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X-Band Dual-Polarization Radar Attenuation Correction Based on EMD Method

LI Hai', FENG Xinghuan', MENG Fanwang”
(1. Tianjin Key Lab for Advanced Signal Processing , Civil Aviation University of China, Tianjin 300300, China ;
2. Leihua Electronic Technology Research Institute, Aviation Industry Corporation of China, Wuxi 210403, China)

Abstract: Aiming at the attenuation phenomenon of the X-band dual-polarization radar signal in the rain
path, this paper proposes an empirical mode decomposition (EMD) method to correct the attenuation of the X-
band dual-polarization radar. First, the EMD decomposition of the total differential propagation phase shift is
performed to obtain a finite number of basic mode components (Intrinsic Mode Function, IMF), and based on
the Pearson correlation coefficient criterion, the IMF is divided into two types: noise IMF and signal IMF. Then,
the effective reconstruction of the signal IMF is done to obtain the differential propagation phase shift, and the
differential propagation phase shift rate is obtained by the least squares fitting of the differential propagation
phase shift. Finally, the calculated differential propagation phase shift and the differential propagation phase shift
rate are corrected by an adaptive constraint method for reflectivity attenuation. The comparative analysis of EMD
method and other methods shows that the EMD method can effectively eliminate the influence of backscattering
in the X-band dual-polarization radar echo data. It effectively suppresses the significant fluctuation of the diffe-
rential propagation phase while retaining the true meteorological information to achieve better attenuation correc-
tion effect.

Key words: dual linear polarization radar; differential propagation phase shift; empirical mode decomposi-

tion; attenuation correction
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A Fast Imaging Method for Vehicular Millimeter Wave FMCW MIMO Radar

HUANG Yilan', , LIU Qinghua'

(1. School of Information and Communication ., Guilin University of Electronic Technology . Guilin 541004, China ;

JIN Liangnian'*

2. Key Laboratory of Guangxi Wireless Broadband Communication and Signal Processing , Guilin 541004, China)

Abstract;

tion. Besides, the high-resolution algorithm has the problem of low engineering real-time performance. A fast

The sidelobe effect of existing conventional beamforming algorithms causes low azimuth resolu-

implementation method of high resolution imaging based on iterative adaptive algorithm (IAA) for vehicular mil-
limeter wave FMCW MIMO radar is proposed. Firstly, fast Fourier transform (FFT) is used to obtain the one-
dimensional range profile of the target. Then, the data covariance matrix and its inverse matrix of iterative adap-
tive algorithm (IAA) are calculated by FFT operator and Gohberg-Semencul (GS) factorization for each range
cell. Meanwhile, fast Toeplitz matrix vector multiplication is used to calculate IAA iteration value. In this way,

real-time performance of IAA for estimating scattering coefficient of target at all angles is improved. Simulation

and experimental results verify the feasibility and effectiveness of the proposed method.

Key words:

algorithm(FIAA) ; Toeplitz matrix vector multiplication
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Analysis on the Factors Influencing Positioning Accuracy of Firefinder Radar
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Abstract: The extrapolation algorithm of the firefinder radar is affected by many factors. To meet the needs
of the subsequent ballistic analysis, the factors which affects the positioning accuracy in the firefinder radar data
processing system are analyzed in detail, such as earth curvature, asynchronous time, model error, signal to noise
ratio, et al. Simulation is carried out by combining high precision radar measurement data and seven-state filte-
ring algorithm. The effects of various influencing factors on extrapolation precision are quantitatively evaluated.
The sequence of these factors is given according to their influence degrees on the positioning accuracy as : earth

curvature, asynchronous time, model error, and signal to noise ratio. On this basis, an improved method of tra-

jectory extrapolation for firefinder radar is proposed.

