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The geosynchronous synthetic aperture radar (GEO SAR), oper-
ating at an altitude of approximately 36000 km, provides a large
swath (hundreds to thousands of kilometers) and a high temporal
resolution (hours to one day) [1], supporting wide-area geohazard
monitoring and rapid disaster response.

China’s LuTan-4, the first GEO SAR satellite launched in Au-
gust 2023, features an L-band sensor achieving swaths of >500
km (<20 m resolution) in stripmap and >3000 km (<50 m res-
olution) in scanSAR modes [2]. Although not a dedicated inter-
ferometric system like SuperView Neo-2 [3] or LuTan-1 [1], its
relatively low-frequency orbital control strategy combined with a
proper repeat-pass interferometric data selection method can yield
the repeat-pass interferometric perpendicular baselines within the
critical baselines, which brings GEO SAR the capability of differ-
ential interferometric SAR (D-InSAR) applications.

Previous studies have investigated GEO D-InSAR concepts,
processing methods, and performance mainly through theoretical
analyses [4]. In this letter, we experimentally validate the GEO D-
InSAR deformation monitoring capability for the first time based
on real LuTan-4 satellite data. A processing framework is proposed
to address problems of non-parallel repeat-pass tracks, inaccurate
orbital ephemeris, and spatially variant atmospheric phases within
a large swath in GEO D-InSAR. Real repeat-pass LuTan-4 SAR
data spanning a nearly 120 km X 80 km sub-scene with a one-
day revisit were used to validate the processing framework and
demonstrate its D-InNSAR deformation monitoring capability.

Method and processing framework. The GEO D-InSAR pro-
cessing framework is shown in Figure 1(a). The framework takes
the master and slave images, external digital elevation model
(DEM), and external atmospheric data as inputs. The detailed
processing flow is introduced as follows.

Step 1: Optimal repeat-pass data selection. Due to the
Earth rotation effect, the repeat-pass tracks suffer non-parallel ef-
fects, and the antenna beam is generally squinted, which can intro-
duce severe Doppler decorrelation and rotational decorrelation in
the interferogram [4]. To address this issue, we adopt an optimal
repeat-pass GEO D-InSAR data selection method, which is to se-
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lect the interferometric pair with a maximum geometric coherence.
The geometric coherence model can be expressed as [5]
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where e); and eg denote the Doppler directions of the master
and slave observations, respectively; e; and ex represent the iso-
Doppler direction of the master and slave tracks; w is the equiva-
lent synthetic aperture vector of the interferometric pair; A is the
radar wavelength; c is the speed of light; Au denotes the line-of-
sight (LOS) variation between the master and slave observations;
B is the signal bandwidth; wg is the ground-range direction; R
is the slant range, and L denotes the ground projection of the
synthetic aperture vector of the interferometric pair.

Step 2: Refocusing and coregistration. Due to the long
integration time of GEO SAR, SAR image defocusing and inter-
ferometric coherence deterioration occur. To address this issue,
Phase Gradient Autofocus is applied to improve the image qual-
ity [4]. Then, the interferometric SAR pairs are coregistered, and
the corresponding interferogram is generated.

Step 3: Baseline estimation and reference phase re-
moval. Due to the inaccurate ephemeris, the theoretical repeat-
pass baseline is not accurate. To address this issue, a baseline esti-
mation method based on Chirp-Z Transform (CZT) is applied [6],
which utilizes the linear interferometric phase, primarily induced
by the flat Earth, to estimate the baseline (mainly perpendicular
and parallel components) as follows:
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where @jinear is the estimated linear phase component, and [ is the
LOS unit vector. Using the estimated baseline and the external
DEM, the reference phase is generated and subsequently removed.
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(Color online) Illustration of the GEO D-InSAR processing framework and results. (a) Proposed GEO D-InSAR processing frame-

work; (b) long-term perpendicular baselines of LuTan-4 under optimal interferometric data selection [5]; (¢) optical image of the observed area;
(d) amplitude image of the GEO SAR; (e) interferogram after flat Earth phase removal; (f) coherence map; (g) compensated atmospheric
phase, including ionospheric and tropospheric phases; (h) retrieved deformation after 10 x 10 multiple looks over regions with coherence higher

than 0.4.

