
 !"#$% &' ()* +,#-&#./0SAR+,#1 2 3#45 1 64!&78*9 +#:); <

 !"#"#"$% &'()1** +',- ./02

1.1234  56+7, 89:; *<9= >- ?@+5 6A<-  5"+A<"B CD@24-=E-:7F 8"G24-= *C<-=:#
2.1234  56+7, 89:; <"'24-=E-:7F 8"G24-= *C<-=:#

HI"!<= J!<"F1K"3,:26/2/1390"FJ!<1K"3, L:!MN:29/7/1391

=>?.@
1OK C>"5<"PA%1QP4 >- "RH5- <9= >- ?@+5 <= 8="SQ5- =<D, T7, C"R.TQ!<DGK- >- C<"'(#=:UPVWX 1UB 1OK C>"5<"PA% Y'5/B C"R

8=:B 1Z-<-  P'QN- :!9"[F C9< :# -<  O5"+, O'B:F \4>9 "# <-=-< :!9"[F <= 1OK ]'^2F E-DF 6$"I *64-)SAR(64-. WQ!<DGK- 1K"3, &!- <=
1OK C>"5<"PA% <D_+, 1# C>"I `a+, 9  K"QB:I b'K"4% C"+O,:#:!9"[F <= "RSAR U, ="7+2U'N=DUA.."+G'U5 EDUc *C:U_4 \UO+0 >-

HI"!<=TQ('5 <= 86ASAR86!6N E-D+X 1# , 1Qd"+A  #DA% C-.6, H'V#"$ C-<-= *=DATQ('5 <= C>"5P',"+!= C"RH5-  #DA%  .
86!6NTQ('5 <=  #DA% C"R ,  P',"+!= C"R ;6U'e'N f'gDF <D_+, 1#  K"QB:I \56+R <= 1B *64=:; f'gDF  K"QB:I 6h# "# 6+4-DF

86!6N  56+R , f!:hF "RL9< 9 =DA=<-= =D09 E% 1O5"i, C-:#  SVQ^, C"R.b'K"U4% T'R"US, j"U5-:#  K"UQB:I 6Uh# 1UK"3, &!- <=
9 Y0D,-:#  O(4 HB:)9H5- 86A &''hF E. , &''hF  Vi, 9 C:5-:5 L9< 9= 1#  K"QB:I 6h#kDUlD, * UVi, HUK") <= 1UB =DA

H5- m:i, n:@+N n>-64- 6+4", :_4 =<D, L9< C"R:Q,-<"N o"^Q4- T7,.8:@+N >- 8="SQ5-bU'4  F9"USQ, p!"UQ4 n6U4<-=:#<= q9"USQ, C"R
H(R.:#&!-Q5= <D_+, 1# *j"5-oDVa, p!"Q4 1#  #"'H5- 86A 1O5"i, C>"I `a+, >- 8="SQ5- "# m:i, n:@+N \+'7# n>-64- *:F.p!"Q4

6+@+5 :!9"[F C9< :# C="7+2'N TQ!<DGK-nALOS-PALSARL9< "#:UQV'I EDUc  P'5/B C"RHU5- 86UA  #"U!><- 9 1(U!"3,  U+B.
 , E"24 p!"Q4 \(!"3,C>"I U ."QB:I TQ!<DGK- 1B 6R=L9< >- :QWB rF-:, 1#1UPK b!DU4 1U# Y'U5/B C"URp!"UQ4 9 HU5- j"(U) C-

H!"l<14D; 1# *8=:B 1Z-<- -<  2^#C-"# :#-:# C="7+2'N TQ!<DGK- H$= 1B21/74H5- 8=D# 6g<=.H$= "# 1(!"3, <= <-63, &!-44/29
1Z-<- TQ!<DGK-  !-<"B >- E"24  +B:QV'I C-:# 6g<==<-= 86A.&'+eWR`Ua+, >- 8="SQU5- "#  K"QB:I 6h# &''hF 1B H5- 86A 8=-= E"24

`'$= 9 :Q2'# *C>"I8:@+N "# E% &''hF >- :F1OK C>"5<"PA% sX"# *H#"t n>-64- C-<-= C"R , "R=DA.

A5?>=B9"#C::!9"[F * K"QB:I 6h# *1OK C>"5<"PA%SARC>"I U ."QB:I TQ!<DGK- *.

*1OF"P, 86+(!D486++B:86P24-= u!=:N *E-:7F 8"G24-= *E-:7FC"R1234  56+7, 89:; * +IC<-=:#
Email: aghababaee@ut.ac.ir
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1-(;>K;
= 1OKq"'gD[Ud <= 6!6UA q-:''wF 1# x",DWX :!9"[F <

 UU5"Ph4- 9  !"+UUA9< :!="UU3, *1UU56+R :UU'_4  UUP!b'I
 , y/z-=DA.<= TU7, C"UR=:#<"B >- 1OK C>"5<"PA%

1# , <"WA 1# <9= >- ?@+5 :!9"[F C:';<"B1UB *6U!%
 ,1ha$ * V)"5 {Dad |-:^Q5- <= E% >- E-DFC6U+#

-< |-:^Q5- *C><9"2B  l-<-88="SQU5- "U7+!- 6+4", 9 "R
=:B."FL9< ED+B1OK C>"5<"PA% C-:#  F9"SQ, C"R"R

H5- 86A ="7+2'N.L9< >-C>"U5<"PA% Y'5/B C"R
 , 1OK}#D5 C"R<DF-:N- 1# E-DF1 +B *2q:#-< 938<"A-
=:B. OU5"+, x"QO(4 p!"Q4 :!9"[F :Q2'# <=  +B <DF-:N-

