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+3 E<8S +KO0[ EKYD E3"!"!!;Q .E`3E\,O ^',>'23 @<JI> bN$ M='P /0_I*4#D'35'>!0G  '=/!b6A/0aJB" 5" ;.'$ M=L][PCA
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1- K79K
4!"! yw673  'A"r3/L! 5" MNI>  '=*m'\3" m0s1=

V'<Y3 /! ^')k?" E<8SF yaw673  'a=L +aw3 *+D'a8
E<$'D#a<B0S *m!0a` E9;a- E` mL;Y3 *v<>L MO0[ * "

 'a=!;`/'P *Wa>! @A" 5"  !/"03 L ED'35#Ig ^')k?"
4!"!  ";` "/ +D0Q'D0Qm'a\3" /L! 5" MNIa>  '=;AZa[

W>" E6G'> .EKaYD Ea<8S 'a=!;`/'P @aA" Ew1F 5" 'a=
6>" '` +KO0[ L  ;`/'P4!"! 5" 4!'l/L! 5" MNI>  '=

W>")Richards and Jia, 2006.(
:L/ @A;a6183 5" +\A5" ^'a)k?" z";76a>"  'a=
EY,? */L! 5" MNI> ;AL'CSm";`/'aP E` EP W>"  #I`

EKaYD t<,d 5" +lw673 ^')k?" {"0D" #<B0S m'\3" 'a=
EKYD *+KO0[+3 "/ ^";<<|S EKYD L * ;`/'P  '=#=! .

6A/0JB"bEaY,?  '=:L/ L! Ea` +awP WaB'$ /!  #aI`
^/'_D4#O1^/'_D L4#KD2b<fYS+a3  #I`#D0aO ./!

b6A/0aaJB"EaaY,?  'aa=^/'aa_D  #aaI`4!"! 5" 4#aaO 'aa=
}',B'~ EP +O503oEKaYD V'>";`L @<a35 +aY<Y$  'a=

4#O E<8S +D"#<3 ^'<w1)+3 4!'l6>" *#D"!0O .:L/ /!
^/'_DaFL :50a3o Eaw$;3 *4#KDb6A/0aJB" L !/"#aD !0

4!"!  /'3o ^'C7K3 V'>";`!/03 /L! 5" MNI>  '=
E6a>! t1) *;_D+a3 p'aND" "/  #aI`#a=! .:L/ 'a=

EaaY,?^/'aa_D  #aaI`:L/ p'aaD Eaa` }�0aa1H3 4#KaaD 'aa=
EO0G #I`3+3 �;(3#D!;Q .;A0CS *WB'$ @A" /!Ea`

EaaY,? �7Kaa3'D efaag;` 'aa` VkaaP  !"#aaHS #aaI`
+3`/'P "ZB �!0OEY,? t1) 5" c[ ;efg;` #A'`  #I`

VkP#aIP �7K3 +S')k?" v`'I3 ;A'> V'>";` "/ '=
)Ibid .(b6A/0JB" Wd!EY,?  '=^/'a_D  #I`Ea` 4#aO

b6A/0JB" 5" ;S�'` eS";3^/'_D  '=4#KD*W>"@aA" 'a3"
b6A/0JB"4!"! !"#aHS #aI35'<D 'a= !'aA5 +aO503o  'a=
#I6f= .4!"! /! t\K3 @A" '=Ea` ;6K<` ;S�'` !'H`" '`

+a3 bKg!/0aG . ";a` +16A/0aJB" *;a.'$ /'6aO0D /!
EY,?4!"!  #I`!"#aHS Ea` 5'a<D mL#a` *�'` !'H`" '`  '=
4!"!ta-'$ EaP Wa>" 4#O !'8IK<[ !'A5 +O503o  '=

c[ b6A/0JB" i<lwS'(G /'K6D"4) MLP ({0D 5" EP W>"
^/'aa_D +,Caa) E\,aaOE\,aaO b6A/0aaJB" L 4#aaO'aa= 

4#D'35'>!0G5) SOM (E\,aO �;a35 /! EaP W>" 'a=
^/'_D +,C)!/"! /";d 4#KD.12345

E\,OE<,O j+,C)  '= 5'a>*m'faD" ra|3 5" 4#aO
mL;D t3'Om5L iA;? 5" EP #I6f= +A'=ba= Ea` +A'=
4#O �,S;3*#D"E` L^/'_D h6>! L! E` +wP /0?L 4#aO

^/'_D+3 b<fYS 4#KD#D0O ." 5" RA ;=E` E6>! L! @A
m"0I):L/ 5" +\A'a=!;`/'P 5"  /'<fa` /! qaA"/  'a=

4#O E6G'IO#D" .b6A/0JB"MLPLSOM+\A e<S;S E`
b6A/0JB" qA"/ {"0D" 5"^/'a_D +,Ca) E\,O  '=L 4#aO

^/'_D#I6f= 4#KD)Atkinson and Tatnall, 1997.(
b6A/0JB"MLPEY,?  ";`;AL'CaS 5"  /'<f`  #I`

"0='34/+3 Ew1F 5" EP W>" 4#O E69;Q /'P E`  "m"0aS
!;aaP 4/'aaO" 'aa8IA" Eaa` :�'aa` Raa<\lS #aa$ 'aa` ;AL'CaaS

)Mokhtarzade and Valadan Zoej, 2007; Del Frate 

et al., 2007(EY,? * /"!"/ ;AL'CS  #I`)Hara et al., 

1994(EY,? *+T;3 ;AL'CS /! ^";<<|S +A'>'IO L  #I`
�'a` @aO0BL5/ '`)Pacifici et al., 2007; Chini et al., 

2008(EaaY,? *;AL'CaaS /! ^";aa<<|S +A'aa>'IO L  #aaI`
 SAR)Del Frate et al., 2008(/! �"#a=" +A'a>'IO *
;AL'CSPOLSAR/'aP!0G ^/0a- E`)Martorella et 

al., 2009(;JA! ;AL'CS 5"  /'<f` L .^k\Ka3 5" +\A
b6A/0JB"MLP! E` mo 5'<D 'D'1=4!"!'aA5 j+O503o  '=
W>")Bogdanov, 2008 .(+a3 �a)'` ;3" @A"'aS !0aO

4!"! EaP +Hd"0a3 /! /0PZa3 b6A/0JB"L +aO503o  'a=
Wa>! Ea` +l<H. qA'6D *#O',D /'<6G" /! +9'P +B;6IP

#=!.
�0CaaG /! Eaa69;Q ^/0aa- ^'aaY<Y2S Eaaw1F 5"

b6A/0JB" 5" 4!'l6>"SOMaE`\A m"0I)5" +:L/ 'a=
EY,?^/'_D  #I`4#KD+3 aEY,? E` m"0S/! '=;`"  #I`

4/"0='a3 ;AL'CaS "NOAA) Wilkinson et al. 1992(*

1. Supervise 
2. Unsupervise 
3. Clustering 
4. Multi Layer Perceptron 
5. Self Organizing Map 
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EY,? #I`;AL'CaS 5" 4!'l6a>" 'a` @<35 MO0[SPOT

)Hosokawa et al., 1999(EaaY,? *;AL'CaaS  #aaI`
 ;61A/k[)Putignano et al., 2006; Hosokawa and 

Hoshi., 2002; Hara et al., 1994 (+A'aa>'IO L
Wa>#IB ;AL'CS /! ^";<<|SETM+LTM) Ghosh et 

al., 2009 (!;P 4/'O" .:L/ Ea\IA" E` EF0S '`SOM5"
b6A/0JB" {0DEY,?  '=^/'a_D  #I`'a8IS *Wa>" 4#KaD

EaaO0G'aaS Waa>" p5� L Eaa69;Q ^/0aa- ;A0CaaS  #aaI`
efg;`EO0G  /"ZQEaw$;3 /! 'a=x'a,D! EaD'Q"#F  "
!0O .s1=;aJA! 5" ^',a>'23  ";a` +D�0? m'35 *@<I

:L/ 5" 4!'l6>" ^k\K3SOM+3 /'1O E`#Ao.
b6A/0aaaJB" eaaa<P;S 'aaa=MLPLSOM ";aaa`

EY,?Wa>" 4#aO EaT"/" /L! 5" MNIa> ;AL'CaS  #aI`
)Goncalves et al., 1998 .(b6A/0aJB" 5" :L/ @aA" /!

