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2 Change Point Detection (CPD)
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I'Interferometric Synthetic Aperture Radar (InSAR)
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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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! Seasonality
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2 Sequential Turning Point Detection (STPD)
3 Cumulative Sum (CUSUM)
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! Time-gated LSTM (TGLSTM)


http://dx.doi.org/10.61882/jgit.12.4.109
https://jgit.kntu.ac.ir/article-1-970-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61882/jgit.12.4.109]

oliw gl o 9 620 LT s

Slo Ty it slS o 3o s ez 5
Mol e a5 S ) a3l golpriny aSn
Goloxe (pl 0)l0 (694,59 sools 5IVL 5 by mlaws
aS ol calizee atie goojlail L ¥ pass el
o2l 8y Oglaie sla wlae jo bosls o Sl
Lo Sy gilwos a8 g olul als jshaieay S o
6‘)_a (o ] 00l oolasiul s.iu.]y GLQAJY )‘
(b et blyy 6 xS0l g Jame byl )l
woles o asloas 4 S IS4y e JalS gloayy
Jleizl adgnSn ilo s &b b (g5 ¥ S
sogdle joe eSS |y oy 2 50 s alals £48
L s bl ply o aSil (g5lupglin jalatody oy
ol 8l gaiin L SLESS 1 calize slacgs g Lls;

el 00 oolaiwl ooy

& Wl adlaio —V-Y
0,8 5l sol> e Jolss Buiss cpl Sllllas dalais
slocJled JJo a4 S ol (V) S8 illas L)l
loosnsy U oo 0 (g nl il oo
3 e Bl g ey sl el b
5o ooliulo g slacsls aiyls 1,3 Sles slacodlad
aS wleas (5,05, EGMS Gl 5l Gbis o]
bls o caicad glonl gley slog m Jolo
Cwddn gylol,) w35 5l g el bg | alises
En S lgeany Laosls 4 Iys P YY] wiloawl
5 oddoolaiwl o) obule dis) 0 rel> g yuxe
wleas o bele S oy sl jls & g0
(Oleiay (sras 4Gl S piypees Gl jelateay
3 g el 0ai (e AU i 4 bl 0,8
aoloas bl ools (golaws Bolas jgbay x>l 2
Shoy s 3l alize sladige Jols S pp as

2 Data Augmentation
3 European Ground Motion Service

11o

(Sl g oo astg; nl sblze 51 VYT 0y, e
J_|Lu u,.,.:alf Lﬁu] 8o J..J\b O L 9 AJ?.«.MJ 00)5]).3
- Sl A anonds> sl Jos puizen [V)]
GLos s (i 5 Glo e Caz 5 S e
2 Sl an az g by g 0y LS Sl
s bl olwlis ag asly oo o Jow sl il )l
Silwdims Uy LaJoe ol I¥F] s S5
Lol s (gt Sl g vz Sloj slogs
Losls olwsl Slus )8 g s ol )by 380 s 4 5L
wgyomlsl [Y0] sl Sl s sl oo a5 a5l
5 o—as laaS i a il (g sla by, 5l eolaul
xSl Uy o an oS 5 slapi )9S
sloosls Jdow o YU ol )LS g oouzy sl S
by LaJodos SlLS 5 ol Wiy o0 o5,
EV R PP IPUSRVE S R X St PSR S
2 Sz s hisel Sz Laodls (VL oz
St an Loyl colas 5l as os)ls ba el )b eudass
)‘ ool K9y = Lo )j).oo ‘LB’“‘D"U Q.a‘ 9 9950
% 999 walys aVaiz (9w (oae glaasd
s LA e i o (golgiin (g, 4 dll
0?95 9 3lge -V

Lo by 9 3lg—e B0 rogi 4 Au
ol Bae o3l e Gobd cpl (o colaiuls jge
WJ}‘J_: )l oolaz_ul lJ u.uo) C_‘a.w (_gl.Q‘s»L?Ul}
ool e MalS o sloaScs 5 (sl

adaay SLulis (L8 sl sloxs b oolpainy 4
5 J—ol t5ug5’l—7°l'> G:l_,o) S ) s

J NN UL I P N I EA R

! 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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