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BWRadarDataset-1.0: Multi-Band Multi-Mode Radar Dataset for

Detection and Sensing
ZHANG Zhuanhua'?, JIN Junfeng'?, CHANG Pei'?, HE Yangyang'?, WANG Zhenya'?, HOU Qili'%, LI Yujing'?, HAO Huijun'?,
ZENG Yi'% XIA Yong'?, SHANG Guojun'?, XU Tao'?, REN Weijie'?, LEI Ming"?, WANG Xinyuan'?, SHOU Bo'?, DENG Liying'?,
REN Lele'?, DOU Manli'?, YANG Lihong'?, ZHANG Qijun'?, LI Wei'?, NIU Lei"?, LIN Xiaobin'?, ZHANG Zhicheng'?

(1. The 38th Research Institute of China Electronics Technology Group Corporation, Hefei 230088, China;
2. National Key Laboratory of Radar Detection and Sensing, Hefei 230088, China)

Abstract: With the rapid development of radar detection and sensing technology, high-quality datasets play a criti-
cal role in algorithm innovation, model training, and performance verification. Nowadays, data-driven approaches such
as deep learning have become the key in improving radar performance including detection, tracking, recognition, jam-
ming and SAR. However, most of the existing datasets are generated by simulation, which is different from the real elec-
tromagnetic environment, and the generalization ability is limited. Moreover, these datasets are often designed for single
mode, such as detection or SAR, and lack of systematicness, which is difficult to support the integrated research of detec-
tion, sensing and processing. In response to this gap, this paper introduces a comprehensive integrated dataset for radar
detection, tracking and recognition. The dataset is derived from typical measured scenes, covering multi-band and
multi-mode data, which includes signal processing, target tracking, fine-grained recognition, compound jamming and

high-resolution SAR imaging, which truly reflects the propagation characteristics and target characteristics of radar sig-
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nals in complex environments. Furthermore, this paper conducts a systematic extraction and analysis of key features

within the dataset, providing standardized feature input for algorithm development and performance evaluation in differ-

ent tasks. This work contributes to provide a solid foundation for research in intelligent radar signal and information pro-

cessing.

Key words: radar detection; publicly available datasets; feature extraction; target detection; target tracking;

target recognition; active jamming; SAR image; feature analysis
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External Radiation Source Passive Radar Tracking Algorithm Based on

Decorrelated Unbiased Converted Measurement
CHEN Shuheng, ZHU Niyao, WANG Haipeng, ZHANG Xin
(Unit 92728 of PLA, Shanghai 200436, China)

Abstract: External radiation source passive radar, which detects targets by receiving signals from civilian trans-
mitters, is valued for its strong stealth capabilities and low cost, playing a significant role in information warfare. Owing
to the none-cooperative nature of the radiation source, the measurement errors are relatively large, necessitating the use
of filtering technique to improve estimation accuracy. The converted measurement Kalman filter (CMKF) is a commonly
used filtering technique for active radar. However, its application in passive radar is challenging due to the complex
structure and high nonlinearity of converted measurement model. By improving multiple aspects such as state initializa-
tion, state prediction and measurement conversion, a locally consistent unbiased converted measurement Kalman filter is
designed for external radiation source passive radar. The filter employs higher-precision equivalent range and equivalent
azimuth to characterize the target position during the converted measurement process. As a result, it demonstrates supe-
rior accuracy and consistency under low signal-to-noise ratio (SNR) condition compared to canonical deterministic sam-
pling algorithms, which indicates strong competitiveness of the proposed method.