SOM '�a9 RaA Ea`  #aH`#Ig  '�a9 ;A0CaS  ";`
l6aa>"  #aaH`L!@<aa<HS  ";aa` mo 5" EaaP Waa>" 4#aaO 4!'

4!"!+a3 4!'l6a>" VkaP ;a=  ";` +O503o  '=!0aO .
4!"! V'a>" ;a` cn>b6A/0aJB" *+aO503o  'a=MLP

+3 :503oEY,? !/03  !L/L ;A0CS L #I<` #aI`/";ad
+3!;<Q .@<aIs1=LeeLLathropx'a> /!2006'a`

b6A/0aaaaJB" eaaaa<P;S 'aaaa=SOM*LVQL1GMM

16A/0JB"EY,?  ";` +/! /L! 5" MNIa> ;AL'CaS  #I`
4!;P ET"/"  ;8O i?'I3#D".

ea>'I3  /'6G'a> +9;H3 @1. *;.'$ M=L][ /!
:L/ iaa<lwS  ";aa`^/'aa_D  'aa=^/'aa_D L 4#aaO�#KaaD

E\,O+,C)  '=*'a` qA'a6D EfaA'Y3 L Wad! +`'A5/" E`
:L/ ;A'>EY,?  '=Wa>" 4#aO E6G"!;[  #I` .�#a=

A" e<P;S 5" +w-"L! ;=  'A"r3 E` +`'<6>! *:L/ L! @
4!"! !"#aHS Ea` 5'a<D L *�'a` Wad! t3'O b6A/0JB" 'a=

4!"!  ";` e>'I3 L bP +O503oW>�'` !'H`" '`  '= ./!
:L/b6A/0aJB" 5" 4!'l6a>" 'a` ;A0CaS "#a6`"  !'8IK<[
E\,OM7` 4#D'35'>!0G  '=+a3  #aI`!0aO .cna>

mL;D efg;`E\,O  '=5'>!0G  '=5" 4!'l6>" '` 4#D'3
c[ b6A/0JB"4!"! L 'a(G /'K6D"@<a<HS +aO503o  'a=

+a3+aa3 Ea<8S +KaaO0[ EKaaYD Ea3"!" /! L !0aaO!!;aaQ .

E`E\,aO ^',a>'23 @<JIa> bN$ M='P /0_I3 'a=
b6A/0aJB" 5" 'NIA" /! *4#D'35'>!0GPCA@<a<HS  ";a`

mL;D m5L /"!;` E<BL" /"#Y3W>" 4#O 4!'l6>" '=.
" +`'A5/"Wa>#IB ;A0CaS RA '`  !'8IK<[ b6A/0JB

)ETM+ (;A0CaaS RaaA L Waa>" #aaD'` MaaO  "/"! EaaP
IKONOSWa9;Q p'ND" *W>" #D'` /'8g  "/"! EP .;a=

b6A/0JB" '` b6A/0JB" 5" W1fdL #O @ArJA'F ;JA!  '=
E` qA'6DEfaA'Y3  !'8IKa<[ b6A/0aJB" 'a` 4#a3o Wa>!
#A!;Q .E` "#6`" /!b6A/0JB"  'FSOM5"b6A/0JB" 'a=
^/'aa_D�#KaaDK-MeansLFCMEaa` Lb6A/0aaJB"  'aaF

MLPmL;D efg;` @<<HS  ";`b6A/0JB"  '=SOM5"
b6A/0JB"KNN#A!;Q 4!'l6>" .+A'a8D qA'a6D @<Is1=

b6A/0JB" ;JA! '`  !'8IK<[ b6A/0JB"EaY,?  'a= #aI`
#O EfA'Y3 .EY,? Wd! 5" t-'$ qA'6Db6A/0aJB"  #aI`
L  !'8IK<[b6A/0JB" ;JA!EP W>" ew(3 @A" #A�3 *'=

+aa3  !'8IKaa<[ b6A/0aaJB"EaaY,? qA'aa6D #aaD"0S"/  #aaI`
E` aED01D !"#HS  ";` 4]AL!0a,8` a u#aD" +O503o  '=
#K7`.

W>" �;O @A#` ;.'$ EB'Y3 /'6G'> :*pL! M7` /!
E\,aaO EaaA;_Db6A/0aaJB" t3'aaO +,Caa)  'aa=SOML

b6A/0JB"MLP4#O 4!"! �<.0SW>" .*p0a> M7` /!
W>" 4#O �A;KS  !'8IK<[ b6A/0JB" .p/'8g M7` /!
4!"! L EaHB'(3 !/0a3 EaY(I3 "#6`"4#aO 4!'l6a>"  'a=

+aa3 y<aa-0Sb6A/0aaJB" 5" taa-'$ qA'aa6D cnaa> *#D0aaO
b6A/0JB" ;JA! L  !'8IK<[EY,?  '=4!'l6>"  #I`4#O

+a3 ET"/" i<Y2S /!!0aO .bNIa[ Ma7` /! WaA'8D /!*
'$ qA'6D+3 /";d �2` !/03 t-+A'=!'8IKa<[ L !;a<Q

W>" 4#O ET"/" 4#IAo  '=/'P  ";`.1

2- 9":LMF(  MA ,+; $% <=>M? )@+/2* 47>A
 !"#&"23 4/5

Ea` +S',>'23 4!'>  "rF" 5" +)0IC3 +,C) E\,Op'aD
mL;D/'6G'a> 5" '8Do /'6G'> vd"L /! EP 4#O t<\KS '=

1. Gaussian Mixture Model
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mL;Dm'faD" +\AU0aB0<` +,C)  '=E<,aO4#aO  5'a>
Waa>" .5" ^'aa)k?" Waa9'A/! *mL;aaD haal<�L @A;aa6183
mL;Dm5L ;63"/'[ �'f6D" * !L/L m"0I) E` EA'f1=  '=

 !L/L 5" RA ;= E` !L/L ;a` ;<��aS *'a=!0aF03  'a=
E`Ea` mL;aD +wG"! !;\w1) v`'S Ew<>LE,a>'23 /0a_I3

4!"! E` mL;D X>'[}'a6A'8D L  !L/L  'a=Xa>'[ x'a>/"
'23E,>;A'> E` 4#OmL;D !L/L m"0aI) Ea` E\,O  '=

W>" #A#F)Atkinson and Tatnall, 1997; Haykin, 

1999 .(+,Caa) E\,aaO !;aa\w1) /! baa83 Eaaw$;3 L!
^/',)E\,O +D"0G5'` L E\,O :503o 5" #D" .

m5L *:503o Ew$;3 /! '=mL;aD 5" RaA ;a= 'a=
E\,O /! !0F03)L;D  !L/L  '=;63"/'[ E` EP�0`;3 m

+3 4!"! W,fD mo E`#D0O (/";a\S  #IA";9 +?4#D0aO
+3 ;<<|S#IIP .x'1)" ^";<<|S+3 e,> 4#OEaP !!;aQ

E` /0PZ3 E\,O WA'8D /!�'G +S',>'23 p'ND" /0_I3
W8F 4]AL +H`'S +IArJA'F L+3 +=!!0aO .Ea`/0a_I3

}�0a1H3 *E\,aO :503o4!"! 5"4!'l6a>" +aO503o  'a=
+3EP !0O^/'_D :503o mo E`+a3 Ea6lQ 4#aO!0aO .
4!"!E)01N3 t3'O :503o  '=4!"! 5"  " !L/L  'a=

�7Ka3 t,d 5" '8Do  ";` /'_6D" !/03 X>'[ EP #I6f=
W>" .

E\,O 5" +,<P;S +OL/ ;.'$ /'6O0D /!+,C)  '=
^/'_D^/'a_D L 4#OEaY,?  ";a` 4#KaD;AL'CaS  #aI`

Wa>" 4#aO ET"/" /L! 5" MNI> .B" !'8IKa<[ b6A/0aJ
E\,O V'>";`4#D'35'a>!0G  'a=)SOM (b6A/0aJB" L

c[ +,C) E\,OW>'(G /'K6D".

