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Motivation

BodenBewegungsdienst Deutschland

o bgr.bund.de

Solingen!

Borgisch,
Gladbach,

Cologne "=
o

‘Aachen

Bonn
0

PSI Legende

Sentinel-1 PSI mittlere Geschwindigkeit
2015 - 2020 [mm pro Jahr]

Sentinel-1 PSI
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Motivation

Why using Persistent Scatterer

Problem statement:

Interferometry (PSI) data in deformation

monitoring?
Large-scale monitoring with a
millimetre (mm) level accuracy
Wide area coverage

Relatively low-cost

Observing trend of damaged structures
or natural objects over a long-term

High-density data mostly in urban areas
Acquiring data mainly independent of

weather conditions

Omidalizarandi et al.

GeoMonitoring 2023

Spatio-temporal quality model of the PSI
data obtained from any open source
Sentinel-1 SAR data

Handling outliers and data gaps

Predict the deformation rate (mm/year)
and its uncertainty at any arbitrary point

Judge the significance of deformations

Seite 3
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Overview of methodology

PS points

v

Preprocessing

Deformation
monitoring

Omidalizarandi et al.

LOD2 Building Model

|

PS points fall on
ground

Classification

PS points fall on
building roofs

Qutlier detection

l

‘____

Temporal modelling

!

Spatial modelling

Quality checking

}

<

GeoMonitoring 2023

Bootstrapping

Seite 4
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PSI| data specification and preprocessing

PSI data obtained from satellite Sentinel-1 with an
area coverage, approx. 45,000 km? and swath of
240 km for a single image

[&)]
T

I

Sampling time of 12 days by using only Sentinel-
1A, and 6 days using both Sentinel-1A and -1B

Sampling frequency of 61 PS points per year
Including data gaps

Vertical displacement (mm)
o N

1
N
T

.

‘ ‘l" ""I ..
MM kil i W )
[ ! ! l' “

PS points Covering d period of Apl’l' 1St, 2015 to 201504 2016.04 201704 2018.04 2019.04 202004 202104 202204
December 31th, 2021 time (year)
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PSI| data classification

Exemplary representation of the LOD2 building model for PS points on the ground (green dot), and on the
parts of the city of Hamburg building roofs (red dot)

Omidalizarandi et al. (2023)

Omidalizarandi et al. GeoMonitoring 2023 Seite 6



C?)G”-I Geodatisches Institut Hannover
Temporal modelling (Pointwise based)

Functional model (Harmonic oscillation model)
Velocity (mm/year) Fourier series coefficients Given time instances (year)

\ /\ / Coloured noise
he(B) = co + c1xt + Z a; cos(an]xt) + b; sm(an]xt) + et/
— Jj= T Frequencies
Offset (mm)

p

Correlation model (autoregressive (AR) model) (argoll et al. 2018) e, = z aje,_j +u
=1

Stochastic model with Student process (argoll et al. 2018) us~t,(0,02)

Fused in joint log-likelihood function, and jointly adjusted by means of the
generalized expectation maximization (GEM) algorithm (aiknatib et al,, 2017)

Omidalizarandi et al. GeoMonitoring 2023 Seite 7
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Bootstrapping
I
Bootstrap Estimate surface Approximate at a :
: : . . Further inference ] 2
samples model paremeters desired location B ( «i_ p* )
__________________ . _ i=1\" App App
_ OBootstrap = (B _ 1) ’
——»  p1 s B Py B pui
__________________ *[
------------------- e With P* —_ PApp
—» P2 s Dy — P App — B
D —— . OBootstrap i=1
— e e : > :
e - B : The number of realizations

—— pB & Py

Performing bootstrapping to provide uncertainty of the MBA with 95% confidence interval

Intensive resampling from an existing sample and generating new samples to derive bootstrap samples

ICalc%J_Iate the standard deviation and confidence interval of the predicted surface at a desired
ocation

Omidalizarandi et al. GeoMonitoring 2023 Seite 9
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Case study: Physikalisch-Technische Bundesanstalt (PTB), Braunschweig