Key words: firefinder radar; positioning accuracy; earth curvature; the asynchronous time
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Parameter Design of Spaceborne TOPSAR Based on Azimuth Multichannel

CHEN Yue, YU Weidong
Abstract;

(1. Department of Space Microwave Remote Sensing System , Aerospace Information Research Institute , Beijing 100094, China ;

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

At present, TOPS(Terrain Observation by Progressive Scans) mode of spaceborne SAR bears

the important task of wide-swath observation. In this paper, combining with the technology of DPCMAB (Dis-
placed Phase Center Multiple Azimuth Beams), TOPSAR can realize higher resolution and wider swath. Due to

the periodic scanning in the range and azimuth directions, parameter design of system should consider the com-
prehensive effect and the result of multiple areas. A novel system parameter design process of multichannel

TOPS mode is proposed in this paper. According to the process, key parameters such as PRF, number of bands,
Key words:

time of Burst and channel distribution are designed. The last part of this paper analyzes the system performance

and proves that the system can achieve ideal imaging effect by using the designed results.
=]

spaceborne SAR; TOPSAR; DPCMAB; parameter design
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Research on Extrapolation Algorithm Based on Clustering Theory

LI Tongliang', ZHU Yong', YU Qiong®

(1. The 38th Research Institute of China Electronics Technology Group Corporation, Hefei 230088, China;
2. Army Engineering University of PLA. Nanjing 210007, China)

Abstract: To improve the positioning accuracy and conformance of emplacement reconnaissance radar, this
paper introduces clustering theory and establishes a ballistic extrapolation model based on K-means clustering.
The model uses seven-state UKF to filter the measurement data for many times, and then uses fourth-order
Runge-Kutta method for artillery position extrapolation. Finally, the results of multiple extrapolation K-means
clusterings are performed K-means clustering, and the cluster quality is obtained by using the comprehensive
multi-factor method. The clustering center corresponding to the optimal cluster is selected as the artillery posi-
tion output. Experimental results show that the trajectory extrapolation method improves the consistency of ex-
trapolation results and the location accuracy significantly.

Key words: UKEF filtering; trajectory extrapolation; K-means clustering; cluster quality
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An Improved Super-Resolution Algorithm Based on FFT and Iterative Interpolation

WANG Jing"?, WANG Muguang'?, GUO Yuxiao''?, LI Yan'*?
(1. Key Laboratory of All Optical Network and Advanced Telecommunication Network of Ministry of Education ,
Beijing Jiaotong University, Beijing 100044, China ;
2. Institute of Lightwave Technology . Beijing Jiaotong University, Beijing 100044, China)

Abstract: The fast iterative interpolation DOA (Direction of Arrival) estimation method based on single
snapshot effectively eliminates the spectrum leakage and realizes the unbiased estimation of multi-source DOA.
However, the algorithm needs to predict the number of sources, and has a large amount of calculation, so it is
limited in engineering applications. This paper proposes a new scheme. The algorithm uses traditional angle-do-
main FFT to provide a rough angle estimate, and then refines the angle by iterative interpolation. Finally, the
number of sources is estimated based on the residual power and information theory criteria. The algorithm does
not need to predict the number of sources, and the convergence strategy based on the residual change rate pro-
posed in this paper greatly reduces the number of iterations of the refined estimation, thereby effectively reducing
the amount of calculation of the original algorithm. The simulation results verify the effectiveness of the proposed
scheme. The performance of the scheme is close to the fast iterative interpolation beamforming algorithm in
terms of estimation accuracy and resolution, and better than the subspace algorithms.

Key words: array signal processing; iterative interpolation; super-resolution; passive estimation; low com-

plexity
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Research on GaAs HBT Device Model Based on Neural Network

XU Kun, ZHANG Jincan, WANG Jinchan, LIU Min, LI Na
(Electrical Engineering School , Henan University of Science and Technology . Luoyang 471023, China)

Abstract: An accurate device model is the necessary basis of integrated circuit design for GaAs heterojunc-
tion bipolar transistor (GaAs HBT). The process of building conventional empirical models is complicated, and
these empirical models are not very precise on modeling power characteristics, such as output power, gain, and
power additional efficiency. which brings difficulty to circuit design. In this paper, the radial basis function
(RBF) and back-propagation (BP) neural network algorithms are used to build GaAs HBT large-signal device
models. The training and testing data for these models are obtained from the two-port scattering parameters, di-
rect-current and power characteristics measurements, Comparison results of measured and modeled data show
that the device models based on neural network can accurately model device characteristics. Compared with the
BP neural network model, the RBF neural network model has less errors and more accurate prediction results.

