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@(FRS
U->VI%+P K7.4 -  8:A B#'%>  @:AHW#/ ">-X&W >" HY:7% #W B>%";>#T VL," HW #2% )+4+:04%.P >#LZW  7#/R7"-+12 B%?7#T HW >"#! )#'
HW#/RA" [>%.N (% B>#N \J#:2 >"  7#/HW#/ ]&4 #W B&=W (#AH^4.04 #^W B>%"%> &7-#M^P  A&8A" #W _#W  7#/`^A#:2  4#^2( B>%"&^W

+:8ZL4.HW +7+/ U-> -" H,#52 K7% >" %S,VI%+P 687>.<,% ".aOW >.b:2?:G%&T &W  :8a2 B>%"%>  @:A;+::G ^0c%" B#^')U->B#^'
+7+/(HW#/ ">-X&W >"HW#/ ]&4 #W B&OE  />#I \J#:2 >"  7#/RA% ;+E Hc%>%  dI e#8aZ4 >#8D> #W _#W  7#/.(%  ^5LfgP )RZ^h4 U->

+^7+/ U-> -"StaMPS (Stanfford Method for Persistent Scatterer)-DePSI (Delft implementation of Persistent Scatterer

Interfermetry(U-> &^̂ W B".^̂aOW i-" U-> -StaMPSR^̂A%.VZ^̂YLT (#^̂ D  W#^̂ 7(#W "&^̂Yg0N ".^̂aOW )U-> -" >" ;+^̂0N j+^̂'B#^̂'
?:G%&TU-> #W HG RA%  0c%" ;+::GStaMPS+4+E k#h84%.K7% "&Yg0N HZ7#52 )H,#52  g$% j+'3>#^I >" l^!%- H5d:2 >" U-> -"

HW#/ >#8D> #W - &OEH5d:2 VL," KL0' HW )RA% l7&A  7#/HW#/ RN&A &mG%+n #W B%;+7+T &LopP R1P *%&OP RE"  W&q k.:/ >"  7#/
+E k#h84%  A>&W >.b:2 HW RZ=4-&D.;"%" (% ;"#f8A% #W H5d:2 K7% >" H9,#d2 ">.2 U-> -" &' B%&/% (% rT2 B#'&LZ149#W s7#84 )

HW#/ ]&4 t=54VI%+P U-> (%  /%&h8A% uA.82  7#/;"%" (% ;"#f8A% #W -  8:A B>%"%>  @:A&LZ2 B#'378+E HZ7#52.*#=4 s7#84
687>.<,%  7%>#G ?7%vD% U-> HG "%"StaMPS>" - +4>%" >%&! B&8=LW (#D  W#7(#W B#dI &LopP R1P &P_#W "&Yg0N RN&A "./- #W )H@L84
RA% &80G *X (% V$#n s7#84 R1$.

T5F(@U'+1V:VI%+P?:G%&T )B>%"%>  @:A".aOW 687>.<,% )RZ=4-&D ) 0c%" ;+::G?:G%&T &W  :8a2 t8D#7;+::G?7%v^D% U-> ) 0c%" B#'
687>.<,%  7%>#GStaMPS.
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1-=$(2$
;>%.'#^̂ 2 "->- #^̂ WH^̂'" (% B>%"%> B#^̂'1990y^̂L:YP )

I%+PV;>%.'#2 B>%"%>  @:A+^Lf2 B>%v^W% *%.:N HW B%
HW#/ ?7#T >" 7#/+^E  ^D&92 KL2( zdA B#'.K^7%

HD&$ &b4 (% U-> ^4%-%&D - )*#^2( - H^:7v' >"  7.^/
U-> #^W HZ7#52 >"  4#2( -  4#Y2R^LgW#! &^<7" B#^'

yL:YP (% ;"#f8A% ;(-&2% HG  7#/ #P {">%"  7_#W >#LZW
VI%+^̂ P>%"%>  @:^̂ AH^̂ W BH4#2#^̂ A -  W#^̂ 7(%&P B#^̂ /
*#Y2;(%+4% >"  4#O/  W#7B&LC>#LZ^W KL2( zdA B#'

RA% H8D#7 w-%+P.*%&7% >"4LvK7% (% &LI% w#A +:x >"
VYE &LL|P ?7#T >" yL:YPKL^2( zd^A }g8h2 B#'

R^^A% ;+^^E ;"#f8^^A%.H^^WR^^7v2 6^^q>U-> B#^^'
VI%+^PU-> &^<7" #^̂W HZ^7#52 >" B>%"%>  @:^̂AB#^̂'
#^̂^^TH^̂^^W#/ ?7V^̂^^2%.N B%>%" U-> K^̂^^7% ) 7#^̂^^/

"-+12;+::G">%.^2  ~^9W >" %> *X  7%>#G HG RA% B%
 2 ?'#G+'".&7-#MP *".a4 F&8A" >" ) gG >.J HW

HW#/ ]&4 HW RaZ4 `A#:2  4#2( l7(.P #W B>%"%> 7#^/
Hf,�2 )H5d:2 >"U->  2#0P HG RA% B%".^/.2 B#^'
VI%+^P yL:YP >"%> B>%"%>  @:^A">-X&^W zL1^$ >"
HW#/ ]&4 *"&G 2 "-+12  7#/+^:G.V^2%.N H^g0/ (%

"-+12VI%+P yL:YP �+::G 8:A B>%"%>  @:A1i+N )
 ^A+:' -  4#^2(  <8Za0'2R^A%. <8Z^a0' i+^N

- B&'#^̂� VY^̂E >" l7&^̂A &^̂LL|P H^̂ W �.^̂W&2  4#^̂2(
 C�7-KL^W  4#^2( �(#^W >" KL^2( zdA  =:G%&T B#'

H7#T &7.MP3T &7.MP --&L4 ^A+:'  <8Z^a0' i+N -
 4#^̂Y2 B#^̂:a2 w.^̂J *".^̂W +^̂:gW (%  ^̂E#4)-" Hg^̂$#D

B>%"&W&7.MP ;#<8Z7%(R^A% -&^LT - H7#T &7.MP -" KLW
)Sadeghi et al., 2011c.(

VI%+^̂ ^P y^̂ ^L:YP&^̂ ^W  ^̂ ^:8a2 B>%"%>  @:^̂ ^A
?:G%&T;+::G 0c%" B#'5%> *X  ^P&D >#W KL8Zh4 HG

VZYLT k#h84% VL," HW )"&G �&d2?:G%&T B#'�+::G
R7"-+^12 )*#2( >" RW#o  =:G%&T >#8D> #W  0c%"B#^'

VI%+P U->*#Y2% - "&W KLW (% %>  8:A B>%"%>  @:A
;(%+4%HW#/ >%+52 B&LCH^W  ^8n %> KL^2( zd^A  7#/

 gL2 +:x *%vL2">-X 6'%&D &82)Ferreti et al., 2001.(

VZYLT?:G%&T B#';+::Gw.^J >"  ^0c%" B#'*#^2(
 C�7- B%>%" =:G%&T(#W B#'6#^W - +:8Z'  8W#o e#8aZ4

 Z^4&'.G )�>v^W  4#^Y2 -  4#2( B#'#:a2 uI "./-
&7-#M^P  <8Z^a0' i+N (% - +4>%"  7_#WSAR&^80G

 2 &LopP+4&7ST.>" &o�^2  2#^C U-> K^7% H^c%>% Hx&C
R7"-+12 ?'#GVI%+^P y^L:YP B#^'B>%"%>  @:^A

HW  8:A ^2 >#0^E^7XU-> (% y^7 &^' KYL^, )+B#^'
?:G%&T U(%"&T;+::GR^A%  a7#^92 B%>%"  0c%" B#'

VY=^2 #W }g8h2 u7%&E >" %> #O4X (% H:LOW �"#f8A% HG
 2 H/%.2"(#A.w#A #P2006687>.<,% ^E(%"&T B#^'

?:G%&T &W  :8a2  P-#f82;+::G+^E H^c%>%  ^0c%" B#'
6O2 HG;"#f8^A% #^O4X  ^<0'  C�7- K7&P�#^N�J% (%

H^W#/ w+^2 vL4 - H:2%"KL^L9P ?L^T (%  7#^/>" ;+^E
?:G%&^T  7#A#:E;+^::GR^A%  ^0c%" B#^'.H^WV^L,"

?:G%&T #O:P H:2%" �#N�J% (% ;"#f8A%;+::G 0c%" B#'
e#P+^0N HG ^ >%"%> >.Z:A R0A HW B.! R=C(#W B%>%"