2-1- !"#671/K$/?;NO &"23 4/5
E\,O b6A/0JB"t<\KaS EaA� L! 5" 4#D'35'a>!0G  'a=

mo /! mL;aD ;a= }�0a1H3 EaP  !L/L EaA� *Wa>" 4#O
� EaP +FL;G EA� L W>" ;A0CS 5" #D'` RA x!'H3EaA

+a3 4#a<3'D r<D +6`'d/!0aO)Kohonen et al., 2000; 

Kohonen, 1995 .(+aaFL;G EaaA�SOM^/0aa- Eaa`
E)01N35"  "mmL;aD @A" EP W>" mL;D+)0aD /! 'a=

+a3 /";d ;JA#\A /'IP /! 4]AL  U0B0[0S#aD;<Q .;a= Ea`

mL;Di^'C673i i(x , y )/"!;a` L  U0aB0[0S  '�9 /!
L+aD5l n T n

i i i iw (w , w ,..., w ) R !24!"! �'Caa6G"
+aa3mL;aaD @<aa` �'aa,S/" EaaP *!0aaOL  !L/L EaaA�  'aa=
mL;D+a3 /";ad;` "/ +aFL;G EA�  '=*mo /! L !5'a>n

4!"! !'H`" �;H3W>"  !L/L  '=.
b6A/0aaJB"SOMEaaw$;3L!  #aaIA";9 /!:50aa3o  "

+3#I<` ./!b6A/0aJB" /! 4#D;` mL;D *xL" Ew$;3SOM

'aA +a>#<wd" Ewa-'9 }�0a1H3 EP W=',O /'<H3  'I,3;`
+aa3 �'aa76D" Waa>" @6aa8I3!!;aaQ .*pL! Eaaw$;3 /!

E`mL;D m5L /"!;` +D'>/5L/EaP :50a3o Eaw$;3 /! 'a=
+3 ^/0- W>"  /";\S +w1)!;AZa[ .Ea(`"/)1 (40a2D

E`5L/m5L +D'>/+3 m'KD "/ '=#=! .

E(`"/)1(
sii i iw (t ) w (t) (t)h (t) x w (t)"  " # $% &' (1

Eaa(`"/ @aaA" /!;63"/'aa[sih/! "/ +JA'faa1= v`'aaS
4#D;` mL;D �";?")s(*) *,#! 1 E` �;D5L//"!;` +D'>/

m5L*'=w*m5L /"!;`tm'KDL /";a\S 4#I=!i [ ,m]! 1
3 mL;D 4/'1OW>" +>/;` !/0.

v`'Ssih+3+w<(6f3 #D"0S1 ";a` W`'�  /"#Y3 '`
EA'f1=L +JA'fa1= {'HaO RaA /! 4#aD;` mL;aD  'a=

mL;aD ;aJA!  ";` ;l- /"#Y3v`'aS ^/0a- Ea` 'aA L 'a=
!0O E69;Q ;_D /! @<>0Q .^/0a- Ea` v`'aS m'<` E6,B"

/" EI<35 @A" /!  ;68` qA'6D @<>0Q+a3 ET"*#a=!";aA5
mL;D m5L /"!;`mL;aD 5" Ewa-'9 V'a>";` EA'fa1=  '=

E` 4#D;`L Wf<D W`'�  /"#Y3 vd"L/! EP #O #="0G 5L/
E(`"/ ^/0- E`)2 (+3 yA;HS!0O.1

E(`"/)2(
si s ih (t) exp( dist(N , N ) / (t)) $ +2 22

E(`"/ @A" /!s idist(N , N )@<a` +a>#<wd" Ew-'9
D;` mL;D4#sN+a>/;` !/0a3 mL;aD L *iN '�a9 /!

1. Bubble
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L  U0B0[0S(t)+{'HaO EaP W>" /";\S !"#HS 5" +H`'S
+3 @<<HS "/ +JA'f1=#IP.

b6A/0JB"EaO0G  '=b6A/0aJB" #aID'3  #aI`SOM

#I6f= E<BL" ;A!'Y3 E` E6f`"L .`h<BL" ;A!'Y3 @<<HS  ";
mL;aaD m5L /"!;aa`b6A/0aaJB" /! 'aa=SOM:L/ @A#aaIg

;A!'aY3 5" 4!'l6>" 'A L +9!'CS ;A!'Y3 5" 4!'l6>" #ID'3
4!"! 4]AL!/"! !0FL E<BL"  '=)Haykin, 1999 .(Ra<S"

m"/'aa\1= L)2005Attik et al.,(@<aa<HS :L/ #aaIg
b6A/0aJB"  ";a` "/ Ea<BL" /"#Y3SOM3'aO EaP:L/ t

L +9!'CSPCA 'aI,3;` +OL/ L #D!;P +>/;` *W>"
PCAE<BL" ;A!'Y3 @<<HS  ";` b_I3 #A;Q 5" 4!'l6>" L
SOM#aaD!;P !'8IKaa<[ "/ .:L/m0aag  ;aaJA!  'aa=

b6A/0JB" 5" 4!'l6>"K-Meansb6A/0aJB" !0,8`  ";` r<D
SOMW>" 4#O !'8IK<[)Su and Chang, 2000.(

,aaO  'aaA"r3 @A;aa6183 5"E\m'35'aa>!0G  'aa=4!
+3�'(HD" E` m"0S4',6O" 4!"! E` W<>'f$ p#) * ;AZ[

)Villmann et al., 2003(4!"! bP";aaS 'aa` i`'aa(S *'aa=
)Simard et al., 2000 (!'H`" E` W,fD WA!L#23 p#) L

 !L/L  '�9)Kohonen et al., 2000 (!;aP 4/'O" ./!
,D'35 L 4#<s<[ ^',>'23 *'A"r3 @A" t`'Y3^k\Ka3 5" ;

b6A/0JB"SOM+3 /'1O E`#Ao .^'aH9! !"#aHS ;` 4Lk)
 ";aF" qA'a6D +J6fa`"L *:50a3o Ew$;3 /! !'A5 /";\S
 !L/L  'a=;63"/'[ 5"  !'aA5 !"#HS +9;H3 E` b6A/0JB"

*+JA'fa1= v`'S *:503o �;D #ID'3 ";a` Ea<BL" /"#aY3

m5L /"!;`^k\Ka3 ;aJA! 5" *Wa>! @A" 5"  !/"03 L '=
b6A/0JB"SOM+a3 /'1aO E`#aAo ./0PZa3  'a=;63"/'[

4!"! W<='3 ef$;` }�01H3^/0a- Ea` L  !L/L  'a=
+a3 @<a<HS '(G L +H>#D0aO)Su & Chang, 2000 .(

4!;3 #$"L @<Is1=1m!;a\D WP;aO ta<B! Ea` EP r<D
` W`'d/ /! mL;D RAE+a3 !0FL#aAo*6A/0aJB" qA'a6Db

SOM+3 /";d ;<��S W2S "/#=!)Menhaj, 2002 .(

2-2- !"#/JO ,/8P1% $% QR &"23 4/5
c[ b6A/0JB"x'> /! "/ /'K6D"1982!;aP �;(3 ;P/'[

x'> /! r3'<wAL L m06I<= *^"/'8w3L/ L1986�;aO E`
#I6G"!;[ mo �f` L)Zurada, 1992 .(E\,O @A" /!*'=

EaA� eaB'd /! }�0a1H3 ;JaO5"!;[ ;-'I)yaw673  'a=
Eaaa> t3'aaO+aaaFL;G L +D'aaa<3 * !L/L EaaaA� {0aaaD

+a3 +=!/'6G'>#D0aO .t\aO1E\,aO RaA /'6G'a>
c[ +,C)+3 m'KD "/ '(G /'K6D"#=!.

mL;D  "/"!  !L/L EA�4!"! !'H`" !"#HS E` +A'= '=
EY,?  !L/LW>"  #I`*RaA !L/L Eal<�L mL;D ;= EP

!/"! 4#a8) ;` "/ E\,O E` +S')k?" #D'` .+aFL;G EaA�
"/"!tf\<[ ;= +FL;G VkP {0D EP W>" mL;D RA  

+3 �7K3 "/EA� L !5'>Ea` +D'a<3  '=�a>"L m"0aI)
+aFL;G L  !L/L EA�*L +a(G;<~ "/ E\,aO !;a\w1)

+3 y(HI3#IP.
1

t\O1 .c[ +,C) E\,O /'6G'>'(G /'K6D"

1. Dead unit 
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E\,O :503o+,Ca)  '=MLPEaw$;3 L! t3'aO
Waa>" .W1aa> 5" EaaP xL" Eaaw$;3 /!W1aa> Eaa`  !L/L

W>" +FL;G*Ea(`"/ ef$;` '(G /"#Y3)3 (E,a>'23
+3!0O.

