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*$ +,-./0122$ 34250$ +24,64272++85$ /-.,9-0$ 3/:4/- /$ ;26/7<;/=+/>$

<?2+.<@<A,B<<$ 3212-.3$ :/$ -:2A.4,5C DE12-.3E2.$ 5+/F2-.3/$ 4,69<=+8G$ 52./?<AH$

A/./482$ -4,3+<3,I.$ ?3,$ -:2A.4,$ <$ +,$ 38G/?2$ :/9E=,I.$ =<-92++/2$ 6+,=2+<2H$

/:42?290I122$ -.2:2+J$ -G/F2-.<$ ?3EG$ @E+AB<>C$ '4/;925,$ 6,A9I=,2.-0$ 3$ ./5H$ =./$ :4<$

+2A/./48G$ /;-./0.29J-.3,G$ ,9K/4<.58$ <?2+.<@<A,B<<$ 38?,I.$ /7<;/=+82$ 6+,=2+<0C$

L,A<5$/;4,6/5H$+2$?,3,0$./=+/$/:42?29<.J, -$A,A<5$3212-.3/5$58$<5225$?29/C$M$.,A<5$

/;-./0.29J-.3,5$ /.+/-0.-0$ 4,69<=+82$ -:2A.48$ /?<+,A/38G$ 3212-.3H$ +/$ 4,6+/>$

A/+B2+.4,B<<$ <9<$ -<9J+/$ 6,7E592++82 -:2A.48H$ ,$ .,A$F2$ -:2A.48$ 4,69<=+8G$ 3212-.3H$

A/./482$ /;9,?,I.$ -G/F<5<$ -:2A.4,9J+85<$ @/45,5<C$ *$ ?,++/>$ 4,;/.2$ 4,--5/.42+,$

N@@2A.<3+/-.J$ $4,69<=+8G$52./?<A$+,$-<9J+/$6,7E592++8G$-:2A.4,G 9I5<+2-B2+B<<$<$

:42?-.,392+/$ ?2>-.3<2$ N.<G$ ,9K/4<.5/3$ +,$ E9J.4,@</92./38G$ -:2A.4,G$ ;26$ 7E5/3C$

'/A,6,+,$ 4,6+/-.J$52F?E$ N@@2A.<3+/-.05<$/?+<G$<$ .2G$F2$52./?<A$+,$ -:2A.48$4,6+8G$

?<,:,6/+/3$<$7E5/3C

>'-&'.+?'9503,?09.1

&29JI$ ?,++/>$ 4,;/.8$ 03902.-0$ ,+,9<6$ N@@2A.<3+/-.<$ -E12-.3EI1<G$ 52./?<A$

<?2+.<@<A,B<<$3212-.3$:/$?3E5$-:2A.4,5C O52I.-0$?3,$-:2A.4,$/?+/K/$3212-.3,H$/?<+$

<6$+<G$N.,9/++8>H$360.$<6$;,68$?,++8GH$,$?4EK/>$ $- 6,7E592++8>C$P2/;G/?<5/$E6+,.J$A$
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A,A/5E$3212-.3E$:4<+,?92F,.$N.<$-:2A.48C$S90$N./K/$-E12-.3EI.$-:2B<,9J+82$@E+AB<<$

