> e"]]> /f"@]]#DA 2A?"
L."!6>v,HB  J"@#DA 0"*6')L!"(t {",5(3 +&!". !9(7

E6Y> {",5(3 RB6D +&(J+*+) +*A;W 0?AB6>.123

L@]]N! 7 09"]]C9?"> L]]XM"d. 8]]2A 9A f+]]*0?AB6]]>
 !"]D  5$]^,Q629 7  5$^,Q ]C? 0"]*)/I],&,M;_"D

I,5,J76,Q(L]> L]D I]CA TUN#]CA 9;$]! V"W R+X.
l]],h L$]]2"N. ?;]]b&.6n]]z 0"]]*l]],h "]]>  2A0"]]*
L!"=>"#D 9A  iA6=#CA62;G' l,h 9A B;i;.  g,h 0"*

EBABL]!"=>"#D B?A+!"#]CA l],h 7 6#CA E+&-&C 0"*0A
8,.9 R".9"C  g,h L!"=>"#D 9A pz"a"]^26.A  ]C"&)

)USGS(+) EB"g#CA.[]29;' p],5n' 6> 6�"a <*7�Q
 !"]]D  !"]]^.L$]]2"N. 7  !+]]X. EB7+]]n.  5]]zA 0"]]*

I,5>"H"*T+. 7B  &J 0SAM7MTMF)7B RA;&3 L>
EB?0+&> 5$]^,Q629 7  5$]^,Q E+&&D(L]#J"2 1]D6('
ICA.L> u2"#!L]21-' / !A+],. {A+*"@]. L5,]C70"]*
 !"D #W"&)4XRDl,h 0"*6,$g' 7p]z"a  -&C

L!;(! 9Ap$]^,Q "]> 6x"]&#.  !A+,. 0"* ]i76W 0"]*
+!+)  >"29?A.7�Q 9A  ]W6> L]> /L.ABA ?BL]D  !A6%@]*

4#2?;%MA /82A 9A <,Q:"(' 0"*A?  5$^,Q629 7  5$^,Q
EBAB ?A6]H EB"g#CA B?;./+]!A ]. E?"])AB;]).7 ;_A;M"]t
T"]]C ?B RA?"]]^(*2004EBAB 9A EB"g#]]CA "]]>SWIR

L@]N! O7? 0A6]iA  ]h 7 6#]CA E+&-&CL]27A9 ?AB6]>
 ]]g,h5 !"]]D / !"]]C6tB ?B B;]]i;.  ]]C? 0"]]*0"]]*

. A?  >".6t+!BAB ?A6H  >"29?A 7  C?6> B?;)Galvao et

al., 2004.(EBAB 9A EB"g#]CA "]> RA?"^(* 7  !"#$%&'6

1. Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER)

2. Level-1A
3. Level-1B
4. X-ray Diffraction
5. Spectral Angle Mapper (SAM)
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0+!">SWIR4#2?;%MA 0A6iA "> 7 6#CA E+&-&CSAM

 !"D  t+&>"'9"> l,h  >"29?A L>rW"]) 7  ]C? 0"]*
0A6]> `],52�?S 7 `],5,J /`,#,5Q76Q  !"C6tB vh"&.

L@]]N!"]]C6tB vh"]]&. 0?AB6]]>�]]. 62"]]W� fA6]]hA  !
+&#WAB6Q V7+,. L,a"! 06,J?;Q)Tangestani et al.,

2008.( C?6> 8,#$=! ?B1.ABS / 5$^,Q629 T+. 0"*
};&' 09"CA+i 7  2"C"&) 0A6> A? T+. 82A RA?"^(* 7

 !"]D  ]%#=,.S 9A  )"!  g,h?"]D L]>  nd]C 0"]*
+]]&#J6t)Adams and Smith, 1986.(T+]]. B?A;]]2?
$^,Q629L@N! 0A6> A?  5Z6]) 0"*�!U. I,M;,JA  @D

EBAB 07? 6]> 6G].TMB6]D A6]iA I]C+&M)Rivard,

1989.(L]> L]i;' "]> "]Y!S RA?"]^(* 7 976]D 7 +&.B?;>
EB? In]z RA1,.0+]&>0A6]>  5$]^,Q629 T+]. 0"]*

EBABE+&-&C 9A 0?",$> 0"*L> /"*?"DA? T+]. 82A 06,t
8,].9 �?A;]3  ]C?6> 0A6> #W"&])EB6]D +],2�'+]!A

)& Kruse et al., 2003Boardman, 1998.(7 �,]CA
4#2?;]]%MA 0A6]]iA "]]> RA?"]]^(*MTMFEBAB 07? 6]]>

ETM+7 �]C"&.  2"Y#!A 0"*;s3 m"=#!A "> 7 IC+&M
�c'6]. 7 +X#$].  aA;! I,X�7 +&#$!A;' 627"G' L,Y'
7  C?6> B?;. 06,$.6t  aA;! ?B A? V"W <2"C6J ">

,HB  2"C"&)+&*B ?A6H v)Asis et al., 2008.(

2-)1N4 >+/O/0
9A  g,h+]]&| 62;G]]' p$]]^,Q 6]]* T;]](X. ?;]]h L]]>

E+2+Q .  &,.9 0"*?B 7 <]);Q };! +&| 07"a +!A;'
+])">  t+&>"'9"> l,h +&| 9A  c,D6' p.") L-,#!.9A

A2p$^,Q 82A 7? 8"*)p$^,Q fUW6>L]D rM"]W 0"*
+]]aA7  t+]]&>"'9"> l]],h 0A?AB+&#$]]*(RA;]]&3 L]]>

p$]]]^,QL]]]#=,.S 0"]]]*1 ]]]. L#W"&]]])+!;]]]).
p$^,Q0"*+]!?AB B;]i7 p],MB 7B L]> L#=,.S:I$]=!

E+&-&C  !"^. `,^g' RA;' L^&2A?B  g,h+]&| 0"]*
<]);Q RS �]-,#! ?B L]D /I]CA 6]#. 82+&| F",N.

 . p$^,Q 6*  !"^."]> A? l]5#=. E+]2+Q +]&| +]!A;'
t 6]]> ?B {7"]]g#.  ]]g,h 0"]]*?"#J?L]]^&2A :7B 7 /B6]],

f6zE+2+Q / !"^. `,^g' RA;' 9A 6b!A1-. 0"*)+&!".

 !"D"*( ]%#=,.S {?;z L> ICA 8^(.8]%(* 0"]*
 . B;W LD +!;) IJ"2:"]Y>A "]> A? "]Y!S r,=@' +!A;'

B9"]C L]iA;.)Van der Meer, 1999.(p$]^,Q0"]*
T+. F"CA6> A? L#=,.S0;]i 7  �,]) /E+&-&]C 0"*

R",> 1,! .+&&D)Abkar, 1999.(1

<,]> "]2 7 E+2+Q `2 8,X' 0A6> ?7B 9A <-&C ?B
7 / g,h6>A "2  g,h+&| 627"G' 9A p$^,Q 6* ?B /RS 9A

O7?:"('  5,5n' 0"*EB"g#]CA  5$]^,Q629 7  5$^,Q
 .B;))p^)1.(EB? 8]2A0+]&>T;](X. ?;]h L]> "]*
L>p$]^,Q l],h L$2"N. L5,C7l],h "]> 62;G]' 0"]*

