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Micro-Doppler from very high-resolution SAR:

- critical infrastructure monitoring and applications
in maritime and terrestrial domains.
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Introduction



University of

Strathclyde

Glasgow

Radar Micro-Doppler Definition

“The Micro-Doppler Signature is the intricate frequency modulation

that is imparted on the backscatter signal by the moving components
of a radar target.” (Chen et al., 2006)

Walking

Frequency (Hz




University of

Strathclyde

Glasgow

Why Micro-Doppler from
SAR ?

« Many targets exhibit micro-motions due to their operational
nature or because of natural stimuli;

* In the literature the topic has been sparsely investigated, with
limited validation or operationalization analysis;

 The novel sensing capabilities have the potential to support
advanced micro-motion extraction capabilities, processing tools
development and applications.

We have consolidated the existing results in the field of micro-Doppler information extraction
from spaceborne SAR as well as enhanced the overall understanding of the phenomenology,
the models, the processing algorithms, the limits, the applications, and the overall commercial
value.
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What we looked at ?
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. Maritime target micro-motion extraction for
ooperative target recognition in Maritime Surveillance
. Building monitoring

. Bridge monitoring

. Micro-Doppler detection

Biondi, F.; Addabbo, P.; Ullo, S.L.; Clemente, C.;
Orlando, D. Perspectives on the Structural Health
Monitoring of Bridges by Synthetic Aperture
Radar. Remote Sens. 2020, 12, 3852.
https://doi.org/10.3390/rs12233852
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Armenise, D., Biondi, F., Addabbo, P.,
Clemente, C., & Orlando, D.
(2020). Marine targets recognition
through micro-motion estimation from
SAR data. In 2020 |IEEE 7th
International Workshop on Metrology
for AeroSpace (MetroAeroSpace) (pp.
37-42).

IEEE. https://doi.org/10.1109/MetroAer

oSpace48742.2020.9160210

Integrating post-event very high
resolution SAR imagery and machine
learning for building-level earthquake
damage assessment

Macchiarulo, Valentina; Giardina,
Giorgia;  Milillo,  Pietro;  Aktas,
Yasemin D; Whitworth, Michael
RZ; (2024) Integrating post-event
very high resolution SAR imagery
and machine learning for building-
level earthquake damage
assessment. Bulletin of Earthquake
Engineering
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Data Generation

+ Dataset created with >80 SAR images with N =y gt
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Algorithms’ calibration/validation dataset;

Ground truths collected for calibration data,
bridge, humans, vehicles, ships, buildings;
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Calibration datase
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Processing and Results
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SAR processing -
underpinning principles

L

Bandwidth

*  Micro-Doppler is a slow-time phenomenon and as such it
can be observed during the aperture time;

PRF

*  Processing strategies should observe/analyse the
signal’s evolution in terms of intensity, phase or
frequency during the acquisition time to extract micro-
motion information;

*  Focused data (i.e. SLC) needs to be re-processed to
obtain slow-time resolution;

Azimuth

* Unfocused data have already the required slow time
resolution but lower SNR.

11
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A number of algorithms have been developed to handle the specific challenges of each use case.

Modified Back-Projection Algorithm

Sub-Aperture Phase Analysis

Doppler Phase Coherence

Integrated Spatially Variant
Apodization + Time Freq. Analysis

Scale Invariant Coherent Change
Detection

Sub-Pixel Offset Tracking
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Results - Bridge Monitoring
Umbra May 16" ‘24, 21.40 UTC
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Ground truth
SAR estimation
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- Results — Building Monitoring
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Results — Maritime Radar On-Off
Doppler frequency [Hz]
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Azimuth

[ Harmonics
o RPM from engine

fire rate /

= = Vertical acceleration (Accelerometer)
1 F|—— Phase Sub-Aperture Analysis (SAR)

Umbra ~May2024 -

Normalized amplitude

Van engine (4 strokes, 4 cylinders) — RPM 870 — 29

- firing events per second c :
0 20 40 60 80 100 120

Vibration Frequency [Hz]
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Ship/vehicles engine vibration
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The boat is equipped with 2 synchronized Volvo Penta
D12 (4 strokes, 6 cylinders) engines,

This type of engine fires 3 times per crankshaft
revolution, leading at 36 firing events per second.

The main component detected at 36 Hz matches the
engine RPM of 720.
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Vibration frequency [Hz]
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Down range pixels
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Results — Micro-Doppler Detection
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Results — Micro-Doppler Detection

Umbra Trial
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Statistics
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Conclusions and what’s next

« This activity has demonstrated the potential of micro-Doppler processing from SAR with potential
applications in maritime and terrestrial applications;

« The illustrative use cases are only part of those that can be potentially developed in an innovative
technique useful for civilian security applications;

»  While the underpinning processing solutions are refined and the research community broadens its
interest in the field, downstream applications can be already investigated;

« Complementarity with other techniques, such as combination with historical INSAR and ISAR
techniques as well as digital twins and Al can unlock further developments;

« Ongoing activities in this area developed by the team include the investigation of under-water
radiated noise prediction from SAR measurements (with also W-Sense and Marin Institute) and
critical infrastructure operation detection.
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Also visit the poster this afternoon: Atlantic Pathfinder Project Integrating emerging EO & Al technologies
for improved Maritime Surveillance
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