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LIU Ningbo, LIU Xinliang, DONG Yunlong, et al. Joint Magnitude-Time-Frequency Generative Model-
ing of Sea Clutter Using VAE-WGAN[J ]. Radar Science and Technology, 2025, 23(5):473-481.

Joint Magnitude-Time-Frequency Generative Modeling of Sea Clutter Using VAE-WGAN

LIU Ningbo', LIU Xinliang?, DONG Yunlong', DING Hao', GUAN Jian', SUN Dianxing®
(1. Institute of Information Fusion, Naval Aviation University, Yantai 264001, China; 2. Harbin Engineering University, Harbin 150001, China)

Abstract: To address the limitations of traditional statistical models in simulating the time-frequency characteris-
tics of sea clutter, a sea clutter data generation method based on an enhanced generative adversarial network (GAN) is
proposed in this paper. The complex sea clutter is decomposed into amplitude and time-frequency components, which
are separately fed into a variational autoencoder-Wasserstein generative adversarial network (VAE-WGAN) for train-
ing. The outputs are then integrated to synthesize complex signals with both amplitude and phase characteristics. To en-
hance the model performance, a gradient penalty mechanism is introduced to constrain the Lipschitz continuity of the
discriminator, effectively mitigating the mode collapse. A self-attention module is incorporated to strengthen the model s
ability to capture localized strong scattering features, such as sea spikes, significantly improving the spatiotemporal cor-
relation of generated signals. Experiments cover sea states 2~5, with three datasets of dimensions [64,64], [128,128],
and [ 256,256 ] constructed for each sea state. Twelve cross-validation trials demonstrate that the synthetic data exhibit
high consistency with measured data in amplitude distribution, normalized spectrum, temporal correlation, and time-fre-
quency characteristics. These results validate the model’ s generalization capability across varying sea states and multi-
scale temporal scenarios.

Key words: sea clutter; generative adversarial network; time-frequency characteristics; data enhancement
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A Method for Coherent Synthesis of Moving Targets Based on Spatio-Temporal

Unified Compensation in Space-Based Distributed Radar
ZHANG Xiaobo', LI Xianghai®, XU Xingyuan®, GAO Xiang’, YANG Zhiwei’

(1. China Academy of Electronics and Information Technology, Beijing 100041, China;
2. National Key Laboratory of Radar Signal Processing, Xidian University, Xi’ an 710071, China)

Abstract: This study addresses the detection requirements of space-based distributed radar system for high-speed
maneuvering space targets. Aiming at the problems of echo range migration and Doppler crossing caused by platform
spatial position difference and target high-speed maneuvering characteristics, a spatio-temporal two-dimensional coher-
ent accumulation method for space-based distributed radar is proposed. Based on the spatio-temporal phase history of
target echoes, the algorithm designs a spatio-temporal joint compensation function between and within distributed radar
nodes and incorporates the node spatial synthesis compensation and intra-channel target motion compensation into a uni-
fied processing framework. Firstly, an equivalent compensation function model is established under the distributed one-
transmitter and multi-receiver configuration, emulating a monostatic transceiver mode. Through envelope range correc-
tion and spatial phase difference compensation, the echo time - domain process of distributed nodes is completely uni-
fied, so as to achieve spatial coherent accumulation. Secondly, the time domain two-dimensional walk correction of the
target echo in the node is carried out to realize the time domain pulse coherent accumulation of the high-speed maneu-
vering target. To enhance the computational efficiency, on the basis of generalized Radon-Fourier transform (GRFT), the
target coherent accumulation problem is transformed into parameter estimation problems such as target angle, velocity,
and acceleration, thereby the accumulation detection of space-based distributed radar for space targets is realized. Finally,

the effectiveness of the method is evaluated by simulation experiments. The simulation results show that the method can
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accurately estimate the target parameters, and the coherent accumulation gain is consistent with the theoretical analysis.

Key words: space-based distributed radar; coherent accumulation; high -speed maneuvering target; extended
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SHI Sainan, JIANG Sutong, WANG Jiajun, et al. Sea-Surface Small Target Detection Based on Joint
Graph Features in Dual Channels[ J]. Radar Science and Technology, 2025, 23(5):491-502.

