
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

IEEE Catalog Number: 
ISBN: 

CFP21539-POD 
978-1-6654-6889-3 

2021 CIE International 
Conference on Radar  
(Radar 2021) 

Haikou, Hainan, China 
15-19 December 2021 

Pages 1-668 

1/5 



 
 
 
 
 
 
 
Copyright © 2021 by the Institute of Electrical and Electronics Engineers, Inc. 
All Rights Reserved 
 
Copyright and Reprint Permissions:  Abstracting is permitted with credit to the source.  
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private 
use of patrons those articles in this volume that carry a code at the bottom of the first 
page, provided the per-copy fee indicated in the code is paid through Copyright 
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.   
 
For other copying, reprint or republication permission, write to IEEE Copyrights 
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ  08854.  All rights 
reserved.   
 
*** This is a print representation of what appears in the IEEE Digital 
Library.  Some format issues inherent in the e-media version may also 
appear in this print version.  
 
 
IEEE Catalog Number:   CFP21539-POD 
ISBN (Print-On-Demand):  978-1-6654-6889-3 
ISBN (Online):   978-1-6654-9814-2 
ISSN:                            1097-5764 
  
          
 
Additional Copies of This Publication Are Available From: 
 
Curran Associates, Inc 
57 Morehouse Lane 
Red Hook, NY  12571 USA 
Phone:  (845) 758-0400 
Fax:  (845) 758-2633 
E-mail: curran@proceedings.com 
Web:               www.proceedings.com 
 

 
 



Radar 2021 Technical Papers 

Section 1 ISAR imaging and feature extraction 

Feature point bidirectional matching and 3D reconstruction of sequence ISAR image based on SFIT and RANSAC 
method.........................................................................................1 

Yu Wang, Rui Guo, Biao Tian, Chengzeng Chen, Shiyou Xu and Zengping Chen 

Plug-and-Play ADMM for Sparse ISAR Imaging........................................................6 
Xunzhang Gao, Chaochao Xiao and Chi Zhang 

Squat Ellipsoidal Cylinder: Calibrators for Radar Cross Section Measurement................................11 
Tianjin Liu and Xiaojian Xu 

Sparse Aperture ISAR Imaging Based on UNet++......................................................15 
Xiaoyong Li, Xueru Bai and Feng Zhou 

Robust ISAR Target Classification Based on Attention Network...........................................19 
Ruihang Xue, Xueru Bai and Xuening Zhou 

Few-Shot ISAR Target Recognition Based on Gaussian Prototypical Network................................23 
Minjia Yang, Xueru Bai, Lei Zeng, Chaoxu Yang and Xinhao Xu 

Translational Motion Compensation Method Based On Global Butterfly Optimization Algorithm for ISAR 
Imaging .......................................................................................27 

Wangshuo Tang, Yuexin Gao, and Mengdao Xing 

Task Allocation Optimization for Multi-Target ISAR Imaging in Radar Sensor Network........................31 
Dan Wang, Qun Zhang, Jia Liang, Zhidong Liu, Yingxi Liu and Ying Luo 

ISAR Imaging Algorithm Based on High-Order Synchrosqueezing Transform................................35 
Chengxiang Zhang 

ISAR Target Recognition Based on Capsule Net .......................................................39 
Xuening Zhou, Xueru Bai and Ruihang Xue 

High-Resolution ISAR Imaging Based on 2-D Fast Sparse Bayesian Learning................................43 
Yujie Zhang, Xueru Bai and Xiaoyong Li 

Multi-Feature Fusion Recognition of Space Micromotion Target...........................................48 
Xudong Tian, Xueru Bai and Feng Zhou 

High Resolution Two-Dimensional Imaging Algorithm Based on Rotating Antenna............................52 
Zhihao Wang, Hang Yuan, Qun Zhang and Ying Luo 

A New Attitude Estimation Method of Space Target Utilizing ISAR Image Sequence Under Low SNR ............57 
Rongzhen Du, Zuobang Zhou, Lei Liu, Xueru Bai and Feng Zhou 

A 3D Geometry Reconstruction Method for Space Targets Utilizing Improved ISAR Image Sequence Energy 
Accumulation...................................................................................62 

Zuobang Zhou, Rongzhen Du, Lei Liu and Feng Zhou 



Fast ISAR Image Prediction for Targets with Coating Defects Through Deep Learning.........................67 
Jianing Cao, Heng Cao, Qiang Ren, Xunwang Dang, Zhaoguo Hou, Liangsheng Li and Hongcheng Yin 

A Fast Super-resolution Imaging Method Based On Vortex Electromagnetic Wave Radar........................72 
Jia Liang, Qun Zhang, Yijun Chen, Zisen Qi and Kaiming Li 

Millimeter Wave Phased Array Radar for High-resolution Imaging..........................................77 
Xiliang Peng, Peng Zhang, Jian Wu, Haoran Chen, Yinni Hou and Liangliang Yu 

Sparse Time-Frequency Reconstruction of Weighted ADMM Based on Single-Window.........................81 
Xiaodan Liu and Xueru Bai 

Feature Selection and Recognition Based on SAR Image.................................................85 
Zhenzhen Wan, Chaoshu Jiang, Yanfang Liu, Jie Lin, Wei Xu, Xiaojie Qu, Xiangtao Min and Xiaoyu Zhang 

A noise-robust ISAR imaging method for GEO satellite-based passive ISAR..................................90 
Liang Xu and Yicheng Jiang 

Convolution Neural Network Enhanced MIMO Array Radar Imaging Based on Back Projection Algorithm..........94 
Jianfei Ren, Le Kang, Siyuan Zhao, Yingxi Liu, Yuanpeng Zhang and Kaiming Li 

ISAR imaging of multi-target based on edge detection of range profiles and particle swarm optimization............98 
Jiajia Rong, Zhenghua Wu and Yong Wang 

A-RANSAC Instantaneous Frequency Estimator for Multicomponent Signals in Heavy-noise Environments........103 
Baojun Song, Xianda Zhou, Jingyuan Fan, Zihao Qiu, Penglong Ma and Mingzhe Zhu 

Section 2 ISAR and InISAR Imaging 

2D high-resolution ISAR imaging by joint using matrix completion and compressed sensing....................107 
Mingjiu Lv, Hao Chen, Jianchao Ma, Li Chen, Jun Yang and Xiaoyan Ma 

Application of VTK in ISAR imaging of Asteroids.....................................................111 
WenYa Zhou, KunYi Guo, Yuan Mou 

A method of automatic ISAR Image quality evaluation..................................................115 
Bingning Li, Yan Ma, Ruohui Wang, Tao Xu and Falong Chen 

Sparse Aperture ISAR Imaging using Joint Constraints of Low-Rank and Sparsity.............................119 
Bangjie Zhang, Gang Xu, Lizhong Jiang, Rui Zhou, Yanyang Liu and Jialian Sheng 

Analysis on ISAR image displacement of Plasma-Sheath-Enveloped Reentry Vehicle..........................123 
Yaocong Xie, Xiaoping Li, Zheng Mao, Fangfang Shen, Bowen Bai and Yanming Liu 

Joint translational and rotational compensation for space target ISAR imaging................................128 
Xiongkui Zhang, Junling Wang, Yuhui Zhong, Yan Ma, Zhaokun Zhu and Fang Wang 

A Novel Approach for Squint-mode 3D InISAR Imaging Based on Cross-Range Scaling and Coordinates Transform with 
Two Antennas..................................................................................133 

Rui Gong, Ling Wang and Daiyin Zhu 

A New Method for Pointing Direction Recognition of Spacecraft Parabolic Antenna Payload Based on the Measured RCS 
Sequences ....................................................................................137 



Weijun Zhong, Wenbo Liu, Jie Bai, Hui Gao, Shenyi Cao and Yan Lu 

Atmospheric Effects on Ultra-High-Resolution Millimeter-Wave ISAR Imagery for Space Targets................142 
Minghui Wan, Jialian Sheng, Xia Ding and Mengdao Xing 

A Method for 3-D Imaging of Group Rotating Targets..................................................146 
Hongzhi Li, Lele Wang, Qingxiang Zhang and Yong Wang 

A NEW METHOD TO EVALUATE THE QUALITY OF ISAR IMAGE..................................150 
Jin Guanghu, Zou Yimeng, Zou Mulan, He Zhihua, Sun Zaoyu and Dong Zhen 

Ground-Based ArcSAR Interferometry and Sensitivity Analysis..........................................154 
Zihao Lin, Yunkai Deng, Weiming Tian, Zheng Zhao and Cheng Hu 

Phase Unwrapping Based on CFAR Detection for Multi-baseline InISAR..................................159 
Meng Ma, Guangzhou Qu, Shuaishuai Liu, Yanjiao Yang, Hucheng Pei and Qingxi Chi 

Section 3 High resolution SAR/ISAR/array radar imaging 

Two-order Motion Compensation Method based on the Deramp Operation for Spotlight Airborne SAR...........163 
Wenjun Hu 

Sidelobe Suppression of SAR Image based on MSVA...................................................167 
Jingwei Chen, Daoxiang An, Wu Wang and Zhimin Zhou 

Effective minimum entropy algorithm for SAR ground moving target imaging...............................171 
Shichao Xiong, Jiacheng Ni, Qun Zhang, Ying Luo, Bin Cai 

Overview of ISAR maneuvering target imaging technology..............................................176 
Zhu Hanshen, Hu Wenhua, Zhu Xiaoxiu and Zhu Chang’an 

The application of Triangle Wave Signal in UAV SAR imaging............................................180 
Weidi Xu, Bingnan Wang, Maosheng Xiang, Chong Song, Zhongbin Wang and Wei Li 

A Spatially Variant Relax Algorithm for Scattering Center Extraction from MIMO Radar Images................184 
Mengdi Li, Xiaoyu He, Xiaojian Xu 

Wideband Radar System Distortion Compensation Based On Coherent Integration............................188 
Siqi Yang, Yue Zhang and Rui Guo 

Experimental Analysis of Subaperture Correlation Method Based on Height Projection........................192 
Yishi Li, Leping Chen, Daoxiang An and Zhimin Zhou

Weighted Iterative Adaptive Approach for Scanning Radar Imaging........................................195 
Weixin Li, Ming Li, Lei Zuo, Hongmeng Chen, Ran Zhang and Hao Sun 

Atmospheric effects reduction in GB-InSAR applications................................................198 
  Elisa Giusti, Samuele Gelli and Marco Martorella 

A Novel Reconstruction Filter for the Azimuth Multi-Channel SAR........................................202 
Mingyang Shang, Xiaolan Qiu, Junying Yang, Lihua Zhong, Yu Xin and Chibiao Ding 

Flexible Priori Proximal Bayesian Learning for High-Resolution SAR Imagery..............................207 
Xianhua Liao, Lei Yang, Yuchen Dou and Xuan Li 



A Range Ambiguity Resolution Method for High-Resolution and Wide-Swath SAR Imaging Based on Continuous Pulse 
Coding.......................................................................................211 

Jingyi Wei, Yachao Li and Ziyue Sun 

A Fast Compensation Method of Minimum Entropy Based on Polynomial Fitting............................215 
Xiaojie Ding, Jixiang Xiang, Xinshuo Wang, Guang-cai Sun, Mengdao Xing and Zijing Zhang 

L2,1/2-norm Regularization Based Unambiguous Sparse SAR Imaging.................................219 
Yanjie Yin, Hui Bi, Jingjing Zhang, Bingchen Zhang, Wen Hong and Yirong Wu 

DEM Extraction of L-Band Repeat-Pass InSAR Based on BP Algorithm............................224 
Jianpeng Li, DaoXiang An, Dong Feng, Leping Chen and Zhimin Zhou 

A Time-domain strip-map processing scheme for FMCW imaging.........................................228 
Tao Zhang, Guisheng Liao, Yachao Li, Tong Gu, Tinghao Zhang and Chilian Chen 

Geometric considerations of short-range multistatic SAR based on multi-rotor UAVs for improved spatial resolution..232 
Yuan Feng, Michail Antoniou, Mike Cherniakov, Tao Shan, Xia Bai and Ran Tao 

RMDU-Net: 3-D MMW Imaging Via Rang Migration Based Deep Unfolding Network........................237 
Zichen Zhou, Shunjun Wei, Mou Wang, Jinshan Wei, Jun Shi and Xiaoling Zhang 

Compensation Imaging Algorithm for Arc Array SAR Based on DSFMT Vibration Parameter Estimation..........241 
Yifan Dong, Guichao He, Wei Xu and Pingping Huang 

Design of Echo Information Processing Platform Based on VPX Bus.......................................246 
Wenguang Xiao and Dongyong Jin 

Analysis of Left-right Ambiguity in Multichannel Radar Forward-looking Imaging............................251 
Fangxin He, Wenchao Li, Yi Li, Zhongyu Li, Junjie Wu and Jianyu Yang 

The distributed imaging processing method of space-borne SAR based on embedded GPU......................255 
Tao Yang, Qingbo Xu, Fanteng Meng and Guangcai Sun 

Non-line-of-sight SAR imaging by multi-scattering of millimeter-wave.....................................259 
Jinshan Wei, Shunjun Wei, Xiangfeng Zeng, Shan Liu, Jun Shi and Xiaoling Zhang

3D Imaging for 77 GHz MIMO-SAR...............................................................264 
Tongkai Xu, Xiangdong Li, Lijie Yang, Hao Lu, Qingwen Deng and Zhiwei Xu 

Three-dimensional imaging using the electromagnetic vortex synthetic aperture radar.........................268 
Kun Lv, Guangyu Zhu, Hui Ma, Hongwei Liu, Shuai Shao and Jiaqi Wei 

An Improved Earth-Based Radar High-Resolution Imaging Technology of the Moon Based on Polar Format 
Algorithm.....................................................................................272 

Guangwei Zhang, Zegang Ding, Tianyi Zhang and Rui Min 

A New Conception of Multi-Stage DBF Based Spaceborne High-Resolution Wide-Swath SAR System............277 
Yu Hui, Zhang Ying, Li Pin, Zhuang Long and Lei Wanming

Accurate Millimeter-Wave Imaging of Concave Objects Under Multistatic Array Configurations.................281 
Bingyuan Liang, Shiguang Hao, Liang Liu and Zhaotao Qin 

Stereo Radargrammetric Location of GF-3 SAR Images with Descending and Ascending MultiAngle Acquisitions..285 
Zhibin Wang, Qingjun Zhang, Zhunning Zhang, Bang Huang, Jiuli Liu and Yue Zhang 

Research On Sliding Spotlight And TOPS SAR Variable PRF Imaging Technology...........................289 



Songtao Gong, Zhi Wang, Guang-cai Sun, Yang Jun and Mengdao Xing 

Mutual coupling estimation method of metasurfaces system based on sparse Bayesian learning...................293 
Sizhe Gao, Hui Ma, Hongwei Liu and Yujie Zhang 

A Space-Time Iterative Adaptive Method for Forward-Looking Radar Imaging..............................298 
Lingyun Ren, Di Wu, Mingjie Liu and Daiyin Zhu 

A Quadtree Beam-Segmenting Fast Backprojection Algorithm............................................302 
Nie Xin, Hao Ming, Zhuang Long, Xu Daobao and Lei Wanming 

Complex number domain SAR image fusion based on Laplacian pyramid...................................306 
Yuqiang He, Yaotian Zhang, Penghui Chen and Jun Wang 

SAR Target Enhancement Method via Prior Information Acquisition and Application..........................310 
Siyuan Zhang, Min Li, Zhongyu Li, Junjie Wu and Jianyu Yang 

Composite Sparsity-Driven SAR Parametric Imaging for Rectangular Plate..................................314 
Pucheng Li, Tianyi Zhang, Yangkai Wei, TiaoTiao Yuan, Zegang Ding and Tao Zeng 

A Novel High-resolution SAR Imaging Algorithm for Moving Targets Based on Tracking and Subaperture Imaging 
Technology in Low Azimuth Antenna degrees of Freedom..............................................318 

Guocai Hu, Shuangxi Zhang and Shaojie Li 

3D MIMO ISAR Imaging Using Automotive Millimeter Wave Radar Sensor.................................323 
Xiao Dong and Yunhua Zhang 

Section 4 Drone/UAV/Missile-borne SAR imaging and application 

Multi-subaperture Trajectory Estimation for Stripmap UAV SAR.........................................327 
Tao Li, Yaowen Fu, Jianfeng Zhang, Wenpeng Zhang and Wei Yang 

UAV Swarm SAR New Concept and Fast Time Domain Imaging Algorithm.................................333 
Zao Wang, Zhen Zeng, Gaotian Xu, Zhilong Xiong and Song Zhou. 

