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1. Mixed Pixel 
2. Unmixing Model 
3. Spectral Mixture Analysis (SMA) 
4. Spectral / Spatial Unmixing 
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 $D*&G\\OLandsat TM * ASTER#+:+ *   ,&\\ZDAIS-
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 g&UFU4O 1+     HA?3A V*1 (D+*24/ i&-    +2\=/ ,1:+$77 

          #+$9 i&F7 g1?L CD: H7 :1 $D?GO *+ c7&UJ/ (.� 1+  2A: :
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Milla et al., 2009(.12345678910  
           1+  !"#$% &'"#()*+ ,*#% -"#()./ .01"23 45673
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T5UO3             >VH#WX% 1 >VB"#C% B)*#C3 F5#5C3 &)./ &'"(
          9AN.D ;).? .U!*% "W!Y B)*C3 .55Z3 .5[\3  (;./ 1 9O5W/

]() . #/           ')  0"#W! .0H2#3  #65^  /"#0';) &).12NDVI 
          &"8*!"/ _`0"K% 9/ a5!  <^  /"0';) &)./ 1 *G JB"6A()
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9MK!              "#K0.N) ,"<#G ;B :B"#C% ') 45?B >"5ea+ "/  0"8

   *#G f"#X!))Mezned & Abdeljaoued, 2009 .( P1;
  ,"#( ;B  !"$% &'"()*+2005 9#/    975#(1Victor F. 

Haertel     ;B b"#I 1 J"#5D g5h F55C3 &)./ :);"$<8 1 
ijO+    Y &"#8          .01"2#3 ') JB"6A#() "#/ :1'"#%MODIS  1 

Landsat ETM+ "/ @53.3 9/ =5$63 >;*?    !"#$% &"8
                                                           
1. Co-registration 
2. Regularization 
3. MERIS Terrestrial Chlorophyll Index 
4. MERIS Global Vegetation Index 
5. Registration 
6. Point Spread Function 
7. Resampling 
8. Nearsest Neighbor 
9. Digital Elevation Model 
10. Ground Instantaneous Field of View 
11. SOM 
12. Normalized Difference Vegetation Index 
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Edemir Shimabukuro, 2005 .( F5<p3 BHoW/NDVI 
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     -"5K% ;B F5%' &./;"^1:10000     &.2/ .5`63 ') 9^ 
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   dn0"A!  /"0';)NDVI      .0H23  !"$% &'"()*+ ') iS"R 

MODIS  "#/ NDVI   .01"2#3 ') i#S"R Landsat 5TM 
  *#G 9`0"K%)Busetto, et al., 2008 .(   g#5h t).pA#()

   ,*% 1  7jO+ :"8"5D   &;H! &'"(  ##        ,"#( ;B  #(*O8
20079/   975(1Yuan Zeng    ') JB"6A#() "#/ :);"#$<8 1 
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 ]N.0vc)Zeng et al., 2007.(  
P1; .AM###5/ ;B   w"###pA!) lH###L! d;H^v###% &"###8

i`$5c           #Ox<8 1 >VB"#C% i5$M#3 &)./ .0H23 &"8 F5
              B;H#% i`#$5c .#8 ;B BH#+H% B)H% B)*C3 1 yH! F55C3

   ]() 9AN.D ;).? zL/ .       ;B d>"#K5KL3 F0)  7^  (;./ "/
     %  !"$% &'"()*+ P1; B;H%          'H#O8 9#^ ]#6D :)H#3

{q"u       B &B"#0' ie"`% 1 "8;        F#0) ') JB"6A#() |H2#I 
 9/ P1;   }5L% ;B J~01         .01"2#3 ') JB"6A() 1 &.WG &"8

   ##/  !"##$% =##5$63 >;*##? "##/ V") *##O!"%Geoeye, 

QuickBird, IKONOS (]() �.�% .  �pM#% ;Hh 9/
                4#5673 ') J"6A#() "#/ ]#() J*#G  C#( 45KL3 F0) ;B

           =#5$63 >;*#? "/ &.0H23  65h a5! 1  !"$% >"r�h)
  g##5h d ##�I  !"##$% &'"##()*+ P1; 1 V"##/  !"##$%

        BB.#D F5#5C3 &.WG B)H% ')  I./  D*O/"3'"/ .   ') s#c
   % ;"^ F0)     H2#3 :)H#3           >;*#? T#8 9#^ B.#^ 9#5W3 &.0

             0V"#/  !"#$% =#5$63 >;*? T8 1 B"0'  65h =5$63
            ;B &.W#G B)H#% &.0vc.55Z3 F$<% *R "3 9Aoq) 1 �B;)B

     ]() J*G 9AN.D .U! ;B :Y .   % .0H23 F0)    &"Oo% *!)H3
 i57L3 f"X!)      P')B.#c 1 "#8          }5#L% ;B .#j0B &"#8    &"#8

      DBH#qY .5[\3 F55C3 &)./ &.WG  #8   ; .#/ &.W#G &" &1
J;)H8"##% .01"2##3 �I"##G B"##X0) d&)  &).##/  ##65h &"##8

         {#GHc  #ea+ g5SH3 d&.WG B./;"^.c B)H%  0"("OG
             "#0 1 .0v#c"!�H6! �H�#( 9M#K! _5W3 &)./ &.WG F5%'
 B;H##% B)H##% ]##5/H�.% F5##5C3 d&.W##G :"##8"5D {0"##c
  .##/ =##5N).3 ;"##AN; F5##5C3 d&.W##G ]##N"/ ;B JB"6A##()

