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✓ Geotechnical local conditions
✓ Monuments’ structural health
✓ Multitemporal SAR Interferometry (MT – InSAR) monitoring 
✓ Potential ground deformation

Aims

Prediction of 
the vulnerability 

Protection against 
natural/man-made 

damage

Estimation of ground 
deformation in 
time and space

Development Demonstration Validation

Introduce a risk 
assessment analysis

Benefit institutions
stakeholders and private 

agencies

Create a validated pre-
operation non-invasive 

system and service
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capability of separating overlaid PS in 
the same location, minimizing the 

unfavorable layover effects of slant-
range imaging in SAR data

Two-step Tomography-based 
Persistent Scatterers (PS) Interferometry 

(Tomo-PSInSAR) 

Distributed Scatterers 
(DS)

Persistent Scatterers 
(PS)

presence of a single 
temporally coherent scatterer 

in a range-azimuth pixel →
multiple scatterers interfering 

in the same pixel

reflects lower radar energy
compared to PS targets and 
spans several pixel in high 

resolution SAR images 
(exhibiting similar scattering 

properties)

Very helpful in 
SUBURBAN areas!

1 2 3

Chen F. et al.,2017
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Radar datasets (Synthetic Aperture Radar –SAR) – Case studies in Greece

Multitemporal timeseries

7 September 1999
Mw=6

Athens earthquake

19 July 2019
Mw=5.1

Athens earthquake

All the datasets: 
ERS 1 & 2, ENVISAT, S1, CSM, TSX
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Radar datasets (Synthetic Aperture Radar –SAR) – Case studies in China

Great Wall
61 Sentinel-1 images
(2015-2018)

Great Wall
35 TSX spotlight images
(2019-2020)

Ming Dynasty City Walls
56 TSX images
(2013-2018)

Asc/des asc asc des

Ming Dynasty City Walls
32 Cosmo-SkyMed
(2015-2018)
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Optical datasets - Case studies in Greece

9 May

2020

2014

13 Apr

2020

4 May

2014

0.5 m panchromatic

9 August

PLEIADES 2 m 4-band multispectral products 

Airbus Defense and Space Constellation 
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Optical datasets – GF-2 and Sentinel-2 - Case studies in China

Great Wall Ming Dynasty City Walls

GF-2   Pan: 0.8 m, multispectral 4m, 
acquired in 2019  

GF-2   Pan: 0.8 m, multispectral 4m, acquired in 2019  

Sentinel-2   blue, green, red, NIR 10m, acquired in 2017

GF-2 BadalingSentinel-2 Qingtongxia
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Acropolis Case Study – Persistent Scatterers Interferometry(PSI)

Geological background: 2 LSUs of Athens schist (upper Cretaceous) 
and the overlying Acropolis limestone (upper Jurassic)

Multitemporal deformation timeseries from October 2014-May 2020:
A) moves towards the Line-Of-Site (LOS) 
B) moves away from the LOS 
C)    shows stability compared to Scatterer A and B
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Acropolis Case Study – Persistent Scatterers Interferometry(PSI)

Data:
33 TSX SLC images

Multitemporal deformation
timeseries from:
March 2012- September 2019
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Geological background: Pre-Neogene rocks form the alpine basement over which
the basin’s sediments have been deposited. Basement rocks comprise bodies of the
upper nappes of Crete(Ophiolite, Pindos and Tripolitza nappes)

Mesozoic to Eocene limestones occur in the margins of the basin and as isolated
bodies within the basin. Eocene flysch sediments occur at its northeastern margins

Heraklion City Walls Case Study – Persistent Scatterers & Distributed Scatterers Interferometry (PS/DS)
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Data: 175 Sentinel-1 SLC images 
(Descending acquisition geometry)
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Heraklion City Walls Case Study – Persistent Scatterers & Distributed Scatterers Interferometry (PS/DS)
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Description of multitemporal deformation timeseries from October 2014-September 2020:
1) + 2) move away the Line-Of-Site (LOS)
3) + 4) show stability compared to Scatterers 1 and 2
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Heraklion City Walls Case Study – Stability and 
deformation analysis by the use of FEM Simulation  

Acropolis Case Study – Geological investigation and 
rock slope stability analysis

Tectonic lineations
identified inside the 

breccio – conglomerate 
beds

The eastern part of Acropolis 
Hill where the “Tourkovounia” 
limestones lay directly on the 
Athens Schist.
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Great Wall (comparative investigation for the west-eastern sections across China)– PS/DS

Schematic diagram of data 
process and result interpretation

Qingtongxia section (Western China) Zhangjiakou Section (Eastern China)

Different causing factors for the decline
of Great Wall across west-east China was
quantitatively identified, i.e. dominant
natural processes in West vs. prevalent
anthropogenic disturbances in East
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Great Wall Case Study – Badaling (Beijing) D-TomoSAR

Data process and result interpretation Detected structural instability with 
validated field photographs 

Thermal dilation obtained by FEM

Impact from the tourism industry

The tourism industry on the deterioration of the Great Wall was quantitatively
assessed by synergistically analyzing an InSAR deformation time series and
environmental and social data (i.e., tourist numbers and ambient temperatures)
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Nanjing City walls Case Study – PSInSAR

Shizishan-Dinghuaimen section Xishuiguan-Dongshuiguan section Yueyahu park-Shencemen section 

Sequential PSInSAR (a,b,c) based on the optimized searching-space
→ simplifies the process of DInSAR and achieves a reduced
calculation consumption with approximately an order of 10 times
by the improved searching mechanism and the resultant reduced
calculation complexity of unknown parameters.

Cracks observed from field photographs



Conclusions
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✓ Further development of PSI and Tomo-PSInSAR → cultural heritage monitoring in site (Land Motion) & in monument 
scale (Structural Health)

✓ Creation of a state-of-the-art validated pre-operation non-invasive system 

✓ Provision of knowledge →Site Safety monitoring →Environment preservation →Scientific research
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