HUU5- 8=:UUB 1UUZ-<- -<.DUUBb4D!->- 8="SQUU5- ~UU+'V; 9
L9<:!9"[UF <= 1UOK C>"5<"PA% C-:# -< Y'5/B C"R

C>"U@, \U4>9< "U# <-=-< <9= >- ?@+54)SAR(�:Ua,
64=:B.1a341UOK C>"5<"PA% *"R<DF-:N- &!- fhl<= "UR

HU5-  UVi, q<DUg 1U# :!D[F)Zhou et al., 2010.(
L9< x",DWX:!9"[UF C9< :# Y'5/B C"RSARp!"UQ4

:!MN +QI UW4 1Z-<- C-L9< j"U5- EDUc *6U++BC"UR
b!DU4 *:!9"[UF <= =DU0D, b!DU4 1UB H5- &!- :# <DBM,

 2!-bI- 6'S55:!9"[UF 1UB  K"U) <= �HU5-  U5D; 9
SAR1PK b!D4 "#8-:WR C-64-)Xin et al., 2006.(

L9< :'d- \R= <="U# 1UOK C>"U5<"PA% C-:U#  !"R
A 1Z-<-  K"QB:I \56+R >- 8="SQ5-:#  +QO, 1B H5- 86

6+Q(UR :!9"[UF C"UQB:I 6Uh# &'U'hF)Dawei et al.,
2007; Tzeng et al., 2008; Aghababaee and

Amini, 2011.(TU7, K"UQB:I \U56+R ]d"UA &!:UF
 # f'gDF9 U HU5-  Uh'Oz ."PA-  ;6+B-:N 9  W_4

=<-6U4 =DU09 E"UP,- &!-  56'V$- \56+R <=.&U!- 1U#
"UQB:I \56+R *r'F:Fq"U'Zb0 "U# -< 6U!60 C<-bU#-  K

86UU!6N &UU!- f'UUgDF C-:UU# :Q2UU'#  UU56+RTR-:UUI "UUR
 ,=>"5. K"QB:I \56+R <= T7, C:Q,-<"N  K"QB:I 6h#

 U# 9  ;6U'e'N 1B H5-86U!6N  UW_4f'UgDF -< "UR
 ,L9< 9 6+BE% 1O5"i, C-:# TR  XD+Q, <"'(# C"R

=<-= =D09.L9< >-  P! *."�, E-D+X 1#SQU5- "UR8=">-
E9-:#  O(4 b'K"4% 9 Y0D, q/!6OF6)fBm(1UB H5-

L9< >- ?'# E% H$=HU5- :UG!= C"UR)Betti et al.,

1997.(
<= 6UU!60  UUA9< 1UUZ-<- 1UUK"3, &UU!-  VUUg- �6UUR
9 *H5-  O'B:F \4>9< "# <-=-< :!9"[F <= 1OK C>"5<"PA%
b!DU4 1U#  UWB <"'(U# H'5"(U) C="7+2U'N TQ!<DGK-

1PK-=<-= C..6, "# 1K"3, &!- <=."+G'5 C>"5SAR1#
86!6N E-D+X Uad:'�  P',"+!= TQ('5 <=  #DA% C-

) 4"P, oDA% .6, v"4 "#(<=  K"UQB:I 6h# \O5"i, 1# *
H5- 86A 1Qd-=:N  K"QB:I :!D[F H!"74. K"UQB:I 6h#

E9-:U#  O(U4 HUB:) 9 YU0D, b'K"4% T'R"S, j"5-:#
 , 1O5"i,=DA. K"QB:I :!D[F F"UX/z- n6U4<-=:#<=
1OK n<"#<=1OK 9 *H5-  Vg- :!D[F <= =D0D, C"R"U# "UR

1ha$ U, |-:^Q5- :!D[F &!- C6+#64DUA.1UB "U@4% >-
U E% C"UR:Q,-<"N 1U#  GQ(U#  K"UQB:I :!D[F \O5"i,

1U# *=<-= U m:Ui, n:U@+N n>-6U4- 6+4",="U@!- <DU_+,
1+'7#m:i, n:@+N n>-64- * K"QB:I :!D[F :F`Ua+, "U#

H5- 86A &''hF C>"I.123456

?U^# <= *1UK"3, &U!- 1,-=- <=2.6U, 1UBC>"U5
."+G'5SAR<= *HU5-  #DUA%  P',"U+!= TQ('5 <=
?U^#3U ."UQB:I TQ!<DUGK- v"U4 "U# C="7+2U'N L9<

?^# <= 9 *C>"I48="'N b'41Z-<- p!"Q4  #"!><- 9 C>"5
 UU,?UU^# <= 9 �==:UU;51UU@'Q4L9< >- C:UU';UURC"
1# , |<= 86A 1QI:;<"B=DA.

2-DL#.; M7/0 3>;7)SCM(
8<9=:U'� 9 q6U,>-<= C<"UQI< 1# oDA%TQ(U'5 <= C-

 , y/z-�!-:UA 1U# C6!6UA  GQ(U# 1B ==:;1U'K9-
=<-=.HU5-  P',"+!= TQ('5 *oDA% n6!6N }WX }i,

E% q"[UQ^, 1UB C>"UI  !"�I :# H5- }WQ2, =Dd 9

1. Sobel operator
2. Canny operator
3. Roberts operator
4. Synthetic Apperture Radar
5. White Additive
6. Fractional Brownian Motion (fBm)
7. Spatial Chaotic model
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-< TQ(UU'5  P',"UU+!= HUUK")1UU# "UU#&'4-DUU$ C:';<"UUB
 , ]^2,  P',"+!=6+B.q6U,>-<= <"UQI< >- <DU_+,
TQ('5 <= C<-9=-:'� Q$9 1B H5- E% * P',"+!= C"R

 # 1# E",> , }', H!"74&U!- <= 1UB  !"R:'(U, *6+B
TQ('58<9= C"R<-6, "! H#"t {"34 1# *64<-= =D09 "RC-

8<9= 1OUA C"R<-6, "! 9 UW4  U7Q+, C-64DUA. Uha$
"UU! "UUR:Q,-<"N C-<-= TQ(UU'5 1UUB HUU5- E% C"UU!D;