Algorithm for Motion Compensation In An Airborne Mosaic Mode SAR System..............................337 
Qing Ling, Penghui Huang, He Huang, Yiyu Guo, Xingzhao Liu and Xin Lin 

Low-Cost High-Resolution SAR Imaging on Drone....................................................341 
Maciej Wielgo, Damian Gromek, Piotr Samczynski, Krzysztof Stasiak, Karol Abratkiewicz and Marek Gaweł 

A noise robust forward-looking super-resolution imaging method based on compressive sensing.................345 
Junkui Tang, Zheng Liu, Lei Ran, Rong Xie and Jikai Qin 

Investigation and verification on Wide-Area Target Detection under Sea-Clutter..............................349 
Wenbo Niu, Xuanmin Zhang, Shirun Li, Qiang Xue, Hongxing Dang and Xiaomin Tan 

A Multi-layer Feature based Registration Method for SAR Images on Unstable Aerial Platforms..................354 
Youda Liu, Rentuo Tao, Jianjun Chen, Yang Zhang and Yuhao Yang 



Section 5 Non-linear Flight Synthetic Aperture Radar (SAR): Analysis, Methods, and Applications 

DOA Estimation Method Based on Maximum Likelihood for Nest Array Via Sparse Representation.............358 
Yonghong Zhao, Jing Xin and Sijie Wu 

Ground Moving Target Focusing via TRP-SCFT-DPT for SAR...........................................362 
Zhanye Chen, Li Li, Zhihong Wang, Jun Wan, Dong Li and Xiaoheng Tan 

A New Evaluation Method of Similarity Between Two SAR Images.......................................366 
Zhiqiang Zeng, Zhanye Chen, Zhihong Wang, Yan Huang, Jun Wan and Xiaoheng Tan 

A clutter suppression method in single channel SAR image domain........................................370 
Zhanye Chen, Shuwei Zhou, Zhihong Wang, Jun Wan, Xiaoheng Tan and Yan Huang 

Computationally Efficient Ground Moving Target Focusing Method for Synthetic Aperture Radar................374 
Jun Wan, Haoyu Zhu, Xiaoheng Tan, Zhanye Chen and Dong Li 

Modified polar format algorithm (MPFA) for highly-squinted SAR.......................................378 
Zhanpeng Wang, Pengfeng Xue, Ping Guo and Fuen Wu 

A Sub-aperture Partition Method for Airborne SAR Based on Particle Swarm Optimization.....................382 
Liang Gui, Yu Hai, Junjie Wu and Zhongyu li 

Real Data Imaging Approach Design for Automotive SAR Experiments.....................................386 
Chenghao Jiang, Shiyang Tang, Linrang Zhang and Juan Sun 

Improved MOCO Approach Based on 2-D Taylor Expansion for Spatially-Variant Errors in High-Resolution Airborne 
SAR Imagery..................................................................................389 

Yi Ren, Shiyang Tang, Chen Zhang, Chenghao Jiang, Jiahao Han and Linrang Zhang 

Imaging Strategy Design for Multi-Rotor UAV SAR Real Data...........................................392 
Jiahao Han, Shiyang Tang, Yi Ren and Juan Sun 

High-Order Range Variant Motion Compensation for Airborne SAR With Extremely Large Elevation Angle........395 
Chen Zhang, Shiyang Tang, Yi Ren and Bin Liu 

Performance of Automotive SAR System with Field Experiment..........................................399 
Xintian Zhang, Shiyang Tang, Chenghao Jiang, Yi Ren and Linrang Zhang 

Parameter Estimation Method of High-speed Maneuvering Target with Phase-encoded Signal...................402 
Tong Ding, Juan Zhang, Shiyang Tang and Linrang Zhang 

An Autofocus Algorithm of GCBP Image Based on Spectrum Compression for Curved Trajectory Spotlight SAR....406 
Yishan Lou, Xiaoxiang Chen and Mengdao Xing 

An adaptive Enhanced Imaging Method for Multi-aspect SAR............................................410 
Fei Teng, Yun Lin, Xiaoyang Yue, Shanshan Feng and Wen Hong 

A Scattered Wave Deceptive Jamming Method Based on Genetic Algorithm against Three Channel SAR GMTI....414 
Xin Chang, Yanbin Li, Yan Zhao, Yufeng Du, Donghui Liu and Jun Wan 

L1/2-norm Regularization Based SAR Interferogram Generation...........................................420 
Zhaoqi Wei, Hui Bi, Jingjing Zhang, Yong Li and Daiyin Zhu 



Section 6 Microwave Remote Sensing: Active and Passive 

A Spaceborne SAR Radiometric Calibration Scheme Using Power Transmission Towers......................425 
Rui Zhang, Jie Chen, Wei Yang and Jianjun Huang 

Geophysical parameters retrieval from SMR measurements of HY-2B satellite...............................430 
Shubo Liu, Yinan Li, Xu Jin, Hongxing Dang and Hao Li 

Analysis of Reflector Angle Errors for Two-Dimensional Mirrored Aperture Synthesis.........................434 
Yuhang Huang, Meng Ke, Qingxia Li, Chengwang Xiao, Liqiang Zhang and Zhenyu Lei, Zaiguo Zhan, 
Hanshen Wang, Haofeng Dou 

An Efficient Scattering Simulation Method with Application to Electrically Large Planetary Terrains..............439 
Yuan Mou, Wenya Zhou, Kunyi Guo and Xinqing Sheng 

RFI Localization Algorithm Based on Sparse Bayesian Learning for Synthetic Aperture Radiometers..............443 
Wenxuan Zhang, Juan Zhang and Yinan Li 

Land-Sea Contamination Analysis for the Interferometric Radiometers Onboard the Chinese Ocean Salinity Satellite.447 
Yan Li, Wu Zhou, Shishuai Wang, Xiaobin Yin and Mingsen Lin 

Changes in soil moisture and vegetation over the Tibetan Plateau during 2000-2019..........................451 
Pengfei Shi, Jiangyuan Zeng, Kunshan Chen, Hongliang Ma, Haiyun Bi and Chenyang Cui 

Coastal Sea Surface Temperature Inversion from Microwave Radiometer using Radial Basis Function Neural 
Network......................................................................................455 
  Shishuai Wang, Wu Zhou, Yan Li, Xiaobin Yin, Xiaofeng Lv and Kunsheng Xiang 

Wind speed estimation for tropical cyclone from combined active and passive measurements...................460 
  Kunsheng Xiang, Xiaobin Yin and Fanping Kong 

RFI Localization Using Joint Sparse Recovery in Synthetic Aperture Interometric Radiometry..................465 
Yanyu Xu, Fei Hu, Dong Zhu, Peng Fu and Chaolong Wang 

Micro-vibration Signal Extraction for Radar Based on Additive Constant in Low SNR.........................468 
Linghan Zhang, Yun Lin, Hai Tao, Yang Li, Wenjie Sheng and Yanping Wang 

An IF Module for Hyperspectral Microwave Radiometer................................................472 
BoGao, XunGong, PeichengWang, YukaiLiu, LingTong and JiakunWang 

Real sea surface electromagnetic scattering model with multi-physical fields based on satellite data..............475 
Tao Wu, Xuyan Wang, Wencan Peng, Longxiang Linghu, Min Tian and Caipin Li 

Simulation and Detection Method of Tsunami.........................................................479 
Xinjie Ma, Aijun Liu, Changjun Yu and Linwei Wang 

The Calibration Procedure for ACMIR..............................................................484 
Yuanchao Wu, Yinan Li, Haofeng Dou, Xiaojiao Yang, Pengfei Li, Guangnan Song, Pengju Dang and Renzhi Jiang 

Application of Antenna Technology in Radiometer Systems..............................................488 
XiaojiaoYang, XiaopengWu, YinanLi, GuangnanSong, PengfeiLi, HaoLi and HailiangLu 

Aircraft detection by a Ground-based Passive Interferometric Microwave Sensor (PIMS) ......................492 
Hailiang Lu, Yinan Li, Pengfei Li, Guangnan Song, Xiaojiao Yang and Jiakun Wang 



A Brightness Temperature Reconstruction Method Based on Tikhonov Regularization for Mirrored Aperture 
Synthesis.....................................................................................497 

Haofeng Dou, Hao Li, Yuanchao Wu, Yinan Li, Guangnan Song, Rongchuan Lv, Qingxia Li and Zhenyu Lei 

Study on high stability of synthetic Aperture microwave radiometer.......................................501 
PengfeiLi, LishaLiang, QigangYuan, GangLi, WenxinChen, YinanLi, HailaingLu, GuangnanSong, XiaojiaoYang, 

HaoLi and RongchuanLv 

Height Error Analysis of Range Migration in Interferometric Imaging Radar Altimeter Onboard Processing........506 
Xiaojin Shi, Xiao Dong and Yunhua Zhang 

Preliminary Results of Near Field RFI Localization Based on Virtual Large Aperture with Compressed Sensing......510 
Liangbing Chen, Jingwen Yuan and Leshi Zhao 

A CNN-Based Direction-of-Arrival Estimation from Bistatic Scattering Pattern..............................514 
Xiuyi Zhao, Kun-Shan Chen and Ying Yang 

Electromagnetic Scattering Characteristics from Wind-Driven Sea Surface in Low Frequency Terahertz...........519 
Xiang Su, Xiaoxiao Zhang, Gang Chen, Lixia Liu, Hailiang Lu and Hao Li 

Analysis of Spatial Decorrelation in Radar Scattering from Sea Surfaces....................................523 
Mingde Guo, Kun-Shan Chen and Ying Yang 

Novel Interferometric Radar for Railway Overhead Catenary Dynamic Telemetry.............................527 
Jian Wang, Yangsheng Hua and Zhimin Zhou 

Section 7 From LEO SAR to GEO SAR: Systems, Imaging, and Applications 

Three-Dimensional Deformation Retrieval by Multi-Angle Processing in Distributed Geosynchronous SAR........531 
Yuhui Xie, Zhiyang Chen, Yuanhao Li, Xichao Dong and Cheng Hu 

SAR Altimeter Data Processing and Airborne Experiment...............................................535 
Xiaonan Liu, Kun Wang, Hanwei Sun and Yaobing Lu 

Accurate Doppler Model Analysis of Geosynchronous SAR..............................................539 
Faguang Chang, Yifei Ji, Dexin Li, Zhen Dong, Zhihua He and Xing Chen 

A Surface Grid Fast BP Method for Spaceborne SAR Imaging............................................543 
Quan Chen, Wenkang Liu, Guang-Cai Sun, Mengdao Xing and Bowen Bie 

A spaceborne SAR echo simulation and imaging method based on fixed range delay...........................551 
Zhang Xin, Li Guangting, Chen Sihong, Duan Penghui, Lin Chenchen and Nie Shikang 

Sensitivity analysis for stereo SAR based on the range-Doppler equations...................................554 
Zu-Zhen Huang, Aifang Liu, Long Huang, Peiquan Xin and Guangxin Wu 

Baseline design for GEO SAR tomography in the presence of squint.......................................559 
Xinyan Chen, Zhiyang Chen, Yuanhao Li, Xichao Dong, Cheng Hu and Yi Sui 

An Automatic Point Target Interpolation and Profile Extraction Method based on SAR Spectrum Image............564 
Guangting Li, Yibo Chen, Chenchen Lin, Shikang Nie and Xin Zhang 



Section 8 Polarimetric Radar Imaging: Algorithms and Applications 

Tropical Cyclone Wind Speed Retrieval from SAR Imagery Using A Neural Network..........................568 
YuanGao and JieZhang 

Manifold separation and polarimetric element space based parameter estimation for polarimetric monostatic MIMO 
radar.........................................................................................573 

Yaxing Yue, Yougen Xu and Zhiwen Liu 

Preliminary Analysis of PolInSAR Scattering Mechanism in Urban Areas through UAV-borne PolInSAR System....578 
Zexin Lv, Xiaolan Qiu and Chibiao Ding 

A Three-Dimension Polarimertric Correlation Pattern Interpretation Tool and Its Application....................582 
Ming-Dian Li, Guo-Qing Wu, Shun-Ping Xiao and Si-Wei Chen 

Iceberg Detection Based on L-band Compact Polarimetric SAR...........................................586 
Genwang Liu, Jie Zhang, Xi Zhang, Junmin Meng, Meng Bao and Chenghui Cao 

Characterization of Complex Corner Reflectors in Polarimetric Rotation Domain.............................590 
Hao-Liang Li, Cheng-Li Yang and Si-Wei Chen 

Ship Detection for Polarimetric SAR Images Based on Anchor-Free Network in High Sea State..................594 
ZheXu, JieGeng, ZihaoZhao and WenJiang 

CFAR Ship Detection Method of Polarimetric SAR Imagery Based on Whitening Filter Under g Distribution.......599 
Tao Tang, Ziyuan Yang and Tao Liu 

Comparative analysis of change detection methods in Polarimetric SAR images based on probability statistical 
models.......................................................................................604 

Xianyu Guo, Junjun Yin and Jian Yang 

Polarimetric Characteristic Analysis of Complex Marine Aquaculture in Sanduao Coastal Zone..................610 
Lina Ke, Yuning Zhai and Jianchao Fan 

Polarimetric ISAR Image Interpretation Based on Polarimetric Correlation Pattern............................615 
Xing-Chao Cui, Hao-Liang Li and Si-Wei Chen 

Manmade Target Scattering Structure Null-Pol Recognition and Application.................................619 
GuoQing Wu, SiWei Chen, YongZhen Li and XueSong Wang 

A New Polarimetric Decomposition Method for Compact Polarimetric SAR Data.............................623 
Jie Xu, Liang Zhang, Deliang Xiang, Canbin Hu and Qiang Yin 

Quad-Pol Reconstruction from Compact Polarimetric SAR Data Based on Convolutional Neural Network..........627 
Zhuoyue Cao, Wei Zhang, Deliang Xiang, Canbin Hu and Fan Zhang 

A new Six-Component Decomposition based on New Volume Scattering Models for PolSAR Image..............631 
Xiao Wang, Lamei Zhang and Bin Zou 

Rip currents detection based on Sentinel-1 dualpolarization SAR data......................................635 
Rui Zhang, Jie Zhang, Xi Zhang and Junmin Meng 



Feasibility Analysis of Retrieving Sea Ice Surface and Bottom Roughness and Thickness from Polarimetric SAR....641 
Xingxing Li, Xi Zhang, Meng Bao, Junmin Meng, Genwang Liu and Meijie Liu 

Vegetation Height Retrieval Based On Linearity Selection Of Polarimetric Interferometry SAR..................646 
  Pin Li, Jinwei Xie and Long Zhuang 

Section 9 Terahertz radar: detection, imaging and applications 

Compensation of THz Radar Signals for Atmospheric Effects Based on Range Profile Matching..................650 
Xiaoyu He, Xiaojian Xu and Zheng Zheng 

A THz Video SAR Imaging Algorithm Based on Chirp Scaling............................................656 
Jiawei Jiang, Yinwei LI and Qibin Zheng 

Ground Moving Targets Velocity Estimation based on Shadow and Target Detection...........................661 
Shize Shang, Zhenhua Liu, Fuwei Wu, Yang Zhou, Dasheng Li and Yuhao Yang 

Unsupervised 3D Super-Resolution Imaging Based on Full Convolution Neural Network.......................665 
  Lei Fan, Qi Yang, Bin Deng, Yang Zeng, Hongqiang Wang 

An Efficient Frequency-Domain Imaging Algorithm for Medium Targets in Half Space for Single-Input Multiple-Output 
Array........................................................................................669 

Guilin Deng, Qi Yang, Zhaoyang Ma, Yang Zeng and Bin Deng 

Electromagnetic Scattering Analysis for Typical Satellite in the Lower Terahertz Region........................673 
Gang Chen, Hongxin Dang, Xiang Su, Shi Zheng, Hailiang Lu and Hao Li 

Analysis of THz electromagnetic characteristics for passive jamming corner reflectors.........................677 
Xiaofan Li, Bin Deng, Hongqiang Wang, Qiang Fu, Qi Yang and Xiaofan Li 

MIMO-based Terahertz Radar for Forward-Looking 3-D Imaging at 340 GHz................................681 
Yang Yu, Qiang Wu, Jie Liu, Yue He, Jianfei An and Binbin Cheng 

Terahertz ISAR Imaging Experiment Based on Near-field BP Algorithm....................................685 
Qi Liu, Tao Yun, Lei Liu, Hong Liu, Hua Liang and Jianshu Peng 

An Overview of Terahertz Beam Scanning Antenna....................................................688 
Yongli Ren, Lin Peng, Fan Yang, Shenheng Xu, Maokun Li and You Wu 

Section 10 Microwave photonic radar imaging 

Microwave photonic radar Backscatter Simulation for 3D model based on LCIM algorithm and NVAF.............692 
  Zhixin Wu, Mengdao Xing and Yuexin Gao 

An Electromagnetic Parameter Estimation Method for Microwave Photonic Signal Based on PSO................696 
  Yiyuan Xie, Yuexin Gao and Mengdao Xing 

Fast-moving Target Detection and Imaging in Microwave photonic SAR...................................700 
  Jinwei Wang, Yue Zhao and Jiacheng Zhan 



Noise suppression of ISAR micro cluster targets based on Generative Adversarial Network......................704 
Xin Ye, Jiang Qian, Lu Wang and Yong Wang 

Section 11 SAR Tomography 

Interferometric Phase Measurement Using Reduced Azimuth Multichannel SAR Based on Sparse Regulariztion.....708 
Xu Zhan, Xiaoling Zhang, Yifei Chen, Shunjun Wei and Jun Shi 

High-Resolution 3-D and 4-D SAR Imaging-The Case Study of Shenzhen...................................712 
Shuang Jin, Hui Bi, Xiao Wang, Yong Li, Jingjing Zhang, Jing Feng and Wen Hong 

First Demonstration of Small UAV SAR Tomography Using Multibaseline P-Band Data........................717 
Linghao Li, Yan Wang, Zegang Ding, Xinnong Ma, Zhen Wang and Tao Zeng 

MIMO Array SAR Fast 3-D Imaging Based on Sparse Signal Gridless Recovery..............................721 
Chunxiao Wu, Zenghui Zhang, Qiang Cheng, Kun Zhang and Zhenghan Wang 

Multi-aspect Tomographic SAR Imaging Approach via Distributed Compressed Sensing and Joint Sparsity.........726 
Bang Du, Zhe Zhang, Xiaolan Qiu, Bin Lei and Chibiao Ding 

An Efficient Sparse Imaging Method of TomoSAR via Unfolded Deep Network..............................730 
  Shan Liu, Shunjun Wei, Xiangfeng Zeng, Jinshan Wei and Xiaoling Zhang 

TWIST-SBRIM: A Novel Efficient and Robust Apporach For Compressive Sensing with Application to SAR 
Tomography...................................................................................735 

Yunqiao Hu, Xiaoling Zhang, Shunjun Wei, Jun Shi, Shunxin Zheng and Wang Nan 

A differential SAR Tomography inversion method based on Distributed Compressive Sensing...................740 
Guobing Zeng, Bo Yang, Huaping Xu, Chong Ren and Yuan Wang 

BASELINE OPTIMIZATION DESIGN OF AIRBORNE TOMOGRAPHIC SAR SYSTEM...............745 
Jinwei Xie, Long Zhuang and Daobao Xu 

Section 12 Progress in SAR Techniques for Imaging, MTI, and Interference Mitigation 

FDA-SAR Imaging Algorithm Based on Beam Scene Matching...........................................749 
Ruyi Deng, Xiang Tian and Wen-Q Wang 

An Azimuth Deramping Method for Spaceborne Sliding Spotlight SAR without Relying on Virtual Rotation Points...754 
Li Yingying, Lv Shouye, Wuhao, Xin Yu, Zhang Biao and Lian Cuiping 

A Blind Localization Method With Multi-point Scatterer Targets for BiSAR.................................759 
Junao Li, Qing Yang, Zhongyu Li, Junjie Wu, Haiguang Yang and Jianyu Yang 

GMT IMAGING OF SYNTHETIC APERTURE RADAR BASED ON SPECTRA RECOGNITION..............763 
Zou Mulan, Zou Yimeng, Li Liang, Ding Yunhua, Jin Guanghu and He Zhihua 



