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1. Salt-pepper Effect
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1. Intertial Measurement Unit
2. Leica Photogrammetry Suite
3. Normalized Difference Vegetation Index
4. Hue, Intensity and Saturation Transformation
5. Principle Component Analysis
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1. Segmentation
2. Image objects
3. Compactness/Simoothness
4. Scale parameter
5. Parent class
6. Child class
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*_' ;_QFj 1_] �"3SG O(17 d"A�c]*_Db./ >(  (S_G

*](1c]2)1_K.0 �Sn8 !. P!QFj !7 �!FG%( CS@M *A#. )
016 C0!5:8()Definiens Imaging, 2006.(
;QnA' %01;_7 k_'!6 ;.!_8 / d"_'> pn_8 (&_:7(

"3SG !7 r"G1G�O!]1DRatio&M!71/Mean&M!74;7
C&_.&W ;"Q7 >( )4.Ss, t7!G U/%%0 / &M&_X (&_9 !_]
1K.0 ;QFj ;,Sc^'1.> %0 4.!BM);[L_\;.!_8 )!_]%(0

4__\%0 &__`!$ d"__'> pn__8 / k__'!6(&__A:$1D %(1__`
)k[_X2-� / �_<(.(1�"_3SG p.1L_G %01_DRatio 1

*' !"7 d"Am  (SG21_7  J o!_c,( !_7 ;_6 4_X(0O/%
*' 480 ;7 O1.SaG )0S9S' O&M!7%!Bm 1.SaG;_6 &.J

k3!H !7 48( 17(17  J ;#n` 1] U>%(d"KM!_"' {"=QG
k=["W U>%(O!]&M!7 %0 ;#n`  J k\(01uSc^' 17 )

1. Features
2. Context
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k=["W U>%( d"KM!"'&_M!7 %!_Bm %0 ;#n`  !c] O!].
;QFj >( &#7;_m%!�[. / O&_A7}!_8(17 P!_#n` O>!_8

;QFj;#n` )O&A77f\!_X  !_c] !_7 O0&_^' O&A!_]
4$1D R!^M()k[X2-N(;MScM /O!_AF'17 *c"+#G O!]

Z__<(E<(> / *__+"^M( )>1__c' )/>!'&__A+7 P!__QFj O(1__7  J
O&#7&Am 4.Ss, t7(SG >( C0!5:8( !7 / &M&X d""#G1/

Z.0EM U/% ;70%(&M!:_8( ;.!=_c] d.1G2;_QFjO&_A7
&M&.01D)k[_X2-0.(( &_M!7 %!_Bm 1_7 C/I_,>( )*+_3

C&_X U>(01_W O!]&M!7HIS, NDVI, PCA&_A.(1$ %0
;QFj4$% %!6 ;7 O&A7.;QnA' %0 *B7!L' &A.(1$2E"M

;LQM / 4$1D R!^M(;_MSD uSM O!]&_"<SG *_:\%0 O!_]
&M&X.;#n` O!]&A.(1$;_QFj / O&A7?"_@' %0 O&_A7
R1__M;__.!W _ l*__X k__"+@G / ;__.E^G *a__agG %(E__$(

eCognation5X R!^M(&.

2-6- !"C! .@%4X [%E561  'R!  %\(=6
;LQM 4@3 *7!.>%( O(17;7 O!]480LQM )C&'J�*#`(/

%(1_` e!_7 �S[X�( %0 ;6 *M!:\%0 N!G O0Sc, 1.SaG >(
&X ;"BG *M(&"' _ O1a7 *Q"5+G U/% ;7 )&M%(0.;L_QM

;_MScM P%S_3 ;_7 %S6V' *A"'> 4"#`(/P!_#n` %0 O(
C1.(0u!#X !7 O(30&X &"<SG 1:'.%0 ;MScM ;#n` %!Bm
;QnA'1)o0!_#'6/8;_QnA' k_6 >( &_3%0(-_X /
;#n`;_QnA' %0 ;MScM2)o0!_#'9/12k_6 >( &_3%0
;QnA'(&M&X 4X(017./ %S.1B_X %0 *M(&_"' P!_"+c,
1B'1388&X R!^M(.4_$!.%0 %0 4.0/&_@' k_"<0 ;7