C=9<9 U# <"UQI<  UK9 H(U'4  I="[UF C"R&U!- TU_4
TQ('5 U,  A"4 E=D#  ad:'� >- "R=DUA.>- <DU_+,

TQ('5 <= 1'K9- �!-:A 1# E=D# j"() P',"+!= C"R
 VPUA 1U# 9 HX:U5 "U# <9"@, C"R:'(, 1B H5- &!-

 U, -60 TR >-  !"W464DUA.U$-9<=*H'gD[Ud &U!- �
TQ(UU'5  VUUg- q9"UUSF"UU#  #DUUA%  P',"UU+!= C"UUR

TQ('5HU5- T_+U,  P',"U+!= C"R.TQ(U'5 <=C"UR
<= 1U'K9- YcDB �/Qd- *T_+, "!  #DA%:'�  P',"+!=

8>-64- C"ad "4"WR :'(, 9=q<DUg 1U# 9 HU5- C:U';
 , ?!-bI- E",> "#  ad6#"!.<= 1B H5-  K") <= &!-

TQ('5 P',"+!= C"RE"WR * #DA%*6A 8<"A- 1B 14D;
�q<DUg 1U# m6U4- <"'(# 1Vg"I "# :'(, 9= &'# �/Qd-

 UU, ?!-bUUI-  !"UUW46UU#"!.TQ(UU'5 <= P',"UU+!= C"UUR
1XDW@,1Ua34 HWU5 1U# 1UB  !"R:'(, v"WF >- C-C-

:UU'� "UU! 9 =96UUi, 1UU3V) "UU! HUU#"t UU, -:UUGWR*64DUUA
oMUU06UU4<-= v"UU4 86UU++B.bUU'4 -< "UU74% k-DUU4- >-  UUP!
oM086++Br'@X C"R1 ,6+,"4.oMU0 &!-86U++B"UR
1#j"() 1'K9- �!-:A 1# q6A1UXDW@, >- 9 *6U4->- C-

."UUQB:I86UUA }'P2UUF "UUR6UU4-.oMUU0 �UU$-9 <=86UU++B
TQ('51U# vDU5D, kD4 &'WR >-  #DA%  P',"+!= C"R

HUU5- rUU'@X.TQ(UU'5 "UU# :Q2UU'#  !"+UUA% C-:UU#C"UUR
86UUU!6N 9  P',"UUU+!=C"UUUR* #DUUUA%E.m.Hilborn

)1994.(
TQ('5C"�UI <=  #DUA%  P',"U+!= C"Rk<= C6Uh#

 U, -< 1Q(U(; HK")\Ua#-< "U# E-DUF)1(=:UB &'U'OF
)Hilborn, 1994; Ott, 1993.(

1a#-<)1(
X(n ) F(X(n)) !1  

 E% <= 1UUBX    TQ(UU'5 <= <-=:UU# H'hUUl9 :G4"2UU4 *
    #DA%  P',"+!=  9F     U5-  ad:'� C<-=:# �#"F H .  :U;-

     k"hA 1#  PcDB n:Br    H'hl9 <= y  oM0 C9<     n6U++B
     #DA%  P',"+!= TQ('5        1UQI:; :U_4 <= E% Y!=b4 "!

  , *=DA           j"U5-:# TQ('5 &!- C-:# -< {"34 �!>DF E-DF
a#-< 1)2(=:B f!:hF . 1  

 1a#-<)2(  
K

K n
(y) Lim (y x(n))

K"#
!

$ ! % &'
1

1  
 *E% <= 1UUB(.)   !"##$ %& !##'(& )*!##+ k ,  -##.* K 

/-.+  01/ 2!34 & .56 7/8+ 0*!9g/% 0:;4 <*  )*!#+ g(y) 
 !*=>?4 @5AB6!C=& <* D%8E F*/% @)3 (GBE8+ &>H.  

 <F*/%)3(  g g(y) (y)dy
 

! 
" #$  

  )*!+g(y) IJ/-4/           K>#H %& &8L86 2!34 &/-.+ J/  >BM
     N!.O <* 01/ 5AP8Hr    <H 5'Q, Rr     SB6 >TE 0U1 <* 

56  H-C .        @F34 , I>H VH>6 WB* 51-BXQ/ @XE!$X(n)  %& 
 7!6Jn RY/ ||y-x(n)  || 01/ . Z'[#6 !*   >#BM J/  #F*/%@ 

)3 (56    7/8+<* )*!+    -=-LC(q,r)     <* <';*/, <H q   , r 
  01/  0#$!= 01& .   W#=/  )#Q/, %&    5\';#:U] )*!#+ R2R  ,
IJ/-4/  ^ >BM _!U'`/ <AC=/ ,&   @F34x(n)   , x(j)     ,% >#*
abL  I-CCH !* XE!$@ r   -CO!* c] J/  .     <#H &8O d>$ >M/

   2!34 &/-.+K  -O!* &!=J R        e#P8H >=&!#36  />#* r   )*!#+ 
 5\';:U]W=-* &8#* -]/8f D%8E ) Hilborn, 1994; 

Ott, 1993(:  
 <F*/%)4(  (q )DC(q, r) r !" 1  

    R%8Hb6 <F*/% %&q     , R%,!'[M @:+>6 D   5(!'H>$ -.* 
abL     0#1/ gBhi K-CCH .  #hB'4 %&     5#1-C] %!'f!#1 <

     _!C\B1 >B?4 R5*8Oj K-=-kSAR        -#.* !#* <#l/%/ ^%8f%& 
   0#1/ 7j 5(!#'H>$)Tzeng et al., 2006, 2007 and 

2008 .(          >#* 5#C:6  &-.'6 Dm!36 , D!3B3n+ 78CH !+
    _!C\B1 7&8* 5*8OjSAR  I-O <l/%/     <#XUL 7j J/ <H-4/

56  &>#H I%!O/ !oC=/ <* 7/8+) :Goodman,1976; Kang 

and Zhang, 2001; McDonald et al., 2002(  

                                                           
1. Strange Attractor 
2. Correlation function 
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3-    12 3456 78*491*:;- 12 78*< 4 %*=>?< @(1 
 ?)(*ABSAR  
 SA##O1 J/ <##:( p/>q'##1/ %&  &!oC[##Bk r,% %/&8##U4 

     01/  J!h6 @4J,% !* %/&/% >=,!s+ .      SA#O W#=/ t!#1/>*
        !#* 5(!#'H>$ -#.* @:#1!n6 !#*  J!#$ # _!'H>$ c'=%8\(/

      >` , e#L86 VB(!4j J/ I&!T'1/        J!#uj 7,/>#* 5:;#4 0#H
56 &8O.  

