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?%L4:8)W  !;  *1%' o#*?%' +#K>b c#)/ 3? 5 (9:$%Ls

�8Y)R  [)" %A6#P/ 5+,%C]'  ]*1%' @)]9�!W 5 #W
S51Gram-Schmidt Spectral Sharpeningm#]n:>?
(A6%L.

s#]]t6? ,?%]]' p]])P2O @]]A? 16 H(]]- H6#[:]]*? S51
S51 +%A5#C]OGram-Schmidt Spectral Sharpening

M*?)Mather, 2004(s#]t6? ,?%]'  .]*#9/ M]&6 D;
%A5#C]]O61?6.?(]]:'? S51 @]]A? 163? Z]])O#/5%Y>#R (]]>#'

D).-  [)"(9q %A5#CO,3#]* ]/66%]L.Z]A uv]*
�A(]]]].OGram-SchmidtZ]]]])O#/5%Y>#R (]]]]>#' ,51
D).- / ,3#* / f#!^?  [)"(9q %A4CO 5 64-66%L.

(]>#' ,#]E D]'  k]G? Z])O#/5%Y>#R (>#' (7' ikg%/ 16
 / 1?%& H(/b M*6 D' ,#W(>#' D^4!</ 3? M8n>6%)L.

�A(]].O/4]]Y7oGram-Schmidt%A4C]]O 6#]]<A? ,?%]]'
 / f#!^?  A#K>64-.5  [)"(]9q %A5#CO s#t6? �G#g

�Y- 16 +Z)O#/5%Y>#R2 / H(W#=/66%L.D]>4!>3? ,?
%A4C]O5  [)"(]9q %A4C]O 56 ,51  ]P$? �)$5%R ZA
1#]; D]' s#]t6? M)[);  *1%' 14j9/ D' D; +H(- s#t6?

�Y- 16 +M*? D:$13 ]/ H(A664]-.#]!WcD]; 14]"
 / H(W#=/s#]t6? %A4C]O 16 �1?4]^  k; 1#:$1 +66%L

M*? H(A6%L yQg a#.A%PO H(-.

a832.b?".%A4CO)�);%O432(D7B#e/ 614/ DPe9/  [)"(9q
Z)Y[O \1(& #'4/2%:/

a832.c.D7B#e/ 614/ DPe9/ Z)O#/5%Y>#R %A4CO
Z)Y[O \1(& #'6/0%:/

a832.O.#g %A4COS51 D' m 5 �B? %A4CO 56 s#t6? 3? �GGram-SchmidtZ)Y[O \1(&6/0%:/
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a833.b?". kG?  [)"(9q %A4CO 3? %e* ZA  P$? �A#$5%Ra833.c.H(- s#t6? %A4CO 3? %e* ZA  P$? �A#$5%R

a834.b?".i=P>NDVIZ)Y[O \1(& DPe9/)6/0%:/(a834.c.#' Z*#/A%9,NDVI

3-2-deIX ;7?#+NDVIf3#g hG%Q& 6H%& )
F$%7R
@A? 16D' Dkg%/Z!;f4/%$NDVI(Mather, 2004)+

�]G#g %A4C]O 3? H6#[:*? #'  W#)L J-4R �F#- @A?
(]A6%L D.]*#2/ %A5#C]O s#]t6? \#)k!^ 3?.p])P2O 16

=]O ,?%]' DA#R i=P> c?49^ D' D=P> @A? 3? %0#g�)n
M*? H(- H6#[:*? c#:F16.l4]04/ D]Y9A? D]' DE4O #'

p)P2O 614/]c#:F16  97Ai=]P> 16 ]]NDVI,?1?6
J]n' 5 64]' (]9W?4F  AX#]' %A6#P/J]-4R%)t ,#]W

