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Estimation of Windshear Wind Speed at Low-Altitude Based on M-SPICE with
Missing Data

LI Hai', XU Ting', YAN Zhongping®, ZHANG Qiang'
(1. Tianjin Key Lab for Advanced Signal Processing, Civil Aviation University of China, Tianjin 300300, China;
2. AVIC Leihua Electronic Technology Research Institute, Wuxi 214063, China)

Abstract: Aiming at the problem of inaccurate wind speed estimation of low-altitude windshear in the absence of
airborne weather radar echo data, a missing sparse iterative covariance-based estimation (M-SPICE) method for low-alti-
tude wind speed estimation is proposed in this paper. This method first constructs the data missing model, then calcu-
lates the estimation operator according to the covariance fitting criterion, and iteratively updates the final estimation ope-
rator to recover the missing windshear data, and finally reconstructs the recovered data to obtain the complete windshear
data, so as to achieve the accurate estimation of wind field velocity. The experimental results show that the method can
reconstruct the missing data effectively and estimate the wind speed accurately.

Key words: airborne weather radar; missing sparse iterative covariance-based estimation; low -altitude wind -

shear; wind speed estimation
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Direct Path Interference Suppression for IRS-Assisted Passive Bistatic Radar

Z0U Kun, YANG Binfeng, LAI Lei, LI Wei
(School of Information and Navigation, Air Force Engineering University, Xi’an 710077, China)

Abstract: Passive bistatic radar (PBR) uses the signals transmitted by external emitters to detect targets. In the
echo data, the direct path interference (DPI) of external emitters has strong power, which will affect the detection of
weak targets. Therefore, the suppression of DPI is an important part of PBR signal processing. The intelligent reflection
surface (IRS) can control the reflection direction of the incident wave and realize the control of electromagnetic wave
propagation. For this reason, this paper applies IRS to the suppression of PBR direct wave. By placing IRS near the ra-
dar receiver and optimizing the discrete phase of each element of the IRS, the DPI power is constrained within a certain
range to maximize the power of the target echo. The optimization problem is a nonconvex quadratic constrained quadrat-
ic programming. Using the coordinate ascent method, a satisfactory result can be obtained. Computer simulation shows
that the signal to interference plus noise ratio (SINR) can be improved by 8 dB when a medium size IRS is placed near
the receiver.

Key words: passive bistatic radar; DPI; IRS; coordinate ascent method; SINR
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High Resolution ISAR Imaging Based on Frequency Domain Information Fusion

and Sparse Bayesian Learning
JING Xinlei, ZHANG Yu, JIANG Zhongjin
(State Key Laboratory of Millimeter Waves, Southeast University, Nanjing 210096, China )

Abstract: Aiming at suppressing noise, eliminating stripe interference and improving the resolution of ISAR
image, a sparse Bayesian learning algorithm based on bidirectional interpolation and information fusion in frequency
domain is proposed in this paper, named BI-FF SBL algorithm here. Firstly, radial and transverse interpolations are
respectively performed on the echo signal. Secondly, the preprocessed data are put in parameter reconstruction using the
LA-VB algorithm to obtain two ISAR images. Thirdly, the two ISAR images are transferred into the frequency domain by
two-dimensional Fourier transform. Subsequently, through two-dimensional spectra fusion, the information related to noise
and streak interference is eliminated and the structure information of the target is retained. Finally, the fused spectrum
is inversely transformed by two-dimensional Fourier transform to obtain the final ISAR image. To verify the effectiveness
of the BI-FF SBL algorithm, imaging experiments based on both simulated and measured data are performed in this pa-
per. Compared with the R-D, L1-BP, and LA-VB algorithms, the experimental results indicate that the BI-FF SBL algo-
rithm has obvious advantages in suppressing noise, removing stripe interference, and providing higher resolution in
ISAR image. When the SNR of the experimental data drops to 0 dB, the BI-FF SBL algorithm can still provide clarified
ISAR images, which is significantly better than the other three algorithms. The experimental results based on the super-
resolution reconstruction error show that the reconstruction error of the BI-FF SBL algorithm is lower than that of the L1-
BP and LA-VB algorithms, and the reconstruction SNR can reach 13.55 dB when the SNR of the experimental data is 0 dB.

