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Abstract

Feature tracking has long been used as a technique to infer bidimensional displacement maps by locally maximizing the
incoherent or coherent cross correlation of coregistered SAR images. Coherence tracking is based on the latter technique.
Exploiting the phase information, the method tends to find local shifts that maximize the coherence information aiming
at enhancing the interferometric signal while also bringing an estimation of bidimensional displacements. This is particu-
larly important in fast-moving areas since it allows recovering an interferometric signal loss due to displacement-induced
decorrelations. Here, we present the adaptation of the technique to TOPSAR acquisition mode and results in Antarctica.

1 Introduction

Differential SAR Interferometry (DInSAR) is a well-
established technique that takes advantage of phase mea-
surement difference between two SAR images acquired at
two different dates to infer line of sight displacements [1].
SAR Earth observation satellites are using polar heliosyn-
chronous orbits. Consequently, DInSAR allows getting
primarily the East-West displacement component of hor-
izontal displacements.
In Antarctica however, we observe that the main compo-
nent of the ice flow goes Northward, following mainly the
azimuth direction of SAR observations. Therefore, using
DInSAR, displacements in this direction are poorly cap-
tured. Another problem concerns local misregistrations
due to non-stationary scenarios in which local displace-
ment may prevent global coregistration, leading to artifi-
cial local losses of coherence. This is particularly true in
the case of ice streams or ice shelves where pixel-size mis-
registrations are common. To solve the first issue and es-
timate azimuth displacements one can use image matching
techniques such as feature tracking. As an example, [2]
used feature tracking to obtain velocity maps on the whole
Antarctica.
Feature tracking comes in complement or in replacement
to differential SAR interferometry to get an estimation of
azimuth displacements and/or to get an estimate of range
displacements when coherence losses do not allow to gen-
erate a usable interferometric signal. When feature track-
ing is performed using only the amplitude of SAR images,
we talk about incoherent speckle tracking. In that case, we
consider the feature to be tracked from one image to an-
other. Feature tracking can be based on fringe visibility or
maximization of local coherence, in which case it is called
coherent speckle tracking [3].
We can go one step further when estimating and optimiz-

ing the local complex coherence, by directly exploiting
the phase information, in order to also get the optimized
tracked interferometric phase information at the given po-
sition [4, 5]. In this approach, using directly coherence
estimation as the tracking criterion, we can retrieve bidi-
mensional displacement maps, similar to coherent speckle
tracking, but also recover the interferometric signal for pre-
cise estimations of slant-range displacements. Considering
the high temporal decorrelation rate over fast-moving ar-
eas, tracking the ground scatterers are crucial for interfero-
metric studies. In addition, range shifts can also help in as-
sisting the phase unwrapping of the tracked interferometric
signal for fine estimation of range displacements. The esti-
mation of bidimensional displacements does not a require
special care for the TOPSAR acquisition mode. However,
the reconstructed interferometric signal requires a special
attention to the azimuthal phase ramp inherent to this par-
ticular acquisition more.
In the following, we present coherence tracking technique
adapted to the Sentinel-1 TOPSAR acquisition mode and
show the results obtained in the context of ice-shelves dis-
placement measurements in East Antarctica.