Key words: external radiation source passive radar; target tracking; nonlinear filtering; decorrelated unbiased con-

verted measurement
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Multi-UAYV Cooperative Jamming Strategy Based on Hybrid Strategy Improved DBO

LI Jiaqiang, YU Pangze, LI Shujun, CHEN Jinli, YAO Changhua
(School of Electronics and Information Engineering, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract: Aiming at the problem of low jamming effectiveness caused by resource allocation in multi-UAV coop-
eralive jamming missions against networked radar systems, a cooperative optimization method of jamming resources
based on enhanced dung beetle optimization algorithm is proposed. Firstly, a multi-dimensional interference resource co-
operative optimization model is constructed, integrating joint optimization of beam steering and power allocation. Second-
ly, three algorithmic enhancements are implemented: Tent chaotic mapping is adopted to enhance population initializa-
tion diversity, improving the global exploration capabilities; the Cauchy-Gaussian dual-mode mutation mechanism is in-
troduced during the position update phase of stealing dung beetles, achieving balanced local exploitation precision
through parameter self-adaptation; an environmental feedback-driven population adaptation mechanism is established to
dynamically adjust population structure based on iterative optimization efficiency. Experimental simulation results dem-
onstrate that the proposed algorithm significantly improves the convergence speed and global optimization capability.

Key words: UAV cooperative jamming; dung beetle algorithm; Cauchy-Gaussian mutation; environmental feed-
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Coherent DOA Estimation Based on Reduced-Dimensional Cumulants and

Matrix Reconstruction
LIU Ningzhuang', HOU Zhikai', FU Weibo?, TIAN Haibo
(1. College of Electrical and Control Engineering, Xi'an University of Science and Technology, Xi'an 710000, China;

2. College of Communication and Information Engineering, Xi'an University of Science and Technology, Xi'an 710000, China ;
3. College of Mechanical Engineering, Xi'an University of Science and Technology, Xi'an 710000, China)

Abstract: In this paper,a direction of arrival (DOA) estimation method for multi-source coherent signals based on
reduced-dimensional higher-order cumulants and low-rank matrix reconstruction is proposed to improve the performance
of DOA estimation in radar systems caused by low signal-to-noise ratio (SNR), insufficient snapshot sampling data,
non-Gaussian clutter interference, and multipath propagation effects in complex electromagnetic environments. Firstly,
by constructing a fourth-order cumulant matrix, the array aperture is expanded to suppress Gaussian noise. Then, an effi-
cient reduced-dimensional strategy is employed to reduce computational complexity. Finally, the alternating direction
method of multipliers is used to solve the reconstruction problem of Toeplitz covariance matrix under low-rank con-
straints, achieving high-precision localization of multi-source coherent signals in complex environments. Experimental
results demonstrate that the proposed algorithm maintains excellent estimation performance for multi-source coherent
signals under low SNR and limited snapshots, combining high accuracy and strong anti-interference capabilities.

Key words: array signal processing; coherent direction of arrival (DOA) estimation; higher-order cumulants;

reduced-dimensional transformation; alternating direction multiplier method
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Multi-Scale Sea Surface Electromagnetic Scattering Modeling Integrating

Marine Environmental Elements
SHAO Xuehui, FENG Yangnan, XUE Bing, WANG Wei, LIU Ying
(College of Intelligent Systems Science and Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: To address the problem that the classic two-scale method neglects real marine environmental parame-
ters and is sensitive to the cutoff wavenumber, leading to insufficient accuracy in sea clutter simulation, a multi-scale
electromagnetic scattering modeling method that incorporates real marine environmental parameters is proposed in this
paper. The method utilizes the measured data of wave height, wave direction, and wind field to generate gravity waves
and combines them with capillary waves generated from the Elfouhaily spectrum, constructing a multi-scale geometric
sea surface via slope-based linear superposition method. Subsequently, the hybrid integral equation method-Kirchhoff
approximation (IEM-KA) with adaptive cutoff wavenumber is employed to calculate its electromagnetic scattering charac-
teristics. The proposed method is validated by comparing it with the traditional JONSWAP-TSM combined method, us-
ing the NRL model, the KaDPMod model, and measured Ka-band data as benchmarks under various bands, sea states,
and grazing angles. Results demonstrate that, compared to the traditional method, the new approach significantly im-
proves the prediction accuracy of backscattering strength under the sea states of 1~6, exhibits excellent applicability at
different grazing angles, and its simulation results are in high agreement with the measured data. The proposed method
effectively overcomes the deficiency of traditional models’ insufficient reliance on marine environmental parameters,
providing a reliable technical pathway for obtaining high-fidelity and full-factor sea clutter simulation data.
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two-scale method (TSM)
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Projections for Clutter Plot Filtering[J]. Radar Science and Technology, 2026, 24(1):52-61.