Section 13 Bi/Multi-static Radar Imaging Technology 

A Long Synthetic Aperture Passive Localization Method Using Two Planes..................................767 
Bowei Chen, Yuqi Wang, Guang-cai Sun, Mengdao Xing, Zijing Zhang and Xiaoniu Yang 

TomoSAR 3D Focusing Method Via Linear Error Estimation Based on Mulipass Subimage Registration...........770 
Yuting Li, Yu Hai, Chaodong Wang, Zhongyu Li, Junjie Wu and Jianyu Yang 

A 3D imaging method for future communication and imaging integrated terminal.............................774 
Chaodong Wang, Yuting Li, Zhongyu Li, Kun Zeng, Jia He and Guangjian Wang 

A New Frenquency-Domain Imaging for High-maneuverability Bistatic Forward-looking SAR..................778 
Xuan Song, Yachao Li, Chunfeng Wu, Ziyue Sun, Xi Cen and Tinghao Zhang 

A Modified Omega-K Algorithm for Bistatic Forward-Looking SAR Data Imaging............................783 
Tinghao Zhang, Yachao Li, Xuan Song, Tao Zhang, Chunfeng Wu and Ziyue Sun 

An Efficient Continuous Imaging Framework for Bistatic SAR in Strip-map Mode............................788 
Gaotian Xu, Zao Wang, Zhilong Xiong, Zhen Zeng and Song Zhou 

A Novel Waveform Design for Moving Target Detection in MIMO Radar...................................792 
Peixi Zhu, Yongchao Zhang, Yin Zhang, Yulin Huang and Jianyu Yang 

SAR ANTI-JAMMING METHOD BASED ON OPTIMIZATION OF PHASE-JITTERED LFM SIGNAL.........796 
Taineng Zhong, Mingyue Lou, Xinzhou Li, Youxin Deng, Zhongyu Li, Junjie Wu and Jianyu Yang 

Novel SAR Autofocus Method Based on Deep Learning with GAN Network.................................800 
Jiawei Huo, Min Li, Zhongyu Li, Junjie Wu and Jianyu Yang 

Markov Random Field Model-Based Label Classification Method for High-Resolution SAR Image Recovery.......804 
Yuping Xiao, Min Li, Zhongyu Li, Junjie Wu and Jianyu Yang 

An Efficient Backprojection Algorithm Based on Spectral Splicing........................................808 
Huarui Sun, Zhichao Sun, Yuxuan Miao, Tianfu Chen, Junjie Wu and Jianyu Yang 

A Target Reconstruction Method for Coherent Multistatic Synthetic Aperture Radar...........................812 
Junyu Zhu, Deqing Mao, Fanyun Xu, Youxin Deng, Yin Zhang, Yongchao Zhang and Yulin Huang 

Coherent Fusion for Multistatic Forward-looking SAR with Flexible Topology using Generalized Matrix Pencil 
Algorithm.....................................................................................818 

Deqing Mao, Paco Lepoz-Dekker, Yongchao Zhang, Fanyun Xu, Junyu Zhu, Yulin Huang and Jianyu Yang 

Vortex Radar Super-resolution Imaging Based on Iterative Adaptive Approach...............................824 
Xuefeng Zhang, Lin Wang, Wenchao Li, Zhongyu Li and Junjie Wu 

Section 14 Radar Tracking 

A Layered Tracking Method for Group Space Object...................................................828 
  CHU Zhongxun 



Process Noise Adaptive Kalman Filtering with Stein Variational Gradient Descent............................833 
  Guanhua Ding, Jinping Sun, Yutao Zhang and Ying Lu 

Maneuvering Target Tracking Performance Online Monitoring Based on Fréchet Distance......................838 
  Lumin Ye, Jinping Sun, Yutao Zhang and Xingchen Zhu 

Group Targets Splitting Algorithm for Ballistic Missile Penetration Applications..............................843 
Junfeng JIN, Min MA and Chang LIU 

A Moving Target Detection Method for Airborne Multichannel Circular SAR Based on Post-Doppler STAP........848 
  Chong Song, Bingnan Wang, Maosheng Xiang, Weidi Xu, Rongrong Wang and Qinghai Dong 

Target Tracking Based on Separate Modeling of Trajectory Shape and Dynamic Characteristics..................852 
Zhuanhua Zhang and Gongjian Zhou   

Research on The Application of Track Association of Multi-target Continuous Tracking Based on Regional Radar 
Chain........................................................................................857 

Zhonghao Deng, Xiaodong Liu, Yang Liu and Chen Tong 

A Maritime Targets Tracking Algorithm*............................................................862 
  Miaomiao He, Xinliang Wu, Shuo Zhou, Lei Ren and Yunfei Guo 

Track-Before-Detect Method for Targets with Appearance Time Uncertainty.................................867 
Peiyuan Li, Liangliang Wang and Gongjian Zhou 

Signal structure information-based data association for maneuvering targets with a convolutional Siamese network...872 
Chang Gao, Hongwei Liu, Pramod K. Varshney, Junkun Yan and Penghui Wang 

Ship Monitor Radar for Bridge Collision Avoidance....................................................882 
Jian Wang, Xiang Wang and Zhimin Zhou 

An Evaluation Method of Traffic Radar Tracking Performance in No-truth System............................887 
Zhongyin Xu, Shixin Yuan, Lei Shi, Shaobo Zhang and Mingmin Han 

Multi-Targets Tracking Association Based on Online Sequential ELM......................................891 
Yang Gao, Xingpeng Mao, He Ma and Yuguan Hou 

A Modified Tracking Algorithm for NSHV Based on Aerodynamic Model...................................896 
Jiaqi Zhang, Jibin Zheng, Dianxing Sun and Hongwei Liu 

A RLSN-based Current Statistical Model for Target Range Tracking.......................................902 
Jiang Bingbing, Li Qian, Yi Kun, Dong Qianli, Ma Xianchao, Huang Fei and Du Ke 

Multi-Object Tracking with Adaptive Trajectory PMBM under Limited Field of View Radars....................907 
Minti Liu, Cao Zeng, Biao Yang, Yunfei Fang, Shihua Zhao and Haotian Wang 

Radar Target Data Association with Amplitude and Tracking Information...................................912 
Hao Tong, Tian Liu, Shenghua Zhou and Xiaojun Peng 

Section 15 Target detection in synthetic aperture radar (SAR) images 

SAR Target Detection Based on Improved SSD with Saliency Map........................................918 
Fengjie He, Fang Zhou, Changchun Gui and Mengdao Xing 



LRSNet: Lightweight and Real-time SAR Ship Detection with Semantic Segmentation.........................925 
Dong Chen and Yanwei Ju 

Single Channel CSAR Moving Target Detection Algorithm Based on Low-rank Sparse Decomposition............929 
Zhiguo Zhang, Wenjie Shen, Xiaoyang Yue, Yun Lin and Wen Hong 

CFAR-Guided EfficientDet with Improved Loss Function for SAR Target Detection...........................933 
Ning Wang, Yinghua Wang, Tiangu Tang, Hongwei Liu and Qunsheng Zuo 

Automatic target recognition of SAR images based on Transformer........................................938 
Sen Li, Ping Lang, Xiongjun Fu, Jiahuan Jiang, Jian Dong and Zhengang Nie 

Improved S2ANet based on attention mechanism for small target detection in remote sensing images..............942 
Dongdong Lu, Wenjie Tie, Songlin Lei and Xiaolan Qiu 

Landslide Detection using Interferometric Coherence of Different Polarization Configurations...................946 
Ouyang Gao, Chaoyang Niu, Haobo Zhang, Wei Liu, Runsheng Liu, Tao Hu and Debao Ma 

A Scene-Aware Data Augmentation Method for SAR Ship Detection.......................................950 
Tianwen Zhang and Xiaoling Zhang 

Target Level Change Detection in Multi-temporal SAR Images Based on Prior Position........................954 
Xueping Yu, Yibo Fan, Xiongfeng Wan and Haipeng Wang 

Target Amplitude Characteristic Analysis With Neighborhood Information Using C-band Circular SAR Data.......958 
Xiaoyang Yue, Fei Teng, Yun Lin and Wen Hong 

SAR Image Change Detection Based on Geometric Mean Operator and Extreme Learning Machine...............962 
Z. K. Ling, W. Liu, C. Y. Niu, R. S. Li, Q. Hu and Y. Q. Zang 

Velocity Estimation of Moving Targets in Multichannel SAR Images via Optimally-Weighted Velocity Averaging Based 
on MUSIC Algorithm............................................................................966 

Yahua Ren and Junfeng Wang 

Incoherent Change Detection Method Based on Image Stack for UWB SAR Image............................970 
Kaipeng Chen, Hongtu Xie, Kang Liang, Xinqiao Jiang and Guoqian Wang 

Research on Embedded SAR Target Recognition for Remote Sensing Application.............................974 
Xiaoping Liu, Han Cao and Wenxuan Shi 

3D Point Cloud Reconstruction of Vehicle using Inversely Mapping and Voting from CSAR Images...............978 
Shanshan Feng, Yun Lin, Fei Teng and Wen Hong 

A Potential Human Activity Detection Method Based on Multi-polarization InSAR............................982 
Zhongbin Wang, Bingnan Wang, Maosheng Xiang, Weidi Xu, Rongrong Wang and Yachao Wang 

Foliage-concealed Target Detection Based on Deep Learning in Low Frequency UWB SAR Images...............986 
Hongtu Xie, Ni Xie, Kang Liang, Lin Zhang, Xinqiao Jiang and Guoqian Wang 

Monitoring of Lake Area Changes from SAR Images Based on Convolutional Neural Networks and Markov Random 
Field.........................................................................................991 

Cong Xie, Long Zhuang, Ming Hao and Kun Chen 

Electromagnetic Simulation Aided SAR Target Classification Via Deep Domain Adaptation.....................995 



Xiaoling Lv, Xiaolan Qiu and Wenming Yu 

PolSAR Ship Detection via a Refined Polarimetric Notch Filter...........................................999 
Mingfei Gu, Yinghua Wang, Hongwei Liu and Penghui Wang 

A Convolutional Neural Network for Heterogeneous Ship Images Classification.............................1004 
  Bole Wilfried Tienin and Guolong Cui 

A Single Encoder-decoder Network for both Sea-land Segmentation and Small Vessel Detection in SAR Images....1009 
Feixiang Zhang, Yongsheng Zhou, Xiaokun Sun, Deliang Xiang and Fan Zhang 

Oriented Ship Target Detection Based on Improved CenterNet in Synthetic Aperture Radar Images..............1014 
Xinqiao Jiang, Hongtu Xie, Kang Liang, Kaipeng Chen and Guoqian Wang 

Section 16 One-bit Radar Signal Processing 

Receive Filter Design for MIMO Radar with One-Bit Quantized Signals...................................1019 
Minglong Deng, Ziyang Cheng, Jiaheng Wang and Zishu He 

A High Resolution Parameter Estimation Method based on CINTAF-HAF for Cubic Frequency Modulated Signals..1024 
Junyi Liu, Yanyan Li and Jinping Niu 

A Pessimistic One-bit LMPIT for Non-circular Sources with Single Channel................................1028 
Yuan Zhao, Bo Zhao and Lei Huang 

CRB Analysis for Mixed-ADC PMCW MIMO Radar..................................................1032 
Yuanbo Cheng, Xiaolei Shang and Fangqing Liu 

Dinkelbach-Based Algorithm for Transmit Sequence Design in MIMO Radar with One-bit DACs...............1038 
Jiaying Wen, Tong Wei and Bin Liao 

Generalization of single-frequency threshold based on 1-bit quantization in synthetic aperture radar..............1043 
  Ji Chen, Bo Zhao, Lei Huang, Shiqi Liu and Weimin Bao 

Joint Optimization of Transmit and Receive Beamforming for MIMO Radar with One-Bit DACs................1048 
Huan Wan, Bin Liao and Zhi Quan 

Section 17 Radar High-Speed Target Detection, Tracking and Imaging 

Performance Evaluation for Coherent Integration with Partially Correlated Signals...........................1053 
  Minglong Deng, Jiaheng Wang and Zishu He 

Radar Maneuvering Target Motion Parameter Estimation Based on 2-D Region Centroid Tracking and Polynomial 
Chirplet Transform.............................................................................1057 

Hua Lin, Chao Zeng, Hai Zhang, Ge Jiang and Yanxi Lu 

Radial Velocity Ambiguity Resolution Method in Azimuth Multichannel HRWS SAR........................1062 
Junying Yang, Xiaolan Qiu, Mingyang Shang, Lihua Zhong, Yini Lv and Chibiao Ding 

A Synthetic Wideband Profiling Method for HighSpeed Target Based on Echo Model Inversion.................1066 



  Wenji Li, Lixiang Ren, Minghui Sha, Huayu Fan and Erke Mao 

 
Detection and Tracking of Multiple Human Targets with an UWB Monopulse Radar..........................1072 
  Xin Wang, Yao Li and Bo Zou 

 
Keystone Transform Based UAV Detection by Utilizing MillimeterWave Radar.............................1076 
  Jing Zhu, Xin Fang, Darong Huang, Zhenyuan Zhang, Guoqing Xiao and Min He 

 
GPU-Based Fast Imaging Scheme for GB-MIMO Radar................................................1080 
  Sican Hou, Xiaoyu Ren, Weiming Tian, Yunkai Deng and Xichao Dong 

 
Generalized Non-Iterative Time Delay Estimation Based on Taylor Interpolation Model.......................1085 
  Xiang Zhang, Dali Liu, Chun Zhu, Qing Shen and Jing Tian 

 
A Novel Frequency Domain based Axis Rotation Transform for Radar Weak Target Detection..................1090 

Le Wang and Haihong Tao 

 
Fast Coherent Integration and Parameter Estimation Algorithm for Maneuvering Targets......................1095 

Chen Ning, Jing Tian, Biao Zhang and Wei Cui 

 
A Low-Complexity Migration Compensation Method Based on Long-Term Integration.......................1099 

Yilin Huang, Dali Liu, Shilei Yuan and Qing Shen 

 

Section 18 Advanced techniques on modern radar target detection and electronic counter-countermeasure 

Automatic Modulation Recognition for Radar Signals Based on ACSE Networks...........................1104 
Qizhe Qu, Yong-Liang Wang and Qinglei Du 

 
A Radar Target Multi-scale Transformation Method Based on Subband Decomposition........................1108 

Lu Tingkun, He Feng and Wang Miao 

 
Cost-reference Particle Filter Bank for Fast Instantaneous Estimation of Nonlinear FM Signal..................1113 

Jin Lu 

 
An Offboard Active Jamming Countermeasure Based on Monopulse Three-Dimensional Imaging...............1117 

Qingzhi Ye, Baixiao Chen and Husheng Wang 

 
Resolving Range and Velocity Ambiguity Effectively and Efficiently with GPU.............................1122 

Zhifei WANG, Junpeng YU and Yuhao YANG 

 
Simulation Analysis of Abnormal Shape Trihedral Corner Reflector Scattering Characteristics..................1127 

Ran Sui, Dejun Feng, Junjie Wang and Guang Sun 

 
A Probabilistic Jamming Strategy Model for Frequency Agility Radar Anti-Jamming Problem..................1131 

Youlin Fan, Bo Jiu, Wenqiang Pu, Kang Li, Hailin Li and Hongwei Liu 

 
A new shift pulse compression method for multiple targets’ detection......................................1136 

Pengfei Shi, Yao Wei, Wenying Wang and Ming Hao 

 
Anti-intermittent Sampling Jamming Method Based on Frequency Agile Radar and K-means...................1140 

Shuxian Dong, Yinghui Quan, Wen Fang and Huake Wang 

 



Section 19 Advanced Radar Detection and Tracking Methods for Low Observable Targets 

A Compact Low-power ISM-band Harmonic Radar for RF Receiver Detection..............................1145 
Yuanzhe Li, Weidong Hu, Hongqi Fan and Xiaoyong Du 

Joint Detection and State Estimation of Doppler Radar.................................................1149 
Wenhao Dong, Jiahao Tian, Jingyi Wang, Zhiyong Song, Qiang Fu and Ye Yang 

Assumption and discussion of volume scanning strategy of new generation weather radar in China Ⅰ..............1153 
ZHANG Qian, WANG Xiaopeng, LIANG Haihe, LI Ruiyi, DAI Yaru, LIU Jie, LI Feng and LIU Xingzhong 

Design of Pulse-Coded Waveforms Resilient to Pulse Eclipsing via Majorization-Minimization Framework.......1159 
Kaiyue Hou, Wei Ren, Zhennan Liang and Quanhua Liu 

Joint Trajectory Design and Power Allocation for Target Tracking in Airborne Radar Network..................1165 
Tao He, Xiuci Mo, Peng Zhang, Hao Jiao, Junkun Yan and Hongwei Liu 

Polarization Scattering Matrix Analysis for Weak Target Detection in Sea clutter............................1169 
Yujia Yan, Guangxin Wu and Yang Dong 

Measurement of surface traveling wave attenuation characteristics for absorbing materials under high temperatures.1173 
  Wang Yan, Xiao Zhihe, Sun Xin and He Junzhe 

Multi-Frame Clutter Suppression and Weak Target Detection for Non-side-looking Airborne Radar..............1177 
Wen Qin, Wei Yi and Kai Zeng 

Distributed Multi-Sensor Multi-View Fusion of PHD Filter for Maneuvering Targets.........................1182 
Cong Peng, Lei Chai, Wei Yi and Linxiu Chen 

A Quantization based Censoring Detection Method with Limited Communication Rates for Distributed MIMO 
Radar......................................................................................1188 

Yangming Lai, Guoxin Zhang, Shixing Yang, Wei Yi and Lingjiang Kong 

Moving Target Tracking Based on Shadow with Unsupervised Deep Track in Video-SAR......................1192 
Hui Fang, Yongjun Liu, Guisheng Liao, Haichuan Li, Chilian Chen and Xuchen Liu 

Section 20 Advanced Statistical Methods for Next-Generation Target Detection and Tracking 

Cluster Unmanned Aerial Vehicle Electromagnetic Calculations and Applications............................1196 
Zeying Gong and Bin Rao 

Video SAR Image Fusion Using the Effective Reflection Coefficient......................................1200 
Dan Song, Ratnasingham Tharmarasa, Kun Han, Guopeng Li, Thiagalingam Kirubarajana and Mike McDonald 