E(`"/)3(
L

m
j j

j
E (d o )

 

 $, 2
1

1
2

mo /! EPjdLjo/'a_6D" !/03 +FL;G e<S;S E`
mL;D /! +,C) E\,O 5" t-'$ �"0F Lj/! !0F03 p"

+a3 m'KD "/ +FL;G EA�L #aI=!LmL;aD !"#aHS 'a=
W>" +D'A'[ EA� /! 4#O +$";? .5" EaP pL! Eaw$;3 /!

*Wa>" E\,aO  !L/L W1a> Ea` E\,aO +FL;G W1>
m5L /"!;`+3 tA#HS '=!0aO .Ea(`"/)4 (@aA" +JD0aJg

+3 m'KD "/ ^',>'23#=! .

E(`"/)4 (
k ,k
i, j k ,k

i, j

i, j i, j i, j

Ew (t)
w

w (t ) w w (t)

$
$

-./  $#0 -1
0/ "  $/ "2/3

1
1

1

`E /0?EPi, jwmL;aD X>'[ E` ef6I3 m5Ljp"
mL;aD Ea`  !L/L m"0aI) Ea` EP W>"i#aH` EaA� /! p"

+3 x'>/"!!;Q .#/"#aY3 L #aDL/ EP W>"  !#) W`'�
x'1)" ^'2<2CSm5L E` 4#O+3 x;6IP "/ '=�;D L #IP

:503o13 4#<3'D+!0O .2+a>;IA" ;63"/'a[ EaP2p'aD
+3 !0G E` RA L ;l- @<` ;A!'Y3 *!/"!MYD /! L !;<Q

+3 t1) :503o #DL/  5'>/"#A'[EP e<S;S @A#` *#IP
ta,d Ew$;3 ;<��S W2S Ew$;3 ;= /! ^'2<2CS m"r<3

W>" .tp'ND" /";\S !"#HS ;JD'<`:50a3o Eaw$;3 /! 4#O
W>" .

/'6G'aa> /!MLP}�0aa1H3 ";aa` +D'aa<3 EaaA� RaaA
EY,? #-'Y3+3 WA'lP  #I`E(`"/ '3" *#IP!"#HS EP  "

�A;a- ^/0a- Ea` #aIP �7K3 "/ +D'<3 EA� /! mL;D
!/"#D !0FL .*+D'a<3 EaA� /! !'A5 mL;D !"#HS 5" 4!'l6>"

+3 ;6K<`  ;<Q!'A E` /!'d "/ E\,O;JA! �;? 5" L #IP
:503o m'35+3 �'` r<D "/ +D"0G";9 L!;` .*@A" ;` 4Lk)

E` �;D  '=;63"/'[E` +6>/! E` #A'` /L'6KQ L +D'>/5L/
!0O +9;H3 E\,O ./"#Y3##aO'` RA L ;l- @<` #A'` .

#aID'3 �/ra` ;A!'aY3 5" 4!'l6>"8/0+aA";J1= e,a>
+3 vA;>�"0aF * #H`  '=/";\S /! '3" !0Ob6A/0aJB"

+3 m'>0D b1<I<3 E(YD x0$�)'` Rg0P /"#Y3 L #IP
m'35+3 b6A/0JB" m#O ;` /"#aA'[ E` b6A/0JB" '3" �!0O

+3 W>!  ;S�'`#`'A.

3-4;/S>8'R TP@,NUV% &W)XK
L! ;a` t16Ka3 ;a.'$ M=L][ /!  !'8IK<[ b6A/0JB"

EY,? t3'O +w-" Ew$;3^/'a_D  #I`Ea` 4#KaDhw<a>L
0G E\,aaO4#D'35'aa>!SOMefaag;` cnaa> L /"ZaaQ

mL;DE` E\,O @A" +FL;G  '=+,C) E\,O RA Ew<>L
c[Wa>'(G /'K6D" .t\aO2"/  !'8IKa<[ b6A/0aJB"

+3 m'KD#=! .12

"#6`"SOM:50a3o !/0a3 ;A0CS 5" +K7` V'>";`
^/'_D+3 /";d 4#KD!;<Q .M='aP  ";a` Eaw$;3 @A" /!

/0JB" vA;> +A";J1= L ^',>'23b6ASOMb6A/0JB" 5"
PCAm5L /"!;a` Ea<BL" ;A!'Y3 @<<HS  ";`4!'l6a>" 'a=

W>" 4#O.
*pL!SOM4!"! :503o;A0CaS taP  L/ ;a` 4#aO
+3 x'1)"tfa\<[ L !0OEaO0G "/ 'a=+a3  #aI`#aIP .

!"#aaHS Eaa` EaaP Waa>"  ;A0CaaS Eaaw$;3 @aaA" +aaFL;G
mL;Db6A/0JB"  '=SOMEaY,? #aI`Wa>" 4#aO .'a3"

d"L efg;`tf\<[ +HWf<D �7K3 '=.
4!"! *p0>E` EP +O503o  '=4#O E<8S ;`/'P Ew<>L
Eaa` Waa>"+,Caa) E\,aaO :50aa3o /0aa_I3MLP/!
efg;`EO0G  /"ZQ 'a=SOM/";ad 4!'l6a>" !/0a3
+aa3E\,aaO L !;aa<QMLP:50aa3oEaa` 4#aaA!/0aa_I3
EY,?E` ;A0CS +A'8D  #I`+3 E69;Q /'P!0O .4!'l6>" '`
4!"! 5"o  'aa=@<aa<HS +aaO503VkaaP ;aa=  ";aa` *4#aaO
mL;Db6A/0JB" 5" +A'=SOM+3 x'H9#D0O .Ea` EF0S '`

1. Learning Rate
2. Momentum Parameter
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t\O2 . !'8IK<[ b6A/0JB" :5" 4!'l6>" '` ;A0CS "#6`" /!SOMEO0G+3  #I`efg;` cn> *!0OmL;D'=
5" 4!'l6>" '`MLP+3 @<<HSEKYD }'6A'8D L !!;Q+3 t-'$ +KO0[!0O.

mL;D E\IA"b6A/0JB"  '=SOMEa` :50a3o #IA";a9 /!
+3 M7[ ;A0CS +Q]AL  '�9 /! t3'P /0?"ZaB *#D0O

mL;Db6A/0aJB" 5" +A'=SOM"/ ;6Ka<` 'aA L VkaP L!
+3 �7K3#IIP .ca[ b6A/0aJB"  !L/L'a(G /'Ka6D"*

m'1=mL;D m5L /"!;`b6A/0aJB"  '=SOM+,fag;` L
E` EP W>"w<>Lb6A/0aJB" ESOMWa>" 4#aO @<a<HS .

M7` @A" +FL;GxL#F1LUTmL;aD 4/'1O EP W>"
+3  'F !0G /! "/ mL;D efg;` L#=! .@aA" x'a1)" '`

xL#F*EO0G +Hd"L efg;`b6A/0aJB" 5" ta-'$  'a=
SOM+3 @<<HS;A0CaS 5" +KaO0[ EKYD L !0OEa<8S
+3!!;Q .

4!"! V'>";` Wd! +`'A5/" *p/'8g 'a=Rag.p'aQ
EY,? #IA";9 ;= /! +A'8DWa>" Wad! !/Lo;a`  #I` .'a`

�7Ka3 qA'a6D  L/ ;a` m'aI<1?" m"ra<3 *Wd! !/Lo;`
+aa3!0aaO .xL"#aa63Waad! m!;aaP m'aa<`  ";aa` 4"/ @A;aaS
EY,?* #I`'a(G cA;S'3 5" 4!'l6>"2Wa>" . 'aI,3;`

Wad! m'a<`  ";a`  !#aH63  'a=;63"/'[ 'a(G cA;S'3
+3 z";76>"mo 5" EP !!;Q1+3 Ew1F#D"0S2+awP Wd!3*
'['P eA;.4;`/'P Wd! *5#<B0S Wd! L4#IIP6!;` p'D "/

)Richards and Jia, 2006 .(

4-6;/'RY@/P1 &A/@$,% + 4$/?
4!'<[  ";`5" EaB'Y3 @aA" /!  !'8IKa<[ b6A/0JB"  5'>

p;D/"r9"MatlabW>" 4#O 4!'l6>" .v`"0S /0_I3 @A" E`
p;D'` i`'(3 /"r9"4]aAL !/0a3 +S'Y<Y2S  '=5'<D 5'a>

W9;Q /";d .4!'a3o @<aIs1=z";76a>" L ;A0CaS  5'a>
4!"!4!"! L +O503o  '=p;D 5" 4!'l6>" '` Rg  '=/"r9"

1. Look Up Table
2. Error matrix or Confusion matrix
3. Overall accuracy
4. Kappa coefficient
5. User’s accuracy
6. Producer’s accuracy

 !"#" $%&'()!*!+,-&./  01 )!*!23$.  !"