W RA" RI#A [>%.N= 2  7#A#:E ^ +4&+4"&C.(#^L4
?4%" HWHW#/ w+2KLL9P ?LT (%  7#/H^W RaZ^4 ;+E

R^A" "+^982 B#'>#8I#A *".a4 RA" >" - *#2((#^A
"-+12 V2%.N (% )H9,#d2 ">.2 H5d:2 >" &=WK7% �+::G

687>.<,%687>.<,% Hg0/ (% #'DePSIH^W ^2 >#0^E+^7X
)Ketelaar, 2008 and Kampes, 2005.(687>.^̂ <,%
7StaMPSw#A >" &T.' %>2006H^W H^G "&^G  D&92

>" H:2%" �#N�J% &W ;-�N (#D �#N�J% (% ;"#f8A% RgN
VZ^̂YLT k#^̂h84% t^̂gn&2?:G%&^̂T B#^̂' ^̂0c%" ;+^̂::G

 2B&OE&Lq \J#:2 >" +4%.P)RA" [>%.N *-+W(#^A
&=W(HW#/ >#8D> ?4%" HW (#L4 *-+W -H^W RaZ^4  7#^/

VZYLT )*#2(?:G%&T B#']&4 - KLL9P %>  0c%" �+::G
W#/H+:G ">-X&W %>  7#/)Hooper et al. 2007.(1234567

1. Conventional Interferometry
2. Temporal and Geometrical decorrelation
3. Master
4. Slave
5. Persistent Scatterer
6. Back-Scattere
7. Stanford Method for Persistent Scatterer
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H^W#/ ]&4 #W \J#:2 >" HG RA%  ,#n >" K7% 7#^/
)_#W(#^D  W#^7(#W t^gn&2 (#^L4 ">.^2 �&^E1�&^E H^G
H4.04RZLc.Y7#4 B>%"&W2 2 ;+L2#4 2 �54 )".E""&C

HW#/ ">-X&W >" 687>.<,% K7% - 04 V0N \D.2  7#/+:G
)Dehghani et al., 2009c.(

w#A >" *%>#Y0' -  4#5'"2009HW?7%vD% >.b:2
687>.<,%  7%>#GStaMPSH^W#/ ]&4 #W \J#:2 >" 7#^/
 5LfgP U-> )_#W3+^4"&G H^c%>% %>)Dehghani, et al.,

2009c.(VI%+^P U-> \^LfgP H^G U-> K7% >" @:^A
687>.<,% -  8:A B>%"%>StaMPSRA%.+^E ?^E.G

8W% HGHW#/ ]&4 %+�&^E (% r�^A - +^W#7 ?'#^G  7#/
".^E ;"#f8A% (#D  W#7(#W �#Lg0N >" RZLc.Y7#4.K7+^W

H^W#/  ^dI Hf,�2 >.b:2">.^2 t^5d:2 >" H^G  7#^/
HW#/  g$% Hf,�2 H9,#d2H8=T y0G HW ".W  7#/B(#A4

i%&^̂C-&D&8:7%H^̂ W H^̂ G H8Z^̂ a0' B#^̂'r7&P#^̂ 2 HgL^̂A-
 Z4&'.G)Rocca, 2007(E k#h84%(#D (% - ">-X&W +4+

;+::G ?:G%&T+E &ZG  0c%" B#'."./- HW (#L4 KYL,
H^̂4.04 #^̂W &7-#M^̂PH^̂@L84 >" - `^̂A#:2  4#^̂2( B>%"&^̂W
i%&C-&D&8:7% VLY=P�+^::G"-+12 V2#N )H8Za0' B#'

RA% U-> K7%.687>.^<,% ".aOW >.b:2 HW %S,StaMPS

HW#/ ">-X&W >"^P H^W (#^L4 *-+^W _#W ]&4 #W  7#/VLY=
i%&C-&D&8:7%]&^4 3%&h8^A% >.^b:2 H^W H8Z^a0' B#^'

HW#/(% HG +E Hc%>% B+7+/ U-> ) 8:A U-> (%  7#/
 ^̂dI H^̂f,�2 H^̂L,-% `^̂7&5P >" i%&C-".^̂7&T 687>.^̂<,%

HW#/ ^2 ;"#f8A%  7#/"&^G)Sadeghi et al., 2011a,

2011c, 2012.((#D  W#7(#W Hgn&2 (% ?LT U-> K7% >"
687>.<,%StaMPSHWH4.04 �&E B>%&!&W >.b:2B>%"&W

H^̂ W#/  ^̂ dI H^̂ f,�2 )RZ^̂ Lc.Y7#4B#^̂ '(#D (%  7#^̂ /
 W#7(#WVZYLT �+=4?:G%&T B#'U-> H^W  0c%" ;+::G

i%&C-".^̂^7&T5)Ferreti et al., 2001.(;"( `^̂^7&5P
 2VZYLT tL,-% (#D (% - +4.E?:G%&T B#' 0c%" ;+::G

 ^̂ 2 &Z^̂ G+^̂ 4"&C.B>%&^̂ !&W [&^̂ D #^̂ W r�^̂A�&^̂E
H4.04">-X&^W - (#^D  W#^7(#W H^gn&2 )RZLc.Y7#4 B>%"&W

HW#/ Hf,�2U-> HW  7#/StaMPS ^2 i#^@4%".^E.>"
 7%>#^G ?7%v^D% U-> *%.:N #W U-> K7% (% &�#n H,#52

687>.<,%StaMPS 2 "#7".E.

687>.^<,%  7%>#^G i+^N H^W H^/.P #^W &<7" j&J (%
StaMPSH^W#/ ]&^4 #W \J#:2 >" 7#^/ 4%.P#^4 - _#^W
687>.<,%DePSIVZYLT k#h84% >"?:G%&T B#'�+^::G

RA" [>%.N (% B>#N \J#:2 >"  0c%"U-> )&=^W (#A
?:G%&T &W  :8a2 B+7+/;+::G>.^b:2 H^W  0c%" B#'

HW#/ ">-X&W]&^4 #^W - B&O^E 3>#^I \J#^:2 >"  7#^/
HW#/".aOW 687>.<,% *%.:N #W _#W  7#/&^W  ^:8a2 t^8D#7

?:G%&T;+::G+^E H^c%>%  ^0c%" B#')Sadeghi et al.,

2011 b, 2011c.(687>.^<,% (% U-> K^7%StaMPS>"
VZYLT k#h84% Hgn&2?:G%&^T B#'(% -  ^0c%" ;+^::G

687>.<,%DePSI 2 ;"#f8A% (#D  W#7(#W Hgn&2 >"+^:G.
687>.^̂ <,%  7%>#^̂ G ?7%v^̂ D% U-> -" &^̂ ' H^̂ G #^̂ @4X (%

StaMPS687>.<,% -".^aOW?:G%&^T &^W  ^:8a2 t^8D#7
;+::GU-> >" &o�^2  2#C ) 0c%" B#' ^E(%"&T B#^'
?:G%&T;+::GHW#/ ">-X&W >"  0c%" B#'>#^8D> #^W  7#/

[>%.^N (% B>#^N \J#^:2 >" _#^W ]&^4 #^W  dI e#8aZ4
RA"&=W (#A)B&OE 3>#I( 2 "%+0g!tZ^7#52 )+4.E

U-> -" K7% RL5D.2 *%vL2 - "&Yg0N ;.14 g$% j+'
RA% &�#n ?'-�T.12345

;"%" )H^9,#d2 ">.2 H5d:2 H,#52 K7% >"">.^2 B#^'
?:G%&T &W  :8a2 B"#O:=LT U-> -"  D&92 - ;"#f8A%

;+^̂ ::G?^̂ hW >"  ^̂ 0c%" B#^̂ '2(% V^̂ $#n s7#^̂ 84 )
;"#LTU-> B(#A?hW >" H9,#d2 ">.2 H5d:2 >" #'3)

?hW >" ;+E Hc%>% U-> -" tZ7#524H@L84 -C>" B&L
?hW5;+E Hc%>%+4%.