A Feature Extraction Method Based on Discriminant Projections for

Clutter Plot Filtering
WANG Jin'?, SU Hongtao', WANG Shengli?, TIAN Qiang’
(1. National Key Laboratory of Radar Signal Processing, Xidian University, Xi’ an 710071, China;
2. Nanjing Research Institute of Electronics Technology, Nanjing 210039, China)

Abstract: In complex environments, radars face a large number of clutter plots, which severely affect the effective
tracking of targets. The clutter plot filtering technology can effectively suppress the false plots caused by clutter, reduce
the system processing burden, and improve the target tracking performance. The richer the features used for radar plot
filtering, the higher the accuracy of plot classification and discrimination, and the better the plot filtering performance.
Therefore, how to extract effective features is an important issue for radar clutter plot filtering. The traditional feature ex-
traction algorithm based on regularized least squares ignores the inter-class reconstruction relationship and intra-class
clustering characteristics of samples in the projection space when constructing the cost function, resulting in feature loss
after dimensionality reduction. To address this issue, this paper proposes a feature extraction algorithm based on regular-
ized least squares weighted discriminant projection. The proposed method utilizes inter-class representation coefficients
to reconstruct samples, thereby minimizing the reconstruction error. Furthermore, when constructing the cost function,
the representation coefficients of the samples are used to generate an intra-class weighting matrix, which improves the
compactness of similar samples, and preserves more effective features after dimensionality reduction. To verify the uni-
versality and effectiveness of the proposed method, a public facial dataset and radar measured data are used to conduct
validation respectively. Experimental results on the public facial dataset show that the proposed method achieves at least

4% improvement in recognition accuracy. Processing results of the radar measured data demonstrate that the proposed
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method achieves a clutter plot suppression rate of over 90%, while the target plot loss rate remains below 1%.

Key words: plot filtering; feature extraction; dimensionality reduction; discriminant projections
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A Three-Dimensional Space-Constrained Track Initiation Algorithm Based on

Roberts’ Straight-Line Representation
SHAO Hanxing', ZHENG Jibin', BAI Yanwen', GE Ye?, LIU Boyang®, ZHANG Shaofeng’, WEI Xiaodan®

(1. National Key Laboratory of Radar Signal Processing, Xidian University, Xi’ an 710071, China;
2. Unit 63610 of PLA, Korla 841000, China; 3. Xi’an Navigation Technology Research Institute, Xi'an 710068, China)

Abstract: Track initiation is the primary step in radar target tracking systems. However, in modern battlefields,
the high clutter environment significantly limits the initiation efficiency and accuracy of existing track initiation meth-
ods. Firstly, this paper constructs multi-layer physical constraints based on target kinematic characteristics. By rapidly
screening of radar plots, it effectively eliminates invalid combinations, substantially reduces the scale of subsequent pro-
cessing, and enhances the initiation efficiency. Secondly, to fully utilize three-dimensional measurement information, the
Roberts representation method is adopted to construct a characterization model for spatial linear trajectories. This con-
verts plots into stable geometric feature representations with anti-singularity. Building upon this, a modified Hough trans-
form mechanism is introduced. Through random sampling and dynamic clustering in the parameter space, efficient statis-
tical accumulation is achieved in the strong clutter background, thereby improving the track initiation rate. Simulation
results demonstrate that the proposed method outperforms both the logical method and the two-dimensional Hough trans-
form under different clutter densities.

Key words: track initiation; radar data processing; Hough transform; logical method
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SUN Yanpeng, SHI Zenghui, QU Lele.Few-Shot Radar UAV Recognition Based on Multi-Scale Fea-
ture Matching[ J]. Radar Science and Technology, 2026, 24(1):74-82.

