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2 Change Point Detection (CPD)

110

S0 Slelbl (59ld | waigo — pole oy pdis

1Fol? Yl @ p,lg=2 o losd @ oS jlgs Jlw

doddo —

S plsean 6,00l sessl o el slaans o
g Slss (g anlllae o (g g aies ;08 15
5 S jlaze (Slo ey slojs> 53 oR9d (e
Shl Jds a9 oa b sl b Lodl Cu o
e g sl gy 5 Se 5 35 (55505l
3l imsd Ji8 e g 03l8l,50 (g (>3 )0 0o
SlacuSs 51 (o V] el 18,95 1 sloing Cuenl
45 ol g ol i U e ol 5o ke
B L) e prdaw Sl g by sl ceul 0l
ol V] sled Lt g sloubiio o 5 YU
Ll aols Sledlbl s,lsl, sloosls Julos b SuSs
30 o5gd g ool alsll ey il i oLy YU cds
PO S IS | P ER U RICH [ PR I P
Sl Geizeed 9 o) sla i dadl il wiile
8 RCUHRVEIIE e PTNOW [P At

5 bt slaailie Jold gl (iw S5 518
Oy SUzl g yhansll (SIS0 95 g alml b
b el @50 lade 4 pliws Cz oS Col
Jdo o Lol o[ F] wigs i lnadlye ol 51 S5 o 3l
(Sl 9 LS (Kiod pas vl glaudgase
Bd> (LSl (S5 95 9 (6 pimmas] S puile (BL
S 392y (pbmla jlade (s jo laadlie SIS
Iy Sloy s 5UT o Liione ¢ s oo 4 [0]
G5 Ol (e St el (g, Ols
L8] silos 57 slein e bl

Ole ol Gedol slm Voo Jlw 5o jolate (oo
Oy gl Sl (i3 )0 Sy B 51 (A6 lml
e J e il Jeol Glajis e 5IUT ol
@bmlr Slej e Gyl 9 08 035 (eSS 500,
Jsb 5o Sless Jebow 5 )l jslaiedsy (e o
oylyale DLy L eizmen [V] w0 5 a5 e

I'Interferometric Synthetic Aperture Radar (InSAR)


http://jgit.kntu.ac.ir/article-1-970-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-09-01 ]

oliw gl o 9 620 LT s

RS 0 s prytesl | S plsmeaf iy
blid GGl edile 5050k 50 (sras slaases
w2l 1) Laools jo Jas 2 lalgy 5 oouomy (sbagS!
Rl b alio ps daaSs g9 ol V] 55k
5 Slls o | (Gt oot sLaeS s
GRS arge 4S5 005 13 95 (5SSl
ol oizen [NV st o Sleslome o oSy
5 Gos sl Shs x5l Ul L Lo
odzmn sleosls jo s bl lolis a4 ¢ o> 8
b e bly) ile e Selilil g 03,5 SS 58
cgo i elid e 9 (b laodsay ;0 odzy
I¥Y] 00,3 Jol> (5585 gl a5 Wgd oo

bla aceid cge by, drwg @llio (pl Bun
ol ey slaglmlr Sloj g 3o s
Oor—n sras 4eh lae p )b, (riw S0
5 ookl L Jate SLLS slaasy¥ sl ls a¥oi>
oy Al ;0 09290 ploml> Jlej Lo
Lasols oyl il g, o,l8 )0 uo) mhaw &5 ,>
slaoss y wozsle o Plig)l @lad (il L
S99 5995l pharis Ao yd (Mellir (65l
Aieyd ol 5 pitae gie SO loreds g Wloadas
S8 eslaiulssge Lygylo)l5 5o () gl (ol
s 4 2o (nl izmen [VF 5 VY] 5,8 e
oS apYaiz (g iy (i 4Sos sloc L
5 a5l ey Sl oo 5 lolis o et
dglio a8, doy 5 (w Sloglg, L) Jol> s
S Jolds Gadza Slawl Lwly ol jo 0,5 walgs>
ssLAj S lwosls o s blas sg.LwL}..a.i: 8o
L b, GSlslxe sloasie ol (olol>
S i peet Sl () g s BB Lol
sl 0 gloosls 4 golgaiy o,