;s3 . A6iA rM"W 0"*B;).O7?L]>  5$^,Q629 0"*
EB? RA;&3:6! 0+&>2O7? 7:"(' 0"*RA;&3 L>  5$^,Q

EB?I=C 0+&>3 . L#J6t 6b! ?B+!;]).EB? ?B0+]&>
EB? `2 �NJ /62;G' p$^,Q 6* 0A9A L> I=C]  g,h

 ]. L]_A?A  ]&,.9 <);Q `2 "2  &,.9B;]))Foody,

2004.(O7? 9A  ^2Q 0"*0A6]>  5$]^,Q :"(' O9AB6
EBABL@N! / g,h+&| 0"* ]g,h L27A9 0?AB6>)Kruse

et al., 1993(ICA.
p$^,Q L^&2A B;i7 ">p,^@' 0"*�26'"]. E+]&*B

L#=,.S };! 9A 62;G'L]> A? p$]^,Q `]2 9;]&* "].A /+!A
O9AB6Q ?B  &,.9 <);Q 9A EB? `2 {?;z0?".S 0"*

 ]]. �6]]d.+]]&&D)Van Der Meer, 1995.(p^@]].
p$^,Q . A? L#=,.S 0"*EB? v26h 9A RA;'0+&>y+&&D
:6!) 5$]^,Q629(B6]D f6]h6>. 5$]^,Q629 O9AB6]Q

EB? 7 RB6]D ?"^)S I,5>"H`]|;D fA+]*A 0+]&>9A 6]'
B?AB A? 62;G]' 9A p$]^,Q `]2 y9A+!A. ]%#=,.S T+].

 dW  g,h4T+. 9AEB? 0"*0A6]>  5$]^,Q629 0+]&>
'?A 6#Y> V?BE+*"@]. <>"]' 8,]> o"]cm"]'9"> 7 E+])
I]CA  nd]C)Roberts, 1991; Sohn and Mccoy,

1997, Zhu and Eastman, 2001.(

1. Mixed pixels
2. Soft classification
3. Hard classification
4. Linear Spectral Mixture
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p^)1.EB? T+. 7B  ^,'"() L$2"N.L!;(!  5$^,Q629 7  5$^,Q 0+&>
6P+5:Tompkins et al., 1997

p^)2.LXM"d. B?;. EB7+n. I,XH;.

7�Q<,Q O7? 0?",$> RA6%@*{"XM"d. ?B A? L#gt
EBAB ?A6]]H EB"g#]]CA B?;]]. R"]])?7B 9A <-&]]C+]]!A.

)Boardman, 19937Settle & Drake, 1993�
Shimabukuro & Smith, 1991.( ]]%#=,.S T+]].

 g,h KC"Q LD ICA ?A;#CA L,�6J 82A 6>  dW  g,h
6]*  @]>"' T"]%&| 9A  dW �,D6' /p$^,Q `2 0A6>

M�.I]]CA p$]]^,Q RS ?B B;]]i;.  ]]&,.9 <]]);Q L]]g
)Rogge et al., 2006�Shimabukuro & Smith,

1991.(E;,) 9A  ^2O7? / ]dW  ]%#=,.S T+. 0"*
4,]b&'  ]N,cd' <2e"QL]#=,.S E+])1)Boardman,

1993(ICAl,h "> �c'6. rM"W 0"*;s3  !A7A6J LD
p$^,Q,.S"]! B6]^27? 9A EB"g#]CA "]> A? 62;G' 0"* #=

 ]]. ?A6]]H  >"]]29?A B?;]].  @]]=>+]]*B)Harsanyi &

Chang, 1994.(1

1. Mixture Tuned Matched Filtering (MTMF)
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3-Q/5'#9%+:
 '"]]XM"d. L]]Nd&.)p^]])2(EB"]]>S T"(]]) ?B)�6]]3

 2",JA6�i 31 6 "' 31 21  2",JA6�i T;h 7 52 33 

"' 52 50 (62A Lngz 7 R"i6,C j+&&C R79 8,> ?BRA
ICA E+) [HA7 01D6.. '"N,Nn' E76t O?A1t F"CA6>

 ]&QA� ]  !A62A)Iranian-Japanses Research Group,

1981.(L&,| R;#CL,a"!  C"&)~&]C "]> EB">S0"]*
S826c."]]D6Q 8]]2?�7 p,]]) 9A L]]D B;]])  ]]. }76]])

LC".I]CA E+]) E+,]);Q 826]29 `],_79;�M"Q ~&]C.
F?LC". /8,!7B 0"*~&C0"]*A? 826]29 `],_79;�M"Q
 .LC". 629 ?B 7 +&!");Q7 ~&C?A6]H 6g,!;]>6D `*S
+!?AB.~&C 8,&w(*L]> L]C"'6D 7 F"26' /8,.6Q 0"*

A;]' {?;]z L> EB">S L,a"! ?B �;�7M SR?"]. "]> `]*
 . E+2B V9"!L> LD +!;) MA;' L5,C7R?". 7 `*S 0"*

E+) E+,);Q 8C;,. 7 8C;%,MA /8C;_A+!A)^)p3.(

p^)3.8,.9 L@N!L@N! F"CA6> LD LXM"d. B?;. LNd&.  C"&)1:100000ICA L#J"2 4,(X' EB">S
6P+5:Kholghi, 2002
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EB7+]]n. ?B TUN#]]CA R+]]X.IX]]C7 L]]> 0A15
 ]c26N' L5]z"J ?B [>6.6#.;5,D10T"(]) 06#.;]5,D

7 EB">S Z6)2656,) 06#.;5,D9A)p^)2(/B?AB ?A6H
B7+]]a  ]]5D E6]],W� "]]> 7859A  ]]^2 8]]' R;]],5,.

\?1>L>  >;C? 0"*?"$!"D 826' . ?"()BA;]. L]D +2S
jA6=#]]CA  !"]]^5Q 7 9"]]>7? {?;]]z L]]> RS ?B  !+]]X.

 .B;).L> `2B1!  !+X. +,g. EB". E6#$t10006#.
7 A9A?B800L#@Y! I."=� 7 B?AB "&YQ 6#. ]C? 0"]*
?B RSB7+a200I]CA 6#..<]=> 826]#(Y. 9A0"]*

 . R+X.TUN#]CA RB"X. L> RA;'-1/2/3/4/578/
/m;]�6.  !+]X. EB"]. ?"]c!A I2"C /�;gn. E"| R+X.

I2"CSP7007SPL) !+]X. EB"]. 0;]QB RA;]&3 L]>
L(,!m;�6.(L]5h"> I2"C 7B6]D E?"])A "]*)p^])4.(
p^)4 '"3UhA E"%2"Q 9AGoogle Earth7 E+) L#J6t

K2?"]]' L]]> o;]]>6.20109A  ]]X,ch  ]]%!? �]],D6' "]]>
ICA IC+&M E?A;*"..

I!B;&D 8C F"CA6>L2e R",. /"* ^*S V9"! 0"*
Y! ?B@L# !"],. 8,&."]J m;^])S L]> v5X#. /F? 0"*

+&#$]]*)Mawson, et al; 1998.(8]]C 82A6>"]]&>
L#@Y!2e"> 8,&CA6J m;^)S 9A 6#(D /8,2"Q F? 0"* 
L#@Y! 7 2e"> 8,&."J 8C L> /e"> 0"*)8,!7B(+&#$*.