  
  
  
  
  
  
  
  
  
  
  
  

 SAO1 .# _!'H>$ c'=%8\(/ %/&8U4    J!1%!AOj %&  J!$ J/ <:(
 >=,!s+SAR  

  !##= 7,/>##* 5:;##4 0##H>`fBm D/>:(-##C6 <##H /% 
        _-#6  />#* 5:1!C6 5v!=% r,% R&>H &!oC[Bk     J!#1

_!'H>$  01!] .  0H>`fBm        !#* >T#E 5v!=% -B6/  /%/& 
<##* , 0##1/ 5##18M )##=J8+ @##F*/% D%8##E )5 ( G##=>.+

56  &8O)Flandrin, 1989 :(  
 <F*/%)5(  

H H

H / H / H /

B (t) B ( )
(H / )

(t s) ( s) dB(s) (t s) dB(s)
 

! ! !

! 

! "
% &

' () )* +! ! ! & !, -. / )) 01
$ $0 5 0 5 0 5

1
0 5

 

 

 

  
   R7j %&HB (t)     , 7,/>* 0H>` H     !#= 7,/>* >'6/%!k 

         &%/& %/>Q e= , >TE WB* <H 01/ D>] wf!O .  VB(!#4j
fBm          , 0*!9 7j D/>BBx+ y!$>E <AX* 0;B4 5'*!9 -C=/>$ 

'6&8f 01/ <*![ .  VB(!4jfBm 56      _-#6 %& -4/8+   ,  J!#1
  I-=-k >'o* co$        <'#O% 78#zU] 5#.B:{  !]   I8#H     , !#]

      -CH eUH !oC=/ VL , D/%| >B;6 .     5#TB{ 7/8#+ 5(!\P
fBm##F*/% D%8##E <##*  -##.*,& 0##(!` %&  <)6( 7!##B* 
56 &8O:       <F*/%)6 (  

HS(w , w )
| w w | &2

&1 2 2 2 1
1 2

1  

  7/8##+  !"##$% &'##(")* +,##-.* &##/  ##012fBm 3
 *         &4/5+ 6"(57/ &8+,9 :8;'< =5 >5,<)7 (  ?7@ A?"0B(5

)Parra et al., 2003; Aghababaee and Amini, 

2011 :(  
 &4/5+)7(   

S(w , w ) | FFT(image) | 2
1 2  

          C#DE* F#1G0< H+;I +?  JK"@79 L".$1( 7M5
(j) NO5? P1Q5,R 3?,O 7BS19 )Mallat, 1989 :(  

 &4/5+)8(  
j j

jS (w , w ) S(w , w ) | ( (w , w )) |! " 3 2
1 2 1 2 1 22 2 2  

&/  T+,2   &#@ (w , w ) (w ) (w )#  # #3
1 2 1 2  U 

(w )or (w )# #1 2  F8 FV,* W/"<       "#/ X'<7#* T;#Y/
 6"1Z* W/"<1 w )or (w )$% $1 2 ;.BJQ  .>"[Q    &@ +,2

 *             W/"#< ?,#VU "#/ 3FV,* \1!"K] T+,^< 6"(57/ 3P1K5?
F########8 6"########1Z* U F########V,*  T;########Y/

or or( (w )and (w ))# $1 2 1 2  *    &( >5,<     F#V,* W/"< 
?7@ _87Y< H+,` a8;/ 5+ T;Y/U?:  

 &4/5+)9(  
(w , w ) (w ) (w ),

(w , w ) (w ) (w ),

(w , w ) (w ) (w )

"  & #

"  # &

"  # #

1
1 2 1 2

2
1 2 1 2

3
1 2 1 2

  

  bQUc#d +?Parra et al.(2003)    &#@ A;#O e7#4* 
 f4/5+ fBJJM >,1(+U)8 (N(5 H+,` a8;/.  

 &4/5+)10(  
j

j
j j j

k l

S (w , w )

S (w k , w l )
' '

 !'  !'

 

( ) ( )* *

1 22

1 222 2 2 2 2  

                                                           
1. Scalling function 

 78,C<SAR 

K N@7g U FV,* \1!"K]>U57/  'J 

T="9 h4.* "/ i7)* j7k.d j=5;K5 a11Y< 

 !"B@79 78,C< 

T7.8"/ ;.8579  !"B@79 78,C< T="( 

&'! T7.8"/ 78,C< "Q 
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     H+;I +? A;O7BS19 fBJJM L".$1( Tl7K5  F#1G0< 
  mDE*j    +? L57$BK5 &'(")* "/ 3i#3   F#V,* 7#BS19 =5 
n"DBK5   &/ A;O    * N(?         #* 5+ >] &#@ ;8]      a8;#/ >5,#<

NO,K H+,`:  
 &4/5+)11(  

j j

j j

j j

j
S (w , w )dw dw

) )!

