HIGH RESOLUTION DIFFERENTIAL INTERFEROMETRY USING TIME SERIES OF
ERS AND ENVISAT SAR DATA
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ABSTRACT
During the last twelve years, a long history of data has been acquired by the SAR sensors on board the ERS-1 and ERS2 satellites offering a wide range of interferometric applications. With the launch of ENVISAT in 2002, the more
advanced SAR (ASAR) has given continuity to the success of the remote sensing mission of the ERS satellites by
ensuring and increasing the value of the archived ERS data. The subject of this study is to demonstrate the continuity of
the interferometric measurements obtained from the combination of long temporal series of SAR differential
interferograms in order to derive small subsidence displacements.
1.

INTRODUCTION

Radar interferometry is a well-established remote sensing technique. Up to now, acquisitions from the same or from
equivalent radar sensors were processed. The new ASAR sensor offers the capability of increasing this technique’s
possibilities and applications by merging data acquired from different SAR radars.
The interferometric combination of ENVISAT and ERS data is not as simple as it used to be with the similar
constructed SAR sensors on board the ERS-1 and ERS-2 satellites. Specially, the difference of 31 MHz between both
radar center frequencies prevents the simple combination of the different sensor data because the interferometric phase
is obviously strongly dependent on the wavelength and thus on the radar frequency. The radar center frequency of
ENVISAT/ASAR (5.331 GHz) has been slightly shifted compared to the sensors ERS-1 and ERS-2 (5.300 Hz). To
compensate this frequency change, the interferometric observation geometry needs to fulfil certain requirements, i.e.
large baselines, which obviously depend on the terrain slopes.
The implemented technique makes use of either ERS SAR or ASAR differential phase measurements to generate long
term terrain movement and precise DEM maps with the same resolution as the original SAR images: estimations may
be done on every image pixel without spatial interpolation. The algorithm is capable to use all the available phase
information even in conditions of large baselines or platform instabilities giving place to large Doppler centroid
variations. Such artefacts are handled by precise location estimate of the scatter within the pixel and accurate elevation
extraction. One interesting by-product of this technique is the interpretation of the DEM errors as an approximation of a
DSM (Digital Surface Model) in low density urban and peri-urban environments, which are related to building absolute
height. Continuity on the displacements measured from both sensors after atmospheric artefacts removal will be shown
in the results.
2.

ERS/ENVISAT CROSS-INTERFEROGRAM

Gatelli et al. [1] presented the theoretical basis for radar cross interferometry. After the launch of ENVISAT and the
fading performance of ERS, the practical demonstration of radar cross interferometry was of scientific and operational
interest. Radar cross-interferograms guarantee the continuity in the monitoring of the Earth despite the change of sensor
frequencies.
It has been demonstrated in [2] that the cross-interferometry ERS/ENVISAT is still possible in the case of distributed
targets and large baselines. Even if the selection of the data and the processing requires some special care, surprising
results have been obtained over the two presented test sites (Las Vegas and Paris) within relatively short time,
demonstrating that cross-interferometry is not just a theoretical possibility but feasible in practice. This fact opens the
path for new applications requiring e.g. large baselines.
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In the case of ENVISAT/ASAR and ERS, the optimal effective baseline for cross-interferometry or distributed targets
and flat Earth is about 2300 m. The enormous height sensitivity of about 4 meters causes the loss of interferometric
coherence on urban areas due to volume decorrelation, but also allows the mapping of topography with unprecedented
accuracy. However, the height of ambiguity is very low, making difficult the phase unwrapping task. One of the main
applications of this kind of interferograms is the improvement of the high spatial frequencies of an existing lower
resolution DEM. This existing DEM would be used to unwrap the large-baseline interferogram, and the low pass
filtered residues used to improve the initial DEM at high resolution.
Consequently, the value of the archived ERS data is not only preserved but also increased. First of all, extended time
series can be analysed. They may be composed of mixed ERS-1, ERS-2 and ENVISAT/ASAR data. Hence, very slow
geophysical displacements on the Earth’s surface can be monitored and effects unnoticed so far can be detected.
3.