Key words: super-resolution ISAR imaging; sparse Bayesian learning; bidirectional interpolation processing;

frequency domain information fusion
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Output Power Prediction of Radar Power Amplifier Module

FEI Taiyong, SUN Zhijian, QU Zhiguo, LI Jingming
(Air Force Early Warning Academy , Wuhan 430019, China)

Abstract: The output power is an important indicator to measure whether the power amplifier module of the solid-
state radar transmitter is faulty. Its prediction can provide a decision basis for replacing the power amplifier module in
advance during maintenance, and is of great significance to the predictive maintenance of the radar. In this paper, the
ARIMA model and LSTM model are used to study the output power prediction of a certain radar power amplifier module.
According to the actual monitored output power degradation trend, the work stages of the power amplifier module are
divided into stable work period, slow deterioration work period and fast deterioration work period. The output power pre-
diction experiments are carried out separately, and the RMSE and MAPE under different prediction time are given. The
results show that the prediction effect is good in the stable work period, and the difference between the long-term predic-
tion and short-term prediction is not significant. When the prediction duration is short and the monitoring value changes
slowly, the prediction effect of the slow deterioration work period is good, otherwise it is difficult to predict. It is difficult
to predict the output power that meets the requirements of predictive maintenance during the rapid deterioration period.

Key words: radar; power amplifier module; power prediction; fault prediction; health management
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Research on Near-Field FDA Technology in Antenna Arrays

ZHAO Yan', TAO Haihong], CHANG Xin?

(1. National Key Laboratory of Radar Signal Processing, Xidian University, Xi’an 710071, China;
2. School of Electronic Engineering, Xidian University, Xi’an 710071, China)

Abstract: Frequency diverse array (FDA) is a new array signal processing technology in recent years. It can form
radiating beam with range-angle independency, overcome the problem that the traditional phased array antenna can not
effectively control the range and azimuth pointing of the beam, and has many unique application advantages. Firstly, by
using the classical Fresnel approximation and the recently proposed differential iterative approximation, the new algo-
rithm expressions of near-field FDA beam are obtained. Secondly, the characteristics of the key parameters such as dis-
tance and azimuth in the mathematical relation of the new algorithm are analyzed, and the coupling relationship between
distance and azimuth is deeply discussed. Thirdly, the experimental results show that the proposed algorithm can solve
the condition limits of the model used by FDA in near-field, and better explain the near-field independent relations
between distance and bearing parameters, which can support future near-field antenna array, the FDA in-depth analysis
and study of various application needs well.

Key words: near-field; frequency diverse arrays (FDA); Fresnel approximation; differential iterative approxima-
tion; range-angle coupling
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Human Identity Recognition Based on Micro-Doppler Signal Separation and SqueezeNet

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

Abstract:

human identity recognition method based on micro-Doppler signal separation and SqueezeNet. Firstly, the radar is used

Aiming at the problem of human identity recognition based on radar sensor, this paper proposes a

to detect the human walking gait and collect the echo data, which is pre-processed to obtain micro-Doppler time-frequency
spectrum. Secondly, the micro-Doppler signal separation is used to obtain the time-frequency spectrum of the limbs by
the threshold method. Finally, it is input into the SqueezeNet network and the Softmax classifier is used to achieve the
human identity recognition. The experimental results show that the accuracy of human identity recognition is improved
by 5.25% after micro-Doppler signal separation. Comparing with other networks, SqueezeNet network has the advantages
of high accuracy, less network parameters and shorter testing time.

Key words: frequency modulated continuous wave radar; human identity recognition; micro-Doppler signal sepa-

ration; short-time Fourier transform; SqueezeNet network
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Research on Sidelobe Suppression Performance of an Improved Window Function

Nonlinear Grouping Method
WEI Wang'?, WANG Jie'?, ZHU Qi'?, MIAO Wenjie'?, GE Junxiang'?