-4,3+2+<0H$A/./482$-/:/-.,390I.$?3,$-:2A.4,$<$/:42?290I.$<G$-.2:2+J$-G/F2-.<C P<F2

<69/F2+8$ ,9K/4<.58$ ?90$ <?2+.<@<A,B<<$ 3212-.3$ :/$ ?3E5$ -:2A.4,5H$ +,$ A/./48G$ ;E?2.$

:4/3/?<.J-0$,+,9<6$<G$N@@2A.<3+/-.<C

S90$ ,+,9<6,$ N@@2A.<3+/-.<$ 52./?<A$ <5225$ T$ +,;/4,$ -:2A.4/3$ /?<+,A/38G$

3212-.3C$ '2438>$ +,;/4$ -:2A.4/3$ :42?-.,3902.$ -/;/>$ =<-.82$ 3212-.3,H$ 3./4/>$ —

<-AE--.32++/$6,7E592++82H$ ./$2-.J$/.+/72+<2$-<K+,9U7E5$GEF2H$ =25$E$:243/K/$+,;/4,C$

!,.25$ :4<52+025$ @E+AB<<$ <?2+.<@<A,B<<$ A$ 6,?,++85$ +,;/4,5$ -:2A.4/3H$ +,G/?<5$

=<-92++82$6+,=2+<0$<$6,+/-<5$<G$3$5,.4<BEC$'/$-./9;B,5 ?,++/>$5,.4<B8$4,-:/9,K,I.-0$

=<-.82$ -:2A.48H$ ,$ :/$ -.4/A,5$ 6,7E592++82C$ *$ N./>$ 5,.4<B2$ +,G/?0.-0$ 3-2$ 3/65/F+82$

A/N@@<B<2+.8$ -G/F2-.<$ -:2A.4/3$ ?4EK$ -$ ?4EK/5C$ P,$ K9,3+EI$ ?<,K/+,9J$ 5,.4<B8$

:/:,?,I.$ ?3,$ -:2A.4,$ /?+/K/$ <$ ./K/$ F2$ 3212-.3,H$ +/$ /?<+$ <6$ +<G$ 6,7E592+C$ L,A<5$

/;4,6/5H$=25$;9<F2$N9252+.8$K9,3+/>$?<,K/+,9<$5,.4<B8$A$+E9IH$,$/-.,9J+82$N9252+.8$

/.9<=+8$/. +E90H$.25$9E=72$4,;/.,2.$@E+AB<0C$S,9J72$-.4/<.-0$ROC-A4<3,0H$A/./4,0$<$

03902.-0$/-+/3+85$:/A,6,.2925$N@@2A.<3+/-.<$52./?<AC

ROC-A4<3,0$– N./$@E+AB<0H A/./4,0$:/A,683,2.$/.+/72+<2$324+8G$-4,;,.83,+<>$A$

9/F+85 [1]C$ '/$ /-<$ /4?<+,.$ /.A9,?83,I.-0$ 324+82$ -4,;,.83,+<0H$ ,$ :/$ /-<$ ,;-B<--$ –

9/F+82$ -4,;,.83,+<0$ 3$ :4/B2+./5$ -//.+/72+<<$ /.$ +E90$ ?/$ VWW$XC$ Y9,3+,0$ ?<,K/+,9JH$

A/./4,0$4,6;<3,2.$3-2$:4/-.4,+-.3/$ROC-A4<3/>$+,$?3,$.42EK/9J+<A,$Z,+,9/K$@E+AB<<$y =

x[$-//.32.-.3E2.$-9E=,>+/5E$EK,?83,+<I$3212-.3,C$L/$2-.J, A,A$;E?./$58$+2$-4,3+<3,25$

?3,$-:2A.4,$-$:/5/1JI$A,A/K/-9<;/$,9K/4<.5,H$,$:/?;4,-83,25$5/+2.E$<$/:42?29025$:/$

«/49E)$<$%427A2)$-/3:,?2+<2$<$+2-/3:,?2+<2$3212-.3C O52I.$52-.,$./9JA/$.2$@E+AB<<H$

A/./482$ 4,-:/9/F2+8$ 3$ 324G+25$ .42EK/9J+<A2H$ =./;8$ :4236/>.<$ -9E=,>+/2$ EK,?83,+<2

[2]C$\-9< @E+AB<0$/A,6,9,-J$3$+<F+25$.42EK/9J+<A2H$=./$-//.32.-.3E2.$426E9J.,.E$GEF2H$

=25$ -9E=,>+/5EH$ ./$ 9<;/$ N.,$ 52./?<A,$ +2$ <522.$ -58-9,$ 9<;/$ /7<;A,$ 3 ,9K/4<.52$

:/-.4/2+<0$ A4<3/>H$ <$ -92?E2.$ -<552.4<=+/$ /./;4,6<.J$ 22$ /.+/-<.29J+/$ K9,3+/>$

?<,K/+,9<C Y9,3+85$ :/A,6,.2925$ N@@2A.<3+/-.<$ 52./?<A$ /;+,4EF2+<0$ 3212-.3$ :/$

-:2A.4,5$ 03902.-0$ :9/1,?J$ :/?$ A4<3/>$ Z:/?$ROC-A4<3/>[C$ ]25$ /+,$ ;/9J72H$ .25$ 9E=72$

,9K/4<.5C

#&0.5+@,-AB-&,+9%-)1B<'/CD,0)2-&+./-7

'42?-.,392+8$ @E+AB<<$ -4,3+2+<0H$ A/./482$ ;89<$ <--92?/3,+8$ ?90$ 380392+<0$

+,<;/922$ N@@2A.<3+/K/$ 52./?,$ /;+,4EF2+<0$ 3212-.3C$ M,F?8>$ <6$ :4<32?2++8G$

,9K/4<.5/3$ 6,3<-<.$ /.$ ?3EG$ :24252++8G$ s <$ tC$ #+<$ :42?-.,390I.$ -/;/>$ 6+,=2+<0$