#$%&'  ()* +,%-
.!/0 #*SOM

+,%- 120#3 !"
$%&' #

456#* 708912#3+,%-!"
.!/0 #*MLP

#$%&'
+:;<=(,  ()*

>$!?@ A*!$B70
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ENVI !"# $%&'( .)*(* +,"-./ 0( 1.2 34(*( 5*6%.7
8,%9' : ;,("<( =':5 >)*%?9@( *5A4>B.CD "7 0( EF%G

)*%.H2 E4%IJ9,5A.KL( 60%.@SOMMN.O"D :65(P.#
3IAQJ9,5AKL( R%@("D %7MLP .@( )=I +,"-/ .5*

6%.7"94(5%2 "HST./ ;.@5"D >8,%.9' 3N,%U4 VWX >Y%,%2
J9,5AKL( 5* Z[9C4 @( )=I +,"-/ \A! 6%7 .

4-1-0)!)0)#123! )"45 (#&
)*%?9.@( ",A]./ :* 0( 6*%^_-H2 J9,5AKL( ;D%,05( 6("D

 @( )=I .D E4%I `:( ",A]/=.'%D : 8_2 %/ a, 6%7='%

 @=_L )5(A7%4 > ?7-7)=_&_@ >ETM+ @( .V.,(
1_..HWH/ "^..I 0( ;9WN..b 3..D cA..D"4 ",A]../15A-..d

 @(*%'%d .EeI 5*3-)5(A7%.4 ",A]./ Z.L(3.Uf_4 6(
6%7='%D 5* "g' *5A43>4:5 .@( )=.I )*(* Y%-' .

",A]/ VIAL:0530"94",A]/ )0(='( :4935* ENeH2
910h,5%./ 5* ",A]./ V.,(  @( ENeH221/8/2001

 .@( )=I 39!"# .)*(*6(".D `".9_d : ;.I0A4i 6%.7
;-IA2 3-U' 0( >",A]/ V,( 5* J9,5AKL( ;D%,05()Ee.I

3-j ( k/ 3d5* (*%'%d ;lHmn oD%_4 Y%40%@ p5%g'
`%..@2004=..,*"# q("C9..@( > ..@( )=..I 3..H^/.

1

1 .ji
2 .r[9C4 Jd("/"2 EK_<
3 .\s/%D-0%D
4 .;n:"C4 )AH4 Jd("/"2 EK_<(coniferous)

5 .;'AeN4 3Uf_4
6 .\s/%D- Q5*
7 .EK_<-tm@ 3-HW7  Q5*
8 .605:%-d VH40-5(t_WO : )%#("O

EeI3 .ZL( (6%7='%D 5* 3lL%f4 *5A4 3Uf_4  @=_L ",A]/3>4:5 .
j (3-U';-IA2 .)",(*Rsd >u'5*50 6%7"g' 5* 6%73Umn 6("D )=I 39!"#;4 Y%-' (5 6=_D=_7*.

1. Timmins

)CD0()E(
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p5A.F 3.D 3.d Rs.d  -7 > @=_L ",A]/ 6("D
)",(**50 6%7EeI 5* u'53- @( )=I )*(* Y%-' j

=I 39!"# "g' 5* .`:=<1)*(* *(=l/: ;.I0A4i 6%.7
Rsd 6("D `"9_d",A]./ 5* )=.I 3.9!"# "g' 5* 6%7
;4 Y%-' (5  @=_L=7* .)*(*i 6%.7`".9_d : ;.I0A4

3Dj%C9'( v"9-4 ENeH2 Y:=D : EU9N4 p5AF='=I
;-.IA2 3-.U' Z.[9C4 c%.U' 0( 3d  @( )=I ;l@ :

)*(* j%C9'( 6("D)*(* t.H' : ;I0A4i 6%7`".9_d 6%.7
*AI )*%?9@( .

;4 )=7%-4 3w'%_O)*(* >*AI6(".D ;.I0A4i 6%.7

%^_/  @=_L ",A]/43/0)*(* Ed 0( =F5*E4%.I (5 %7
;4*AI .

Y:*%.4 >;.Di >tm@ >t4"b 6%7='%D E4%I $:* ",A]/
"94(5%..2 : t..4"bNDVI)5(A7%..4 ",A]../ 0( ;9WN..b

IKONOS @( 0("HI "^I 0( .0( ;9WN.b ",A]./ V.,(
;4 Y%-' (5 0("HI "^I=7* .EeI 5*43.Uf_4 ",A]./
6%7='%D 5* "g' *5A42>3:4 .@( )=.I )*(* Y%-' .

",A]/ VIAL:054"94",A]/ )0(='( :3005* EN.eH2
275 @( ENeH2 .h,5%./ 5* ",A]./ V.,(20/9/2008

 @( )=I 39!"#.

`:=<1 .)*(* *(=l/J9,5AKL( ;D%,05( : x0A4i 6("D )=I 39!"# "g' 5* `"9_d : ;I0A4i 6%73Umn 6%7 @=_L ",A]/ 6("D 6=_D

Rsd 1d='( Rsd1 Rsd2 Rsd3 Rsd4 Rsd5 Rsd6 Rsd7 Rsd8
*(=l/)*(*%76aO 100 100 100 100 100 100 100 100
*(=l/)*(*%7;I0A4i 6 245 245 245 224 245 245 245 245

EeI4 .",A]/IKONOS6%7='%D 5* 0("HI "^I 0(2>3:4

`:=<2 .)*(* *(=l/;D%,05( : x0A4i 6("D )=I 39!"# "g' 5* `"9_d : ;I0A4i 6%7J9,5AKL(3Umn 6%7",A]/ 6("D 6=_DIKONOS

Rsd 1d='( 6"^I 3Uf_4 Y%D%HQ  Q5* )%H# v%Q )"Hy
)*(* *(=l/aO 6%7 1177 203 194 176 159 195
)*(* *(=l/;I0A4i 6%7)1( 550 549 490 503 572 420
)*(* *(=l/;I0A4i 6%7)2( 237 289 333 223 148 108
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",A]/ 6("DIKONOS3.Uf_4 E4%.I Rsd BI
> Q5* >Y%D%HQ >6"^I6(".D %.^_,( t.< : v%.Q >)%.H#

3Umn=.I 3.9!"# ".g' 5* 6*%^_-H2 J9,5AKL( %D 6=_D .
`:=<2)*(* *(=.l/6(".D (5 `".9_d : ;.I0A4i 6%.7
Rsd5* 6%7Y%-' RA'Ae,( ",A]/ 5* )=I 39!"# "g'
;4=7* .("D ;I0A4i )*(* 6"@ :* 0( >",A]/ V,( 6("D6

 @( )=I )*%?9@( 6*%^_-H2 J9,5AKL( .)*(* *(=l/6%.7
;I0A4i)1 ()*(* *(=l/ "D("D :* z%m,"U/;I0A4i 6%7)2 (

 @( )=I 39!"# "g' 5*.

4-2-684LM2J"4NO! P#3!=K =J4C> (*IKSOM

Y:"' *(=l/J9,5AKL( 5* %7SOM0( "9-HD M/("4 3D =,%D
Rsd *(=l/"g' 5* ",A]/ ;<:"Q 6%7*AI 39!"# .%4(

Y:".' *(=l/ B,(t!( %D6(".D $0{ p%m.@%k4 Y(t.H4 %.7
;4 B,(t!( 3emI x0A4i;9|".@ %.D ;.,("KW7 : =.D%,

 ..!"# =..7(AQ p5A..F VH,%..2)Zurada, 1992 .(5*
J9,5A..KL( Y:"..' *(=..l/ (=..9D( "..X%G B7:}..2SOM

)15×15 (Z.[9C4 ",*%.U4 1~.@ : =I 39!"# "g' 5*
3.Umn 6(".D Y:"' *(=l/D=.,*"# ;D%.,05( ",A]./ 6=._ .