2 Method

2.1 TOPSAR Mode Specificity
If coherence tracking was demonstrated using Stripmap
SAR acquisition mode such as ERS data [4, 5], Terrain Ob-
servation by Progressive Scans (TOPSAR) mode requires
some preliminary steps to make coherence tracking appli-
cable.
TOPSAR uses reverse beam steering to decrease aperture
synthesis time for a given on-ground azimuth distance. The
image formed on this distance is called a burst. Decreas-
ing the required acquisition time, it allows to switch the
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beam to consecutive swaths and globally extend the ob-
served cross track at the expense of azimuth resolution loss
[6].
This reverse beam steering induces a variable Doppler cen-
troid frequency along the azimuth dimension of the burst.
Consequently, each burst contains an azimuth phase ramp
that must be considered all along the interferometric pro-
cessing [7].
Summarizing, slave image bursts must be moved to az-
imuth base-band (deramping) to allow interpolation of the
data in the coregistration process. Following [8], this der-
amping process must be followed by a reramping process
after burst interpolation in such a way that master and slave
burst phase ramps coincide in order to cancel out in the in-
terferometric process.
These deramping and reramping operations are applied as
such in any TOPSAR interferometric processor. Conse-
quently, after the coregistration process, one has coreg-
istered master and slave images, still bearing this typical
TOPSAR phase ramp.
If willing to fully exploit the interferometric signal, coher-
ence tracking applied to a TOPSAR coregistered interfero-
metric pair requires a full removal of this phase ramp from
both the master and slave bursts [9]. While this step is not
necessary for bidimensional displacement estimation [11],
not removing this phase ramp produce a phase bias in the
tracked interferogram. Indeed the additional azimuth shifts
we are tracking lead to a misregistration of TOPSAR phase
ramps that do not fully cancel out in the interferometric
process, inducing an additional azimuthal phase difference
between the master and slave images that depends on the
additional azimuth shift amplitude.

2.2 Coherence Tracking
Coherence tracking is an original adaptation of the coher-
ent speckle tracking method [5]. The basic idea is that
large surface displacements will create an artificial coher-
ence loss. Consequently, tracking coherence at pixel level
allows recovering the interferometric phase information,
while also determining an estimation of the bidimensional
velocity field.
Similar to coherent speckle tracking, the goal of coherence
tracking is to find where scatterers moved by locally per-
forming fine coregistration using coherence maximization
criteria. The local coherence is classically estimated using
equation

γ̂(s1(x,y),s2(x,y)) =

∣∣∣∣∣ ∑
(x,y)∈n

s1(x,y) · s∗2(x,y)

∣∣∣∣∣√
∑

(x,y)∈n
|s1(x,y)|2 · ∑

(x,y)∈n
|s2(x,y)|2

(1)

where n is a neighborhood around the (x,y) target location.
We find the (i, j) pixel shift that maximizes local coherence
by

(i, j) = argmax
(i, j)

{γ̂(s1(x,y),s2(x+ i,y+ j))} (2)

Around this pixel shift position, we take the estimated co-
herence at the four-connected neighbors with which we
perform a Gaussian fitting. Its maximum gives us a sub-
pixel estimate of the local bidimensional displacement.
This simple technique enables us to find directly a bidi-
mensional displacement (in terms of sub-pixels shifts) but
also to retrieve the misregistered pixel for interferometry.
In fast-moving areas, we can use this shift to find in the
slave image the true corresponding scatterers for interfer-
ometry. Such interferogram correction was originally ap-
plied to the Shirase glacier to infer the surface velocity field
[4].
In addition, the estimation of range shifts from equation 2
helps in the unwrapping process, by giving a prior infor-
mation of the integer phase cycle shift determination for
each pixel in the interferometric phase, but also giving the
global phase shift to match range displacement determined
by range offset tracking.

3 Results

In the frame of the MIMO project (Monitoring melt where
Ice Meets Ocean), we are re-developing and adapting the
coherence tracking technique to the Sentinel-1 TOPSAR
to perform surface velocity field measurements on the Roi
Baudouin Ice Shelf, in Dronning Maud Land, Antarctica
(figure 1).

Figure 1 Roi Baudouin Ice Shelf, Dronning Maud land,
Antarctica. The vignette represents a scaled-up illustra-
tion of the SAR amplitude image.

