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Fig. 1

computational optical imaging technology
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Design scheme of software-defined multi-mode
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Fig.2 Camera push-scanning imaging mode
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Fig.4 Quality evaluation results of lens point image
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Fig.8 Principle of intelligent super-resolution technology
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Multi-mode computational optical imaging technology based on
software-defined micro-nano satellite

LIU Yangyang'?, LYU Qunbo'* ", TAN Zheng', PEI Linlin', LI Weiyan', WANG Jianwei'

(1. Key Laboratory of Computational Optical Imaging Technology of the Chinese Academy of Sciences,
Academy of Opto-electronics, Chinese Academy of Sciences, Beijing 100094, China;
2. School of Opto-eletronics, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to accomplish the software-defined micro-nano satellite demands, which includes that its
payload functions and parameters could be reconstructive and controllable by uploading software as needs, we
have to break through the design limitations between traditional satellite platform and ordinary optical camera,
and one new type of optical imaging camera technology is developed based on software-defined micro-nano satel-
lite here. We gave full consideration to the possible development of joint design space between the software and
the hardware of the payload. Then we analyzed the influence of sub-pixel information, satellite platform parame-
ters, optical system parameters, detector parameters, noise and atmosphere on image data processing, especially
the super-resolution reconstruction. We established the physical model and the error model according to the
physical mechanism of each factor, as priori information of the reconstruction method. We applied these prior in-
formation constraints in favor of super-resolution to the design of the camera, enabling the images captured by
the camera to match the super-resolution method very well. This method can simultaneously improve visual reso-
lution and substantial resolution while maintaining the ability of suppressing noise, and may reduce the size and
development difficulty of traditional cameras. We have developed a general purpose computing optical imaging
camera, which integrates the super resolution imaging, dynamic range enhanced imaging, video imaging and
other multi intelligent controllable imaging modes. Finally we have completed the related camera integration,
testing and experiment.

Keywords ; software-defined satellite ; super-resolution; dynamic range enhancement; video imaging; com-

putational optical imaging
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Node level parallel and optimization method of satellite
time serial data mining
BAO Junpeng'*, YANG Ke'?, ZHOU Jing’

(1. School of Electronic and Information Engineering, Xi’ an Jiaotong University, Xi’an 710049, China;
2. Military Region of Ningxia, Yinchuan 750021, China)

Abstract: Intelligent satellite technology requires more and more data mining operations for satellite time

series data. Usually, satellite data amount is very big that needs a lot of computation, so it will take a very

long time to complete the computation in serial program. The satellite anomaly process multi-features analysis

procedure is such a typical representation, which performs many common data mining operations, including

windows segmentation, computation of vector similarity, feature extraction, Fourier transformation, and cluster-

ing. The paper discusses several speed-up and parallel optimization strategies for a time series data mining

procedure on a typical heterogeneous computing node with multi-cores CPUs and GPUs, including vector opti-

mization, multi-process parallelization, and GPU computation. We test and compare these optimization strate-

gies in different usage conditions. The experiment results show that the combined use of them can achieve ob-

vious efficiency improvement for different task.
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image fusion algorithm
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Table 1 Objective evaluation indices of edge-

preserving filtering method for each dataset

B E B cc SAM  RMSE
GSI 0.9304 6.7740 0.0449 4.4399
AL 0.9304 6.5686 0.0385 4.1486

ERGAS

Pavia University

GSI 0.9543 6.3550 0.0302 4.0522
AR 0.9650 6.3470 0.0301 4.0309

Moffett field

GSI 0.8662 7.2330 0.0131 74.9572

Washington DC .
A 0.8794 7.2320 0.0133 73.6749
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Table 2 Objective evaluation indices of structure tensor

based adaptive weighting strategy for each dataset

4E =S CC SAM RMSE  ERGAS
GFP 0.9326 6.5932 0.0425 4.2358
GFGW  0.9066 6.7664 0.0412 4.7832
Pavia University
GFPL  0.9256 6.5864 0.0394 4.2571
AL 0.9304 6.5686 0.0385 4.1486
GFP 0.9575 6.3470 0.0314 4.3518
GFGW  0.9566 6.3580 0.0310 4.3372
Moffett field
GFPL  0.9623 6.3480 0.0305 4.0315
3L 0.9650 6.3470 0.0301 4.0309

GFP 0.8738 7.2321 0.0136 73.6950
GFGW  0.8659 7.2325 0.0140 76.2230
GFPL  0.8745 7.2324 0.0134 74.3266
A3 0.8794 7.2320 0.0133 73.6749
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Bl 2 R [E El A 4 15 B Y Pavia University B4 4 (4 il & 45

Fig.2  Fusion results of different fusion algorithms for Pavia University dataset
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Table 3 Objective evaluation indices of fusion results for

Pavia University dataset

"o CC SAM RMSE ERGAS
PCA 0.9234 7.6566 0.0408 4.7830
GFPCA 0.7952 9.4495 0.0616 7.1358
GSA 0.9219 8.7992 0.0389 4.5321
BSR 0.9003 8.6766 0.0441 5.3016
MGH 0.9302 6.9090 0.0389 4.2355
AL 0.9304 6.5686 0.0385 4.1486

RAEFELEA R BB A BB . MGH Bl &
0 2 2R AT B BOL IS IR R PR R, (HU — 20

DB 2 ) Bl T aA . AR T IX S0 i R
SCREAEJCTE AR B A =S (8145 B8R T 05 T 3 A5

BAFRROCR . K 4 ) Z R RS L I T 4R
bro ATLAE A SO B9 CC RMSE Al ERGAS
FEAR I O T Al Fil 5 0k B9 A D R AR R X T
SAM H#5 , A SCH ALK T MGH, 3 48 = WL Al
% WL T A He B2 2R U B, AR SR Ik e A R vk

(@) ZH % (b) HRALLAY 4 (i i el 4

(c) PCA (d) GFPCA

(e) GSA (f) BSR

(g) MGH (h) 4357

B3 ORI Rl G B A 5 Moffen field 5 45 19 il 4 45 21

Fig.3  Fusion results of different fusion algorithms for Moffett field dataset
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Table 4 Objective evaluation indices of fusion

results for Moffett field dataset

"o CC SAM RMSE ERGAS
PCA 0.9050 12.4255 0.0475 6.6980
GFPCA 0.9157 10.3198 0.044 1 6.2876
GSA 0.9497 8.6605 0.0361 5.0444
BSR 0.9540 8.0372 0.0323 4.7131
MGH 0.964 4 6.0078 0.0325 4.3568
A% 3C 0.9650 6.3470 0.0301 4.0309
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Fig.4  Fusion results of different fusion algorithms for Washington DC dataset
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Table 5 Objective evaluation indices of fusion results

for Washington DC dataset

oo CC SAM RMSE ERGAS
PCA 0.8532 7.3619 0.0136 83.4145
GFPCA 0.7689 9.9322 0.0139 67.944 1
GSA 0.8701 7.2580 0.0184 83.9979
BSR 0.8269 10.0125 0.0138 77.7491
MGH 0.87717 7.2618 0.0156 79.8598
7R3 0.8794 7.2320 0.0133 73.6749
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Remote sensing image fusion based on edge-preserving
filtering and structure tensor
QU Jiahui, LI Yunsong® , DONG Wenqgian, ZHENG Yuxuan

(State Key Laboratory of Integrated Service Network, Xidian University, Xi’ an 710071, China)

Abstract: The hyperspectral ( HS) remote sensing image which contains abundant spectral information
generally has low spatial resolution. While the panchromatic (PAN) remote sensing image has high spatial
resolution. In order to fuse the HS and PAN remote sensing images, a new fusion algorithm based on edge-pre-
serving filtering and structure tensor is proposed. First, to avoid low-frequency aliasing, an edge-preserving
filter is introduced to extract the spatial information of the HS image. In order to sharpen the spatial informa-
tion of the PAN image, an image enhancement approach is applied to the PAN image. Then, an adaptive
weighting strategy which is based on the structure tensor is proposed to obtain the total spatial information. The
presented adaptive weighting strategy which is different from the traditional fusion method reduces the spectral
distortion and provides adequate spatial information. The injection matrix is finally constructed to reduce spec-
tral and spatial distortion, and the fused image is generated by injecting the complete spatial information. Ex-
perimental results demonstrate that the proposed method provides more spatial information and preserves more
spectral information compared with the state-of-art fusion methods.

Keywords: remote sensing image; hyperspectral ( HS) image; panchromatic (PAN) image; image fu-

sion; structure tensor; edge-preserving filtering
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Real-time elimination of analog correlator offset
using vector modulator

XIN Canwei, HU Anyong* , LIU Kai, MIAO Jungang

(School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The analog complex correlator used in aperture synthesis radiometers is easy to be affected by
many complicated factors, for example ambient temperature, signal crosstalk and so on. These factors result in
correlator offset value change with time, which will significantly impact the performance of aperture synthesis
radiometers. Real-time elimination of the effect of complex correlator offset value is the difficult and key point
in the design of aperture synthesis radiometers. In this paper, a calibration method using vector modulator is
proposed to eliminate in real time the effect of complex correlator offset value. Through algorithm derivation
and argumentation, the proposed method is verified in the existing aperture synthesis radiometers, and the re-
sults show that it perfectly eliminates the effect of correlator offset value. Residual offset value is less than
5% ,and calibration time is limited to the integration time of complex correlator, which is mentioned in this pa-
per is at a millisecond level. The real-time calibration method proposed in this paper is efficient and easy to
implement, which can be widely used in the systems where this kind of interference needs to be eliminated.

Keywords : aperture synthesis radiometers; vector modulator; analog complex correlator; complex corre-

lator offset; millimeter wave imaging
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Real-time rapid initial phase calibration method of
phased array in near field

XIN Canwei, HU Anyong* , LIU Kai, MIAO Jungang

(School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract. Phased array receiver can steer antenna beam direction electronically by changing the phase of
the units. Initial phase calibration of phased array is the precondition of steering antenna beam direction. In
this paper, a coherent phase-shift measurement method is presented based on phase-shift measurement meth-
od, which has high accuracy and high speed to obtain the initial calibration phase of the phased array recei-
ver, and then rotating electric vector (REV) method is used to further increase calibration accuracy. By using
the measuring method presented in this paper, both the phased array receiver antenna and the probe are im-
movable , whose exact locations need not be determined in certain application. So, it is easy to be integrated
into the monitoring system of the phased array receiver,which can realize real-time rapid initial phase calibra-
tion. The phase calibration method presented in this paper is verified on the Ka-band array radiometer, and
the results show that the phase accuracy is 5° +1.5°, and the time consumption for finishing 256 channels
once initial phase calibration is about 2 min.