Multiple Target Track-Before-Detect Using Sequential ML-PDA.........................................1205 
Leiru Bu, Bin Rao and Tao Wang 

Transmit Signal Design for Polarimetric Radars under Local Waveform Constraints..........................1209 
Xu Cheng, Linlong Wu, Tong Wei, Domenico Ciuonzo and Wei Wang 

The Influence Mechanism of UAV Cluster Electronic Countermeasures on Radar Parameter Measurement........1214 



Jiakang Ouyang, Bin Rao and Yongkun Zhou 

Human Movement Tracking and Fall Detection Using UWB Impulse Radar................................1219 
Bin Rao, Ping Hu and Jiaqi Liu 

Section 21 Positioning and Tracking by Unmanned Aerial Vehicle (UAV) Networks 

Multi-task Planning for Cooperative UAVs with Integrated Radio Frequency system..........................1225 
Xue Hui, Zhang Tao, Wang Rui and Liu Xinghua 

Dynamic constraints and optimization problem for cooperative search-track mission planning..................1231 
Xiaojie Zhang, Jibin Zheng and Tao Su 

An efficient scheme of source localization using TDOA................................................1237 
  Yang Yang, Jibin Zheng and Hongwei Liu 

Section 22 Radar Marine Target Detection and Classification 

PHASE COUPLED FREQUENCY ANALYSIS BASED ON TIME-VARYING BISPECTRUM IN SEA 
CLUTTER...................................................................................1242 

Xijie Wu, Hao Ding, Ningbo Liu, Jian Guan and Jiayu Wei 

Foreground and attention guided CenterNet for SAR Ship Detection......................................1247 
Shiqi Chen, Ronghui Zhan and Jun Zhang 

Target Detection in Sea Clutter Based on Wasserstein Distance...........................................1251 
Runchuan Wang, Yecho Bai and Qiong Wang 

Marine Targets Detection for Scanning Radar Images Based on Radar-Yolonet..............................1256 
Xiaolong Chen, Jian Guan, Zhigao Wang, Hai Zhang and Guoqing Wang 

Multi-frame sea clutter filtering method based on image processing.......................................1261 
Kun Zhang, Qiang Cheng and Zhenghan Wang 

Long-time coherent integration method combining pulse compression and Radon fractional Fourier transform.....1266 
Jiazheng Pei, Yong Huang, Jian Guan, Yunlong Dong and Xiaolong Chen 

Rao Test for Radar Target Detection in Sub-Gaussian Symmetric Alpha-Stable Sea Clutter.....................1270 
Xu Liu, Yachao Li, Shuwen Xu and Lan Du 

An Improved 2P-CFAR Method for Ship Detection in SAR Images.......................................1274 
Jiahui Chang, Qing Wang, Jianhui Zhao and Ning Li 

Non-coherent CFAR detector based on survival analysis................................................1278 
Wei Zhou, Yong Zhu, Yuhan Du and Junhao Xie 

Design of Radar Target Detector based on CFAR Feature Plane..........................................1284 
Wenjing Zhao, Guolong Cui, Xianxiang Yu and Xue Yao 



Section 23 Target Detection and Recognition 

GAF-MN: A New HRRP Target Recognition Method Based on Gramian Angular Field and Matching Networks in Few-
Shot Condition................................................................................1288 

Qi Liu, Xinyu Zhang and Yongxiang Liu 

Wideband Radar Target Recognition Based on Polarization Features and Double Layer K-LightGBM............1293 
  Bowen Deng, Ping Lang, Xiongjun Fu, Jian Dong, Zhifeng Ma and Zongding Cui 

SAR Ship targets detection Based on Correlation Filters................................................1297 
Yunpeng Zhang, Mengdao Xing and Jinsong Zhang 

Ship detection using spaceborne rotating fan-beam radar...............................................1301 
Ma Jianying, Zhu Di and Yun Risheng 

Matching of Scattering Centers Based on 3-D Scattering Center Model with Application to SAR ATR............1305 
Baiyuan Ding, Guangquan Huang, Changhuan Wang, Jian Sun and Chengyu Liu 

Identification of Coal and Gangue via Millimeter Wave Imaging with Corresponding Optical Photo..............1310 
Shuoguang Wang, Guangnan Xing, Handan Jing, Shiyong Li and Qiang An 

A Low-complexity Hand Gesture Recognition Method Based on 2D-Trajectory Feature Using Bistatic Radars..1314 
Luntao Zhuang and Zhaocheng Yang 

Adaptive detection of point-like target in presence of disturbance and wideband interference..............1319 
Zhihua Li, Hongtao Su, Xuezhen He and Shenghua Zhou 

A New Adversarial Hierarchy for SAR Clutter Generation..............................................1323 
Tingxuan Zhong, Ganggang Dong and Rui Wang 

Domain Knowledge Enhanced Deep Neural Network for Limited Data SAR Vehicle Target Recognition..........1327 
Linbin Zhang, Xiangguang Leng, Tao Tang, Kefeng Ji, Boli Xiong and Gangyao Kuang 

Polarization Time Reversal Detector with the Time-varying Channel......................................1331 
Zhaoming Zhang, Baixiao Chen, Minglei Yang, Meng Liu and Hao Lian 

Vehicle Classification via Multi-dimension Feature Extraction with Millimeter Wave Radar....................1336 
Jianwen Wang, Gang Li, Jian Jiao, Zhichun Zhao and Juan Li 

Feature Refinement Deformable Network for Aircraft Detection in SAR images.............................1340 
Yan Zhao, Lingjun Zhao and Gangyao Kuang 

A Stacked Stereo Graph Convolutional Network for SAR Image Change Detection...........................1344 
Lu Jia, Tiantian Zhang, Jiaqiu Ai, Yunlong Lu and Jing Fang 

Classification of Dongting Lake Wetland Using Time Series Sentinel-1 Radar Data...........................1348 
Hui Yang, Qihao Chen and Xiuguo Liu 

Ship Target Recognition in SAR Image with Implicit Complex Information Enhancement......................1353 
Yu Lei, Xiangguang Leng, Zhongzhen Sun and Kefeng Ji 

Cognitive Waveform Designing Based on Cognitive Radar Theory.......................................1357 
Donglin Tan and Junfeng Wang 

Classification of UAV and Ground Targets By Micro-Doppler Signatures Based on PD Surveillance Radar........1361 



Beili Ma, Baixiao Chen, Zhengrong Zhang, Dandan Diao, Liang Fang and Fei Zhao 

Recognition of Space Target Based on GNN under the Condition of Small Samples for ISAR Image..............1366 
Haoxuan Yuan, Yun Zhang, Hongbo Li, Jiaying Chen and Muqun Niu 

Computational interpretability of multilayer preceptron used for SAR image target recognition..................1371 
TongZheng, Peng Lei, Jun Wang, Chusheng Liu and Jianing Wang 

A Tensor-Based Target Extraction Scheme for Forward-Looking Scanning Radar............................1375 
Shirui Yang, Wenchao Li, Yulin Huang and Jianyu Yang 

Automatic Target Recognition Based on Time Reversal HRRP...........................................1379 
Hao Lian, Minglei Yang, Zhaoming Zhang, Meng Liu and Jie Tang 

Radar HRRP Target Recognition Based on an ADAM-CNN with Side-Information...........................1384 
Ting Chen, Xinwei Deng, Penghui Wang, Jun Ding, Yue Dong and Yinghua Wang 

SAR Target Recognition Using Improved Monogenic-Based Feature Extraction Framework...................1388 
Feng Li, Weijun Yao, Yang Li and Wei Chen 

In-Vehicle Occupant Detection Based on Zone Source Feature Using MM-Wave MIMO Radar.................1392 
Huacong Tan and Zhaocheng Yang 

Time-varying Vibration Compensation for FMCW Lidar Signals.........................................1397 
Rongrong Wang, Bingnan Wang, Zhongbin Wang, Chong Song, Maosheng Xiang and Yachao Wang 

Human Behavior Recognition Method Based on CEEMD-ES Radar Selection...............................1401 
Zhaolin Zhang, Mingqi Song, Wugang Meng, Yuhan Liu, Fengcong Li, Xiang Feng and Yinan Zhao 

CNN-Based SAR Automatic Target Recognition Using SAR Raw Data....................................1405 
Xiyue Ruan, Ling Wang, Jun Guo, Daiyin Zhu and Changyu Hu 

Radar Fusion Imaging Based on Attributed Scattering Center Model......................................1409 
Xiaoqiang Wu, Rui Li and Peiyao Zhang 

SAR Target Recognition Using Simulated Data by an Ensemble Multi-scale Deep Domain Adaptation Recognition 
Framework...................................................................................1413 

Yuanshuang Sun, Yinghua Wang, Liping Hu and Hongwei Liu 

Spaceborne SAR Target Recognition Method Based on Edge Computing...................................1418 
Qiong Gao, Fan Zhang, Fei Ma, XiaoKun Sun and Qiang Yin 

Detection from Phaseless Measurements of Block-Sparse Signals Using Convex Programming.................1422 
Di Zhang and Qun Wan 

Selected Pseudo-Labelling With Class Confusion Regularization For Semi-supervised SAR Target Recognition....1427 
Qishan He, Lingjun Zhao, Siqiang Zhang and Gangyao Kuang 

A New Method of Vehicle Target Radar Data Segmentation Based on DBSCAN and Lane Recognition...........1432 
Jian Jiao, Gang Li, Jianwen Wang and Zhichun Zhao 

Target Detection in Sea Clutter with Transformer Neural Network........................................1436 
Shanshan Tian, Wuqi Wang, Guangxin Ding and Zhiwei Zhang 

UCCN: A Fast and Efficient Complex Convolution Network for SAR Data.................................1441 
Yumeng Song, Cheng Fang, Sijia Chen and Lei Yang 

Ship Classification in High-resolution SAR Images Based on CNN Regional Feature Fusion..................1445 



Zhongzhen Sun, Boli Xiong, Yu Lei, Xiangguang Leng and Kefeng Ji 

Multi-scale Broad Learning System for SAR Automatic Target Recognition................................1450 
Cuilin Yu, Tao Lai, Qian Ma, Yaquan Han, Bo Pan and Haifeng Huang 

Section 24 Micro-Doppler based Feature Extraction for Target Classification and Beyond 

Time-Frequency Characteristics of the Near-Field Micro-Doppler Effect in Passive Radar.....................1455 
Weijie Zhan, Xianrong Wan and Jianxin Yi 

A method for the precession period estimation based on the recurrence plot.................................1459 
Xuguang Xu, Cunqian Feng, Peng Li, Geng Chen 

Point Cloud Features-Based Random Forest for Road User Classification via Millimeter Wave Radar.............1463 
Zenghui Li, Lan Du and Zengyu Yu 

A New Feature Extraction Method Based on MicroDoppler Signature of Ground Moving Targets................1467 
Ke Ren, Lan Du, Chunxin Wang and Guiping Liu 

Few-shot Human Activity Recognition with Radar Micro-Doppler Spectrograms............................1471 
Xinyu Li, Xiaojun Jing, Andrew Zhang and Yuan He 

Micro-Doppler Analysis of Target Based on the Clustering Prior to Solve the Block Sparse Forward and Backward TVAR 
Model.......................................................................................1475 

Shuojing Jin, Ling Hong and Fengzhou Dai 

A Method for Estimating Structure parameters of Space Cone Targets based on HRRP sequence.................1479 
Lixun Han, Cunqian Feng, Xuguang Xu and Xu Dan 

Radar-based Human Activity Classification with Cyclostationarity.......................................1483 
Yaxin Du, Jipeng Li, Zhouyixian Li, Ran Yu, Antonio Napolitano, Francesco Fioranelli and Julien Le Kernec 

Improved Chirplet time-frequency atom for signal decomposition and its application to micro-Doppler analysis....1488 
Wenchao Li, Gangyao Kuang, Jian Wang and Zhenhua Chen 

Hand Gesture Recognition Method based on Dual-Channel Residual Neural Network.........................1494 
  Bingchao An, Wenpeng Zhang, Xiangfeng Qiu, Minglei Tang and Yongxiang Liu 

Multi-human Separation Method Based on CNN-Mask-PIT.............................................1498 
Xin Yao, Xiaoran Shi, Shuang Yang, Li Wang, Weiwei Fan, Feng Zhou 

Dual mmWave radars fall detection using the Stockwell transform........................................1503 
Tao Yang, Fanteng Meng and Qingbo Xu

Gait Recognition of Millimeter Wave Radar Based on Local Texture Features...............................1507 
Jingshun Xie, Chunwei Xie, Chundi Zheng and Yihong Luo 

Human Activity Classification with Adaptive Thresholding using Radar Micro-Doppler.......................1511 
Zhenghui Li, Francesco Fioranelli, Shufan Yang, Julien Le Kernec, Qammer Abbasi and Olivier Romain 

Human Identification Based on Short-Time Radar Spectrograms Using Transformer Network..................1516 
Yue Lang, Yang Yang, Yatong Zhou, Haoran Ji, Yuan He and Qing Wang 



Micro-motion Based Target Recognition Using Regularized DCNN.......................................1525 
  Yiwei Dai, Wenpeng Zhang and Yongxiang Liu 
 
Multi-Spectral-Attention Dual-Channel Network for Radar-Based Human Gait Recognition...................1530 
  Ye Hui and Xueru Bai 
 
Denoising of UAV Micro-Doppler Signatures Based on BEMD and Wavelet Transform.......................1534 
  Wei Zhang, Jin He, Wenxian Yu and Lei Pan 
 
Range-Velocity Tracking of Dynamic Finger Gestures Using 120GHz Radar With LFM-MFSK Waveform........1540 
  Ling Hong and Fengzhou Dai 
 
Ship Target Micro-Doppler Feature Extracted by Multi-Synchrosqueezing Transform and Inverse Radon Transform.1545 
  Ruonan Li, Zhiwei Yang, Shun He and Guisheng Liao 
 
Weighted Group Sparse Bayesian Learning for Human Activity Classification...............................1550 

Yingxia Fan, Juan Zhao and Xia Bai 

 

Section 25 Sensor Array and Multichannel Signal Processing for Data Analytics 

Closed-form two-dimensional DOA and polarization estimation of coexisted circular and noncircular signals......1556 
  Yaxing Yue, Yougen Xu and Zhiwen Liu 
 
Wideband Adaptive Beamforming for Mainlobe Interferences Based on Angle-frequency Reciprocity and Covariance 
Matrix Reconstruction..........................................................................1561 
  Shuai Li, Xiaoyang Chen, Xiaogeng Hou, Ming Li, Zhong Zheng, Lede Qiu and Xiaopeng Yang 

 
Joint DOD and DOA Estimation via Coupled CPD with Sparse MIMO Radar for IIoT.........................1566 
  Yuxi Wang, Hang Zheng, Chengwei Zhou, Chenggang Yan and Zhiguo Shi 

 
Application of Steering Vectors Rotation Invariance in DOA Estimation with Mutual Coupling.................1571 
  Zhen Song, Changjun Yu, Aijun Liu, Linwei Wang, Shuai Shao and Hongbo Li 

 
ESPRIT-enhanced Method for DOA Estimation with Acoustic Vector Sensor Array...........................1577 
  Jianfeng Li, Penghui Ma, Xiaofei Zhang and Mengxing Huang 

 
A Method of Using Multichannel SAR Spatial Phase Information for Moving Target Positioning...............1581 
  Yini Lv, Lihua Zhong, Xiaolan Qiu and Chibiao Ding 

 

Section 26 Array Signal Processing and Source Localization 

A Beamspace Dimension Reduction Technique With Application to DOA estimation in Low-angle Tracking.......1585 
  Saiqin xu and Baixiao Chen, Xiaoying Chen and Houhong Xiang 

 
JCMF: A Novel Wideband DOA Estimator..........................................................1589 
  Xiaoyu Zhang, Haihong Tao, Junqi Xue, Jian Xie, Jianpu Li and Huihui Ma 

 
Deep Unfolding Network for Near-Field Source Localization via Symmetric Nested Array.....................1593 
  Xiaolong Su, ZhengHui Gong, Panhe Hu, Tianpeng Liu, Bo Peng and Zhen Liu 

 



Multi-Objective Optimization in Communication and Radar Spectrum Sharing via Tchebycheff Algorithm........1598 
  Junhui Qian, Leilei Zhao and Xiaohong Shi 

DOA Estimation via an Augmented Unfolded Coprime MIMO Configuration of Transceiver Reversal with Enhanced 
Degrees of Freedom............................................................................1602 

Yule Zhang, Guoping Hu, Mingming Zhu, Zhiyuan You, Mingjian Ren and Bin Lin 

Radar Signal Retrieval for Multiple Measurement via Iterative Reweighted Approach.........................1606 
Qiang Li, Lei Huang, Xinzhu Chen, Weize Sun, Min Huang and Feng Zhang 

Robust Capon Beamforming via Refining Steering Vector Based on Fractional Semidefinite Relaxation...........1611 
Xuan Zhang, Xiangrong Wang and H.C. So 

Nested Inter-element Spacing Constrained Array.....................................................1616 
  Jiangkun Yu, Yougen Xu, Shuli Shi and Zhiwen Liu 

DOA Estimation Using Nested EMVS Arrays Via Khatri-Rao Polarization Matrix Augmentation................1621 
Jin He, Ting Shu and Linna Li 

Single Snapshot DOA Estimation Based on Learned Modified Smoothed L0 Algorithm.......................1626 
Hangui Zhu, Cunqian Feng, Weike Feng and Chengliang Liu 

Simultaneous Multi-beam Forming Method for Planar Array based on Improved Gravitational Search Algorithm...1631 
Fa Wei, Minglei Yang and Baixiao Chen 

Coherent and Noncoherent Multi-Subband Time Delay Estimation: Analysis and Solutions....................1636 
Yimao Sun, Yanbing Yang and Liangyin Chen 

DOA Estimation of Compact HFSWR by the Virtual Array Synthesis Algorithm.............................1641 
Lei Yang, Hui Zhang, Liang Gao and Yang Bai 

An Enhanced Expanding and Shift Scheme for Underdetermined DOA Estimation...........................1645 
Liujing Li, Shujun Ye and Yan Zhou 

Enhanced Detection in Automotive Applications Using Bistatic Radar with Cooperative Roadside Sensors........1649 
Ali Moussa and Wei Liu 

Array Calibration Method for Sensor Position Errors Based on IWO-PSO..................................1654 
Wencan Peng, Chongdi Duan, Tao wu,Shengyuan Li,Jinwei Li and Caipin Li 