2 Multi-layer Perceptron (MLP)

3 Fully Connected Networks (FCNs)

4 European Ground Motion Service (EGMS)
J European Space Agency (ESA)
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http://jgit.kntu.ac.ir/article-1-970-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-09-01 ]

S,ld) 0925 g0 50 A4S el Glojgpm 5O et
8l saler oS Jas o5 (s a8 g oauy
algs oo by Jodo jo Loools 5gueS (ol 2 ogdle
ol e ol sleasls Sl el e ge
Iv#] Dol B

GAoS Sz 1y (g, (V-VY) o) Sen 9 (S
sledlss p i (alrlr Sl Gl JBo9>
S ol s ) Al (gl (glagygasl 3l (Gl is
e gy i ea b s 3l slaaiis Sl
ol gl g a0 pgo 4z 0 as aiion
e olwl o g mal yo oolaiuls j90 39,
oo slacins alol ol 35l g 3m leMb
el €5 5,5 o, 555 ] 4 ol o
el o Sglay ay ,oie el (- See S 5S
wnly oleitay (b ol 2 odle D9h (Gai IS
51 g 039 00l 3T Jos 5 sl Ayl Sl b 4y
Sl o STl 1035 o0 Copns (aseiio gl 2ol )y
Gl by i a5 Gl el Sl
2B (e i Syl 8 gla Sz
aS Il o el Glojgm bl (b, cnl (Lol
Ysone 5,81, oriw 505 olnle o slags
LYyl wsls bl pue s,

Sl wi s elal 5 (VVA) LS o (sl
il g ) (D) e 9 Sugy 5 it
Oy ol slpi iy ‘;l._?ub o3l o ol s
9> 5l g 00,5 Jee 093 an Ojgo (o3l
oolaiwl glajs ol (s yo g laSalul
oolaiwl a5 lg oo g, ol locars Al .aiS o
OO b o8 LS a3 it (g JiF Akl ue
G b Sley Ss p 50 Joe LS pas g Dl s
IVAD sge5 0, Ls) s alais G 5

ooy, jais jslaieds (Y-V+) o Ko 9 S8,
3B 95T 5 elonts g5l Jae Sy oS
Sloisr Sla S et e Solee Olyeas
ki 5l oS s lime ool oS esli

S0 Slelbl (59ld | waigo — pole oy pdis

1Fol? Yl @ p,lg=2 o losd @ oS jlgs Jlw

s bla jaseis b dag e gl Slool calsl o
(o D95 s 550 Sy (e JEI Gles )8
S8 et i slals) 5 ol DLl
Lo ylone 5 oolails g0 o ;5 Sl dlosls (555l xoxr
@l g om w15y j0 00,5 e dll )l cds b))
Ol S5 4ot W laledys g 00d Llod 5 (o)
IRRARTY PP

S plgreds i bE jansss 3l sl Jlo o
Sles s sloosls Jlos )0 gals Slegdge
az5idyee )b i sl fol> almlr
-SSP WL N ROV P e
sebas ol wig, b Wnesls &9 ool o a8 S5l o0
it ol 59 0ed oe et (heRius (5 ol
0 0oliiulsjse (S SSS 5 b g, (s 2
S 0 cales 5 lpe g ondasls y oty oliios
DS oo )3 Jelos 09

om0y (V1)) oy Ses 5 LG
aS wio,S slpaion g4lel,y (w51 Lol s
Obey Jobo 5o 1wy egdlley Ol s sl 0LS
s5ban Gles s (agh nl pe wle plulil
gy L 05t el A (i 4 ool
30 g oad dwolie Ko SO L calize sla isu
o=l colre Al il o 5 )18 Sglate slagaisaiws
o,lal g3l ahads (Sws et 4 Ol o0 Ys)
oS 425l jeban |y Jae oS a5 oS
had Olpis 5 b e sla)lid) (uiren w3 0
I¥0l wgn cas a8 )5 Jas )3 (39, ol 5o

