55 254 4 9 LGRS Vol. 25 No. 9
20264F 9 H Software Guide Sept. 2026

H T SLIB 5 i35 M #%— e = LR & B R A4R
SR IR 5

£ ' kAR EER L F?

(1. PEEFAHLERF 36 FF AT, it 524 31400052, AL & F A3 K 5 @43 TAF R, T 40 310018)

W OE: AHRRARA T AR RN A EERETR LA T RIE P BTk R —F AT
W, #4E 5 SLIB 5 B 41 M A% — Ak B 4F AR Rk A Fo ) 48 37 K-means B £ 89 K 448 4R o K78 Aok . B 28, TS 9i4 W)
Fo X)) 250 B9 P H— A AR AE S B AR 5 i (SLIB) 45 42 , # 47 PCA+1-SNE SUE M2 FF ak &, T s Bk 6L 4012 5 a9 3F
LM GG AL, KRG T IR B b L AL F A B A ARG B, A B A I R AEAE 5 W R R AR AL
Hok M — AR TR ST 89 K—means £ 7 ik, R A L3 A% P SRS 512 8B E B AT AR 09 B A & 5 K,
B & R KRG R B, TN Gamma ) AR BB T Beta A E AUHIRACAE A B it 5, AR A AR Ao SR
3k R AR T A% A SLIB B4R M A — AL B AFAE 7 ik, PTR 7 x5 R A A B 3 & T8 £ 55 K—means 89
BEFTEMRTSARERED ) EMUR BT CHMEEE,

KRR : SLIB; By 33 W A% 5 A& 6 2 s A BB I AR 5T

DOI:10. 11907/rjdk. 251327 PE T ERREEY: [
FE S ES:TP391.14 XHERARIAD : A X E 45 :1672-7800(2026)009-0098-08

E5E

Identification of Unknown Emitter Based on SLIB and Time-Frequency
Grid-Energy Feature Fusion

JIANG Hao', ZHANG Jiafei', WANG Shoubin', SHEN Lei?

(1. 36th Research Institute of China Electronics Technology Group Corporation, Jiaxing 314000, China;
2. School of Communication Engineering , Hangzhou Dianzi University , Hangzhou 310018, China)

Abstract: Aiming at the adaptive clustering requirements for unknown radiation source identification in radio frequency fingerprint recogni-
tion and the limitations of single feature in signal representation, a classification and recognition algorithm for unknown radiation sources
based on electromagnetic signal SLIB and time—frequency grid energy feature fusion and entropy penalty K-means clustering is proposed. First-
ly, the time—frequency grid energy features and the line integral bispectrum (SLIB) features of the time—frequency grid division are subjected
to PCA+t—=SNE dual dimensionality reduction and fusion to form a comprehensive feature vector that contains both the nonlinear high—order sta-
tistical features of the signal and the local fine—grained energy change information in the time—frequency domain, in order to more comprehen-
sively characterize the essential characteristics of the signal ; Secondly, a K-means clustering method based on entropy penalty is constructed ,
which adopts a supervised adaptive strategy without dynamic cluster center adjustment and information entropy weight update mechanism to
adaptively adjust the number of clusters; Finally, Gamma dynamic adjustment factor and Beta weighting mechanism are introduced to opti-
mize sample assignment calculation, improving clustering stability and robustness. Experiments have shown that compared to using SLIB and
time—frequency grid energy feature methods alone, the proposed method has higher classification and recognition accuracy; The clustering
method based on entropy penalty K-means has better classification performance and stronger robustness compared to various clustering models.
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Fig. 1 Individual emitter identification flow based on SLIB and time—frequency grid—energy feature fusion
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Fig. 4 Clustering visualization results and confusion matrix of four ul-
trashort wave transmitters
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Fig. 6 Recognition results of mobile phone devices at different SNR
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