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classification and recognition methods

TONG Fei', GOU Yuqing®, ZHANG Kun*, XU Jingwei', LI Lin*,
JIANG Keting®, LIAO Guisheng'
(1. National Key Laboratory of Radar Signal Processing, Xidian University, Xi’an 710071, China;

2. School of Automation, Northwestern Polytechnical University, Xi’an 710129, China)

Abstract: In recent years, the continuous improvement of the ecological environment has led to a
significant increase in the types and numbers of low-altitude birds. However, this has also caused
frequent incidents such as bird strikes on aircrafts, disruptions to flight takeoffs and landings.,
and false alarms of drones in low-altitude management scenarios, posing serious threats to the
safety of low-altitude airspace. Achieving effective detection of birds and precise differentiation
between birds and drones in complex environments has become a pressing technical issue in the
field of low-altitude security. Bird-detecting radar, with advantages such as all-weather capabili-
ty, wide-area airspace coverage, and high data rates, has become a core device for detecting low,
slow, and small targets. Focusing on birds and drones as two typical easily-confused targets, re-

searches on bird-detecting radar in areas such as target echo mathematical modeling, signal pro-
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cessing, feature extraction, classification algorithms, and dataset construction are systematically

summarized. It focuses on analyzing the core mechanisms of micro-Doppler features and polariza-

tion features, and explores in-depth the implementation of deep learning algorithms and multimo-

dal fusion mechanisms for low, slow, and small target identification in the development and algo-

rithm iteration of bird-detecting radar systems. Analysis shows that equipping bird-detecting ra-

dar with lightweight end-to-end neural networks. driven by multimodal data fusion, and deployed

in multi-station networks is becoming the future development trend of bird detection radars, but

high-quality annotated datasets are still lacking. The evolution path and existing limitations of

core bird-detecting radar technologies are clarified, aiming to provide technical reference and in-

sights for the development and iteration of bird-detecting radar systems, as well as the continued

in-depth research of bird and drone target classification and recognition technologies.

Keywords: bird detection radar; target modeling; signal processing; target recognition; deep learning
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TRERS, K/ AN LS ST
MY ST % IR Z R, FEME: D
¥ REr . K AVLEE BG IR EE,
T 40, 28 - R HL AT 78 25 U0 A o RRAIE 5 RS EL I
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CEA RO
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0.002 2(CPI=15

S HR 2
CNN i LSTM  REZHMEE T = ok
SRAEN  HSMEAEEE R 98. 1%
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2y, ERAFELUT T
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il A TAE S B B BRI



e 10 - [ S RN

22 g 2026 4F 9 A

4.2 ETRUBENE/TANBRSEIRF

ERN CIR N A e e S VR A
B AN A5 S 3 A ARl Ak 2 802 A s
Sy FPUN B B R &R Torvik 527 RGBT
AT A AR 2 S B B AL 2 800K 2 D iR AR R AE Y 42
W5 0 R AR v R 2 R BB AL B Bk 6
B .

R6 RERFEMMULSHIE

e 5 SR X% 5 X
) 21 S |2 /IS 15 BRI & A
4 IS 123 /<1 S 12 2o L
o SuSa/ VS 15 S 1% 7 A A A 5 R 5R
B8 (SuSi )/ /IS 5 ([Si 12y XA K R EL
¢ (oS / Sk 1291 Su 127 5 AR R B
H — i
A — 1) 5
« — W AR 1i) B 2
B — B f Ak

e A S H0TE € S/ TE AL 43 2 00 45035 1 F 5%
FESy R 3 AT — 2 R — i Ak S B S Sy
L 0 an Y JE N B e B R A K T TN T
BF s HH B Ak 2 fe A b 1 — 2 1 FH R Ak 2 505
B4R T+ 23 FEORE L A9 40 1 38 SR Ak BE AT RS o R e
SRS R 3T H/A o J7 3545 30 B Ak 2 50
Ji Ak THE B R R BEA A1 Y B BR AR AE AR B s = A
WAL S BN TR R R GRS 82 6 R AT
RSB B BURRE S CPI & BE A 56, 24 CPI 4%
AN A ] S MR B P AR S RRAE L Y CPT K o
SRR AP BIRRAE . ) 5 3 0 224 G i
FERFAESE I € 5 5 6 AHLA X 43, 2016 4F Torvik
EUU R MR ARSI T RS 5 T A ML 2k 4
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