Key words: GaAs heterojunction bipolar transistor; radial basis function neural network; back-propagation

neural network; device model
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Abstract; PS-InSAR is a powerful technology for high accurate ground deformation detection. The process-
ing flowchart of PS-InSAR for small observed scenes is investigated thoroughly, but it cannot be directly applied
to the super wide-swath scene deformation detection and SAR data processing. Herein, according to the problem
of real time ephemeris with low accuracy, a systematic timing error and orbit error calibration method is pro-
posed based on the auxiliary digital elevation model (DEM) , which improves the accuracy of the terrain intefero-
gram simulation. Then, for the variation of SAR images’ coregistration errors, the hierarchical “coarse to fine”
coregistration method is proposed, which eliminates the effect of the variation of coregistration errors on perma-
nent scatterer selection and the coherence degradation. Finally, the weighted combination method with geocoded
images is presented for the combination of multiple deformation results. The DEM-based system error correction
method is validated by using the simulated datasets. Furthermore, more than 2 000 images of Sentinel-1A, co-
vered 394 thousand square kilometers of Yunnan province, are used to investigate the effectiveness of the pro-
posed method. The processing results show the validity of the proposed method for system error calibration and
wide-swath deformation surveillance.

Key words: permanent scatter interferometric synthetic aperture radar(PS-InSAR); system error calibra-

tion; coregistration error variation; wide-swath deformation detection
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Abstract;

sign, electronic countermeasures, target detection, recognition and imaging, which is the key research direction

Radar cross section (RCS) calculation has important research value in the regions of stealth de-
of target electromagnetic scattering characteristics. For the RCS estimation of complex targets, the attribute
scattering center (ASC) model produces large errors in a wide angle, while the physical optics (PO) method
needs to perform occlusion discrimination on the surface element of the target surface at each observation angle to
accurately obtain the target RCS, which requires a large amount of calculation. Therefore, this paper proposes a
joint processing method that combines both advantages of ASC and PO, which analyzes and determines the at-
tribute parameter set of the target through the physical optics method at some observation angles and then quick-
ly estimate the target RCS at any observation angle and different frequencies by ASC model. The proposed meth-
od has more accurate results and less calculation compared with traditional ASC and PO. Finally, the FEKO
software simulation is used to verify the effectiveness of the proposed method.

Key words: radar cross section (RCS); attribute scattering center (ASC);

physical optics (PO); target

electromagnetic scattering characteristics
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Adaptive Vital Signal Extraction Method Based on FMCW Radar
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Abstract: To improve the adaptive extraction ability of vital signal of frequency modulated continuous wave
(FMCW) radar, the vital signal of human body at the distance dimension of the measured target position is ex-
tracted by improving the range resolution of the radar. The vital signal is decomposed by improved fast comple-
mentary ensemble empirical mode decomposition(IFCEEMD). Respiratory and heartbeat signals are separated by
the screening criteria from several intrinsic mode functions(IMFs). Experimental results show that the proposed
method can quickly and accurately extract respiration frequency and heartbeat frequency under different breathing
states, and effectively eliminate the interference caused by random body shaking.

Key words: frequency modulated continuous wave (FMCW) radar; vital signal; random body movement;
improved fast complementary ensemble empirical mode decomposition (IFCEEMD)
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HT WGAN-GP W % E #F & NESEIR Al
EBRE, EBW
RS AL R R 5 8 TR B, LT PR 110136)

