A comparison between TerraSAR-X and Sentinel-1
PSInSAR data for infrastructure monitoring in London, UK
Bischoff, C. A.1, Basilico, M. 3, Ferretti, A.3, Molinaro, D. 3, Giannico, C. 3, Ghail, R. C.1, Mason, P. J.2
1Department

of Civil and Environmental Engineering & 2Department of Earth Sciences & Engineering, Imperial College London, London SW7 2AZ, UK; 3TRE ALTAMIRA, 20149 Milan, Italy

InSAR as a monitoring tool for civil engineering
InSAR is becoming a standard geodetic technique, which is also
increasingly used to monitor civil engineering projects. Especially
the launch of ESA’s Sentinel-1 mission in 2014, which provides
free and frequent SAR scenes in C-band, has expanded the use
of InSAR. However, infrastructure monitoring requires mmprecision in line of sight (LOS) measurements. This research
demonstrates the capabilities of C-Band data, but also highlights
its limitations for infrastructure monitoring if compared to Xband data.
Presented here is a comparison of X-Band to C-Band data (see
Fig.1) with two case studies in London of different scale: firstly
showing the local movement caused by the reconstruction of
Blackfriars Bridge (see Fig. 2) and secondly showing the regional
impact of dewatering undertaken for the construction of
Crossrail (see Fig. 4).

Fig.2 a) Sentinel-1 and b)
TerraSAR-X data showing the
subsidence of Blackfriars
Bridge in Central London. The
size of the markers
represents the differences in
horizontal resolution (ca
5x20m for Sentinel-1; ca
3x3m for TerraSAR-X). The
time series of the scatterers
within the red box shown in
c) were averaged, with the
results plotted in graph d).
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Fig.1 a) Sentinel-1 and b) TerraSAR-X data stacks are covering
ca. 80km2 over Central London and were processed by TRE
ALTAMIRA using the SqueeSARTM algorithm. The parameters of
the data stacks were kept as similar as possible to ensure
comparability (see Table c)).
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Sentinel-1
-0.6876
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The histograms for average velocity of scatterers
measured in the Sentinel-1 and TerraSAR-X data are
very similar. Sentinel-1 data has a higher standard
deviation
compared
to
TerraSAR-X
data,
demonstrating X-band’s higher sensitivity to LOS
displacement. 1mm of displacement corresponds to
a greater fraction of X-band’s wavelength compared
to C-band, hence a greater shift in phase, which is
the quantity measured. The slight difference in mean
is most likely due to a small difference in the
reference points for each data stack.

Monitoring structures – Blackfriars Railway Bridge
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Fig. 3 a) and b) clearly demonstrate the significantly higher point density and
horizontal resolution achieved with X-band data. The resolution in LOS direction of
the two sensors is comparable, as shown by displacements on individual dates in the
time series in d), which demonstrate a cyclical, most likely seasonal pattern imposed
on the continuing subsidence.
The higher resolution of TerraSAR-X reveals substantially more detail of the bridge’s
subsidence pattern, for example that the bridge is subsiding at a higher rate in
between the pillars, which is not visible in the Sentinel data.
The subsidence is most likely related to the bridge’s major reconstruction which took
place 2009-2013 and involved extending platforms across the river, partially
rebuilding its foundations and installing roof solar panels (discussed by Baecke 2015).
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Fig. 3
Preliminary
results of cluster
analysis (Anselin
Local Morans I),
showing clusters
with p-Value
below 0.02,
threshold
distance 150m/
min. 8
neighbours. a)
Sentinel-1 and
b) TerraSAR-X.
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Fig. 4 a) Sentinel-1 and b)
TerraSAR-X data over the
Canary Wharf area in
East London,
demonstrating
agreement in regional
displacement patterns
despite the point density
differences. Uplift (blue)
is caused by ground
rebound as the water
table rises after
dewatering for Crossrail
works was reduced.
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Uplift after dewatering around Canary wharf – highlighting a fault?
Conclusion
InSAR is unique in providing 1000s of measurement points in
areas of almost unlimited extent, over years and at a
fraction of the cost of ground based monitoring. However,
the choice of a suitable sensor is crucial: point density
(spatial resolution), vertical sensitivity and repeat cycle
(temporal resolution of the time series) are important
factors as demonstrated in the two examples. Only X-band is
suitable for monitoring Blackfriars Railway Bridge, whereas
C-band data is sufficient to observe the regional ground
uplift after dewatering stopped.

Fig. 4 demonstrates that both Sentinel-1 and TerraSAR-X are suitable to monitor regional ground
deformation, in this example the ground’s response to the end of dewatering for Crossrail works. Total
abstraction rate peaked on 28th January 2014 (7 stations , 620.5 l/s) and was continuously reduced to
nearly zero towards the end of 2016 (Semertzidou 2016). The uplift therefore represents the ground
rebound as the water table is rising. The preliminary results shown in Fig. 3 are an attempt to highlight
significant clusters of scatterer displacement rates by using Anselin Local Morans I cluster analysis. The
conspicuous linear boundary north of Canary Wharf could indicate a fault acting as a seal and therefore
influencing the movement of the ground water table.
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