2-*+, + -'A$1V
2-1-@-'- + =YY#J1K$ -,AYY$ =YY2K4$-,AYY$ :1YYV

@-1Z8<'
H^̂W 7%>#^̂G ?7%v^̂D% U-> -" "&^̂Yg0N HZ^̂7#52 >.^̂b:2

687>.<,%StaMPS".^aOW 687>.^<,% -&^W  ^:8a2 t^8D#7

1. Phase Unwrapping
2. Nyquist
3. Hybrid method
4. Stacking
5. Periodogram
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?:G%&T;+::GH5d:2 >"  0c%" B#'[>%.^N (% B>#N B%
RA"#/ B%>%" - &=W (#AHW-  dI e#8aZ4 >#8D> #W  7#/

+^E k#^h84% *%&OP RE"  W&q k.:/ H5d:2 )_#W ]&4
)VYE1.(&Lop^P R1P  '#LC ?E.T B%>%" H5d:2 K7%

 ^̂ W 3%&h8^̂ A% (%  ^̂ E#4 RZ^̂ =4-&D ;+^̂ 7+TkX H^̂ 7->
H=54 *#2(#A U>%vC #W \W#d2 - RA%  :L2(&7(B>%"&W

;(%+4% (% >.=GB&LC^G \L!"  W#7(%&P tYaE B#'>" >.=
w#AB#'1995#P2002]&^4 &mG%+ncm/yr20>" -
w#A2005]&4 &mG%+ncm/yr233%&h8^A% H5d:2 >"

R^A% ;+^E)Arabi, et al., 2005 and Amighpey et

al., 2006.(;.^G H8E> HW w#0E (% H9,#d2 ">.2 H5d:2
;.G HW k.:/ (% )(&a,%H^W �&^E (% )H7.T#=^D - "%>X B#'

HA �#N#fP>% ^W )y^x.! )H^7#T ^WH^2%"% >" - .4#W&O^E
".012 #P >.E H4#I"-> HW "-+Z2k&^q (% - H^W%&I "#WX

">- (%  ^:97 )3&^G R^E"  !&^E ;"-+^12 HW#^P ">-X
�#^W> H^W >#7&OE ;"#/ "%+82% >" >#7&OE"-+^12 67&^G

 2".E.687>.^<,%  7%>#^G ?7%v^D% U-> -" HG #@4X (%
StaMPS".^^^aOW 687>.^^^<,% -D#7&^^^W  ^^^:8a2 t^^^8
?:G%&T;+::G6G%&^P #^W lL^A- \J#^:2 >"  ^0c%" B#'

VZ^̂YLT B_#^̂W?:G%&^̂T B#^̂'�#^̂Lg0N  ^̂0c%" ;+^̂::G

*#2(  E(%"&TR^E%" +^:'%.I B&W.H^WRN&^A >.^b:2
H^5d:2 HW H9,#d2 ">.2 H5d:2 )�#Lg0N HW *+L=hWB%

"#9W% #W5/4>"7/2k.:/ >" &82.gLG*%&OP RE"  W&q
K7% {+E "-+12H^W#/ t=^54 #^W \W#^d2 ;"-+12 7#^/

HLOPVI%+P U-> HW *%&OP RE" t5d:2 >" ;+E @:A
&LopP K7&8=LW B>%"%>- RZ^=4-&D ;+^7+T (% %> B&7S^T

HW#/ ]&4 &mG%+n 7#/)25- 84#A;(#W >" w#A >" &82
2003#P2008(">%" %>)Dehghani et al., 2009c.(
;"%"B>%"%> B#^̂'ENVISAT ASAR^̂Gt^̂5d:2 H

 2 ?E.T %> *%&OP RE")}g8h2 &LZ2 HA V2#E +'"
;>#0^E #^W _#W >SC y7 - KL7#T >SC -"H^W &LZ^2 B#^'

`LP&P378)149-414RA%)VY^E1.(H^G #^@4X (%
;"%"&LZ^2 H^W �.^W&2 B#'378;(#^W >" #^O:P 4#^2(

2003#P2005;"%" (% %S^, )R^A%>" &LZ^2 K^7% B#^'
+::G ?:G%&T vL,#4X;+=4 ;"#f8A%  0c%" B#'."%+9P22

&LZ2 (% &7.MP149)KL7#T >SC( 4#^2( ;(#W HW �.W&2
2003-2008+^E B>%+^7&I #^T->%  7#~^D r4%�X (%.

KL7#T >SC >" ;>%.'#2 B>%"&W&7.MP �.412>" HG RA%
KL7#^T >S^C >" &7.M^P vG&2 B%&W ;>%.'#2 +7" H7-%( *X

23">%" >%&! H/>".

VYE1.">%" >%&! RZ=4-&D ;+7+T &LopP R1P HG *%&OP RE" RL9!.2.;"%" }g8h2 B#'&LZ2 2 %> RZ=4-&D H5d:2 HG B>%"%> B#'+4#E.T
)lW&2�4> ;#LA B#'(RZ=4-&D H5d:2 RL9!.2 ;%&0' HW)�4>+LfA *.<LgT(RA% ;+E ;"%" *#=4 VYE B_#W >" HG.&7.MP KL7#T VYE >"

ETM+4 ">.2 H5d:2 <4> `LG&P #W &b4/7-2w#4#G >"RA% ;+E ;+L=G &7.MP HW  WX - vaA )v2&! B#'.;#LA >"#G�4>)a(">.2 H5d:2
 2 *#=4 %> H9,#d2+'".
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2-2-*+,1V:%&'();4< ,'-',:Y489$ "Y7
345'"6@(4451V:>?'- 
*#0'U-> )+^E ;>#^E% e�a^! H^G >.^J#^'B^E(%"&T 

?:G%&T;+::G#'B"0c% ,#4X (% HGLH^W H^:2%" v>.^b:2
#A#:E 7TLVZY#'B?:G%&^T;+^::G^0c%" ;"#f8^A%
^^2 +^^::G)U-> H^^g0/ (%DePSI([>%.^^N #^^O:P )

RA"%>%" HG %> &=W (#ABR=C(#W#'B.!BR0^A H^W
T *%.:N HW )+:8Z' ;+:@:ALVZY#'B?:G%&^T�+^::G

0c%" 2&W vC7T k#^h84% H^W >"#! - +::LVZ^Y#^'B^W#
&OE 3>#I \J#:2 >" *#2( >" RW#o >#8D>B4^L+:8Z.(%

" j&J7U-> &<StaMPS,#4X (% ;"#f8A% RgN HW HGLv
,#^̂4X &^̂W ;-�^̂N ^ (#^̂DL#^̂A#:E H^̂W >"#^̂! ^ H^̂:2%" v 7

TLVZY#'B?:G%&T^0c%" ;+::G >#^N \J#^:2 >"B(%
RA" [>%.N(#W Hgn&2 >" )RA% &=W (#A^7W# H^W (#^D

,"L>%&!&W i-v, VBH4.04 �&E>%"&^WB#47c.Y^L>" )RZ
HW#/ ]&4 #W \J#:2#/ 7*".^a4 F&8^A" >" #^W - _#^W

;"%"#' 7H4.04 #W>%"&WB4#2( #^dI >#^x" )`^A#:2B
(7"#B^2 H^W#/ ]&^4 - ".^E#^/ 7Z^W %>L(% &^80G >#

9!%-L2 ">-X&W R +:G.^J %S^, 51PL-" H8^ESC �#^5
:8a2 �-#f82 U-> &W?:G%&^T;+^::G#^'B^0c%" ^

>.<,%7".aOW 687:8a2 H8D# &W?:G%&T;+^::G^0c%" -
%v^̂D% U->7%>#^̂G ? 7>.^̂<,%768–StaMPSH^̂W>.^̂b:2

H^̂W#/ ">-X&^̂W#^̂/ 7&O^̂E 3>#^̂I \J#^̂:2 >"B]&^̂4 #^̂W
HW#/#/ 7dI e#8aZ4 >#8D> - _#W cv/ HG +E Hc%>%^L�#
%72 %> U-> -" K !"#^$ ?'-�^T >" *%.P " -7*%&^<
)2011a, 2011b,2011c,2012(7RD#.