B OE: ARSI ERANKR S EDTEAREZTARGRA, AR B A THEETORENE A R
34 W 26 (WGAN-GP) # 47 F ik #5335 5%, FIRE ARV Z M4 (DCNN) EHEAK TR Y 0 T AF 3 A
RN %, B IEITAAR B AT S AR 6 KPR IR 40k T K @ R BB AT TR SR AF B M S e s AL, R B
K WGAN-GP 34T b 9738 B 18 2B 38 3%, 505 A A A A h B8 5h DONN 84790 %, 55 3o 45 R & 9 1% A
WGAN-GP = VAR 2 % 5 & 5 9 R 2 19 4, A 32 % DONN AR Z) VR 4R 3] o 4 &

EEER AKSIEIRA; M5 E8; KBNE AR FEEARE W %

hESEKE . TNI5S XERARERS: A NXEHE.1672-2337(2022)02-0195-07

Human Activity Recognition Based on WGAN-GP in Micro-Doppler Radar

QU Lele, WANG Yutong
(College of Electronic Information Engineering , Shenyang Aerospace University, Shenyang 110136, China)

Abstract: To solve the problem of limited number of micro-Doppler radar data samples, Wasserstein generative
adversarial network-GP (WGAN-GP) is proposed to augment radar data for the human activity recognition, which can
make the deep convolutional neural network (DCNN) to be trained effectively even with small number of data samples .
Firstly, the micro-Doppler spectrogram images of various human activities are obtained by preprocessing the echo signal
of linear frequency modulated continuous wave radar. And then WGAN-GP is adopted for the augmentation of micro-
Doppler spectrogram images. Finally, the synthetic images are used to train the DCNN, Experimental results show that

WGAN-GP can effectively solve the problem of insufficient radar data and improve the classification accuracy of human

activity for DCNN.,

Key words: human activity recognition; micro-Doppler; WGAN-GP; DCNN
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Research on Dual-Band and Four-Channel Mixer SiP
Based on CBGA Package Technology

LIU Xiaozheng, QIU Yu, LIU Ming, MIN Zhixian
(The 38th Research Institute of China Electronics Technology Group Corporation, Hefei 230088, China)

Abstract: In modern radar system, the phased array radar still occupies a strong position with its unique ad-
vantages. The transmit/receive module as the core component plays an important role. With the requirement of
high integration, miniaturization and lightweight of components, the technology of system in package (SiP) is
developing rapidly. In this paper. a four-channel mixer SiP module integrating S-band and P-band is designed
based on ceramic ball grid array (CBGA) package, which integrates four S-band frequency conversion chips and
one P-band bidirectional amplifier chip, and can switch over four working modes. The high and low transmit gain
values of the four channels are about 30 dB and 14 dB, the high and low receive gain values of the four channels
are about 48 dB and 35 dB, which meets the design requirement. The mixer SiP was assembled on the printed
circuit board (PCB) with CBGA method and passed 100 cycles in —55~125 C temperature cycle test. The high

board-level reliability was verified.

Key words: ceramic ball grid array (CBGA) ; system in package; mixer; gain; reliability
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Feature Detection of Small Sea-Surface Target via Deep Network in
Time-Frequency Domain

LI Xiao, SHI Sainan, DONG Zeyuan, YANG Jing
(School of Electronic and Information Engineering , Nanjing University of Information Science & Technology ,
Nanjing 210044, China)

Abstract: In order to improve the detection performance of small targets in sea clutter, a feature detection
method based on deep network in time-frequency domain is proposed in this paper. Firstly, observation vector is
transformed into the normalized time-frequency graph (NTFG) to suppress sea clutter. In time-frequency do-
main, a triclassification problem of the sea clutter, the target echoes with positive Doppler shift and the echoes
with negative Doppler shift is established to elaborate the different characteristics of targets falling inside and out-
side the main clutter. Secondly, the Inception-ResNet V2 deep network is introduced as feature extractor to inde-
pendently learn the deep differences from different categories on NTFG, and these differences are condensed into
a 2D feature vector. Third, in 2D feature space, the cubic spline curve with guidance is designed to obtain the de-
cision region with controllable false alarm and realize anomaly detection. Finally, it is verified by IPIX measured
data that the proposed algorithm can attain good performance and can dig into the characteristics of time-frequen-
cy domain.