Z]q4; %A6#P/  W#)Li=]P> +M]-?6 (]9W?4F ?1 ,%]O
NDVI ]]/l?4]]>? �=]]; ,?%]]'  .]]*#9/ i]]A#R (]]>?4O
J-4R(-#'  W#)L ,#W.4/ ,#]W%Ik!^16 f#]YAw4B4$1

\?%]))�O @)]9�!W 5 D]k2/ #]A  IA#8!W 1#:F#* %'?%'
o#8g 1#)8'  k2/ / @A?%'#9' 5 (>?M-?6 1#j:>? c?4O

D=]]P> ,51 f#]]YAw4B4$14/ ,#]]W%Ik!^ f#]]!^? #]]' D]];
NDVI(>4-  A#*#9- %j> 614/ p"#9/ +.

@]Y!/ D];  W#)L J-4R (&#$ p"#9/ yQg ,?%'
D:$%L %j> 16 ,%)L1#/b 16 M*?i=P> 3? +(>4-NDVI

D])KO ,%9A#]' Z]*#/ Z]A +D>#:]*b 1?(P/ c6?6 1?%& #'
(A6%L.#' D>#:*b @A? i9)K' 1?(P/�]k:n/ %A6#P/ c4/3b

) ]I>1 %A4C]O #' zA#:> p'#eO c?U)/  *1%' #'(f6#]7/
1/0(- D:$%L %j> 16.,%9A#' Z*#/ D=P> @A?NDVI

 / H()/#>64-.i=P>NDVI+H(]- D])KO Z]*#/ 516
�Y-4H(- H6?6 c#=>(>?.

3-3-6(>#?#@!#& =%$'AB2C [%2C"
DY9A? D' DE4O #'1#;64F S1#!- DB#P/ @A?  kG? y(W

 / s3X @A?%'#9' +M*? H64' c#:F16D]'  ]!; #]O 64]!>
14]j9/ D]' p])P2O 3? Dkg%/ @A? 16 c#:F16 U;%/ |[>

�8Y)R yQg 5 1#; ie)g c6%; 65(2/16 64E4/ ,#W
]^ i.B%]Ik!^ +�1?4(Haralick et al., 1987) Erosion

i=P> ,51NDVI66%L f#!^?.%Ik!^ D; MB#g @A? 16
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 / f#!^? ,%9A#'%)t ,%A4CO ,51Z]q4; �]!^ +64-
c6%;1 / s#<>?Z]q4; #]' 5 6%)L`65(]2/ c(]- %]O
J-4Rc#]:F16 ,?3? D' 6#A3 x#P> ()B4O 3? + W#)L ,#W

 / m#9:E? / �!^ 16 5 64-OD:8W D' c?4 k]G? ,#W
ZA6U> c#:F16(- %O.%Ik!^ 6%Yk!^Erosion@]A? D]'

\14GM*?cb  O#])k!^ `%]<9R 16 D];]@]A? 16 D];
 7'%/ p)P2O3 3(- D:$%L %j> 16Zq4; ]@A%]O

 / �8:9/ %Ik!^ i:8W ,U;%/ �8Y)R D' 1?(P/66%L.
51 %]]Ik!^ @]]A? f#]]!^? i]]<):>i=]]P> ,NDVI16

�Y-5- / H(W#=/ �B?64-.Z)Y[O \1(& D' DE4O #'
�)Y=]]O c#]]:F16 J]]-4R ~#]]O D]];  ]]!<g 5 %A4C]]O

 /p])P2O m H1#!- �%$ @)9�!W 5 (W6)J]n'3(
S3?6%R @A? i!W 16f#CO? 3? #W8 A#O2(- H6#[:*?.