Sea-Surface Small Target Detection Based on Joint Graph Features in Dual Channels

SHI Sainan'?, JIANG Sutong', WANG Jiajun', LI Tao™*
(1. School of Electronics and Information Engineering, Nanjing University of Information Science and Technology, Nanjing 210044, China;
2. Jiangsu Collaborative Innovation Center of Atmospheric Environment and Equipment Technology, Nanjing University of Information
Science & Technology, Nanjing 210044, China;
3. School of Automation, Hangzhou Dianzi University, Hangzhou 310018, China;
4. Nanjing Research Institute of Electronics Technology, Nanjing 210013, China)

Abstract: Currently, sea-surface small targets have become the focus and difficulty of marine radar detection. The
existing detection methods are limited to the use of unilateral information such as radar echo amplitude or spectrum,
making it difficult to effectively detect small targets. Thus, a sea-surface small target detection method using dual-chan-
nel joint graph features (DC-JGF) is proposed in this paper. Firstly, the time-domain phase sequence and the frequency-
domain amplitude sequence are extracted from the radar complex echo sequence to generate the time-frequency domain
dual channel. In each channel, graphs are generated separately to provide rich correlation information. Secondly, in the
time domain channel, the largest and the second-largest eigenvalues of graph Laplacian matrix are fused as the first fea-
ture to evaluate the graph density. In the frequency domain channel, by extracting non-zero elements from the diagonal
of the degree matrix, the entropy value is calculated as the second feature to measure the dispersion of the vertex distri-
bution of the graph. Then, the two features are used as detection statistics to determine whether they fall within the deci-
sion region given by the convex hull algorithm with target guidance. The detection results are obtained. Finally, experi-
mental results using measured data demonstrate that the proposed detector can achieve robust and efficient detection
performance in complex detection environments.

Key words: sea clutter; target detection; dual channels; connected graph; feature fusion
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TIAN Jiaqi, LIANG Weibin, WANG Yafen, et al. Research on Baseline Estimation Method Based on
Attitude Analysis of Spaceborne Distributed InSAR System[J]. Radar Science and Technology, 2025, 23
(5):503-512.

Research on Baseline Estimation Method Based on Attitude Analysis of Space-

borne Distributed InNSAR System
TIAN Jiaqil‘z‘S, LIANG Weibin'?, WANG Yafen'?®, CHAI Huimingl’z, LIN Zi 2
(1. Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China;
2. Key Laboratory of Technology in Geo-spatial Information Processing and Application System , Chinese Academy of Sciences,

Beijing 100190, China;
3. School of Electronic, Electrical and Communication Engineering, University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract: Spaceborne distributed interferometic synthetic aperture radar (InSAR) system flying in formation
winding, the relative attitude change of the two satellites leads to the dynamic change of baseline system error. The tradi-
tional baseline estimation method of calculating the mean value of baseline calibration results for a single calibration
site cannot be effectively applied to uncalibrated arcs. A baseline estimation method is proposed in this paper to solve
this problem. The baseline system error and the system error of the two satellites are analyzed, and the baseline calibra-
tion result is converted to the satellite system error. Then the baseline error of the uncalibrated arc is calculated by com-
bining the orbit parameters and motion attitude of the satellite. The variations of the elevation difference, the relative atti-
tude and the system error of the traditional baseline estimation method and the proposed baseline estimation method dur-
ing the flight of the satellite are simulated, and the experimental results are verified by the measured data of the Chinese
spaceborne distributed InSAR system. The experimental results show that the proposed baseline estimation method can
improve the ground elevation measurement accuracy of the uncalibrated arc compared with the traditional baseline esti-
mation method, and provide a new method for the application of baseline calibration results of spaceborne distributed
InSAR system.

