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/ ABSTRACT \

In this work, the perspective of micro-Doppler (m-D)
analysis from synthetic aperture radar (SAR) images 1s
assessed for large scale acquisitions. We propose a
processing chain, which implies the detection of vibrating
targets and the estimation of a coarse vibration frequency
map based on sub-aperture decomposition and local
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Doppler Centroid computation, followed by an in-depth

\analysis of the vibration spectra for targets of interest. J

I. Problem description

In general, a non-stationary target will produce two main

types of artifacts in the SAR 1mage:

»the radial motion (line-of-sight component) will have
the effect of shifting the Doppler Centroid (DC) and
consequently the target will appear at a fictive azimuth
position;

»>the along-track velocity component of the target will
modify the azimuth chirp rate and hence the target will
appear defocused in the final SAR 1mage.

This simplistic reasoning refers to constant velocity,
which 1s not the case of vibrating targets. Nevertheless, as
indicated 1n the equations below, the oscillatory behavior
of a vibrating target reflects in the Doppler Centroid
values evaluated over the dwell time. This provides the
core 1dea of the proposed workflow.
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Fig. 1 Simplified SAR acquisition over a vibrating target.
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Fig. 2 Simulated SAR images with Sentinel-1 parameters for a scene

containing one point target: (left) stationary, (right) vibrating.
The simulated SAR 1mages displayed in Fig. 2 emphasize
that compared to the stationary target, the vibrational
behavior may produce several ghost targets. However,
over large scenes, this type of artifacts are difficult to
track or detect due to the computational burden imposed
by m-D analysis algorithms.
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Interestingly, considering a vibrating point-
scatterer, the squared magnitude of 1ts
corresponding azimuth  spectrum  mainly
follows the vibration fundamental component as
may be seen 1n Fig. 3 (simulated data using
ICEYE Steering Spotlight mode). Therefore,
tracking the azimuth magnitude spectrum
(directly or indirectly) allows the estimation of
the vibration frequency.
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Fig. 3 Azimuth magnitude spectrum of vibrating
point scatterers (blue) against the ground-truth
vibration pattern (magenta).

Il. Methodology

The block diagram presented in Fig. 4
highlights the key points related to the
proposed SAR m-D monitoring method. First,
the SAR data 1s fed to a block that generates a
coarse vibration map, which highlights
regions with potential vibrations among with
a rough vibration frequency estimate. Then,
the output of this block guides the localized
in-depth m-D analysis on the Areas of Interest

(Aol).

fine m-D
S.LC SAR —_— cr::_arse —3 AQ| selection ——3»  parameters
/ images vibration map estimation

Fig. 4 Block diagram of the proposed m-D
monitoring solution.

The coarse vibration map block takes as
input the Single Look Complex SAR 1mage
and decomposes 1t into several (Ng,) sub-
aperture 1mages characterized by an
overlapping  percentage p,,; between
azimuth sub-bands. For each sub-aperture
image, the Doppler Centroid Estimate (DCE)
image 1s computed. Next, a Fourier transform
is applied along the 34 dimension of the 3D
DCE data cube and a measure of spectrum
sparsity 1s computed. Finally, for the
positions where the spectrum 1s sparse, the
dominant frequency 1s extracted.
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Fig. 5 Coarse vibration map estimation workflow.

The main advantage brought by the DCE
estimation block 1s that 1t directly provides
the Doppler—Centroid for each pixel in the
sub-aperture 1mages at once. Hence, as
compared to other SoA solutions (e.g.,
[1],[2]), our procedure avoids both
windowing/isolating the targets of interest
and up-sampling.
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Ill. Results

Both simulated and real data were used to assess
the proposed approach. In Fig. 6 (left), the SAR
image suggests two point targets (T1 and T2)
located at different azimuth positions and
experiencing different vibration behaviors. The
right part of Fig. 6 indicates the targets’ m-D
spectra and the ground truth frequencies (12 Hz
and 17 Hz, respectively).
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Fig. 6 Results on simulated data: (left) SAR image, and (right)
DCE spectra for T1 and T2.

The proposed workflow was evaluated on ICEYE
and COSMO-SkyMed fine resolution SAR
images acquired over infrastructure elements
from the Basilicata region, Italy, and the detected
vibration frequencies were confronted with the
ones detected by ground-based real aperture radar
(GB-RAR) measurements™ noticing a couple of
common vibration frequencies. In the collage
shown 1n Fig. 7, we present the key results for
one of the sites of interest (a water tower).
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Fig. 7 Real-world experiment for m-D investigation applied on
ICEYE data containing a water tower: optical view, SAR image,
coarse frequency map, DC profile of a selected pixel and its
corresponding spectrum.

The detected frequencies using the GB-RAR
measurements and the ones detected from the
spaceborne  SAR 1mage using the proposed
workflow are well correlated. The parameters
employed 1n the processing were set as Ng4 = 128
and p,,,;=0.95. Given the total azzimuth bandwidth
B,, = 30.457 kHz the resulting sub-aperture
bandwidth was Bs, = 4.13 kHz.
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CONCLUSION

This work introduced a SAR vibrometry analysis
workflow capable to ensure large scale coverage.
The presented methodology is part of the MIDAS
project addressing SAR m-D i1nvestigations for
infrastructure monitoring. The proposed m-D
processing routine, first, generates a myopic
perspective characterizing the non-stationary
behavior of the targets, then focuses on the close
investigation of hot-spots 1n the coarse frequency
maps.
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