 !"D 6b! 9A?;h L> TUN#CA ?"$!"D  !+X. EB". / C"&)
 !"D 0A?AB E+(3p^) L> 7 I,5,J76,Q /I,&,M;_"D 0"*

8]*S 0"*+,$]DA 7 9"]'"!S /1'?A;D /I265D /I,52A  36J

I]CA)Etemadi & Al-e-Sadi, 1999; Al-e-Sadi,

1999.(R;,C6^&DL]2e R",. ?B  &*S 0"*BA;]. 0"]*
+!?AB B;i7  !+X..~&]C ?"$!"D 82A EB7+n. ?B0"]*

L#@]Y! 7 F"]26' /8,.6]Q /82629 6g,!;>6D /8,!7B0"]*
+]!?AB O6#$t 6!6'A;D.L]C". 07? 6]>7 p,]) /~&]C

F?LC". 7 `*S ~&C /8,!7B 0"*"]> 6g,!;]>6D ~&C
L> `2B1! I."=�300B?AB ?A6H 6#.L> LD`*S L5,C7

I,.;M7B 7 . E+,);Q 8,.6Q 0"*+!;]).`]*S ~&]C
 >;&i I($H ?B E+(3 ?;h L> /F"26' E6,' 06#$D"W

B?AB O6#$]t ?"$]!"D  H6) 7.`]2AB7 09"]>"2B 0"]*
EB;' ]c26N' 8]C L]>  #2?;]2B;!A6t 7  #2?;]2B 0"]*

~&]C F"]26' p]2A7A "' 8,.6Qp,^@]' A? 8]2?�S 0"]*
 .+*B.F"]CA6>LMA6G]! {"]XM"d.EBA9)2004( !"]D

~&]]C  tB9A;]]* 9A I]],&,M;_"D] I]],!A6t L]],M7A 0"]]*
p,^@]' m;]h6. 7 :6t  2A;* 7 mS �2A6) ?B I,M;2?

p(a +&2S6J  h ��C 7 E+) ]5XJ �,]n. L]> p]N!7
E+) pN#&.+!A./I],&,M;_"D ?;s]a p],MB L]> L].ABA ?B

8,.�' 0".B 7 1'?A;DEB;' 9A E+)d&. 0�;]g! 0"]*/L]N
 !"DICA L#J6t {?;z 1,! I,5,J76,Q  2A9. '?"]c3 L>
 .7 "]i6>"! {?;]z L]> I],&,M;_"D  !"D LD Igt RA;'

I]CA EB;> "i6> {?;z L> I,5,J76,Q  !"D.8,](* L]>
<=> ?B I,&,M;_"D p,MBO6#$]t R+]X.  ndC 0"*

 . R"2"(! v(3 <2A1JA "> I,5,J76,Q 7 B?ABB;).

p^)4.A;*". 62;G'E?<=> 9A 0ATUN#CA  !+X. EB7+n. l5#=. 0"*)Google Earth(
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4-R/DS8 T2"
L#CB A+#>A LXM"d. 82A ?BEBAB0"]*VNIR7SWIR9A

�dCL1BK2?"' ?B LD8F?".2001L>6#]CA L5,C7
T7A L#]CB  !"]^. `],^g' RA;' F"CA6> B;> E+) L,Y'

B"X>A15×15]' I]J6t ?A6]H  $2;!9"> B?;. 6#.:"](' "
p$^,QB"X>A 0A?AB +!"> L! 0"*15×15+&])"> 6]#..L]>

O9AB6Q u2"#! T6#&D 7  C+&* 0"*"dW [J? ?;b&."]*
p$]^,Q  ]&,.9 6x"&#. EB7+n. 0"&c.6>/62;G]' 0"]*

EBAB  C+&* �,nG'{"G]#=. 9A EB"g#]CA "> 1,! "*48
 JA6t;]Q;' L@]N! EB 9A LD  &,.9 T6#&D o"N! 9A LdN!

1:25000&.E+]) jA6=#CA LNd0"]dW RA1],. "]> +]!A
1RMS6]]]>A6>014/0I]]]J6t {?;]]]z.L]]]D "]]]-!S 9A

�c]C 8,].9 ;]i ">  $,h"&�.76#^MA jA;.A <&^(*6>
m"]'9"> <*"]D "2 <2A1JA8,].9 �d]C 9A  ]XHA7 0"]*

 ]].p]],5n' �]],M7A p]]aA6. ?B "]]' I]]CA 0?76]]� B;]])
E?A;*". 0"*62;G'"]Y!S 07? 6]> 1],! 0;]i �,nG' /0A

,t {?;zB6.L> O7?/6�"a <*7�Q ?B E+) L#J6t ?"D
 ]5WAB �]C;#.  c$! m"'9"> R;,CA6c,M"D2L]D I]CA

EBAB �,nG' 0A6>E+&-&C 0"*L]> ] 062;G' 0"*E�]27
L](,! 7 `@]W  aA;]! ?B:+]3 {?;]z ?B 7 ] `@]W

EBAB L]]>  ]]C6#CB. ?",$]]>  J"]]D  !A+]],. 0"]]*g+]],
 .+2"(!)Kruse, 1988(.RA?"^(* 7  !"#$%&'<,Q6'

L(,! vh"&. 0A6> A? O7? 82A  2A?"D{"c�A RA62A `@W
EB6]]D+]]!A)Tangestani et al., 2008.(9A L]].ABA ?B
O7? MA;]]#. L]]27A9 826#@]],> m+]]n. o76]]=. 0"]]*3

)SMACC(p$]]^,Q q;]]5W rW"]]) 74)PPI(0A6]]>
rM"W 0"*;s3 jA6=#CAL!"=>"#D 9A 8,&w(* 7 62;G'

 g,hUSGS Xi6. RA;&3 L>l,h p,5n' 0A6>0"]*
rM"W 0"*;s3 m"=#!A 1,! 7 62;G' !"D "> �c'6.0"*

+) EB"g#CA  C?.;s]3 m"]=#!A 9A �]Q/rM"]W 0"]*
4#2?;%MASAMEB? 0A6>7  5$^,Q 0+&>MTMF0A6>

EB??"]D L]>  g,h  %#=,.S p,5n' 7  5$^,Q629 0+&>
BA+X' 7 +) L#J6t30<]=> "]> �c'6]. p$]^,Q0"]*

"]]C l]]5#=. ]]i76W 9A  !+]]X. I24#2?;]]%MA 7B 0"]]*
+2B6t m"=#!A  )9AB6Q.BAB6]. ?B  2A6nz +2B9">  h

T"C E".1388R"^. I,XH;. 8,,X' 9A �Q /B?;]. 0"*
9A EB"g#]CA "]> 6b!GPSBA+]X' /309A  nd]C �]!;(!

p$^,Q7 I,&,M;_"D  !"D 7B 9A e">  !A7A6J +z?B "> 0"*
+) I)AB6> I,5,J76,Q.-!S 9A !"]D LD "A?  ]C? 0"]*

 (! 2"]C"&)  Q;^C76^,. {"XM"d. 9A EB"g#CA "> RA;'
O7? 9A /B6]D `,^g' 7L]21-' 0"]*XRD<2"].9S 7

l,h+) L#J6t E6Y> "Y!S  2"C"&) 0A6>  -&C.L]21-'
 !"D #W"&)XRDL!;(!jA6=#CA 7 ?;@D pWAB ?B "*

 ]]]t�27]]]*ID6]]]) E"%@]]]2".9S ?B "]]]Y!S  ]]]g,h 0"
5AGARSSl],h E"%#CB 9A EB"g#CA "> /",MA6#CAu&]C
6ASD+) :"-!A.4#2?;]%MA 7B u2"]#! /L.ABA ?BSAM7

MTMFp]],5n' u2"]]#! "]]>0"]]*XRDL]]!;(! 70"]]*
l,h"]> "]Y!S 0?"t9"]C RA1],. 7 +2B6t L$2"N.  -&C

EB7+]]n.  !A+]],. +*A;]])+]]&!".  !+]]X. y�]]27 0"]]*
I2"]]CE6]]Y> 0"]]*!+]]X. EB"]].  iA6=#]]CA 7 0?AB6]]> 

)TUN#CA1/2/3/4/578( !+]X. BA;]. 9A  2"*;QB /
m;�6.)R+]X. ?"c!A(L](,! 7m;]�6.)SPL-SP700(7

L5h"> I2"C?A6]H  ]C?6> 7 L$]2"N. B?;]. / !+X. 0"*
+&#J6t.123456

4-1-U@%V )%37WI X%Y<4(
 5]zA 8D? /62;G' rM"W 0"*;s3  2"C"&) 7 m"=#!A

%#=,.S"]! O7? ?B I,NJ;. ?BI]CA  ]dW  ]g,h  .
{?;]z L]> L]D +&#$*  G=@. BA;. rM"W 0"*;s3

<=>  _1i "2 p."Dp$]^,Q l5#=. 0"*62;G]' 0"]*
E?A;*". . p,^@' A? 0A?;]h L> 7 +&*B0A?AB T;](X.

