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ABSTRACT:

In this study we investigate stability of Lake Urmia bridge, locally also known as Shahid Kalantari’s highway bridge, in northwest
of Iran using high-resolution satellite radar imagery. The radar dataset includes 22 SAR images acquired in SpotLight mode from
2014 to 2015 in an ascending orbit by TerraSAR-X satellite. A high-resolution Digital Elevation Model (DEM) of the area was
constructed from a pair of TanDEM-X bi-static data on June 2012 to remove the effect of topography from interferometry
observations. The analysis of X-band interferograms shows high number of displacement fringes, which are interpreted as being
caused by thermal dilation due to temperature differences in the imaged area between two SAR acquisitions. This effect, which can
often be observed in single interferograms, have important impact on time-series products and should be considered for deformation

analysis of bridge structures.
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1. INTRODUCTION

Geodetic monitoring of bridges is important for evaluating
structural conditions and helps avoid human or financial
losses caused by early fatigue in the structure.

This letter focuses on stability analysis of Lake Urmia (LU)
bridge using X-band interferometry observations. The LU
bridge crosses lake Urmia and together with two
embankments on its eastern and western side make Lake
Urmia Causeway (LUC). The causeway connects two
important provinces of East Azerbaijan and West
Azerbaijan, reducing the driving distance between them by
135 kilometres.

The bridge has a total length of about 1.7 km and consists of
4 different parts with symmetric geometrical structures
including approach, transition, viaduct and arch bridge in its
eastern and western parts. The two last parts are referred to
as main bridge. The approach bridge is directly supported on
the embankments. The foundation solution of the main
bridge and the approach bridge differ significantly. The
purpose of the transition bridge is to link these two bridge
sections enabling uninterrupted uses. The slope in longitude
direction is 2% for the approach bridge, 0.48% for the
transition bridge, 1.2% for viaduct bridge and 0 for arch
bridge. The structure includes 18 caissons filled with
concrete; two of them in the embankments and others in the
lake. Each caisson constitutes a pile head for the pile group
consisting of 4 vertical and 16 inclined 32 inches piles. The
steel deck of the bridge has three parts; the central part
intended for single-track railway while two outer parts are
for double lane vehicle traffic. The height difference
between the highest and lowest elevated points of the bridge
is about 12 meters. The project was finished in 2009.
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Previous studies using Envisat, ALOS and TerraSAR-X data
show that two embankments on the eastern and western side
of the bridge are subject to subsidence with rates exceeding
5 cm/y during 2003-2013 (Shamshiri et al., 2014). The main
reason for the subsidence was attributed to consolidation
caused by dissipation of excess pore pressure in
embankments.
In this paper we focus on the bridge that connects two
embankments together and utilize high-resolution X-band
SAR images acquired in SpotLight mode by TerraSAR-X
satellite to monitor it’s deformation.
X-band data has a great capability to assess behaviour of
engineering structures in response to temperature changes,
the so-called thermal dilation or expansion (Monserrat et al.,
2011). Thermal dilation is the tendency of material to change
in shape, area, length and volume in response to a change in
temperature. In order to avoid merging thermal dilation with
linear term of deformation in interferometric processing,
these elements should be separated in further processing
steps. An extended PSI method was developed to achieve
displacements related to thermal dilation(Crosetto et al.,
2015; Monserrat et al., 2011). To that a term which is related
to temperature is added to the model which finally computes
three unknown parameters for each edge in Delaunay
triangulation between PS points:
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Where ATemp*the temperature difference between the

acquisition of two is images of the interferogram k and
ATh, is the differential thermal dilation parameter

associated with edge e. Av, and ARTE, are two unknown

parameters related to edge e, AT “and Bf are temporal and
normal baselines of the interferogram k. R;‘ and 49: are the

slant range and incidence angle of the interferogram and
A¢res§ is the residual phase component.(Monserrat et al.,

2011).

In this paper we evaluate the effect of thermal dilation on X-
band interferometric SAR data from Spotlight Mode. We
show how phase differences caused by thermal dilation can
influence deformation maps derived from small baseline
interferograms.

2. INSAR ANALYSIS
2.1 Data and methodology

Fig. 1 illustrates the outline of SAR frame used in this study.
The SAR data includes 22 images acquired in SpotLight
mode from an ascending orbit from 2014 to 2015 by
TerraSAR-X satellite.
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Figure 1. TDX and TSX SpotLight frames used in this
study. GPS point has been marked by a red circles.

