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Abstract: Time-series photometric signals from spaceborne targets contain rich information about their op-
erational states. Conventional short-time Fourier transform (STFT) uses a fixed window length, which
limits time-frequency resolution and reduces effectiveness for target classification and identification. To ad-
dress this limitation, an eigenfrequency inversion method based on an adaptive-window-length STFT is
proposed. A hybrid loss function—combining minimum information entropy, peak energy contrast, and
background noise level—is formulated to drive a dynamic window-length adjustment strategy, enabling
adaptive matching between window parameters and signal nonstationarity. A dedicated simulation appara-
tus was developed to acquire time-series photometric signals that reflect space-target operational character-
istics. By varying the momentum-wheel rotational states, scenarios of on-orbit steady operation and atti-

tude adjustment were simulated, producing high-rate photometric signals induced by surface vibration. Ex-
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perimental results show that the proposed algorithm achieves high frequency resolution, with eigenfrequen-

cy inversion precision of 0.4 Hz, and dynamically adjusts window length to provide multi-scale temporal

resolution. The steady-state eigenfrequency of momentum wheels was estimated with error below

0.3 Hz, and transition points associated with changes in operational conditions were accurately identified.

The method offers substantial value for assessing space-target operational state, monitoring health status,

and providing early fault warnings for attitude-control systems.
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inversion of frequency characteristics
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Tab.1 Performance parameters of dual-channel prototype

Performance index Parameter value

Working band 0.4~0.8 pm,0.8~1.2 pm
FOV 0.22°X0.22°

Focal Length 366. 88 mm (short-wave infrared)

Pixel size 4.5pm, 15 pm

Encircled energy =0. 6(short-wave infrared)
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Fig. 2 Experimental principle
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