! ) ! )

+  
) , ,

2 222
1 2 1 222 2

2 2

2
4  

 L57##$BK5 "##/ U   F##1G0< H+;##I U? +? >] =5 T7##1M
  HU"0B*j   U 1+j         a#85 3"#oK] N'JK f'(")* U     &#/ &#4/5+
 * N(? ;8]:  
 &4/5+)12(  j j

H
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    7B*5+"d a11Y< "/H       #* 3+,@q#* f4/5+ =5       ;#Y/ >5,#<
 &4/5+ =5 5+  !"B@7914&/  ?+U] N(? :  

 &4/5+)14(  
TD D H ( !1  

  3>] +? &@DT U Tl,!,d,< ;Y/ DN(5  !"B@79 ;Y/  .
                  U? "#/ 7#/57/ 78,C#< Tl,#!,d,< ;#Y/ &#G.85 &#/ &#V,< "/

)2=DT (         78,C#< T57#/ 5+ &4/5+ a85 3N(5  #*      &#/ >5,#<

  H+,`H-3=D NO,K  .>"[Q        7B*5+"#d 3;O >"1/ &@ +,2
             !"#B@79 ;Y/ &k1BK +? r?+5? +57I F8 U 70` a1/ >U57/

?,/ ;Q5,R &( U U? a1/.  
             U? &#/ +U? =5 bk.#( 78U"C#<  !"#B@79 ;Y/ a11Y<

      * s"kK5  S)* U T7(57( H+,`  ?,O .   a11Y< N!"g +?
)* ;##Y/ F##8 78,C##< :##@ T57##/ 3T7##(57( ;##Y/ &'##("

 *  ?,O .              :#@ T57#/ ;#Y/ F#8 a1#1Y< W#I5,* 7BE1/ +?
       &Y4I +? &S[V =5 U rNJ1K t(".* 78,C<      78,C#< T;#./

   N9"/ "/  g5,K &/            7#Q T57#/ ;#Y/ a11Y< &/ 3_SBD* T"Q
    N(5 ="1K &1g"K)   S)*  !"B@79 ;Y/ .(    ;#Y/ a1#1Y< T57/

             _#87Y< mDE#* j=5;#K5 "#/ i7#)* A7k.d F8 3 S)*
 *  ?,O .  U+ A7k.d a85     * N@7g 78,C< :@ T   +? U ;.@

               A7#k.d T\#@7* :J#G1d T57#/ ;#Y/ F#8 3N1Y#uU 7Q
  * &'(")*  ?,O .        :@ +? "Q;Y/ a85 &'(")* "/ N8"oK +?

 * :GO  !"B@79 +,C< 378,C< ?71M .  
          j=5;#K5 n"DBK5 "K"[Q  S)* ;Y/ a11Y< +? Po* &BGK
              F#%,@ A=5;#K5 =5 A?"0B#(5 3 <+"#'v &#/ "8 rN(5 A7k.d

 5? s\SBJ*        b#O,d +? H57#11w< =5  <"#1x\V aBJK    T"#Q
 N(5  .1*= .           "#/ A7#k.d =5 s7#K71y  g5,K +? N(5 7Bo/

     &/ 578= 3?,O A?"0B(5 F%,@ A=5;K5       "#/ A7#k.d T71M+"#@
     N(5 A57[Q  <zGE* "/ {+\/ ?"Y/5 .   T5+5? {+\/ A7k.d

bO,d              LzB#R5 |#v"/ &#@ N#(5  #0SBD*  .1*= T"Q
  *  SJG1d  ?,O .    K };#Q 7M5 a1.~[Q     a1#1Y< =5  8"#o

  &Z'2  S)* ;Y/            {+\#/ j=5;#K5 =5 A?"0B#(5 3;#O"/ T;./
        #* F%,@ �+5,v >;EK  8"(".O |v"/ A7k.d   ?,#O .

              N#(? =5 3A7#k.d {+\#/ A=5;#K5 =5 A?"0B#(5 ;*"1d 7$8?
 :JG1d >?5?     &#'! +? "Q   N#("Q .      t#(".* j=5;#K5 a1#1Y<

        #* 71��<  S)* ;Y/ f'(")* +? 3A7k.d   ?+5q#M .   a#85 +?
 Y( &!"Z*     &/ "/ "< N(5 A;O          &#/ T="#9 h4.* T71M+"@
 A5+ >5,.v        _#SBD*  g5,#K +? A7#k.d A=5;K5 3t(".* :g

 ??7M a11Y< .             &#'! >U;#/ U s7#K  g5,#K +?  S@ +,2 &/
  A7k.d =5 A?"0B(5        * t(".* {+\/ ?"Y/5 "/  8"Q    U 3;8"[K

     &'! T5+5?  g5,K +?          =5 N#(5 7#Bo/ >"J#[Q"K e,4#( U
A7##k.d ,##O A?"0B##(5  8"##Q ;##K+5? F##%,@ ?"##Y/5 &##@ ?

)Novianto et al., 1999 .(  
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 :GO3 .  !"B@79 ;Y/ f'(")* +? A7k.d j=5;K5 71��< +5?,[K)Novianto et al., 1999(  

  
      :GO +? A7k.d j=5;K5 71��<3    N(5 A;O A?5? >"EK  .

 O a85G        U? T57/  !"B@79 ;Y/ }zBR5 H5711w< +5?,[K :
       * N#1YI,* U? +?  !5,#B* A7k.d       78,C#< F#8 =5 HU"#0B

N(5 .         &#'! U s7#K  g5,K +? N1YI,* U? a85     n"#DBK5 +5?
A;##O ;##K5 . "##/ N##1YI,* U? a##85  !"##B@79 ;##Y/ f'##(")*
A7k.d               A?5? N#(? &#/ 5+  #0SBD* �8"#BK 3HU"#0B* T"Q
N(5 .>"[Q               +? 3N#(5 mDE#* \#1K :G#O +? &#@ +,2

           !"#B@79 ;Y/ }zBR5 3A7k.d j=5;K5 b85\95 "/ s7K f1g"K
7k.dA         #* bQ"#@  !5,#B* T"Q          +? &#@  !"#g +? r;#/"8

N1YI,*   &'! T"Q         ;Y/ }zBR5 3A7k.d j=5;K5 b85\95 "/ +5?
  A7k.d a1/  !"B@79      \1K  !5,B* T"Q  *  KU\9   ?7#1M .  &#/

       =5 78,C##< _#SBD* �"#ZK +? N#(5 7#Bo/ 72"#R a1#[Q
A7k.d A=5;K5 "/  8"Q ?,O A?"0B(5 HU"0B* T"Q.  