o!AK"__8C%(S]!__' O!__]{6(1__:' -__XSW N!__G1.> %0 O(
>( C0!5:8( )kKA9GPSZ_G 4_"#`S' d""#G O(17Z_G

&_.01KM 1=_"'  !:\%0)Hutchens et al., 2008.((V_<
1.Sa_G }!_8(17 (&:7( );MScM ;#n` 1] E61' d:$!. O(17

~%E7Z_c6 ;_7 / ;_QnA' 1] C&X �!m }!"Q'GPS)
&X *.!8!AX kKA9 %0 PIW 4"#`S' *F.1QG C0/&@'.

}!8(17 1�M 0%S' ;nQM q�8)1.Sa_G / ;QnA' h"FnG
C&.&W 4"#`S' ;7 ;9SG !7�!_QM  (S_A, ;_7 %/!_^' O!]
&_X *.!_8!AX )*[c6)Collins et al., 2004.(>( q_W

d:$!.);MScM ;#n` E61' !_:\%0 ;"+6 ;MSD uSM / 1n`

>( 1G%Sn`15*:M!84_Fy ;_MScM P!_#n` k\(0 %0 1:'
&X.ZG 4"#`S' d""#G O(17) !:\%0 ZG$ (&:7(/ ;+_3!

;7 r"G1G ;7 4\%0 1] PSc.>J;+3!$ ;+"8/O%E_"< �!.
r__n` /C>(&__M( !__cM&__X O1__"D.P!a__:g' O!__AF'17

;7480;nQM ;LQM )C&'JO(%0  !_:\%0 4"#`S' *'S`%
)1.Sa_G O/% 1_7 -.!cM >( qW / &X ;"BG ;MScM ;#n`

&X �!m r8!A' }!"Q' %0.%0 0&_^' %Ss_H >( q_W
"81G / h"FnG !7 );31,/ 4_\%0 1_] N!_G C0/&_@' {
kKA9 %0 !]!n\ �I3();7!9 !. iVH�!_QM  01_6 !9

?"@' !7 �!FnM( }!8( 17 )C!F:X((*+W ;LQM Z. )*MS_D
&X ;"BG  !:\%0 uSM.12

3-])*:!
p"@a_G %0 *_+"c[G *_A"'> o1_:A6 �!_QM >( C0!5:8(
 J *M![' 4`0 -.(E$( 17 *:F�' 1"y�G )1./!aG *8&A]

4X(0.;=.!Q'C&.&W >( O0(&#G 4"#`S'f\!_X O!_]
)d"__'> O/% %0 !__BMJ *__#`(/ 4__"#`S' !__7 1.Sa__G O/%

 !LM0S_7 C&X p"@aG 1./!aG �S\ �!:F=M 4`0 C&A]0
)0/&_H %0 !n\51_:'.(*_8&A] O!_n\  (E_"' d_.(

*`!7�S+n'!M *M![' 4`0 / C&M!'DGPSC0S_G %0O!_]
_M *M(&_"' %!_6 R!_^M( );:=7 -XSW N!G !7 *+KA9�!:F=

O%/1_v )*A"'> 4"#`(/ ;LQM ;"BG &A.(1$ %0 (% O0!.>
4\!8.(18MR!^*7S_\ %!"=_7 *M![' 4`0 !7 ;LQM d.(

)1:' {"M &H %0(&_X ;_"BG.;_QnA' %01/ />!'&_A+7 )
 (/(1$ >1c';MSD d.1G&A:=] !].�S_71' P!_#n` 0(&#G

;MSD >( Z. 1] ;7;_QFj ;L_QM %0 !]d_.( )C&_X O&_A7
G (% r+n'*' &".�&A6)o/&92.(;LQM>( k_3!H O!]