A New Position Error Calibration Approach to DOA Estimation for Quasi-Stationary Signals...................1658 
Ping Chu, Jinfeng Zhang and Bin Liao 

Section 27 Advanced Adaptive/Cognitive Radar Signal Processing Strategies 

An Adaptive DoA Estimation Strategy for UAVs Detection.............................................1663 
  Tianyuan Yang, Antonio De Maio, Jibin Zheng, Tao Su, Vincenzo Carotenuto and Augussto Aubry 

SE-Based Optimal Power Allocation Strategy for Cognitive MIMO Radar Against Jammer Interference..........1668 
  Cheng Qi, Junwei Xie, Zihang Ding, Haowei Zhang, Weijun Yu and Xiaowen Zhu 

A joint spatial-polarization adaptation method for DOA estimation under mainlobe jamming...................1672 
  Binbin Li, Weijian Liu, Bilei Zhou, Hui Chen, Mengyu Ni and Xiaoge Wang 



Robust Waveform and Filter Bank Design of Polarimetric Radar under Local Waveform Constraints.............1676 
  Xu Cheng, Zixin Zhou, Lianling Zhou, Guolong Cui and Wei Wang 

Maximin Joint Design of Transmit Waveform and Receive Filter Bank for MIMO-STAP Radar.................1681 
  Zhihui Li and Qingsong Zhou 

A Probabilistic Model-Based Robust Waveform Design for MIMO Radar Detection..........................1686 
  Xuyang Wang, Bo Tang and Ming Zhang 

An Optimized Resource Allocation Algorithm in Cognitive C-MIMO Radar for Multiple Maneuvering Target 
Tracking.....................................................................................1691 
  Zhengjie Li, Haowei Zhang, Junwei Xie, Houhong Xiang, Jiaang Ge and Bo Wang 

Deceptive Interference Suppression Method Based on Time Diversity Array................................1695 
  Kun Yu, Shengqi Zhu, Ximin Li and Lan Lan 

Target Localization under Multi-Target Scenario with PA and FDA Radars..................................1700 
  Jingjing Zhu, Shengqi Zhu, Jingwei Xu and Lan Lan 

An Adaptive Range-Angle-Doppler Processing Approach for  FDA -MIMO Radar  Based on Sp arse 
Reconstruction................................................................................1704 
  Zhixin Liu, Shengqi Zhu, Jingwei Xu and Lan Lan 

An Effective and Efficient Synthesis Technique for Linear Array Thinning..................................1709 
Zhigang Zhou, Cao Zeng and Baixiao Chen 

Topographic Phase Self-adaptive Compensation For Multi-satellite Formation Coherence Radar Systems.........1714 
Xianghai Li, Zhiwei Yang, Shun He, Xiao Tan and Guisheng Liao 

Modeling and Characteristic Analysis for Air-Space Based Bistatic Radar..................................1719 
Xiao Tan, Zhiwei Yang, Xianghai Li, Pengyuan He, Chaolei Han and Penghui Huang 

Multiple weak targets detection and tracking integrated processing with time diversity array radar...............1723 
Biao Yang, Shengqi Zhu, Xiongpeng He and Lan Lan 

Transceiver Design in the Presence of Eclipsing Loss for Spectral Coexistence..............................1728 
Yanjie Li, Yu Yao and Lenan Wu 

Data Classification Algorithms for Complex Heavy-Tailed Distributions...................................1734 
  Jianbo Li, Yao Rong, Liu Yang, Zhifang Liang and Xiaolin Du 

Mainlobe Deceptive Jammer Suppression based on Secondary Frequency Compensation in FDA-MIMO Radar....1739 
Yiqun Zhang, Lan Lan, Guisheng Liao, Jingwei Xu and Shengqi Zhu 

Adaptive Monopulse Based Estimation in FDA-MIMO radar............................................1744 
Lan Lan, Massimo Rosamilia, Augusto Aubry, Antonio De Maio, Jingwei Xu and Guisheng Liao 

Time-Invariant Transmit Beampattern Synthesis Via Genetic Algorithm for FDA Radar.......................1749 
Wenhao Sun, Lan Lan, Guisheng Liao and Jingwei Xu 

Robust adaptive beamformer based on minimum dispersion with a broad null by linear programming.............1753 
Yang Feng, Yao Wei, Wenying Wang, Yong Yu, Jingwei Xu, Guisheng Liao and Lan Lan 

Cognitive Radar Waveform Synthesis with Desired Spectrum and Autocorrelation Shapes.....................1758 
  Qinghui Lu, Guolong Cui, Xianxiang Yu and Lingjiang Kong 

Phase-Only Beampattern Synthesis via Iterative Convex Optimization.....................................1763 
Bowei Huang, Qinghui Lu, Xianxiang Yu and Guolong Cu 



Cognitive Transmit Nulling Beamforming via Manifold Optimization Approach.............................1767 
Wenqiang Wei, Ruitao Liu, Xianxiang Yu, Hui Qiu and Guolong Cui 

Space Division Multiplexing Waveform Design for Radar Communication and Navigation Integration...........1771 
  Hairui Wang and Haihong Tao 

Waveform Design based on Majorize-Minimize for FDA-MIMO Radar....................................1776 
Jiawei Qi, Lan Lan, Guisheng Liao and Jingwei Xu 

Section 28 Waveform Diversity in Radar Systems 

Enhanced Range-Dependent Beampattern Using Frequency Diverse Padded Coprime Array...................1781 
  Tianheng Ni, Shengheng Liu, Zihuan Mao and Yongming Huang 

Radar Waveform Covariance Design for Extended Targets Based on Two-Person Zero Sum Game...............1786 
  Zhou Xu, Chongyi Fan, Jian Wang and Xiaotao Huang 

Frequency-Phase Coded Waveform Analytic Design Method for Transmit Beampattern Synthesis of MIMO 
Radar.......................................................................................1790 
  Zhenghe Zhang, Nan Liu, Kun Zeng, Guangjian Wang, Linrang Zhang and Minglei Yang 

Mismatched Filters Design to Reduce Range Sidelobe Modulation of Pulse-to-Pulse Diverse Waveform..........1794 
  Dehua Zhao, Ning Wang, Yafeng Wang and Ming Zhou 

Local Low Range Sidelobes Waveform Design with Cognitive Levels Using Particles Swarm Projection 
Optimization.................................................................................1800 
  Xiang Feng, Yinan Zhao, Chaolin Zhang, Mingqi Song and Fengcong Li 

OFDM Chirp Waveform Design for Clutter Suppression................................................1805 
  Mingyue Ding, Yachao Li, Xu Liu, Lei Zuo and Liang Guo 

Waveform design for random stepped frequency radars to achieve the ultra-low side-lobes in high resolution range 
profile.......................................................................................1809 
  Zhikun Liao, Xingwei Yan and Xiaoqiang Hua 

Waveform Design for MIMO Radar with Consistent Correlation Phase....................................1813 
  Pengfei Gao, Guisheng Liao, Jingwei Xu and Lan Lan 

2D-CNN-Based AoA-ToA Estimation in Presence of Angle-Dependent Phase Errors Using Pico-cells............1817 
Hao Wang, Shengheng Liu, Zihuan Mao, Xinghua Jia and Yongming Huang 

A Joint DOA and TOA Estimation Scheme for 5G Signals Under Array Modeling Errors.......................1822 
  Mengguan Pan, Peng Liu, Xinghua Jia, Shengheng Liu, Wangdong Qi and Yongming Huang 

Colocated MIMO Radar Waveform Design with Raised Cosine Filter.....................................1827 
  Mingcong Lin, Shenghua Zhou, Wenjia Shao, Wei Sun, Lin Zhou and Kuiying Yin 

Antenna Selection for Enhanced DOA Estimation: Exploring the Symmetries...............................1832 
  Elias Aboutanios, Hamed Nosrati and Xiangrong Wang 



Section 29 Advanced Techniques in Clutter and Interference Suppression for Radar 

Tensor-based SR-STAP for PA-MIMO Airborne Radar.................................................1837 
  Ning Cui, Kun Xing, Zhongjun Yu and Keqing Duan 

Ground stationary target detection method for airborne wide-band radar based on statistical characteristics........1842 
  Ziqiang Meng, Wei Gao and Xiaoming Li 

Polarization characteristics of sea clutter and its application in target detection...............................1846 
  Shichao Chen, Feng Luo and Jingxin Wei 

Ground Background Clutter Recognition Based on Fully Convolutional Neural Network......................1850 
  Chang Liu, Ping Lang, Xiongjun Fu, Jian Dong, Mingling Li and Xinyue Qi 

Narrow-Band Interference Suppression Method for SAR Based on CEEMD................................1854 
  Hengrui Zhang, Zongsen Lv, Lin Min and Ning Li 

Research on Waveform Design of Multi-Carrier Phase Coded and Frequency Modulation Signal................1858 
  Si Luo, Chuanming Li, Luchao Wang and Shiyong Ji 

Target Detection based on Two-dimensional Fractal Property under Sea Clutter Background....................1862 
  Yifei Fan, Duo Chen, Mingliang Tao, Jia Su, Tao Li and Yanyun Gong 

Human Echo Signal Preprocessing for Through-The-Wall Radar Based on Improved PCA and MTI Fusion 
Algorithm....................................................................................1866 
  Ling Huang, Dongsheng Zhang and Bingliang Dong 

Adaptive interference cancellation based on transmitted waveform matching in array radar.....................1870 
  Xiaoying Chen and Baixiao Chen 

Fast Space-Time Adaptive Processing for Clutter Suppression in Airborne Radar with Coprime Arrays under Gain and 
Phase Errors..................................................................................1874 
  Xiaoye Wang and Zhaocheng Yang 

Exponential FDA-MIMO radar mainlobe jamming suppression based on DL-EVE algorithm...................1879 
  Hao Chen, Mingjiu Lv, Jianchao Ma, Bin Xia, Yana Liu and Ming Zhou 

Deep learning for Interference Mitigation in Time-Frequency Maps of FMCW Radars........................1883 
  Runlong Li, Jianping Wang, Yuan He, Yang Yang and Yue Lang 

Mainlobe Interference Suppression Method Based on Coprime Array.....................................1887 
  Mao Jiaqi, Luo Feng and Zhang Yawen 

Angle-Doppler Channel Construction in Reduced Dimension STAP for Sparse Nonuniform Array...............1893 
  Jingxi Shi, Zishu He and Ziyang Cheng 

Wide-Band Interference Mitigation for SAR Based on Generative Adversarial Network.......................1897 
  Zhaodong Zhang, Yi Ding, Weiwei Fan, Feng Zhou and Bingbing Lu 

Clutter Suppression of Wind Farm for Airborne Radar Based on EFA......................................1901 
  Ying ZHANG, Xinyun ZHANG, Weikun He and Xiaoliang Wang 

A Spread Sea Clutter Suppression Method Based on Prior Knowledge for HF Hybrid Sky-Surface Wave Radar……..1905 
  Zhuoqun Wang, Yajun Li, Yanbin Li, Pengfei Wang, Longshan Wu and Aihua Liu 



Transmit Beamforming Design for LPI of Frequency Diverse Array MIMO Radar...........................1910 
  Pengcheng Gong, Panke Jiang and Yuntao Wu 

 
   

A jamming angles estimation method based on STAP for airborne radar with conformal array...................1919 
  Fuyu Tao, Tong Wang and Zhifeng Wang 

A Semantic Cognition Enhancment Network for Interference Detection in Sentinel-1 SAR Image................1923 
  Jieshuang Li, Mingliang Tao, Xiang Zhang, Jia Su, Yifei Fan and Ling Wang 

A Novel Chaff Cloud Recognition Method Based on Wideband Polarization Radar...........................1927 
  Mingling Li, Ping Lang, Xiongjun Fu, Jian Dong, Chang Liu and Jiahuan Jiang 

Sea Clutter Modeling and Spectrum Analysis for Airframe Conformal Array................................1931 
  Zhihui Xin, Yu Sun, Wei Ma, Zhixu Wang and Jiayu Xuan 

Adaptive Dense main lobe Jamming Suppression Method Based on Multiple Measurement Sparse Recovery for 
Frequency Agile Radar..........................................................................1936 
  Yuze Sun, Huijun Xia and Yao Wei 

RFI Extraction for Synthetic Aperture Radar in 2D Domain Based on Low Rank and Sparsity Property............1940 
  Yi Ding, Jinbiao Du, Weiwei Fan, Feng Zhou and Bingbing Lu 

A Novel Image Domain Method of Suppressing Moving Target Interference for the Azimuth Multi-Channel SAR.. 1945 
  Jixiang Xiang, Guangcai Sun, Xiaojie Ding, Mengdao Xing, Zijing Zhang and Yuqi Wang 

Mainlobe Coherent Interference Suppression Method Based on Weighted Spatial Smoothing and Eigen-Projection Matrix 
Preprocessing.................................................................................1949 
  Haoyu Meng, Xiaodong Qu, Wolin Li and Xiaopeng Yang 

Mainlobe Jamming Suppression Method Based on Combination of Spatial and Polarization Domain for Distributed Array 
Radar.......................................................................................1954 
  Bowen Han, Xiaodong Qu, Xiaopeng Yang and Haoyu Meng 

Simulation Analysis of the influence of electromagnetic Pulse Power on the performance degradation of CMOS 
Inverter......................................................................................1959 
  Jinfu Lin, Yanning Chen, Dongyan Zhao, Baowei Nie, Hongxia Liu and Shulong Wang 

Section 30 Advanced Antenna and Arrays for Radar and Imaging Applications 

A Controllable Range Resolution Enhancement Method for Coherent FDA Radar............................1963 
  Yu Lei, Zhang Qilei, He Fang, Li Jian and Lu Tingkun 

FDA-3D-SAR imaging based on Bayesian compressed sensing..........................................1968 
  Jing Zhang, KeFeiLiao, WenXinRen and XingXiangShi 

Design of Ridge Gap Waveguide Slot Antenna Array for Millimeter Wave Radar.............................1972 
  Shuai Ma, Hanyu Xie, Haoran Zu and Bian Wu 

Study on Horn Antenna with a High Gaussian Coupling Efficiency........................................1976 
  Li Cheng, Fuwei Wu, Yang Zhou, Dasheng Li, Yuhao Yang and Lin Jin 



Optimization of a Sparse Uniform Linear Array for Cylindrical Wave Synthesis..............................1980 
  Cong Hao and Xiaojian Xu 

A Broadband Reflectarray for Millimeter Wave Applications............................................1985 
  Quan Wang, Bang Jun Che, Li Wei Zhang, Yi Jie Wang and Mou Ping Jin 

Sidelobe Suppression by Phase-only Tapering with Integer Linear Programming.............................1989 
  Ke Miao, Yi Zhang, Chen Yao and Houjun Sun 

Design of A Wideband Low Sidelobe Waveguide Monopulse Antenna in Ka-Band...........................1993 
  Hong-Tao Zhang, Gui-Lin Sun, Yu-Ru Rao, Guang-lin Zhang and Wei Wang 

Design of an Ultra-Wide-Band Polarization Selective Reflectarray........................................1997 
  Jiawei Ren and Hongjian Wang 

A Method to Improve OAM Mode Purity Based on Antenna Array........................................2001 
  Dandan Liu, Wei Wu, Yufang Li, Liangqi Gui and Tao Jiang 

Fast human body scan for security inspection based on multi-mode vortex electromagnetic wave................2006 
  Xiankang Zhang, Kun Lv, Hui Ma, Shuai Shao, Jiaqi Wei and HongWei Liu 

Section 31 Advanced Mathematical Theory for Robust Parameter Estimation in MIMO Radar 

Atomic Norm Minimization Based DoA Estimation with Lens Antenna Arrays..............................2011 
Fuwang Dong, Wei Wang and Bin Xue 

Two-Dimensional DOA Estimation by Using Two Parallel Coprime-Nested Arrays*..........................2016 
Fenggang Sun and Peng Lan 

Improved DOA Estimation with Extended Coprime MIMO Radar........................................2020 
Jianfeng Li, Xin Lai, Xiaofei Zhang and Mengxing Huang 

A Robust Coprime Array Interpolation Method for DOA Estimation in Unknown Nonuniform Noise.............2024 
Jiawen Yuan, Gong Zhang, Xinhai Wang, Fangqing Wen, Yu Zhang and Changyun Qi 

Robust Beamforming Based on Covariance Matrix Reconstruction and ADMM.............................2029 
Pengcheng Gong, Zhaobin Wang and Kaiyan Xu 

A nonconvex approach for line spectral estimation....................................................2034 
Xunmeng Wu, Zai Yang and Zongben Xu 

Two-dimensional DOA Estimation Based on Reweighted Decoupled Atomic Norm Minimization...............2039 
Jiaqiang Peng and Guimei Zheng 

Waveform Design of Conformal MIMO Radar for Polarization Parameters Estimation........................2044 
Xin Wang, Shenghua Zhou, Xiaojun Peng, Hui Ma and Yunhe Cao 

Section 32 Intelligent Data Fusion for Target Detection, Classification, and Tracking 

Cooperative Enhancement of Ship Targets in SAR Images Based on Density Features.........................2050 



  Xueqian Wang, Gang Li and You He 

 
Multi-channel SAR moving target detection based on simulation samples and transfer learning..................2054 
   Xuefei Li, Di Wu and Daiyin Zhu 

 
Fusion of Spaceborne and Airborne SAR Images via Target Proposal and Polarization Information Exploitation for Vessel 
Detection....................................................................................2058 

Dong Zhu, Xueqian Wang, Yayun Cheng and Gang Li 

 

A Prototype for Wideband Forward-looking Imaging Radar in W-band....................................2062 
Rongyan Xi, Yiming Liu, Tianyao Huang, Lei Wang and Dingyou Ma 

 
A Robust Nonlinear Filter for Doppler Radar Target Tracking............................................2066 

Yaowen Li, Gang Li, Yu Liu, Xiaoping Zhang and You He 

 
Bayesian-LSTM Flight Trajectory Prediction........................................................2070 

Yin Yue and Xiangdong Meng 

 
Density-Based STAP for Detection of Range-Spread Targets............................................2074 

Zhizhuo Jiang, Xueqian Wang, Gang Li, Yu Liu and You He 

 
Improved SSD Framework for Automatic Subsurface Object Indentification for GPR Data Processing............2078 