The SAR data are processed using repeat-pass
interferometry technique implemented in DORIS software
(Kampes and Usai, 1999). To remove the topographic effect
from interferograms we used TanDEM-X bi-static data from
June 2012 (Moreira et al., 2004) and processed it using
SARscape software. For generating high-resolution DEM

using TDX data, we need an external DEM to remove long
wavelengths  topographic  components from TDX
interferograms and facilitate phase unwrapping. As the
accuracy of the input DEM affects the quality of the derived
TDX DEM, three different DEMs with different resolutions
were used as input DEMs to select the best one for the
processing. These are SRTM C and X-band DEMS with
resolutions of 90m and 30 m, respectively, and a
photogrammetry-based DEM produced by Iranian National
Cartographic Centre (NCC) with a resolution of 10 meters.

2.2 Results

2.2.1  The effect of external DEM on TDX DEM

To check the quality of the TDX DEM that was produced
using SRTM C, X-band and NCC we extracted an east-west
profile for each generated TDX DEM over the causeway. As
seen in Fig. 2a, TDX result based on SRTM X-band DEM
has lots of jumps which is caused by wrong SRTM-X values
in this region. Comparing Fig. 2b and 2c we observe more
variation in TDX DEM that was produced with SRTM-C
than the one generated from NCC. The smoothest TDX
DEM along the causeway is obtained from NCC topographic
model and it has the lowest variance value as compared to
other products.

A GPS point was used to compare DEM’s absolute heights
over the bridge. The position of this point is shown by red
circle in Fig. 1. The absolute height comparison results are
presented in table 1. As seen the TDX DEM produced by
NCC has an absolute accuracy three times better than TDX
based on SRTM-X and four times better than TDX based on
SRTM-C on the bridge. Therefore, in the following we used
TDX DEM that was obtained by NCC for accounting
topographic correction of SpotLight interferograms

DEM GPS point’s | DEM’s height
height on difference with
DEM actual value
TDX based on SRTM- 1298.640 -1.614
C
TDX based on SRTM- 1301.457 1.203
X
TDX based on NCC 1299.863 -0.391

Table 1- DEM’s absolute height comparison

2.2.2  Repeat-pass Interferometry

In multitemporal interferometric processing with X-band
images the effects of thermal dilation have clear impacts on
the final products due to the increase of the deformation
sensitivity and the increase of temporal sampling (Monserrat
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et al.,, 2011). Fig. 3 shows interferograms with different As seen in the Fig. 3 the number of fringes increases as the
temperature differences between master and slave images temperature difference between two images increases. So
over the bridge. The periodic effect of temperature changes there is direct correlation between the number of fringes and
in visible in interferograms. the change of temperature between master and slave

acquisition time.
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Figure 2. East-west profile along the causeway in TDX DEM generated based on (a) SRTM-X (b) SRTM-C, and (c) NCC DEMs
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Figure 3. Examples of X-band interferograms over LU bridge (a) The 20140609-20140712 interferograms with temperature
difference of 4.68°C (b) The 20140209- 20140712 interferograms with temperature difference of 24.08°C (c) The 20150206-
20140712 interferogram with temperature difference of 28.28°C

We compared observed fringes over the bridge from obtained from Urmia meteorological centre. As seen in the
different interferograms with temperature difference in each figure each peak in number of observed fringes is exactly
interferogram as shown in Fig. 4. The temperature data were equivalent to a peak in the measured temperature.
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Figure 4. (a) Variation in temperature with time. (b) Variation in observed number of fringes with time in SpotLight images

The correlation between the number of fringes observed over So we conclude that the major part of these phase difference
the bridge and the difference in temperature is 96.77% for comes from temperature differences.
our X-band interferograms over the LU bridge (Fig. 5).
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Figure 5. correlation between temperature and number of
fringes

3. CONCLUSION:

This paper illustrated the effect of thermal dilation on X-
band interferograms constructed from SpotLight SAR data
over LU bridge. We derived a correlation of 97% between
changes in temperature in radar images and the number of
fringes in their associated interferograms. This suggests that
the bridge’s behaviour in X-band interferograms is highly
influenced by thermal dilation due to changes in temperature
between master and slave images. Such an effect, which can
often be observed in single interferograms, have important
impact on time-series products and should be considered for
deformation analysis of bridge structures, in particular if the
observed period is relatively short.
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