<+.2+-<3+/-.<$ ?3EG$ -:2A.4/3H$ :42?-.,392++8G$ A,A$ +,;/4$ =<-29$ ! = (!", … , !#) <$ $ =
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($", … , $#) /?<+,A/3/>$ ?9<++8C L – A/9<=2-.3/$ A/5:/+2+./3$ A,F?/K/$ <6$ -:2A.4/3C$

'/?4/;+/2$/:<-,+<2$A,F?/>$<6 @E+AB<<$5/F+/$+,>.<$3$4,;/.2$^_].

1. !"#$%&'()*+#,-.(+/+#,+%$(+*#*0#,- Spectral Angle Mapper (SAM)

%&'(!, $) = 1 (  ) * !#$#+#,"-* !#. * $#.+#,"+#," + 1/ /2

2. !"#$%&'()*+#,$+&&#(120+**+#,034#&#*0#,- Spectral Correlation Measure (SCM)

%0' = 1 ( ) 1* !#$#+#," ( * !#+#," * $#+#,"-[1* !#.+#," ( (* !#+#," ).][1* $#.+#," ( (* $#+#," ).]
+ 1/ /2

3. !"#$%&'()*'1, 0*5+&4'20+**'1, 60/#&.#*201, - Spectral Information Divergence 

(SID)

%23(!, $) =  45#678 5#9#
+
#," +49#678 9#5#

+
#,"

Y?2 5: = !:/* !#+#," <$$9: = $:/* $#+#," .

4. !"#$%&'()*'1,78+9#7%),"&+7%&'*7%/',- Spectral Similarity Scale (SSS)

%%%(!, $) = ; 11 * (!# ( $#).+#," + (1( <).

Y?2

< =
* (!# ( 1 1* !#+#,"= ) > ($# ( 1 1* $#+#,"= )+#,"-* (!# ( 1 1* !#+#,"= ). > * ($# ( 1 1* $#+#,"= ).+#,"+#,"

5. :+&4'(03+/'**+#,#/$(06+/+,"&+7%&'*7%/+,- Normalized Euclidean Distance (NED)



Q/9/?2F+8>$+,E=+/-.2G+<=2-A<>$32-.+<A$(DRR-51038

?@3(!, $) = A4) !#
1 1* !#+#,"= ( $#

1 1* $#+#,"= /.+
#,"

6. ;&+03/+6*<#,&'3(0=*<8,3*'$+/,- Derivatives Sign Differences (DSD)

"9K/4<.5`

1) *8=<-9025$<$-K9,F<3,25$:24382$:4/<63/?+82$?3EG$-:2A.4/3

2) *8=<-9025$<$-K9,F<3,25$3./482$:4/<63/?+82$/.$-:2A.4/3

3) '4<-3,<3,25$B7CD$ = 0

4) S90$A,F?/K/$6 = 1, … , 1
- \-9<$E!F8D(!#G) H !F8D($#G) I !F8D(!#») H !F8D($#»)J, KL B7CD$ = B7CD$ + 1

5) */634,1,25$B7CD$ 1=
E'B<)1.0.C

*$ 4,;/.2$ [3] A4/52$ /:<-,+<0$ @E+AB<>$ .,A$ F2$ :4/3/?<.-0$ ,+,9<6$ N@@2A.<3+/-.<$

52./?<AC$#+<$<-:/9J6/3,9<$=<-.82$E9J.4,@</92./382$-:2A.48$:/K9/12+<0 ;26$7E5/3.

a<-C 1. ROC-A4<382$<6$4,;/.8 [3]