;#n`;QFj / O&A7k[_X %0 �+:g' �Sn8 %0 O&A72
48( C&'J. !c]*_' ;_�HI' ;6 ;MSD !_:\%0 )0S_X

;_QnA' d_.( 1.SaG %0 P/!5:' �I'!6 k[X ;8 ;7 >1c'
4_<!H d.( >( Z. 1] O(17 ;6 &A:$!. 0ScM;_QFj )!_]O(

C&X �.1#G)%0 >1c' )d=' >1c'%SM %0 >1c' / ;.!8(

1. Multidimentional membership functions
2. Standard nearest neighbor
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;MScM /&M&_X �!_g:M( OE.!_c:' *_c"+#G O!])k[_X
2-C(.R!_M !_7 ;:_80 Z. %0 *Kc] *.!BM ;LQM %0 !'( �

&A:$1D O!9 >1c'.d.(pn8 / *+"^M( 0%S' %0 uSvS'
48( �0!3 E"M d"'>.

;_QFj >( k_3!H ;LQMd_.( %0 _ ;_.!W l*_X O&_A7
r8!A' �!:F=M *+6 4@3 O(%(0 ;QnA')72&3%0(0S7

)o/&92.(4@_3 !_7 />!'&A+7 )%S6V' o/&9 }!8( 17
&"<SG17%!_6 / C&_AA616/74/63/94d.1Ge!_7 &_3%0

4_8( C0(0 �!a_:\( 0S_\ ;7 (% 4@3.r.1_v d["_<
0%(0 *A".!W O!W!6.}!_8(17 />!'&_A+7 / >1_c' �I:\(

4_8( %![XJ %S6V' o/&9.*A".!_W 4@_3 !_7 *_+"^M(
!_QFj / C&X Z"[5Gk_KA91"| P)1.!_8(d.1Ge!_7 !_7

C&X E.!c:' *F8!A' �!:F=M 4@3 / !W!6 r.1v&M(.
;QnA' %024@_3 )4_8( >1c'  J r<!| ;MSD ;6

!_7 1_7(17 !_W!6 r.1v / *+631/70/ &_3%046/0;_7
&'J 480)o/&93.(4@3 d.1:L"7 ;6 >1c' %!A6 %0

&"<SG4@_3 d.1:L_"7 O(%(0 />!'&_A+7 )0%(0 (% C&_AA6
4@_3 d.1:c6 *+"^M( ;MSD / )48!W!6 r.1v / 17%!6

0%(0 (%.

o/&92.;LQM 4@3 *7!.>%( x.!:M;7480C&'J;QFj >(�X O&A7-;QnA' %0 *A"'> 4"#`(/ !7 ;=.!Q' %0 ;.!W1

!AF'
;LQM>1c'*+"^M(/>!'&A+71.!8uSc^'

>1c'1544724789438158068288652234
*+"^M(8972249101194012345945
/>!'&A+7499418521119016190241257647
1.!8251561048121280301262358179

uSc^'238541918351604961383363
&"<SG 4@3C&AA6)&3%0(76/6412/2716/7458/78
17%!6 4@3)&3%0(68/2322/5463/9411/84

;QFj O!W!6 r.1v51/025/043/074/0
*+6 4@3)&3%0(06/72

*+6 O!W!6 r.1v50/0

o/&93.;QFj >( k3!H ;LQM 4@3 *7!.>%( x.!:M�X O&A7-;QnA' %0 *A"'> 4"#`(/ !7 ;=.!Q' %0 ;.!W2

!AF'
;LQM>1c'/>!'&A+7*+"^M(1.!8uSc^'