Keywords: vector modulator; phased array; initial phase calibration; coherent phase-shift; millimeter

wave imaging
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A multi-beam handover mechanism in software-defined satellite network
ZHANG Jiale, QTAN Hongyan" , CHENG Xiang, CHEN Bing

( College of Computer Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: The traditional satellite network usually concentrates the control layer and data layer in the
same network device, which leads to more complex network structure, fixed bandwidth and poor resource utili-
zation rate. The software-defined satellite network (SDSN) architecture can effectively manage the satellite re-
sources, improve the utilization of resources, and further provide effective technical support for the multi-beam
handover mechanism. In this paper, a multi-decision index handover ( MDIH) mechanism is proposed for
multi-beam coverage SDSN. Firstly, we analyze the shortcomings of traditional satellite networks’ handover
mechanism and establish a handover framework based on SDSN. Secondly, we further introduce the concept of
time threshold to ensure the accurate trigger of handover strategy based on the traditional channel reservation
mechanism. In addition, the MDIH algorithm is used to determine the priority of users’ handover in the
handover decision process, which makes the decision granularity more fine-grained. Finally, we give an in-
stance of the MDIH algorithm to further demonstrate the scalability of our handover mechanism.

Keywords: software-defined satellite network ( SDSN) ; beam handover; multi-index decision-making;

channel reservation; time threshold
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Fig.5 Comparsion of low-threshold segmentation and
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Table 2 Qualitative comparison of final image patches
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Fig.7 Merging results by different algorithms in Region 1 and Region 2
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Table 3 Impact of parameter y on result
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Fig.8 Impact of parameter y on final image

patches’ amount and area
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Image segmentation and density clustering for moving object patches
extraction in remote sensing image

LIN Yijun'?, WU Fengge® ", ZHAO Junsuo’
(1. University of Chinese Academy of Sciences, Beijing 100190, China;
2. Institute of Software, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Recently, moving object detection in large-scale remote sensing images achieves outstanding
performance by fully convolutional neural network. However, handling such data is very time-consuming be-
cause the search space is extremely large. This paper proposes a specific improved method from the point of
candidate region proposals. First, irregular candidate areas are roughly extracted by neighborhood differencing
and local errors handling. Then a spatial-constraint based density cluster algorithm ( SC-DBSCAN) is pro-
posed to merge adjacent areas into patches as CNN input, which aims to reduce final outputs’ amount and
area. Through the priori of space constraints, this algorithm can adaptively divide data into multi types of clus-
ters, and choose different merging strategies according to the complexity of clusters. For complicated clusters,
the outputs are related to traverse sequence of each object, and thus a random search strategy based on simula-
ted annealing is applied to avoid local optima and improve the patches’ quality. Finally, by reducing the
times of model inferences and avoiding redundant object detections, the detection efficiency of proposed meth-
od is significantly improved.

Keywords: remote sensing video; moving object detection; candidate region proposal; frame differen-

cing; spatial density clustering; simulated annealing
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Design of optical airspeed measurement system based on Doppler shift
LONG Yanzhi® , LIANG Yingjian, HUANG Qiaoping, SUN Xiaoyi, WU Mei

(AVIC Chengdu CAIC Electronics Co. , Ltd. , Chengdu 610091, China)

Abstract: In order to solve the defect within traditional airspeed measurement method adopted by heli-
copter air data system, this paper presents a scheme of airspeed measurement system based on optical and a
rapid inversion method of airspeed vector with other airdata. An optical airspeed measurement system is de-
signed based on this method. According to the principle of Mie scattering of aerosol and Doppler effect, the
sensor, demodulator and high-speed signal acquisition and processing scheme is optimized in the system. The
performance of the system was verified by computer simulation, in which the maximum forward detectable air-
speed of the system can reach 450 km/h, and the detection accuracy of true airspeed can be better than
+1 km/h. The optical airspeed measurement system prototype is tested on ground vehicle to compare with the
traditional airspeed measurement system, and the effectiveness and reliability of the proposed method and the
optical airspeed measurement system are verified.

Keywords ; atmospheric parameter; helicopter; sensor; three-axis airspeed measurement; integration
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Motion characteristic inversion method of single platform imaging target

CHEN Binghan', ZUO Zhengrong" * , XIA Lurui’

(1. National Key Laboratory of Science & Technology on Multispectral Information Processing,
School of Automation, Huazhong University of Science and Technology, Wuhan 430074, China;

2. Space Security Research Center, Space Engineering University, Beijing 101416, China)

Abstract; Aimed at inversion of target motion characteristics under single platform observation condi-
tions, the model and method for reconstructing target spatial position and estimating motion parameters based
on sequence images are proposed. To suppress the effect of atmospheric refraction on the accuracy of location
reconstruction, it is proposed that the atmosphere is treated as a layered sphere, and the reverse tracking strat-
egy is adopted to calculate the transmission path of light in each layer of the atmosphere in reverse, starting
from the incident light of the imaging system. In summary, the target location is determined according to the
intersection of the tracking path and the target launch plane. Furthermore, in order to reduce the effect of prior
parameter errors such as launch plane, iterative estimation is adopted to search the optimal firing surface with-
in the range of prior error, with the consistency of the target acceleration parameters as the optimization criteri-
on, and the reconstruction error is corrected. Through the above process, the target trajectory and the motion
parameters are obtained by inversion. Within the prior error range, the inversion location error is less than
200 m and the inversion velocity error is less than 60 m/s.

Keywords: estimation of motion parameter; reverse tracking; atmospheric refraction; piecewise fitting;

prior information optimization
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Table 3 Effect of missing values on positioning

performance of different algorithms
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Fig. 13 Positioning result CDF with and without missing

values on positioning performance
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High-precision WiFi indoor localization algorithm based on CSI-XGBoost
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(School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract; Considering the influence of complex indoor environment and multi-path effects on the WiFi
fingerprint positioning performance, this paper extracts channel state information ( CSI) from the Intel 5300
wireless network card and utilizes the modified CSI amplitude and phase information as fingerprint features. A
high-precision fingerprint database was built using the extreme gradient boosting ( XGBoost) algorithm to
achieve indoor positioning at a decimeter level. Experiments in the actual indoor environment have been con-
ducted to evaluate the effects of sampling interval, line of sight (LOS) and non line of sight (NLOS) , missing
values, and data dimensions on the localization performance of the proposed method. The results of real indoor
experiment show that the proposed CSI-XGBoost method is less affected by NLOS and robust to complex indoor
environments. In addition, this method can handle high-dimensional sparse data well and solve the mismatc-
hing problem of CSI fingerprinting. Moreover, this method is insensitive to missing data, with localization ac-
curacy of better than 90% .
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3 4 5 6
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A design and evaluation strategy for GBAS reference
station layout scheme
ZHANG Yue, WANG Zhipeng” , LI Qiang

('National Key Laboratory of CNS/ATM, School of Electronics and Information Engineering,

Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The layout of ground-based augmentation system ( GBAS) reference stations will directly im-
pact the accuracy and integrity performance of GBAS, and it is closely related to the airport conditions, the
satellite constellations used and the local ionospheric environment. However, the published documents such as
Federal Aviation Administration ( FAA) GBAS siting order only give basic requirements of reference station
layout and do not deeply take the impact of the above points into account. Therefore, the study on design and
evaluation strategy for GBAS reference station layout is very important. By comparing the different GBAS refer-
ence station layouts and the broadcast pseudorange correction error standard deviations of five airports based on
collected data, analyzing the impact of the number of reference stations on the GBAS protection levels, and
studying the impact of baseline length on the performance of ephemeris fault monitor and anomalous ionospher-
ic gradient monitor, a design and evaluation strategy for GBAS reference station layout is proposed, which is
supplemented by four sample schemes for V-shape runways. The proposed strategy can provide a reference for
the design and determination of appropriate layouts based on specific airport conditions and the requirements of
ephemeris fault monitor and anomalous ionospheric gradient monitor.
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i B gL AGAET RFELEGEWE R , LEAEEAMEHR T W FE G
REMEFRMNEZHRTLEBEHEEFERANEHE, FURATULART LERE B AT
RMEENGELETEZER LA UM MEE, FRE| I T 4% TH7 (FPGA) # A 15
TR FRAEREN R TR A FEERT EFRN RXD Bk ihr 28 %KL
Wit HEEAANFA, UP2RHFTPMEX=ZA(QR) 2B A EEmEEE FAAEERE &
(HLS) T A X k3t ATHh L, 8 1 T RXD H ik & FPGA F & Lty 7 £, LB RLH,
P d o 2k T FPGA F & iy fo i o7 5 ¥ DU ZE (R 45 7k A I M i oy ) i 3k B0 A8 B T CPU L 3L
7.04 fEugjmE Bl T Ak 7 %8 IE 9 A R M

x #
%4 (HLS) ; Ansk 7 %
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MERARIRAG: A

&1 635 % 2% (hyperspectral remote sensing ) 2%
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B2 OGIE IR, i G 2 2 R I A B R An
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B e H bR 5 s P i OGIE R B AL S H bR T 4E s
I 1) [R5 B A DL B T — 1A, il AT 2 ad s
1023 18] 73 PRt e S 4 - 0 19 H AR AR B, Pt RE
E Gt A 0 A SR £ ST 18 R R XE DL B LAY
Y, RKEE T HismmEE LY . mokiEERE
B2 BT AR AR T RCE WA LA K
TR MRS 5 IR AR, W T ER AT SR
A R S, P DR SR T o i R B
AR I AR 1Ay 4 4 328 e AR BT 5T R R

W HOLiERE BRI RXD Hik; 23 HF7; EX=ZA(QR) 2 #; & E X

XE4HS: 1001-5965(2018)12-2556-12
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BT, F T 58 48 52 A 6 1% 508 126 w6 R S7 i HL
5 3 S T SRR RS R AT AT s s, S BOR UG
TEAR S RSB0 AR 2 R AR A I A X A, A OOt
T D JSCAS DU XE A RE T S PR, T TG H AR OGS 5
B A 2R S ARG I 8 e DG E AR AR 1
BRoE 5 o Hodr i Reed 1 Yu 4 () RXD
(Reed-Xiaoli Detector) 2. ¥ 2 H B UF 25 #1 W FH &%
Rz G A SR ) — o OG0 SR b A A
%L EATE B R W RS
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Sl AEsF, Fob, ieF, £ ETFFPCGA dyE b k@ B8N RXD F ks 77 £[1]. XA MK A F#H#, 2018,
44 (12 ) : 2556-2567. ZHENG Y X, LI Y S,SHI Y Z, et al. Acceleration scheme of RXD algorithm based on FPGA for hyperspectral

anomaly target detection [J ]. Journal of Beijing University of Aeronautics and Astronautics , 2018 , 44 (12 ) ;: 2556- 2567 (in Chinese ).


qwqw
新建图章

http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFD&dbname=CJFDPREP&filename=BJHK201812012&uid=WEEvREcwSlJHSldRa1Fhb09jSnU2YWljVkxjbEF2dnd0ZG00SmR3TTJDOD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=MzI0NTJGeXpuVTcvT0p5ZkRaYkc0SDluTnJZOUVab1I4ZVgxTHV4WVM3RGgxVDNxVHJXTTFGckNVUkxLZVplUm4=

%12

REAET, %5 5T FPGA M ROEIE 5= 9 F AR RXD 55374 i

2557

S 2T, Liu A1 Chang 7E RXD 4% i 3
fill B TOESE BRI T AR R iR E 2 A Kb AT
7 1) 25 Sl Jey S B A 7 R AE N IR — R 9 SO A N B
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5O R Y e T b RO b R B TV
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WL R EE SR FPGA R Z 507 15 5 Ab B AY
W5 ST RXD A7 B s i%OF & 38
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P
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. . (3)
1 t s H,
(. (1) =p7( ‘?‘ ) < H, 57
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P Ly (6) T SR LE BB 0, 16, 49 5k 5
B0, 5 0, IR A o Kol 1
1.2 RXD EE#&iN/EE