  ,*% d.WG  D*O/"3'"/    .WG }5L% &'"(  &'"(;"$GY d&
            ;).#? "#WO0) *O!"% 1 .WG JBH(.N ]N"/ F55C3 1 >).55Z3

B.5D .      J"5D .5U!  %H7r 9^ *!"<! 9A6D"! 9Aoq)     1  #("OG
 wY d4##5?B &';1"M##^   diR)H##(  ##(*OW% 1  ##("OG

 1 ]0.0*###% d ###("OG)H8 1 H###+ &"###8'"D >"###Cq"�%
9%"!./           .#j0B  I./ 1 &�.!) k/"O% ]0.0*% d&.WG &a0;

.01"23 9/ a5!*!;)B '"5! V"/  65h 1  !"$% ]?B "/ &.  
           d4#5KL3 f"#X!) _O5M5c :"5/ 1 97�`% g0.C3 ') *C/

 {p/ ;B             1 9#K�O%  N.C% 9/ 9q"K% F0) fH( 1 f1B &"8
JB)B       {5#c 1 JB"6A() B;H% &"8        9#AI)B.c "#W!Y P')B.#c
 %  BHG .        >;HS 9/ 45KL3 f"X!) P1; df;"Wu {p/ ;B

     "#/ ]#?B  /"#0';) &"#8;"5C% 1  #7^    :"#5/ }#/)1; .#^� 
 %  BB.D .     JB"#5c 9/ �H/.% TXOc {p/        /"#0';) 1 &'"#(

 9/ n0"A!  ](B    ]() 45KL3 ') J*%Y .   i<AM% TMG {p/
  9X5A! ./ ]()          f"#X!) &).#/  0"8B"WOM5c 1  0"W! &.5D
k5(1 >"Cq"�% J*O0Y >"K5KL3 ;B .3.  

  
2-#1)1 . 234&56 1*76 28596  &-  

        ]R"`#% "#/ -*#? .WG2700     #/ 1 ;"#A$8  wY "   &)H#81
90"E8H^            ]#() J*G k?)1 :).W3 .WG  /.� wHO+ ;B &)

) i$G1 .(  
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i$G1.9Cq"�% B;H% 9K�O% ]5C?H%   

  

  {#GHc yHO3              F#0) ;B &.W#G F5#%' &./;"#^ 1 "#8
   ]() i%\3 :"0"G 9K�O% .     JB)B :BH#/ -.A#(B ;B    &"#8

J;)H8"%            9#K�O% w"#pA!) i#0VB 9#7<+ ') a5! @("O% &)
]() ;H^v%.  
 X!) &)./     JB)B 9rH<X% 1B 9/ 45KL3 f"     >;*? "/ &"8

    JB)B "0 V"/  65h =5$63      JB)B 1  #65h./) &"8      "#/ &"#8
    9K�O% ') V"/  !"$% =5$63 >;*?     !"#%' ��A#I) "/ &)

  ]() '"5! dT^ .    65h./) l*OXO(Hyperion    &1; ./ 9^ 
  J;)H8"%EO1             l*OXO#( F5#q1) :)H#Or 9#/ d9#AN.D ;).#? 

     *#G 9AI"O#G  0"QN  65h./) ]#() J .   B;H#% _#K�O% ')
    ##65h./) .0H2##3 =##0 9##Cq"�%Hyperion ��##( ;B 

  P')B.cLIR      ]#%.N "#/ HDF        �0;"#3 ;B J*#G 9#AN.D d
21/8/2004      .#/) {GHc "/ 0-10        *#0B 9#01)' 1 *#S;B 

      Te"#? *0B 9/ =0Ba!)1467/5  9#+;B  (   *#G 9#5W3 .  F#0)
        ]0"#( ;B &H5#G;Y ;B .01"23USGS      1 ]#() BH#+H% 

 %    "^ ;"5AI) ;B *!)H3B.5D ;).? :)./; .  &);)B .01"2#3 F0)
242     !"#$% =##5$63 >;*#? 1  ##65h *#!"/ 30 *##!.A% 

   J*OXO( .01"23IKONOS    JB)B _rH<X% :)HOr 9/    &"8
       *#G w"pA!) V"/  !"$% =5$63 >;*? "/ .    ;H#UO% F0*#/

  .01"23IKONOS       �0;"#3 ;B J*G 9AN.D 29/06/2004 
   9MK! :"%'"( ;B BH+H%      AN; ;"^ 9/ ;HM^ &;)B./*O . F0)

            #% ]#(B 9#/ ); .WG ')  7%"^ {GHc .01"23     1 *#O8B
 %    ') # *0"/ 9^ :)*Ou # ); &.WG ;"AI"( >"5ea+ :)H3

B.##^ t).pA##() :Y . &);)B z##L/ B;H##% .01"2##34 *##!"/ 
  !"$% =5$63 >;*? "/  65h4*!.A%  .  

3-F?O  #1)1 PQ)1$O &-  
{5c       JB"#%Y ;HUO% 9/ .01"23 P')B.c        &).#/ "#W!Y &'"#(
!) P')B.c f"X             ]#() ,*#% ,"#<r) 1 i#57L3 1 "#8 .  yH#!

{5c       JB)B yH! 9/  jA`/ ��%"^ P')B.c       d'"#5! B;H#% &"8
 B;)B 4##5KL3 �*##8 1 "##W!Y ]##565^ . yH##! w"##pA!) ;B

     .0H2##3 &1; .##/ &H##+ 1  $0.A%H##0B); >"L5L2##3
Hyperion         F55C3 45KL3 F0) �*8 ).0' dB.^ ]?B *0"/ 

;B "##�I 1 ]##() B)H##%  D*##O/"3'"/ g##5h 9##7R.% F##0) 
 %         BB.D n0"A! ;B "�I '1./ 9/ .XO% *!)H3 .    ') 9#X5A! ;B

 P1; F5/       P1; d>"L5L23 f"X!) &)./ ,H<C% &"8    0"8
             ;"#^ 9#/ *#O8B .55Z3 .A<^ ); .0H23  65h >"r�h) 9^

*OAN; .  
  