+&#$]* 09?"]>  ]g,h LG]=@.)Tompkins et al.,

1997.(B;i;. rM"W 0"*;s3 L3;(-.  g,h 0"(,C
RS l,h /r=@. p$^,Q 6* ?B ]. A? p$^,QB9"]C.

1. Root Mean Square
2. Internal Average Relative Reflectance (IARR)
3. Sequential Maximum Angle Convex Cone
4. Pixel Purity Index
5. Australian Geological and Remote Sensing Services
6. Analytical Spectral Devices
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E+2A �2A6) ?B .  2"Y#!A ;s3 6* /TSEB"]. `]2 +]!A;'
p$]^,Q ".A +)">  g,h rM"W;s]3 6]* rM"]W 0"]*

 (! �".A1MA  2"Y#!A+&!A;'+&)"> L#)AB B;i7 62;G' ?B.
09"]]]CA+i / g,h+]]]&| 0"*62;G]]]' p]]],5n' ?B

p$^,Qp$]^,Q 9A rM"W 0"*L]> L]#=,.S 0"]*?;]b&.
"*;s3 jA6=#CA?"() L> 0?76� 7 :9e 06.A rM"W 0

 .+2S.rM"W 0"*;s3 m"=#!A 0A6> /6�"a <*7�Q ?B
E?A;*"]]]]]. 0"*62;G]]]]]'O7? /0A0"]]]]]*SMACC

)Gruninger et al., 2004(7(Boardman, 1993) PPI

+]&#J6t ?A6]H EB"g#CA B?;..4#2?;]%MASMACC0A6]>
EBAB 9A rM"]]W 0"*;s]]3 jA6=#]]CA g,h+]]&| 0"]]*

1ETM+/2MODIS7ASTERICA E+) L#J6t ?"D L>
)Cheney et al., 2009.(o76]]=.  ]]g,h 4#2?;]]%MA

rM"]]W 0"*;s]]3  MA;]]#. L]]27A9 826#@]],> /m+]]n.
EBAB g,h+&| 0"*<,Q LD A? 0AE+) E6c,M"D 6'L]> +!A

 . A+,Q ?"DB;W {?;z+&D)Gruninger et al., 2004.(
8)7? A+#>A O7? 82A ?Bp$^,Q 826'?B8,],X' 62;G'

 .T7A p$^,Q "> L$2"N. ?B LD  5$^,Q ��C 7 BB6t
 . m"=#!A +)"> 12"(#.B;]).m"$]#DA "]' +]&2A6J 8]2A

E�27 BA+X'+]*A;W ?A6]^' 62;G]' rM"W 0"*;s3 9A 0A
+). ]. 62;G]' p$]^,Q `2 9A  iA6=#CA l,h+]!A;'
R"@!+])"> 1,! 62;G' ?B B;i;. 0"*"(,C 62"C y+&*B.

SMACC+]]].EA6]]](* L]]]> A? m+]]]n. o76]]]=. T
I2B7+n.B?;.  2"Y#!A ;s3 l,h  2"C"&) 0A6>  2"*

 . ?A6H EB"g#CA+*B.L],M7A EBAB 6]tA T"]�. RA;]&3 L]>
 ]]. /+]])"> E+]]) E6c,M"]]D  >"]]'9"> EBAB L#]]CBI$]]2">

I2B7+n.RB;> Ic�. 0"*3pz"a "2"]2 `]2 "]' [](i
6#(D4B6D m"=#!A A?.EBAB 07? 6]> 4#2?;]%MA 82A0"]*

E6c,M"]Dm"$]]#aA "]]> L]].ABA ?B 7 +]) A6]]iA 6#]]CA y+]])
 >"]'9"> EBAB 0A6> RB;> Ic�. I2B7+n.IARRBA+]X'

10L>  2"Y#!A ;s3+.S ICB.<]);Q ?B };&' p,MB L>
 !"D };! / *",tEB7+]n. 6* ?B "Y!S ?;sa RA1,. 7 "*
82A / 5$^,Q10 ]g,h 0"*"(,]C 0A?AB  2"Y#!A ;s3

+&#$*  3;&#..T;](X. ?;h L> 8,.9 <);Q ?B };&'
{7"]g#.  ]g,h ?"#J? "> rM"W 0"*;s3 +,M;' L> 6-&.

 . v,Nn' 6b! B?;. rM"W 0"*;s3 L> Ic$!LD +!;)

 (! �"#X,ch4#2?;]%MA ?B +&!A;'B?;]. L]2"Q l],h 0"]*
9A L#]CB RS 9A p],MB 8,](* L]> �+]!6,t ?A6]H EB"g#CA

 &n&.*"c) 826#@,> 0A?AB LD  g,h 0"*?"]#J? "]> I
+]]) EB"g#]]CA +]]!B;> I]],5,J76,Q 7 I]],&,M;_"D  ]]g,h

)p^)0"*677.(1234

O7?PPIp$^,QEBAB ?B A?  g,h rM"W 0"*0"*
 . A+,Q  g,h+&| 7  g,h6>A+&D)Boardman et al.,

1995.(p$^,Q 82A0BA;]. "]> �c'6].  ]g,h 6b! 9A "*
l],h L](*  ]dW ?;]h L> LD +&#$*A? 62;G]' 0"]*

 .+!9"C. . O7? 82A 9A EB"g#CA ">p$^,Q RA;' 2"]*
p$^,Q "> L$2"N. ?B  g,h {"G=@. 6b! 9A LD A?0"*

A+],Q /+&#$]*  2",!"D };&' 826#(D 0A?AB 62;G' 6%2B
B6D.v]26h 9A 62;G' rM"W 0"*;s3 jA6=#CAPPI"]>

L]]J;! 826]](' 6$]]D O9AB6]]Q L]]C 9A EB"g#]]CA5)MNF(/
. 7 p$^,Q q;5W rW")4$-y+&&Dn0+X>6:"]-!A

 .B;). ]'A� B"]X>A 8,],X' 0A6]> L]J;! 826#(D 6$D
EBABEBAB ?B L]J;! <2A+]i /062;G' 0"*<*"]D 7 "]*

O9AB6]Q 0A6> 9",! B?;. {"cC"n.?"]D L]> 0+]X> 0"]*
 .B7?.0A6]iA 9A �QMNFp$]^,Q /"]> 62;G]' 0"]*

E�]]27 `]](D ]]. EBAB <2"]](! "*?A+]]N.B;]]). >"]]29?A
E�27.0� 62;G' ?B "*?A+NLgM�. LD BAB R"@! /�>?0"]*

1/273 ]]i76WMNFA? �!"]]2?A7 ?A+]]N. 826#@]],>
 H"]]> 0"*+]]!"> 7 +]]!?AB�!"]]2?A7 826]]#(D 0A?AB E+]]!".