>1c'17220731308955229171312692507154
/>!'&A+793149425967217451335542196
*+"^M(6549723279178512369171978
1.!8473369430197475245250

uSc^'1928055559198636877342448
&"<SG 4@3C&AA6)&3%0(32/8917/7641/1467/57
17%!6 4@3)&3%0(69/6856/7837/5352/80

;QFj O!W!6 r.1v61/072/009/054/0
*+6 4@3)&3%0(21/70

*+6 O!W!6 r.1v46/0
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4- ^%:! 1 _T3=8%#
;QFj ;6 !^MJ >(P!_#n` O!_AF' 1_7 ;_.!W _ l*X O&A7

;#n` ;+H1' >( k3!H*_' P%S3 O&A7O!_n\ / 01_"D
&](SgM �I3( O&#7 kH(1' %0 ;+H1' d.( %0 C&X0!^.(

#n` 4"5"6 >( R>e  !A"cj( &.!7 )&X;;MSD ;7 )O&A7O(
&_.J 480 ;7.U/% &_A.(1$ *D&_"�"W k_"<0 ;_7O!_]

 (&_Q$ / P!F_8!@' 0!_.> O%!"=_7 %(&Q' )*�c6 *7!.>%(
R1M %0 *�c6 *7!.>%( *aagG t7!G;_.!W _ l*X O!]%(E$(

;#n` ;^":M �eSc#' )0S9S'*7!.>%( *5"6 U/% ;7 O&A7
*'0SX)Im et al., 2008, Costa et al., 2008, Baatz

& Schape, 1999.(;_7 *7!_.>%( E_"M 1_v!H h"Q@G %0
&_X R!_^M( *5"6 P%S3.r_8!A' %!_"#' U/% d_.( %0

;#n`  0S74.!v% / *cLm ;=.!Q' O&A717%!_6 O&A'
;#n` ;^":M >(*_8&A] 1�M >( O&A7)p"@_3 4_"#`S'

;=.!Q' %0 ;#n`1_�M 0%S_' 4_\%0 N!_G C0/&@' !7(/
uSvS') &X ;:$1D 17 %0?_8SG 4\%0 Z. N!G !BAG

1�M 0%S' ;#n`(48()Schiewe, 2002, Ozdemir et

al., 2008, Voss & Sugumaran, 2008.(
)1./!a_G �S_\ �!:F=_M *_8&A] p"@a_G 0S_9/ !7

4_8( C&_M!' *`!7 1./!aG %0 *M![' O!n\ O%(&Q')%0
0/&H51:'( (&_Q$ k_"<0 ;_7  J  01_6 i1_j17 ;6
;LQMXSW N!G / h"`0 O!]*_:H(% ;7 kKA9 {6(1:' -
 !['(4="M 1.VW.p.1L_G *M(&"' U/% >( C0!5:8( !7 !'(
C&X)*cLm / *M(&"' U/% h"5+G(;L_QM &_"<SG O(17

&"<SG / *M(&"' P!,Ij( 4X(017 >( qW )*A"'> 4"#`(/
p"@aG *.(S] 1.SaG O/% 17 ;LQM d.( )*G!'&Q' ;LQM

0%S_' k_KA9 %0 / &_.01D kQ:A' C&X *8&A]�I_3(
4$1D %(1` *.!BM.*' (V<*7 >(  (SGO!_n\  0S_7 1"y�_G

*`!7 *8&A];7!9 / C&M!'4_B9 %0  !_:\%0 N!G *.!9
4_"#`(/ !_7 1.Sa_G k_'!6 �!_FnM( ;_^":M %0 / *,!#X

4_$!.  !A"cj( *A"'>.4_"#`(/ ;_"BG U/% d_.( ;_:F<(
 !'> *A"'>;"3SG t"8/ �Sn8 %0  J O(19( / 48( 17

*cM0SX.0 !9 (&_Q$ k_"<0 ;_7 *GJ P!Q"Q@G %0 !G 0%(
&_A.(1$ %0 1_:' Z_. >( 1:c6 *M![' 4`0 ;7 )*81:80

0SX ;:\(01W *8&A] p"@aG.

d"A�c] /  !:\%0 N!G k[X / *5"j �!G>!7 ;7!LG
;MSD N!G *.!s$ k\(&G;_+c9 >( E"M %/!^' �+:g' O!]