Zhen Wang, Tian Lan, Xiaodong Qu, Sheng Gao, Zhichao Yu and XiaoPeng Yang 

 

Section 33 Multi-Sensor Information Fusion 

Cross Sensor Transfer Learning for Unsupervised SAR Target Detection...................................2082 
Yu Shi, Lan Du, Yuchen Guo and Jian Chen 

 
A Spatial Variant Phase Compensation Algorithm for Bistatic ISAR Imaging of Maneuvering Targets Based on Optimal 
Parameter Estimation...........................................................................2087 

Jiabao Ding, Jiadong Wang, Yachao Li and Ziyue Sun 

 
Experimental research on UWB channel and DF algorithm based on EKF..................................2091 

Sun Yuzhe, Yan Xuezhi, Yang Fen, Chai Jiahui, Chen Peng and Wang Wei 

 
 
SAR Target Classification Based on Knowledge Distillation.............................................2095 

Zhaocheng Wang, Xiaoya Fu and Ruonan Wang  

 
Spatial Registration Based on Weighted Fusion of Multiple Significant Targets..............................2099 

Yajun Zeng, Ruoshui Li, Likang Zhu, Shaoming Wei, Jun Wang and Hongyu Yi 

 

A dual-mode navigation algorithm based on Infrared and SAR information fusion............................2103 
Yanjiao Yang, Guangzhou Qu, Bo Li, Meng Ma, ShuaiShuai Liu and Qingxi Chi 

 
Multisensor Measurements Clustering Using Affinity Propagation........................................2107 

Xianglong Bai, Hua Lan, Zengfu Wang, Quan Pan and Dandan Diao 

 
Energy-Constraint Resilient Consensus for Multiagent Systems Under Denial-of-Service Attack................2113 

Kunpeng Pan, Quan Pan and Yang Lyu 

 
Domain Adaptation Based Multi-Source Data Fusion for Pattern Classification..............................2118 

Liang-bo Ning, Zhun-ga Liu and Zuo-wei Zhang 



A New Ship Detection Method With Limited Labeled Data In SAR Imagery................................2123 
Tao Yang, Zhun-ga Liu, Zai-dao Wen and Jean Dezert 

Section 34 Artificial Intelligence (AI) Applications in Radar Signal Processing 

Velocity Estimation of SAR Moving Ship via CV-EstNet...............................................2128 
Yun Zhang, Qinglong Hua, Yicheng Jiang, Hongbo Li and Dan Xu 

Space-Time Adaptive Processing Using Convolutional Neural Network...................................2132 
Xiang Li, Keqing Duan, Xingjia Yang and Yugang Wang 

Individual Intelligent Recognition Method Based on Fingerprint Features of Radar Emitter.....................2137 
Zhongwei Liu, Hongwei Gao, Jie Chen, Dongming Zhou, Yingchun Li, Shuyan Sun and Rongrong Xiang 

G-SM-CAM: A Fast Visual Understanding of CNNs in SAR Images Interpretation...........................2142 
Jingyuan Fan, Zhenpeng Feng, Hongbing Ji, Mingzhe Zhu, Bo Zang and Linlin Ding 

Target Segmentation Based Adversarial Attack for SAR Images..........................................2146 
Bowen Peng, Jingyuan Xia, Bo Peng, Jie Zhou, Shuaifeng Zhi and Yongxiang Liu 

Ionospheric Clutter Image Segmentation Method of High Frequency Surface Wave Radar Based on the Improved Deeplab 
Network.....................................................................................2151 

Zhe Lyu, Changjun Yu and Aijun Liu 

Deep Unfolding of the Half-Quadratic Splitting Algorithm for ISAR Image Super-resolution...................2155 
Zhixiong Yang, Jingyuan Xia, Tianrui Liu, Shuaifeng Zhi and Zhen Liu 

Sensor Selection of Distributed MIMO Radar for Target Localization......................................2160 
Jingjing Guo, Haihong Tao and Liang Shi 

Periodicity Estimation Method for RCS Sequence based on Convolution Self-Attention Network................2164 
Xuesong Jiang, Sheng Deng, Xilan Tian and Hongjun Cai 

Semi-supervised Open-set Recognition of Radar Active Jamming........................................2168 
Hao Li, Xueli Fang, Lei Zhang, Hui Kang and Wei Zhang 

Application of Feature Selective Auto-encoder in Aero Target Recognition.................................2172 
Sheng Deng and Xiaonan Guo 

Multiple information cognition of interrupted sampling repeater jamming in complex scenes...................2176 
Yunyun Meng, Lei Yu and Yinsheng Wei 

A Density Based Unsupervised Learning Method for Radar Target Route Estimation..........................2180 
Yiwen Nie, Junwei Liu, Min Ma and Junfeng Jin 

Optimization of Distributed Jamming Signal of Space-Time Adaptive Radar................................2184 
Gaogao Liu, Xin Xi, DongJie Huang and Wenbo Yang 

Clutter Environment Perception via Residual Network Equipped with Pyramid Split Attention..................2188 
Xiangfeng Qiu, Xinyu Zhang, Bingchao An, Kai Huo, Jianwei Su and Weidong Jiang 

Radar High Range Resolution Rrofile Attitude Estimation Based on Neural Network.........................2192 
Dehao Wang, Zhihe Xiao, Jing Sheng, Hao Liu and Gaogui Xu 



 
Layered Media Inversion Network Applied in Ground Penetrating Radar...................................2196 

Renjie Liu, Yixuan Li, Peng Yin, Haoran Sun, Zengdi Bao and Xiaopeng Yang 

 
Deep Learning-Based Network for Underground Dielectric Target Reconstruction...........................2200 

Haoran Sun, Renjie Liu, Peng Yin, Conglong Guo, Tian Lan and XiaoPeng Yang 

 
Rebar Radius Retrieval by Deconvolution and Convolutional Neural Network in Ground Penetrating Radar........2204 

Conglong Guo, Peng Yin, Haoran Sun, Zengdi Bao and Xiaopeng Yang 

Section 35 Machine Learning and Optimization for Radar Signal Processing 

Deconvolution Technique for InSAR Phase Restoration................................................2208 
Jian Kang and Zhe Li 

 
Reinforcement Learning-Based UAVs Resource Allocation for Radar-Communication Integrated System.........2212 

Min Wang, Peng Chen, Zhimin Chen and Zhenxin Cao 

 
SAR Image Low Scattering Region Extraction Based on Multi-module Fusion Network.......................2216 

Xiaqing Yang, Tingjun Chen, Yuanyuan Zhou and Jun Shi 

 
Dimensionality reduction by regularized least squares weighted discriminant projection.......................2220 

Tian Qiang, Zhaolei Liu, Qiang Huang, Zhi Zhang, Zhanye Chen and Hanwen Chen 

 
A Moving Target Detection Method Based on NPET-RPCA for SAR Systems...............................2224 

Yifan Guo and Yingmin Wang 

 
An efficient parameter estimation approach before target detection for LFMCW radar using FFT................2228 

Yan Wang, Benzhou Jin, Gang Wu, Yuan Yao, Jie Li and Xiaofei Zhang 

 
Enhanced Signal processing method for Integrated Detection and Jamming System Considering the Complex 
Environment................................................................. .2233 

Shiyuan Zhang, Xingyu Lu, Jianchao Yang, Weimin Su and Hong Gu 

 

Hybrid Beamforming for Minimum Outage via Stochastic Approximation..................................2238 
Yunmei Shi and Yi Huang 

 
 
Micro-movement Parameters Estimation of Wind Turbine Multipath Echo..............................2243 

Zhang Heng, Zhang Congsheng, Lin Qiang and Zhang Kun 

 
The Low Cost DOA estimation Method for LSS-Target via Intelligent Reflecting Surface System and Deep Neural 
Network....................................................................................2248 

Zhimin Chen, Peng Chen and Shuran Sheng 

 
Underdetermined DOA Estimation for Coherent Signals With Moving Sparse Circular Array...............2254 

Yunlong Yang, Guojun Jiang, Xiaochen Lu, Fengde Jia and Lei Zhang 

 

Radio Signal Smart Deception Based on Adversarial Learning...........................................2259 
Shuting Tang, Mingliang Tao, Jia Su, Yifei Fan, Ling Wang and Tao Li 

 
SIDOND: Single-Input Dual-Output Network for Radar Target Detection in Complex Environment..............2263 

Lu Shen and Hongtao Su 

 
Multiresolution Jamming Recognition with Few-shot Learning..........................................2267 



Xinyi Tian, Baixiao Chen and Zhaoming Zhang 

Sandbox: a novel algorithm for object recognition using millimeter wave radar..............................2272 
Qingyue Zhang, Yongqing Chen, Xianjie Lin, Yuxuan Wu, Yuxuan Chen and Yan Huang 

Parameter Estimation of Layered Media Based on GPR Time-Frequency Spectrum Inversion...................2277 
Yixuan Li, Haoran Sun, Peng Yin, Renjie Liu, Tian Lan and Xiaopeng Yang 

Section 36 Electronic intelligence 

An Improved Smoothed lp Norm Minimization Algorithm for Direction of Arrival Estimation.................2282 

Zejing Rao and Xinyang Cao 

Extended SPICE Algorithm Based on the Group Sparse Model...........................................2286 
Yue Xiao 

Estimation of 2-D DOA for Coherently Distributed Non-circular Sources..................................2290 
Qingqing LIN, Jing MENG, Jia XU and Xuepan ZHANG 

DOA Estimation of Uniform Linear Array Based on Improved Whitening and RobustICA.....................2296 
Dandan Zhao 

A Novel Intelligent Wireless Sickroom Monitored by Micro-wave Sensors.................................2300 
Liang Li, Yimeng Zou, Mulan Zou and Guanghu Jin 

Weight Optimization Via Maximum Entropy Criterion for SPICE........................................2303 
Yu Zheng, Ming Diao and Muran Guo 

Off-Grid Sparse Bayesian Learning Algorithm for Compressed Sparse Array................................2308 
Limin Guo, Siqi Xiao and Muran Guo 

Dilated Fractal Nested Array on Moving Platform.....................................................2313 
Mengwei Zhou, Guodong Qin and Duofang Chen 

Dealing with Doppler Migration for Passive Radar Based on Airborne High Speed Platform....................2317 
Jing Fulong, WANG Yanwei, QIN Zhaorui,  LIU Zhong, Wang Chenghan 

Pulse Group Extraction of Multi-function Radar......................................................2322 
Shiqian Kang, Cong Wang and Zhangmeng Liu 

Section 37 Intelligentization of guidance radar 

Radar Polarization Diversity Technology for Low-altitude Targets.....................................2326 
Mengqi Zhang, Lin Peng, Yan Liang, Yufei Wang and Jie Cui 

Progress and Prospects of Anti-drone Radar Detection Technology........................................2331 
Ping Wang, Jing Luo, Jiwei Tang, Yi Qin, Jie Cui and Liangjun Zhang 

An adaptive strong tracking Cubature Kalman filter based on noise estimation...............................2335 
Wenhui Ji, Kun Qin, Haojuan Yuan, Heng Xu, Dan Jiang and Hongjing Fu 



Dimension Reduction for Grid-Based 2D DOA Estimation With Arbitrary Planar Arrays.......................2339 
Chunlei Zhao, Chanjuan Zhao, Yewei Chen Zhangxing Qi and Zhou Ye 

Research and Realization of Adaptive Digital Beamforming Technology Based on Spatial Spectrum Estimation....2344 
Yan Liang, Anqi Xu, Mengqi Zhang, Hengfeng Zhai and Haojuan Yuan 

An Efficient Coherent Integration Method for High-Speed Maneuvering Target with Nonlinear Motion...........2350 
Yuchao Yang, Ming Fang, Chunlei Zhao and Qichao Zhao 

Target Detection and Localization using an EMVS in the Presence of a Strong Jamming.......................2356 
Linna Li and Jin He 

Section 38 Compressive parameter estimation techniques and applications 

On Compressive Toeplitz Covariance Sketching......................................................2361 
Wenzhe Lu and Heng Qiao 

Grid-Less DOA Estimation via Sparse Linear Array Using One-Bit Measurements...........................2366 
Yu Xia and Feng Xi 

A Measurement Matrix-Based Deceptive Jamming Suppression Method for Compressive Sensing Radar..........2371 
Yu Tao, Chengyi Liu and Jingya Zhang 

Maximum Likelihood Direction-of-Arrival Estimation via Rank-Constrained ADMM........................2376 
Zai Yang and Xinyao Chen 

Reconstruction of Targets Based on Adaptive Complex l1 Reweighted Minimization via Homotopy...............2381 
Chaoxu Wang, Lixiang Ren, Minghui Sha, Erke Mao and Huayu Fan 

Target parameter estimation approach for FDA-MIMO radar in spatial colored noise..........................2386 
Yuehao Guo, Xianpeng Wang and Xiang Lan 

An Adaptive SVT-Based Matrix Completion Method for DOA Estimation in Nonuniform Noise................2390 
Peiling Wang, Jinfeng Zhang and Bin Liao 

Section 39 Graph Signal Processing 

Forecasting the Spread of COVID-19 Based on Differential Transfer Graph Neural Network...................2395 
Chengjin Qin and Mou Ma 

Multi-target Direction-of-Arrival Estimation Method Based on Graph Signal Processing......................2399 
  Zerui YU, Kefei Liao, Junzheng Jiang and Ningbo Xie 

Enhancement of  metasurface aperture  imaging  via information -theoretic  waveform optimization
a l g o r i th m.................................................................2 4 0 3 
  Shuo Zhang, Shuojing Jin and Fengzhou Dai 

Simulation and Interpretation of Multi-path Propagation in Multi-layer Structure by Ray-Tracing Algorithm.......2407 
  Xiaozhen Zeng, Shuxian Wu, Longxiang Wang and Feng Xu 



 
Facial Expression Recognition based on a Dual Graph Convolutional Network..............................2412 
  Wanli Lu, Hui Tang and Li Chai 

 

Section 40 Radar, Broadcasting and Big Data Analytics 

Analysis on Wind Profiling Radar Data of a Rainstorm at Lin’an.........................................2417 
  Gao Zhuyu, Yang Ming and Zeng You 

 
An Improved Deep Network with Fusion of Physical and Residual Information for Radar Echo Extrapolation......2423 
  Zhiyun Yang, Hao Wu, Qi Liu and Xiaolong Xu 

 
Tracking Stream Quality Issues in Combined Physical and Radar Sensors for IoT-based Data-driven Actuation.....2429 
  Oluwaseun Bamgboye, Xiaodong Liu, Peter Cruickshank, Qi Liu and Yonghong Zhang 

 
Analysis and modeling of Internet user interest evolution...............................................2435 
  Junyu Wang, Junfeng Man, Qiang Liu and Kondwani Michael Kamoto 

 

Section 41 Low Probability of Intercept Techniques for Cognitive Radar Systems 

Joint Route Optimization and Multi-Dimensional Resource Management for Multiple Airborne Radars System in Target 
Tracking..................................................................................2441 
  Chenguang Shi, Xiangrong Dai, Sana Salous and JianJiang Zhou 

 
Joint Optimization of Radar Assignment and Resource Allocation for Target Tracking in Phased Array Radar 
Network..................................................................................2445 
  Chenguang Shi, Zhao Shi, Sana Salous and JianJiang Zhou 

 
Joint power and bandwidth allocation algorithm for radio frequency stealth radar............................2448 
  Cong Du, Zhenkai Zhang and Ru Jia 

 
The Detection of Range Spread Target Based on Weighted Amplitude Iteration..............................2453 
  Weiqiang Yu, Fei Wang and Chenguang Shi 

 
 
Range and Velocity Estimation for Multi-symbol OFDM-based Integrated Radar and Communications Systems....2457 
  Xiaojiang Wang, Zhenkai Zhang and Hamid Esmaeili Najafabadi 

 
Cooperative Node Selection and Dwell Time Allocation for Multi-Target Tracking in Multiple Radar Networks with 
Imperfect Detection Performance.................................................................2461 
  Zhicheng Tang, Chenguang Shi, Jianjiang Zhou and Sana Salous 

 
Cognitive Radar Waveform Optimization Based on Improved Bald Eagle Search Algorithm....................2466 
  Ru Jia and Zhenkai Zhang 

 
Optimal Radiation Sequence Arrangement For Low Probability of Intercept................................2471 
  Chaoqun Yang, Qi Hu, Heng Zhang and Yu Zheng 

 
Power Control Game Between a Dual-Function Radar-Communication System and a Jammer..................2475 
  Wu Jiale, Shi Chenguang and Zhou Jianjiang 



 
LPI Waveform Design by Utilizing Environmental Background Power Spectrum..........................2480 
  Ruixiang Hao, Xinyu Liu and Tianxian Zhang 

 

Section 42 High Resolution SAR/PolSAR Image Intelligent Interpretation 

Satellite Attitude Estimation Based on ISAR Image Sequence Interpretation................................2484 
  Jiadong Wang, Yachao Li and Ming Song 

 
Precise Instance Segmentation Network for HighResolution SAR Images..................................2488 
  Xiangfeng Zeng, Shunjun Wei, Shan Liu, Jun Shi and Xiaoling Zhang 

 
Generalized Zero-Shot Recognition of SAR Target via Conditional Disentangled Learning.....................2492 
  Jun Guo, Ling Wang, Daiyin Zhu, Gong Zhang and Xiyue Ruan 

 
Automatic Extraction of Supraglacial Lake using SAR Imagery and Deep Learning..........................2496 
  Jiang Di, Li Xinwu, Gong Chen, Hong Wen and Wu Yirong 

 
Channel Attention-Driven Recurrent Feedback Neural Network for Ship Detection in SAR Images..............2500 
  Tian-Yu Ma, Heng-Chao Li, Ze-Chen Li, Shuang-Shuang Li, Wen-Shuai Hu and Fan Zhang 

 
Unsupervised Classification for Polarimetric SAR Images Based on Cross -View Tensor Product Graph 
Diffusion..................................................................................2505 
  Meilin Li, Huanxin Zou, Zhen Dong, Juan Wei and Xianxiang Qin 

  
A Comparative Study of Single-polarized and Polarimetric SAR Images Applied on Unsupervised Classification...2509 
  Junrong Qu and Xiaolan Qiu 

 
Superpixel Generation for SAR Image Based on Fast Clustering and Merging with Edge Penalty................2513 
  Liang Zhang, Deliang Xiang, Tao Liu and Yi Su 