Key words: spaceborne distributed InSAR; baseline estimation method; systematic error; baseline calibration
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BF System Millimeter-Wave Radar Design and Point Cloud Clustering Method Research

YAN Zihang, ZHANG Hua, YAN Bo, SUN Jingrong
(School of Aerospace Science and Technology, Xidian University, Xi’an 710126, China)

Abstract: In recent years, millimeter-wave radars have become more and more widely used in the field of smart
transportation due to their small size, light weight, fast processing speed and high detection accuracy. Millimeter-wave
radars have different beam systems and their principles are different. For beamforming (BF) system millimeter-wave
radars, this paper first introduces the principle of beamforming and scanning, and then designs a suitable microstrip array
antenna. The radar hardware RF board is developed by cascading four chips. On this basis, the process of obtaining data
for radar target detection is given. Combined with the target data and point cloud features under the BF radar, a target
point cloud clustering method using the regional growth idea is proposed. Finally, the feasibility and effectiveness of this
method are verified through field experiments. By comparing with the traditional DBSCAN algorithm, this method can
effectively solve the problem that two targets are easily clustered into one target when the distance between two targets is
close. At the same time, it can effectively reduce the processing time when the number of point clouds is large. This
method provides strong support for the application of target detection, tracking and recognition of the BF radar platform,
and has broad application prospects and practical value.

Key words: millimeter-wave radar; four-chip cascade; BF system; regional growth; point cloud clustering
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Specific Emitter Identification for Mode 5 Signal Based on Synchronous Pulse

XIA Shaojun', HU Zebin', NIU Qin', KONG Xiangmingyue', YANG Zhongling
(1. The 38th Research Institute of China Electronics Technology Group Corporation, Hefei 230088, China;
2. Unit 93145 of PLA, Nanjing 210000, China)

Abstract: Mode 5 signal used in the identification friend or foe (IFF) system adopts technologies such as Walsh
soft spread spectrum and MSK modulation to improve the information capacity and security, while making specific emit-
ter identification (SEI) of the Mode 5 signal difficult. To address this issue, two SEI methods for Mode 5 signal are pro-
posed by using the fixed characteristics of synchronous pulse: SEI method based on the instantaneous phase features of
synchronous pulses and SEI method based on the cross-correlation features of synchronous pulses. The simulation
results show that under the condition of signal-to-noise ratio of 12 dB, the accuracy of the method based on the instanta-
neous phase feature is 90.4%, and the accuracy of the method based on the cross-correlation feature is 94.8%. The per-
formance of both SEI methods proposed in this paper is better than the traditional ones.

Key words: IFF mode 5; specific emitter identification; synchronous pulse; instantaneous phase; cross-correla-

tion
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RIS-Assisted Passive Radar Signal Processing Algorithm for Enhanced Echo

Signal-to-Noise Ratio
ZHAO Zhixin, LI Zhouzhang, LIN Yingyun, CHEN Yuanshuai
(School of Information Engineering, Nanchang University, Nanchang 330031, China)

Abstract: Aiming at the challenges of low target signal-to-noise ratio (SNR), susceptibility to direct wave and
multipath interference, and other target detection problems arising from the use of non-cooperative illumination sources,
this paper studies the reconfigurable intelligent surface (RIS) -assisted passive radar system which can enhance the
echo SNR and the corresponding target parameter estimation method. On the basis of analyzing and establishing the RIS-
assisted passive radar system and signal model, firstly, the RIS configuration within the passive radar framework is
explored. The RIS reflection coefficient optimization problem is established to improve the signal-to-clutter-plus-noise
ratio (SCNR) of the received signal and ensure the direct wave receiving power. The global optimal solution of the RIS
reflection coefficient is deduced theoretically, and the problem of weak target detection is solved fundamentally. Then,
the signal processing method for RIS-assisted passive radar is investigated, and a multi-parameter estimation method
based on time-varying RIS and sparse reconstruction is proposed, which can estimate the target parameters such as
time delay, velocity, and azimuth simultaneously. Experimental results demonstrate the effectiveness and superiority of
the proposed method.
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ECA-CMAP Clutter Suppression Method for Passive Bistatic Radar