%Ik!^ f#!^? 3? uRErosion+c615b M*6 D' ,?%'
]]Ik!^ c#]]:F16 M]])7&4/%Regionalmaxi=]]P> ,51

%Ik!^ 3? �G#gErosion(A6%L f#!^?.16 %]Ik!^ @A?
c#])/ 16 ?1 D9)=])' 1?(]P/ ,U];%/ �8Y)R D;  O14G

6(]^ #]A 1?(P/ +(-#' D:-?6 64F i:8W %A6#P/1D]' ?1
 / M.8>  E5%F1?(]P/ \14]G @]A? %])t 16 5 }(W6

H6?6 M.8>  E5%F uA%O#/ 16 ,U;%/ �8Y)R D' %[G
?4F(]- (]W)Haralick et al. 1987.(\14]G @]A? D]'

 / M*6 D' c#:F16 M)7&4/ i)B5? i=P>(Ab.�Y]-5-
�Y]- 5 +%]Ik!^ @]A? 3? H(]/b M]*6 D' x#P> m5-~

m�#;  I>1 �);%O ,51 H(/b M*6 D' x#P>  >#-4v!W
 / c#=> ?1 DPe9/ H(- s#t6? %A4CO(W6.@]A? f#!^? #'

#W%Ik!^943(/b M*6 D' DeP>.

a835.b?".%Ik!^ f#!^? �G#gErosioni=P> ,51NDVIa835.c.%Ik!^ f#!^? �G#gRegionalmax�B? %A4CO ,51

a835.O.%Ik!^ f#!^? �G#gRegionalmax%A4CO ,515.�B?) I>1 �);%O ,51 H(- H6?6 1?%&(12

1. Shrink
2. 8 Connectivity
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Geometric:
AREA, LENGTH, COMPACT, CONVEXITY,
SOLIDITY, ROUNDNESS, FORMFACTOR,
ELONGATION, RECT_FIT, MAINDIR,
MAJAXISLEN, MINAXISLEN, NUMHOLES,
HOLESOLRAT.
Spectral:

BANDRATIO,HUE, SATURATION, INTENSITY,
Texture and Statistical:
TX_RANGE, TX_MEAN, TX_VARIANC,
TX_ENTROPY, MINBAND_1, MAXBAND_1,
AVGBAND_1, STDBAND_1, MINBAND_2,
MAXBAND_2, AVGBAND_2, STDBAND_2,
MINBAND_3, MAXBAND_3, AVGBAND_3,
STDBAND_3, MINBAND_4, MAXBAND_4,
AVGBAND_4

a836.D7e& i<):>,1#/b + [)" + *(9W ,#W%:/?1#R �/#- D7e& %W ,?%' H(- D.*#2/ ,#W%:/?1#R 5 ,(9'

c#!W�Y- 16 D; 14"5-5 m5-+M]*? �n=/ ~
16 5  W#)L J-4R (&#$ p"#9/ 16 H(/b M*6 D' x#P>

D'  W#)L J-4R D;  P"#9/(]>1?6 M]F16 UE)(]9>#/
@)/3�1#R 5 %K- �e* 16 @!q ,#W#W(H(W#=]/ U])>
 /(>4-.D'+H5_^M]F16 3?  F%' ,?%'a#:.8]> D]; #]W

�1U' ]/ J-4R %A4CO 16 ?1 ,6#A3 �e* 5 (>?+(]9W�
56H(]- H6?6 �)n=O DeP>(]>?.,?%]' ,(]7' �]g?%/

f#]!^? H(]/b M]*6 D]' 1#/b {_G? 5 #W#eF @A? yQg
H(A6%L(>?.

3-4-DMN<=;Q5
D7e&,(9'1 O#7e& D' %A4CO %W T)8PO 3? M*? \1#.^
 97/,?1?6 5 (9-#' D:-?(>  >#-4v!W %IA(YA #' D; 1?6

(9]-#' T]W D]' Z]A6U>  ]*(9W #]A  [)" \#)G4CF
)Mitra et al., 2004, Cheng et al., 2001, Gonzalez

and Woods 2002.(D' %A4CO +Jn' @A? 16ZA Dk)*5
D7e& T:A14IB?D.B �)n=O o#*?%' ,(9'#]W)Woods

2002 and Ray 2005, Gonzalez and Acharya(16
s%>1?U$?ENVID7e&(A6%L ,(9'.D]7e& 3? uR,(]9'+

M*6 D' D7e& %W ,?%'+ :$#' ��k:n/ ,#W%:/?1#R H(/b
 [)" 5 ,1#/b + kY-)�Y-6((A6%L D.*#2/.@A? 3?