+&#$*.{"]3UhA 826#@],> "]> T7A L]gM�. LC 82A6>"&>
O9AB6Q 0A6>PPI+!+) m"=#!A)p^)5.(
4#2?;]]]%MAPPI0"*62;G]]]' 07? 6]]]>MNFEA? 9A

�6h:A6t"]2B ?6^. 012? t+]&DA6Q 0"]*n07? 0+]X>
 . A6iA  JB"G' +aA7 ?AB6> `2B;).:6]!?A1]JAENVI

p$^,Q�6]h 6* ?B  2"Y! 0"*0"]Y#!A ?B L]D A? 01]2?
L#J6t ?A6H +aA7 ?AB6> ]. I]c� /+]!A+]&D.62;G]'PPI

1. Enhanced Thematic Plus
2. Moderate-Restolution Imaging Spectroradiometer
3. Positivity
4. Sum-to-unity or less
5. Minimum Noise Fraction (MNF)
6. N-Dimensional visualization
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 . B"-2A  !".9"]> p$]^,Q 6]*  2"&)7? Li?B LD B;)
 '"XJB BA+X'?A6]H +aA7 ?AB6> 0"Y#!A ?B p$^,Q RS LD

 .+])"> L#])AB IN>"d. B6,t.8]2A 9A p]z"a �]-,#!
EBAB {?;]z L> O9AB6Q4$]-. ?B 0B7?7 0"]*+]&&Dy

n . ?"D L> 0+X>B7?.p$]^,Q q;5W rW") B6^5(3
B?AB 9",! L!"#CS 7 ?A6^' 6#.A?"Q 7B L> /R+) A6iA 0A6>.

]5W rW"]) E9AB6Q /6�"a <*7�Q ?Bp$]^,Q q;
EBAB L3;(-. 07? 6>0"*MNF)9AVNIR+SWIR(">

7BE??A6^'10000L!"#CS +a ?;#D"J 75/2+]) A6]iA.
09"]]CA+i 0A6]]> 0+]]X> 0"]]*1,M"!S ?B L!"#]]CS +]]a

p$^,Q . EB"g#CA rM"W 0"*BA+]X' A?"^])S L]D /B;)
p$^,Q 82A ]. <*"D 0+X> O9AB6Q ?B A? "*+]*B.?B

A EB"g#]]CA "]]> R"]]2"QO7? 7 62;G]]' L!"#]]CS +]]a 9

4$-.+&&DynBA+X' 0+X>8+) L,Y'  g,h EB?.
L]]]> rM"]]]W 0"*;s]]]3v]]]26h 9A E+]]].S I]]]CB

4#2?;%MA0"*SMACC7PPI0"*+]!"> ?B2/3/5/6/
778+&#$*  G=@.  >Pi 0"(,C 0A?AB �"'+(3.LD

R"@! !"D ?;sa E+&*B/I,$5D 0"*/8]*S 0"*+,$DA
/��]2� /I,&,M;_"D7 I]265D /I],5,J76,Q /I,]C7?"i
I]CA  *",t <);Q.0A6]> L]M"N. f+]* L]> L]i;' "]>

 !"D 09"C9?">;s]3 7B /I],5,J76,Q 7 I],&,M;_"D 0"*
"Y#!A2R"],. 9A  !"]D 7B 82A  g,h ?"#J? "> L>"@.  10

 i76W  2"Y#!A ;s3SMACC78 i76W  g,h EB?
PPI+!+) m"=#!A.l,h  t�27 i76W 0"*SMACC

7PPI g,h L!"=>"#D ">USGS"]Y!S  $]2;!9"> 9A �Q
{?;z L>9IJ6t ?A6H  C?6> B?;. 6#CA  >"'9"> +!">.

p^)5.0"*62;G'MNFEBAB L#CBVNIR+SWIRICA? L> �| 9A p^) ?B �6#CA)`2 +!"> 9AMNF"'
L! +!">MNF(62B"N.MNF . <*"D+>"2.
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+]!">  >P]i EB7+n. Z"cd!A6)205/26]#.76^,.(
l,h ]i76W 0"*SMACC7PPIrM"]W l],h "]>

 g,h L!"=>"#D I,&,M;_"DUSGS82A 0?"t9"C 6%!",> /
l,hI]CA I,&,M;_"D l,h "> "*)p^])6.(8,]&w(*

+!">  >Pi EB7+n. Z"cd!A5)165/26#.76^,.(l],h
L]]!"=>"#D I]],5,J76,QUSGSl]],h "]]> ]]i76W 0"]]*

SMACC7PPI)p^)7(l,hA? I],5,J76,Q  .;(3

 . R"@!  2"Y#!A ;s3 82A 0A6>+*B.p^) ?B0"]*67
7]]�  >P]]i +]]!">Xj;]]. T;]]h  ]]^2B1! ?B  g,80/0

 . E+2B  i76W 7B 6* ?B 6#.76^,.o;]>6. L]D /B;)
ICA 8*S 0"*+,$DA ?B  !76#^MA T"N#!A L>.8]2A B;i7

<,Q  36J  !"D p^) L> TUN#CA R+X. ?B "*+,$DA6'
A1tICA E+) O?)Etemadi & Al-e-Sadi, 1999.(

p^)6.L> 62;G' l,hO7? 9A E+.S ICB0"*SMACC7PPI g,h L!"=>"#D I,&,M;_"D l,h 7USGS.
EB7+n. ?B  G=@. mPi `2 6*205/2+!"> 9A 6#.76^,.6+!?AB 6#CA EBAB.

p^)7.L> 62;G' l,hO7? 9A E+.S ICB0"*SMACC7PPI g,h L!"=>"#D I,5,J76,Q l,h 7USGS.
EB7+n. ?B  G=@. mPi `2 6*165/2+!"> 9A 6#.76^,.6+!?AB 6#CA EBAB.
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4-2->OD4#Z/[ >&2(' )"(!1$)SAM(
L@N!EB? O7?  g,h L27A9 ?AB6>L]D ICA  X26C 0+&>

l,h 8,>  g,h L>"@' 0"&c.6>7 62;G]'  >"]'9"> 0"]*
[i6./L@N! p(30?AB6]>8,].9 0"*+]aA7A?  #W"&])

 . :"-!A+*B)Kruse and Lefkof, 1993.(L@N!?AB6]>
E9A+!A "> A?  g,h L>"@'  g,h L27A97B 8,]> L27A9 06,t

62;G' 7 [i6. l,h)0"sJ ?B  2"*?AB6> {?;z L> LD
nICA L#J6t ?A6H 0+X>) (p^)8(L> "26]%2B {?"]c3

Q l,h 7 p$^,Q 6* l,h 8,>  g,h L27A9B?;]. E+]2+
 . LcC"n. A? 6b!+&D.L27A9`]|;D 0"*8]2A 8,]> 6]'

l,hL27A9 7 6#@,> L>"@' "*\?1> 0"*06]#(D L>"@' 6'
 . R"@! A?+&*B. i76W`]2 p."]) O7? 8]2A 0"]*
EB? 62;G'0"*62;G]' 7 0+]&>rule;s]3 6]* 0A9A L]>

�5]z"J L]D /ICA  2"Y#!AL]27A9A?  ]XHA7 0A)�$]a6>
R"2BA?(,>]! []i6. l],h 7 62;G]' ?B l,h 6* 8@R"
 ]].+]]&*B.p$]]^,QE6]],' 0"]]*0"*62;G]]' ?B 6]]'rule

`|;DL]27A9 826]' ]. R"@]! A?  ]g,h 0"]*7 +]&*B
+]!?AB []i6. l],h "> A? I*"c) 826#@,>)Van Der

Meer & Dejong, 2001.(AM4#2?;%SAM9A EB"g#CA ">
l,hO7? 9A pz"a 62;G' 0"*0"*SMACC7PPI7
l,hL]!"=>"#D 0"]*0AUSGS7 I],&,M;_"D  !"]D 7B

EBAB L#]]]CB 07? 6]]]> I]]],5,J76,QNVIR+SWIR9A
 i76WIARRL!"#CS 7 +.S?B A6iA L> 6#CAO6]> 0"*

v>"]d' 826#@,> LD  Nh"&.  >6-' 8,,X' 0A6>  M"%|
+]) L]#J6t ?"]D L]> +]!?AB [i6. l,h "> A?.p^])7

R"@! i76W E+&*B0"]*SAMA p]z"al],h 90"]*
I],&,M;_"D rM"W 0"*;s3 0B7?7)L]27A9 826]#(D "]>

L]]>l]],h  ]]i76W 0A6]]> E+]].S I]]CBSMACC6]]>A6>
012/0"]]'068/0l]],h  ]]i76W /R"]]2BA?PPI6]]>A6>
019/0"'075/0l],h  i76W 0A6> 7 R"2BA?USGS

6>A6>154/0"'188/0R"2BA?(I,5,J76,Q 7)826#(D ">
L> L27A90A6> E+.S ICBl,h  i76WSMACC6]>A6>

014/0"]]'049/0l]],h  ]]i76W /R"]]2BA?PPI6]]>A6>
017/0"'072/0l],h  i76W 0A6> 7 R"2BA?USGS

6>A6>135/0"'172/0R"2BA?(ICA.