Few-Shot Radar UAYV Recognition Based on Multi-Scale Feature Matching

SUN Yanpeng, SHI Zenghui, QU Lele
(College of Electronic Information Engineering, Shenyang Aerospace University, Shenyang 110136, China)

Abstract: In order to improve the classification accuracy of radar-based UAV signals under limited data condi-
tions, this paper proposes a few-shot classification framework EMLNet (EfficientNet-based Multi-scale Learning Net-
work ) based on multi-scale feature enhancement and metric learning. The method integrates an efficient multi-scale at-
tention mechanism (EMA ) into the lightweight EfficientNet backbone for feature extraction, which effectively enhances
the stability and discriminative ability of features through multi-scale parallel sub-network with cross-spatial depen-
dence modeling. In the classification stage, a local feature matching strategy is adopted to achieve fine-grained similarity
modeling between the support set and the query set. To further improve training stability and generalization perfor-
mance, a composite loss function (PCE Loss) that combines prototypical loss and cross-entropy loss is introduced to op-
timize inter-class discrimination while maintaining intra-class feature aggregation. Experiments are carried out on the
open-source Doppler radar dataset. The experimental results demonstrate that the proposed method achieves significant
performance advantages in few-shot learning scenarios.

Key words: UAV classification; continuous wave radar; few-shot learning; EfficientNet; metric learning; time-

frequency map
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ZHANG Yuejiao, JIAO Zekun, LI Ruoming. 3D Imaging of Array Interferometric SAR with Integrated
Optical Information[ J ]. Radar Science and Technology, 2026, 24(1) : 83-93.

3D Imaging of Array Interferometric SAR with Integrated Optical Information

ZHANG Yuejiaol'z‘3 , JIAO Zekun'?, LI Ruoming]‘2
(1. Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100190, China ;
2. National Key Laboratory of Microwave Imaging Technology, Beijing 100190, China;
3. School of Electronic, Electrical and Communication Engineering, University of Chinese Academy of Sciences, Beijing 100194, China)

Abstract: Synthetic aperture radar (SAR) three-dimensional (3D) imaging technology provides vertical resolu-
tion and effectively addresses the issue of image stacking in SAR imaging. However, existing technologies face challeng-
es,including long data acquisition periods and high costs, and the reconstruction results are prone to noise interference,
which may lead to the presence of outliers. To overcome these limitations, a novel method that integrates optical informa-
tion with array interferometric SAR (array-InSAR) for 3D imaging is proposed in this paper. The proposed method incor-
porates the prior geometric information from optical images to constrain the SAR 3D reconstruction process, thereby ex-
panding the data sources, reducing the cost of SAR data acquisition, and effectively correcting outliers. Specifically, the
method first performs an initial 3D imaging process and establishes the registration relationship between the optical and
SAR images using the initial 3D point cloud. The optical image is then segmented based on its geometric structure, and
the segmentation results are applied as a constraint during the SAR reconstruction. Finally, the 3D reconstruction re-
sults, constrained by geometric information, are obtained. The validation using the measured data demonstrates that the
proposed method significantly reduces outlier scatter points in the 3D reconstruction, resulting in high-quality 3D point
clouds that simultaneously incorporate optical and SAR textures. This approach shows promise in addressing the chal-
lenges of heterogeneity encountered in the fusion of optical and SAR two-dimensional (2D) images, providing a solid
foundation for subsequent target interpretation based on the fused images.

Key words: three-dimensional (3D) imaging; two-dimensional (2D ) mapping; image registration; geometric

constraints
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An Agile Radar Emitter Identification Method Based on the Nearest Neighbor

Similarity Model
XIA Dongyu', JIA Junshuai', ZHANG Yu', DONG Huazhi®

(1. Unit 93209 of PLA, Beijing 100085, China;
2. Beijing Institute of Radio Measurement , Beijing 100854, China)

Abstract: Aiming at the problem of low recognition accuracy and poor robustness of traditional single-group pa-
rameter matching caused by multi-parameter agility such as carrier frequency, pulse repetition interval and pulse width
in agile radar emitters, an agile radar emitter identification method based on the nearest neighbor similarity model is
proposed. By measuring and extracting the core characteristic parameters such as carrier frequency, repetition interval
and pulse width, combined with the characteristics of time-frequency characteristics in the pulse, the method uses the
Gaussian membership degree function to construct the nearest neighbor similarity model. The total matching score is ob-
tained by accumulating the matching scores of multiple sets of agility parameters, and the identification result is output
with the criterion of the highest total score. The simulating results indicate that the proposed method has better recogni-
tion robustness than the traditional method under the condition of broadband agility. The algorithm has low complexity
and strong timeliness, and has good engineering application prospects.