D7e&Jn' yQg ,?%' ,(9'(- H6#[:*? H?4nB6 ,#W.
D7e&,%9A#]' Z]*#/ ,51 U])> ,%]IA6 ,(]9'NDVI

D' uv* 5 (A6%L f#!^?D]/#>%' Dk)*5%]W D]' ?U]</ ,?
D7e& 3? s?(;(/b M*6 D' ,#WHH1#!]-%C]29/ ,?D]'
�#C:F? 6%$M$#A(]- H6?6 M.8]> 5.\#]^_"? @]A?

(7' ikg%/ 16 �^#V/ x#P> yQg ,?%')Jn'3-5(D'
(9:$1 1#;.D7e& i<):>�Y]- 16 %A4C]O ,(9'6c#=]>

M*? H(- H6?6.1

3-5-i(%.X  ! "#$%&'( )'*( +,-
 !"# $% &'!() *!+% ,# -./01 ,# ,234 /#5/!63-37

3-4,# ,8 9:/;1 <3=>(&%?% @A"B!4 *C$% &/D0E?
&'E*+/FG.? H(/E I'1?:J:/G( $% &'E 9./+/GE K/;1

*!C$%LAM 96/!AN  E3O J:/G( I96/AN  E3O 'P/Q
5?L!!# &'!!() *!!+% ,!!# RS/T!!( K/!!;1 7 IU!!=V L!!AW1

X/0C$%.,# 5'Y# HZ?L( I[A4L4 U.'#\A]^!4 $3!WG(
'!1'()$% ?L2? ,# -./01.$3!WG( ,!# *_!"1 `!aZL( $%

9:/;1 bcZdP?7 96/AN  E3O 'P/Q J:/G( $% ,8'1?I
`aZL( e? &'() *+% ,# f.L4/(3-35LG./# g+/( $% I

NDVI) "#3-2('!E H_!hAO ,# H_hAO iLj./!#
,# 96/AN  E3OLAM J:/G( $% ,8 9:/;1 `Aa8 $/8 U.?

'!1'.%LN bc!Z '!1%3# &'() *+%./!# '!Y# `!aZL( $%
,8 RA: 7 *Q/# 5/6L0(?$/O e? &%/k0+?,YlP 5?L#5/!6

1. Segmentation
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I'!.%LN ,D!+/]( H!DP `!aZL( $% &'!E &%?% @A"B4
,YlP,!# K/!;1 7 '1'!E @"B!( U=V ,# K3#L( 5/6

'1'.%LN bcZ /F1) ,# K3#L( m'() *+%.[A4L4 U.? ,#
429e? ,l;1943`!aZL( $% &'E &%?% @A"B4 `l;1

'1/( 9P/# HDP.Hh!E $% ,aZL( 7% U.? n/=S? Ho/Z7
+? &'E &%?% X/B1*.

X/=6HhE $% ,8 $3:7.9( &'6/B( p9!CL# $% I%3E
*C$% g. $3TZ $/AY( X?3GS ,# H_hAO 7% X/0C$% e?

&'E &%?% @A"B4'1?.cZ 5?L#be? IRS/T( K/;1 U.?
L!6 HC?% $% &'E &%?% @A"B4 K/;1 UA# ,ao/Q $/AY(

'E &%/k0+? ,YlP.K/!;1 q0.$3!rs? ?'!0#? I$3!WG( U.'#

,YlP L6 HC?%?$) "# e? Ho/Z3-4(?t!>( $3!: ,#
9( @"B(K/;1 `=6 UA# `ao/Q I'Y# `aZL( $% 7 u'G8

9( ,D+/]( ,YlP'13E./!# Iv/D+/]( U.? w/>1? e? fO
'!Z U!.? e? /!F1) `a!o/Q ,!8 9:/;1 I,1/0+) 'Z n/=S?