LIANG Shiyuan, PAN Jiameng, BAO Qinglong, XIAO Huaitie
(College of Electronic Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract: Passive bistatic radar (PBR) avoids electromagnetic interference to a great extent because of the layout
mode of transmitting and receiving separately. However, it faces a lot of short-range ground clutter interference in its
work, and it is difficult to detect the target when it is submerged in a lot of clutter, especially for PBR with pulse radar as
its external radiation source, the clutter processing is more difficult. In this paper, a time-domain monopulse extensive
cancellation algorithm-clutter map (ECA-CMAP) clutter suppression method is proposed for PBR with pulse radar as ex-
ternal radiation source, aiming at the problem that it faces a large number of short-range ground clutter to cover up the
target in practical work. Firstly, based on the classical time domain clutter suppression method ECA (extensive cancella-
tion algorithm ), an improved scheme based on clutter time delay estimation is proposed, which can suppress short-range
ground clutter and keep the target intact, and the signal-to-clutter ratio is increased by nearly 50 dB, and the target
detection probability is further improved by using Nitzberg clutter map algorithm. Simulation and result of measured
data processing verify the effectiveness of the algorithm.

Key words: passive bistatic radar; moving target detection; ground clutter suppression; time domain extensive

cancellation; clutter map; monopulse processing
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B TR E R R EEE R SAR S HiR
THIAH FEE

R, EME, EEF, 8 B, F F, BFH, B =, 8HT
(677 Tolk K215 B Be i s M HOR S50 %, LAt 100144)

 OE: MR RS RILETF L (Spotlight SAR) & —FF SAR 69 & 5 #E AL AE X . H KR 2252 38 it 2 )
BRI ATHE LM R RIS KRB SRR, BRZHOHRGEEFRRAMS P A ERL T ZG L
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Single-Channel Airborne Spotlight SAR Moving Target Interference Suppression

Algorithm Based on Relative Velocity
SHEN Wenjie, WANG Peiyue, WANG Yanping, LIN Yun, LI Yang, BAI Zechao, JANG Wen, ZHAO Xinya

(Radar Monitoring Technology Laboratory, School of Information Science and Technology,
North China University of Technology, Beijing 100144, China)

Abstract: Airborne spotlight synthetic aperture radar (Spotlight SAR) is a high resolution imaging mode of SAR.
The basic principle is to achieve decimeter-level high-resolution imaging by continuous observation of fixed areas. This
high-resolution imaging has extremely important applications in military and civilian fields, especially in target interpre-
tation and recognition. However, with the improvement of resolution, in the long-term observation process, the moving
target in the observation area will produce longer and more complex defocus and offset signals. When these signals cover
important objects such as urban buildings, the effect of image interpretation and target recognition will be significantly
reduced. In view of the above problems, two methods of moving target interference suppression are proposed in this
paper. The first method is to combine the relative velocity with the range Doppler algorithm (RDA), and adjust the rela-
tive velocity parameters iteratively so that the defocused moving target can be refocused. In each iteration, the refocusing

effect of the moving target is tested and judged by the maximum amplitude index. After the refocusing is completed, the
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refocused moving target is separated by the mask, and the original moving target echo signal is recovered by the inverse

echo operation. Finally, by subtracting the recovered moving target echo from the original echo signal, the echo signal of

the static scene can be obtained, and then the range Doppler algorithm is used to realize the imaging of the static scene.

The second method is a moving target interference suppression method based on image sequence. The method obtains an

image sequence by segmenting the sub-aperture, detects and generates a mask in the sub-aperture image sequence to re-

move the defocusing moving target signal, and then accumulates the processed image sequence complex data to generate

a high-resolution static scene image. In this paper, semi-physical synthetic data are used for experiments, and evaluated

by correlation and coherence operations. The experimental results show that the first method can effectively separate the

moving target from the static scene echo and the effect is better than the second method.