P,$4<-C$V$$:/A,6,+,$N@@2A.<3+/-.J$52./?<A$+,$E9J.4,@</92./38G$-:2A.4,GC$P,$+25$

3<?+/H =./$@E+AB<0$DSD 03902.-0$/?+<5$<6$+,<;/922$N@@2A.<3+8G$,9K/4<.5/3$-4,3+2+<0H$

.,A$A,A$4,-:/9,K,2.-0$3872$?4EK<G$@E+AB<>$Z<522.$;/9J7EI$:9/1,?J[C$O52++/$+,$N./5$

52./?2$ ,AB2+.<4E2.-0$ 3+<5,+<2$ 3$ ./>$ 4,;/.2H$ A,A$ +,$ +,<9E=725$ 52./?2$ ?90$ -4,3+2+<0$

E9J.4,@</92./38G$-:2A.4/3C L,A$F2$G/4/722$/.+/72+<2$324+8G$-4,;,.83,+<>$A$9/F+85$
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<52I.$,9K/4<.58$SCM <$SAM. bEF2$3-2K/$:/A,6,9<$-2;0$.,A<2$@E+AB<<$A,A$SID < NED,

.,A$A,A$<G$A4<382$4,-:/9/F2+8$+<F2$?4EK<G$<$-//.32.-.32++/$<52I.$52+J7EI$:9/1,?JC$

a<-C$T. ROC – A4<382 ?90$,9K/4<.5/3H$<-:/9J6EI1<G$4,69<=+82$5248$

+2-//.32.-.3<0

P,$ 4<-C$ T$ :/A,6,+,$ N@@2A.<3+/-.J$ 4,--5/.42++8G$ ,9K/4<.5/3$ +,$ -<9J+/$

6,7E592++8G$ -:2A.4,G$ 9I5<+2-B2+B<<C$D:4,3,$ 3$ +<F+25$ EK9E$:42?-.,392+/$ =<-92++/2$

6+,=2+<2$ :9/1,?<$ :/?$ A,F?/>$ <6$ A4<3/>C *<?+/H$ =./$ @E+AB<<$ SAM <$ SCM <52I.$

;/9J7EI$ :9/1,?JH$ =25$ ,9K/4<.5 DSDH$ -//.32.-.32++/$ ;/922$ N@@2A.<3+8. DSD A,A$ +,$

4,++<G$ .,A$ <$ +,$ :/6?+<G$ -.,?<0G$ <522.$ ;/9J7EI$ 324/0.+/-.J$ /7<;A<H$ =25$ ?4EK<2$ ?32$

:42?-.,392++82$ @E+AB<<C$ L,A$ F2$ A4<382$ ?3EG$ @E+AB<> :4,A.<=2-A<$ -/3:,?,I.$ <$

/;9,?,I.$ -G/F2>$ :9/1,?JIH$ .,A<5$ /;4,6/5H$ +29J60$ /?+/6+,=+/$ -A,6,.J$ A,A/>$ <6$ N.<G$

,9K/4<.5/3$9E=72C S90$:/9+/K/$,+,9<6,$+<F2$:42?-.,392+8$52./?<A<H$+2$3A9I=2++82$3$

4<-C$T$?90$3<6E,9J+/K/$E?/;-.3,C



Q/9/?2F+8>$+,E=+/-.2G+<=2-A<>$32-.+<A$(DRR-51038

a<-C$_. ROC – A4<382 ?90$,9K/4<.5/3H$<-:/9J6EI1<G$4,69<=+82$5248$

+2-//.32.-.3<0

P,$ 4<-C$ _$ :/A,6,+, N@@2A.<3+/-.J$ .,A<G$ 52./?<A$ A,A$ SSS, SID, NEDC$ *-2$ .4<$

52./?,$ :/$ N@@2A.<3+/-.< :423/-G/?0.$ DSD. ";-/9I.+/$ 9E=72>$ -42?<$ ?,++8G$ .42G$

,9K/4<.5/3$ 03902.-0$ SSSH$ <52I1,0$ ;/9J7EI$ :9/1,?J$ :/?$ A4<3/>C$#-.,9J+82$@E+AB<<$

+25+/K/$GEF2H$+/$-./<.$/.52.<.JH$=./$A4<3,0$NED ?/-.<K,2.$VWW$X$324+8G$-4,;,.83,+<>$

+25+/K/$ 4,+J72H$ =25$ SSSH$ +/$ +,$ 4,++2>$ -.,?<<$ ?,2.$ /7<;/=+82$ 426E9J.,.8C$ SID

?/-.<K+E3$ cW$ X$ 324/0.+/-.<$ 324+8G$ -4,;,.83,+<>$ 3$ ?,9J+2>725$ 38?,2.$ /7<;/=+82$

426E9J.,.8$<$?/-.<K,2.$VWW$X$324+8G$-4,;,.83,+<>$:4<$dT$X$9/F+8GC

O6$4<-C$T$<$4<-C$_$3<?+/H$=./$+,<;/9J7EI$:9/1,?J$:/?$ROC-A4<3/> <52I. – SCM,

SAM, SSSH$=./$/6+,=,2.$<G$+,<;/9J7EI$N@@2A.<3+/-.JC

F05)G?'*+'