3-1- $:7;<  +:$R67:1)* S?N;< Hyperion  
    &"8*#!"/ )*A/)8-57   _#5R"! ;B VNIR  &"8*#!"/ 1 79-

224  _##5R"! ;BSWIR ;)*##K% "##/  0"8*##!"/ :)H##Or 9##/ 
     F5#/ ') .6S.5�242      .0H2#3 *#!"/ Hyperion   w"#pA!) 

*!*G .      .0H2#3 &)./  $0.A%H0B); >"L5L23Hyperion 
               >;"#or d*#G JB.#/ ;"#^ 9#/ 9#Cq"�% F#0) ;B 9^    ') *#!) :

9/"+    9#<5!  0"+       .0H2#3 ]#();SWIR       =#0 J')*#!) 9#/ 
 V"##/ 9##/ i`##$5c) i$##G2) (Staenz et al., 2002( d

     F5j!"#5% P1; "#/ .0H2#3 ;B */ &"8;)H! �5L23   &.#5D
) i$G3) (Goodenough & Dyk, 2003.(  
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       i$G2 .9/"+  .0H23  0"+SWIR       i$G3 . .0H23 ;B */ &"8;)H!Hyperion  

  
 ,1*+1 .@("O% &"8*!"/ w"pA!)  

Name  Channels  Wavelengths (nm)  
VNIR_1  10-40  446-750  
VNIR_2  42-57  770-926  
SWIR_1  82-97  970-1105  
SWIR_2  102-120  1160-1340 
SWIR_3  134-146  1490-1790  
SWIR_4  183-223  1980-2406  

  
3-2- $:7;< H7T S?N;< Hyperion  

        JB)B &1; ./  <W% .5[\3 H�+ 9^ "X!Y ')      ') {XO#( &"8
       ) i57L3 �*8 9^  3"K5KL3 ;B dB;)B ;1B   65h >"r�h

             7#S) i#R).% 97<+ ') H+ .5[\3 {8"^ "0 �vR d]()
{5c  % ;"<G 9/ P')B.c B1; .  

    .0H23 &�H�+ �5L23Hyperion      s!"#0B); i0*#o3 1 
 9/f.! "/  D*O/"3'"/  ;)aN)FLAASHf.! ;B   ;)aN)ENVI 

4.7(R)  *G f"X!)  .  sE(      9/ 9+H3 "/ @("O% &�H+ ,*%
JB)B       O% ') BH#+H%  ("OG)H8 &"8       *#G J*#0aD./ 9#K� 1

f"X!).###( &"###<O8); =###<^ 9###/ (Barry, 2001) 

EO1HSData9###rH<X%   &)136 :)H###Or 9###/ &*###!"/ 
@("O%          :1*/ 1  /v+.5� &"8*!"/ i%"G 9^ "8*!"/ F0.3

 *0B.D w"pA!) d]() a0H!) ,1*+1 .(  
  

3-3- 0C9- S?N;<   
 .0H2###3IKONOS9M###K! "###/   &"###81:2000 P1; 1 
9!H<!       =#0Ba! B*#X% &;)B.#/      9#/ 90"`#<8 F0.#3    975#(1

 9MK! :"%'"(       F5#%' ;HM#^ &;)B.#/      ]#() J*#G k#+.% .
  .0H23Hyperion        k#+.% F5#%' .0H2#3 9/ ]o`!     l*#G

IKONOS9##!H<! P1; 1  =##0Ba! B*##X% &;)B.##/  F0.##3
f.! ;B 90"`<8  ;)aN)PCI 9.1(R) "/ 25   1 ,.#AO^ _#�K! 

97<+*Ou     9+;B &)2    ]?B "/ 2/0     .0H2#3 i`$5c l')*!) 
Hyperion )58/5 .A%  (F5%'   *G k+.% .:"<8      9#^ ;H#h

        % .U! 9/ d*0B.D :"5/ 9%*K% {p/ ;B      ]#?B F0) *(;
       *#G"/  N"#^  !"$% &'"()*+ ,*% ;B JB"6A() &)./ .  "#/

      .0H23  (*O8 ]?B 9/ 9+H3IKONOS    J*#G �5L23 
9/    9MK! :"%'"( 975(1  �         ;B ,.#AO^ �"#K! w"pA!) d&;)B./

9K�O%       O% k0'H3 1 B)*C3 d&.WG &)    ;B ,.AO^ �"K! @("
 .01"23) i$G4(](B ]?B F0) d ]()  OAN"0 .  
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 i$G4 . .01"23 ;B ,.AO^ �"K! k0'H3IKONOS 1 Hyperion  

  
4-U?8N< V&W=) P.*   
4-1- =&+6 HQ&0)CT XC6   

            #65h ��A#I) ,*#% &"#Oo%./  !"$% &'"()*+ ,*%
     F55C3 &)./ 1 ]()      :)*5% ;B 9^ &B)H%  65h >"r�h)

 9ULq *0B J*G k?)1 J*OXO( &)   #% ;"^ 9/ *!) B1; .  f.#N
          .0H23 i`$5c *Ou &)./ *!"/ =0 ;B ,*% F0)  `0.3"%

Hyperion     _�/); >;HS 9/ 2  ]#()  .     ;B fH#7C% .0B"#K%
            i`#$5c .#8  D*#O/"3'"/ ;)*#K% d>VB"#C% TA`5( F0)

  .0H23Hyperion)  ! (       i`#$5c .#8  D*#O/"3'"/  OC0
         }7Ap% i`$5c =0 ;B B)H% ;HQR &"8*S;B 1 }7Ap%

)if (]() .         ); }7A#p% i`$5c ;B JB"% .8 ;HQR *S;B
 %     9Koh n0"A! ') :)H3     .0H23 &*O/IKONOS  t).pA() 
B.^ .           g#5h d>VB"#C% TA`#5( F#0) ;B ,HWX% .0B"K%

  .##8  D*#O/"3'"/  i`##$5c ;B BH#+H% B)H##% ') =#0  &"##8
  }7Ap%)i ! (]() .      -�#^ B)*#C3 d@#53.3 F0*/    &"#8

  i`$5c ;B BH+H%        >VH#WX% B)*#C3 :"#<8 }7Ap% &"8
BH/ *8)HI.  