4-3-J/N+8 #D/PA8 \&]%0><Y/5;  *:)MTMF(
EB?0A6]> L]D I]CA +]&(!A;'  ])7?  5$^,Q629 0+&>

]]�(D Lc]]C"n.]]* ?B f+]]* BA;]].  62;G]]' 9A p$]]^,Q 6
 . EB"g#CAB;).EB?B?;]. A? p]zA 8]2A ?;DP]. 0+]&>

 . ?A6H Li;' (! p$^,Q `2 LD +*BRA;]&3 L]> +!A;'
B;]) �6]d. +]aA7  @]);Q)Fisher, 1997.(9A  ]^2

4#2?;%MAEB? 0"* ]N,cd' <2e"]Q / 5$]^,Q629 0+]&>
4,b&'A? rM"]W 0"*;s3  !A7A6J LD ICA L#=,.S y+)
g#CA "> .  >"29?A  @=>  %#=,.S"! O6%! 9A EB"+]&D.
4Y.O7? 82A I21. 826')O7? 6%2B "> L$2"N. ?B0"*

 g,h  %#=,.S T+.(L> RS 0A6iA /`]2  ]#a �5,]C7
L> 09",! O7? 82A ?B LD "&X. 82+> /ICA  2"Y#!A ;s3
I$],! 62;G]' ?B B;]i;. rM"W 0"*;s3 L(* ?;sa.

 ]]i76W0"]]*M/TMF"*62;G]]' p."]])<2e"]]Q 0
v]]],cd'L]]]#J"2)MF(O9?A "]]]> 0"*62;G]]]' 70"]]]*
R"^.A062PQ"!1+&#$]*  2"Y#!A ;s3 6* 0A9A L>.?A+]N.

MFp$]^,Q 7 E+) }76) 6gz L&,(D 9AO9?A"]> 0"]*
\?1> . R"@! A? f+* LgM�. 9A 06$D 6gz 9A 6'+]*B.
O9?AR"^.A 0"*9A p]z"a 062PQ"!MTMF<*"]D ?B

I,XH;.I]C?B"! 0"*L]#=,.S L]2e"Q I]HB <2A1]JA 7
ICA +,g..v,cd' <2e"Q9A A? f+*  g,h KC"Q L#J"2

 . ?"^)S L#W"&)"! L&,.9 R",. c$]!  ]!A7A6J 7 B9"C
R"@]]! 06#$]]D"W 062;G]]' ?B A?  2"]]Y#!A ;s]]3 6]]*

 .+*B.� ]!A7A6J 0"*6$]D 4#2?;]%MA 8]2A  ]i76W ?B
9A 6#(D "2 07"$.1006J 62B"N. RA;&3 L> +z?B ]!A7A

9A <,]]> 0"*6$]]D 7 /0B6>?"]]D 7 O62P]]Q B?;]].100
I]HB "]> 7 0B6>?"]D6,�  !A7A6J 62B"N. RA;&3 L> +z?B

 . 6,$g' 8,2"Q+!;).
l,h 9A EB"g#CA ">O7? 9A p]z"a 62;G' 0"*0"]*

SMACC7PPIl]],h 7L]]!"=>"#D 0"]]*0AUSGS7B
4#2?;%MA /I,5,J76,Q 7 I,&,M;_"D  !"DMTMF07? 6>

LCT7A LgM�.MNF)0A6]iA 9A pz"aMNF07? 6]>
EBAB L#CBVNIR+SWIR i76W 9AIARR6#CA("]>

1. Infeasibility
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9A <,]]>90F"]]CA6> 7 +]]) A6]]iA EBAB []](-' +]]z?B
p$]]^,Q /0+]]X> 7B <&DA6]]Q ?AB;]](!"]]> 0"]]*O9?A

R"^.A8,2"]Q 062PQ"!L!"#]CS +]a 9A 6]'5O9?A 70"]*
9A <,>50v,cd' <2e"Q  i76W 9A +z?B#J"2A+]i L
+!+). 2"]Y#!A ;s]3 7B  !"]^. []29;' 7  ]!A7A6J 6$D

 i76W 62;G' ?B I,5,J76,Q 7 I,&,M;_"D4#2?;%MA 0"*
MTMFp^]]) ?B9I]]CA E+]]) EBAB R"@]]!.u2"]]#!

L]]>L]]21-' / !A+]],. {A+*"@]]. L5,]]C70"]]*XRD7
l,h 0"*6,$g'L!;(! 9A  -&C"]> 6x"]&#.  !A+,. 0"*

p$^,Q)  >"29?A  i76W 0"*+!+.

5- !"#$
 !"#$%&' (')*' +' ,-SAM./0/&$123 4/5 6*7)8 9

:7# +' ;<<<=2> .<<</?/@7)/- 7SMACCA")<<<!B3
C"7'+D</E)E CF 6G/5 (2H012/02<E068/07 I2<"J'#
014/02E049/06K2<LM N<"+$E A")!OF (')F '# I2"J'#

6K23 A"'PKJ'J I2QK 2H);LR8-S 7 4&'.(
T/<<- U2<<V')FW)<<K X)<<@#'Y<<@'ENVIZ"2<<!K #J

 !"#$%&'SAM;[L/-+' )E\2F 6G/5 C"7'+ 2F (2H1/0
;[<L/- I'$<0] C<F 9I2"J'#$^<] (')<F D<V20M2K (2<H

6M C!820R )_K J#$M 6"2O!K'PK$R.6*7)8 (2H)"$`E
;=2> ./?/@7)/- 7 ./0/&$123 4/5 (')F  !"#$%&' A"'

:7# +'PPIC<"7'+ A")!B3 2FD</E)E C<F 6<G/5 (2<H
019/02<<E075/0I2<<"J'#);L<<R8-a(7017/02<<E
072/0I2"J'#);LR8-J(P<0!@)b #')<c 6F2"+#' J#$M.