5 EH R 8 B AR AT RXD 5535 2 Reed
Yu B2 00— FHE T GLRT ool it . %%
(8 P 42757 TR DA 25 I 340 £ 2 T 7 22 4 25 £
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596 T i 53 EARKG I . RXD 89k 77 L5
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EE
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W, 17 HLS T EYE A P il LB 45 C 5% C + +
S AR R S B TRE A i s, SR T
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sl B, kK B TE T OFPGA 3t BT & i Ak
TR, A S F B A RXD B i SE B
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Fig.4 Implementation scheme of finding inverse

matrix by QR decomposition
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B A& TR % T E M )t 6 A5 1 5 i g
5 CH C+ + SR FA, 285 28 UH 78 1L i
7% ( Register Transfer Level, RTL) {5 M 1fij 55 #1 A
W I REPFIIRE . 1% T H 1 R RS T 15 48 FPGA
HRE i 1T B 14 1 i 75 F ( Hardware Description
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EN G N7 ) | SR = R U 7/ | B O
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AR SRR AR AT o e b 3
2.2.1 iR

B 2 R S PR — Tl AL T UL Y A
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Fig.6  Schematic diagram of cyclic unrolling

void func(.--) {
op_Read; RD
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Fig.7 Schematic diagram of pipeline processing
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Fig.9 25 anomaly target distributions in simulated images
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S B GEIEIY 176 TEAb P B2 A5 3] R 42 T Y )
I, 0 B 255 2 TS I 24 SR i o e vk B 9 A B
TR BT B0, 03 vk B 25 5 i R BT IRR A B an
®2 PR

12 2 Jr7m (9 95 J5OR) I B0 FT LA Y, e T
AT AR A BR DL K AE IR A A A 00 AR 3R
W, 254 )5 B 5 A A BRAM_18K . DSP48E | FF L)
Je LUT BE P8R A B b Tt 3 2 L T AR 48k B 32
MIEE R . ATl X T H AR FPCA & L, 58 )5
AT A BE IS L 8 %, BEOR G TR I 249 RIS 1Y
T 3 A P A 22 4 B B8 it SR B 1 Ak Bk )
R B2 1, 58 42 AT LAAE FPGA - & A7 A
T

x1 FMARLUR 2 F T EREE

Table 1 Timing sequence after adding constraints of
two methods

o RN IE/  BOREIIE, B /NEHE NS

clk clk ) B / clk 6] B / clk

14 4286520030 4286520030 4286520031 4286520031
P 733332624 733332624 733332625 733332625

T s elk—— i Bl 5 1
R2 mMEFEMHFRNAER

Table 2 Resource utilization results of

acceleration scheme

PR A A BRAM_18K DSP48E FF LUT
Feik A BT IR AL 0 74
S5 9 R A 131 11472 27045
P4l B DR AL 40 0 0
e vk 2% IR AL 1747
AT BT IR 203
Mt 40 131 11675 28866
] % R 2060 2800 607 200 303 600
IR % 1 4 1 9

3.3 JEFEKRERTE ST

REUE 2. 1.2 T rh i I RO B S AR
QR 43 fiff i W 3K 3 fin o BV ARL A WT A7 A3 Ak, SR
3.2 WATRIS Y 189 x 189 1y — 4 i B R 1E H 4L
P A & B HLS T Hi@ i QR 43 fiff i 5 1% S 81
WO RTTERL. Rl A E R Sk SC
ASCHAE S HLS T H 59 I3 SC 4, B F 3K 36 4
MR

Sk FE 53 B N 7 2 AE HLS rf 52 BEAY A 3,
SR RO B0 N TR A e 24 S50 55 8 I A0 £k 5 g s
X2 FREE B QR 3 il oK 3 i 25 G 45 SR HEAT X [ 4y
Bro [IRERY, X5 2 Fhsc 87 2 2 B A W) /9 H Ax
FPGA 15 31 virtex7 Z 51 4 xc7vx485tffg1761 -
2,198 AR T R I A TS R AN 3 BT
NLGHEIEF AR 4 iR, £3HHFEOM

T3 G Q53 53 F 7R AN US INAT: Ao 24 R 35T A s i 4G AL 5
W B AR . 2 4 /7S 23 00 S R B
AR 243 SR XU G A SR s i 14 R A AR 2

HIZ 3 AT LU, 25 6 BOA S U8 n 24 19 0
LR A TE R A BRI A R 0 8. 42 ns 3X — 2%
P AR d5e /N 15 KR SE (93531 4 169 502 204 Al
354001 169 A~ J& 401 ) ok 755 b i e 0 45 4 22
0L B AR BRI R], 43 50 8 1,427 s F102.981 s,
SR R NI 25 ) 24 SR, A0 5 AT P R T
I P71 R, T S AL K R A B A e A A g
ARG PR 5 A, 28 T Al T B0 A 2 I e ) 3
WA G, g 8. 63 s T4k B Y d /N K B ORI AE
Y9 BH I AR, 43 9 R 57 877695 Fi1 256307 850
A A 30 A L B DAL IS B e S R 22 OUR
f 4L BRI ), 70 530 24 0.499 s Rl 2.212 s, fy gl
DL, S I A A s i i Ak B AT T ] A R T
i ol 2 B 0 D0 T B IR B 1 BROAK I 2 Bk
ML 3 iz,

HIZE 4 RTAL S8 I 29 IR 175 &0 T BRAM %%
SR T IR ARG, T LUT 58 P58 AR BOR IS
T2 I AT B B . 3K T Bedl i o
PARTITION #4503 i 37 i K 4k 45 M I, 2 il b
BRAM B ok 1 i el FH 7 77 95 oF 25 A7 v ) 23l
ol /D 3 B B S R R LUT R 5% 59 A8 %L
QA BT T, 2 A L T R ke B R U RS A7 B
HATERAFIR SR L3 LRSS R X H o
YRS T HLS T R30S B QR 23 fifp SR 004 4
X — hniE T A

R3 2WMARMMFRRITLL
Table 3 Comparison of timing sequence

between two schemes

% SN INB TV SN TSIV S ¥\ &/ S N &
™~ clk clk i) Ff/ 1k Ji] i/ c1k

@ 169502204 354001169 169502205 354001170
@ 57877695 256307850 57877696 256307851

x4 FMRALTR2HARMBRANABR
Table 4 Comparison of resource utilization results

before and after optimization between two schemes

R JHEC BRAM_I8K DSP48E FF LUT

S A % 512/288  94/88 14 512/21238 20691/61 334
i 55 IR 768/432 0 0
T ik 7 B IR A 58/418
AT BT 9/9

Bt 1280/720  94/88 14521/21247 20749/61752
A B U 5 2060 2800 607 200 303 600
WHEAHE/ %  62/34 3/3 2/3 6/20

3.4 STEEEETHXLESH
T B UE T HR i Ty 2 ) IE R A R A
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MATLAB fjj 3 5Z % /) &5 £ H T X e 4r #r,
10(a) s SR H HLS g4 it 8, (r) A
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Fig. 10 Comparison of implementation results

between HLS and MATLAB

Y RXD B30k il Oy R IE B M. BT RN
189 x40 000 FYHiFE M %] 73 2h 9 x 200 fy 5 o0k
AT I AT A 3R, I FH VS I 29 SR ) QR 43 fiff 52 30
SRR SR A0, 08 B8 1 S T AR I 2 0 P Ak SR g R
iz47 HLS F A7 CiEF LG 6e, & 15 348
AR B AG TEAE Rk 5 PR, %A G
MK 6 FrR .

Zia s Fgk 6 v LLE ML A R AT Ak
B 5 15 9. 78 ns |, 76 b B 0 56 T Y Ab 3 A
/INEFSE Ay 1552 545 313 clk, 17 H 78 A% 1 5% 5 9 #€
AJEFEA Z 0 45 1 B AT DL SE B RXD Bk i
sk

R YR I UE A ey 2 B A Rk )
B 36 £+ XF TE %4 8% 76 CPU K- & L i 17 T RXD &

FxFiRAEN0"

60

100

120

R #

140 188
160

180

200 - ¥
50 100 150 200

IR
B 11 HLS 5 MATLAB 52 3j 25 5 (% Af % 15 2%
Fig. 11

Relative error of implementation results

of HLS and MATLAB

®5 ETFPGARIRXD HELHMMFHEITER
Table 5 Timing sequence estimation results for
FPGA-based implementation of RXD algorithn
WD fR/NESE/ ORERE/ AR /NEURE N EiT
JE W /ns clk clk 6] B / elk 6] B / clk
9.78 1552545313 1779318286 1552545314 1779318287

F*6 ETFPGAHRXD HEEIMHMERENABR
Table 6 Resource utilization results for

FPGA-based implementation of RXD algorithn

VIR M % BRAM_18K DSP4SE FF LUT
e ik 2 B IR AL 1 0 5390
S5 9% AR 40 244 66088 92578
FEA IR AL 978 0 0
T 1 4 T IR AR 10556
AT T IRAL 4109 32
Mt 1018 246 70197 108556
AT F ¥ 5K 2060 2800 607200 303600
R UE R R % 49 8 11 35
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ERPEREIN L. FE R C 15 F 78 Visual Studio
2012 HfFrp s B, Hus A7 388 5 HLS T HAR 5 —
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B AT GRS 7. 04 52 2 B X7 R 58 42
T LLFES A4 HLS T A/ fE #JF 1 FPGA ¥ &
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&7 CPU I FPGA T &L RXD § % i 4b 72 i & 3 bk
Table 7 Comparison of processing time measured for

RXD algorithm between CPU and FPGA

implementations
FPGA
e fin o H
4 JE 5 /NI 4iE ms b
fob 34 B i) /s ETWH?@/ B /NBf ZE/ @IE ®=
ns clk Ifa] /s
111.29 9.78 1552545313 15.81 7.04
A
4 £

L) BP0 il 5 0 H ARG Il RXD 53k ke
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T B AT B FEAR TR AT QR 23 A SR 0 4 )
1By S8
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3z Z SR BL T R
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Acceleration scheme of RXD algorithm based on FPGA for
hyperspectral anomaly target detection

ZHENG Yuxuan, LI Yunsong” , SHI Yanzi, QU Jiahui, XIE Weiying

(State Key Laboratory of Integrated Services Networks, Xidian University, Xi’ an 710071, China)

Abstract: Hyperspectral images bring abundant spectral information, but their large size and high dimen-
sionality also lead to huge calculation. Therefore, it is particularly urgent to develop a high-speed processing
scheme for anomaly target detection algorithms. Considering that the field programmable gate arrays ( FPGA)
are of powerful parallel capability and highly flexible design, aiming at the problem that the computation of the
covariance matrix and its inverse is too large in the Reed-Xiaoli Detector (RXD) algorithm, we propose an ac-
celeration scheme of block parallel and QR decomposition for the RXD algorithm based on the FPGA platform,
which is optimized by high level synthesis (HLS). Experimental results show that the processing speed of FP-
GA-based acceleration scheme proposed in this paper is 7. 04 times faster than that of CPU-based implementa-
tions with the detection performance preserved simultaneously, which verifies that the proposed acceleration
scheme is correct and effective.