Key words: agile radar; emitter identification; nearest neighbor similarity model; scoring system
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Dual-Branch Fusion Recognition of Military and Civilian Vessels Based on

Trajectory Feature Prototype Selection
ZHANG Xin', WANG Haibin?>, MO ]iaqian] , SHI Huayingz, LIU Gang2

(1. Unit 92728 of PLA, Shanghai 200436, China;
2. Unit 91306 of PLA, Shanghai 200436, China)

Abstract: The accurate classification and recognition of maritime military and civilian targets by radar plays a
foundational role in generating situational awareness of sea surfaces and holds significant importance for maritime secu-
rity. At present, most of the research is based on trajectory features to identify military and civilian vessels, while the
existing methods rely on single-frame static features, which is difficult to deal with the camouflage behavior of military
vessels. Or employing single deep temporal models that are susceptible to noise interference. To address these challeng-
es, this paper proposes a dual-branch fusion recognition framework for military and civilian vessels based on trajectory
feature prototype selection. The method first employs a feature data prototype selection strategy to mitigate category im-
balance problems. Then, two parallel branches are constructed: a static branch for instantaneous feature processing and
a spatio-temporal branch for temporal pattern analysis. Notably, the spatio-temporal branch incorporates an adaptive di-
lated convolutional temporal convolutional network that dynamically adjusts its receptive field according to local trajec-
tory smoothness, enabling efficient capture of tactical maneuver patterns. Finally, an adaptive confidence weighting
mechanism combined with Dempster-Shafer evidence theory is implemented to achieve context-aware evidence fusion.
Experimental results on the real trajectory dataset demonstrate that the proposed approach achieves the accuracy of
95.2% in the identification of military vessels.

Key words: trajectory features; prototype selection; military and civilian vessel recognition; temporal convolu-

tional network; dual-branch fusion
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YANG Xian. Smeared Spectrum Jamming Suppression Method Based on Complementary Waveform De-
sign[ J]. Radar Science and Technology, 2026, 24(1):110-118.

Smeared Spectrum Jamming Suppression Method Based on

Complementary Waveform Design
YANG Xian'*?

(1. The 54th Research Institute of China Electronics Technology Group Corporation, Shijiazhuang 050081, China;
2. Hebei Key Laboratory of Electromagnetic Spectrum Cognition and Control, Shijiazhuang 050081, China )

Abstract: Smeared spectrum jamming is a typical active repeater jamming technique used to counter the pulse-
Doppler radar system. Due to the strong coherence between the smeared spectrum jamming component and the transmit
waveform, the jamming signals generate numerous comb-like false targets after the pulse compression processing by the
radar system, so as to achieve the effects of masking and suppressing the real targets. Aiming at the problem of smeared
spectrum jamming suppression, this paper proposes an active jamming countermeasure method based on multi-waveform
complementary design by collaboratively configuring the multi-transmitting pulse parameters of the radar system. In the
implementation process, firstly, a parametric model of smeared spectrum jamming under a multi-waveform system is es-
tablished. Then, under the criteria of minimizing the jamming response and the waveform complementary pulse compres-
sion sidelobe, a waveform design model considering both jamming suppression and target detection is presented. To fur-
ther acquire the waveform parameters, the gradient expression of the waveform parameters is derived, followed by a
waveform optimization method based on the conjugate gradient algorithm. Finally, the experimental results based on nu-
merical simulations and electromagnetic computation data demonstrate the effectiveness of the proposed method.

Key words: complementary waveform design; smeared spectrum jamming; jamming suppression; conjugate gradi-

ent method
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