Key words: relative velocity; range Doppler algorithm (RDA); moving target focusing; echo separation
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Permittivity Map of the Southern Utopia Planitia on Mars Inverted from
SHARAD and RoPeR

DUAN Diwen, MENG Xu, LIU Hai, LI Jianhui, LIU Chao, WANG Xiangyu
(School of Civil Engineering and Transportation, Guangzhou University, Guangzhou 510006, China )

Abstract: Radar is a crucial tool for detecting subsurface structures and properties on Mars. The shallow radar
(SHARAD) aboard the Mars reconnaissance orbiter (MRO) has conducted almost comprehensive orbital surveys of
Mars over the past two decades, which provides a lot of valuable data for detection of Mars. However, the current
research on the inversion and interpretation of SHARAD data mainly focuses on the part containing subsurface reflec-
tion, and the surface reflection data, which accounts for the largest proportion, has not been fully utilized. In 2021, the
US “Perseverance” rover and China’s “Zhurong” rover successfully landed in Jezero Crater and southern Utopia Plani-
tia, respectively. Both rovers were equipped with ground-penetrating radar systems and collected a large amount of data,
providing crucial references for calibrating SHARAD surface reflection data. Firstly, the SHARAD data is processed to
eliminate the influence of ionosphere interference, satellite attitude and ground roughness. Then, the low - frequency
channel radar data from Mars rover penetrating radar (RoPeR) on “Zhurong” rover are processed and inverted to cali-
brate the surface reflection power of SHARAD data. Finally, a permittivity distribution map of the southern Utopia Plani-
tia is generated based on the processed SHARAD surface reflection power. The results indicate that the permittivity map
in southern Utopia Planitia is relatively uniform, ranging from 3.5 to 4.5, but the permittivity values in the southern high-
land are slightly higher than those in the northern lowland. A data processing and inversion method by combining SHA-
RAD and RoPeR is proposed in this study, which can help improve the large-scale data processing and interpretation

Wik H . 2025-02-28; & 101 H 3 - 2025-04-15
HETH . BRAREFEHEES (No.52179126, 52379099) ; ) AA4 Sefili-55 1 FHFEREAF 7T 3410 H (No.2024A1515010934)
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capabilities of Mars radar and enhance the understanding of Mars surface properties and evolution history.

Key words: Mars; SHARAD; RoPeR; inversion; permittivity
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Research on Optimization Methods for Spatial Nulling and Multi-Beamforming

YANG Yungao
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Abstract: As the modern electromagnetic environment becomes more complex, the demand for spatial multi-beam-
forming is growing. The digital array radar (DAR) exhibits advantages such as flexible waveform design and controlla-
ble multi-beam generation. However, in the complex battlefield environments, how to achieve deep null suppression
against strong interferences, or implement null suppression in a certain width of the angle range while maintaining trans-
mitting power is a challenging problem. In this paper, based on the digital array radar, the research work of its diverse
multi-beamforming method is carried out. By constraining the weighted amplitude, the fluctuation characteristics of the
weighted amplitude on each antenna are reduced, and higher transmission efficiency is obtained while maintaining per-
formance.

Key words: digital array radar; spatial nulling; multi-beamforming; amplitude weighting
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Analysis and Test Methods for the Pointing Accuracy of the Vehicle-Mounted

Phased Array Radar Antenna
ZHU Chonghui, ZHAO Wen, HE Zhaopeng, ZOU Min, SHI Tongwu
(Shanghai Aerospace Electronic Technology Institute, Shanghai 201109, China)

Abstract: In response to the characteristics of high mobility of combat platforms, mechanical motion, complex ter-
rain, and dynamic external environments, achieving high - precision antenna pointing is crucial for vehicle - mounted
phased array radars to ensure accurate target positioning. Focusing on the antenna of vehicle-mounted phased array ra-
dars, this study investigates the sources of mechanical pointing errors and establishes error models for evaluation and
sensitivity analysis. Combined with the engineering feasibility, the precision decomposition of each device is carried out,
sensors are deployed to monitor deviations, while design-based precision compensation and safeguards are implemented
from the design point of view. Precision testing is conducted for individual components and the integrated system under
segmented conditions. Combined with the instrument accuracy and test data, antenna mechanical pointing errors are
compensated. Validation is performed through two types of far-field experiments. Data comparison demonstrates that the
proposed analysis and testing methodology enhances the accuracy and reliability of antenna mechanical pointing in vehi-
cle-mounted phased array radars, offering valuable insights for engineering applications.

Key words: vehicle-mounted radar; mechanical pointing; precision analysis; test method
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