Keywords: hyperspectral anomaly target detection; RXD algorithm; block parallel; QR decomposition;

high level synthesis (HLS) ; acceleration scheme
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Auxiliary polarization sensitive array beamforming based on
non-circularity restoral

WAN Pengcheng' , BAI Weixiong""* , GAO Xiaoyang', CHEN Hong’

(1. Graduate College, Air Force Engineering University, Xi’ an 710051, China; 2. Unit 61769, PLA, Lvliang 033000, China)

Abstract: In order to reduce the application cost of polarization sensitive array ( PSA) , optimize the uti-
lization efficiency of polarization information and improve the filtering performance under the condition of steer-
ing vector mismatch, an auxiliary polarization sensitive array ( APSA) model and a beamforming algorithm
based on binary phase coded signal non-circularity restoral are proposed in this paper. In APSA, partial ele-
ments in single polarization linear array are turned into dual polarized elements; assuming that steering vector
is unknown, the received signal covariance matrix and the conjugate covariance matrix are calculated, and a
new covariance matrix is eigen-decomposed to determine the weight vector filtering in accordance with the non-
circularity maximum criterion. This paper analyzes the performance of the array model, discusses the minimum
variance distortionless response (MVDR) algorithm and the eigen-subspace projection ( EP) algorithm, and
makes a comparative analysis. The simulation results show that the non-circularity restoral algorithm of the bi-
nary phase coded signal will not be affected by the steering vector error, and it has excellent anti-jamming per-
formance and strong robustness under the APSA model.
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A routing strategy for software defined satellite networks
considering control traffic

FEI Changjiang, ZHAO Baokang” , YU Wanrong, WU Chunqing

( College of Computer, National University of Defense Technology, Changsha 410073, China)

Abstract:. Software defined satellite networks (SDSN) provides an innovative perspective to manage sat-
ellite networks through decoupling the data and control planes to achieve logically centralized network states
and controls. In SDSN, control messages and data packets are simultaneously transmitted in the network. Mas-
sive, dynamic and high-priority control traffic will cause significant interference to data packet transmission.
Therefore, a data flow retreat routing ( DFRR) strategy is proposed. When calculating data packet routes,
DFRR takes control traffic on a link as a factor affecting the link cost to reduce choosing links with large con-
trol traffic; before control traffic distribution changing greatly caused by the handoff of overhead satellite con-
necting with the network operation and control center (NOCC), DFRR predicts probable congested links and
selects some data flows on these links for rerouting to avoid congestions. The performance of DFRR is evalua-
ted on OpenSatNet, a research platform we developed for SDSN. The experiment results show that DFRR can
reduce link congestions in the network and the packet losses of control messages and data packets effectively.

Keywords ; software defined satellite networks ( SDSN) ; satellite network ; routing strategy ; control mes-

sage; congestion avoidance
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Fig. 11 Extraction results of star centroid of sky map
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Multichannel fast star centroid extraction method with
low memory resource cost
YU Wenbo, JIANG Jie”

(School of Instrumentation and Optoelectronic Engineering, Beijing University of Aeronautics and
Astronautics, Beijing 100083, China)

Abstract; The attitude update rate is one of the most important performance indexes of the star sensor.
With the application of the large array image detector, the processing speed of the traditional star extraction
method has become the main bottleneck of the update rate. Given that, a multichannel fast star centroid ex-
traction method is proposed in this paper. Firstly, the information fusion technology based on the effective
length of the target in the scanning direction is proposed to realize the correct information fusion of various
shapes of boundary targets. Secondly, the dynamic dual-pointer cyclic mapping technology is utilized to recy-
cle the memory resources occupied by invalid information, thus greatly improving the utilization efficiency of
the memory resources. Finally, the experimental test is carried out to verify the performance of the proposed
method, and the performance is compared and analyzed with that of the traditional single channel method on
the same field-programmable gate array ( FPGA) chip. The experimental results show that the processing
speed of the proposed method is about 3.6 times as high as that of the traditional single channel method, while
the memory resource used by the proposed method is merely about 40% of that used by the multichannel meth-
od which is directly extended by the traditional single channel method. Thus the feasibility and effectiveness of
the proposed method are verified.

Keywords: star sensor; image processing; centroid extraction; multichannel and parallel; low memory

resource cost
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Table 1 DC current output resolution

HUEEAEE T EER AR/ mA FUEL L/ mA
0000 0.001816 0.001992
0001 0.002708 0.001506
0002 0.003 464 0.000856
0003 0.004 256 0.000 194
0004 0.005038 -0.000434
0005 0.005 828 -0.001092
0006 0.006574 -0.001746
0007 0.007 346 -0.002424
0008 0.008 094 -0.003 064
0009 0.008 862 -0.003722
000A 0.009 624 -0.004378
000B 0.010404 -0.005028
000C 0.011168 -0.005674
000D 0.011930 -0.006328
000E 0.012712 -0.000434
000F 0.013464 -0.001092

x2 HRBRWHBE

Table 2 DC current output accuracy

HE AL/ mA IE SEI AL U/ mA B S LA/ mA
+0.01 0.010052 -0.010106
+0.02 0.019991 -0.020234
+0.03 0.029906 -0.029611

+3 3.00017 -2.99957
+4 4.00053 -3.99946
+5 5.00028 -4.99997
+16 16.0027 -15.9998
+17 17.0022 -16.9993
+18 18.0021 -17.9994
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FHIE HL I/ mA CRE ) 52000 HL P/ mA
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0.008 0.008 0043
0.01 0.0100056
0.02 0.020003 7
0.03 0.0299979
0.04 0.0400032
0.05 0.050008 7
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Table 4 Accuracy of magnetic field control of

DC current drift test

three-axis coil
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Nuclear magnetic resonance gyroscope high-precision magnetic
field drive technology
LU Qilin'*, YANG Dan'?, ZHAO Xinghua'?, ZHOU Binquan'*""

(1. School of Instrumentation and Optoelectronic Engineering, Beijing University of Aeronautics and Astronautics,
Beijing 100083, China; 2. National Key Laboratory of Inertial Technology, Beijing University of

Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The interaction of the lasers with the alkali metal atoms and inert atoms in the cell is used to
maintain nucleon precessional motion in Larmor frequency, the magnetic field-driven technique is used to
achieve closed-loop control of air chamber magnetic field, the resonance state of nucleon is kept by compensa-
ting the residual magnetism, and then the system angular rate can be sensed, which is the basic theory of nu-
clear magnetic resonance gyroscope (NMRG). Magnetic field drive technology, which is an important part of
the closed-loop control of magnetic field, directly influences the precision and stability of NMRG. In order to
solve the key technical problems of insufficient control accuracy and stability of NMRG magnetic field, a volt-
age-controlled current source of AC/DC separation design is studied to improve the control precision of the
magnetic field. In addition, analysis and modeling of the field drive circuit noise based on noise analysis theo-
ry are carried out and the experiment is made for verification. The results show that the control precision of the
transverse magnetic field of the 3-axis coil is +£0.0462 nT and the control precision of longitudinal magnetic
field is +£0.003 1 nT. The experiment proves that this technical solution has higher engineering application
value.

Keywords : nuclear magnetic resonance gyroscope ( NMRG ) ; magnetic field drive control; digital pro-

grammable current source; modeling and analysis of low noise circuits; 3-axis magnetic field coil
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Table 2 Step response relative error of open-loop system
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Dynamic nonlinear system modeling of electronic throttle
body based on Hammerstein structure
YANG Xinyu', ZHANG Zhen"* , TAN Qingyuan’, CHEN Xiang’, ZHOU Kemin®

(1. School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Department of Electrical and Computer Engineering, University of Windsor, Windsor N9B 3P4, Canada;
3. School of Electrical and Automation Engineering, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: In order to realize the robust control of an electronic throttle body ( ETB) system equipped
with 5.7 L gasoline engine, the nonlinear inverse model of the ETB system must be established to counteract
the effect of dynamic hysteresis nonlinearity on the control performance of the system. In this paper, the dy-
namic nonlinear characteristics of the ETB system are studied and a dynamic hysteresis model for the ETB sys-
tem is proposed and identified based on the structure of Hammerstein system. It is challenging for the existing
static hysteresis operators to cover the nonlinear characteristics of the ETB system. Thus, to describe the spe-
cial hysteresis nonlinear characteristics of ETB system, a new static hysteresis nonlinear operator is constructed
as the nonlinear subsystem for the Hammerstein model. The analytical inverse operator of the static hysteresis
operator is also derived. The unmeasurable internal state in the Hammerstein system is then estimated based
on the hysteresis inverse compensation strategy. Finally, the linear subsystem in the Hammerstein system is
identified using the estimation method of least square. The comparison between the modeling results and exper-
imental results shows that the proposed model can describe the dynamic hysteresis nonlinear characteristics of
the ETB.

Keywords: electronic throttle body ( ETB) ; hysteresis nonlinearity ; Hammerstein model; hysteresis in-

verse compensation; least square estimation
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Fig.1 Schematic diagram of space fly-by mission
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Table 2 Accuracy comparison of two surrogate models

] R? RMSE
RBF #& %1 0.993 0.018
Kriging f5 71 0.952 0.049

6
:" -
z
5 4
B 3
» e
E_ 9 «+
W - Fos
=
| b
+ RBF{7Y
= Kriging by
0 | 2 3 4 5 (3]
FEG T TR HSEE/(10%s)

B4 DA AR i o3 A

Fig.4 Distribution of test sample points

HR Y B S N 2R, N 2 B TR S K
(H ST, ol LU Y, A X T Kriging #%1, RBF
IR ) i 7 0F A R BT S AR TP R R

P, A SR T RBY RS AIF 50 2 )% i A
HRI R 2% 1R A 7 R

4 SC3EE

DL 1 i BB AR B R 91, B T RBF A5 AU i
7500 8 & S5 10, AR B R R AR
Av,, =500 m/s, KA} R] 245K Ar,,,. = 9000 s,

PR TR /N T SRR B R AR SO AR AR
PHAS Y i ) R R0 A, PR e e e o R A AR
ARG AR E E AR A, AR 1T Ry AT,
FEBETE2S Al LA 10 Ry A0 4K it B S A8 A0 4 A7
B P FERT 29 60 h TRl . PR 2928
AR A I S AR AR AR B A Y 43 0 R AT 3
AR AN 3 R .