 
SAR Image Segmentation Based on Fast Superpixel Clustering..........................................2517 
  Wei Zhang, Wenbo Jing, Deliang Xiang and Yi Su 

 
K-means without K in multi-view SAR clustering.....................................................2521 
  Xiaoyan Zhou, Tao Tang and Gangyao Kuang 

 
High-resolution Coastline Extraction in SAR Images via MISP-GGD Superpixel Segmentation.................2525 
  Odysseas Pappas, Nantheera Anantrasirichai, Byron Adams and Alin Achim 

 
Metric-based Meta-Learning Model for Few-Shot PolSAR Image Terrain Classification.......................2529 
  Peng Zhang, Chenbing Liu, Xingshuo Chang, Yachao Li and Ming Li 

 
A Multi-Channel Convolutional Neural Network for Soil Moisture Estimation Using Combination of Polarimetric  
Channel in PolSAR Data........................................................................2534 
  Junlang Li, Deliang Xiang and Yin Qiang 

 

Section 43 Resource allocation schemes for mono-static/multi-static radar systems 

Transmitters Selection in Distributed MIMO Radar Network with Partially Correlated Signals...............2539 



  Yanxi Lu, Shuangli Liu, Hai Zhang and Hua Lin 

 
Jamming Resource Allocation for Multi-jammer Cooperatively Suppressing Netted Radar Systems..........2543 
  Jun Sun, Dalin Zhang and Wei Yi 

 
The design and implementation of cooperative surveillance task planning software for regional radar chain........2547 
  Chi Zhang, Bingning Li, Xian Zhang and Duochun Zhao 

 
Online Beam Scheduling for Multi-Target Tracking in Linear Wireless Array Radar..........................2553 
  Haiwei Ren, Wei Yi, Xiujuan Lu and Chengxin Yang 

 
Target Detection with Optimal Power Allocation and Quantization for Distributed MIMO DFRC System..........2559 
  Yuanshuai Li, Xin Ren, Shuyu Wang, Yi Han and Tianxian Zhang 

 
Resource Allocation for Multiple Target Tracking in Active and Passive Radar Network.......................2564 
  Jinhui Dai, Xiuci Mo, Wenqiang Pu, Junkun Yan, Penghui Wang and Hongwei Liu 

 
Multi-Sensor Control for Distributed Multi-Target Tracking with Limited Sensor Fields-of-view................2569 
  Ke Chen, Lei Chai and Wei Yi 

 
ESM and detection cooperated jamming strategy.....................................................2575 
  Hengwei Li, Yi Han, Kefan Zhang and Tianxian Zhang 

 
5G Multi-Base Station Optimal Deployment for Communication and Illegal UAVs Detection...................2580 
  Meng-Ai Zhang and Tianxian Zhang 

 

Section 44 Distributed Radar 

Distributed ISAR spatial spectrum analysis and its influence on sparse recovery.............................2584 
  Li Yuanyuan, Fu Yaowen, Zhang Wenpeng and Yang Wei 

 
The LCMV Pattern Synthesis Based on Partition Optimization for Cooperative Detection using UAV Swarm.......2589 
  Xingjia Yang, Keqing Duan, Xiang Li and Yugang Wang 

 
A New Bias Pseudo-Measurement Method for Distributed Sensor Bias Estimation...........................2595 
  Kan Shu, Xianrong Wan, Jianxin Yi and Ziping Gong 

 
Centralized Multiple Moving Target Detection Using Multistatic Radar System..............................2600 
  Shiyu Zhang, Yu Zhou, Linrang Zhang, Lan Du, Zhenghe Zhang and Song Cheng 

 
A Novel Working Model for Distributed SpaceBased Early Warning Radar.................................2604 
  Tianfu Zhang, Zhihao Wang, Ning Qiao, Shuangxi Zhang, Mengdao Xing and Yongliang Wang 

 
Array Partition Angle Measurement Method for Distributed Array Radars in Mainlobe Jamming................2608 
  Jiyu Gai, Xinliang Chen, Zhennan Liang, Quanhua Liu and Jiang Wei 

 
Requirement Analysis of Airborne Multi-platform Distributed Coherent Radar..............................2612 
  Chengjun Lu, Xiaobo Deng and Qinzhen Hu 

 
A Novel DEM Imaging Algorithm for Complex Terrain Based on GNSS-InBSAR System.....................2616 
  Jian Gao, Feifeng Liu, Zhanze Wang, Ruihong Lv and Zhixiang Xu 

 
A PS points selection algorithm based on edge detection for GNSS-based InSAR system.......................2621 
  Zhixiang Xu, Feifeng Liu, Zhanze Wang, Chenghao Wang and Jian Gao 



 
Clutter Spectrum Estimation for Distributed Small Satellite Space-based Early Warning Radar..................2626 
  Ning Qiao, Shuangxi Zhang, Yongliang Wang, Tianfu Zhang and Zhihao Wang 

 
Performance Bounds for Joint Estimation of Target Parameters and Radar System Deviations Based on Direct-Path 
Signal..................................................................................2631 
  Hongjie Liu, Yaning Dong, Huizhu Zhu, Feifeng Liu, Jiaxin Lu and Quanhua Liu 

 
The Design and Implementation of Multi-radar Signal-level Cooperative Detection System....................2636 
   Jianjun Ge, Huan Wang, Guanghong Liu and Wenchao Lv 

 

Section 45 Techniques and Applications of Radar Antennas and Their Radomes 

High Performance Slotted Waveguide Array Antenna of mm-Wave Radar...............................2641 
  Yun Sun, Minghui Yang and Xiaowei Sun 

 
A fully transparent broadband ionic liquid dielectric resonator antenna.................................2644 
  Jie Yu, Jianjiao Xu, Mengyao Liu, Chao Zhang, Dong Cheng and Gaosheng Li 

 
Design of Metasurface Aperture for Super-Resolution Computational Microwave Imaging.................2647 
  Haosheng Fu, Shuo Zhang and Fengzhou Dai 

 
A Design of Push-Broom Reflector Antenna.........................................................2652 
  Peng Guan, Bowen Zhang, Xi Li and Lin Yang 

 
Design of Ultra-Low Cross Polarization Aperture-Coupled Phased Array...................................2655 
  ChengYun Cao, ShunLian Chai and YiRong Liu 

 
Uncertainty Analysis of RCS Based on 3-D SAR Imaging...............................................2659 
  Yanqin Xu, Xiaoling Zhang, Tianwen Zhang, Yunqiao Hu, Yang Li and Sunjun Wei 

 
Fast Pattern Synthesis for Nonuniform and Conformal Antenna Arrays....................................2664 
  Kan Wang 

 
Wideband Aperture-Coupled Antenna Based on Silicon-On-Glass........................................2667 
  Yijie Wang, Quan Wang, Xiaolin Zhang and Mouping Jin 

 
Fast Near-field Computational Imaging with Deep Neural Networks......................................2671 
  Fafa Zhao, Zhenhua Wu, Xueli Pan and Lixia Yang 

 
Development of a high temperature resistant array type thin-walled unit radome.............................2675 
  Wen-qing Tong, Fang-zhen Zuo, Lu-jia Chen, Peng Zhang and Dong-guang Liu 

 
Inflatable Eight-Octave Conformal Linearly Tapered Slot Antenna for Radar Application......................2678 
  Chen Zichong, Feng Yang, Yu Jie, Pan Shaopen, Duan Chenhe and Li Gaosheng 

 
Wideband SIW Cavity-backed Microstrip Antenna for Wide-angle Scanning Phased Array.....................2681 
  Lijun Yi, Huaiqiang Yu, Yiting Yin, Ye Tian and Yantao Yu 

 
Design of Low-Frequency Tightly Coupled Dipole Array With Integrated Balun.............................2685 
  YiRong Liu, ShunLian Chai and ChengYun Cao 

 
An Ultra-wide Band Inclined Oblique-cone Antenna for High Power Pulse Application........................2689 
  Yanqing Cheng, Zuxue Xia, Yonghang Xiao, Weitong Ming and Qi Chen 



 
Design of Low-Frequency Tightly Coupled Dipole Array With Transformer Balun...........................2693 
  YiRong Liu, ShunLian Chai and ChengYun Cao 
 
High-Purity Dual-Polarized Leaky-Wave Antenna Based on Complementary Magneto- and ElectricCouplings.....2697 
  Hong-Wei Yu, Aidi Ren and Yong-Chang Jiao 

 
Weighted Randomly Overlapped Phased Array Design via Two-Stage Convex Programming...................2701 
  Hui Zeng, Zhen Hai Xu, Gong Qing Yang, Yu-Zi Liu, Zhi-Meng Zhang and Ji-Yuan Chen 

 
Experimental research on the structure model of the cable rod antenna.....................................2705 
  JinWei Wang, BaoFu Tang and YeQing Gu 

 
A Transparent Liquid Antenna With Ultra-Wideband and High Gain for Ku-band Application...................2711 

Chao Zhang, Jie Yu, Pei Xiao and Gaosheng Li 

 
An Ultra Wideband Optical Transparent Seawater Patch Antenna.........................................2715 
  Jianjiao Xu, Jie Yu, Mengyao Liu and Gaosheng Li 

 
Active Self-Tuning Metasurface Radome for High-Power Microwave.....................................2719 
  Yong Jin Zhou, Hong Xin Xu, Qiao Yu Li, Xiong Bin Wu and Shi Yi Xiao 

 
A Multi-band and Multi-functional Conformal Array Antenna...........................................2723 

Bing Fu, Han Cheng, Shaopeng Pan, Wanting Shen and Gaosheng Li 

 
Design of an S/X Dual-Band Shared Aperture Antenna Array............................................2728 

Pei Su, Rong Shen and Dan Sun 

 
Widening Circular Polarized Beam of An X-Band Feed Horn............................................2732 
  Rong Shen, Lun Luo and Yun Liu 

 
A Low-Profile Broadband Phased Array Antenna with Wide-Scanning Range...............................2736 

Dan Sun, Ruina Xing and Pei Su 

 

Section 46 Advanced RF/Millimeter-wave Component and Micro-system Module Technologies 

A 0.4–6 GHz LTCC-based Common Receiver Module for Multi-band Passive Radar.........................2739 
 Huaiqiang Yu, Mingyan Jiang, Lei Zhang, Xi Wang, Like Deng and Lijun Yi 

 
Microwave system of phased array radar based on multi-level blind matching technology......................2743 
  Guang Liu, Linhua Zheng and Dezhi Zhang 

 
Application of High Silicon Aluminum Alloy in the Field of Microelectronic Packaging..............2746 

Wang Na, Lei Ou, Zhao Yong, Luo Han Bing and Yang Zhen 

 
Highly Integrated 64-element Transmitting Sub-array for Ku-band Phased Array Antenna..............2750 

Zhenhai Li, Hang Lan, Fan Yang, Zhenbin Tu, Na Wang and Wei Shen 

 
A High Integrated 3d Packaged 64-Channel TR Module................................................2753 

Han-Bing Luo, Fan Yang, Hong-ying Zhang, Ou Lei and Chun-ping Li 

 
Study on Lightweight MMW 3D Transmitter Subarray.................................................2756 

Kai Chen, Lizheng Zhang, Guilian Chen, Jiaqing Zhao, Wei Shen and Yan Luo 

 



Rational Fitting with Weighted Iteration (RFWI) with Application to Band-Notched UWB Pyramidal Antenna.....2759 
Yuming Bai and Peter Gardner 

 
A Design of Broadband TR Module Based on 3D Silicon Package........................................2763 

Hongkai Ji, Yunyu Wang and Yong Liu 

 
High-power X-band dual-channel transmitting module for shipborne radar............................2767 

Hongying Zhang, Liang Zhang, Liang Zhu, Hanbin Luo and Yuan Chen 

 
Design of a new compact 4×4 Butler matrix for UWB applications........................................2771 

Hang Lan, Zhenhai Li, Yabin Li, Cichen Duan, Na Wang and Qi Qiao 

 
Research on integrated wireless communication and control Microsystems with thick-thin film hybrid technology based 
on double-sided cavity..........................................................................2775 

JunWei Ma, Jing Chen, BaiSen Guo, ZhenBin Tu, Ou Lei and Tao Zhao 

 
A novel Conformal T/R Module Based on Low Loss Flexible Printed Circuit Board...........................2779 

Mifeng Liu, Yi Zhou, Zhenbin Tu, Cheng Zhang, Kai Chen and Jiangbo Luo 

 
Compact Bandpass Filter Using Quarter-Mode Substrate Integrated Waveguide and Coplanar Waveguide with High 
Selectivity...................................................................................2783 

Zhaosheng He, Linhua Zheng and Runbing Han 

 

Section 47 Passive Radar 

Detection of weak target based on stretch processing and chirp-z transform in Passive Bistatic Radar.............2787 
Luo Zuo, Jun Wang and Nan Li 

 
A Novel Strong Clutter Supression Algorithm for Airborne Passive Radar..................................2791 

Jinxin Sui, Jun Wang, Gao Jie and Xiaoyun Fan 

 
Robust Direction of Arrival Estimation Method after Clutter Cancellation in Passive Radar.....................2795 

Ji Shen, Xianrong Wan, Jianxin Yi, Yun Tong, Weimin Zhang and Ziping Gong 

 
A Novel Interference Suppression Method for DTMB-based Passive Radar.................................2799 

Sicong He, Yuan Feng and Tao Shan 

 
Effects of Measurement Model on Target Tracking Performance for Passive Bistatic Radar.....................2804 

Baoxiong Xu, Jianxin Yi, Xianrong Wan, Feng Cheng, Ziping Gong and Xiongtao Fu 

 
Clutter cancellation in passive radar from the perspective of maximum likelihood............................2808 

Xiaoyong Lyu, Jin Xu and Jun Wang 

Structure Design of Wideband Receiver Based on Two-stage Dynamic Channelization........................2812 
Shuo Zhao, Xiongjun Fu, Jian Dong, Minwan Zhang, Ping Lang and Huiqian Du 

 

Section 48 Quantum Radar 

Investigation on the Advantages of Quantum Illumination Radar by Using Radar Equation.....................2816 
Rongyu Wei, Jun Li, Weihao Wang and Qinghua Guo 

 



Entangled Photons Based Particle-Level Temporal-Spatial Matching Processing in Quantum Radar..............2821 
Weihao Wang, Jun Li, Rongyu Wei and Qinghua Guo 

Research on Single-photon Passive Direction Finding Method...........................................2825 
Pei Xian, Feng Wu and Yongzhuang Pu 

Section 49 Automotive Radar 

Obstacle Height Estimation through Vehicular Radar Interferometry......................................2829 
Feng He, Xuyang Wu, Nan Liu and Minglei Yang 

A Novel Radar Antenna Design by an Adaptive Tent Chaotic Artificial Bee Colony Algorithm..................2834 
Yuanyuan Zhang, Jinghu Sun, Di Zeng, Kunpeng Wang

Automotive radar 4D point-cloud Imaging with 2D Sparse Array.........................................2838 
Jieru Ding, Wendan Ma, Zhiyi Wang, Hailong Kang and Min Wang 

Deep Model Based Road User Classification Using mm-Wave Radar...................................2843 
Shuai Guo, Penghui Wang, Jun Ding and Hongwei Liu 

NLOS Vehicle Detection and Localization for Automotive Application....................................2847 
Jingyue Zheng, Wenli Zhang, Shisheng Guo and Guolong Cui 

Potential of Reducing FMCW Radar Mutual-interference Using Nonlinear FM Signals........................2852 
Zhihuo Xu, Yuexia Wang, Jieqiong Luo, Meiqin Che, Han Wang and David Zhang 

DDMA-MIMO Radar Maximum Unambiguous Velocity Extension Based on Global Optimization Phase 
Modulation...................................................................................2856 

Hongfei Lian, Fugang Lu, Qiao Chen, Jiamin Long and Xueyao Hu 

Section 50 Integrated Radar and Communication 

Fundamental Limits on Detection With a Dual-function Radar Communication System........................2862 
Bo Tang, Zhongrui Huang, Lilong Qin and Hai Wang 

TI-ADC System Mismatch Error Estimation and Compensation..........................................2867 
  Ming Song, Meichen Yan, Ruipeng Zhang, Qiang Li and Jiadong Wang 

Waveform Design for Dual-Function Radar Communications Based on the MIMO Platform....................2871 
Zhongrui Huang, Chao Huang, Bo Tang and Lilong Qin 

Continuous Distributed Processing of Software Defined Radar...........................................2876 
Bing Li, Qiang Qiu, Shiqi Gong, Yongjun Liu and Yu Lei 

Reliability of Physical Layer in Context of Sensing and Communication Coexistence Environment..............2881 
Meng Liu, Minglei Yang, Kun Zeng, Zhaoming Zhang, Hao Lian and Guangjian Wang 

Multi-user Dual-function Radar-communications System Based on Circulating Code Array....................2886 
Qiuyue Zhang, Cunqian Feng, Yabin Gu, Linrang Zhang, Yu zhou and Zhanye Chen 



Integrated Radar and Jammer Waveform Design Based on PNFM-NLFM..................................2890 
  Zhuochen Chen, Shengqi Zhu, Yongjun Liu, Haichuan Li and Chilian Chen 

 
The Radar-Communication Integration based on the Frequency Diverse Array Beampattern....................2894 

Sheng Hong, Siyu Qu and Xiang Li 

 

Complementary Mismatch Filter Group Design for Joint Radar and Communications Waveforms...............2899 
Haichuan Li, Yongjun Liu, Guisheng Liao, Yufeng Chen, Wei Yin and Chilian Chen 

 
Dual-Use Signal Design for Radar and Communication via Pseudorandom Position and Phase Modulation........2903 

Xue Yao, Hui Qiu, Xianxiang Yu and Guolong Cui 

 
Multiobjective optimal waveform design for TDS-OFDM integrated radar and communication systems...........2907 

Min Tian, Yongjun Liu, Caipin Li, Wencan Peng, Tao Wu, Chongdi Duan and Chilian Chen 

 
A Low-Complexity Joint AOA and TOA Estimation Method for Positioning with 5G Signals...................2912 

Mengguan Pan, Peng Liu, Xiaodong Li, Shengheng Liu, Wangdong Qi and Yongming Huang 

 
LFM-MSK Spectrum Constraint Method Based on Pulse Edge Correction..................................2917 

Xingyu Zhang, Xiaodong Qu, Bowen Han, Wolin Li, Haoyu Meng and Xiaopeng Yang 

 