Step 4: Atmospheric phase compensation. GEO D-
InSAR interferograms are easily contaminated by spatially vari-
ant atmospheric phases due to their large swaths, including iono-
spheric and tropospheric phases. The large-scale tropospheric and
ionospheric phases are compensated using numerical weather pre-
diction (NWP) data and total electron content (TEC) data, re-
spectively. Both phases are calculated and compensated along
the LOS direction using a ray-tracing approach. The small-scale
atmospheric phases from turbulence typically follow a power-law
spatial spectrum. To mitigate this effect, high-coherence pixels are
first selected, and the power spectral density (PSD) of the residual
phase is iteratively fitted to a PSD model. Based on the model, a
Wiener filter is applied to remove the turbulence phase.

Finally, the differential phase is converted to deformation by
d = ¢ - A\/(4m), where ¢ represents the D-InSAR phase, and d
denotes the deformation along the LOS direction.

Results and discussion. The real repeat-pass LuTan-4 data
are used to demonstrate their capability for D-InSAR process-
ing. Firstly, from Figure 1(b), it can be seen that LuTan-4’s
perpendicular baselines are within the critical baselines, provided
a low-frequency orbital control strategy and an optimal repeat-
pass interferometric data selection method. After data selection,
the repeat-pass LuTan-4 data acquired on August 10 and August
11, 2025 (perpendicular baseline = 12.49 km), with high geo-
metric correlation, are used for D-InSAR processing, which have
a synthetic aperture time of 30 min and a spatial resolution of
7.5 m (azimuth) x 12.6 m (range). As shown in Figure 1(c), the
imaging area covers the main stream region of the Yangtze River
at the border region between Hunan and Hubei provinces, with a
swath of about 120 km X 80 km. The amplitude of the correspond-
ing master image is presented in Figure 1(d), where the Yangtze
River, the urban areas, and surrounding mountainous terrain are
clearly visible, demonstrating the effect of the autofocus method.

The interferometric phase, shown in Figure 1(e), exhibits clear
and continuous fringes corresponding to terrain variations and at-
mospheric components. Meanwhile, the coherence map in Fig-
ure 1(f) shows that the correlation coefficient is higher than 0.5
over most regions, indicating a good quality of the interferogram.

The compensated atmospheric phase, including ionospheric and
tropospheric phases, is shown in Figure 1(g). After atmospheric

phase compensation, the final deformation retrieval result is ob-
tained, as shown in Figure 1(h) (processed with 10 x 10 multiple
looks, retaining points with coherence higher than 0.4). Since the
repeat-pass interval is only one day, we assume there is no signif-
icant ground deformation during this period. The retrieved de-
formation remains close to zero across the entire scene, indicating
Taking zero deforma-
tion as a reference, a root-mean-square error (RMSE) of 1.06 cm

good deformation retrieval performance.

through the deformation map is obtained. This primarily derives
from the residual phase noise and atmospheric phases. These re-
sults demonstrate the feasibility of the proposed interferometric
processing framework as well as the capability of deformation mon-
itoring using LuTan-4.

Conclusion. In this letter, we present the first experimental

validation of repeat-pass GEO D-InSAR deformation monitoring
using LuTan-4 satellite data. Real one-day repeat-pass SAR ob-
servations acquired over the Hunan-Hubei border area were pro-
cessed using the proposed interferometric framework, achieving a
deformation retrieval accuracy of 1.06 cm (RMSE). These results
confirm the effectiveness of the processing strategy and provide
the first real-data evidence that LuTan-4 is capable of monitoring
deformation at the centimeter level with a one-day revisit. Further
work will extend the assessment to additional scenarios to more
comprehensively evaluate its D-InSAR performance.
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