M 3 I LLE ) RBF #5783 5 % 5 26
FFERHSOR i F B SERE A 1 0. 29% , 15 30R A%
A H R o (A AR A R R e AT
A, PR SA 7 A Sl RS SR R N 5 R SRR AR
T3¢ 6 A B3 4 2 3 o it ) L S A8 A O A
B, BT DA B AR 2 — 2 (AR (E S T B R
A A i B ELSERE TR 6. 31% , 4 FL T 35 0R 8 1
B o T ELACHRA R 09 b i — R M, — B
58 B, 6 T AH [R) 0 AR BSOS B0 T E S RT DL SR
BAEH, O AR

BRI R T A K M 2 = 1+ 38 80R5  iE /7
B — 0 BYRE BEEOR . R 2 By B B,
RBF # %I R* >0.9,RMSE <0. 2, ¥ & 25k,
R U s HE N SR 22 i e B R B AR X
TR R m Fom, B SEEH LKL, A5 TR,
Al LA 1, B RBF BRI A5 2] () SFE L K S
it FH B S LA B (9 45 SR BEAS A W], AT DA R e i
Wb 25 AT R 5 1 Y 52

L X A E L A AT LA

IDIDC W 3PN IS RN NS | ]
(B3] 29 ) 0, e B e K R R T ) e e 22
B AT R 2 22 A RS B IR AIE &

®3 REEMETHEETEREL

Table 3 Comparison of calculation time between

surrogate model and true model s
B FRBRAR T RYTE 1 Mt
- ) I 1] V- ik ] i ]
B 57688 57688
RBF #71 3473 168 3641




2618 b B = R KR

e AL F 4
2018 4

SR TR BEAR . 6 i i £ S P TS A
ZFEN R A G 3 s N A R R
JEARSE Kl 2204. 4 iR O s,

2) M TFARER my , EAFAER B AT AT m X
), fif % 5 63 EAEAE B0 2 H AR AT K &% 0 T 3% X

BT M e

5500
5000
4500
4000
3500
3000
2500
2000
1 500
1000
500

360

240

m, =)

120,

0 120 240 360
m (%)

(a) HLSHRY

K THE S
- 5500

5000
4 500
4000
3 500
3 000
2500
2000
1 500
1 000
500

360

240

m /(%)

12047

0 120 240 360
m /(%)
(b) RBF i

Bl5 s SRERUR RBF AR & G O i A5 E 4 1B
Fig.5 Contour map of launch window length of
true model and RBF model

Fe G T s

7 5500

W A
7 5 000
F 44 500

4 000
3500
3000
2500
2000

360

1500
1 000
500

m /(%)

Bl 6 30T s A AH S5 I Y R S 1 IR

Fig. 6  Launch window length of equal mean anomalies

(] P, RGBT DR A 7 0 RE 8 S I E] 29 5T g
SR, ANTR B mg KRB m XA AN ] X
[ BE 108° ~ 172°; [AIFE , X TAE E Y m, , &BAEAE
m DX [H], X JE] 4 B 108° ~ 188°, W& 7 FrR, Y4
my, = 160°Hf, AT 4T m o X [A] [ 40°,158° ], X [A] K
JE 118°52 my, = 160° I, W] 4T m, X [H] Jy [ 162°,
288° ], IX ] K JiE 126°,

3) M 5 BENS E W b F & O E
A3 A7 1 0 RS Akt 385, T DLk BUR S % A
A, 7E S 23 ] 6 AT 55 1R LA SR i A
MES(D) AT LA B, S my, =112° m, =72°K
WG 2 AR R i o 1 B e, g 5743, 1 s, T 6K
LR 2% B HLE J5 918 5801 1 s, X R B 7E— 1
Ja 3 2 9 FEAS R AT DA S it

4) WAERE— i, AT LR TG E 5 4 ) ey HL 2
B HA BRI RO R S DK A DA A
IR S5 19 & 8 7 11 2R O, D] LK I i 22 4K i)
] J5 AT DAL S OB 45 1 o I I8 T s, A BRI

AT s
; 5500
5000
4500
4000
3500
3000
2500
2000
1 500
1 000
500

36057

e

240¢

m K(%)

120

= o
m, =160

|
]
]
]
i
. ==t =160
]
i
|
]
1

A T P 7l
0 120 240 360
m (%)
FLT WTAT Y T3 a5 A DX DR R A
Fig.7 Schematic diagram of feasible region of

mean anomaly

BT O s
5500

5000
14 500
4000
3500
3000
2500
2000
1 500
1 000
500

360

240+

m (%)

120},

m(©)

K8 LR — AR R & 1o

Fig. 8 Analysis of launch window of one point



%12

o] T4, 2 ¢ 55 T A BT A 134 2 ] OOk B 5

Ae At 4R

2619

m Fl m, oy (40°,80°) , DL W46 4514, A 59 %
F1 R O, KR4 6 4 A0 K 2% A E A5 L K 25 19 31 18 AR
B, PR 0y /ny = 1.2, 0 WG 35 19 o7 5 Bl
B[] B AR FE 7R 18] T3R8 S DL A Sl i R R 2
ML B, i P& s, ATLLE W, &
2526.2s)F B S FMEA R E WML T B A, L
RN WI IR AR R K Dy 500 s 5 R Kk
B K JEAR D T HA, 412000 s, W55 B A Sk
Ziat 4124.6s J5 2135 C £, UL C BRI IR A4 TF
G B, DL A U R, R T K B B ] AR
U 9 Frs .

3500

3000+

2500F

2 000

1 500+

R K1

1 000 ¢
B

500
A /J'

0 1 000 2000 3000
B/

4 000

B9 e 1K R B I B A2 Ak

Fig. 9 Change of launch window length with time

5 & i

1) ARSCHHr T 28 0] ClAT 55 iR, s T
T W) IR 25 A X K 5 6 10 5 el ) BRC(E T BR A
R B A B 4 A AR R IR, T SRR R 2
60 h, AR,

2) B TARERBI RN EER R A A A R 0 ik
T A R AR A 5 T RBF BRI Kriging
B DL R® A1 RMSE i W X b 7 2 Ff 455 280 ) 4
45 W] RBF A0S B 45 1

3) i RBF BRI TH3 L G 6 0K B H 5
FERT AU Ry ELSTRE Y 0. 29% | i FLAS B A% 36 6 2 52
Ko MR G 0K RS LA 0T TR
A X S B S

4) JRZn] ITE 2 A5t — 2 Rkt —
J5 T, et e A g D T E SRR R B A0SR A
JEE A B AR 2 R O SRS AR
FRIRBL 2 AT 5 55— 5 T, $ e A QAR Y 1 R 32
KGR, 0 ok 8 AR A5 38 B 3k oA el 2 Ay QB A
AU AR, B7F 5 A R AL 1) 5 8 A48 1E ok 4
o A RN B 5

(1]

[6]

[9]

[10]

%30k (References)

. 25 6] AR BRI MR S Or T [ D] Kb
Il 7 ok 25 £ AR R, 20101012,

TIAN Y. Study on guidance methods of fly-by approaching ob-
servation of space target| D ]. Changsha: National University of
Defense Technology,2010:1-2(in Chinese).

BN, B, @R, & Ik — 5 TR C 4179 /M7
EBTRSEGHLI]. o EFE . HARRE%,2013,43(6)
596-601.

HUANG J C,WANG X L,MENG L Z,et al. Analysis of engi-
neering parameters of CE-2 fly-by 4179 asteroid [ J]. Science
China: Technology Science, 2013,43 (6 ):596-601 (in Chi-
nese) .

A U5 OB R AR R B S kAT (D] Kb B
Bl AR K 2,201 1.

LI G H. Study on terminal guidance of flyby spacecraft[ D ].
Changsha: National University of Defense Technology, 2011 ;1
(in Chinese).

MATSUMOTO S, DUBOWSKY S,JACOBSEN S, et al. Fly-by
approach and guidance for uncontrolled rotating satellite capture
[C]// AIAA Guidance Navigation and Control Conference and
Exhibit. Reston: ATAA ;2003 :1-10.

R F oz B, SR . 22 2 A K AR OB 3T 1 P 2
SR Tr k], LiATR ,2015,32(3) :16-21.

HAO R, MENG Y H, GUO S P. Two-stage motion planning
method for fly-by approach of spacecraft with multiple con-
straints[ J]. Aerospace Shanghai,2015,32(3) :16-21 (in Chi-
nese) .

XEE L X5l S IR S RN R SRR
PUBBLIT (] TR ,2014,35(3) :262-268.

LIU L,LIU Y,CAO J F,et al. Mission design of the CHANG’
E-2 asteroid exploration[ J]. Journal of Astronautics,2014,35
(3) :262-268 (in Chinese).

EVE R BSFAL, sk 4 A, 5. SRR 0 O 28 5 LR SR 1)
W5 [J]. FHRLIT #,2013,30(9) :83-87.

YAN X L,LIAO S Y,ZHANG ] S, et al. Space-based launch
scheme and planning strategy simulation[ J]. Computer Simula-
tion,2013,30(9) :83-87 (in Chinese) .

FF TR E PE RO O v AR LB P i R T
[D]. B3 AT B RS AT K 2 ,2010:18.

WANG Y. Uncertainty-based optimization method and its appli-
cation in aircraft design [ D ]. Nanjing: Nanjing University of
Aeronautics and Astronautics,2010:18 (in Chinese) .

Ewr, Tiase R ET 2R AR RRIT]. ™
FALAS LK K 24244 41,2008 ,40 (4) :501-506.

WANG Q,DING Y L,CHEN H. Simulation optimization based
on multilevel-surrogate models[ J ]. Journal of Nanjing Universi-
ty of Aeronautics & Astronautics, 2008,40 (4 ) :501-506 (in
Chinese) .

JEI AW, BT, e /N AL 25 ) B T 4 A X T S X
[J]. K F i ,2006,24 (1) :33-38.

ZHOU X F,TANG S,GAO X W. Determination of interceptable

section and encounter section for space target[ J]. Aerospace



2620

b B = R KR

AL 4R

M 2018 4E

[11]

[12]

[13]

Control ,2006,24 (1) :33-38 (in Chinese) .
ZENAS G-, 1] TFAEL. 25 B 4 A AL A 5 W) 14 23 ) 6O R
S RS ] AR T A ,2018,46(3) :171-176.

LI R J,CHEN Y,XIANG K H. Study of launch window of space
fly-by under influence of initial phase angle[ J]. Modern De-
fense Technology,2018,46(3) :171-176 (in Chinese) .

F 5. MDO (AT EFFE [ D] v 52w 50025 LK K27,
2008 :39.

WANG Q. Research on arithmetic of MDO[ D ]. Nanjing: Nan-
jing University of Aeronautics and Astronautics, 2008 :39 (in
Chinese) .

FIVRIC. 3T R RALE R Z R [ D], M
50 BN AR K24 ,2010.:30.

[15]

[16]

[17]

WS A E M MDO Bl J HoAE TR SR B i A
[D]. Kb EBFRE AR ,2007 :27-28.

YAO W. Research on uncertainty multidisciplinary design opti-
mization theory and application to satellite system design[ D ].
Changsha ; National University of Defense Technology,2007 ;27-
28 (in Chinese).

LIANG B. Radial basis functions for solving PDEs[ J]. Math-
ematic Applicata,2004,17(2) :227-233.

2. T O TR T ST A B R S e [ D ]
TR - R R 2% ,2014:19-23.

LI J. Launch vehicle trajectory optimization based on improved
quantum particle swarm algorithm[ D ]. Xiangtan ; Xiangtan Uni-

versity 2014 :19-23 (in Chinese) .