-#MP (% ;"#f8A% #W U-> -" &' >"7>%"%> &B%7-&D&8:
i%&C#'BHW RaZ4 V58Z27.MP y7.M^P *%.:N HW &7&
#T72 VYE H C^L"&..M^P7#T &^7H^4.C H^W H%Bk#^h84%
2 <8Za0' i+N �.0@2 HG ""&C 9W#^P HG u^I (%

#:a2B4#Y2 #^:a2 u^I )B4#^2( v^G&2 r4#^G&D -B
^̂gT%"% i#^̂0P >" )R^̂A% &7i%&^̂C-&D&8:0G #^̂'L""&^̂C H^̂:

)Hooper et al., 2007.(TLVZ^Y#^'B?:G%&^T;+^::G

^̂0c%" >.^̂<,% #^̂W \W#^̂d2768StaMPS(% ;"#f8^̂A% #^̂W -
<8Z^̂ a0' 4#^̂ Y2 ^̂ 2 k#^̂ h84% +4.^̂ E.+4#G^̂ 7#'%+B

TLVZY#'B?:G%&T#T &^W %+^8W% >" ;+^::G^7�I#^E H
C+^:G%&T ^2 k#^h84% H^:2%" +4.^E)Ferreti et al.,

2001.(%&W (#D i#Y18A% r�AB+4#G &'7%&D >" %+7+:B
>%&YPB,#4XL2 v ".E.TLVZ^Y?:G%&^T;+^::G^0c%" 

TLgZY .^4 6OA HG RA%7#52 >" *X >" (#^D v^7#^W HZ
AL+E#W yx.G w#:<.,#4X >"L;(%+^4% )(#^D v%Bzd^A (%
.47&J (% (#D v7&5P \76OA jSn - `#'B>" H8Z^a0'

*#Y22 HaA#12 (#D ;(%+^4% HW#=2 HG ".E%Bzd^A (%
Z4&'.G RA%.TLVZ^Y#^'B?:G%&^T;+^::G^0c%" 

#O4 7#T &W7w#08n% H?:G%&T;+::G0c%" 9P *".WLLK
2 C+^:G%&T �I#E (% HG )+4.E Z^4&'.G - H^:2%" 

4#2( &5P72 ;"( ` ".E.T k#h84% (% rTLVZ^Y#^'B
?:G%&T;+^::G^0c%" \W#^d2 )>.^<,% #^W768StaMPS)
6O2&P7^A *#Y2 >" H8Za0'#4 ?hW 6OA KLw#:<1H^G

q Hf,�2L#dI HW �.W&2 *#Y2 >" H8Za0'&B-%(7" H7+2

.M^̂P 6O^̂A -7#T &^̂7q ?^̂hW >" HL*#^̂Y2 >" H8Z^̂a0'&
AL&5P )RA% w#:<72 ;"( ` ,-% (#D (% - ".EL(% V^a! H
(#W7W# 2 jSn (#D ".E.*#0'^E ;>#E% e�a! HG >.J+

H^4.04 �&^E #W \W#d2>%"&^WB#47c.Y^L>.^b:2 H^W )RZ
>.<,% (% ;"#f8A%768StaMPST (#D j�8I%LVZ^Y#^'B

?:G%&T^0c%" ;+::G #Z^0'7^2 H #W^7"+^N (% RZ 

yx.G% - )+E#W &P7HW#/ ]&4 #W \J#:2 >" �&E K#/ 7
-#MP +!#D - _#W7>%"%> &B(.P #W74#2( l �^54 `^A#:2

2 ".E.%vD% U-> -"7%>#^G ? 7>.^<,%768StaMPS-
>.<,%7".aOW 687:8a2 H8D# &W?:G%&T;+::G#'B0c%" 

%&^W �-#f82 >#Y'%> -"B(#W H^gn&2^7W# ">-X&^W - (#^D
HW#/#/ 7;"&^G H^c%>%% >" H^G )+^4%7#^@:-"�P%&8^A%B

(#W >.b:2 HW �-#f827W# HW#/ ]&4 ">-X&W - (#D/# 7HW
YfPL2 ;+E ;"%" �&E y (% HG RA% &G� HW i(_ )".E

1. Spatially Uncorrelated Part of Signal
2. Look Angle Error
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Z^̂ W >" H^̂ G #^̂@4XL>#BR^̂E" (%#^̂ 'B%^̂ 7H^̂ g0/ (% *%&
RE"#'B4 )*%&OP^LH^W )+O=^2 - >.W#=,"^LR^E%"&W V

dI Hf,�2 >%+52 );&fA (% i-%+2 #52 >" RZ=4-&D7HZ
opP #WLgMD �%& R^A_#W)Dehghani et al., 20096a,

2009b, 2009c, 2010(HW#/ w+2 %S, )#/ 7dI %&WB
+E H8D&C &b4 >" U-> -" &'.

2-2-1--A9M7 *+,0YYYY489$ =YYYY8!1 "YYYY7
345'"6@(4451V:>?'- 
>.<,%7".aOW 687^:8a2 H^8D# &^W?:G%&^T;+^::G#^'B
0c%" HW#/ ]&4#/ 7HW %> _#W58Z^2 >.JL#^'(#D (% 6B
(#W7W# %&D w.J >" ;+=47(#W +:7W# P (#D&572 ` +^4(.

(#W H^̂ gn&2^̂ 7W# (#^̂ D i#^̂ OW% ">-X&^̂ W >.^̂ b:2 H^̂ W (#^̂ D1

)ALVY#'B(#D V2#G(H^c%>% U-> (% ;"#f8A% #W>" ;+^E
DePSI2 i#@4% ".E.% l^!%- >"^7>.^<,% (% U-> K768

StaMPS#^̂A#:E >" 7TLVZ^̂Y#^̂'B?:G%&^̂ T;+^̂::G
^̂ 0c%" >.^̂ <,% (% -768DePSI(#W H^̂ gn&2 >"^̂ 7W# (#^̂ D

^̂2 ;"#f8^̂A% +^̂:G.#^̂A#:E (% r^̂T RZ^̂h4 i#^̂C >" 7
TLVZ^̂Y#^̂'B?:G%&^̂T;+^̂::G^̂0c%" ?^̂hW jS^̂n -
qL&5P )(#D *#Y2 >" H8Za0'&7,-% `LH%BdI Hf,�2 (% 

HW#/#/ 72 i#@4% % >" H^G ".E^7&J (% H^gn&2 K^7\
T w#M^̂P%LVZ^̂Y#^̂'B?:G%&^̂T;+^̂::G^̂0c%" U-> H^̂W
�^̂gm2+^̂:WB4.^̂ ," ^̂74#^̂Y2 HYa^̂E y 84 >" -LH^̂@
(#D7#W aZ4 ;+=4 ^2 H8I#^A �>X &' w.J >" ".^E.

(#W U->7W# >.^<,% #^W \W#^d2 (#D768DePSI>" %+^8W%
#~DB#~D >" r�A - *#2(B2 i#@4% *#Y2 ".^E.H^W

(#W Hgn&2 >.b:27W# #~D >" (#DBOW U-> (% *#2(LH^:
(Kampes and Hanssen, 2004) LAMBDA;"#f8^A%

^̂2 ^̂J H^̂G ".^̂E #^̂OW% �_.^̂O@2 *XiRN&^̂A - (#^̂D
HW#/#/ 7�>X w.J >"2 ">-X&W #' ".E.

(#W H^̂gn&2 >"^̂7W# #~^̂D >" (#^̂DBRN&^̂A )*#^̂Y2
HW#/#/ 7%&WBT &'LVZY?:G%&T;+::G0c%" RaZ4
HW72 V$#n l/&2 Hd54 y ".E.!#^W (#^D (% ;+^4#2

(#W H^̂ gn&2^̂ 7W# (#^̂ D)P%+'#=^̂2 (#^̂ D j�8^̂I% (#^̂ D (%

HW#/#/ 7;+E ">-X&W(T &' >"LVZ^Y?:G%&^T;+^::G
0c%" E#4 (#D V2#E #^dI )&fZ^0P% &o% (%B>%+^2B-
HW#/#/ 7w+2%&^/% #^W H^G )R^A% ;+=4B^7D yL&^8g

4#2( >SC_#W HW#/ 6OA#/ 7w+^2- &fZ^0P% (% ;+=^4
#dIB>%+2B^2 %+/ ,-% (#^D 6O^A (% - ".^E^L&^' H
TLVZY?:G%&T;+::G0c%" 2 &ZG ""&C.&^IX >"7K

(#W Hgn&27W# ^dI Hf,�2 ">-X&W - (#D H^W#/#^/ 7(%
#'(#DB>#NB#dI - &fZ0P% &o% (%B>%+2BHW#/ -#/ 7
qLdI& 2 i#@4% ;>#W-" ".E.% >"7>.^b:2 H^W U-> K

#A#:E 7#^dI jS^n -B(#W^7W# �>X )(#^D#^' 7#^W
"#527!#W �>vW & (#W H^gn&2 (% r^T (#D �+4#2^7W# (#^D

^^2 jS^^n .^^E"%+^^9P %S^^, )+4BT (%LVZ^^Y#^^'B
?:G%&^̂^T;+^̂^::Gk#^̂^h84%+^̂^:'%.I R^̂^A" (% ;+^̂^E

R^̂D>1)Sdadeghi et al., 2011b.(H^̂WjS^̂n >.^̂b:2
�>X#'B#^dI >#^x"B(#W^7W# |82 (% (#^D^L>.8G#^D &
>%-7ZT r4#LK22 ;"#f8A% H^dW%> \W#^d2 HG ".E)1(

!#W >%"&W HW ;+4#2#'BT &' >" (#DLVZY?:G%&T;+::G
0c%" &P#^2 -7>%- r^7>%-.G r4#^7(#^D �%+'#=^2 r4#

<8ZW%- ">%".