 !"#$<<%&' 6<<*7)8 A/<<0dBHSAM4<</5 (2<<0eM)F
C<<K2fF2!3 +' .<</?/@7)/- 7 .<</0/&$123USGSA")<<!B3

C"7'+D</E)E CF 6G/5 (2H154/02<E188/07 I2<"J'#
135/02E172/0F (')F '# I2"J'#+' 6K2LM N"+$E A")!O

6K23 A"'J'J I2QK 2H);LR8-7 <H8-7()<_K +' C<3
C"7'+ :+#'('#'J g&2<8 (2H$^<] 6K2<LM N"+$E 7 ('

6<*7)8 2<F C[<"2hM #J .<cJ A")!B3+' ;<=2> (2<H
4/5.V' )"$`E (2H.Si<* ;</&J C<F 9A<"' J$<*7 2F

P<<K2F #J Y/j2<<K84<</5.<</?/@7)/- 7 .<</0/&$123 (2<<H
K2fF2!36G/5 CUSGSPK2F C3 2kKl +' 98I2QK )%K2"2BK

6*7)8 A"' #J 9.V' ./[?3 6K23 6G/5+' 6Q<fF 2H
6KPmM nJ7PoM +' 60!@)"i-2K p520M 7 6LHl (2HY"#'7

.V' nPR +#2F.;LR CF C*$E 2F8)S 7 4&'(7)J 7 a(
:7# +' ;<=2> )"72`ESAM(2H$^<] +' nJ2G!<V' 2<F

 !"#$%&' g&28SMACC#J6<*7)8 2<F C["2hM(2<H
SAM4/5 +' C!@)b)F(2HPPIC<"7'+ :+#' )_K +'9('

6K2<3 +' 6!<V#J 6K2<LM N<"+$E 7 \2F .cJ6<V# (2<H
6M I2QK '# 6KPmM nJ7PoMP0HJ.
 !"#$%&' 6?3 #$5 CFMTMF'# qPH 6G/5 rV2-

6M #2LRl C!820R2K C0/M+ I2/M +'6e[K 6K'7')@ 7 J+2V
'# 6"2O!K' $^] )HT"2<BK C<F ()![<328 ()"$`<E #J

6MJ#'ib.+' )E\2<F 6e[K (2H)[3 CL0"' CF C*$E 2F50
:+#' +' P=#J.cJ ('#'J 7 )E#7J C!820R2K C0/M+ (2H

6<*7)8 6<K'7')@ )[3 7# A"' +' 9P0![H ()E\2F#J 2<H
 /E#$%&'MTMF+' )E\2<F502<E P<R S2<f!K' P<=#J
6*7)8W+\ .o=  !"#$%&' A"' (2H)H s$`8 #J '#

4/5 +' t";[<L/- )%K2"2BK 7 P0R2F C!R'J qPH (2H
P0R2F )_K J#$M g&28 $^] 2F ueE)M.6K2<3 C3 2kKl +'

p<B] #J 2*)F2K ./0/&$123 +' 2*)F v#$= CF ./?/@7)/-
.<V' nP<R ;/LQE ()!Q/F)Nasrolahzadeh, 2004(

n)OF(#'J)F6K2<3 I$<B08# C<F )<k0M IPmM +2F7# (2H
@7)/-.V' C!Qb ./?/.

 !"#$<<b' 6<<*7)8 (2H)"$`<<EMTMF+' C<<!@)b)F
4<</5:7# (2<<HSMACC;[<<L/- 6bP<<03')- 9(2<<H

6<<<K'7')@ ('#'J100-506"2<<<O!K' $^<<<] +' P<<<=#J
IPmM C/R2> #J '# ./0/&$123(#2<3)6F$<V# Cd<w$>

IPmM #203(."2V 7SP700)C<B/K 6KP<mM nJ2M ($-J
S$x)M) (;LR9–4&'(2LM N"+$E 7;[L/- 6K2F (2H

#$<5 C<F '# .</?/@7)/- 6"2<O!K' $^<] +' 6K'7')@ A/BH
TfF #J nPB]6KP<mM nJ2<M #2<eK' 9(#2<3 IP<mM (2H
."2V 7 S$x)MSPL)CB/K 6KPmM nJ2M ($-JS$<x)M(

);L<<R9-S(6<<M I2Q<<K )!Q<</F p<<B] #J 7P<<0HJ.
 !"#$<<%&' 6<<*7)8 (2H)"$`<<EMTMF+' C<<!@)b)F

4<</5:7# (2<<HPPI);L<<R9-J 9a(6bP<<03')- 9
;[<<L/-6<<K'7')@ ('#'J (2<<H100-50$^<<] +' P<<=#J
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;[L/- 6K2LM N"+$E 7 ./0/&$123 6"2O!K'A/<BH 2F (2H
9A/"2<- .<cJ 2<F '# .</?/@7)/- 6"2<O!K' $^] +' 6K'7')@
2F C["2hM #J DV20M2K 6K2LM 6bP03')- 7 6e[K 6K'7')@

;LR9-6M I2QK S 7 4&'P0HJ.6*7)8 !"#$%&' (2H

MTMF4<<</5 +' ;<<<=2>C<<<K2fF2!3 (2<<<HUSGS

);LR9-7 9 <<H(A/"2<- 6<K'7')@ 9)70-50P<=#J(7
nJ7P<oM +' a#2<8 #J '# 6e<V20M2K 7 J7PoM 6bP03')-

6M I2QK 6KPmMP0HJ

;LR8.6K23 6K2LM N"+$E !"#$%&' Z"2!K U2V')F 6V# (2HSAMS 7 4&' y(6*7)8 (2H)"$`ESAM`E 4/5 CF .e[K6K23 )"$(2H
./0/&$123)4&'(./?/@7)/- 7)S(CF:7# +' nPMl .VJSMACCJ 7 a y(6*7)8 (2H)"$`ESAM6K23 )"$`E 4/5 CF .e[K(2H
./0/&$123)a(./?/@7)/- 7)J(CF:7# +' nPMl .VJPPI7 9 <H y(6*7)8 (2H)"$`ESAMCK2fF2!3 4/5 CF .e[K('USGS6K23(2H

./0/&$123)<H(./?/@7)/- 7)7(
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;LR9.6K23 6K2LM N"+$E !"#$%&' Z"2!K U2V')F 6V# (2HMTMFS 7 4&'(6*7)8 (2H)"$`EMTMF6K23 )"$`E 4/5 CF .e[K(2H
./0/&$123)4&'(./?/@7)/- 7)S(CF:7# +' nPMl .VJSMACCJ 7 a y(6*7)8 (2H)"$`EMTMF6K23 )"$`E 4/5 CF .e[K(2H

/&$123./0)a(./?/@7)/- 7)J(CF:7# +' nPMl .VJPPI7 9 <H y(6*7)8 (2H)"$`EMTMFCK2fF2!3 4/5 CF .e[K('USGS6K23(2H
./0/&$123)<H(./?/@7)/- 7)7.(

6-?L2#$ 6 MN),52O
 !"#$<<%&'(2<<HSAM)nJ# zP<<M +'6?[<<L/- (P<<0F

n#'$H2<<M (2H)"$`<<E('(7MTMF)nJ# zP<<M +'(P<<0F
"+6?[L/-)(4/5 +' nJ2G!V' 2F+' ;<=2> )"$`<E (2<H

:7#(2<<HSMACC7PPI4<</5 7C<<K2fF2!3 (2<<H
USGSA/</mE (')<F .</?/@7)/- 7 ./0/&$123 6K23 7J

nJ'J C!VJ (7# )F 6KPmM nJ7PoM #J 2OKl 6K2LM N"+$E
VNIR+SWIR4/5 7C<K2fF2!3 (2HUSGS6K2<3 7J

A//mE (')F ./?/@7)/- 7 ./0/&$1232<OKl 6K2<LM N"+$E
nJ'J C!<VJ (7# )F 6KPmM nJ7PoM #JVNIR+SWIR

6*7)8 +'IARRPR ')*' )!V'.:7# A"' 6"'#23#J 2H
CQhK(#'J)FA/M+ v2m&2{M 7 A/M+ TR$- (2H6!820R
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C!@)b #')c 6F2"+#' 7 Cm&2{M J#$M A"' +' T/-Z"2!K 7 PK'
6<<M I2Q<<K 2<<OKl +' ;<<=2>nJ# :7# C<<3 P<<HJ(P<<0F

"+6M 6?[L/-)60!@)"i- Z"2!K PK'$E'# ()EP0![<M 7 )E
CFPHJ .VJ.