Section 51 Radar Structure and Radio Astronomy 

The Influence of Interval Error of Different Interval Index and Weighting Conditions on the Electrical Performance of 
Active Phased Array Antennas....................................................................2922 

Yuefei Yan, Songjie Yao, Yucheng Teng, Wenjuan Wang, Congsi Wang, Yang Wu, Guojun Leng, Dongming Ge and 

Paolo Rocca 

 

Research on FMEA and FTA of displacement actuator for radio telescope.................................2926 
Fei Xue, Qian Xu, Hong Bao, Binbin Xiang, Hui Wang and Xiaozheng Hou 

 
Neural Network Residuals Kriging Surrogate and Sobol Method-Based Geometric Sensitivity Analysis for Wire 
Bonding in T/R Module.........................................................................2931 

Shaoyi Liu, Yijiang Zhou, Song Xue, Wenjuan Wang, Congsi Wang, Zhihai Wang, Kunpeng Yu and Jing Liu 

 

A Service-Environment-Oriented Shape Reconstruction Method of Vehicle-borne Active Phased Array Antenna....2936 
Pengying Xu, Xiaoxian Xu, Yan Wang, Yucheng Teng, Congsi Wang, Dongming Ge, Mingkui Kang, Shuai Yuan and 

Xuezi Wang 

 

Shelter effect analysis of wind barrier on large radio telescope...........................................2941 
Shuai Li, Lirong Yuan, Peiyuan Lian, Xuezi Wang, Congsi Wang, Qian Xu, Na Wang, Gengxin He, Wulin Zhao, 

Yuanpeng Zheng and Kejia LEE 

 

Research on the influence of track unevenness on the pointing errors of NSRT...............................2946 
Letian Yi, Qian Xu and Hong Bao 

 

Research on the Wind Resistance Method of Valley Mouth based on Numerical Simulation.....................2950 
Feilong He, Qian Xu and Hong Bao 

 

Space mapping based extracts parasitic parameters of movable lead interconnection in microwave circuits.........2954 
Jun Tian, Yucheng Teng, Zhixiang Wang, Song Xue, Wenjuan Wang, Ruining Li, Congsi Wang, Le Zhang, Daxing 

Zhang and Qian Xu 

 

Wheel-rail fatigue modeling and rail weld life evaluation for large-aperture radio telescope.....................2964 



Hui Wang, Qian Xu, Hong Bao and Fei Xue 

 
Shafting Precision of Antenna Pedestal and Dynamic Characteristics of Angular Servo for Measurement Radar.....2968 

Wenjie He, Li Fang and Ziwei Bao 

 
A Hybrid Control Strategy for Radar Servo System....................................................2972 

Lin Zhang, Hongtu Xie, Feng Wang, Chao Xie, Qunle Fang, Yu Den, Jinjing Wang and Guoqian Wang 

 

A Simplified Simulation Method of Actuators for Active Adjustment of Panels of Large Antennas...............2977 
Chai, Ban, Feng and Xiang 

 
Design of Space-borne Deployable Mesh Antennas with Joint Clearances..................................2981 

Yali Zong, Duo Zhang and Shuaipeng Li 

 

Section 52 Recent Techniques in Designing Joint Radar (Sensing) and Communications 

Intelligent Reflection Surface Aided MIMO Radar System..............................................2985 
Deng Qijun, Zheng-Ming Jiang, Fang Mingwei, Li Qiang, Wang Xiaojun and Mohamed Rihan 

 
Design of a New Sensor Integrating Scatterometer and SAR to Observe Sea Surface Wind Field.................2990 

Hang Li, WenKang Liu, GuangCai Sun, MengDao Xing, ZhenHua Zhang and Jie Zhang 

 

Dual-Function MIMO Radar-Communications via Group Frequency Hopping Code Selection and PSK 
Modulation...................................................................................2994 

Huiying Zhang and Jianping Zheng 

 

Optimal Power Allocation for the Joint Radar and Communications With OFDM Waveform Transmission.........2999 
Xiaonan Xu, Yongzhe Li and Ran Tao 

 
Unimodular Waveform Design With Precise Spectrum Control and Good Correlation Properties................3004 

Xinyu Wu, Yongzhe Li and Ran Tao 

 
Hybrid Transmitter and Radar Receiver Design for OFDM Dual-Functional Radar-Communication..............3009 

Junjie Zeng, Ping Chu and Bin Liao 

 

Joint Transceiver Design for Radar Communications Spectrum Sharing via Alternative Minimization............3014 
Yuanhao Cui and Xiaojun Jing 

 

Section 53 Urban Environment Sensing with LOS and NLOS RF Signals 

Fusion Classification of Finer-grained Human Activity Using MIMO UWB Bio-Radar........................3019 
Fugui Qi, Yang Zhang, Hao Lv, Guohua Lu and Jianqi Wang 

 

Robust Indoor Target Tracking Based on Track Matching...............................................3023 
Huquan Li, Zhenchang Xu, Yang Zhang, Shisheng Guo, Guolong Cui and Lingjiang Kong 

 
Vital Sign Detection Using Multichannel FMCW Radar................................................3027 

Qu Lele, Liu Shujie, Guo Wenwen, Ma Shuang and Yang Tianhong 

 
Radio Tomographic Imaging in Wide-Beam Transmission and Narrow-Beam Reception Mode..................3036 



Yang Zhang, Jiahui Chen, Huquan Li, Shisheng Guo and Guolong Cui 

A Two-Stage Wall Parameter Estimation Algorithm for UWB Through-the-wall Radar........................3041 
Jiahui Chen, Yang Zhang, Yumiao Wang, Xiangdong Yuan, Shisheng Guo and Guolong Cui 

Wide-region Instantaneous Imaging Radar: Prototype System and Preliminary Results........................3045 
Zhang Qilei, Xu Long and Feng Wei 

Radar Multiple Targets Detection with Non-uniform Pulse Repetition Intervals..............................3049 
Zeyang Dai, Tao Fan, Na Gan, Xianxiang Yu and Guolong Cui 

A Micro-Doppler based human pose estimation framework for single-channel ultra-wideband radar..............3053 
Xiaolong Zhou, Tian Jin, Yongkun Song, Yongpeng Dai and Zhi Li 

Fall detection based on MIMO millimeter-wave radar..................................................3059 
Zizhou Ding, Xu Jiao, Binge Yan, Yong Jia and Shisheng Guo 

Vital Sign Detection of LFMCW Radar Based on Kernel Density Estimation................................3064 
Yue Yang, Shisheng Guo and Guolong Cui 

Improved Method of Human Vital Sign Parameters Estimation Based on Hilbert-Huang Transform..............3069 
Jingjing Liang, Yang Zhang, Shisheng Guo and Guolong Cui 

Visualization of Human Posture Based on Radar Time-Frequency Spectrogram..............................3074 
Yutao Xiang, Quan Tang, Guolong Cui, Shisheng Guo, Yong Jia and Chuan Chen 

CNN Based Joint Positioning and Pose Recognition of Concealed Human for 3D Through-Wall Imaging Radar.....3078 
Zhiyuan Xie, Jun Hu, Xuanming Zhang and Yu Xiao 

Continuous Arm Motion Recognition Using Twostream Spatial-Temporal Neural Network Based on Millimeter Wave 
Sensor......................................................................................3083 

Chengjin Zhang, Shuoguang Wang, Lei Yao, Shiyong Li and Qiang An 

Wall Effect Mitigation for Through-the-Wall Human Motion Detection Using a GAN Network.................3088 
Lei Yao, Shuoguang Wang, Chengjin Zhang, Shiyong Li, Houjun Sun and Qiang An 

Human Respiration Signal Extraction based on Multi-singular-spectrum-analysis............................3092 
Lei Qiu and Yize Fan 

Section 54 Weather Radar and Signal Processing Technology 

Ground Clutter Suppression for Weather Radar Using An Improved Wavelet Method.........................3096 
Shuna Zhang, Ling Wang, Daiyin Zhu and Ye Zhou 

Low-altitude Wind Shear Detection Method Based on Dual Tunable Q-factor Wavelet Transform for Airborne Weather 
Radar................................................................................3100 

Yanfei Han, Guo Yang, Yan Sun and Hai Li 

Estimation of Low-altitude Wind-shear Wind Speed based on DDD-EFA under Aircraft Yawing.................3106 
Hai Li, Kaihong Feng, Weijie Cheng and Ye Zhou 

Low-altitude wind-shear wind speed estimation based on improved auxiliary channel.........................3112 
Hai Li, Wenheng Yang, Ze Huyan, Congjian Yong and Fanwang Meng 



Section 55 Advanced Integration Technology for Radar 

Design of Constant Modulus Discrete Phase Sequence Set via IADPM Framework...........................3117 
  Zeyang Dai, Yi Bu, Xianxiang Yu and Guolong Cui 

Section 56 Microwave Photonics for Radars 

Photonics-based MIMO Radar for High-resolution 2D and 3D Imaging...................................3121 
  Fangzheng Zhang, Bindong Gao and Shilong Pan 

 
Advances in Integrated Microwave Photonic Signal Processors..........................................3124 
  Liwei Li, Suen Xin Chew, Shijie Song, Linh Nguyen, Robert Minasian and Xiaoke Yi 

 
A Novel Jamming Method of Combining Interrupted-sampling Repeater and Noise Convolution Modulation Assisted by 
Photon......................................................................................3128 
  Jiaqi Li, Ke Song, Ke Du, Yao Yao, Xiangzhen Yu and Manjun Lu 

 
Optoelectronic Oscillators for High-Quality Microwave Signal Generation.................................3132 
  Jiejun Zhang 

 
Dual-band high range-resolution microwave photonic radar based on coherent fusion processing................3137 
  Fengting Cao, Cong Ma, Yue Yang, Jiangtao Zhang, Xiangchuan Wang and Shilong Pan 

 
Dual-DDS based Microwave Photonic Coherent Radar System..........................................3141 
  Wu Zhang, Dong Liang, Di Wang, Jingwen Gong, Wei Jiang and Qinggui Tan 

 

Section 57 Sonar Technology 

DOA estimation of unknown frequency for vector hydrophone array based on baffle..........................3145 
  Pian Jin, Biao Wang, Yu Chen and Fangtong Xie 

 
Beamforming Based on Multi-Kernel Support Vector Machine...........................................3150 
  Cio Lin and Jiao Yameng 

 
SAS Doppler Estimation Based on Radon Transformation..............................................3154 
  Xuebo Zhang, Zhou Jin, Xiao Feng and Yaqian Liu 

 
Aiding AUV Localization Using a Dual-Sided Synthetic Aperture Sonar...................................3158 
  Shiping Chen, Cheng Chi, Pengfei Zhang, Peng Wang, Yu Li, Jiyuan Liu and Haining Huang 

 
Modulation Pattern Recognition of Underwater Acoustic Communication Signals............................3164 
  Luoyu Cheng, Yanmiao Li, Yangyu Bai, Mengjia Li and Feng-Xiang Ge 

 
Passive Source Localization using Coprime Arrays in Matched Field Processing.............................3167 
  Jiayi Li, Yong Wang, Jianbo Zhou and Yixin Yang 

 
Performance Evaluation for Underwater DOA Estimation based on Binary Measurements.................3171 
  Peng Xiao, Zhiqun Yang, Jie Li and Lingji Xu 



Section 58 Metamaterials for RCS application 

An X-band and Ku-band adjustable polarization insensitive AFSS reflector.................................3175 
  Yong Xu, Dejun Feng, Junjie Wang and Chenxiao Wang 

 
Water-based broadband bidirectional metamaterial absorber.............................................3178 
  Miao Cao and Xiaojun Huang 

 
Anomalous Reflection and RCS Reduction Based Ultra-wideband Polarization Conversion Metasurface..........3182 
  Huanhuan Gao and Xiaojun Huang 

 
Broadband Orbital Angular Momentum Beam Generation Based on the Discrete Dielectric Lens antenna..........3186 
  Yonghua Zhang, Baiping Li, Dong Li, Yuanguo Zhou and Bingyang Liang 

 
Multiple Orbital Angular Momentum Vortex beams Generation With Narrow Divergence Angle using metasurface..3190 
  Dong Li, Xiaobing Han, Yonghua Zhang, Yuanguo Zahou and Bingyang Liang 

 
A Four Bands Absorber Based on Zigzag Metamaterial.................................................3194 
  Jiao Chen, Jie Xiong, Sha Gong and Shan Liu 

 

Section 59 Intelligent Information Processing 

Multi-layer Multi-head Self-attention Model for Radar HRRP Target Recognition............................3197 
  Zequn Zeng, Bo Chen, Dongsheng Wang, Jianqiao Sun, Ruiying Lu, Jinwei Wan and Hongwei Liu 

 
Radar HRRP Signal Re-ID via Deep Learning........................................................3202 
  Yijin Zhong, Liangchao Shi, Zhenyu Kuang, Xiaotong Tu, Yue Huang, and Xinghao Ding 

 
Improving Black-box Adversarial Attacks on HRRP-based Radar Automatic Target Recognition................3206 
  Wei Lin, Liangchao Shi, Yijin Zhong, Yue Huang and Xinghao Ding 
 
System Architecture of Intelligent Radar............................................................3210 
  Zhou Hong, Tian Minghong, Guo Jianming, Wan Chao and Xu Yang 

 
Emergency application of Surface Water Detection Based on GF-3 Images—A Case Study from Henan...........3215 
  Yingbo Dong, Fangfang Li, Wen Hong, Xiao Zhou, Xiaohui Sun and Haiyan Yi 

 
Frequency Analysis For Non-uniformly Data in a Smart Radar Warehouse..................................3219 
  Baojun Song, Xianda Zhou, Jingyuan Fan, Penglong Ma, Zihao Qiu and Mingzhe Zhu 

 

Section 60 Brain-Computer Interfaces 

A Multi-Task Quadrotor Uumanned Aerial Vehicles Swarm Control System................................3224 
  Zhongbao Wang and Kuiying Yin 

 
Improving the SSMVEP Detection Performance by Introducing a Secondary Discriminant Mechanism...........3228 
  Wenqiang Yan and Yuhui Du 

 



Cognitive-Visual Fusion for Target Classification in Rapid SAR Image Series Visual Presentation...............3232 
  Wending Zhou, Zhuo Li, Xiang Wan, Ruimao Zhang, Liangcheng Qu, Zhen Li and Kuiying Yin 

Others 

Interference Suppression of Small Weak Scattering Targets in High-resolution SAR Image.....................3237 
Mingrui Chen and Xiaoqing Wang 

 
The Design of P-L band Digital Antenna Array.......................................................3242 
  Shuai Ji, Yang Guan, Jingdong Wang and Huanhuan Xie 

 
Realization and Optimization of Inverse Algorithm of QR Decomposition of Arbitrary Order Signal Autocorrelation 
Matrix Based on HLS...........................................................................3245 
  Yongzhou Yang and Liang GUO 

 
Using Phase Symmetry to Detect the Hyperbolic Region In GPR Images...................................3250 
  Pengyu Zhang, Liang Shen, Tailai Wen, Pengcheng Wang, Xiaotao Huang and Qin Xin 

 
Slow-time Randomly Missing Data Reconstruction for Skywave Over-the-horizon Radar......................3255 
  Baiqiang Zhang, Junhao Xie and Jie Zhou 

 
A Fast Learning Method for Optimal Jamming to Radar in Real-Time Environment...........................3261 
  Jun Wang, Licheng Ye, Shaoqing Mao and Shuai Liu 

 
BiLSTM Based Phase Modulation Detection of Radar Emitters..........................................3272 
  Sidra Ghayour Bhatti and Aamer Iqbal Bhatti 

 
BRIMA Model: Innovation Shapes Radar Future.....................................................3277 
  Dasong Deng, Yuhao Yang and Dasheng Li 

 
Resolution of Synthetic-Aperture Processing for Shipborne HF Hybrid Sky-surface Wave Radar................3281 
  Mingkai Ding, Peng Tong, Yinsheng Wei and Lei Yu 

 
Clutter Suppression Method of Inter-Pulse Frequency Agility Based on Zero Point Constraint...............3285 
  Jiang Jie, Gao Bo, Su Junhai and Li Yingjun 

 
High Fidelity Simulation of Radar Signatures for Low-flying Targets above Land Surfaces.....................3290 
  Nana Tang, Jianguo Tang, Lu Hao, Rui Wang and Xiaojian Xu 

 
An Adaptive Phase Noise Filtering Approach For Multi-Frequency Interferometric SAR......................3295 
  Zhen Wang, Zegang Ding, Yan Wang, Xinnong Ma, Linghao Li and Tao Zeng 

 
Hypersonic Target Track Initiation Method Based on Interactive Multiple Gate..............................3299 
  Haiyan Han, Song Xiao, Zhe Wang, Hequn Chen, Qingtian Yuan and Jian Li 

 
Analysis of the Efficient Transmision of Optical Fiber Radar............................................3305 
  Ping Fang, Li Xie and Jian-Guo Xin 

 
Modified 3D Metamaterial Aperture Imaging Method Based on Back Projection Algorithm....................3309 
  Yuteng Gao, Wencan Peng, Chao Huang, Jiachen Xu, Min Wang and Jun Ding 

 
Fast Implementation of Signal Reconstruction based on Sparse Bayesian Learning with Fourier Dictionary........3313 
  Yuanyuan Wang, Shuojing Jin and Fengzhou Dai 

 
The RCS calibration method for on-orbit Lungeberg lens reflector........................................3319 



Peng Chen, Mingshan Wei, Jian Wu, Rui Zhang, Qiang Zhang and Zhenbiao Zhang 

Design Method of Radar Human-Computer Interaction Software Based on MBSE...........................3323 
  Tao Sun, Jun Luo, Jianxun Yang and Xiaodong Ling 

On-orbit calibration of the scatterometer on HY-2 using Active Radar Calibration............................3327 
  Lv Ailing, Cai Muren, Shi Haoqiang, Jin Anzhong, Xue Shiyu and Wang Xiaoning 

Influence of Marine Climate on Corrosion of Common Materials for Electronic Equipment...............3331 
Xue JIA

A Method of Solving Ambiguity Based on Single Baseline Rotating Interferometer...............3336 
  Yu Peng, Chundong Qi and Wenhua Wang 

Target Spatial-Frequency Scattering Response Sparse Approximation using Multi-static Radar Observations.......3341 
  Shenghua Zhou, Jiewen Cai, Chaoying Huo, Hui Ma, Xiaojun Peng