  T57/  &.1o/ A=5;K5 a11Y<        =5 _#SBD* �"#ZK +? A7k.d 
A7k.d        ?"#Y/5 "#/  8"Q11.11    "#< 5.5     A;#O A?"0B#(5 
N(5 .              ;#Y/ +5;#Z* }zB#R5 &#@ N#(5 a1#.% +"@ �U+

 &'##(")* &##1g"K T57##/ _##SBD* j=5;##K5 U? +? 3 !"##B@79
 *  ?,O .       * >"EK 3;O"/ ?"8= }zBR5 a85 7M5     #@ ;#Q? &

             ?,#VU 7#-K ?+,#* &1g"K +?  B9"/  Mc8U F8 =5 7BE1/
    =5;#K5 =5 N#(5 7Bo/ &k1BK +? U r?+5?j   A?"0B#(5 T7#$8? 

           A=5;#K5 7#11w< &#/ T="#1K ;O"/ P@ }zBR5 7M5  !U ?,O
NJ1K .        U? &#1g"K 7#Q T57#/ 5;#B/5 +? +,#-.* a1#[Q &/

   A=5;#K5 "/ A7k.d     T"#Q11.11   U 9.9      &#B97M 7#-K +? 
 *  ?,O .       ?+,#* f4ZK  S)*  !"B@79 ;Y/ f'(")* =5 pd

  7-K)  A7k.d T\@7* :JG1d (       A?5? �1#u,< PB8+,#$!5 "#/

           H"#V+? a1$K"#1* }zB#R5 3+,@q* A7k.d U? T57/ A;O
J@"RB  T7)AVE(    pK"8+5U }zBR5 3)VAR (  }zBR5 U

     !"B@79 ;Y/ 78?"Z*)DFD (  * A7k.d U?  * &'(")  ?,O .
    T="9 PBJ1( T?U+U 78?"Z* WI5U +? }zBR5 &( a85  3;K5

       :G#O +? N8,�v W/5,< U)4 (      N#(5 A;#O A?5? >"E#K .
    T"#Q71wB* :GO a85 h/"4*VAR U AVE U DFD  &#/ 

   T?U+U "/ X'<7* t1<7<        }zB#R5 3pK"#8+5U }zBR5 T"Q
             !"#B@79 ;#Y/ }zB#R5 U T7BJ#@"R H"#V+? a1$K"1*

    rN#(5 A;#O _87Y<            >5,#.v &#/ A7#k.d j=5;#K5 7#1wB* U 
PBJ1(  VU7R.  

  

  
 :GO4 .L"B@79 PB8+,$!5 T="9 PBJ1( - "/ X'<7* T?U+U 3T="9 

 !"B@79 ;Y/ 78?"Z* }zBR5)DFD( H"V+? a1$K"1* }zBR5 3
T7BJ@"R)AVE (7k.d U? pK"8+U }zBR5 Uj !5,B*  )VAR( 

N(5  U  VU7R T"Q71wB*sizeT="9 &v,[k* A57[Q &/   3UC 3
PUC 3 PD UD  
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           &#B9+ +"@ &/ A;v"I bO 7-K ?+,* T="9 PBJ1( +?
N(5 .    A;v"I =5  G8 3&K,[K >5,.v &/ &/ T"Q +"@ &B97M  A;O

  * 5+              a1$K"#1* }zB#R5 7#M5 &#@ ?7@ >"1/ a1.% >5,<
    >] 3;O"/ a18"d T7BJ@"R H"V+?       S)* ;Y/ a11Y< A"M

A?"0B(5 j7k.d "/ :[B)* A;O <+"'v &/ "8 rN(5 7<  :  
If AVE is LOW then Size=PUC  

     &/ }zBR5 +5;Z* &( ?U+U "/ N(?   A7k.d =5 A;*]   T"Q
11.11   U 9.9         &#.*5? +? PBJ#1(  VU7R 7M5 3UC 

3;O"/  >]        A=5;K5 =5 A?"0B(5 A"M11.11    ;Y/ a11Y< T57/ 
".*           A7#k.d A=5;K5  BJ8"/ H+,` a85 71y +? U N(5 t(

 ;/"8 bQ"@ .           TU+ +,@q#* ;#.8579 A+"#/U? +,#-.* a8;#/
A7k.d       A=5;#K5 "/ T"Q9.9   U 7.7     #* s"#kK5    ?,#O . +?

          &#.*5? =5 7BE#1/ A+"/U?  VU7R &@  <+,`UC   3;#O"/ 
   =5;K5 bQ"@ "/ H"1S[v    * +57G< A7k.d A  ?,O .   :#[v a85
     * 5;1d &*5?5  8"V "<          &#.*5? =5 7BE#1/  VU7R &@ ;.@

UC     F%,@ &/ "8 U ;O"'K        .Y8 A=5;K5 a87<5.5 ;(7/  .
              &#/ �,#/7* T"#Q71wB* =5 A?"0B#(5 +? 7@� &/ s=� &BGK
        N(5 a85 pK"8+5U }zBR5 U T7BJ@"R H"V+? }zBR5

 "Z* &@&BO,K 78?   :GO +? A;O)4 (   78,C#< &#/ �,/7*8 
             F#1G0< H+;#I T5+5? T?U+U 78,C#< 7#M5 U N(5  B1/
;..@ 711w< 78?"Z* a85 N(5 s=� ;O"/ HU"0B*  012.  