cgz |y el 90 saoe (V41Y) o, 5 LS
e FIN Gloss e Wi I Dl glublis
by Da9,S sk sl wldl ) 0, S, bl
CJBs Wil g 00gs L5095 dans O jgody (solgiiny
992l Glojs y 4z b (g (rl 5o Sl o5l
wled Lrax 1) 055 o5 wlgh Jaw b il e yiws
bl S0 pllid 4 0B s by, Cnl iz


http://jgit.kntu.ac.ir/article-1-970-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-09-01 ]

oliw gl o 9 620 LT s

bt Ogod s adadl olulld (gl opl 4o
odd yi3ls m glaosls L) las g5 o (GST srosls L)
oy 53 g cnl ol (23w plml (Gein
3leolail gl V= iciw ools Jlo iy JBlos jog
ool lp b ool S  Sien e
Jloonll acwl oo gyl 0,0 b 5ls 5 e
S bl )3 38 sl a5l a5 (S y9e 0
ool (g, iBg% (pl 0ed Jae ol )5 Lrels el
5 L8l ol O jpmay sy adady SLulls cge
S e P Gloss e 53 ()5 Dl
aloz il oS el plbcars Sl Ll wasS o slpiy
5,5 o Ll iz o 5l eoliiul 4y i3 oo ] (s
BA> d yoxie 0z olal 05 55 g 0 aS
05_4.45 u)w )d ‘L}"‘ » oj)l.c Os.u.\so J..\.QA ULC)LIO‘
31y e ol olorinn Jow (glo (g 4o 00ls
OemwgS ,ld sl eolaiwl pioren olo dales Cawd

I ] sgi oo Slojes o 3l ledb!
S8y plolis cog (Y2 YY) o )lSen g 05,2l
oyl (ol glo sl jo sole e
oai, LA ganadds g Goes 580l e
5 SLSL sl Jolss sole,e ;s aisls sloainy
Jome sleimgh cnl 5o ol GLSL ce o Ol sy
oolaiwl au¥es LaeoliyS SVob aladl> gunaals
Vo ¥ Jolds b ol jo colawls g0 (slrosls .ol
GL_QJL.»J a4 .109_:),0 A-lJ.M_u._m o)ls.an )‘ ))9@
25U Cos glailaie 55, 45 Wog YA 5 Y10
Sl o e askS AT olal ay aJlzrg 8
slag s a5 3L e ul.....; C"L“’ Lloads ‘_;)91@_?
Sl gonail C8s oS oo 0 S gunail
5 SLSU slepls ks gole e wliss b Gl
Aol e (ol S TEY 4 LS ce o Ol s

11

L et s load sla S il 56 (295
e sl as Sleady, sl g mly polie slass
I sYL polie (Gl LJlE g o] 45 aS) siiws
Sl @olare st yp ol bl o o] 0,8
S8 (29,51 20,5 slom| jlobine (sla)ls ) (g5lulos
c s o jh pae g b Slesle anja Joa
ol @l 0gd oo Blid (i Sl (lpiear (e
aged w5 0ol ilwdnd sloodls 59, s,
o=l slecan s alax il as g5lwosly (Adlg ools
2 i hg) @hlS poee an Olgoe i
oLl (oS 5)le ymaiiges sl U Sloj slas p
oy, olwlis ;o LUl pas w@ibinl o> cws
bl (s @elaid izred 9 (oS 5 g oden

Ly al sges oLal cilisee
bl jeLaiea o (V-VY) (L Sen 5 LSS5
by Sley slo w o Sl s
Sl (=l L5053 S S 1) (o)
arls Lagl glaie (o adsls sty Sl
Sy Sloatiive 45 W3)S Al yA8 e p (e
oleiniay by, alei o dinogi 1) (olml> S
oy9e sl yelil Pl 095 &)g0a il ;018
3ol g L 1) (Sloj 65 3l e sl
o508 42,51 gy (nl gl Sy 00l e Sy
b Gty eyl sl Pl jsba bl e
Ot sbwbid Gl e 580 ool (glisankad
o 5l (Fobwan pois LLE csladozaiz o)