{B'>( *_\17 ;_QFj 4@_3  0S_7 d".!_W k_.e0 d.1G
;MSDcX ;7 !]*' %!&A.J.

*' )1v!H h"Q@G !7 ;7!L' P!#<!n' ;=.!Q' !7 (S_G
;7 x.!:M480{] �!:F=M (% C&'J01_6 *7!_.>%( pn_8.;_7

;#<!n' %0 o!�' %Sj*.(S_] 1./!a_G >( C0!5:8( !7 ;6 O(
;MSD *.!8!AX O(17 *'S`%k_KA9 %0 *:\%0 O!]O!_]

0/&_H 4@3 )4$1D P%S3 ;:g"'J40!_G75&_3%0
0S_7)Haara & Haarala, 2002, Brandtberg, 1999.(

%0 N!_6 / k_wSM ) (>1_< 17SA3 )}SG ;MSD%!Bm Z"[5G
*#"Fj C0SG Z.80>( q_W / *.(S_] 1./!a_G !_7 ;<!8

;_#n` �_+:g' U/% ;_8  S'>J4@_3 !_7 )O&_A777
4__$1D P%S__3 &__3%0)Erikson, 2004.(h__"Q@G %0

1./!aG !7 O1K.0UltraCamD!W _ l*_X *X/% ;7);_.
)}S:�"<!6( qA9 >( �+:g' ;MSD ;8C1B7  /&7O1_"D

C0(0 >(4@3 !7 )*,!5G%( O!]631_�M %0 !_7 / )&_3%0
d:$1DDSM4@3 !7 %(&"< >( k3!H h"`086)&3%0

&M&X Z"[5G)Darvishsefat et al., 2010.(C0!5:8( !7
C0(0 / *.(S] *'S`% 1./!aG >(f"gL_G )*,!_5G%( O!_]

N!6 ;MSD ;8C0SG %0 }SG / 0(1M / *+KA9�+:g' O!]
O!W!6 r.1v !771/0!G86/04$1D P%S3)Korpela,

2004.(;7 !7 d"A�c]C0(0 ;,Sc^' O1"D%!6%(&_"< O!]
;QFj )*.(S] 1./!aG // q_[.%e / N!6 ;MSD ;8 O&A7
*+6 4@3 !7 �S+788/76&X R!^M( &3%0)Kwak et

al., 2005.(
P!#<!n' 1:L"7 %0R!^M(;7 !7 C&X1./!a_G O1"D%!6

>( )e!7 Z"[5G P%&` !7 *'S`% *.(S]DSM (S_A, ;_7
C0(0x.!:M 0SFB7 ;7 {] r+|( / C&X C0!5:8( *[c6 O!]

4__8( C&__"'!^M()Millette & Hayward, 2004,

Schiewe et al., 2001, Hirschmugl et al., 2007.(%0
)N/> *.(S] 1./!aG }!8(17 h"Q@G d.(DSM&X ;"BG

r_8!A' *]1D / *A"'> o1:A6 �!QM  (&Q$ k"<0 ;7 !'(
N!_G *D01L_$ 1j!\ ;7 d"A�c] / *$!6 /1_""2G / !_]

)*<(S:' 1./!aG %0 !BMJ k[X�!QM �!g:M(  0S7 d[c'!M
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-_XSW / _  !_:\%0 N!G >( ;M / _ d"'> pn8 >( *]1D
{6 *v1, / *<Sj �1:L')60/20k_7!Q' %0 &3%0

80/60�S__+n' 4__<!H %0 &__3%0(4__"5"6 O(%(0 )
*__8%17 %0 / 0S__FM *F__8!A'O!__])Jacobsen, 2006,

