55 43 4555 5 ) o E B2 B Kk % 4 R (hiEx) Vol. 43 No. 5
2026 49 H Journal of University of Chinese Academy of Sciences September 2026

X EHS :2095-6134(2026)05-0633-08

ETERERENWBI-LSTM TR ESHEHE"

RN S FAN ST BN Y SN Vv i
(1 R Pz KA B BT U Be L REAR I S TR T A0S0 %, dbat 1001905

2 PERFEGER AR TR A S EE TREE, dbat 100049)
(20254E3 1 4 Hilchi; 202544 H 16 H s ki)

Zhang Y X, Zhang Q Y,Hou J S, et al. Radar signal sorting using integrated attention-based Bi-LSTM[J ]. Journal of
University of Chinese Academy of Sciences,2026,43(5) :633-640. DOI:10. 7523/j. ucas. 2025. 023.

M E FTABAACESAUEIARBRFTFLARTFMENXBAT, AW, HE IR
Hi# & &, MEBERINARNESEEFEKRE KPS E B BIF fofilod #2082 wm#IR
FEEAGEKBEMX B2 A LML B Y EE LA E4 R, TIHAET N mKEH
PR B-ISTM W EXEE 2L T EMETR T EZRA VAL ARBEEE N FE F
EMEHRERNE NS RBFMERE LR, 43tk 4 8 — A & & F & J th Bi-LSTM 7 3%,
BAERSZLEEEINS B —UEREZEEFHEA, 2R ER LR FER, FERI T
A D) B AR TR 4 R 46 2 ok B B BHE 26 3 O Bk b B 2803, AR AMOBERNEERS
2R G f A R A Bi-LSTM ZE R BUE i 5 K i B 55 B, 5N % 3k B E & A WL
HATRE KRR A, F KRB AR 5 B340 7 4R B 3) th A )| 25 e 1 - AR 7% 2
% 3 5 FALK E B WAL, RIE A 8 i i B, SEI6 45 R R iR 7 kAR T Bi-LSTM 77 3%
BEA P BRI, S5 LWy I A ROE IR T A 3 o Bk Sk R B Rk v An fkod B3 By B
KR FEAGELUREKEMICILNE; Lk EEN &5 T Mok sk B
Joicrr B 5

FESES:TNIS7. 5  X#EiERERS:A  DOI. 10. 7523/). ucas. 2025. 023

Radar signal sorting using integrated attention-based Bi-LSTM

ZHANG Yuxiang'?, ZHANG Qunying', HOU Jinshuo'*, WU Yingying'?,
LIU Xiaojun', FANG Guangyou'
(1 Key Laboratory of Electromagnetic Radiation and Detection Technology , Aerospace Information Research Institute ,
Chinese Academy of Sciences, Beijing 100190, China;
2 School of Electronic, Electrical and Communication Engineering , University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Radar signal sorting is a key aspect of radar electronic reconnaissance in modern
warfare. However, as the electromagnetic environment becomes increasingly complex, the signals

intercepted by reconnaissance receivers often suffer from a large number of missing pulses, spurious
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pulses, and pulse timing jitter. The complex electromagnetic environment is characterized by
long-range signal correlations, diverse data distributions, and complementary information across
different time steps. Existing bidirectional long short-term memory (Bi-LSTM) -based radar signal
sorting methods perform inadequately, primarily due to their insufficient ability to model global
dependencies, risks of gradient vanishing and overfitting , and limited feature interaction. This
paper proposes an integrated attention Bi-LSTM method that addresses these issues through the
incorporation of multi-head self-attention mechanisms, layer normalization, and residual
connections. The main improvements include: 1) Data preprocessing: Converting the original time
of arrival data into time difference of arrival data to enhance the robustness and accuracy of the input
data. 2) Feature extraction and fusion: Utilizing Bi-LSTM layers to extract both forward and
backward temporal information, while introducing a multi-head self-attention mechanism for deep
feature fusion, balancing the capture of long-range dependencies and local detail extraction. 3)
Optimizing training stability: Employing residual connections and dropout regularization to ensure
smooth gradient propagation. Experimental results indicate that this method achieves significantly

improved accuracy compared to traditional Bi-LSTM approaches, and the structural improvements

i 43 4

effectively enhance the model’s robustness against pulses loss, spurious pulse, and pulse jitter.

Keywords

radar signal sorting; bidirectional long short-term memory ( Bi-LSTM ) ; multi-head self-

attention; signal interference; pulse loss; spurious pulse; pulse jitter
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