9( w/M%? q6 $% 'E/# L0=8 ,1/0+)'13E.IJ!.L: U.'!#
X?t!A(5%/!.e '!!Z /!4 RS/T!( K/!!;1 5/!lC 6/!!8
9('#/..HhE8$38c( 5/6/lC ,S3=>( bcZ Ho/Z

X/B!1 I*!+? &'!E &%?% $?L!P ,;lG( L.3^4 57$ ,8 ?$
9('6%.bc!Z /# [A4L4 U.? ,#131IL.3^!4 $% ,!l;1
,A;#/F1)9GY.298L!W1 $% *!C$% X?3!GS ,!# I,l;1

'1'E ,0QLN.

OJ=7.P@!.K/;1 bcZ `>A01J:/G( ,# K3#L(
LAMO96/AN  E3

OJ=7.".K/;1 bcZ `>A01 E3O ,# K3#L(5/6
*C$% LAM 96/AN

OJ=7.Q.9CL# $% *C$% g. 5?L# ,l;1 7% @A"B4e?g.%t1 `ao/Q /# J:/G(
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OJ=8.,Ys/l( %$3( `;lG( $% X/0C$% 9N'G8?LO `B;1

4-UN6 RF'2 /!
;lG( $% $3TZ /# I*P% X?tA( 9#/.e$? $3WG( ,#%$3!( `

57$ /!F1) *!AYP3( 7 '!E x$/=E X/0C$% %?'Y4 ILW1
'.%LN @"B( L.3^4.v/Sy:? U.? e? &%/k0+? /#)`B;1

*!+% ,!# 7 9GA(e $/8 e? &'E ,AF4 X/0C$% 9N'G8?LO
q0.$3rs? e? &'()(*!P% 9#/!.e$? ,!# K3!#L( v/D!+/](
*QLN w/>1?.`_./;( /#»91/E3z=6«/# 9GA(e v/Sy:?
+% ,# `B;1'!.%LN @"B( I,;lG( X/0C$% e? &'() *

{/!YP?7 I*!C$% X?3!GS ,!# &'!E RB!8 K/!;1 `!=6 ,8
*C$%'1?.n%/Y( &'E &%?% @A"B4 X/0C$% H8 %?'Y4

298X/!0C$% 9!YP?7 %?'Y4 /# ,_./;( $% ,8 *+? ,ao?
)330,ao?(X?tA(3/90,!# X/0C$% RB8 5?L# 'o$%

9( *+%'.).B!1 &%?% @A"B!4 X/!0C$% %?'Y4&'24
n%/Y( ,8 '.%LN %$7)L# ,ao?9/7X/!0C$% H!8 'o$%
*!!+? ,!!Ys/l( %$3!!( `!!;lG(.`B!!;1 [!!A4L4 U!!.? ,!!#

v$3!o ,# X/0C$% %?'Y4 UAG|=6 7 X/0C$% 9N'G8?LO
,# $/8%3C'() *+% ,# q0.$3rs? ,aA+7.
,#e? IL!r.% x7$ /!. x7$ U.? -./01 ,_./;( $3WG(

}9E L# 9G0D( x7$1'E &%/k0+?.x7$,!0QLN $/8 ,#
x7$ ,ADE &'E)Straub, 2004(v7/!k4 U!.? /# I*+?