HdW%>)1(
T e

r
Qeˆ

!

"#$
1

2

  
  

  !!"e#$!!% &'()!!% * +,!!-$. $!!/0 1$!!2 ) 1$!!2 345!!6'
7',/$8.*    %$9 1$2 1'   $9*: +,;(&<=)%  (  <Q 

 )7$. : >
&'<: " >-$?&'<:     < 1$2 @',/$8. >-$r (  ('1=  9&0  A,. 
B'C .    #$% &'()% +1',-'  D )/* +,-$.   $!/0    E&F!% 1$!2    )!7

 ' G,;$%:      E&F!% &',!H. &?5"$!2 I  )!70       CJK!- (?!6  !% 
.*  ,/(.   LM;2   N O<& @&$D?P2  !Q($RS80   $!T- '& : U
.* ,/(.  

  

                                                           
1. Phase ambiguity 
2. Posterior variance factor 
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 LM;2 .&?VW' XP5Y. LZ'). &'(?T-:(?JR% [5:S5J.  52$* )% US"')N +,SS" $/0T\'( *  

  
2-2-2-%&' "J0" +"',5 3/+'CKL" + M8StaMPS  

'F!!2' O<&:'&$!!" U*:&?!!VW' : [5StaMPS(?!!JR% 0 )!!% 
&?VW':  [5StaMPS  ')!% 0     H]$!S. &( +($^5!B' *     _)!- $!% 
 %$9  $9*:    - (&?!. `)!; $R-= &(  " CBa$%  !Q   !PZ). 1$
1$%:%$*   . bH- 1$2 *      !%$9 < (?;   $!9*:  K!% Q    1' )!5T" &$
c#'<Q  . (&<=)% C*   (?!; . ' &( !:    1' >!N O<& I   d$!Y5-' 

NQLKM  $/0 US"')N  +,SS"  !T\'( *   N 1$!2 GQ LK!M       !% $!/
 &')#)% &?eS.0   -?T- `);   &'()%0 $- :\?M !Q  !] CK*  <( 

  . U/$"  PZ).* :,%$ .    PZ). &(:f   &?VW' $% g%$h.: [5
StaMPSi U!!Y% Q < (&<=)!!% 1$!!2 j$!!M. &(  5K!!JT/)

 . 3kZ*  (?; . &<=?!-0 '  !:      ' l<(  !PZ). &( O<& I !: I
    h6  ^Wm.  " CB' UY%*  %$9   $9*:       !%  M-= n)2 $% 

P!!o'  !!^Wm. j'?!!Sp* !!%$9  $!!9*: `)!!; b!!H- q!!p$% 
 -?T-  &'()%0 $- :\?MQ . CK*      )N O<&  !% G(?; !:? l')r<(

 . (&<=)%*        N 1$!2 1' < (?!;Q LK!M   $!/0  US"')!N   +,!SS" 

T\'(*  . )K" *  (()r .   ' &( s#'< &(:       1' >!N [!/ O<& I
M87Q   -$!M.  MJ; L*  N 1' Q LK!M   $!/0  US"')!N   +,!SS" 
T\'(*   %$9 Cp)B G  $9*: JK- *t&= A?] &(   O<& 1' $/
)N!!:)H7 l')r<(?!!:!!. +(1 u*   3k!!Z 1' >!!N < (?!!;

t&=  $/*:  ($H. $% :#$% E&F% )*   PZ). 1' Lo$Z 1$2 v,-$.
   %$9 Cp)B GLJ#   $!9*: N Q LK!M   $!/0  US"')!N   +,!SS" 

T\'(* #$% *         !% CJK!- +,-$. !:       (&<=)!% s!9).  !hH- f
.*  (?; . ' &(:    3kZ &?eS.  % O<& I t&=    $!/0   &$!D( 

$h60 1$% :%$*    w5. 1' 1$!2  !Q  K!-)/?" )*  -$!.1 *   g%$!h. 
   h%'&)2 ( . +($^5B'*    t&= < (?;   $!/*:    K!-)/?"  !" * 
-$.1* 1' )5T" :. 3kZ ,-&'(  -$5B= ,Z f* ,-?;.  

  h%'&)2(  

! "
N

k

l
k

exp j
N w

#

#$ % 11
1

  
    j= &(  "k

lw % @<$^7Q  A,. 1$2 I    JK- 1$2 < +,;* 
',/$8!!.7*')!!% 0 j$!!T" l' &( l' : l')!!r<)2)5Sk< l' N 

  PZ).[M: .M87Q' L:l')r<)2)5S /$ 

l<(  PZ). .)H7:1$2 l$Mx5B' u 

ySN  PZ).[ .)H7:W<' uQ  
%$9  $9*:h6 &$52& $% * 

l&$RD  PZ).. )H7:< u  [RB 3kZ
$h60<'1 :(  :?z7 < ,:$N ): &(  

i UY%QW<&?" )Q j$M. &( C2$1 

l?B  PZ). .N d$Y5-'QLKM $/0 
US"')N T\'( +,SS"* 

[8;  PZ). .)H7: uAPS < 
%$9  $9*:i &$52& $% Qh6)*  

{SN  PZ).-:f .M87Q  MJ; L
-$M.* 

{SN  PZ).-<( .)H7: &( $/)5.'&$N u
 )/ t&=)j$.1 0$|2 &( *%$:1$%( 

[5^/  PZ). .)H7:$R- u*: 
%$9  $9*:h6 &$52& $% * 

{SN  PZ).- B .1$%:%$* &( 1$2 
$|20j$M.  
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' (',c7:l')r<)2)5S CB' $/.  
       !%$9 1$!2 [RB )K" 1' >N   $!9*:  (&<=)!%   +,!;    !% 

 1$% @&?o:%$*    +,8-)   +1$% &(& ',() )(    W<' 1$2 [RB 1' Q  
 '1'  %0 N QLKM   $!/0  US"')!N   +,!SS"  !T\'( *    $!%   n)!2
&')#)%0    &'()!%  -?T- `); 0 $- :\?M !QK 1$% GC !:%$*   1$!2 

')%0  #$% 1$2 *    +,!-$.    &?!VW' g%$!h.:  [5StaMPS   l$!y-' 
.*   < (?;   j= 1' >N   %$9 1$2   $9*: )H7: +(1 u       !% +,!;

    1$%  PZ). 1' Lo$Z 1$2:%$* 1$2     2$}' .*  (()r  . < m   !^W
!!%$9  $!!9*: O<&  !!% StaMPS !!. (&<=)!!% *  (?!!;  

(Sadeghi et al., 2011a).  LM!!;3( !!: +?!!x- l')r$
 ()MPTpO<& NQ($RS80' &( : UY% I. j$8- '&* ,/(.  

  
3-,8B +S  

&?VW': (?JR% [5 : S5J.  52$*  US"')N )%   +,SS"  $/0 T\'( * 

'F!!2' O<& <:'&$!!" U*:&?!!VW' : [5StaMPS<& )!!% 0 
+('(      \'&'  HhS. < $/     UY% &( +,;2   ,!; ')9'  . ?z!7: )
$N:      % $% O<& <( )/ &(  Q8Q    V5K!JT/ j()!"  S*   ~!6 

$SJ.0 -$M. * -$.1 G*   ?z7 G)PN'( <:  )24    )J.$!B( 2004 
c7QQ   ,-$" < ,; I:$/',0 N Q LK!M   $!/0  US"')!N   +,!SS" 

T\'(*        -$5!B= ,Z I52)r )e- &( $% 4/0 ')!% 0  �6$!; 
r,S"')N*  $B$S;  S.'( *:   $R- &( < :   W$-= 1' >N CQ   1$!2 F

,-$":  ',680 N Q   LK!M US"')!N   +,!SS"  !T\'( *   d$!Y5-' 
,-,; .   N d$Y5-' 1' >NQLKM  $/0 US"')N  ,SS"+ T\'( * G

  i 1$2 UY%Q    !;$- j$M. &(  5KJT/)*   $!h6 1' 0 <'1  !:  
(:   i 1$2 < ,Q?z7 1' j$M. &(  5KJT/):$N ): 1' < (&<=)%  

W<' 1$2QN  QLKM $/0US"')N  T\'( +,SS"*,; 3kZ  .  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 LM;3 .'F2' O<& XP5Y. LZ'). &'(?T-:'&$" U*:&?VW' : [5StaMPS  

M87Q' L:l')r<)2)5S  $% $/: f
?z7:$N ):  

US"')N d$Y5-' +,SS" $/0 
T\'(*  

US"')N 1$2 U/$" +,SS" $/0 
T\'(* 0')%&')#)% 0 `); 