  ;##Y/ �"##'I"YB* U i7##)B* j7##k.d j=5;##K5 a1##1Y< "##/
  N[JI +?  !"B@79      * 78,C< _SBD* T"Q      78,C#< >5,#<

   ?7@ ?"k85 5+  !"B@79 .   :GO h'2)1 (   +? &Sg7* a87R]
     T7.8"/ T?"o.E1d PB8+,$!5 "/ &'! �57DB(5    78,C< T="(

 N(5  !"B@79 . T7.8"/ ;.8579    * T="(      =5 A?"0B(5 "/ ;K5,<
    &K"B(] ;g F8)T (     ?,#O s"kK5 :JG1d 7Q +? .   a#85 +?

 &!"Z*T �U+ 6"(57/ Otsu  N#(5 A;O a11Y< )Otsu, 

1979 .(           ? &#@ N#(5 H+,#` a8;#/ �U+ a85 H"1x\V +
          &#1!U5 fK"B#(] ;#g F#8 5;B/5( )T 0     a1$K"#1* 6"#(57/ 

            #* n"#DBK5  !"#B@79 78,C#< +? ?,#V,* 78?"Z*   ?,#O .
     :JG1d  *"[< &K"B(] ;g a85 6"(57/       +? ?,#V,* T"#Q

&##'!  g5,##K &##/ 78,C##< P1J##Z< &##'! >U;##/ U +5?  T;##./
 *   &/ 3;K,O   T+,#2            78,C#< +? :J#G1d +5;#Z* 7#M5 &#@

B@79 {+\/  !"          >] ;#O"/ &#1!U5 &K"B(] ;g =5 7<      a#85 A"#M
 &'! :JG1d      &#'! >U;#/ H+,` a85 71y +? U N(5 +5? . +?

     :J#G1d 78?"#Z* a1$K"1* &*5?5           =5 &#1g"K U? a#85 +? "#Q
  * &'(")*  !"B@79 78,C< ?,O .    &#1g"K U? a#85 p�#(

    &'(")* a1$K"1* 78?"Z* =5 A?"0B(5 "/ �5?;k*    T57#/ A;#O
  ?,R 3&1g"K 7Q    &'! &1g"K U? &/       P1J#Z< &#'! >U;#/ U +5?

 * ;K,O .  K"*= "< ;.8579 a85 * &*5?5  ;g +5;Z* &@ ;/"8
  &'#(")* fK"B(]             :#'I N#!"g "#/  <U"#0< >5;#.% 3A;#O
;O"/ &BO5;K.  

  
4-E'#>F   !"#$ %&"!'() * +'",  

       !"#$% &'()*+,- (."/ 0(-(8      01232$, 4$+56 ALOS-

PALSAR     7-12, 89:2/ .( );<-= ( $,-> . ?-1$@-0   ;$!- 
   !"#%400 400     ABC D >,- 5    4/ E)F@ -. EG   1H( .

IJ/           >$,- 4KL)$, M$N  !"#% ;!- .( ("O"/ 8PQ ;! %
  4/ '1!( RS  ("C .  ABC6   RP,)T/ 4Q)+S U  !D)#%    '1$C

     4/ E)F@ -.  !"#% ;!- ?-  1H( .     4!-.)$S E(-( E)F@ 7- 6
    ;55V% .( 7?)U 49:2/  0?-1$@-     !D)#$% &W $T/ 0 $32<

  ' 32< )6 4Q)+S U             X$K+Y/ Z)$9@ .( >$6)[ ()$V6- )6 4!)H
  '1C RP,)T/  !"#%  1@- .      ' 32< 0?-1@-  5[\% ABC ;!- .(

4/ -. 1!( E-"%.  
  

  
 ABC5 . 01232,  !"#%ALOS-PALSAR .(   

 7-12, 89:2/);<-=(  
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)89)(  ' 32< )6 4Q)+S U  !"#%5×5  ):( )6 4Q)+S U  !"#% ' 32< 7×7    ) ;(  ' 32< )6 4Q)+S U  !"#%9×9  

    
      )( ( ' 32< )6 4Q)+S U  !"#%11×11     )H)(   5]+/ ' 32< )6 4Q)+S U  !"#%)7?)U          (  

 ABC6 .' 32< )6 4Q)+S U  !D)#% RP,)T/ ^D)*+/ 7)H   !"#% 7- 6 '1CALOS-PALSAR 4%)VQ):/ (."/ 89:2/ .(   
  

      
)   !"( !" #$%&'(& )* +,- .&'/01&     )#( 2'3!( )*  -)0"'4 '5$6% 7& +,- .&'/01& 

5×5    
)$( 2'3!( )*  -)0"'4 '5$6% 7& +,- .&'/01& 7×7  

      
)%( 2'3!( )*  -)0"'4 '5$6% 7& +,- .&'/01& 

9×9  
)&'( 2'3!( )*  -)0"'4 '5$6% 7& +,- .&'/01& 

11×11  
)(('3!( )*  -)0"'4 '5$6% 7& +,- .&'/01& 8   

 '9:0;)<7)4(  
 ABC7 .+,- .&'/01& <)=  '5$6% 7& 2>?ALOS-PALSAR@A!; #B  CD-)A; B#$;+EF# )*  GF)H0; <)=  



 <!*"=> (? @A9 +'",("BC4SAR+'"D E 0"#F<D G#!(HI9) +"-A/<& 
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   ABC _P` 65         !"#$% >,- a?b RPQ 7?),.)BCG 7- 6 
 E)$$56 cD. )$$6 4Q)$$+S U  ("$$C 7 2!)$$6 '1$$C . 1$$2!- U

7 2!)6    .  6 7?),       ABC .( ("O"/ 4Q)+S U  !D)#% 7D6 
           4$/  $Sd R$/-(- .( RS 43!)+@ D '1C e)fg-      R$6 1$@( h