Y%W7J9,5AKL( 8,%9' >=I "d� 3d 5An3IAQ 6%76=._D
3.IAQ 3HL:( ",*%U4 3D=.'5(* ;,{%.D  H@%N.G %.7 .5*

o,".@ ;.,("KW7 : p%m.@%k4 B7%d 6("D "X%G 3L%U4
J9,5AKL(SOMJ9,5AKL( 0(PCA",*%.U4 VH.Hl/ 6(".D

Y0: 5(*"D 3HL:( @( )=I )*%?9@( %7 .
( 6("DE,=m/ R%@("D (=9D( 5Ag_4 V,PCA=.'%D :*

j%.C9'( t,A.' V,"9Wd : p%|sn( V,"9-HD 6:%G ;[F(
EN.eH2 o.,0A/ MNG"D 1~@ : =I5* 6",A]./ 6%.7
)*(* ML%y 5A�G 3_4(* >%�! V,(=,*"# VHHl/ %7 .

3emI V9!"# "g' 5* %D3._4(* 5* c%U' 0( Jg_4 6%7
E,=m/ $%&'( : MC9_4PCA*".D >RAel43.HL:( Y0: 5(
Y:"..' 0( a.., "..7Y%40%..@*AQ 3em..I 6%..7VH..Hl/ )*

;4*AI .E,=.m/ 5*  .@( ".d� 3D $0{PCA>RA.el4
6%7='%D ",%@ 5(=U4PCA39!"# "g' 5* "?F td("4 V,(

;4*AI.
j%N9'( 0( 12>3emI Y0: 6%75(*"D 3D 3HL:( ",*%U4

",A]./ 0( ;-.CD p%|sn( R%@("D Yi x0A4i 3D $(=b(
;4#**" .6%._m4"D  7%m.I 5%.Hl4 0( 5A.g_4 V,( 6("D

6%.7"94(5%2 0( ;.?[9C4 ",*%.U4 : ;@=H[b( 3[F%! :
;K,%NW7 �%lIh3.'A# 3.D > @( )=I )*%?9@(3.d 6(

6%.7"94(5%2 6(".D �5t.D z%9mN.' ",*%.U4 5%H9Q( 0( 12
B7%.d >5("e/ *(=l/ %D M@%_94 Yi ",*%U4 >5AdP4)*(*

 @( )=I .B7%.d Y:=.D o,".@ ;,("KW7 >x:5 V,( %D
J9,5AKL( ;,(5%dSOM;4 6:5=7*)Kohonen et al., 

2000.(
J9,5A.KL( 5* )*".4 Y:"' Ee-4 B7%d 6("DSOM

5* )=I ;!"l4 x:5 0(Menhaj) 2002 ()=.I )*%?9@(
 @( .Y:".' ".7 Y=I )='"D p%l!* *(=l/ >x:5 V,( 5*

4 �C-4 5("e/ "7 5*;*AI .Y:".' MH/"/ V,( 3D6%.7
"7 5* �!A4%'%.D ".D("D Yi Y0: 5(*".D : �C-.4 5("e/

Y:"..' Y0: 5(*"..D VHK'%..H4;7*5(=..U4 3,%N..W7 6%..7
;..4*A..I .Ee..I5J9,5A..KL( 6%..fQ 5(*A..W'SOM(5

;.4 Y%-.' 5("e/ *(=l/ 3D  mN'=.7* .Y%.W73.d 5A.n
;4 )=7%-4J9,5AKL( *AISOM5(".e/ *(=l/ 0( "9Wd %D

2000 @( )=I ("KW7.

4-3-QRS=K("!TU684L#&P#3!=KM2J"4NO!MLP

J9,5AKL( `%W|( 0( 12SOM3.IAQ 6*(=l/ 3D ",A]/
Y:"' *(=l/ %D "D("D3emI 6%7SOM;.4 a.He?/*A.I .
3Umn J9,5AKL(p5%g' 6=_D)=-'SOM5*%.b ;,%^_/ 3D

3Umn 3DMNO"D : 6=_D3.D ;,%.^' 3.&H9' 65(P.#5A.n
 NH' �Hb* .J9,5A.KL( 0( )*%?9.@( %.D >�=.7 V,( 6("D

MLP)*(* :3-..U' 0( E..F%G ;..I0A4i 6%..7>;-..IA2
 @( )=I �C-4 Y:"' "7 MNO"D.

5%9Q%@MLP;.G("n 3.,{ 3.@ �=.7 V.,( 6("D
=,*"# .6*:5:MLPY0: 5(*".D 6:%G 3d  @( 65(*"D
Y:"..'3em..I 6%..7SOMx0A..4iY:"..' :  ..@( )=..,*

(=l/ 3D ;<:"QRsd *6(".D ;.<:"Q 5(=.U4 6(5(* %7
)*(* 0( EN.eH2 "..7 Rs.d MN..O"D Y*(* Y%-.'6%..7

 @( ;I0A4i .J9,5A.KL( M.@%_4 : o,"@ x0A4i 6("D
MLP`:( 6%.75("e/ 6(".D x0A4i �"' �5tD ",*%U4 0(
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EeI5 .J9,5AKL( 6%fQ 5(*AW'SOMY%W7 >Z[9C4 5("e/ *(=l/ 5*4 )=7%-4 3d 5An;*AI
J9,5AKL(SOM3D5("e/ *(=l/ 0( "9Wd %D )=I 39!"# 5%d2000 @( )=I ("KW7.

EeI6 .6%fQ 5(*AW'MLPZ[9C4 6%75("e/ 5*

 !"-.H2 %.D 3em.I 6"H#*%., `s.Q 5* : =I )*%?9@(
5(=U4 6"H#*%, =_,i"! 5(=.U4 %/  Q(A_e, p5AF 3D

003/0 !%, B7%d .3em.I ;,%'(A/ "D 3d 6"K,* E4%|
;4 "HST/3.[G"4 Z.bA/ Y%.40 %., : 5(".e/ *(=l/ >*5(P#

 @( x0A4i .
3emI x0A4i >"X%G B7:}2 5*MLPZ.bA94 ;'%.40

;4"D("D %fQ 5(=U4 3d *AI003/05("e/ *(=l/ %,450
=..I%D .Ee..I66%..fQ 5(*A..W'MLP6%..75("e/ 5* (5

;4 Y%-' Z[9C4*=7 .;.4 )=7%-4*A.I3.dJ9,5A.KL(

MLP5(".e/ *(=l/ : ;'%H4 3,{ 5* Y:"' )*t'%2 *(=l/ %D
0( "9Wd400 @( )=I ("KW7 .

4-4-VJ#2B :K#J9"! ' 6RJ#D5
`:=<33.Umn 6%.fQ 1,"/%4x:5 0( E.F%G 6=._D

SOM-MLP;.4 Y%-'  @=_L ",A]/ 6("D (5=.7* .5*
( E.F%G �&H9' J^' Rsd >`:=< V,(EN.eH2 0;,%.7
='5(=' �[l/ ;@sd �H7 3D 3d  @( .`:=< V,( �D%f4

Rsd "9-HD3Umn {%D ;9b* %D %7)=.I 6=._D=.'( .%.^_/
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`:=<3 .3Umn 6%fQ 1,"/%4=HLA/  b* >6=_D6%2%d "94(5%2 : ;[d  b* >"D5%d  b* >)=__d
J9,5AKL( 0( EF%GSOM-MLP @=_L ",A]/ 6("D

  target 

 Ind_class 1 2 3 4 5 6 7 8 9 
Prod. 
Acc. 

User 
Acc. 