$-:?M:CK  

)H7: < u     $!h6 [R!B 3kZ0 
<'1: (  :   ?z!7 < ,: $N ) !:    U!Y% &(  
iQW<&?" )Q&$2 j$M. &( C  

)H7: [RB 3kZ < u
%$9  $9*:h6 * 1$2 &(   

1$%:%$* 1$2  

%$9 [RB j()"  2$}'  $9*: 
h6*1$2 &( *%$:1$% 1$2  %  ,;+  

2Q)5P:-$M. �S*-$.1 < * < 
%$9 (&<=)%  $9*: 
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   !" #$ %$#&'( &' )*+,#  -.  /#012 *3 4/#'5 65#$ 72 4 
2003   #8 2008    9:8 ;<7 =>3 *$ ?04     65#$ 72 < 2003 

  #82005     ;<7 =>3 *$ @!-A8  4BCD 7-2-7 . ECD 4  72 
$ F GHCI *0&C'4 2-2 J#B/- K- L8 MN2 )Dehghani, 

2009 .(     D 6A>O PQ$ *3 AN RQS'? *$#I T#CU  #I4( 
 D -7?   &! 7#EV7 #$ T#CU4    WS8 K#'5 THX 72 ? ' @4   A12

  :YV Z#/#DH/ <4   [#/ \#E]^/ _LD ?`.  #0' 72  a(    K" #a$ *^
D?    ' K#S/ 2H! 5- T#CU4  AC12 .- $#C$(  *$#I TA' )  #I4( 

 - 72(  &! *0&C' )4          27<" a$ bAa1 < AN *EV c  d/ 72 
 &! *9,e'4 *$#I   #I4(      AaN *a+,#&' *0&C' 72  .   5- fag
- J#aaB/-aa(2H]L$ ;<7 72 @aah- ' )( aaCE]' *aaEV#4  aa$ 
PC3- g  6ACC3  #1. >i-2 4  /#W' *W]N j4  g 5- ?@^W   #a1. 
PC3- g  6ACC3 >i-2 4 WS8 ?     #L/ 72 < AaN @ a(    5- fag M

 08aa(,<- kaa? *aa$#I MO aaD j* #aaI4(g  aa1 72 ? @^aaW
PC3- g   6AaCC3  a>i-2 4       ;<7 =a>3 *a$ LAMBDA  < 

 08(     #&! j 9^>8-  l- bmh < k. 7-A' .   *a$#I <    #aI4( 
TA'   *$#I j6AS/  #I4(   &! 7#EV7 #$ 4 - $ . g ? @^aW   #a1. 
3- gPC >i-2 6ACC34AN 27<" $ .  

          */#EaD" Aah )EV ac  d/ 72 #$2/3 nE'  a?   7HE3#aV  
7-<( ̂ g f/#?        2<Aah J<2 7- W8 *:h ' 72 j)79   Aao72 
g?@^W  #1. PC3- g  6ACC3 >i-2 4 ,<- ? p#$ *4  Aa/A/#'  . 72
-(          #a&! j 9^a>8-  al- *W/" q V #$ ;<7 ).  7-Aa' .  < 

*$#I  #I4( TA'      EaD72 *$ 6AS/4        6AaN bmah < 27<" a$ 
   2-A+8 bmh M:O jAN#$.  g 5- ?@^W  #1. PC3- g  6ACC3 

>i-24 ,<- ?  ' -7 *4   &! K-H84   *$#I TA' K2H]/   #I4(  #L/" 

^98? 2 3   .  -`V- ;<7 72( -7#3 P4(  7HaU,- (  _EStaMPS 
   g G#QE/- 5- fg? @^aW   #a1.  PC3- ag   6AaCC3  a>i-2 4  < 
F PaaQ$ bmaah? 7HaadC' *aa$ j5#aaV K#aaW' 72 *E^aa]>1 

7- p $.  */H>/ r N    7-2 a$. #/(iHW a?  a&! *a9,e' jM^4 
*$#I  #I4(  08 (        5#$ 5#V 5- K" 7-A0' < AN 625 k($#4   6AS/

 2 c  ^3(A .*$    08 7HdC'( *$#I k   #aI4( g j? @^aW   #a1. 
PC3- g  6ACC3 >i-2 4       < A/AN @YE' _1 *$  a(   *W]aN =

/#W'4 - (         g ;<7 *a$ -AaE$- < AN 2#B a(   MO aD J- c<2H
*$#I  #I4(     08 s7"  1 72  a(        - a$ ftaD < AaN 625 k. 

g?@^W  #1. PC3- g  6ACC3 >i-2 4    *$ M]^/  a(   *a&0/ =
AN @o#h uI '.  

 */#EaaD" Aaah )EV aac  aad/ 72 #aa$4/0- aa$ .nE' aa?  
^/ 1H34 /#'5 4  j442 g ?  @^W PC3- ag   6AaCC3  a>i-2 4 

p#$4         2-Aa+8 bmah Ma:O *a3 A/A/#' .  g 5- ? @^aW   #a1. 
PC3- g  6ACC3 >i-2 4       a&!  a$ 6<vaO -7 4     TAa' K2Ha]/ 

*$#I  #I4( ' j4     #a&! K-Ha8. 5#$  a($#4    aN#/ 5#aV 4     al- 5- 
 #&! j 9^>8-. 7-A' .  *$#I < j  #I4( TA'    2 >N $ 6AS/ .

  @WN4   I- QED- w / *S0/ 4  7HU,- 5- (    2Ha]L$ _E(  *aEV#
CE]'4    $ PC3- g  6ACC3  #1.  a>i-2 4     -`aV- ;<7 5- < ( P
-7#34(  7HaU,- (  _EStaMPS        *a+,#&' 27Ha' *a0&C' 72 -7 

' K#S/4 A12.  
     2#0' *3 MD-  3x *$ J5y(   nE'?  7-< 7HE3#V   a( f/#

^g?  nE' < )? ̂ / 1H3  4 /#'5 4     *+,#&' 27H' *0&C' 72 
+D ;<7 #$46AN G#QE/- #&! <  A/-.  

  
(a)    (b) 

 @WN4 .$ F GHCI j*+,#&' 27H' *0&C'4K- L8 MN2  :$#I zDHE' w /* #I4(2 z! MLI 72 (-5- *$ 67-H1#' A.g ?@^W #1. PC3- g 6ACC3 
>i-24/#'5 65#$ 72 4 18 yHI. 2003#8  24  ]E3- 200862-2 5- 62#9ED- #$  #1.^' ?  1497HU,- < (2H]L$ _E (CE]' *EV#4  $ PC3- g 6ACC3 #1. 

>i-24(a)-`V- ;<7 < (-7#3 P4(7HU,- ( _EStaMPS (b).  
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4-./0   
     *a3 #B/" 5-( aW4  ;<7 5-    #a1. 57-  a($#4    #aE/ M{ao ( j|

   CE]' ;<7 5- 62#9ED-4  @!-A8  $   BCD4 7-2-7 . 2 ( U. 
     < a *a+,#&' 27Ha' ;<7 5- @0E^a' a a(  }2-2 *aOH>B' #

        *a$ jMD- 62#9ED- 27H' 62-2 *OH>B' #$ Z<#9E'    7HadC'
#0'(       #E/ *+,#&' 27H' Z<#9E' ;<7 <2 2 W:>O ~^(   1 |

#E/ #$ */#c-AI -7 ;<7( ;<7 5- @o#h |conventional 

Small Baseline Subset (SBAS)62-2 <   #a1. ̂ a' ?  
378   ' *0&C' 72   #0' *+,#&' 27H( 2 3 *^(_ .   *$ *IH8 #$

-(   J#B/- Z#+,#&' 72 *WC   - 72 6AN(    *a$#I w a/ jK-    #aI4( 
    ;<7 5- @o#hSBAS -7-2 . #&! 4(     5-  aE>3 cm/yr1 

    5- 8 *W]aN *$ M]^/ a($#4 p2  a?     /#aLI TAa' < %4 GPS 
- < MD-(#0' 72 7-A0' )(*$#I w / #$ *^ #I4( *0&C' 72 

  [#/ *+,#&' 27H'?  ' q V `4   < 2HN   2 b X 5- (  ;<7  aU
SBAS     - 5- 62#9ED- M:O *$ ( J- ac< V EC   #a1.   *E^a]>1 

  l�8 M{8  E>3? #&!  . 5#$ ($#4   ' 7- p 5#V 4  c?   1 -m, j2 
  ;<7 5- J-A3  #1.    62-2 #$ *+,#&' 27H'    #a1.  ̂a' ?  149 

 -7-2 *a3.#aaE/ ( $ M1#]aN #aa$ |aa? ES.#aaE/ *aa$ ( ;<7 |
SBAS  62-2 #$   #1. ̂ ' ?   378  0VH' jAN#$ ? $ M a? ES. 
 #0' 72(   2 ;<7 #$ *^(   *$#I 27<" $ 72  U  #I4(    y#$ w / #$ 

&! \#E]^/ 7#EV7 <4MN-2 A1-H! .  

