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Estimating Bridge Natural Frequencies Using Phase Time-Series Micro-Doppler
Analysis with Dwell-Mode Satellite SAR
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Abstract

This study explores the feasibility of estimating the natural frequency of bridge structures using ICEYE Dwell-mode synthetic
aperture radar (SAR) data. Sub-aperture imaging was employed to construct a complex image time series for analyzing the
vibration-induced micro-Doppler components. To ensure precision, residual errors were mitigated through registration between the
sub-aperture images and low-order polynomial detrending of multi-scatterer phase signals. The estimated frequency was found highly
consistent with accelerometer-based measurements. These findings demonstrate the viability of satellite SAR as a remote, non-contact
tool for structural health monitoring (SHM).
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Fig. 1. Concept of sub-aperture SAR imaging.
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Table 1. SAR System and analysis parameters.
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Operation mode Dwell fine
Center frequency 9.6 GHz
Polarization \A%
Dwell time [ 7] 27 s
PRF 6,991 Hz
Sub-aperture pulse [V,,,;] 1,500
Overlap ratio [po] 95 %

(a) A= ;(]Oi -14—6’1- Oi):l—
(a) Optical image with ROl

(b) A% A9 SAR I
(b) SAR inmge with ROL
Derivative © 2025 ICEYE Oy.

8 3. 435 A9 3 4 9RO
Fig. 3. Test site and region of interest (ROI).
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