(1. School of Electronic and Information Engineering , Nanjing University of Information Science & Technology , Nanjing 210044, China;
2. Institute of Radar Technology, Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract: In order to solve the problem of main lobe broadening and resolution decreasing caused by reducing the
side lobe through weighting Hamming window and Hanning window during radar pulse compression, an improved win-
dow function nonlinear grouping method based on common window functions is proposed. Firstly, on the basis of the win-
dow function weighted pulse compression principle, it is proved that the window function linear grouping method can ob-
tain better sidelobe suppression ability compared with the basis window function when the main lobe broadening is con-
stant. Further, it is proved that the improved window function nonlinear grouping method has better sidelobe suppression
ability. Then, through the simulation and analysis of the pulse compression performance of the improved window func-
tion nonlinear grouping method when the triangular window, Hanning window, Hamming window and Blackman window
are used as the base window functions, it is verified that the method can reduce the peak sidelobe by more than 4 dB
compared with Kaiser window and more than 7 dB compared with several common window functions under the premise
that the main lobe broadening remains unchanged and the signal-to-noise ratio loss increases by less than 0.5 dB. Final-
ly, it is verified through multi-target simulations that the improved window function nonlinear grouping method has bet-
ter detection capability for weak targets compared with different base window functions.

Key words: pulse compression; window function combination; main-lobe broadening unchanging; sidelobe

suppression
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Adaptive Side-Lobe Cancellation Technique Based on CLEAN Algorithm

CHAI Xuyang'?, ZHAO Zhiguo’, YUE Meijun®, LIU Ye’
(1. The 38th Research Institute of China Electronics Technology Group Corporation, Hefei 230088, China;
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3. Unit 93534 of PLA, Tianjin 301700, China;
4. College of Electronic Engineering, National University of Defense Technology, Hefei 230037, China;
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Abstract: The adaptive sidelobe cancellation can suppress the sidelobe interference well, but it is found that
there is a large signal-to-noise ratio loss for the high signal-to-noise ratio target, resulting in a decrease in the accuracy
of monopulse sum-difference angle estimation. In this paper, an adaptive sidelobe cancellation method based on CLEAN
algorithm is proposed. First, the target echo model is constructed by observing the prior information of the target, and the
echo model is used to eliminate the target information in the cancellation channel. Then the optimal weighted value for
the interference cancellation of the main channel is recalculated based on the neutralization channel data after removing
the target information. Finally, the simulation and measured results verify that the method can not only reduce the signal-
to-noise ratio loss of the target cancellation in the main channel, but also reduce the influence on the target angle mea-
surement accuracy after elimination.

Key words: signal processing; side-lobe cancellation (SLC); CLEAN algorithm; sum-difference angle estimation
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Multi-Time Blocking Prediction Method of CNN-ConvLSTM Based on Millimeter
Wave Radar Perception

LUO Wenyu, ZHONG Yunkai, SHAO Xia, DUAN Chenxu
(School of Electronic Engineering, North China University of Water Resources and Electric Power, Zhengzhou 450046, China)

Abstract: Aiming at the problem that the current millimeter-wave radar assisted wireless communication single
time blocking prediction cannot adapt to the high movement complex scene, a multi-time continuous blocking prediction
method combining convolutional neural network (CNN) and spatio-temporal series prediction model (ConvL.STM) is
proposed. By constructing a time distribution layer to store the heat map features extracted by CNN, this method solves
the problem of feature missing that may exist in the single processing of multiple radar heat maps by CNN, and realizes
the multi-frame grouping of continuous heat map features. Then, ConvLSTM is used to process the input multi-frame spa-
tio-temporal sequence to achieve multi-time blocking prediction. The experimental results using DeepSense 6G real scene
data show that the multi-time prediction results of this method can reach 90% accuracy and more than 80% F1-score, and
the proposed method has the ability of multi-time accurate blocking prediction. The method in this paper has important
theoretical and application values in high reliability and low delay QoS guarantee of high frequency communication in
complex dynamic environment.