  
4-2-28Y@   $:7;< HC9IIKONOS  

             .0H2#3 }7A#p% i`#$5c ;B B)H#% ;HQ#R *S;B F55C3
Hyperion      .0H23 >"r�h) =<^ 9/ IKONOS     "#/ 9#^ 

    ]N.D >;HS dB;)B  !"GHE<8 :Y .     9/"M#% >"#K5KL3 ;B
  9Koh ') �VH<C%   >;"U! &*O/    -�^ F55C3 &)./ J*M!    "#8

     P1; ;B ).0' d]() J*G JB"6A()     >;"#U! &"#8     9#/ J*#G
          -�#^ F5#5C3 *#!1; ;B ./;"^ FAG)*! ]q"IB ]7r    d"#8

 -�^ f"�B)         �"63) .A<^ >1"6A%  65h >"r�h) "/  0"8
 %  AN)* . 9Koh ;B  *O/& >;"U!     -�^ B)*C3 *0"/ J*M!    "#8

    BH#G  N.C% TA0;Hjq) 9/ .      -�#^ 4#5KL3 F#0) ;B    &"#8
    .0H23 ;B &.WGIKONOS     9#GHI P1; "#/      &*#O/K-

Means 1 Fuzzy C-Means*G �pM%  .9GHI   &*#O/
     -�#^ B)*C3 "/ ;"/ F0*Ou     &"#8   >1"#6A%)3    d-�#^ 4 

 d-�##^ ...9 d-�##^ 10-�##^  ( 0H2##3 &1; .##/ .
IKONOS  *G ,"<r)  .        &'"#()*+ P1; ,"#<r) ') s#c

             F0.#AW/ d,*#%  0"#W! &"#�I :)a5% 9/ 9+H3 "/  !"$%
   -�^ B)*C3 &)./ ;)*K%      #% �pM% "8   BB.#D .   F#0) ;B

     9Koh .0H23 _5W3 ') sc 45KL3  &*O/     JH5#G ') dJ*#G   &)
               =#0 ;B -�#^ .#8 ;HQ#R *#S;B F5#5C3 &)./ *0*+

  *#G JB"6A##() }7A##p% i`#$5c .##G F##0) ;B d*##0*+ lH5
 i`$5c ]R"`%    9GHI .0H23 &"8  &*O/   l*GIKONOS 

          .0H2#3 i`#$5c .#8 "#/ .�"OA%Hyperion    TA`#5( ;B 
     *#G 9o#("L% 9MK! >"2Ap% .        .0B"#K% @#53.3 F#0) 9#/

JB.I i`$5c    9GHI .0H23 &"8  &*O/       B"#X0) ;B 9#^ J*G
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      *!;)B TW( }7Ap% i`$5c g5h)  i$G5 (    .#U! ;B a5!
  % 9AN.D   BH#G . :"#<8     #^ 9#!HD     i$#G ;B 95   J*8"M#% 

 %             ;B d.0H2#3 1B  !"$% =5$63 >;*? 9/ 9+H3 "/ dBHG
   i`$5c =0Hyperion 49     i#%"^ i`$5c IKONOS  1 
JB.I &B)*C3  % ;).? i`$5c *!.5D.  

  

  
 i$G5 .i`$5c 9Koh &"8 &*O/  l*GIKONOS =0 ;B BH+H% 

 i`$5cHyperion  

  
4-3- =&+6 HQ&0)CT XC6 X&,")   

       :"#5/ >VB"C% d*5K%  �I  O$G.( =<^ 9/    ;B J*#G
  {p/4-1 iR    ]()  !*G .       ;B >VB"#C% TA`#5( .#D)

      -�#^ _#<8 &)./ d*!"/ =0           i#^ &).#/ F5#Ox<8 1 "#8
 .0H2##3Hyperion BH##G i5$M##3  .  i$##G i$M##% 1B

 %  *!.5D:    s0.3"#%  #OC0 @0).#� s0.3"% :*G �;a/ 
          &.0v#c.55Z3 :*M#! 9AN.D .U! ;B 1 d;HQR &"8*S;B
            =#0 "WO3 -�^ .8 &)./ ).0' d.0H23 i^ ;B -�^ =0

  9/  D*O/"3'"/ g5h    % ](B   *#0Y .    J); ') 9#X5A! ;B   i#R
9##K�O%   JB"6A##() >VB"##C% TA`##5( i5$M##3 &).##/ &)

 %  BHG .J.XOc              ]#^.R .0H2#3 &1; .#/ B.#N B"C/) "/ &)
 %             9#/ �H/.%  O$G.( ') iS"R >"r�h) ;"/ .8 1 *O^

 % ]o[ &a^.% i`$5c BHG)  i$G6 .(  
 g##5h F0*##Ou -�##^ .##8 &).##/ @##53.3 F##0) 9##/

 9/  D*O/"3'"/     #% ](B     *#0Y)   i$#G7 .(    B"#C/) w"#pA!)
             �;a#/ J.#XOc B"C/) .D) 9^ B;)B ]5<8) 1; :Y ') J.XOc

      *G *8)Hp! 9AN.D .U! ;B &.0vc.55Z3 d*G"/    B"C/) .D) 1

         B)*C3 ') .A<^ >VB"C% B)*C3 ]() F$<% d*G"/ =uH^
BHG >VHWX%.  