HIGH RESOLUTION TIME SERIES ANALYSIS

The scope of the experiments is to prove the continuity of the deformation measurements based on SAR phase imagery
between ERS/SAR and ENVISAT/ASAR. This demonstration is the most crucial point of the SAR remote sensing from
an operational point of view. It includes the integration of ASAR acquisitions in a set of ERS acquisitions and the
control of the accuracy of the performed measurement. The word “demonstration” means test of continuity between
ERS and ENVISAT in a qualitative way. More quantitative work on calibration, cross validation and qualification of
the results will be performed in future experiments.
The presented test was carried out in the city of Barcelona (Spain) using the Stable Point Network analysis, developed
by ALTAMIRA INFORMATION to merge the available ENVISAT/ASAR images (only 3) in a set of 68 ERS images.
The software has been updated in order to perform the common co-registration of ERS and ENVISAT images which is
a pre-requisite to any work of phase integration. For this demonstration part, additional tools to the DIAPASON INSAR
processing chain, currently being adapted to ASAR, facilitate the task considerably.
The Stable Point Network chain generates different kinds of products. The mean subsidence rate can be derived using
only 6 images. In addition a DEM error map is produced working indifferently at any resolution. Extraction of
subsidence profiles requires from 15 to 30 images, depending on the velocity of displacement versus the intervals
between image acquisitions. In any case, the increase in number of images improves the quality of the estimate.
On this example on the city of Barcelona, the mean subsidence and the DEM error maps are estimated with an
accuracy better than 1 millimetre and 1 meter at SLC radar full resolution. This is a key point because in order to check
the phase continuity between both sensors the time series of the estimated displacement in the satellites line of sight of
coherent pixels are investigated. This is the main reason for working at full resolution, because the phases must be
analysed as clean as possible, taking into account only single target contributions. It must be checked that the phase
behaviour of the ENVISAT samples are correlated with the ERS-1/2 time series in a qualitative way.
3.1

Merge Problems

The major problem in the merge step is the high ERS-2 Doppler values since 2000 and their variability in time due to
platform instabilities. Such Doppler centroid values higher than one PRF value (~1600Hz), cause no overlap between
the azimuth bandwidths of these images and the ones corresponding to the images acquired under nominal conditions.
For this reason, the work is performed only on punctual targets after minimisation of the phase artefact created by
Doppler variation. The following graph details the Doppler variation in time for the same frame acquisition.
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Fig. 1. Doppler evolution of the acquired SLC’s.
As can be seen in figure 1 the Doppler centroid frequency or equivalently the squint angle introduces a phase offset in
azimuth which depends on the scatter position within the resolution cell and its size. This phase offset needs to be
compensated especially in the interferograms where the difference between Doppler centroid frequencies from the
different acquisitions is large, as is the case of ERS-2 acquisitions spanned since the year 2000. Equation 1 and Figure 2
characterize this interferogram phase offset in the azimuth direction:
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Fig. 2. Phase offset in azimuth as function of object position and Doppler centroid differences.

(1)

Since the target position within the resolution cell is not known a priori this azimuth phase offset cannot be directly
compensated in the interferogram. However the correction has been introduced in the SPN processing chain in order to
use the data acquired by ERS-2 in mono-gyro and gyro-less conditions. A new equation, given in Eq. (1), is added to
the system that models the phase behaviour, where the unknown variable is the position of the scatter within the
resolution cell. This system includes as well the compensations due to the baseline decorrelation, equivalent to the
Doppler offset in range, the altitude differences due to DEM inaccuracies and the corrections due to atmospheric
artefacts.
3.2

Results

Once the interferometric phases have been completely modelled and after the separation of the different effects, the
profiles of the coherent points due to the terrain displacement can be analysed. The basic idea is to see that the ASAR
values are correlated with the ERS time series values. As previously stated, the major problem here is to handle the high
ERS-2 Doppler values from 2000. The profiles included hereafter, show still high frequency fluctuations on the images
affected by high Doppler centroid due to slight inaccuracies in the Doppler compensation scheme.

Fig. 3. Example of point time series with ERS1/2 (crosses) and ENVISAT (diamonds) data. Red squares represents the
velocity alias at 2.8 cm.
Comparing the ERS1/2 data (68 crosses) with the ASAR (3 diamonds at the end of the series) in figure 3 it can be
checked that the behaviour of the two series are the same. This means that the phase continuity on the measurements is
ensured. From an operational point of view this is a very good and important result in order to follow terrain
deformation slow movements taking into account the ancient data of ERS-1 and ERS-2.
Most of the pixel series in the same test sites show a similar behaviour, which guarantees the integration of the ASAR
data. However, in some other points showing low coherence the continuity is not followed possibly due to a bad
Doppler compensation since those pixels were not punctual targets, and a more complex model is most probably
needed to compensate the phase within the resolution cell introduced by high Doppler values.
3.3

Additional SPN outputs

Additional output products obtained from the processing chain are the mean subsidence rate and the mean residual
heights referred to the used DEM. Together with these estimates a quality measurement and a dispersion index of the
measurements is given. Due to the high number of images available for this experiment, the results have a very high
accuracy, with values around 0.5 mm/year for the mean subsidence and 0.8 meters for the DEM errors. It is important to
note that there is no interpolation in the final estimate maps, which are obtained at the original resolution of the SLC’s.
This is very important in order to increase the accuracy and to avoid false alarms.

