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Infrastructure and settlement monitoring

• To observe subsidence/uplift in Baltic 
cities with population > 60k

https://app.geohub.net/datel/
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Infrastructure and settlement monitoring

• To observe subsidence/uplift in Baltic 
cities with population > 60k

• Vertical displacement grids (unit mm)
from the analysis of Multi-Temporal 
Interferometric SAR (MT-InSAR)

• Analyses for the time period of one 
year (at least 30 radar images) 
calculated monthly

• The precision of displacements 2-2.5 
mm on average (1-sigma)

https://app.geohub.net/datel/

https://app.geohub.net/datel/


SAR data

• Sentinel-1 SAR SLC images
• Active microwave radar satellite mission

• Central frequency f ≈ 5.4 GHz → 
wavelenght λ ≈ 5.6 cm

• Spatial resolution 5 m x 20 m

• Data from 2014, orbit repetition 12-days 
or 6-days (2016-2021, 2025- ...)

sentinel.esa.int

https://sentinel.esa.int/web/sentinel/technical-guides/sentinel-1-sar/sar-instrument
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SAR data

• Sentinel-1 SAR SLC images
• Active microwave radar satellite mission

• Central frequency f ≈ 5.4 GHz → 
wavelenght λ ≈ 5.6 cm

• Spatial resolution 5 m x 20 m

• Data from 2014, orbit repetition 12-days 
or 6-days (2016-2021, 2025- ...)

• Interferometric Wide swath (IW)
mode to measure ...
amplitude A
and phase φ

sentinel.esa.int

SENTINEL-1 Modes 

Sine function:

https://sentinel.esa.int/web/sentinel/technical-guides/sentinel-1-sar/sar-instrument


InSAR method

• By measuring the
phase differences
Δφ = φ2 – φ1

• ... the displacements 
of ground surface 
can be monitored

InSAR of repeated SAR imagery (volcano.si.edu)

Interferometric fringes from Sentinel-1 SAR imagery (Braun 2021)

Δφ



InSAR method

• Error sources:
• Atmospheric delay

• Topography

• Measurement noise

• Phase difference from InSAR

InSAR of repeated SAR imagery (volcano.si.edu)

Atmosphere

Noisy interferogram from InSAR



InSAR method

• Solution: multi-temporal InSAR

• By using stack of SAR images 

Minh et al 2020 Remote Sensing



InSAR method

• Solution: multi-temporal InSAR

• By using stack of SAR images and persistent scatterers (PS) with APS 

Minh et al 2020 Remote Sensing

Kiik & Gruno, Horisont 2019/1



Vertical displacements of surface and objects 
on the ground from InSAR analyses

Trigonometric relations between 1D LOS 
and 3D NEH displacements • Vertical displacement solutions

• Regular grids (with 20 m*20 m pixels)

• Precision of vertical displacements 2-3 mm

Details can be found from paper: Oja, T., Gruno, A. (2023) Monitoring of millimeter-
scale deformations in Tallinn using repeated leveling and PS-InSAR analysis of 
Sentinel-1 data. Advances in Geodesy and Geoinformation, Vol. 72, No 1



Vertical displacement computation by Sille.Space e-service:



Sille.Space – satellite-based monitoring e-service

• Hazards, changes, processes and damage can be 
identified and monitored:
• Infrastructure in urban areas

• Buildings, dams

• Mining, landslides

• Ports, airports

• Tunnels, railways

• Power-/pipelines

• Groundwater/oil extraction

• …

www.sille.space

http://www.sille.space/


- an early warning system for infrastructure monitoring

Datel’s service for visualizing InSAR analyses results



- an early warning system for infrastructure monitoring

Datel’s service for visualizing InSAR analyses results



Thank you!
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