Korpela & Tokola, 2006(C%!_X( r_+n' d_.( ;7 E"M
48( C&X.C0(0 d"Am �eSc#' ;6 !^MJ >(*,!_5G%( O!_]
;7 _ *Q"`0C&L_M ;_"BG _ *_+KA9 hj!A' %0 Cb.// &_M(

"=7 ;A.E] &A'>!"M !BMJ ;7 *81:800!BAL"W )48e!7 %!
*'U%!5_8 !7 !. !BMJ ;7 *81:80 431$ d"</( %0 0SX

;_QFj x.!:M 17  !X1"y�G CS@M / 017%!6 )!BMJ ;"BGO&_A7
01"D %(1`  S'>J 0%S' )1./!aG d.(.

!_7 *G!_Q"Q@G *.(S_] *'S_`% 1./!a_G >( C0!5:8( !7
C&_X R!_^M( 1K.0 O!]%SL6 %0 kKA9 %0 017%!6 i&]

48(.KA9 !'(k*Db./ / %!:\!8 !7  (1.( o!cX O!]]O!
;_7 _  !X01$ ;7 1a@A'*_K:g"'J / !_A| 1_�M >( Cb_./

;MSDdBW O!]U/% _ ~17Cb./ O!]%(E7( / !]r+j (% O(
*'&AA6.*Db./ 0%(S' d.( ;7 1D(%0 / !_WSM  S_m *.!_]

;QFj U/% d.(  0S7 h"c, / C01:=D o!H d",O&_A7
)C0(0 o!c,(  !['(O!]Z"A[G / uSA:' %!"=7 *[c6!_]

ObG(1:8( /�"3SG d:$1D 1�M %0 !7 �+:g' O!]O!]1D
!_BA.( &AM!' / 4"#`S' )*](1c] )4$!7 )*5"j  SD!MSD(

C0!5:8( 0%S' 1./!aG  0S7 &.&9 /);:\!AX 1:c6C&_X
C&_X *7!.>%( /(/ ;_71^G!7  !a_ag:'  0S_7 0/&_#' )
P!M!['( 0SFc6;7C0(0 Cb./h"`0 O!]}!_"Q' ~%E_7 /

&_.!FM (% 1v!H h"Q@G x.!:M �!#n` )0SX ;$!v( %SL6 %0
 !LMC0(0 d_.( 4_"+7!` &_H d.1_\J C&_A]0U/% / !_]

016 *Q+G %S6V'.d�cn' / *#n` P/!s` d.(17!A7%0 1G
480 4@3  (E"' �Sa\;LQM 4"5"6 / *A:$!.O!_]

&"<SGhj!_A' %0 1:L_"7 P!_Q"Q@G RE+:=' )!BMJ !7 C&X
+:g';_7 x.!:M ;=.!Q' !7 !G 48( *+KA9 �4_80C&_'J

016 *#n` 1�M%!B�( C%!7 d.( %0  (S:7.

5-8M'( 1 8)LR(
1./!a_G d"'�_G 1j!_\ ;7 *.!"$(129  !'>!8 4.1.&' >(

C1_B7 %S_�A' ;7 ;M!c"c3 O%![c] / ;<!Q' d.(>( O1_"D

}!�8  !'>!8  J  !8!AX%!6 �%!^G*_' O%(E_D0S_X.
1_$ }!�_8 !7 d"A�c]O%!_[c] >(  (/(*_7 O!_]�_.%0

)*_+F9 )*_w(1"@7 )*:.!_A, )*'Sa_#'  !8&AB'  !.!`J
;7 / O%SM )O%&"H )*w(E\;_6 *+",!c_8( / O&7!, Cb./
C&_M>%( �%!^G >( C%(Sc]h_"Q@G P&_' oS_j %0  !_X

48( C&X C0!5:8(.
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