\l+ 9(3P$ n'( v/Sy:? e? x7$ U.? $% ,8)*aS ,#
X) X?';Q(&%?% ~;Q 7 I'B1 &%/k0+?5?L# 5L.3^4 5/6

X/_h. x7$ 7% ~.?LE /4 *Q$ $/8 ,# X/0C$% p?L"0+?
'E/#.,YlP ?'0#? X/0C$% p?L"0+? 5?L#5'G#J#/l( 5?
$ "# x73-4L!6 5?L!# 7 '.%LN n/=S? L.3^4 57$

9kA: 7 *Q/# 5/6L0(?$/O ,YlP)HhE5('E ,D+/](.
*_!"1 ,!aZL( $% &'E ,0QLNL# 5/6L0(?$/O ,# ,234 /#

,!!YlP 5?L!!#I5'!!G#3529p?L"0!!+? L.3^!!4 $% ,!!YlP
'1'E.,!YlP $38c( 5/6L0(?$/O ,# ,234 /# fz+5/!6

,A;# e? *C$% ,# K3#L(�y8!6$% 7 I'!1'.%LN ?'!2 /
,aZL( U.?470'1/( 9P/# ,YlP.X)5$?%L# 927LC &/N

~A]( ,# -./01 U.? e?GIS'E &%L#./!# ~A!]( U.? $%
�L0B!!( eL!!( U.L0B!!A# 7 *Z/_!!( $/!!AY( e? &%/k0!!+?

,YlPgV38 5/6,YlP $% L4w/!M%? ,./_=6 �$t# 5/6
'1'!!E.X/!!./O $%386&%?% @A"B!!4 *!!C$% I,!!YlP
'1'!!E.9!!( ?$ v/!!Aa=S U!!.? ,!!>A01Hh!!E $% X?3!!49

%L8 &'6/B(.1

x7$ U.? -./01 9+$L# /#I,!=6 ,8 '.%LN @"B(
,# L.3^4 $% %323( X/C$%p?L"0!+? x7$ U!.? ,aA!+7

&'E'1?.,YlP g. 5/2 ,# X/0C$% e? 9CL# 5?L#I/. 7%
*!+? &'!E &%?% @A"B4 ,YlP ,+ &/N.,!# ,!234 /!#

X/0C$% 9YP?7 %?'Y4)330,ao?(%7'Z x7$ U.? *P%
839( %$7)L# 'o$%%3E.*!P% ,!8 *!E?% ,234 './#

,!!YlP *!!P% ,!!# $/A_!!# x7$ U!!.?UA!!G|=6 7 5'!!G#
n/!=S? X) -./!01 ,!# 5'!Y# H!Z?L( $% ,!8 94/Zyo?

9(9( 9r0_# %%LN'#/..,YlP ,aZL( $% UAG|=65'G#
X3(e) x7$ ,# q0.$3rs? e/A1 %$3( 5/6L0(?$/O @A"B4

/lC 79( UAAY4 9Q/8 X/(e bLo /# 7%3E.

1. Object Based Classification
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HhE9.,;D: x7$ ,# &'E 9./+/GE X/0C$% `B;1}9E L# 9G0D( 5'G#

OJ=10.*C$% *AYP3(&'B1 &%?% @A"B4 5/6/#q0.$3rs?I&'E &%?% $?LP ,;lG( 9r1$ L.3^4 57$ ,8'1?.
  &'B1 &%?% @A"B4 *C$%/#q0.$3rs?
!!@A"B4 *C$%&'E &%?%/#q0.$3rs?

5-RT/1F 3 VWF
*!aS 9!+$L# $3!WG( ,#/!# ,!8 91/!0C$% I/!lC 5/!6
&'B!!1 RB!!8 q0.$3!!rs?9!!r1$ [!!A8L4 L.3^!!4 $% I'!!1?

&'.%LN @"B('1?.HhE10X/0C$% e? 9CL# *AYP3(
9( X/B1 ?$ &'B1 RB8'6%.,!Ys/l( %$3!( `!;lG( $%

&7LN UAG|=6 7 ?t>( X/0C$%!0C$% m%LB!Q 5/!67 9
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