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Abstract: To address the issue of low recognition accuracy in multi-UAV flight scenarios, a multi-domain feature fu-
sion recognition method based on video transmission signals was proposed. The video transmission signal, character-
ized by its continuity, high bandwidth, and strong hardware dependence, was considered a more suitable stable signal
source. To overcome the limitations of a single feature, short-time Fourier transform (STFT) and cyclic spectral analy-
sis (CSA) were integrated for multi-domain modeling. STFT was employed to extract hardware fingerprints, such as

power amplifier nonlinearity and local oscillator frequency offset, from time-frequency dynamics. CSA was utilized
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to mine spectral correlation features, including I/Q mismatch and carrier leakage, by leveraging the cyclostationarity

of the signal, thereby comprehensively characterizing subtle identity differences. To fully exploit the complex nonlin-

ear correlations within the high-dimensional multi-domain radio frequency fingerprint representation formed by the

fused features, an Effiv2ZKAN model (EfficientNetV2-based Network with KAN Classifier) was designed. In this

model, EfficientNetV2 was adopted at the front end for multi-scale feature extraction from the fused features, and a

KAN classifier was employed at the back end. By replacing fixed activation functions with learnable spline functions,

the model flexibly fit the complex nonlinear relationships among features, enhancing the discriminative capability for

subtle fingerprints. Experimental results demonstrated that the proposed model outperformed classical deep learning

models under different signal-to-noise ratios and exhibited stronger noise-robustness for discriminating UAV models

with highly similar signals.
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