4
Kopfermann-Bau
s »
S . .

Giebe-Bau

‘W [

Kantine Wlilséhaﬂsgé'paude
| i— £

%
—® 2
\.,_,__Eeimholtlszau 1T RIIUE &
T W= 2 ™ Google Earth
£ Sy | - > ‘
xF - 321U1599611.59 m E 5794963'28]m Ny elev. .78 m  eyealt 603 m

< S L 2 =
The classified PS points fall on the roof (red symbol) and on the ground (yellow symbol), located in the vicinity of the PTB, Braunschweig,
Germany, shown in google earth
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BGR
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Case study: Analyses of temporal modelling for PSI data fall on the
ground compared with the analyses from BGR
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Case study: Analyses of spatial-temporal modelling for PSI data fall on
the ground

4
- mean velocity 10 o x10 |
o " @ Histogram
> Q 3 —Normal-distribution
£ 5. 5 ©45 u=0.0005 —t-distribution
= o o= 0.31
= o
g0 0 2 9 1
e | o
8 -5 005 |
= a
g4 °
5796 rromr e 1600.5 10 0
5795.5 - 600
5795 5794 .5 5794_1’__’”’""7"7 598.5 599 599.5 -2 -1 0 1 2
North (km) East (Km) residuals (mm/year)

Histogram of residuals obtained from bootstrapping

Spatial-temporal modelling of the mean velocity (mm/year) for PS of spatial-temporal model

points fall on the ground
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Case study: Comparison of spatial-temporal models of our results and
BGR for PSI data fall on the ground

| ' ‘ 10000 . | ‘
DI 2 N [ Histogram
: S o % 8000 - — Normal-distribution .
5796 r - 1 S u=-0.016 —t-distribution
> I
g ..... | | y g 6000
£ o795 i [N o 4000
@) e LS E
Z o)
5794 I-1 2 2000
©
0 ' :
5793 —— \ L. 06 -04 -02 0 02 04
597 598 599 600 601 r (mm/year)

East (km) Histogram of differences of spatial-temporal models
Differences of spatial-temporal models of our results and BGR based of our results and BGR
on the mean velocity (mm/year) of PS points fall on the ground
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Case study: GPS station in PTB and its vertical time series

GPS Time Series - vertical direction (nasa.gov)

15 | AL
Physikalisch-Techhisﬁbgﬁ‘ 5
Bundesanstalty
10 +

Height (cm)

2004 2008 2012 2016 2020
Time (years)
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GPS location (hasa.gov)
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Case study: Our analysis for the PS point close to GPS station in PTB
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Analyses of the PS data points obtained from BGR in the vicinity of the PTB, Braunschweig
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Case study: Results of temporal and spatial-temporal modelling for a PS

point compared with the BGR analyses and GPS time series

Quality check and deformation results for the PS point close to GPS station in PTB

Bootstrapping
Temporal modelling of spatial- BGR GPS
temporal model
Case PS : : : :
study | point | Mean velocity .Whlte noIse Mean velocity | Mean velocity | Mean velocity .Whlte noIse
(mm/year) displ. residuals T [ W T displ. residuals
(mm) (mm)
v o U o v o v o v o U o
1 PTB -0.23 | 0.001 | 0.003 0.99 | -0.22 | 0.06 -0.3 0.32 | -0.14 | 0.02 0.002 4.12

No significant deformation

Omidalizarandi et al.

GeoMonitoring 2023
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Conclusion and outlook

Estidmﬁ’_cion of an offset and a deformation rate for each individual PS point based on temporal
modelling

Confidence interval of overall standard deviations of the PS data points, considering 1, at the
level of approximately 1 mm

Boo}cstrapping of spatial-temporal model to derive a quality of the model at the level of 0.3
mm/year

A better judgement about significance of deformations with the spatial-temporal quality model

Nearly the same results in both approaches (ours and BGR) despite of different processing
strategies for the PSI time series

Higher uncertainty of the GPS time series at the level of 4 mm

Outlook
The comprehensive quality assessment including reliability analysis as well as statistical tests

Omidalizarandi et al. GeoMonitoring 2023 Seite 18
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Thank you very much to your attention
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