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method based on Transient Envelope Modulation Spectrogram Images (TEMSI). To address the problem that steady-
state payload components, environmental noise, and channel impairments in the complete RF signal obscure hardware
transient features, a second-order Haar wavelet is employed for signal denoising. In addition, transient segments are
adaptively localized by combining short-time Fourier transform (STFT), energy-trajectory analysis, and sample-level
global adaptive threshold detection. Furthermore, a modulation spectrum is extracted from the transient energy envelope
using Welch spectral estimation, and a two-dimensional TEMSI representation is constructed to improve discriminability
across different UAV models and operating states. Then, by leveraging transfer learning and hierarchical fine-tuning, a
lightweight convolutional network is used to accomplish “model—state” RF identity recognition for ten classes of UAVs.
Experimental results on the DroneRF dataset show that EfficientNet-BO achieves both 99.99% recognition accuracy and
F1 score, while SqueezeNet requires 10.34 ms for single-sample inference in a general CPU environment. The results in-
dicate that the proposed method maintains high recognition accuracy while effectively reducing inference overhead, pro-
viding a reference for edge-side deployment of RF-based UAV identity recognition.

Key words: unmanned aerial vehicle, device identification, radio-frequency fingerprinting, RF transient, transient enve-

lope modulation spectrogram image, lightweight neural network
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77 AR mg E Al REAFAE S, Btk 6 EEH
AR IR AT I7VEAE DroneRF 1344155 ¥ B T (R AH
oA, T AEAE N S R S 4 2 Ak BE T B —
RS .

ZEA KA, TEMSIHFAE G5 1 55 565 A0 i 285 hif
fFZERRIERE T, I 5 Z PR &9 CNN JE L
UFERLR R

5 ZFRiB

PSS el Sl S O T 1 R
(TEMSD (142 820 T0 AW S 4 U0 77 7. %
5 VR o W A BOE A L B4R ) A R A
¢ CNNILR 2], 3858 T 5 A0)R 2 % 2 A A 1 4
FHFER R IEBE ST . FET DroneRF HfE 4 (1) 5256 45
REW], TEMSI AW A RS+ AV I &

%3 M#ER R ERRINRMN
izt EfficientNet-BO MobileNetV2 ShuffleNet SqueezeNet
TR 2/% 99.99 97.94 99.76 76.58
K2/ % 99.99 97.87 99.71 71.78
A2 /% 99.99 98.36 99.75 67.56
F15340% 99.99 97.91 99.73 67.61
%3 AUC 1 1 0.99 0.59
Kappa Z %1 1 0.98 0.99 0.74
MCC 1 0.98 0.99 0.74
BREAHERINZE (ms) 23.37 13.62 16.91 10.34
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<4 TEEINFRIE T B MEREXTEE
HINRAE WERR /% Macro-F1/%
BEALE B
o i 61.86 61.84
56 BT AT 99.60 99.41
Tl 2 e AT 99.85 99.89
A 24 1 99.86 99.89
TEMSI 99.88 99.91
#5 ImageNet T SHEN AR EEXTEE
ImageNet Tl ill 5 BEALRI UG 1k
WEWH/%  Macro-F1/% YW /% “ﬁj‘/’rj
TEMSI 99.88 99.91 93.19 93.10
iR, JEAERS S CPU #fk FRIN 4E 22 [A] B 45 8¢ 1
Pl TR EFR IS, ARSI T B A T AL
W, BB, Bt . FihERE
IR G AR T AL 75 3 — 2D HE
%6 AXFESRFTM AT
P VAL S 22 10 Fl
T FEAF /B Hhix A2/ % %
K EfficientNet-BO TEMSI+# H#: CNN i #% +2% 99.99 99.99
A MobileNetV2 TEMSI+# & CNNITH +2% 97.94 97.91
A ShuffleNet TEMSI+§£ 2 CNNiE#% +% 99.76 99.73
TL-VGG16 [33] CWTitE+VGG-16EF +% 90.2 89.2
TFMS-CNN [11] /8RR 2 U 1D-CNN + 87.67 86.82

EN-Net[19] ID+2Dfitt (RF-Net+SP-Net) 92.48 67.29
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