 ,2 *$? 5H8 @(   62-2 kD#C' \#E]^/ u  #1. ̂ ' ?   378  5- 
   #C]' z! THX  d/. /#W' 4  /#'5 < 4      5- 62#9EaD- K#aW'- 

 ECD ;<74  MN-2 2HI<  .  :3 7HX *$4 12  HYa8 (   J#a!  
ENVISAT ASAR5 65#$ *$ rH$ ' *3 /#'4 2003  #a8 

2005  ̂' 5- ?   378           -7 *a+,#&' 27Ha' *a0&C' < MaD- 
' PNHg4 MV c 7- p 62#9ED- 27H' jA12 . @WN5 ~S0/ 

  *$#I zDHE' w /  #I4( L8 ?*          ;<7 5- 62#9EaD- #a$ -7 6AN
SBAS<#Yaaaa8 < (7-2-7  .^aaaa' ?  378-5- *aaaa$ -7 . 

g?@^W  #1. PC3- g    >i-2 6ACC34 p#$ 4    7HaU,- 6Aa/#' ( _E
2H]L$(  *EV#CE]'4    $ PC3- g  6ACC3 #1.>i-2 4) a (  *a$ <

-5-. g ?@^W  #1. PC3- g    >i-2 6ACC34 p#$ 4     ;<7 }Aa/#'
-`aaV-(-7#aa3 P4(7HaaU,- ( _EStaMPS#aa>/ (aa' P4  Aaa12

)Dehghani et al., 2010.(  
*$   #0' 7HdC'(   27<" $ w /  EL$ ~^. #$ ;<7 <2  1 5- 

     ;<7 5- @o#h w /SBAS      zaDHE' w / bvE!- *S0/ 
*$#I  I#4( 27<" $ .        ;<7 5- 62#9EaD- #a$ SBAS    w a/ 5- 

27<" aaaa$.7HaaaaU,- 5- (2H]L$ _E(aaaaC]' *aaaaEV#4  aaaa$ 
PC3- g  6ACC3  #1. >i-2 4)   @WN6. a (    27<" a$ w a/ <. 

  -`V- ;<7 5-( -7#3 P4( 7HU,- (  _EStaMPS)    @WaN6.b (
-(AN 2#B.  

  

  
                                         (b)                                        )a(  

 @WN5 .$ F GHCI j*+,#&' 27H' *0&C'4K- L8 MN2  :$#I zDHE' w /* #I4(2 z! MLI 72 (/#'5 65#$ 72 67-H1#' A4 2003 #8 2005 #$ 
62-2 5- 62#9ED- #1.^' ?  378 ;<7 < SBAS-5- *$ .g ?@^W #1. PC3- g 6ACC3>i-2 4p#$ 4 - I- 5- @o#h 6A/#'.7HU,- (2H]L$ _E(#CE]' *EV4 

  $PC3- g 6ACC3 #1.>i-2 4(a)-`V- ;<7 < (-7#3 P4(7HU,- ( _EStaMPS (b).  
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          (b)        )a(  
@WN6. $ F GHCI j*+,#&' 27H' *0&C' 4K- L8 MN2  :-5- *$ 6AN27<" $ zDHE' w / bvE!-.g ?@^W #1. PC3- g 6ACC3>i-2 47HU,- 5- ( _E
2H]L$(CE]' *EV#4  $ PC3- g 6ACC3 #1.>i-2 4(a)-`V- ;<7 < (-7#3 P4(7HU,- ( _EStaMPS (b) ;<7 5- 6AN 27<" $ zDHE' w / 5- SBAS #$ 

<#Y8 5- 62#9ED-(^'  ?  378.  
  

   /#'5 65#$ K2H$ Z<#9E'4    HYa8 *OH>B' <2 ( 7-2-7  . 
)2003   #8 2005   < 2003   #8 2008 (  E/ 72 <? n8 *B a??  

 aa$ M^aaS/< V w aa/?T#aaD ) #aa1. 2005 #aa8 2008 < 
C�>1?  #a&! ).     aD7 $ 27Ha' ;<7 4  y2 5-  a(  :ao- @4 

-(     ' 7#>N *$ bvE!- *S0/ 2#B4 "(  *a[  1 \#>:^' *3 jAC
  l�a8 _LD?  #a&!  .     aD7 $ 27Ha' ;<7 4- 72  a(  *Sa0/ )

$?   D K"  l- <  ES?8#>E^?=  *a$#I 27<" $ jAN#$  8  #aI4( 
0VH' #aa$aa? aaE>3 M.  MaaD- *aaEV c Z7Haao  . 7#aaEV7

F?D ?8#>E^?  =)H/(`. (  Z#VvE!- *S0/ 72  ' -7 4    K-Ha8
  #&! 2HI< *$.H/ (27<" $ w / 72 `. *+,#&' 27H' ;<7 

 2-2 M]^/ .K#>1       @WN 5- *3 7HX6.a #>/ (     *a$ jMaD- K#
   aa$ F T#>aaN PaaQ$ 72 `aaI4p aaN < 4  7#aaEV7 *aa3 

D?8#>E^?W4    ' 6A1#S' K" 72 4    0$ 72 j2HN? M>^p *   #1
    Ha/ 7#aEV7 #LC8(`.   27-2 2HaI<  .  D 7#aEV7 a?8#>E^?  72 =

aa' -7 bvEaa!- ~Saa0/4 aa$ bvEaa!- *aa$ K-Haa8?HaaU,- ). 
   62-2 *aOH>B' <2 72 M^aS/< V)Dehghani, 2009c, 

2010 (  <(  n8 *$ # a??      a$ M^aS/< V w a/  ?  T#aD )   #a1. 
2005   #8 2008   < ( #&! #. 7HU,- ( 2H]L$ _E( CE]' *EV#4 

 PC3- g  $  6ACC3  #1. >i-2 4  2-2 M]^/  .     �3-Aah 65-Aa/-
 - 7-A0'(   bvE!- ))RMSE (  27<" a$ w /.   aU,- 5- 7H( _E
2H]L$(aaCE]' *aaEV#4  aa$ PC3- aag 6AaaCC3 #aa1.aa>i-2 4 < 

     27<" a$ w a/ bvE!- zDHE'.  7HaU,- (     ;<7 w a/ 5- _E

SBAS*aa$  8 8aa? kcm/yr 30/4 jcm/yr 2/1 2<Aaah < 
 MD-  9o . K#>1 <       @WN 5- *3 7HX5.a     MaD- RQSa' 

      E>^ap *$ rH$ ' bvE!- 7-A0'  �3-Ah4      #a$ *a0&C' 5- 
   MD- M^S/< V w /  �3-Ah .-()  ,#h 72 4     72 *a3 MD- 

  @WN6.b   PQ$  �3- 72 j     D 7#aEV7 #1 a?8#>E^?W4 2  a( 6A
'4      - 7-Aa0'  �3-Ah 65-A/- < 2HN a(  bvEa!- ))RMSE (

 27<" $ w /.   -`V- ;<7 5- ( -7#3 P4( 7HU,- (  _EStaMPS 
    27<" $ w / bvE!- zDHE' <.  7HaU,- (     ;<7 w a/ 5- _E

SBAS *$   8 8?  kcm/yr 80/5  jcm/yr 7/1   < cm/yr3/1 
-   ' K#S/ *3 jMD4    -`V- ;<7 A12(  -7#a3 P4(  7HaU,- ( _E

StaMPS    *$#I w / 27<" $ 72   #I4(     7HaU,- *a$ M]^/ ( _E
  2H]L$( CE]' ~EV#4    $ PC3- g  6ACC3   #a1.  a>i-2 4 -7-2 . 
#&!.$ ? ES.  72*$#I 27<" $ #I4(MD- .  