Key words: millimeter-wave radar; wireless communication; convolutional neural network (CNN) ; spatio-tem-

poral series prediction model (ConvL.STM); multi-time blocking prediction
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FMCW Radar Authentication Based on Chest Cavity Signal Samples

QI Jing, WANG Zhengdong, XIE Guangzhi

(School of Communication and Information Engineering, Chongqing University of Posts and Telecommunications, Chongqing 400065, China)

Abstract: In order to solve the problem of low accuracy and complex feature extraction process in the current use
of sign signals for identity verification, this paper proposes a method to use pure chest cavity signal (CCS) as a sample
for identity verification based on the detection of vital signs by millimeter wave radar. First, the raw radar signal is pre-
processed to eliminate the redundant interference irrelevant to the experiment and extract the phase signal. Then, varia-
tional modal decomposition (VMD) is performed on the phase signal containing interference to extract pure heartbeat
and respiration signals and make CCS samples. Finally, CCS samples are sent into 2D convolutional neural network (2D
CNN) for training and verification of identity, and the recognition accuracy rate reaches 97.5%. The experiment proves
that the proposed method has a good effect on identity verification.

Key words: millimeter wave radar; identity authentication; VMD; 2D CNN; CCS
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Variation Characteristics of Gust Front
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Abstract: The gust front, which is easy to cause gale, has three features in the weather radar reflectivity factor im-

age-low height in space, arc structure and moving characteristics in time. The template matching technology is used to

process the gust front image feature matching score separately on three different reflectivity factor images: low-elevation

reflectivity factor, time-difference reflectivity factor and spatial-difference reflectivity factor. After three feature match-

ing results being fused, the region growing method is used to extract the arc-shaped structure of the gust front images

and exclude false images. In the process of obtaining three kinds of score values, the storm suppression template and ra-

dial echo suppression template are also used to reduce the scores of non-gust front echo. The results show that the algo-

rithm can effectively recognize the image features of gust front which can easily cause gale, and the identification results

are consistent with the original gust fronts in terms of positions and shapes. The gust front template matching technique

developed in this paper provides another possibility for accurately monitoring and warning gust front disaster weather

events.

Key words: template matching technique; region growing method; gust front; feature fusion
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An Experimental Research on Tree Penetration Attenuation of Ground Battlefield

Reconnaissance Radar
WANG Shengguo, ZHOU Peng, WANG Lan, WU Xiafei
(The 27th Research Institute of China Electronics Technology Group Corporation, Zhengzhou 450047, China)

Abstract: Ground battlefield reconnaissance radar has attracted much attention because of its ability to improve
long-range moving target detection and battlefield transparency. This paper mainly studies the signal penetration ability
of ground battlefield reconnaissance radar in the environment of jungle obstacles, and focuses on the penetration ability
of high frequency (S/C/X/Ku) electromagnetic waves. By collecting and processing the signals of H/V polarized electro-
magnetic wave penetrating through different forests, propagation positions and forest/leaf cluster densities, the propaga-
tion losses caused by the above conditions are compared and analyzed. The experimental results show that the tree pene-
tration signal is greatly affected by frequency and density of forest/leaf cluster, which should be fully considered in the
design. The experimental data have certain reference value for the engineering design of future battlefield reconnais-
sance radar.

Key words: ground battlefield reconnaissance radar; penetration ability; jungle obstacles; propagation loss
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Ballistic Midcourse Target Recognition Based on Low Data Rate HRRP Sequence

YUAN Xue, WEI Nannan, ZHANG Xinggan
(School of Electronic Science and Engineering, Nanjing University, Nanjing 210023, China)

Abstract: Radar target recognition is a critical step in ballistic missile defense. In order to save radar time resources
and reduce the requirements on computer processing power, it is necessary to study the ballistic midcourse target identi-
fication method of radar echo signal with low data rate. This paper takes the high resolution range profile (HRRP)
sequence with low data rate as the research object, and proposes a precession frequency extraction algorithm based on
image projection method and a ballistic midcourse target recognition method based on feature-level fusion. The methods
solve the problem of large fluctuation of target recognition accuracy due to the fuzzy period of time-frequency curve and
single feature caused by low data rate of HRRP echo sequence. The experiment firstly simulated the characteristic data
of warhead, heavy decoy, light decoy and fragment target in the midcourse flight scenario of ballistic missile. Meanwhile,
considering the differences of target size, shape and micro-motion model, the algorithm was analyzed by combining the
simulation data. Experimental results show that at low data rate (10~100 Hz), the error value of precession frequency
feature extracted by the algorithm in this paper is less than 0.05 Hz, which has high accuracy and stability. By combining
precession frequency and target structure characteristics with feature fusion method, the recognition accuracy of ballistic
midcourse target is improved to more than 96% and tends to be stable.