e89$ :4/32?2+$ ,+,9<6$ N@@2A.<3+/-.<$ 4,69<=+8G$ ,9K/4<.5/3 <?2+.<@<A,B<<$

3212-.3$ +, -:2A.4,G -$ 4,69<=+/>$ -.2:2+JI$ 6,7E592+<0. a,--5/.42+8$ -92?EI1<2$5248$

+2-//.32.-.3<0`$SCM, SAM, DSD, SSS, SID, NED. *$/?+/5$-9E=,2$<-:/9J6/3,9<-J$=<-.82$

E9J.4,@</92./382$ -:2A.48$ :/K9/12+<0 -/$ -9,;85<$ 7E5,5<H$ ,$ 3$ ?4EK/5$ – -<9J+/$

6,7E592++82$-:2A.48$9I5<+2-B2+B<<C #-+/3+/2$/.9<=<2H$A/+2=+/$F2H$6,A9I=,2.-0$+2$3$
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?<,:,6/+2$-:2A.4/3H$,$3$/.+/72+<<$-<K+,9U7E5C$'/A,6,+/, =./ @E+AB<0 (DSD), <52I1,0

38-/AEI$-292A.<3+EI$-:/-/;+/-.J +,$=<-.8G$-:2A.4,GH$<522.$-9,;EI$N@@2A.<3+/-.J +,$

-<9J+/$ 6,7E592++8G$ -:2A.4,GC$ P,$ -<9J+/$ 6,7E592++8G$ -:2A.4,G$ +,<;/922$

N@@2A.<3+85<$/A,6,9<-J$,9K/4<.58$SAM, SCM, SSS.

H%+9-5,)+.'&0.<&C
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4. D.,.<=2-A<>$@E4J2--:2A.4/52.4$3<?<5/K/$?<,:,6/+,$e/>A/$"CfCH$Y/90A$OCDCH$Y/90A$

OCDCH$ S3/4EA$ DCMCH$ S/4/3-A<G$ "CQCH$ \-,A/3$ "C"CH$ M/4+<2+A/$ *CPCH$ M/-2+A/$ SC*CH$

M/=<A/3$OC*CH$Q/4/6/3$"CPCH$D32.9<=+8>$DCOCH$L,;,9<+$DC\C$O632-.<0$a/--<>-A/>$

,A,?25<<$+,EAC$g+24K2.<A,C$TWVWC$3h- TC$DC$VT-21.

5. D.,.<=2-A<>$ @E4J2--:2A.4/52.4$ 3<?<5/K/$ <$ ;9<F+2K/ E9J.4,@</92./3/K/$

?<,:,6/+/3$ -:2A.4,$ e/>A/$ "CfCH$ Y/90A$ OCDCH Y/90A$ OCDCH$ S3/4EA$ DCMCH$ S/4/3-A<G$

"CQCH$ \-,A/3$ "C"CH$ M/4+<2+A/$ *CPCH M/-2+A/$ SC*CH$ M/=<A/3$ OC*CH$ Q/4/6/3$ "CPCH$

D32.9<=+8>$ DCOCH$ L,;,9<+$ DC\C *2-.+<A$ Q/-A/3-A/K/$ K/-E?,4-.32++/K/$

.2G+<=2-A/K/$E+<324-<.2.,$<5C$PCgC e,E5,+,C$D24<0`$\-.2-.32++82$+,EA<C$TWWiC$3h- 3.

DC$VW-28.

6. Q2./?<A,$ :/9E=2+<0$ <$ /;4,;/.A<$ -:2A.4,9J+/> <+@/45,B<<$ -$ :/5/1JI

-.,.<=2-A/K/$ @E4J2--:2A.4/52.4, Y9,K/923$ MC*CH$ Y/90A$ OCDCH$ Y/90A$ OCDCH$ \-,A/3$

"C"CH$M/4+<2+A/$*CPCH$M/=<A/3 OC*CH$Q/4/6/3$"CPCH$D32.9<=+8>$DCOCH$L,;,9<+$DC\C$

#:.<A,$<$-:2A.4/-A/:<0C TWVVC$LC$VVWC$3h- _C$DC$jdc-492.