  

  
 i$G6 ..0H23 &1; ./ J.XOc =0 w"pA!)  

  
 i$G7 .-�^ =0 &)./  D*O/"3'"/ g5h F0*Ou F55C3  

  
         d*!*G :"5/ 9%*K% {p/ ;B 9^ 9/"M% >"K5KL3 ;B
         1  j0"`<8 B"C/) 9O5W/ w"pA!) lHL! zL/ B;H% yH�H%

]##() -�##^ B)*##C3 .P1; ')  ##I./ ;B  ie"`##% ') "##8
9O5W/   () &'"(           3"o#("L% 9#O0a8 9#^ ]#() J*G JB"6A

B;)B  0V"####/ ) Amoros-Lopez et al., 2011( d
)Zhukov, et al., 1999 (P1; .j0B ;B 1  R).h "8  &"8

         -�#^ B)*#C3 1  j0"`#<8 B"C/) ')  67Ap%      :H#%'Y "#8
 J*#G   *#!))Mezned & abdeljaoued, 2009 .(  F#0) ;B

    9##K�O% 9#Cq"�% B;H##% _#K�O% 9##^ "#X!Y ') d4#5KL3  &)
     97S"N ;B  AR 1 ]() &.WG      T#^  !"#$% &"8    >).#55Z3

F5/         =#uH^ *#0"/ dB;)B BH+1 &�*+  (�^      B"#C/) F0.#3
     J.#XOc  #OC0 F$<%  j0"`<8         B"#C/) "#/  0"#83"3  1 
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5"5    G 9AN.D .U! ;B H*! .    ]?B {0)aN) &)./ F5Ox<8
     F5/ a0"<3 B"X0) 1i`$5c       % J.XOc ;B BH+H% &"8   :)H3

   B.^ JB"6A() :'1 ;"5C% ') .    -"#()./ J.#XOc .#8 ;B :'1
         90);Y ') =0 .8  !"$% _7S"N 9/  65h ]8"oG ]o`!   "8

 ;Y '))     #% 9o("L% &a^.% _0   BB.#D .   ;"#5C%SID1   &).#/ 
           (*57?) _7S"N ;"5C% 1 ]() 9AN; ;"^ 9/  65h ]8"oG

     !"$% _7S"N &)./)  _�/);3 .(B  i`$5c 9X5A! ;     "#/  0"8
    =0Ba! 1 .AM5/  65h ]8"oG      d&a#^.% i`#$5c 9#/ .#3

]G)B *O8)HI >VB"C% TA`5( ;B &.AM5/ :'1.  
 9�/);)3(  

SimilarityW
Distance

#  
  

4-4- Z?@ [&\R=)  /Z?@ ]^J $- _=7,= H&-  
:"<8                f"#X!) ') *#C/ d*#G :"#5/ i#o? {#p/ ;B 9^ ;Hh

 ##%  O$##G.( �##^ .##8 &).##/ :)H##39##rH<X% -  ') &)
g5h     9/ );  D*O/"3'"/ &"8   B;1Y ](B .  g5h /g5h   &"8

    9rH<X% d-�^ .8 &)./ 9!H<!        ); -�^ :Y 9^ ]() &)
     *#8B {0"<! i$G F0.AW/ 9/ .   P1; 9#7<+ ')      &).#/ "#8

       F5j!"5% d-�^ .8 9/ g5h =0 "WO3 |"2AI)    ') &.5D
              FA#G"j!) J*#0B"! &"#OC% 9#/ BH#I 9#^ d]() 9rH<X%

  >).55Z3:1;B       ]#() .0H23 i^ ;B  (�^ .   .#j0B P1;
 g5h f"<3 ') JB"6A()    7e"`#% ;B 9^ ]() 9rH<X% &"8

 9rH<X% "/    J); d�;a/ &"8     ]`#5!  o#("O% iR .   F#0) ;B
  JH5G 9/ 9Cq"�%      g5h d*0*+ &) /g5h      &).#/ 9!H<! &"8

    9GHI =<^ 9/ -�^ .8    &*O/K-Means   *#G F55C3  .
:"<8       i$G ;B 9^ ;Hh8)  g#q) (  #%   H#3     n0"#A! d*#0B :)

9rH<X% d-�^ =0 &)./  O$G.( g5h ') &) ]("8 .  
g##5h ;B ��A##I)   ##% 9##rH<X% F##0) &"##8  *##!)H3

:"M!     :1;B >).#55Z3 l*O8B     *#G"/  #(�^ .    f"#X!) &).#/
P')B.##c 1 i##57L3  9##rH<X% F##0) ') *##0"/ &*##C/ &"##8

9rH<X%.0'         B.#^ w"pA!) .A<^ g5h B)*C3 "/ &) .  F0*#/
    ) 9Cq"�% F0) ;B ;HUO%   9#GHI P1; '     &*#O/K-Means 

 *G JB"6A() .        i$#G ;B d,"#�% :)HOr 9/8) w(     F#0) "#/ d
9##GHI P1; 9##rH<X% &*##O/  ') &)4 :)H##Or 9##/ g##5h 

g5h J*G w"pA!) -�^ =0 _!H<! &"8 *!).  