1 96 0 0 0 0 0 0 0 0 96.0 100 

2 0 76 0 1 0 11 5 0 0 76.0 81.7 

3 0 0 90 1 0 0 0 20 0 90.0 81.1 

4 0 1 1 86 0 14 0 1 0 86.0 83.5 

5 0 0 0 0 100 0 0 0 0 100 100 

6 0 11 0 11 0 73 0 0 0 73.0 76.8 

7 0 7 0 1 0 0 92 0 0 92.0 92.0 

8 0 0 9 0 0 0 0 79 0 79.0 89.8 

ou
tp

ut
 

9 4 5 0 0 0 2 3 0 0   

Overall accuracy  : 86.5 

kappa coefficient : 0.85 

`:=<4 .",A]/ 6("D %fQ 1,"/%4IKONOS)*(* 6(0( 3D;I0A4i 6%7)1 (`:=< 5*2
Prod. Acc.User Acc.)"Hyv%Q)%H# Q5*Y%D%HQ6"^I 3Uf_4

88.2099.40010001796"^I 3Uf_4
85.1098.2020001661Y%D%HQ
91.8096.7010417810 Q5*
93.8092.70001651300)%H#
91.0091.50016100015v%Q
98.1072.201561573287)"Hy

000001�C-4%'
91.00Overall accuracy  :
89.25kappa coefficient :

`:=<5 .",A]/ 6("D %fQ 1,"/%4IKONOS)*(* 6(0( 3D;I0A4i 6%7)2 (`:=< 5*2
Prod. Acc.User Acc.)"Hyv%Q)%H# Q5*Y%D%HQ6"^I 3Uf_4

61.10100.00000001246"^I 3Uf_4
79.0098.2020001541Y%D%HQ
95.4096.70101518510 Q5*
86.9092.7000153500)%H#
90/4091.50016000010v%Q
98.1072.201561784116)"Hy

00002962�C-4%'
84.40Overall accuracy  :
81.63kappa coefficient :
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J-I Rsd) Q5* . \s/%D (3D%-./ *A.<: E.HL* 3.D
$:* Rsd %D {%D ;?Hn)EK_<r[9.C4 Jd("/"2 6%7 (:

$5%^O Rsd)E.K_<;.n:"C4 )A.H4 Jd("./"2 6%.7 (
VH,%2  b* 6(5(* @( 6"/ .t.H' E.F%G 6%.2%d M,"X

85/0(3.Umn =._,("! 6(".D 3d  @ .b* 6(5(* 6=._D
 @( ;m@%_4 .`:=<4`:=< :56%.fQ 1,"/%4 tH'

3Umnx:5 0( EF%G 6=_DSOM-MLP",A]./ 6("D (5
)*(* Z[9C4 p{%G 6(0( 3D RA'Ae,(5* ;.I0A4i 6%.7

`:=<2;4 Y%-'=7*.
>8,%9' V,( �D%f4M@%_4 6*%^_-H2 J9,5AKL(6(".D

3Umn",A]./ 6=._D%.D ",A]./ : r.@A94 V.IAL:05 %.D
)*(* 6("..D :  ..@{%D V..IAL:05v=..'( ;..I0A4i 6%..7

 @( M@%_4 .)*(* > L%G :* "7 5*6(".D ;.I0A4i 6%7
"K,=.e, 3D a,*t' z%m,"U/ : {%D  b* %D RA'Ae,( ",A]/

3D @( )=4i  @*.
*(=l/ 6*%^_-H2 J9,5AKL( 65(=,%2 ;@5"D 5Ag_4 3D

)*(*0( 3d ;I0A4i 6%7J9,5A.KL( 6("D ",A]/SOM5*
;4 39!"# "g'Y:".' Z[9C4 *(=l/ >*AIJ9,5A.KL( 6%.7

SOMY:"' Z[9C4 *(=l/ :J9,5A.KL( ;'%.H4 3,{ 5* %7
MLPM.H/"/ 3.D Yi 8,%9' 3d > !"# 5("b ;@5"D *5A4

B..CD 5*6%..74-4-1>4-4-2:4-4-3)=..I 3..�(5(
 @(.

>6*%^_-.H2 J9,5A.KL( ;D%.,05( 6(".D VH_wW7".7
J9,5AKL( %D J9,5AKL( 0(  WNb: =I V,tK,%< "K,* 6%7

3D 8,%9'3N.,%U4 6*%^_-.H2 J9,5A.KL( %.D )=.4i  .@*
=,*"# .3D (=9D( 5*J9,5AKL( 6%<SOMJ9,5AKL( 0(6%.7
p5%..g')=-..'K-Means:FCM3..D :J9,5A..KL( 6%..<

MLPY:"' MNO"D VHHl/ 6("DJ9,5AKL( 6%7SOM0(
J9,5A....KL(KNN(=....,*"# )*%?9....@ .0( VH...._wW7
J9,5A..KL(> 7%m..I V,"9-..HD 6%..7: 3[..F%! V,"..9Wd

12 J9,5AKL(3.Umn 6(".D tH' %fQ 5%-9'(",A]./ 6=._D
J9,5A.KL( V,( 8,%9' : =I )*%?9@(J9,5A.KL( %.D t.H' %.7

=,*"# 3N,%U4 6*%^_-H2 .6:5 ".D %^_/ BCD V,( 8,%9'
=I ;@5"D  @=_L ",A]/ ..H/"/ 3.D E.F%G 8,%9'5* M

BCD6%74-4-4:4-4-5 @( )=I 3�(5(.

4-4-1-0)!) @'#W125 =J)#D5") :W8945X (#W&
NO!4M2J"SOM

)*(* *(=.l/ "HST./ ;.@5"D 5Ag_4 3D".D ;.I0A4i 6%.7
)*(* 0( ;?[9C4 *(=l/ >6*%^_-H2 J9,5AKL( *"e[W|6%7

E4%...I ;...I0A4i3>5>10>15>20:25=...F5*
ENeH23D %73Umn 5Ag_4_D",A]./ 6=IKONOS*5A.4

 !"# 5("b )*%?9@( .3emI 0( 5Ag_4 V,( 6("DSOM%.D
2253emI : Y:"'MLP%.D15;'%.H4 3.,{ 5* Y:".'

 @( )=I )*%?9@( .EeI7(5 %.2%d M,".X : ;[d  b*
)*(* p:%?94 ",*%U4 6(0( 3D;4 Y%-' ;I0A4i 6%7=7* .

EeI R%@("D70( )*%?9@( >20EN.eH2 =.F5*%.7
D3)*(* Y(A_|;4  ,%?d ;I0A4i 6%7=_d .

4-4-2-M2J"4NO! ")  '=B YZ2[5 )!*\>SOM

Y:"..' *(=..l/ VH..Hl/ 5*J9,5A..KL( 5* %..7SOM)=..|%b
*5(=' *A<: ;F%Q>Y:".' *(=.l/ %4(0( "9-.HD =.,%D %.7

Rsd *(=l/*AI 39!"# "g' 5* %7 .>".X%G B7:}.2 5*
Y:"' *(=l/ 6("D ;/:%?94 ",*%U4* %.7J9,5A.KL( 5SOM

=I 39!"# "g' 5* .EeI8M,".X : ;.[d  .b* 8,%9'
Z..[9C4 ",*%..U4 0( )*%?9..@( ;..@5"D 0( E..F%G 6%..2%d

Y:"'J9,5AKL( 5* (5 %7SOM;4 Y%-'=7* .
EeI8Y:"' Jd *(=l/ 3d  @( M[f4 V,( =,�4%7
3Umn  b*;.4 5("b "HST/  k/ (5 6=_D=.7* .;.!"n 0(

:"' *(=l/ 0( )*%?9@(*%,0 ;[HQ Y>p%m.@%k4 Y%40 %^_/
;4 {%D (5;W' *Am^D Y(=_O (5 8,%9' : *"D=-CD .�D%f4

VHD%4 Y:"' *(=l/ >5(*AW' V,(10×10%./15×156(".D
3D 3_H^D 6*%^_-H2 J9,5AKL(;4 "g'=@5 .

4-4-3-M2J"4NO! ")  '=B YZ2[5 )!*\>MLP

Y:"' *(=l/ "HST/ ;@5"D 5Ag_4 3D3em.I 6%7MLP".D
Y:".' 0( ;?[9C4 *(=l/ >6*%^_-H2 J9,5AKL( *"e[W|%.7

 .!"# 5("b ;@5"D *5A4 .Ee.I9: ;.[d  .b* 8,%.9'
",*%..U4 0( )*%?9..@( ;..@5"D 0( E..F%G 6%..2%d M,"..X

Y:"' Z[9C4J9,5AKL( 5* (5 %7MLP;4 Y%-'=7*.
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EeI7 .)*(* =F5* 0( )*%?9@(  L%G 5* %2%d M,"X : ;[d  b*;I0A4i 6%7
J9,5AKL( x0A4i 6("D 3dSOMD3;4 )*"D 5%d*AI.