PRV} SN LA L W D] R VNI JES S
ladexais slaJocs 51 8,0 soliwl & o5 oo
4 by ye M ie g oo (g jlwdnnds Jame 10 905
S9aS Dj5m0 3 pid (ga3l il (g bl (glagyges]

Iv-1 5,5 6 Lal asls
Qlé\):;d\ ‘_g)‘L.:)lS..ﬂ g (YoVY) G‘)M 9 >
Sy slos s o plomlr (s Ol
@lolid 0,505, b g bl (535, s ol (w5l
aools olgris ot e, g ba p O jsods s alads


http://jgit.kntu.ac.ir/article-1-970-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-09-01 ]

Tl ibae alail an i3 6L & (B, (Sag
et bl pasas la ) ple b g ob ol
S5 Slaegeme jlosliinl Ly ias S aslie 53
g el glal b oad g jlwand Sy slas
5 oS cis Ll colgiing Lbs, 45 0 esls L
Sz 5 Ol e Sz S Sl e (oSl 4l
70 Slatsy A S (e 0 ySkes gy (155
aallae G plarear Wls g (ul S (w2090
cadae bl ololid cuz oolerin (b, 5l oo )90
2 b e Bl el Sley sl o 5
3 eolaiwl Ly aS o eolaiwl LILLT g0 59,8 oLl
plosl gamaiil conej ) ey 5 S5y
blas a5 o ools lid Gudow ol o uioren 28 S
L @Yl (Svon (oo )L Sloj 5y ) ilae
B 5] ol bl Slej (g 5o e bl
Ul el oy oaimo L a5 Wl (ol i
oty dihaie o Laslonle Lol S e ke
Sojl (galoinin gy 45 Cewl S8 4 5V g o0
g Sl YU S o yiws jo slaosls assy |
Sy Sl g Il elpnss S99 ©)90 3 eizren
S oy e Adloed QLulL LB GLo;
o3 hjgel Joo dad (Sasly g cadades slaesls
slcans Ko 5l osdgjlwacs sloosls acgame @

DT 35500 slettr g, 02!

239290 SLASSS g La by, g9 an 4y b
gy Pl a8 0,8 ol Blg e gl iy
P SRy @ et LI jadis Cez ol
B (K e Iyl g Gadss Blaal daosls
ol sl el ol S5 sl s, ol

oo haill il slosilony ggome 55T wld
Sz los i jabay ot aig; (y5e5l 5 S5
S o Slej g sloosls jo ol sy slulis

2 Sequential Turning Point Detection (STPD)
3 Cumulative Sum (CUSUM)
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2 Data Augmentation
3 European Ground Motion Service
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! Autoregressive Integrated Moving Average (ARIMA)
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Abstract

The Earth's surface is constantly changing due to natural phenomena such as earthquakes and volcanoes, as
well as human activities like groundwater extraction and mining. In recent years, the increased awareness of
the risks associated with ground movements has led to a higher demand for comprehensive and reliable
information regarding these displacements. Various methods have been proposed to estimate land surface
displacement, among which time-series analysis of displacement derived from InSAR is one of the most
important sources for assessing the extent of surface displacements over time. However, the post-processing of
time-series data has received less attention. The most efficient post-processing techniques for time-series
analysis involve identifying the change points in the time series. By detecting these change points, it is possible
not only to extract spatial information but also to analyze the temporal aspect of the results. This study explores
a method for identifying the change points in the time series of land displacements caused by geological and
human activities in Europe, utilizing data from the EGMS system. Given the challenges in detecting the change
points in displacement time series derived from interferometry, such as noise and seasonal behaviors, the use of
a multilayer perceptron neural network can be effective in recognizing complex patterns and nonlinear
relationships. The results demonstrate an accuracy of over 97% in detecting the change points, highlighting the
model's ability to identify the changes with appropriate precision, which can aid in a better understanding of
Earth's dynamics. Furthermore, the capabilities of the proposed model in analyzing the displacement data and
identifying the changes were evaluated, and the results were compared with the conventional methods. Based
on this comparison, the proposed method outperforms the statistical approaches in terms of accuracy and

exhibits approximately 9 times lower computational cost compared to the other deep learning methods.
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