HU T Y. Multidisciplinary design optimization for flying wing

aircraft preliminary design[ D ]. Nanjing: Nanjing University of EEE -
Aeronautics and Astronautics,2010:30 (in Chinese) . mAFE B A AR A Sl 3 S T R

[14] Jelht , XU, WANG G G, %, JE T3+ 57 pli B i 5 4 B A A
B AT A T LU AL M SR [0 ] HLAR TR 2 4, 2016, 52

(14) :79-105.

an SRS R AR LB S 2 S

EAR BB LRE. EEIR I E ARSI D) )

LONG T,LIU J,WANG G G,et al. Discuss on approximate op- S,
timization strategies using design of computer experiments and
metamodels for flight vehicle design[ J]. Journal of Mechanical BR#m B W S TR, R TR AR AL sh

Engineering,2016,52(14) :79-105 (in Chineses). 5

Launch window of space fly-by based on surrogate model

XIANG Kaiheng"* | LI Renjie’, CHEN Yang'

(1. CASIC Space Engineering Development Co. , Ltd. , Beijing 100854, China;

2. Beijing Institute of Electronic System Engineering, Beijing 100854, China)

Abstract: In order to analyze the influence of initial positions on the launch window in space fly-by prob-
lem efficiently, the process of space fly-by was studied firstly in this paper. Then, a numerical method to cal-
culate the launch window under different initial conditions was proposed. For improving calculation efficiency,
surrogate model technology was studied, including sample points selection methods, surrogate models construc-
tion methods, and accuracy assessment methods. On the basis, two models, radial basis function ( RBF)
model and Kriging model, were compared. The results show that RBF model is more accurate for the problem
in this paper. So it was applied to calculate launch windows under different conditions, which costs only
0.29% of the time that the true model costs, and the accuracy meets requirement. The results prove that using
surrogate models can efficiently analyze the influence of initial conditions on the launch window, which will pro-
vide valuable theoretical foundation and reference for the orbital planning and design of space fly-by missions.
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Table 3 Pulse laser energy assignment based on CEA
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A method of efficiently using space-based laser energy to
remove space debris
SHI Qiangian, ZHANG Yan" , ZHAO Peng, WANG Chenglin

( Beijing Institute of Tracking and Telecommunications Technology, Beijing 100094 , China)

Abstract: In view of the growing space debris pollution of space environment, the deorbit model of space-
based laser removal of space debris is established. In this model, the effect of the angle between the speed in-
crement and the space debris velocity on the height reduction of perigee is emphatically analyzed, and taking
into account the influence of the distance between them, the concept of coefficient of energy assignment
(CEA) is proposed from the perspective of energy utilization. According to the CEA, a pulsed laser energy
assignment strategy is designed, and it can improve the energy utilization ability to remove space debris more
efficiently compared with the way of average energy laser pulse cleaning space debris, illustrating the effective-
ness of our removal strategy.

Keywords: space-based laser; space debris; deorbit model; multi-pulse; removal scheme
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Fig.4 Schematic diagram of classification method of SVM
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Table 2 Initial state of simulation
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e 0.0025
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M/(°) 21.1683
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r./km 6081.6417
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Table 3 Partial training data
&,/ % At/d a/km e i/(°) 0/(°) w/(°) M/(°)
-50 0.301 6871.102 0.0025 97.565 -73.712 94.707 229.007
-40 0. 600 6871.051 0.0025 97.563 -73.605 93.301 72.578
-30 0.300 6871.102 0.0025 97.565 -73.912 94.701 227.745
-20 0. 600 6871.048 0.0025 97.563 -73.605 93.299 73.216
-10 0.500 6871.142 0.0025 97.561 -73.707 94.098 243.763
0 0.900 6871.174 0.0025 97.563 -73.301 93.709 278.117
10 0.800 6871.061 0.0025 97.565 -73.403 93.410 87.899
20 0.200 6871.072 0.0025 97.564 -74.014 95.067 39.982
30 0.300 6871.096 0.0025 97.565 -73.912 94.703 228.378
40 0.500 6871.135 0.0025 97.561 -73.707 94.097 243.766
50 0. 600 6871.036 0.0025 97.563 -73.605 93.298 73.220
F4 HEOARANSESHEE oy 181440 LIRS G5, DA AR 3k 32 2 IR 25 X6 i
Table 4 Training parameter setting of random forest A e S AR 22 1 Bl ML 27 K B 31 25 Fn T80
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Table 5 Training parameter setting of neural network
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Table 6 Training parameter setting of SVM
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Fig. 7  Classification results of neural network
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Fig. 8 Classification error variation of neural network
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Table 7 Performance comparison of three

classification methods
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Correction of space atmospheric model based on data mining method

LTAO Chuan, BAI Xue, XU Ming"

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The empirical atmospheric model would cause great error in orbital prediction. This paper,
taking a typical satellite as the benchmark spacecraft, proposes two orbital prediction models with different pre-
cision to generate training data and test data. Using three supervised classification methods in data mining
technology, i. e. support vector machine (SVM) , neural network (NN), and random forest ( RF), to learn
the errors caused by atmospheric model in orbital prediction. In this way, the deviation between the atmos-
pheric model and its real value can be recovered and then corrected. Classification training results show that
due to the randomness and voting mechanism, RF makes the highest accuracy in recovering the known devia-
tion of atmospheric model close to 99.99% through choosing maximum probability, which is followed by SVM
with the maximum accuracy of 50. 7% . It is often the case that feedforward backpropagation neural network
fails to learn, so the application performance is poor. Compared with traditional statistical methods, the meth-
od proposed in this paper has the advantages of rapidly processing big datasets and the ability of mining poten-
tial knowledge in tiny orbital prediction errors.

Keywords: data mining; random forest; neural network ; support vector machine; atmospheric model
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Space non-cooperative target 3D reconstruction and interaction
based on smartphone APP

ZHAI Min"?, LIU Huaping" ", ZHANG Tianyu’”, LU Shan*, XU Jingwen’"

(1. Department of Computer Science and Technology, Tsinghua University, Beijing 100084, China;
2. State Key Laboratory of Aerospace Dynamics, Xi’ an Satellite Monitoring Center, Xi’ an 710041, China;
3. Department of Electronic Information and Engineering, Xi’ an Jiaotong University, Xi’an 710072, China;

4. Shanghai Aerospace Control Technology Institute, Shanghai 201109, China)

Abstract. In this paper, a software system is designed and implemented, which uses space-based obser-
vation sequence to reconstruct the 3D non-cooperative target based on the thought of software defined satel-
lites. Considering the interaction between the satellite and the ground users, the system consists of two parts;
software on the satellite cloud node and an APP on the ground users. In this system, normal users can watch
the 3D structure of the space targets in real time and improve their knowledge of the space. For researchers,
the 3D reconstruction of non-cooperative targets is the basis for further research such as capturing and provi-
ding on-orbit services. In order to meet the further requirements of non-cooperative target orbit and pose deter-
mination, the system provides the position information of matching feature points generated in 3D reconstruc-
tion and the vector information between non-cooperative target and camera ontology. In order to solve the prob-
lem of sparse point clouds and poor visualization in 3D reconstruction using structure from motion ( SFM) ,
Poisson surface distribution reconstruction is carried out on the basis of sparse point cloud reconstruction using
SFM to obtain dense and uniform grid surface. Owing to the lack of the non-cooperative space target imaging
data, the ground imaging simulation is carried out to verify the algorithm. The results show that this method
can be used to reconstruct the 3D non-cooperative target and the reconstruction is accurate. Meanwhile, the
recovery 3D point cloud can be used to determine the orbit and attitude of the non-cooperative space target.

Keywords : space non-cooperative target; 3D reconstruction; structure from motion (SFM) ; CMVS/PM-

VS; software system; smartphone APP
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Technology of electromagnetic docking mechanism using nanosatellites
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2. School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract; On-orbit service is one of the main developing trends of future satellites, where on-orbit soft-
ware reconfiguration and hardware assembly are the key technologies. In this paper, combined with the elec-
tromagnetic technology and “pen cap” docking mechanism, an autonomous rendezvous and docking control
mechanism with 1U dimension was designed to be used in the cubesat field. And based on the designed elec-
tromagnetic docking mechanism, the comparison between precise model and distant field model of electromag-
netic force and moment was conducted, and the application range for distant field model with docking distance
more than 0.1 m was gained. Using simulation analysis method, it is found that the ratio of without iron core
and with iron core is in the range of 10 ~* ~10 ~*, which provides reference for distant field model correction.
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Software defined satellite attitude control algorithm based on
deep reinforcement learning

XU Ke, WU Fengge ", ZHAO Junsuo

(Institute of Software, Chinese Academy of Sciences, Beijing 100190, China)

Abstract; Deep reinforcement learning ( DRL) technique is a new kind of machine learning based control
algorithm, which shows its outstanding performance in the area of robotics and unmanned aerial vehicle.
Meanwhile, in the area of satellite attitude control, traditional PID control algorithm is still widely used. As
satellites become smaller and more intelligent and software defined satellite emerges, traditional control meth-
ods are even harder to meet the needs of adaptability, autonomy and robustness. To deal with these problems,
a deep reinforcement learning based attitude control algorithm is proposed. It is a kind of model-based algo-
rithm, which has much faster convergence speed than model-free algorithm. Compared with traditional meth-
od, this algorithm does not need prior knowledge of satellite’ s physical or orbit parameters and has better
adaptability and autonomy, which make it possible for software defined satellite to adapt to different hardware
environments and to be developed and deployed much faster. Furthermore, through introducing target network
and parallelized heuristic search algorithm, the proposed algorithm has higher network accuracy and faster
computation speed. The simulation experiment verifies these improvements.
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Table 1 Parts’ key physical parameters

E G Fi/kg  LERROFE IR/ (kg - mm?)
Ik JAE 224.67 3.27 x10°
RREAGE S 1.80 x 10 72 2.37
HEFF 1 0.29 0.28
AT 2 + M EHLMIHEZE  0.562 13.65
Hr 31.37 1.58 x10°
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Table 2 Contact and friction model parameters

F=-C% _K(R-R,) +F, (5)

T=-C -K,(6-86,) +T, (6)

BB SRR &/ (N - mm ") 100000
AL H e 2.2
I KRB e BB C /(N - s - mm ™) 10
¥k e RS E RBE d,,,,/mm 0.1
HEEHE R B 0.3
B R B ey 0.1
B EE SR L v,/ (mm - 7)) 100
By L v,/ (mm - 57" 1000
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Table 3 Related parameters of compliant units

TR A PR AR B KR BE R B/ (N - mm ") 0.1
TR XY RMBLE R/ (N s - mm ™) 0.1
BRI A 1 e AR RIE R B/(N - mm - (°) 1) 0.1
Bt 1 LR A B/ (N - mm - s - (°) 1) 0.1
BRI 2 e ERIE RB/(N - mm - (°) 1) 0.1
Feah XA 2 FhHEFLE R B/ (N - mm - s - (°) 1) 0.1
x4 BRYIEHSH
Table 4 Target motion parameters
E I BoE