EeI8 .3Umn 8,%9'Y:"' *(=l/ 6(0( 3D 6=_D6�ALA2A/ 5* Z[9C4 6%7SOMJ9,5AKL( 5*SOM-MLP

EeI9 .3Umn 8,%9'Y:"' *(=l/ 6(0( 3D 6=_D6%7J9,5AKL( ;'%H4 3,{ 5* Z[9C4MLP
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4-4-4-]'" :>#7W3#^5 (!_W`! =;ab> :3"=K
()#cIF;d

3Dx:5 "HST/ ;@5"D 5Ag_4SOMJ9,5A.KL( *"e[W| "D
x:5 >6*%^_-H23Umn 6%7p5%g' 6=_D)=-.'FCM:

K-meansV,tK,%<SOM3.D : =,*"#;.@5"D 5A.g_4
x:5 "HST/MLPx:5 >6*%^_-H2 J9,5AKL( *"e[W| "D

3Umnp5%g' 6=_D)=IKNNV,tK,%.<MLP=.,*"# .
=.I YA.40i  @=_L ",A]/ 6:5 "D BCD V,( 8,%9' .5*

J9,5AKL(6%7FCM:K-Means) Nascimento et al., 

2000 (*(=l/50o.,0A/ 0( : =.I 3.9!"# "g' 5* 3IAQ
3IAQ VHHl/ 6("D  Q(A_e,x:5 :* V.,( 5* 3HL:( 6%7

=,*"# )*%?9@( .c".I : ;.@=H[b( 3[F%!  7%mI 5%Hl4
tH' ZbA/5("e/ *(=l/15005* J9,5A.KL( :* ".7 6(".D

=I 39!"# "g' .`:=.< 5* E.F%G 8,%.9'6)*(* Y%-.'
 @( )=I.
Y%W7;4 )=7%-4 3d 5AnJ9,5A.KL( 5* *AISOM-

MLP:SOM-KNN0( %2%d 5(=U4763.D =F5*5/86
0( ;[d  b* 5(=U4 : =F5*793.D =F5*5/86=.F5*

 @( 39!%, B,(t!(.8,%.9' VH_wW7SOM-KNN:* 0(
J9,5AKL(FCM-MLP:K-Means-MLP:  @( "9-HD

J9,5AKL( 6("D �s9Q( V,(SOM-MLP @( "9-HD.

4-4-5-]'" :Z< eJ_NJ#`SOM-MLP6W3 #K
eJ=W2%< M2J"4WNO! fg&#7W8 eJ=2F;K M2J"4NO!

M2J"4NO! ' 6Zh#iMLP

J9,5A.KL( ".K,* %.D 6*%^_-.H2 J9,5AKL( VH_wW76%.7

3..Umn6=.._Dp5%..g'V,"9-..HD J9,5A..KL( E4%..I )=..I
 7%mI1) MLC(3[.F%! V,".9Wd J9,5A.KL( >2) MD (:
J9,5AKL(MLP=I 3N,%U4 ;mHd"/"Hy .J9,5A.KL( 6(".D

MLP3@ 65%9Q%@ tH' ;mHd"/"Hy3d >=I ;G("n 3,{
%..fQ : ;l..@ p5A..F 3..D (5 ;'%..H4 3..,{ Y:"..' *(=..l/

 Q%..@ �C-..4 .3..&H9' V,"..9^D  ..L%G V..,( 5*
3UmnD;'%.H4 3.,{ 5* Y:".' 8_.2 0( )*%?9.@( %.D 6=._
3D=4i  @* .J9,5AKL( 6%7"94(5%2 "K,*MLP%.D �D%f4

BCD 5* 3d 3w'i4-3: =.I 3.9!"# ".g' 5* =I Y%HD
3Umn EW| !"# $%&'( 6=_D .`:=< 5* EF%G 8,%9'6

 @( )=I 3�(5(.
8,%9'SOM-MLPJ9,5AKL( %D 3N,%U4 5*MD"9^D
D("D z%m,"U/ :%D "MLC @( .J9,5AKL(  b* Y%H4 V,( 5*

MLP3Umn  b* V,"9WdYi  [| 3d > @(5(* (5 6=_D
EN.eH2 Jd *(=l/ 0( )*%?9@( tH' .@( ;.I0A4i 6%.7 .

3.d  .@( ;,{%D  b* 6(5(*  7%mI V,"9-HD J9,5AKL(
EHL*i)*(* 65%#0%@ >Y .@( `%.4"' o.,0A/ oD%./ %D %7 .

2 J9,5A.KL( "9^D ;D%,05( 6("D6"./"D 3.�(5( : 6*%^_-.H
5* 3.d ;.I0A4i )*(* 3.|AW&4 :* 0( >6*%^_-H2 x:5

`:=<23.Umn 6(".D  .@( )=.I 3.�(5(",A]./ 6=._D
*"# )*%?9@(  7%mI V,"9-HD J9,5AKL( %D RA'Ae,(,: =

J9,5AKL( %D 8,%9'=.I 3N.,%U4 6*%^_-.H2 .V.,( 8,%.9'
`:=..< 5* 3N..,%U47: 6*%^_-..H2 J9,5A..KL( 6("..D

9,5AKL( @( )=I )*(* Y%-'  7%mI V,"9-HD J.
12

`:=<6 .J9,5AKL( : 6*%^_-H2 J9,5AKL( 6("D %2%d M,"X : ;[d  b* @=_L ",A]/ 6("D "K,* 6%7

J9,5AKL( J9
,5A
KL(

SO
M

- M
LP J9
,5A
KL(

SO
M

- K
N

N

J9
,5A
KL(

K
-m

ea
ns

-
M

LP J9
,5A
KL(

FC
M

 -M
LP J9
,5A
KL(

M
LP

V,
"9-
HDJ
9,5
AK
L(

 7
%mI

J9
,5A
KL(
Wd

3[F
%!V
,"9

%2%d M,"X(%) 6/84 0/76 0/69 8/71 9/68 0/85 1/81
 !" #$%(%) 5/86 0/79 9/72 4/75 6/72 1/87 5/83

1. Maximum Likelihood Classifier
2. Minimum Distance
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&'()7 .#*+,- ./01234 51/6789: ' ;%+<=23> 51/6789: ;:04 +>+" ?/0@ '  !" #$%
 -A7BC D%:% EF7GHB '% ;:A: E4 I7J7K/: 0/7LM ;:04

D%:%BC ;+* -A7)2( D%:% -A7BC ;+*)1(51/6789:
+>+" ?/0@(%)  !" #$%(%) +>+" ?/0@(%)  !" #$%(%)

51/6789:SOM-MLP 63/81 40/84 25/89 00/91
#*+,- ./01234 51/6789: 31/71 30/76 27/88 20/90

N#9+O '% 0* 6% P/+1J ./: Q4+RBD%:%5S"  -A7BC ;+*
D%:% '%+S/A  S-A7BC ;+*T/67S89:;:6:% ;%+<=2S3> 51

./012SS34 51/67SS89: +SSB: T#SSU: V+WSSG* X+SS,/0YM  SS1$%
D%:% A: D%+Z1U: #9+O 6% +<=M #*+,-%+/A  -A7BC ;+*

#U[+4  1$% ;:6:% .\]^0S4 ;%+<=2S3> 51/67S89: :_9
ES" ;0/'+LSM ;:0S4 ?U+=B #*+,- ./01234 51/6789:

D%:% ;:6:%?SSU+=B (=1WSS3J ;%+SS/A  SS-A7BC ;+SS*
 B(/+GJ .+S4 EW/+YB 6% ;%+<=23> 51/6789: `K2B +<=M

#U[+4 a+,U+bB V+BA T#*+,- ./01234 51/6789:.

5-01234#&)#56728 ' (92:
51/6789: A:  ,3"0M 0@+O E9+YB 6%SOM'MLP;:04

EY,c(S- %+<=2S3> 6'% A: dH=SU 0/'+LSM ;(S=4 .6%
51/67S89: A: D%+Z1SU: +4 :(14: ;%+<=23> 51/6789:SOM

ESS-7^ 0/7LSSMA: D%+Z1SSU: +SS4 efSSU ' (SS/%0g ;(SS=4
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