We present here preliminary coherence tracking results ob-
tained using a Sentinel-1 TOPSAR pair in Interferometric
Wide swath mode acquired on September 23 and October
5, 2017, along the relative orbit 59 over our area of interest.
Both Sentinel-1 images were first coregistered using pre-
cise orbits and a DEM. At the end of the coregistration pro-
cess, both the master and the slave images are deramped
before debursting, leading finally to two stripmap-like im-
ages.
Coherence tracking was performed using 7×7 pixels win-
dows on a 2×6 (azimuth× range) grid of anchor points for
local coherence estimation. Tracking is performed from -3
to +3 pixels from the initial coregistration values in both
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Figure 2 Coherence tracking results:
Background: Coherence image obtained after global im-
ages coregistration.
A & B: coherence before and after tracking on sub-zone
delineating fast-flowing ice stream
H1 & H2 coherence histograms before and after tracking
on a limited zone on fast-flowing ice stream. The coher-
ence on this fast-moving ice stream is greatly improved,
from 0.4 on average before tracking, to 0.8 after coher-
ence tracking.

range and azimuth to map the local coherence.
Optimum coherence is found through a Gaussian fitting of
the obtained coherence mapping.
Four main products are generated:

• the tracked coherence;

• the tracked interferogram;

• the range local displacements (with respect to initial
coregistration);

• the azimuth local displacements (with respect to ini-
tial coregistration).

Figure 2 illustrates coherence improvements. The back-
ground image is the coherence obtained classically, coreg-
istrating the Sentinel-1 pair based on precise orbits calcu-
lation. Red rectangles A and B show ice stream coherence
before and after tracking. The histograms of sub-zones H1
and H2 are shown on the right. This shows clearly that
coherence losses were due to local misregistration in this
fast-moving area.
Improvement of fringes visibility on the fast-flowing ice
stream is clearly shown on full resolution samples interfer-
ograms before and after tracking in figure 3. The signal
was originally barely distinguishable whereas the tracked
interferogram one enables us to infer precise displacement
fields at the fastest parts of the shelf. This gain is visible
through the coherence in figure 4.
The two last products derived from coherence tracking,
i.e., range and azimuth local displacements with respect to
global registration, may be represented as such in pixel unit
(figure 5) or as vectorial representation (figure 6). Figure

Figure 3 Full resolution, slant-range / azimuth geome-
try, sample interferograms before (left) and after tracking
(right).

Figure 4 Full resolution, slant-range / azimuth geometry,
coherence samples. Left = original coherence. Right =
Coherence derived after tracking. Bottom = coherence
gain/recovery (white represents a 0.5 gain).
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Figure 5 Full resolution, slant-range / azimuth geometry,
range (left) and azimuth (right) shifts.

6 is an HSI-like representation of the tracked results with
superimposed vectorial representation. The amplitude of
the computed displacement, in meters, is used for the Hue
channel, which is associated with the lookup table shown
on the figure. The tracked coherence is used for the Satu-
ration channel and the log of the amplitude of the master
image is used for the Intensity channel. In this representa-
tion, the full surface velocity field is well delineated. We
observe the Ragnhild ice stream deviates and passes on the
left side of the Derwael Ice Rise. A smaller part of the ice
stream is passing on the right side. The maximum displace-
ment amplitude as measured by tracking is about 12 meters
while the time lapse between acquisitions is 12 days.

4 Conclusion

Coherence tracking is shown to be applicable to Sentinel-1
TOPSAR acquisition mode. The results are impressive in
terms of coherence gain, as well as in interferometric sig-
nal recovery. On the one hand, similar to coherent speckle
tracking techniques, coherence tracking is able to retrieve
the 2D-shifts at coarse level and, on the other hand, it also
corrects the interferogram to get highly accurate range dis-
placements.
Moreover, these products are computed where classical
methods do not allow to use interferometry, because of the
fast-moving nature of the surface. The 6-days revisit time
of Sentinel-1 pairs is often considered too large for interfer-
ometry in the boundaries of the Antarctic Ice Sheet. Over
these ice shelves, coherence tracking may offer a promis-
ing solution, pushing forward the boundary between the
applicability of offset tracking techniques to SAR interfer-
ometry.