Key words: ballistic midcourse target recognition; low data rate of HRRP; precession feature extraction; feature-

level fusion
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Design and Algorithm of a Real-Time Data Processing Software of Exterior

Measurement for Spacecraft
DAN Peng'?, HE Xiaosong'?, WANG Dan'?
(1. State Key Laboratory of Astronautic Dynamics, Xi’ an 710043, China; 2. Xi’ an Satellite Control Center, Xi’ an 710043, China)

Abstract: The exterior measurement data is a type of important tracking data for spacecraft’s flight status monitor-
ing. The design and implementation of the real-time data processing software and the key processing algorithm issues un-
der large number of measurements and multiple spacecrafts seems important. Based on the analysis of the characteris-
tics and processing contents of the real-time processing software for exterior measurement data, a parallel processing
software architecture, design method, result frame structure, implementation procedure and running model are given. Af-
ter that, some key real-time calculation methods in the data processing are discussed, including the phase ambiguity re-
solving method, the interpolation algorithm, the frame-splicing method, the atmospheric refraction correction technology,
and multipoint data smoothing method, etc. Then, an engineering solution suitable for real-time processing of external
measurement data is given. The research results have certain reference value for data processing methods and process-
ing software design.

Key words: spacecraft; exterior measurement; real-time; ambiguity resolving; software architecture; interpo-
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Asynchronous Fusion Algorithm Research Based on BLUE for Netted System of

Radar/IR Sensors
SHENG Hu', WANG Haibing’
(1. The 38th Research Institute of China Electronics Technology Group Corporation, Hefei 230088, Chinas
2. College of Electronic Engineering, National University of Defense Technology, Hefei 230037, China)

Abstract: Multi-sensor fusion plays an important role in situation awareness improvement. To improve detection
ability, a radar/infrared netted system is proposed. All sensors work independently, and accomplish detection, tracking,
and recognition tasks under unified schedule. For radar target tracking, an improved BLUE (Best Linear Unbiased Esti-
mation) filter is presented, which enhances tracking ability by decreasing azimuth estimation error. For infrared target
tracking, a modified BLUE filter is presented, which solves the bearing-only target tracking problem. Theoretic analysis
and numeric results verify that the proposed approach exhibits improved tracking performance and computational advan-
tage over others in different sensor geometries. The architecture design can be used to solve other multi-sensor fusion
problems, so this scheme is worth further development and promotion.

Key words: multi-sensor data fusion; nonlinear filtering; best linear unbiased estimation; Kalman filter
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A High Precision Imaging Method for Vehicular Millimeter Wave TDM-MIMO Radar

MO Liangsheng', JIN Liangnian'?
(1. School of Information and Communication, Guilin University of Electronic Technology, Guilin 541004, China;
2. Guangxi Key Laboratory of Wireless Broadband Communication and Signal Processing, Guilin 541004, China )

Abstract: Aiming at the problem that the existing high-resolution imaging methods for vehicle-mounted millime-
ter wave radar have low accuracy due to off-grid errors, a high-precision angle-measuring method combining iterative
minimum sparse learning (SLIM) and maximum likelihood (ML) estimation is proposed for point cloud imaging by us-
ing the statistical characteristics of ML criterion. First, the range profile is obtained by range dimension FFT on interme-
diate frequency data, and then the Doppler image is obtained by Doppler dimension FFT on new data. After the constant
false alarm rate(CFAR) detection, the range and velocity index points of the target are obtained. Then the angle estima-
tion of the multiple virtual receiving array metadata corresponding to the index points is performed using the SLIM meth-
od. Finally, the direction of arrival (DOA) is refined by minimizing the ML cost function to obtain high-precision point
cloud images. The simulation and experimental results show that the point cloud images obtained by this method has
high accuracy, and the angle accuracy can reach 0.1°.

Key words: vehicular millimeter wave radar; off-grid error; maximum likelihood; sparse learning via iterative
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