K#>1     #0' 5- *3 7HX(    @WN <2 *^4.a   < 4.b #>/  a( K#
 #&! jMD-. 5#$ ($#4   *S0/ 72 5#V    27<" a$ w / .   ;<7 5- 

-`V-( -7#3 P4( 7HU,- (  _EStaMPS     $ ka8- ' *a$  a?  5-  ES
  27<" $ w / *S0/.   7HaU,- 5- ( 2H]L$ _E(   aCE]' *aEV#4    a$ 

PC3- g  6ACC3  #1. >i-2 4 MD-  .  2 b X 5-( #0' j U a( ~^
D7 $ 27H' ;<7 <2 5- @o#h w /4I- QED- w / #$ 4 5- 

  ;<7SBAS  62-2 #$   #1.  #&! j-`B' . D ?8#>E^?=  8. 
277<" aa$ w aa/ 72 -7.-`aaV- ;<7 (-7#aa3 P4(7HaaU,- ( _E

StaMPS  ' K#S/ 4  A12 . #&! -m,. 5#$ ($#4    ;<7 72 5#V 
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-`V-( -7#3 P4( 7HU,- (  _EStaMPS  ' -7 4    :o- M:O K-H84 
  27<" a$ w /.    M^a/-2 MaD72#/  .( aW4  y2 5-  a( :ao- @4 

#aa&!.5#$ aa($#4- 72 5#aaV aa( ;<7 5- 62#9EaaD- j;<7 )
 g(    7HdC' *$ J- c<2H    *9,e' < 5#V Z#'#L$- 27<" $   a&! 4 

*$#I  #I4( MD-  .     2AaO 5#aV J#aL$- THaLB' *a3 #B/" 5-. 
{o?    g ;<7 jMD- �(     {ao 7-A0' 27<" $ 72 J- c<2H? �

 ;<7 5- 5#V J#L$-integer rounding' 62#9ED- 4  *3 AC3
  277<" $ 5#V J#L$-. F ?{o ?   2`/ *$ -7 �(=    a8(   7-Aa0' )

' 2 c )W>'4  AC3)Sadeghi et al., 2011a .(-( ;<7 )
   c2#aD 2HI< #$4       UE^a]>1 *a$ j@a>O MO aD < 4 a$ ? )
  F 5#V Z#'#L$-?{o ? LIH8 �4      /#a'5 #aLC8 < 27-A/ 4   *a3 

UE^]>14 $ ?   F 5#V Z#'#L$- )?{o ? [#/ �?   < ` a(    9ao #
  p2 �aD#g jAaN#$? a04 a' 4  Aa12 . - $#aC$(   *aa$ *aIH8 #a$ )

UE^aaaa]>14aaaa$ ?  72 s7"  aaaa1 5#aaaaV Z#aaaa'#L$- )
-(J- c< V< EC  #1. EQ'     g ;<7 72 j�:(  T#>Eh- J- c<2H

{o? 08 K2H$ �(  ZyHaLB' \#])success rate ( {ao? �
/?M^ .-(  ,#h 72 )4      7HaU,- *a3 MaD- (    2Ha]L$ _E(  ~aEV#

CE]'4    $ PC3- g  6ACC3  #1. >i-2 4      27<" a$ *a:h ' 72 j
   aa&! *aa9,e' < 5#aaV Z#aa'#L$-4*aa$#I  #aaI4( ;<7 5- 

LAMBDA' 62#9ED- 4  AC3)Sadeghi et al., 2011b( 
  {ao 7-Aa0' *3?   ;<7 5- -7 5#aV J#aL$- �integer least 

square (ILS) 08 (' k4  A/5)Kampes and Hanssen, 

2004 .(  ;<7ILS   UE^]>1 J#>8 *$ 4  #1. $ ?   Z#a'#L$- )
 F 5#V?{o ?     {o T#>Eh- < 27-2 *IH8 �?   08 K2H$ �(  \#a]

   '  �3-Ah -7 ZyHLB'4  25#D .- $#C$(  7HaU,- )(   2Ha]L$ _E
( CE]' *EV#4 $    PC3- g  6ACC3  #1.  a>i-2 4     7#a[2  aE>3 

#aa&!.5#$ aa($#4aa' 5#aaV 4 2HaaN .2 b aaX 5-( ;<7  aaU
LAMBDA7HaaU,- 72 62#9EaaD- 27Haa' ( 2Haa]L$ _E( *aaEV#

CE]'4    $ PC3- g  6ACC3  #1. >i-2 4    5#aD5#$ 7HdC' *$ . 
 8#aa'(7-< faa(7-<H3 f/#aa(>3 5- Z-A1#Saa' f/#aa? 5- M

g? +8 P??)      +' 5- b- a{/- }AN a?    *a$#I MO aD 7#   #aI(4 
' 62#9ED-4   AaC3)Kampes and Hanssen, 2004 (  *a3

'? 2`/ K-`(W4- (>3 )?g 5- �M?+8 P??)    7-Aa0' *a$ 6AN
+p-<4    l�a8 j*0&C' 72 ?  -`^a$  4(     #aE/ M{ao 72 ( - | a( )
7HU,-( 27-2 _E .C�>1?   - *$ *IH8 )(     *3 MD- _L' *EW/ )

7HU,-( 2H]L$ _E( CE]' ~EV#4    $ PC3- g  6ACC3  #1. >i-2 4 
,2 *aa$aa?9EaaD- @ ;<7 5- 62#LAMBDA#0' 72 aa( #aa$ *^

 -`V- ;<7( -7#3 P4( 7HU,- (  _EStaMPS   2 W:>O MO D 
#g?()   8.   D< %X#C' 72 ?   y#$ _3- 8 #$ u. g ? @^aW   #a1. 

PC3- g >i-2 6ACC3427-2 .  
(W4 2 (  y2 5-  U( $ @?  #&! K2H$  ES. 5#$  a($#4   5#aV 

 -`V- ;<7( -7#3 P4(  7HaU,- (  _EStaMPS #0' 72  a(  #a$ *^
7HU,-(]L$ _E2H (CE]' ~EV#4  $ PC3- g 6ACC3 #1.>i-2 4 j

    #&! <  9^>8-  l- 2HI<. 7-A' .  *$#I <   #I4( F ?&! 4 
MaaD- *aa0&C' 72 .-`aaV- ;<7 72(-7#aa3 P4(7HaaU,- ( _E

StaMPS   WS8 5- fg ? s7" @    UE^a]>1 *$ *IH8 #$ j#14 
 y#a$. #a&! <  9^aa>8-  aal- .7-Aaa' .#�aaV 72 . K#aaW' 

)Ketelaar, 2008 ( [#a/ q V #$ <? a$ ` *a$#I K2H  #aI4( 
F?&! 4     Ag  l- 5- j*0&C' 72 (6A  #1.  3x       THaX 72 6AN

s7"   b o #1   AN  d/ .   - *$ *IH8 #'-(      MaD- _aL' *EW/ )
    s7" 2HI< Z7Ho 72 *3  #14(       AaC:$ THaX #$ )   5-  8AaC:$

 UE^]>1 Ah4     #a&! <  9^>8-  l- .  7-Aa' .   #�aV 72 . 
K#W' (   ]^a/ 5#V _LD4  aN#/ 4        #a&! <  9^a>8-  al- 5- . 
7-Aaa'.#aa/ [? 2Haa$ Aaa1-HQ/ ` .aaC�>1?�aa+$ 72 )4 

g?@^W  #1.      a>i-2 }AaCC3 PC3- ag 4      27Ha' *a0&C' 72 
 >/ j*+,#&'4     F 7#EV7 5- K-H8?&! 4 *$#I   #I4( b o     d/

2 3 .- $#C$(   #&! <  9^>8-  l- bmh *:h ' ).7-A' . < 
*$#I  #I4( F ?&! 4    7HU,- 72 *0&C' 72 (  2Ha]L$ _E (  ~aEV#
CE]'4    $ PC3- g  6ACC3  #1. >i-2 4  -`' 5- j(#. - (  ;<7 )

 #0' 72(   -`V- ;<7 #$ *^( -7#3 P4( 7HU,- (  _EStaMPS  *$ 
' 7#>N4 "(A.  
  

5-AI MFD PM,C  
  ̀ ' 2HI< #$(M  #1.   ;<7 @!-A8  4BCD 7-2-7 .  2 *$ (   aU

;<7  #1.  #ag (  *a$#I P   #aI4( - j a(  -7-2 ;<7 ).   @a'-HO 
2<A{'  6ACC3  -.   -7#3 *3 MD- 4(  �a+$ 72 -7 K" 4  27-Ha' 

 ' P1#34  A12 . HX *$ :3 74   7#O %X#C' 72 .   q7-HO 5- 
MD2     *$#I w / #$  S$ 5#D  #I4(   y#$ )   5-  8y#$cm/yr15 (

 <#Y8 *3( 7-2-7  .  5H8 #$  a(  /#a'5 u4  ]aD#C' 4  E!- 72  a? 7#
/? 1 M^?   ;<7 5- J-A3 �   #a1.    @!-Aa8 2HaIH'   BCaD4 
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