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INTRODUCTION: Hongtu-1 (HT1, also known as PIESAT-
01) is the world's first multi-static SAR satellite system
operating in a cartwheel formation [1]. The cartwheel
formation is a unique satellite constellation in which
slight differences in the eccentricity of each satellite's
orbit ensure that the main satellite remains in the
center of the formation at all times and three auxiliary
satellites are evenly spaced around it at 120-degree
intervals. Precise orbit control maintains a planar
configuration of the four HT1 satellites at all times. The
main satellite, HT1-A, is located in the center of the
formation, and the three auxiliary satellites, HT1-B,
HT1-C and HT1-D, orbit the main satellite on the same
elliptical path. The active main satellite HT1-A
transmits and receives radar signals, i.e. it corresponds
to a normal monostatic radar. The three additional
satellites HT1-B, HT1-C and HT1-D each contain a
passive radar receiver which receives the radar signals
transmitted by HT1-A and reflected on the earth's
surface. An HT1 acquisition therefore comprises one
monostatic SAR image and three bi-static SAR images.
The distance between the passive receivers and HT1-A
is small (<1km) compared to the distance of the
satellites to the imaged ground (~700km), so the
bistatic angles are very small. The sun-synchronous
orbit of HT1 has a repeat cycle of 15 days [1].

Hongtu-1, stripmap mode SLC characteristics:

Active satellite HT1-A
Passive companions HT1-B, HT1-C, HT1-D
Polarization HH

Look direction left looking
Radar frequency 9.6000 GHz
Chirp bandwidth 100 MHz
Pulse Repetition Frequency 4201 Hz
Range pixel spacing 0.75m
Azimuth pixel spacing 1.69m
Incidence angle 42.5 deg.
Acquisition date 5-Sep-2023
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Interferograms:

HT1A-HT1B HT1A-HT1C HT1A-HT1D HT1B-HT1C HT1B-HT1D HT1C-HT1D
One acquisition =2 six single-pass differential interferograms

Height update: There is no deformation phase and no
atmospheric path delay phase due to the simultaneous
acquisition of both images in the interferometric pairs.
The residual topographic phase depends linearly on the
difference between the true effective height of the
scatterer and the assumed height extracted from the
pre-existing DEM used (here the Copernicus 30m DEM)
and linearly on the baseline component that is
perpendicular to the line of sight. Significant non-zero
phase is observed for forest areas and for areas where
the topography has changed, e.g. by mining or landfill.
While the deviations from zero phase are smaller than
half a phase cycle for the shortest baseline — which
makes phase unwrapping trivial — more significant
phases are present in the pairs with longer baselines.
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HT1A-HT1D, B, -64m  HT1A-HT1C, B, -230m  HT1B-HT1C, B, -506m
HT1 differential interferograms with different baselines.
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Height correction relative to 1” Copernicus DEM estimated

with the HT1 data of September 5, 2023 (shown here at 3m

sampling, for an area of about 5km x 5km). The intensity of
the image corresponds to the HT1A backscatter

height difference [meter]

4.2 km x 3.3 km section of height corrections relative to 1”
Copernicus DEM heights, derived from a multi-static HT1
acquisition. The image brightness corresponds to the radar
backscatter. A fine color scale is used to make visible meter
scale corrections. The letters A to D indicate areas with
different types of height changes (A: mining area, B: forest
area, C: agricultural field, D: trees/hedge along a road).
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Copernicus 1”7 DEM HT1 based DEM
Comparison of shaded reliefs of Copernicus 1” and

Hongtu-1 based DEM heights.

Coherence: In addition to the interferometric phase,
the single-pass coherence is also of interest. It
characterizes the phase noise and is therefore useful in
the phase unwrapping. Furthermore, the coherence
relates to characteristics of the target and provides
therefore useful landcover information.

HT1A-HT1D, BL -64m HT1A-HT1C, BL -230m  HT1B-HT1C, BL -506m

Multi-static HT1 X-band coherence for pairs with different
baselines. The SAR backscatter is used as image brightness.
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Baseline dependence of the multi-static X-band single-pass
coherence over forest stand B

HT1 multi-static coherence product. RGB composite of average
coherence (red), average backscatter (green) and the
backscatter variability between multi-static scenes (blue)

Conclusions: Investigating  multi-static  single-pass
interferometric data acquired by HT1 confirmed the
high potential of such an X-band constellation, above all
to map height changes and update DEMSs, Thanks to the
simultaneous acquisition of the data there is no
temporal decorrelation, no deformation phase, and
almost no atmospheric path delay phase — which
facilitates the processing and makes the results more
accurate. Furthermore, retrieving landcover information
and forest information such as biomass or forest heights
based on the multi-static coherence and backscatter is
an additional promising use of the data.
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