  
)gq)(  

  
)w(  

 i$G8) .gq) :( �-�^ =0 &)./  O$G.( n0"A!)w :( n0"A!K-

Means9/ n0"A! &1; ./  ](B .( ') J*%Y-�^ =0 &)./  O$G1  

  
4-5-`:&R=  I&:Q*) .  >?@$I) $:7;< HQ&0Q&I   

       �/); 1  65h ��AI) ,*% 9/ 9+H3 "/  9)1(     g#5h .#D) d
    -�^ .8  D*O/"3'"/i( ) !       -�#^ :Y ;HQR *S;B 1 

)fi (    % d*G"/ ;"5AI) ;B        i`#$5c  D*#O/"3'"/ g5h :)H3
   B.^ &'"('"/ ); }7Ap% . "K% "/     J*#G &'"('"/ ;)*K% _`0

          9o#("L% "�I :)a5% }7Ap% i`$5c =0  C?)1 ;)*K% 1
 %  BB.D .    i`$5c ') d;HUO% F0) &)./        ,*#% ;B 9#^  0"8

       g#5h F5#5C3 &).#/  !"$% &'"()*+       D*#O/"3'"/ &"#8
-�^  9AN.! ;"^ 9/ "8  % JB"6A() *!) BHG .    /"#0';) &).#/

   &"8;"5C% dn0"A!2RMSE   1 3NCC   9#�/); 4oh./    &"#8
)4(   1 )5(      i`#$5c ') =0 .8 &)./      &'"#('"/ &"#8   J*#G

                                                           
1. Spectral Information Divergence 
2. Root Mean Square Error 
3. Normalized Cross Correlation 
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 *0B.D 9o("L% . }/)1; F0) ;Bn 1 "8*!"/ B)*C3 N  B)*#C3 
i`$5c    ]#() J*G &'"('"/ &"8 .    i`#$5c *#5O^ m.#N

     ./ ]() i<AM% }7Ap%4   -�^ }1d2d3d4{    .8 &)./ 1 
  -�^3     ]() J*G F55C3 9!H<! g5h  .    &'"#('"/ &).#/

   F0*Ou }7Ap% i`$5c F0)     >;HS F0*/ ��AI) ]q"R 
B;)B BH+1:  

  
$ %{ , , },{ , , },{ , , },{ , , }11 12 13 21 22 23 31 32 33 41 42 43  

 
   !!" #!!$% &'(!!)*+  !!, -(!!,.+ /0!!*12% 34.!!15,

  6%7!!8+ 34.!!19"RMSE 7!!:0,  1!!:%; %6  . <=6 3!!4%
   >0!?@+., A-B1!C%1(Powell, et al., 2007) MESMA 

&+ D9E 7?".  
  F,%6)4(  

n
C O
i i

i
j

( )
RMSE j : N

n
 

! "!

  
"

# 2
1 11  

  
  F,%6)5(  

n C C O O
i m i m

j C O
i

( )( )
NCC j : N

n
 

! "! ! "!
  

" $ $#
1

1 11
  

4-6- !"! #$%&'  ()  
    G;%; H!IJ)K L% 6(M?+             7!IN(K O!P%=6; Q!*, 3!4% 6; 0!R

           1!:%; ;04L &JI' SITJK U67P VR  " #$% >.4(WK
           &4X0!, &20!T+ S!ITJK U67!P V!R = 7:0, .   .4(W!K 6;

 :(C   >7!?,    Y7!:IKONOS         .!R ZB!" 0!, [!$0?1+ 
        G;%; \0W1C% ZB" ]^ &_7?,0KL0, `I' ADaTIb7: .

]09R       Q*, 6;  " 6('4-5      ZB" .R A74;._ G60:% cI2 
&!!+   !!" A7!!:0,  1!!:%; &_7!!?,0KL0, `!!I' 7!!?d 7!!2%(K
]0e2    ]=6; U%.IIfK Y7?R;   #$% &$B" .    Da!TIb >%.!,

  .4(WKIKONOS   ̀ I' 3I, L% A         AZB!" .!R g!2(92 >0R
  &+ /0*12% &JI'           = &!JI' -B1!C% U6(h 6;  " ;(:

       .4(W!K i)1!*+ DaTIb >L0$L0,Hyperion   34.!19" A
 6%7!!8+RMSE    &!!jP%= i)1!!*+ Da!!TIb  !!, #@a!!2 

Hyperion  ,    74^ #$; .       A<L%;.!b L%  !)k.+ 34% glI12
       &20!T+ SITJK U67P 0, >.4(WK4       ;%7!jK = .!1+ 136 

     ZB" >.4mb.IIfK  1@N%  " A#$% 720,       .4(W!K D" 6; 0R
#$% G7:  1n._ .M2 6; ]^ 6;.  

  
5- *$&+' , -.(/0  

   ;.!b Dk%.+ o09K   o.!2 6; <L%     6%c!n%(R)ENVI /4 7   6; = 
 +02., iIp+   &a4(2IDL 7.1.17: o0l2%  .DT:   >0!R9 

 =10 .4=0W!!K AIKONOS = Hyperion 0!!, [!!IK.K  !!, A
 ;0!!j,%220%220 = 30%30 G;0J1!!$% ;6(!!+ Da!!TIb 

     0KL0, `!I' 3I!IjK >%.,   ZB!" &_7!?,         = >.5!: >0!R
&!!+ ]0e!!2 %6 q40!!12 &,0!!4L6% 7!!?R; . DT!!:11 .4(W!!K 

Hyperion&+ ]0e2 %6 G7: >L0$L0,  ;7R.1  
   .4(WK 34%136  ;6%; 720,  .]09R        Q!*, 6;  !"  2(_

4-5          S!4 = G7!: >L0!$L0, DaTIb S4 >%., A7: ]0I, 
       S!4 A.r0!?1+ &jP%= DaTIbRMSE     S!4 = NCC  6; A

136 7!!:  @!!$0p+ 7!!20,  .%  o0!!9K >%.!!, U0!!I)9E 3!!4
DaTIb     &+ o0l2% .4(WK >0R        3!4% 3Is20I+ tu$ = ;(:

                ;6(!+ .4(W!K ]^ >%.!, &!)" 60!Ij+ ]%(!?E  !, .4;08+
  &+ 6%.P G;0J1$%  ;.I_ .    Q*, 6; 3I?v9R4-2   7: ]0I, 

  :(C  "       ZB" ;%7jK 0, 60, 347?d >7?,     U=0!J1+ >0R
)3   AZB" 4  ZB!" ...  A9    AZB!" 10  ZB!"  (   >=6 .!,

4(WK  .IKONOS      #!$% G7!: w0!9E%  .    3Is20!I+ 6%7!8+
RMSE   >%., 3   0K 10   <=6 6; ZB"     :(C >0R    >7!?,

K-Means = Fuzzy C-Means DT: 6; 12 G;%; ]0e2 
  #!$% G7: .            6; 3Is20!I+ 6%7!8+ ga!408+ 0!,  !lI12 6;

#N0k     :(C `)1*+ >0R    &!+ A>7?,         !?I5, ;%7!jK ]%(!K
ZB"     ;." 3IIjK %6 0R . :(C     >7!?,C-Means Fuzzy 

 0!!,6 3Is20!!I+ 6%7!!8+ 34.!!19" ZB!!" RMSE &!!?j4 
0354/0   3Is20I+ = x#:%; %6 NCC #N0k 34% 6; 86/0 

;(, . ,        !:(C #N0k 34% >%., AG=BE       = 34.1e!I, A>7!?,
   6%78+ 34.19"RMSE      [!IK.K  !, 2486/0   = 0098/0 

;(,.  
                                                           
1. Multi Endmember Spectral Mixture Analysis 
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)`N%(    )/(  

 DT:9 . .4(WKHyperion) `N% :( &,04L6% .4(WK15%30 xDaTIb 
)/ :( &?T:.$ o0l2% .4(WK15%30DaTIb   

  

      
)`N%(    )          /(  

 DT:10 . .4(WKIKONOS) `N% :( &,04L6% .4(WK110%220 
 xDaTIb)/ :( &?T:.$ o0l2% .4(WK110%220DaTIb   

  

  
 DT:11 . .4(WKHyperionG7: >L0$L0,   

  
 DT:12 . 3Is20I+RMSE :(C >%.,  >7?,  >0RK-Means = 

Fuzzy C-Means 15 >%., 3 0K 10ZB"   

     
)`N%(    )          /(  

 DT:13) .`N% :(; HIJ)K L% Dh0k .4(WK 63 = x720, )/:(  .4(WK
 6; HIJ)K L% Dh0k3 ge82 G%.9R  , 720, 1:2000  

  

 DT!!:13 !!, .4(W!!K  #!!$;   !!" %6 H!!IJ)K L% G7!!+^
         &20!T+ S!ITJK U67!P 0, >.4(WK4     = .!1+ 136   7!20, 

     A e82 G%.9R  , A#$%1:2000        ]0e!2  !8F?+ ]0!9R L% 
&+  7R; .         3I!+L >0!FC .Iyz!K .4(W!K 34% 6;     6; O!{.+

  aTIb L% &C.,D     &+ G74; .4(WK >0R  ;(: .   DT: 6;14 A
  , .4(WK  #$;          &20!T+ SITJK U67P 0, HIJ)K L% G7+^4 

            ge!82 G%.!9R  !, ]%7I+ S4 >%., &s26 720,  $ 6; .1+
1:2000  &+ G7R0e+   ;(: .   ]09R A]%7I+ 34% 6;     "  2(_
   ge82 6;1:2000 &+           ;(!{= &R0!I_ Q!:(b A74; ]%(K

;6%; .        Q!:(b 3!4% &_7!?,0KL0, `I'     .4(W!K L% &R0!I_
 ,       6; HIJ)K L% G7+^ #$;136       DT!: 6; 7!20, 14) / (

   #$% G7: G;%; ]0e2 .   DT: 6;15   , .4(WK A #$; G7+^  
 &20T+ SITJK U67P 0, HIJ)K L%4 &s26 720,  $ 6; .1+ 
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       ge82 G%.9R  ,  h.E S4 >%.,1:2000  &+ G74;    ;(!: .
 DT!!: 6;15) / ( .4(W!!KIKONOS %6  !!8F?+ ]0!!9R 

&+  %(K                &!s26 7!20,  !$ 6; &!JI' 6%;(!92 G%.!9R  !, ]
  ;.!" G7R0e+ .           .4(W!K 3!4% 6; G7!: |*e!+ Da!TIb

        #!$% 3I!+L }F!$  !, -(,.+ .    .4(W!K L%IKONOS  = 
 ge!!821:2000   &!!JI' U0!!EB'% ;(!!@9" D!!IN;  !!, A

&92          ;%; |I*e!K %6 }F!$ Q:(b ~(2 ]%(K .   DT!: 6;
15) � (  , .4(WK #$;          6%;(!92 G%.!9R  !, HIJ)K L% G7+^
JI'    6; &_7?,0KL0, &136      ;6(+ DaTIb ]09R >%., 720, 

   &!+ G7R0e+ .M2   ;(!: .    &!+  !lI12 6;         !" #!J_ ]%(!K

    , .4(WK &JI' U0EB'% #$;     &!+ AHIJ)K L% G7+^    7!2%(K
      7:0, 7IJ+ }F$ Q:(b ~(2 |I*eK 6; .   DT: 6;16 

)/ (      .4(W!K 6; DaTIb S4IKONOS     G7!: |*e!+ 
      ;6%; ;({=  h.E ]09R 6;  " #$% . $% 0,   .4(WK L% G;0J1

 , #$;           Da!TIb 3!4% &_7?,0KL0, 6%;(92 = HIJ)K L% G7+^
  6;136     &!+ |*e!+ A720,            Da!TIb 3!4% 6;  !" ;(!:

  ;6%; ;(!!{= &R0!!I_ Q!!:(b . DT!!:16) � ( `!!I'
   &!+ Q40!92 %6 DaTIb 34% &_7?,0KL0,     ]0!9R  !" 7!R;

#$% G0I_ �=.j+ `I'.  