5 Acknowledgment

This research is supported by the French Community of
Belgium in the funding context of a FRIA grant, and car-
ried out in the framework of the MIMO (Monitoring melt
where Ice Meets Ocean) project funded by the Belgian Sci-
ence Policy contract Nos. SR/00/336.

6 Literature

[1] Massonnet, D.: Rossi, M.: Carmona, C.: Adragna, F.:
Peltzer, G.: Feigl, K.: Rabaute, T.: The displacement

field of the Landers earthquake mapped by radar in-
terferometry. Nature, 364(6433), 1993, pp. 138–142

[2] Mouginot, J.: Rignot, E.: Scheuchl, B.: & Millan,
R.: Comprehensive annual ice sheet velocity mapping
using Landsat-8, Sentinel-1, and RADARSAT-2 data.
Remote Sensing, 9(4), 2017, pp. 1–20

[3] Werner, C.: Strozzi, T.: Wiesmann, A.: Weg-
muller, U.: Murray, T.: Pritchard, L.: Luckman,
A.:Complimentary measurement of geophysical de-
formation using repeat-pass SAR. In Proceedings of
the IEEE 2001 International Geoscience and Remote
Sensing Symposium, Sydney, NSW, Australia, 9–13
July 2001; pp. 3255–3258.

[4] Pattyn, F.: Derauw, D.: Ice-dynamic conditions of
Shirase Glacier, Antarctica, inferred from ERS SAR
interferometry. Journal of Glaciology, 48(163), 2002,
pp. 559-565

[5] Derauw, D.: DInSAR and coherence tracking applied
to glaciology: The example of Shirase Glacier, in
Proc. FRINGE’99, Liège, Belgium, 1999

[6] De Zan, F.: Guarnieri, A. M.: TOPSAR: Terrain ob-
servation by progressive scans. IEEE Transactions on
Geoscience and Remote Sensing, 44(9), 2006, pp.
2352–2360

[7] Yague-martinez, N.: Gonzalez, F. R.: Brcic, R.: Shau,
R.: De Zan, F.: Gomba, G.: Interferometric Process-
ing of Sentinel-1A TOPS data. IEEE Transactions on
Geoscience and Remote Sensing, 54(4), 2015, pp. 2–5

[8] Miranda, N.: Definition of the TOPS SLC deramping
function for products generated by the S-1 IPF, 2015,
pp. 1–15

[9] Grandin, R.: Interferometric Processing of SLC
Sentinel-1 TOPS Data Principle of deramping. Pro-
ceedings of ESA Fringe 2015 Workshop, (1), 2015,
pp. 1–14

[10] Sanchez-Gamez, P.: Navarro, F. J.: Glacier surface
velocity retrieval using D-InSAR and offset track-
ing techniques applied to ascending and descending
passes of sentinel-1 data for southern ellesmere ice
caps, Canadian Arctic. Remote Sensing, 9(5), 2017,
1–17.

[11] Scheiber, R.: Prats-Iraola, P.: De Zan, F.: Geudtner,
D.: Speckle Tracking and Interferometric Processing
of TerraSAR-X TOPS Data for Mapping Nonstation-
ary Scenarios. IEEE Journal of Selected Topics in Ap-
plied Earth Observations and Remote Sensing, 8(4),
2015, pp. 1709-1720.

EUSAR 2021 . ISBN 978-3-8007-5457-1 / ISSN 2197-4403 . ©VDE VERLAG GMBH . Berlin . Offenbach

735



Figure 6 Combine representation of coherence tracking results. Hue = Displacement amplitude - Saturation = Tracked
coherence - Intensity = log of master amplitude.

EUSAR 2021 . ISBN 978-3-8007-5457-1 / ISSN 2197-4403 . ©VDE VERLAG GMBH . Berlin . Offenbach

736


