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modulation, under finite-window discrete coding conditions. For random modulation, an analytical

decomposition of the average energy spectrum into coherent and background terms is derived, and the effects of

the statistical moments of the coding sequence on zero-frequency suppression and spectral spreading are

clarified. For periodic modulation, the mapping between the Fourier coefficients of the modulation template and

the energy allocation among harmonic orders is established, revealing the mechanism of harmonic energy

reconstruction. Furthermore, incorporating full-wave simulated unit parameters enables analysis of performance

variations in scattering-spectrum control under nonideal conditions.

Key words: Time-domain digital coding metasurfaces; Spectral characteristic control; Random modulation;

Periodic modulation; Electromagnetic scattering
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