    >$,- '1$/G >,( .        I+!."$iQ- Rj$!)9/ 7- $6 ;5$2kfH
  cD. )6 7()J2F5<      E-"$2g R$6 4$2S +K5U &l5,mS 7)H

         '1C e)fg- RVQ):/ (."/  !"#% 7D.  6 l5,mS 4CD.
>,- .  ABC7 RPQ    n- Y+,- 7)H       !"#$% ?- '1CALOS-

PALSAR4/ E)F@ -.  1H(.  
E)fH       ABC .( RS ."`7      ."$%- <- &>,- oYF/ p5@ 

         >!)$q. 8$35+@  $r@ (."/  !"#% .( 42S       R$6 -. 4F$Y6
   R6 D '(-1@ >,(     RBQ p!"@  5[\% >T% ^1C    R+U h .- s 7-

>,- .    ABC ;!- .()7 XQ-  (  AjB5< ?- 7.)5j6     tG 7)$H
            -( o5YF$% R$PQ Aj$B5< E-"$2g R6 p!"@  5[\% >T% '(

'1C  1@- .   AB$C 8j$!)9/     7)$H7-    )$% t7-    oYF$/ $$H
4/    u,)2/ RS (?),         &R$PQ 7?)$,.)BCG 7- 6 ' 32< ;! %

' 32<      0?-1@- )6 7-7 7 >,-  .E)fH        '1H)F$/ R$S ."$`
4/       >6)[ 0 32< )6 &("C7 7   >fj$s  +F56       M$N 7)$H

 >,- '1C .)BCG 4KL), . '()*+,- RS >,- 4Q)L .( ;!-
 ' $$32<  !)$$, ?-    >$$6)[ 0?-1$$@- )$$6 )$$H)5 5 &9 9 D 

11 11 (      (.-1$@ 46"$K:/ E-1$2v w!)+@ .      )$6 1$2v  $H
     ' 32< ?- Ax)L 8PQ  !D)#% 8j!)9/        ."$%- <- )$6 >6)[ 7)H

 4/ 42S    E-"%  y5H RS >*h   ' 32< ?- l!        5[\$% >T% )H
 '("P@ p!"@  1@- .        & +J6 835+@ R6 46)5+,( 7- 6 &e)L ;!- )6

' 32<    4!)H        $5]+/ ()$V6- )$6) 7?)$U (     X$K+Y/ Z)$9@ .(
         4/ -. EG 835+@ RS &1@1C R+U h .)S R6  !"#%     .( E-"$%

  ABC7-  ( S '1H)F/ 7 .        I+!."$iQ- 8$35+@ AB$C ;$!-
 7()J2F5<) 7?)U $ e)+S U (>,- .     5[\$% AB$C ;$!- .(

 RBQ p!"@       RPQ  +F56 D >,- As-1L 7-       '(-( o5YF$% )$H
'1C  1@- .       R$z-.- w!)+@ 4fS 46)!?.- 7- 6 R/-(- .(     )$6 '1$C
cD.     oN)C ?- XK+Y/ 7)H         4$/  $Sd R$S 4!)$H    (( $h

4/ '()*+,- ("C.  
1- oN)$$$CTrue Positives (TP) : ?- 7(-1$$$V%

AjB5<     R6 RS RPQ 7)H    < E-"2g R6 4+,.(  RPQ AjB5
'1C '(-( o5YF%  1@-)PTP=TP/M .(  

2- oN)$$$CFalse Positives (FP) : ?- 7(-1$$$V%
AjB5<          E-"$2g R$6 ')P+$C- R$6 R$S R$PQ ED1$6 7)H

'1C '(-( o5YF% RPQ AjB5<  1@-)PFP=FP/M.( 
3- oN)CTrue Negatives (TN) : 4!)J@G ?- 7(-1V%

 R6 RS         o5YF$% RPQ ED16 AjB5< E-"2g R6 4+,.(
'1C '(-( @- 1)PTN=TN/M.( 

4- oN)$$$CFalse Negatives (FN) : ?- 7(-1$$$V%
AjB5<      R$6 RS RPQ 7)H         Aj$B5< E-"$2g R$6 ')P+$C-

'1C '(-( o5YF% RPQ ED16  1@-)PFN=FN/M .( 
    &E)5/ ;!- .(M  AjB5< (-1V%         8$PQ ED16 D RPQ 7)H

      >,- 46)!?.- 7- 6 '1C R+U h  r@ .( .    R$S 1@)f@ R+*h)@
 4$$/ -. cD. 4!-.)$$S   )$$6 E-"$$% oN)$$C» o5YF$$%

>$$$,.(«1(PCC PTP PTN)! " D » o5YF$$$%
>$$,.()@«2 (PFC PFP PFN)! " ( $$S 46)$$!?.- .

       ?- &w!)$+@ 4fS 46)!?.- 7- 6733        M$N ?- R$PQ Aj$B5< 
       AB$C 1$2@)/ R6 4KL),8      >$,- '1$C '()*+$,-  .  7- $6

 AjB5< t)Y+@-        R$9:2/ p$5@ RPQ ED16 7)H       '?-1$@- )$6 7-
15  15         R$+U h .- $s  $r@ {1$/  !"#$% 7D.  6 AjB5< 

>,- .            )$!.( R$PQ ED1$6 |m/)S 4L-"@ 7D.  6 R9:2/ ;!-
>,- '1C t)Y+@-.  

  

  
 ABC8 .AjB5< t)Y+@- 7)H  '1C)733AjB5<  ( R6 4KL), MN ?-

w!)+@ 4fS 46)!?.- 7- 6 RPQ AjB5< E-"2g  

                                                           
1. Correct detection 
2. False detection 
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  eD1O1   RPQ 4fS 46)!?.-       n- Y+$,- 7)H      )$6 -. '1$C
cD.   R6 7)H      4/ E)F@ '1C R+U h .)S  1H( .    ;$!- _$P` 6
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