Fig. 4. Mean subsidence rate obtained near the Barcelona harbour. The area under risk showed on figure 3 is remarked
with a blue rectangle.
Risky areas can be identified with the mean subsidence rate and further careful surveillance can be done with the point
profiles. The plots of the total displacement give a more detailed idea of the local phenomena that might be affecting
some structures on the risky areas and serve to identify those risky pixels from the rest on which watchful analysis is
required.
An area with a mean subsidence rate of about 1,25 mm/year is showed in the figure 4. Only points with a coherence
value higher than 0.7 are colour plotted overlaid to the mean amplitude in the radar geometry. The profile of a point in
that area is presented in figure 3. The point corresponds to the corner of an industrial building. Some geological reports
appeared on local newspapers are informing also on this subsidence problem close to the Llobregat River.

Fig. 5. Mean DEM error estimated on the city of Barcelona Some clear and nice structures are remarked.

In figure 5 the mean DEM error map estimated in the city of Barcelona is shown. Due to the lack of interpolation and
the coherence masking the topography of the city can be clearly identified. Building heights and street profiles are seen
from the image. In a qualitative way, some big structures can be identified in order to validate the results, as for
example the F.C. Barcelona stadium with 48 meters of maximum height. It is nice also to correlate visually these results
with an optical image in order to verify the square distribution of the streets along the city. This is a very interesting
product since this kind of information is very difficult and expensive to obtain for the whole city taking into account the
current techniques.
4.

CONCLUSIONS

The possibility of ERS/ENVISAT single cross-interferograms was presented in precedent experiments, demonstrating
that cross-interferometry is not just a theoretical possibility but feasible in practice. The results extracted from the
performed study show in a qualitative way that continuity on the phase measurements between both sensors is possible.
This is very important because from an operational point of view, millimetrical ground movements can be monitored by
using the ERS-1/2 archived data. The major problem in the merging process is not the sensor differences but the high
Doppler values of the last ERS-2 images. Even if the processing of the data requires working at high resolution and
some additional care, surprising results can be obtained due to the introduced phase corrections. Maps of mean
subsidence and of the building heights can be estimated over the whole city at full SLC radar resolution without the use
of interpolation.
5.

ACKNOWLEDGMENTS

This work was supported under ESA contract 16702/02/I-LG.
6.

REFERENCES

[1] F. Gatelli, A.M. Guarnieri, F. Parizzi, P. Pasquali, C. Prati and F. Rocca. “The wavenumber shift in SAR
interferometry”. IEEE Transaction on Geoscience and Remote Sensing, vol. 32 no. 4, July 1994.
[2] A. Arnaud, N. Adam, R. Hanssen, J. Inglada, J. Duro, J. Closa, M. Eineder. “ASAR ERS interferometric phase
continuity”. IGARSS 2003, Toulousse (France), 21-25 July, 2003.
[3] Bara M., R. Scheiber, A. Broquetas, A. Moreira, 2000, Interferometric SAR Signal Analysis in the Presence of
Squint. IEEE Transactions on Geoscience and Remote Sensing, Vol. 3, No. 5, pp. 2164-2178, September 2000.
[4] Usai, S. 1997. The Use of Man-made Features for Long Time Scale InSAR. Proc. IGARSS 1997, Singapore, 3-8
August 1997, 1542-1544.
[5] Usai S. and R. Klees. 1999. SAR Interferometry on Very Long Time Scale: A Study of the Interferometric
Characteristics of Man-Made Features. IEEE TGARS, Vol. 37, No. 4, 2118-2123.
[6] Mora O., J. J. Mallorqui, J. Duro and A. Broquetas. 2001. Long-term Subsidence Monitoring of Urban Areas Using
Differential Interferometric SAR Techniques. Proc. IGARSS 2001, 9-13 July, Sydney, Australia, CDROM.