  

      
)%`N(                                               )/(  

 DT:14 . , .4(WK #$;  6; HIJ)K L% G7+^3 A720, )`N% :( 6; HIJ)K L% Dh0k .4(WK3 720, e82 G%.9R  , ]%7I+ S4 >%.,g 1:2000 x)/ :( .4(WK
 , #$;  &20T+ SITJK U67P 0, HIJ)K L% G7+^4 &_7?,0KL0, `I' 6%;(92 = x.1+ .M2 ;6(+ ]%7I+ 6; DaTIb S4  

  

      

  
  
  
  

  

)`N%(    
)/(  

  
)�(  

 DT:15 . 6; HIJ)K L% Dh0k .4(WK3 A720, )`N% :( 6; HIJ)K L% Dh0k .4(WK3 ge82 G%.9R  ,  h.E S4 >%., 720, 1:2000 x)/ :( .4(WK
IKONOS xDaTIb S4 &JI' 6%;(92 G%.9R  , )�:( DaTIb ]09R &JI' 6%;(92 = xHIJ)K L% Dh0k .4(WK  
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)`N%(  )/(  )�(  
 DT:16 . , .4(WK #$;  6; HIJ)K L% G7+^3 A720, )`N% :( Dh0k .4(WK .4(WK 6; HIJ)K L%3e82 G%.9R  ,  h.E S4 >%., 720, g 1:2000x) / :(

 .4(WKIKONOSDaTIb S4 &JI' 6%;(92 G%.9R  , = x) � :(DaTIb ]09R &JI' 6%;(92 G%.9R  , HIJ)K L% Dh0k .4(WK  
  

)`N%                                                   (                                 
 

)/  (      
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)�(     

);(     

  

     )G(  

)=(    
 DT:17 . &_7?,0KL0, `I'6 .4=0WK A>.5: ZB" »`N% « 0K»= «`I' ZB" >0R Ve: 0K w=% >0R  

  
  DT:17 ̀ I'           %6 ZB!" .!R &_7?,0KL0, g2(92 >0R

   :(C 0,  "     >7!?,K-Means    G7!: 3I!IjK       ]0e!2 A7!2%
&+  7R; .   DT: 6;17       &_7?,0KL0, 0, `I' ZB" .R 6; A

 &!!+ /(a!!?+  40!!$ 0!!4 = /^  !!, 3I40!!b ;(!!: . 6(�!!k

`I'        &!+ ZB" S4 6; U=0J1+ >0R      20e!2 7!2%(K    L% >%
 :(C >0FC 04 = &$B" ]=6; U%.IIfK   >7!?,Fuzzy 

C-Means   ZB" 3IIjK 6;            6; V!R L% %c!l+ �B+0!" >0R
 .4(WKIKONOS7:0, .  
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6-MN$/0  B4$O  
;              &!JI' #!P; ;(!@5, 60!, 3I1a!*2 >%., HI8pK 34% 6

        8F?+ 6; X0, &20T+ SITJK U67P 0, .4=0WK     >.5!: >%
    #$% G7:  1n._ .M2 6; .      7!4;._ Q!:(" 6(M?+ 347,

  = &!!JI' U0!!EB'% A&20!!T+ >L0!!$%7{ <=6 >0!!?@+.,
 .4=0WK &20T+Hyperion = IKONOS 6; = x;(: HIJ)K 

       20!T+ S!ITJK U67P 0, >.4(WK #4052  &4     = .!1+ 136 
 7!!:  !!I5K >.5!!: g!!8F?+ L% 7!!20, . `!!I' 3I!!?v9R

 ZB" &_7?,0KL0,            <=6 3!4% L% G;0J1!$% 0!, >.5: >0R
 ,   7+^ #$; .   ̀ I' #P; &,04L6% >%.,    , >0R  #$;   G7!+^

            .4(W!K 0!, ]^ ga408+ = &JI'.,% .4(WK >L0$L0,  , cI2
  7:  1C%;.b &jP%= .  3Is20I+RMSE     3Is20!I+ = NCC 

   [IK.K  ,0354/0   = 86/0  ,    7+^ #$; .   >�(!{ }IpWK
 .4(W!!KHyperion   %6 .4(W!!K =; &!!$7?R }IpW!!K = 

&+             609:  , &4052 q4012 6; .y�+ D+0E =; ]%(?E  , ]%(K
;6=^ .  <=6 L% G;0J1$%     !8@' >0R     H!IP; >7!?,      >%.!, .!K

 ZB" 3IIjK           Q4%c!n% >%.!, &!:=6 31n0!4 A>.5: >0R
       0, .4(WK =; -0@K6% = &$7?R }IpWK #P;   &$6., AVR 

  .IyzKPSF            Da!TIb S!4 6; ;%(!+ 6(�k 7h6; >=6 ., 
   ̀ I' U0I)9E o0l2% Ai)1*+       ;(!@5, >%., &2%7I+ &l?$

    &+  " #$% &K0E(�(+ Aq4012        G7!?4^ U0!8I8pK 6; 72%(K
;.I_ 6%.P  {(K ;6(+.  
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