L/ (m-s") 0.1

I/ ((°) - s7h) 0.1
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Fig.4 Curves of compliant joint displacement
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158 2.0

i 1 g -
— 154} I 116 2
£ T | —HiEEE N\ - e
£ 1s0r - HERmE N 7 114 =
E 46} A {08 &
= . &
= 42p N -

e 0.1 02 03 04 05
B fal/s

F6 HARRESEOE

Fig.6 Change of target state parameters
FF I 2 6 E AR A U AR R B RE R A e . A
bR W ffy T8 B2 B 286 B IAD 22 4 ) BE 7K 52 19
B0 X R 2 M 2R T 2 AR T, I HL 4 TR
VOB, F AR SR A Sl RE IR BN, A R T RE
R R R E R/ E iRz IS K [ sl DR E R A7/
RALER . B, AR S A 2 R BUR 2
3 gl AR A 45 2R, 491 G 1 B O T SR B T
FAORAE S /N W) 2 e Al 3R P o Gk B RS AR BR
o X 55 J0 1 58 A5 3 k> A 2l 5G4 32 0T R T U
i R I FRME 22 , it 45 IS R S H AR 90 46 i
AR S B Bl 2 250 I, fdE H bR W BT 32 AR
WOk, G R A kiR . LR L S BRT R
S B AR 58 RO 55 X — AR B4, L KX
FrIF Y F AR A 3 B, O 3K B a0 A RE B RE IR
R B v B R B ARG 3l H AR B RE T, 0N G
TR TT 2 BT A

3 FTEMEREZMXTSHMML

3.1 fReRBE#EL

Shy 5 i B A 2 X H b iz Bl 2 R0 1 A
07 I 38 2o XoF 2 M5 14 2 B Ak, A T i 4R
H ks iz sh 2 808 B — 2 e 235 [, A b fe
MAEIZTE R E v<0. 1 m/s, I E o<
0.1(°) /s fmfifl ¢<20°, BIXS T iz 3h Z 404 I



2664 b B = R KR

e

2018 4F

IR FE LA B B A, AR BE A A 2 05 56 () 8 8 &
AR 5 3 BN I 2 58 Bk 3l X 5%, I DR IE B AR X
F I 20 £ 3 BE TR G BRI 2 Sl AR e v S A,
H 9 FE #3058 S AT BB K, TF 4 #5579 Bl 2e Rk
mrE"

Pk R 5 A o i 22 05 5 1) BE 5 FE BORCR
=AU, At ge i FE UG Bin sk hie E( 4k
SRR Bh e Z FRIR ) Fe /s

mME}zmm{%m%w+iﬁﬁm}=mﬂﬂxH

2
(7)
Koo A w4 5106 5 0 20 AR 0 4
R s m R0 T 20 50 Sy F B 64 5 R
S i x BT E
BT AR i 2 5 MR G 3R P A A8 R 45 O TY
F1% 5 S M B AR KRR i BEL e &R R, ) BB
B
x = [x,,%,, %] (8)
i=1,2,-,6 (9)
A e, Dy B T IR L R 8 i BELJE AR B
AU Y, AR Bl A2 S B O T RO T AR R R AY
SR JE dr e L AR S s o
LYRIEAT - A E AR 0 5390 5 70 A 26 B T

1
2 < x < x”

%';E(JEE% l]t.[l \lr;ghllﬁjﬁrj‘ﬂ‘j 0 %‘%’?Eﬁzj]Xd‘%Hﬂ‘ZUI
La(x) =0
{ (10)
Lign(x) =0
W 110 FI VT T B ZI () EH A5 4 £ B
Wi (X) < 0" (11)

AR YA A R A RE 286 B A 55 T eV B ROV S £
HEH 0™ =5(°)/s.
x5 RIIEELEHE

Table 5 Design variable range

AR AL X ]

- 51 R 48 TR E R /(N - mm ™) [0,1]
TR FE e R /(N s - mm ™) [0,1]
FEEEAY 1 e TR R 6y, (N - mm - (°) 7')  [0,1.5]
FEE A 1 WL R 2, /(N -mm - s - (°) ') [0,1.5]
BN 2 e TN A% x5/ (N -mm - (°) 7' [0,1.5]
BEE SN 2 BEEBHIE BB 26/ (N - mm - s - (°) ™")  [0,1.5]
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Fig.7 Flowchart of iSIGHT integrated ADAMS optimization
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Table 6 Optimized variable comparison

I ) 4 E e fE
%, /(N+mm™") 0.1 0.103 66
%, /(N+s «mm™") 0.1 0.89707
x5/ (N« mm - (°) ") 0.1 0.17626
xy/(N+-mm-s-(°)7") 0.1 0.21161
xs/(N+mm - (°) ") 0.1 0.11729
xg/(N+mm-s- (°)"") 0.1 0.39771
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Fig.9 Comparison of target kinetic energy before

and after optimization
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Table 7 Optimization target comparison

E ¢ e Ak A 1k &
A b= Y1) i 3 g/ m) 156.85 156.85
A br 5% 4 3 g/ m) 139.51 108.58
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Optimization design of compliant joints of bionic adhesive device

CUI Yongcan', SONG Ting’, SUN Jun®, CHU Zhongyi' *

(1. School of Instrumentation and Optoelectronic Engineering, Beijing University of Aeronautics and Astronautics,
Beijing 100083, China; 2. Shanghai Key Laboratory of Space Intelligent Control Technology, Shanghai
Spaceflight Control Technology Institute, Shanghai 201109, China)

Abstract: In order to improve the adaptability of the bionic adhesive device to target motion parameters
when capturing non-cooperative objects in space, a 3-degree-of-freedom series compliant joint is designed.
When the joints are embedded in the system, the device can passively adapt to the moving object posture
through the coordinated movement of the joints. Meanwhile, the kinetic energy of the target is gradually
reduced based on the joints’ compliant mechanism consisting of springs, dampers and their energy dissipation
function. In order to verify and optimize the joints’ performance, a kinematics and dynamics model are estab-
lished for bionic adhesive device’ s capture process based on compliant joints using virtual prototyping software
ADAMS. The effects of spring stiffness coefficient and damping coefficient on the capture state of non-coopera-
tive objects in the three groups of compliant joints are analyzed. By the ADAMS and iSIGHT co-simulation
method, a multi-island genetic algorithm is used to optimize the spring stiffness and damping coefficient of
compliant joints. Through parameter optimization, the energy dissipation effect of the bionic adhesive device
compliant joints is improved. The motion parameters of the target that can be captured reach the specified en-
velope range.

Keywords: on-orbit capture ; non-cooperative target; compliant joint; bionic adhesive device; parameter
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Exo-atmospheric interceptor modeling and penetration and defense effectiveness analysis
- XIE Jingwei, CHEN Wanchun (1826)
Construction method of flight safety manipulation space based on risk prediction
- LI Zhe, XU Haojun, XUE Yuan, PEI Binbin (1839)
A rotary-percussive ultrasonic drill driven by single piezoelectric stack
- WANG Yinchao, QUAN Qiquan, YU Hongying, BAI Deen, DENG Zongquan (1850)
Numerical simulation of melting process of nanoparticle-enhanced phase change materials
- ZHAO Liang, XING Yuming, LYU Qian, LUO Yegang, LIU Xin (1860)
Texture image classification based on BoF model with multi-feature fusion
- WANG Yuling, LI Ming, LI Junhua, ZHANG Congxuan, CHEN Hao (1869)
Design and correction method of spiral flute rake face of an hourglass worm gear hob
- YANG Jie, LI Haitao, RUI Chengjie, DONG Xuezhu (1878)
Energy-optimal and fuel-optimal problems for Lambert rendezvous
+ XU Limin, ZHANG Tao, TAO Jiawei (1888)
Fault detection for flywheels based on chaotic attractor
- LI Lei, GAO Yongming, WU Zhihuan (1894)
Construction of knowledge network of 020 e-business based on innovation ability-fitness
- GAO Changyuan, YAN Jian, YOU Yang (1903)
Spatial isolation methodology for spectral coexistence in LEO satellite systems
- ZHANG Hongshi, JIANG Bofeng (1909)
Adaptive bilateral control for underwater manipulator in uncertainty teleoperation
- ZHANG Jianjun, LIU Weidong, GAO Li’ e, LI Le, LI Zeyu (19138)
A global network flight flow assignment algorithm based on civil-military integration
- WU Wenhao, ZHANG Xuejun, GU Bo, ZHU Xiaohui (1926)
A fatigue life analysis method for multiple riveted joint
- ZHANG Tianyu, HE Yuting, CHEN Tao, DU Xu, TAN Xiangfei, LIU Kai (1933)
Semi-supervised classification based on class certainty of samples
- GAO Fei, ZHU Fuli (1941)
Low-altitude remote sensing image registration algorithm based on dual-feature for arable land in hills and mountains
- SONG Fei, YANG Yang, YANG Kun, ZHANG Su, BI Dongsheng (1952)
Gain scheduling based decentralized robust control for aircraft engines
- PAN Muxuan, CAO Liangjin, HUANG Jinquan (1964 )
Improved pulsar navigation measurement equation based on truncation errors
- XU Qiang, WANG Hongli, HE Yiyang, YOU Sihai, FENG Lei (1974)
Analysis and optimization of 2-DOF micro-positioning stage based on flexible hinges

. ZHOU Rui, ZHOU Hui, GUI Heli, DONG Hu, CAO Yi (1982)
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Trajectory planning method for redundant manipulator based on configuration plane
- WANG Anqi, WEI Yanhui, HAN Han, XU Lixue
Life prediction method of lithium battery based on improved relevance vector machine
- WANG Chunlei, ZHAO Qi, QIN Xiaoli, FENG Wenquan
F]ghter zigzag maneuver target tracking algorithm using HCKS-EM
R R RATRITE - LU Chunguang, ZHOU Zhongliang, LIU Hongqiang, KOU Tian, YANG Yuanzhi
Modeling and prediction of stratospheric wind field based on proper orthogonal decomposition

- LI Kui, DENG Xiaolong, YANG Xixiang, HOU Zhongxi, ZHOU Xin
Journal of Beijing University of Aeronautics and Astronautics 2018 Vol. 44 No. 10 (Sum 308)