Key words: sea clutter; feature detection; time-frequency domain; deep network; spline curve
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MFSK-FMCW Signal Processing Technology for Joint Radar Communication

ZHANG Yige, ZHENG Lin. YANG Chao
(School of Information and Communication, Guilin University of Electronic Technology . Guilin 541004, China)

Abstract: With the rapid development of various intelligent systems, the integrated application of vehicle-
mounted radar communication plays an important role in the field of intelligent transportation. In this paper, a
common radar communication waveform combining MFSK and FMCW is designed, which is compatible with the
current mainstream FMCW radar in the market. FMCW signal is used as the carrier of MFSK signal, so as to
realize communication without affecting the basic functions of radar. In a radar CPI, MFSK modulation commu-
nication signal will change the phase of the common signal. and phase jump will occur between different sym-
bols, so that the coherent accumulation of radar can not be kept at the same frequency point, resulting in inaccu-
rate velocity measurement. In this paper, the integrated echo signal is processed by the combination of Doppler
scaling transform and phase compensation, which ensures that Doppler can be accumulated at the same frequency
point. The simulation results and the analysis of related problems are given.

Key words: multiple frequency-shift keying(MFSK) ; frequency modulated continuous wave(FMCW); ve-

hicle sensor communication; joint waveform design
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A Method for Wind Farm Jamming Suppression in Air Traffic Control Radar

ZHANG Heng!

, TANG Jin®, LIN Qiang', JIAO Yan®

(1. Air Force Early Warning Academy, Wuhan 430019, China; 2. Sun-Create Electronics Corporation Litd , Hefei 230088, China)

Abstract;

As a special kind of large obstacles, wind farm has complex electromagnetic scattering characte-

ristics and can produce serious interference to air traffic control radar. Aiming at the realistic problem of air traf-

fic control radar being interfered by wind farm, a dual-beam parallel processing suppression method is proposed

in this paper. Firstly, according to the difference of clutter and target in height and echo characteristics and com-

bining with ATC radar features, the framework and flow of suppression system are constructed. Secondly, using

the amplitude and phase information of the double beams, the method of height estimation is designed. Finally,

the clutter estimation and suppression are proposed. The experimental results show that the method can effec-

tively identify wind interference and improve the anti-jamming ability of air traffic control radar.
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Design of a Low-Profile Reconfigurable Omnidirectional
Circularly-Polarized Antenna

HUANG Jie, SUN Hucheng

(Research Center of Applied Electromagnetics. Nanjing University of Information Science and
Technology . Nanjing 210044, China)

Abstract: In this paper, a low-profile polarization-reconfigurable omnidirectional circularly-polarized anten-
na is proposed. The antenna consists of a 1 X4 dipole array antenna and a monopole antenna. By designing a
reconfigurable feeding network to excite the two antennas, switchable dual circularly-polarized waves can be gene-
rated. The designed feeding network is mainly composed of a single-pole-double-throw switching circuit and a
compact second-order 3-dB coupler, so that the two outputs of equal amplitudes and switchable phase differences
between -90° can be achieved. By connecting the two output ports of the feeding network with the horizontally-
polarized dipole antenna array and the vertically-polarized monopole antenna, the whole antenna can be switched
between the left-handed circular polarization (LHCP) and the right-handed circular polarization (RHCP) radia-
tion states. The overall cross-sectional area of the designed antenna is 59. 9X59. 9X x mm?, while the thickness
of the antenna is 0. 0581,. The measured results show that the impedance bandwidth (]S, | <Z—10 dB) of the
antenna is 21. 5% (2. 24~2. 78 GHz) and 19. 4% (2. 32~2. 81 GHz) for LHCP and RHCP, respectively. The
overlapped axial-ratio (AR) bandwidth (AR<C3 dB) of omnidirectional dual-circular-polarization state is about
7% (2. 44~2.62GHz). The maximum gain of the antenna is —0. 9 dB, while the gain variation in the horizontal
plane is less than 1. 3 dB.

Key words: polarization reconfigurable antenna; circle polarization; feeding network; coupler
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