 !"#$<<<%&' (')<<<*' +' ;<<<=2> Z"2<<<!KMTMF

)4/5 U2V')F:7# +' ;<=2> )"$`<E (2HSMACC(
zPM 6*7)8 2F C["2hM #JSAM)4/5 +' C!@)b)F(2H

SMACC(DV20M 6bP03')- 96E2m&2{M Ch{0M #J7 )<E
60x123 6K23 7J )!Q/F 6bPR'# .</?/@7)/- 7 .</0/&$

6M I2QKP0HJ.(2H)"$`E C["2hM)4&'(;LR(2H87
96M I2QK;[<L/- C<3 PHJ6<*7)8 +' ;<=2> (2<H

 !"#$%&'MTMF)g&2<8 (2H$^<] (')<FSMACC(
6V#)F (')F ()!Q/F ;/[K2!-p</cJ (2<H6@2Q<!3' )<E

PK#'J.;LR #J A/0dBH8-;[L/- S6<K'7')@ 2<F (2<H
+' )E\2F50J7 :)![b ('#'J 9./?/@7)/- 6K23 +' P=#
60x !"#$<%&' 6<*7)8 2<F C[<"2hM #J ()!Q/F 6bPR

SAM#J '# .<</?/@7)/- #$^<<> )<<M' A/<<BH 7 9P0![<<H
6M P/"|E )!Q/F pB]P03.T"'Y<@' 2<F C<L0"' CF C*$E 2F

6K23 #$^> 7 6K'7')@ I'Y/M +' 6KPmM nJ7PoM #J pB]
K23 6K'7')@ )F 7 C!V23 ./0/&$123nJ7Y<@' .</?/@7)/- 6

6M !"#$%&' 6*7)8 #J 9J$RMTMFp<B] 2F p520M 9
n)OFJ2<"+ (#'J)F)z}h!<V' P<0K2M192939495787

~$<<GoM n2<<j IP<<mM +' 6Q<<fF(6KP<<mM nJ2<<M #2<<eK' 7
S$x)M)P<0K2MSPL(I2Q<K '# .</?/@7)/- 6bP<R+#2F

6M6&2> #J 9P0HJ#J .</0/&$123 6<K'7')@ ;</&J C<F C3
�{VTfF #J 6K23 A"' 96KP<mM nJ7PoM 6o{V (2H

)�28 (2H$-J P0K2MC<?52F ."2<V 96o{<V (#'J)F92<H
."2VSP700C<B/K 6KP<mM J'$M 2FCd<w$> 7 S$<x)M

IPmM #203 6F$V#(.V' nPR +#2F.
4</5 Z"2<!K 6K'P</M v'PH2Q<M U2V')F7 6k0<V

C"YkEXRDCK$BKJ7P<> C<L0"' C<F C<*$E 2F 7 92H75
K +' P=#JCK$B6<*7)8 2<F ueE)<M 6"')o<= (2H(2<H
 !"#$%&'MTMF)4</5 +' C!@)b)F(2<HSMACC(7

�2e")hE50CK$BK +' P=#J6*7)8 2F ueE)M 6K'P/M (2H
 !"#$%&'SAM)4</5 U2V')F+' ;<=2> )"$`<E (2<H
:7#SMACC(('#'J qPH 6K23 �$K 7 6K'7')@ )_K +'

6*7)8 IJ$F pe{0M ;/&J CF 7 9PKJ$F .o=MTMF

A/<<M+ 2<<F.<<f"#6<<V20Rn)<<OF p52<<0MC<<3 < (#'J)<<F
I2Q<<Kp52<<0M #J .<</?/@7)/- 6K2<<3 I$<<B08# nP<<0HJ
p</B]6o{<V 6>'$<K #J .</0/&$123 7 )<E< .<V' )<E

6M !"#$b' C3 .@)b Ck/!K I'$EMTMF2F C["2hM #J
 !"#$%&'SAM.<V' ()!Q/F .cJ ('#'J.A<"' Z"2<!K

)/M#P<<K7 C<<3 6k"2<<!K 2<<F p<</hoE)1995(A<<F 97 #7J
I'#2<<LBH)2001(6<<3 9I'#2<<LBH 7 $<<")2006(77� 7

)2007(J#'J .hF2{M 9P0!@2" .VJ 2OKl CF.2<F )/M#PK7
 !"#$<<<%&' +' nJ2G!<<<V'MTMF6<<<K'7')@ .[<<<K'$E

;[L/-TR$- (2H�0<V 96!/E7P")- nJ$E nP0HJ(2<H
(2HP<<>'7 +)<<M 7 2/K2�<<V' S$<<0* 6<<LHl 7 6K$<<b)bJ

A/M+J 2F '# 6!820RP<HJ #')<c 6F2<"+#' J#$<M \2<F .c
)Van der Meer, 1995.( !"#$<%&' I'#2<LBH 7 #7J AF

nJ#(P<<0FMTMF)F (')<<F '##<<V6mE 7<</X#'$<<] A/
$^] +' nJ2G!V' 2F ()ORC0/OF 6"2O!K' (2H)_KPM#')<c

CF Z"2!K 7 9PKJ'J\2<F #2/[<F .<cJ ('#'J '# nP<Ml .VJ
P<<KJ)3 6F2<<"+#')Ben-Dor et al., 2001.(6<<37 $<<"

 !"#$<%&' (')<*' 6<5 Y</K I'#2<LBHMTMF(7# )<F
nJ'J)`<M S$<0* #J N<c'7 6K2<F2/F Ch{0M +' )!V' (2H

:7# 2<<F C[<<"2hM #J '# ()<<!OF Z"2<<!K P0![<<K'$ESAM

CFPK#7l .VJ)Qiu et al., 2006.(+' nJ2G!<V' 2F C3 77�
:7#nJ# (2H(P<0FMTMF7SAMCQ<hK C<F6Q<3

{0M 6H2/b TR$-Ch9.<8'J)- (#$[/M '+P�[& #J ('
nJ# +' ;<<=2> Z"2<<!K(P<<0FMTMFC[<<"2hM #J '#2<<F

SAM6M ()E\2F .cJ ('#'JPK'J)Zhou, 2007.(
nJ# C<3 J'J I2QK A/0dBH Cm&2{M A"' Z"2!K(P<0F

nJ'J 6?[<<L/-)"+)!<<V' (2<<H))<<H ('+' C<<F Il #J C<<3
nJ'J I2Q<K 2<OKl 6<K'7')@ 7 'Y<*' C<BH 6b�"7 9;[L/-

6<<MJ$<<R(6K2<<3 q2Q<<!3' (')<<FA/<</mE 7 6<<V# (2<<H
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60x�2<8 6KP<mM p520M #J 2OKl 6e[K 6bPR9+$[<K
CK$BK +' T/-C<"YkE W2<kK' 9()/b7 6H2%Q<"2M+l (2<H

6K2<<3C<<K2Bb v2<</?B] 7 6!820<<R2<<F C[<<"2hM #J 96<<K+
nJ#6?[L/- (P0F)u<h@ ;[<L/- )H ('+' CF Il #J C3

'7')@ A/</mE I7P<F 60/M+ nJ# t"6<M C<1'#' 6<KJ$<R(
60!@)"i- Z"2!K ('#'J6M J$8 C3 9.V' ()E)k0M PK'$E

C<0"YH TH2<3 CFC<M2K)F 6"'#2<3 IJ)<F \2<F 7 2<H(2<H
J$R q2Q!3' )M' #J ;/O[E 7 6@2Q!3'.

7-($+&'-P 6 51Q;
Y<3)M +' C&2hM I2bP0["$K1LPDAAI2M+2<V #J N<c'7

A/M+Po!M v\2"' 6V20R)USGS(')F 2L")M'A/M|<E (
nJ'J(2<<HASTER)"P<<M #2<<bl S2<<F )<<!3J (2<<cl +' 7

.3)RAGARSSCK$BK 6G/5 C"YkE (')F 2/&')!V'2<H
6M ;B] CF '# 6K'J#Pc 7 )LQE z2B3PK#7l.
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