Numerical simulation of drop capturing capabilities on heterogeneous walls
- ZHANG Ying, LU Min, LI Peisheng, XU Shufang, LIU Qiang, HUANG Jie
Simulation analysis of ion thruster plume thermal effect
- ZHANG Jianhua, LI Jinghua, YOU Fengyi, ZHENG Hongru
Effect of flow stress calculation on formability of aluminum alloy warm sheet hydroforming
- CAI Gaoshen, WU Chuanyu, LANG Lihui, GAO Zepu
Direct torque control of switched reluctance motor based on adaptive second-order terminal sliding mode
- LIU Yongzhi, SHAN Chenglong, LIN Bowen, SONG Jinlong
Lubrication characteristics analysis of a type of self-cooling structure fuel pump sliding bearings
- FU Jiangfeng, LI Huacong, FAN Ding, LIU Xianwei, ZHU Jiaxing, LI Kun
RBF neural network tuning PID control based on UMAC
- LI Ming, FENG Hang, ZHANG Yanshun
Threat evaluation method of air target based on information entropy and rough set
- YANG Yuanzhi, ZHOU Zhongliang, LIU Honggiang, KOU Tian, FAN Xiangyu
Status and evaluation method of surface tactile representation technology
- YAN Xuezhi, LI Ruige, WU Qiushuang
Dynamics modeling and kinematics calculation of webbed-feet during cormorant’ s take-off
- GONG Xiao, HUANG Jinguo, CHEN Hongyu, WANG Tianmiao, LIANG Jianhong
Test of ice shedding on turbofan engine blade in refrigeratory environment
- CHEN Gong, YANG Kun, WANG Liping, KONG Weiliang, WANG Fuxin
A fault tolerant high-performance reduction framework in complex environment
- LI Chao, ZHAO Changhai, YAN Haihua, LIU Chao, WEN Jiamin, WANG Zengbo
Path planning method for traction system on carrier aircraft
- ZHANG Jing, WU Yu, QU Xiangju
Zonal behavior of angle of attack effects on vortices over blunt-slender body
- QI Zhongyang, WANG Yankui, CAO Peng
Deorbit planning of reentry vehicles using ground track manipulation
- SHI Shufeng, SHI Peng, ZHAO Yushan
Performance analysis and parameter optimization of lander with variable damping buffer
- LIU Xueao, WU Hongyu, WANG Chunjie, DING Zongmao, DING Jianzhong
Multi-model estimation of HGV based on coupled aerodynamic parameters
- ZHANG Kai, XIONG Jiajun, FU Tingting, XI Qiushi
Fuel-optimal attitude maneuver using linear pseudo-spectral model predictive control method
- FENG Yijun, CHEN Wanchun, YANG Liang
Comparative study of variable amplitude multiaxial fatigue life analysis methods
- LIU Tianqi, SHI Xinhong, ZHANG Jianyu, FEI Binjun
Maneuvermg group target trac klng with multi-model GGIW-GLMB algorithm
. BN - GAN Linhai, LIU Jinmang, WANG Gang, LI Song
Exact background subtraction processing technique in RCS measurement in time-variant environment
- YUAN Saisai, LIANG Liya, XU Xiaojian
Tether swing control of tethered system based on nonlinear model prediction
- ZHANG Yujing, ZHONG Rui
A 3D laser scanning system design and parameter calibration
- CAI Jun, ZHAO Yuan, LI Yuhao, XIE Yangmin
Inter-block physical layer security structure design for polar code under FTN transmission
- ZHANG Chenyu, LIU Rongke
Numerical simulation of melting process of phase change energy storage unit under microgravity
- RUAN Shiting, ZHANG Jimin, CAO Jianguang, WANG Jiang, XU Tao
Measurement and extraction technique of scattered signals for targets under complex background

- LIANG Liya, YUAN Saisai, XU Xiaojian

(1991)
(1998)
(2004)

(2013)

(2021)
(2028)
(2035)
(2043)
(2052)
(2063)
(2071)
(2078)
(2096)
(2106)
(2115)
(2125)
(2134)
(2141)
(2149)
(2156)
(2165)
(2176)
(2185)
(2193)
(2200)
(2208)
(2217)
(2224)
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Aero-engine working condition recognition based on MKSVDD optimized by improved BA [ [57]
- HE Dawei, PENG Jingbo, HU Jinhai, SONG Zhiping (2238)

Journal of Beijing University of Aeronautics and Astronautics 2018 Vol. 44 No. 11 (Sum 309)

Maneuvering decision in air combat based on multi-objective optimization and reinforcement learning
- DU Haiwen, CUI Minglang, HAN Tong, WEI Zhenglei, TANG Chuanlin, TIAN Ye (2247)
Connected autonomous vehicle speed control at successive signalized intersections
- LU Yingrong, XU Xiaotong, DING Chuan, LU Guangquan (2257)
Performance analysis of shock thurst vector nozzle under different gas injections
- WANG Xiaoming, LIU Hui, HAN Longzhu, YUAN Xiugan (2267)
Automatic registration method of rail profile in train-running environment
- WANG Hao, WANG Shengchun, WANG Weidong (2273)
Experiment and simulation study on tip leakage suppression by a compound method
- HU Jianjun, ZHANG Duo, ZHANG Xianglan, KONG Xiangdong (2283)
Application of HRV in air traffic controllers’ fatigue detection
++eeeeeeee JIN Huibin, ZHANG Jing, LYU Chuan (2292)
Simulation of electromagnetic scattering from 2D sea surface with 3D electrically large ship target
- GE Zhishan, XIAN Ning, WANG Jinshen, LI Yang (2299)
Violation elimination of nominal models for manipulators constructed with Udwadia-Kalaba equation
- LYU Guizhi, LIU Rong (2305)
Influence of heat treatment and measurement methods on material hardness evaluation by longitudinal wave velocity
- MEN Ping, DONG Shiyun, YAN Shixing, KANG Xueliang, LI Enzhong (2312)
Principle analysis and modeling of rotor imbalance vibration in magnetically suspended control and sensing gyroscope
- XIA Changfeng, CAI Yuanwen, REN Yuan, WANG Weijie, FAN Yahong, YIN Zengyuan (2321)
Influence of power line harmonic radiation on ionospheric energetic electrons
- ZHANG Chong, WU Jing, MA Qishuang, GUO Qiang (2329)
A self-calibration method for space manipulators based on POE formula
- WANG Yecong, WEI Qingqging, HU Chengwei, DING Xilun (2336)
Receding Nash control for quadrotor UAV carrying a cable-suspended payload
- GUO Minhuan, SU Yan, ZHU Xinhua (2343)
A thin plate spline based method for correction of position and posture of electromagnetic tracking system
- GUAN Shaoya, MENG Cai, WAN Yuanyu, JIA Jia, WANG Tianmiao, ZHENG Lifang (2350)
Airport ground movement disruption recovery via mixed-integer programming
- ZHANG Tianci, DING Meng, ZUO Hongfu (2356)
Influence of ionization on hypersonic thermo-chemical non-equilibrium aerodynamic thermal environments
- YANG Jianlong, LIU Meng (2364)
RCC-OBE estimation fusion approach for MEMS gyro array
. P - SHEN Qiang, LIU Jieyu, ZHAO Qian, WANG Qi (2373)
Reliability evaluation of tank under uncertain conditions based on interval convex model
- XIN Tengda, WANG Hua, CUI Cunyan, ZHAO Jiguang, HAN Xiangyang (2380)
Time-triggered scheduling table generation method based on schedulability ranking
- SONG Zixu, LI Qiao, WANG Jingjing, XIONG Huagang (2388)
Influence factor analysis of catapult launch safety for carrier-based aircraft
- DONG Apeng, LI Shu, ZHU Wenguo, WU Weixiao (2396)
Fast calibration method of strapdown inertial navigation system based on partial axis transposition
- MIAO Jisong, SHAO Qiongling, REN Yuan, CHEN Xiaocen, WANG Weijie (2405)
Testing methods of statistical uniform electric field in non-enclosed aircraft cabin
- PEI Zhao, SU Donglin, SHI Guochang, LIAO Yi (2416)
Forming method of hourglass worm gear hob rake faces based on double-cone grinding wheel
- YANG Jie, LI Haitao, RUI Chengjie, LONG Xinjiani, WEI Wenjun (2423)
Comparison of power consumption and circuit performance between back bias in FDSOI and body bias in bulk silicon
- WANG Jian, YU Fang, ZHAO Kai, LI Jianzhong, YANG Bo, XU Liewei (2430)
Joint scheduling of both taxiway and gate re-assignment based on bi-level programming model
«+evseeees JIANG Yu, XU Cheng, CAI Mengting, CHEN Lili (2437)
A real-time visual odometry method based on crosscheck of feature
- FAN Weisi, YIN Jihao, YUAN Ding, ZHU Hongmei (2444)
Numerical simulation of near-field magnetic anomaly field for large-scale ferromagnetic objects

- ZHANG Mengying, WANG Hua, GE Lin, CHENG Hao (2454)
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Multi-mode computational optical imaging technology based on software-defined micro-nano satellite
- LIU Yangyang, LYU Qunbo, TAN Zheng, PEI Linlin, LI Weiyan, WANG Jianwei
Node level parallel and optimization method of satellite data mining
- BAO Junpeng, YANG Ke, ZHOU Jing
Remote sensing image fusion based on edge-preserving filtering and structure tensor
s+eeeeeeee QU Jiahui, LI Yunsong, DONG Wenqgian, ZHENG Yuxuan
Real-time elimination of analog correlator offset value using vector modulator
- XIN Canwei, HU Anyong, LIU Kai, MIAO Jungang
Real-time rapid initial phase calibration method of phased array in near field
- XIN Canwei, HU Anyong, LIU Kai, MIAO Jungang
A multi-beam handover mechanism in software-defined satellite network
- ZHANG Jiale, QIAN Hongyan, CHENG Xiang, CHEN Bing
Image segmentation and density clustering for moving object patches extraction in remote sensing image
- LIN Yijun, WU Fengge, ZHAO Junsuo
Design of optical airspeed measurement system based on Doppler shift
- LONG Yanzhi, LIANG Yingjian, HUANG Qiaoping, SUN Xiaoyi, WU Mei
Motion characteristic inversion method of single platform imaging target
- CHEN Binghan, ZUO Zhengrong, XIA Lurui
High-precision WiFi indoor localization algorithm based on CSI-XGBoost
- ZHANG Xuanli, XIU Chundi, WANG Yanzhao, YANG Dongkai
A design and evaluation strategy for GBAS reference station layout scheme
- ZHANG Yue, WANG Zhipeng, LI Qiang
Acceleration scheme of RXD algorithm based on FPGA for hyperspectral anomaly target detection
- ZHENG Yuxuan, LI Yunsong, SHI Yanzi, QU Jiahui, XIE Weiying
Auxiliary polarization sensitive array beamforming based on non-circularity restoral
- WAN Pengcheng, BAI Weixiong, GAO Xiaoyang, CHEN Hong
A routing strategy for software defined satellite networks considering control traffic
- FEI Changjiang, ZHAO Baokang, YU Wanrong, WU Chunging
Multichannel fast star centroid extraction method with low memory resource cost
- YU Wenbo, JIANG Jie
Nuclear magnetic resonance gyro high-precision magnetic field drive technology
- LU Qilin, YANG Dan, ZHAO Xinghua, ZHOU Binquan
Dynamic nonlinear system modeling of electronic throttle body based on Hammerstein structure
- YANG Xinyu, ZHANG Zhen, TAN Qingyuan, CHEN Xiang, ZHOU Kemin
Launch window of space fly-by based on surrogate model
- XIANG Kaiheng, LI Renjie, CHEN Yang
A method of efficiently using space-based laser energy to remove space debris
- SHI Qiangian, ZHANG Yan, ZHAO Peng, WANG Chenglin
Correction of space atmospheric model based on data mining method
- LIAO Chuan, BAI Xue, XU Ming
Space non-cooperative target 3D reconstruction and interaction based on smartphone APP
- ZHAI Min, LIU Huaping, ZHANG Tianyu, LU Shan, XU Jingwen
Technology of electromagnetic docking control mechanism using nanosatellites
- MU Zhongcheng, YE Dong, WU Shufan
Software defined satellite attitude control algorithm based on deep reinforcement learning
- XU Ke, WU Fengge, ZHAO Junsuo
Optimization design of compliant joints of bionic adhesive device

- CUI Yongcan, SONG Ting, SUN Jun, CHU Zhongyi
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