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Fig. 11 Comparison of center mask inpainting experiments
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Table1 Comparison of PSNR and SSIM of center mask inpainting results

_ PSNR/dB SSIM

) SCHR[11] ik SCHR13] T7k AT SCHR[11] 78 SCHR[13] Jris AT
1 28.97 29.55 31.12 0.8488 0.8670 0.938 1
2 2421 27.36 33.82 0.8152 0.8492 0.956 5
3 25.75 26.57 28.95 0.828 1 0.865 1 0.9035
4 21.57 28.19 33.42 0.8368 0.869 0 0.9558
5 27.01 28.39 31.72 0.8866 0.8850 0.9156

A SSIM ¥ = F e 8 vk o BRIk, DA 32 LA & 0 2 22 ANARMBENB R RIS S S
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PR HR IS T BB EROR BEERAE 12 Frs . Hp, B 12(c) R 3cilk [11] 97
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Table 2 Comparison of PSNR and SSIM of random mask inpainting results

- PSNR/dB SSIM
SCHR[11] J74% SCHR[13] J7i ES'@irS SCHR[11] 78 SCRR(13] Tri& AT
1 17.31 2321 23.45 0.6135 0.8614 0.8947
2 2131 24.00 24.10 0.5846 0.6547 0.677 1
3 21.29 27.63 29.46 0.643 1 0.7935 0.849'5
4 23.98 23.73 23.89 0.7550 0.7849 0.803 4
5 23.98 27.89 27.95 04791 0.5799 0.5745
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Fig. 13 Comparison of inpainting experiments of real broken murals
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Fig. 14 Comparison of inpainting experiments of large-scale and complex broken murals
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Mural inpainting progressive generative adversarial networks based on
structure guided
CHEN Yong"*>", CHEN Jin', TAO Meifeng'

(1. School of Electronic and Information Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;

2. Gansu Provincial Engineering Research Center for Artificial Intelligence and Graphics & Image Processing, Lanzhou 730070, China)

Abstract: Aiming at the problems of improper structural repair and loss of mural detail reconstruction after
repairing during the process of damaged mural image inpainting, mural inpainting progressive generative adversarial
networks based on structure guided is proposed. Firstly, a structure generator is designed to generate the missing
structure content of the mural. Secondly, the mural generator is used to generate adversarial learning, and combined
with the improved double pooling SKNet multi-scale feature extraction modular, the repaired structure image is used
to guide the damaged mural to achieve progressive repair, which improves the detailed feature learning ability of the
mural. Lastly, the reconstruction of the structural picture and the mural image is finished using the local discriminator
and the global discriminator, which improves the overall consistency of the mural restoration result. Experiments on
digital restoration of real Dunhuang murals show that the proposed method can effectively repair damaged Dunhuang
murals, and the restored murals have a stronger structure and high-quality texture details than other comparison
algorithms. Meanwhile, the proposed has better both subjective and objective evaluation.

Keywords: image reconstruction; mural inpainting; structure guidance; double pooling feature selection;

generative adversarial networks
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TiE, B i EG IR 2 A R T A4 VG JC 9 AR L1 B 1, 57 Il
HErMENL . T SIFT i E 4%, T B W Zia 17T
], 55 A K AR B 2 A A A AR 8 B, Al
FG AN 728 S PRk DG i HE R U] AR B 5 B O A
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PEAME e T, 38 2o 35 T 05 5 A8 4 Y S7 AR DT BE i 4T =
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hy FAUNAE )18
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1.2 IoU
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w. WA E G o ToU J2& H ARSI AR Y v — A~ F1 22 (1Y
Fa b, HL S W 14 2 B SICAE 55 9000 A 17 R B 1 O, BE
AR SRy T I SRR AS B o, 8 T R AR S HE [
IR O . AnTEl 1 TR, BRI By Sl 26 T AE Al
FLAHE, ToU A 30UF
|BNB|

3
|BU B (3)

IoU(B, B¥) =

B

BN B

B R ToU $i%k
Fig. 1 IoU loss for bounding box regression
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 |BU B

LloU:1 (4)

SR, 24 B SLAE Bety TN AE BAS A7 7R S Y
ToU(B, B¢) = 0, JC 1% /R Bl =5 BZ [] 9 HH % RS .
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T UG A 45 2 BRBOAS BT 5, Lo I A BEE— 11
1k B 5 BRU A 2 1K B . & 2(a) B 1510 TE Bﬂﬂ |74
P 2(b) B FE T ELSEAE e, HIH I P Y ToU 2524 0,

Bt Bt

(a) TRIWAE 5 B SAEAHIERE  (b) TROMAE 55 B SCHEAH R BGT
2 PAE S ECSCHEA S LR
Fig.2 Comparison of non-intersect between prediction box and

ground truth box

13 GloU
GloU"" i 42 i T LA e ToU 1 KL S HE Be 5 13
TUHE pAS A S 65 B0 T 86 TF 2R A9 8. GIoU 24
W U
|C/(BUB®)]
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X CHEE BS By /N EHIAE, WAL 3 .
H T 5IAFES] I, GloU fig e T AR 3 1H LT
R BE 2 T 2 T, O ST 45 B T A 42 3t T 3% 3 Y
71y, HAR I R U T
Loy = 1 = GIoU(B, B*) (6)

GloU(B, B%) = IoU(B, B) - (5)

C

/

Bt

BN B

B3 HHERIFRY GloU 14k

Fig.3 GloU loss for bounding box regression
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(P RE
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P4 NTRIRARA O i A

Fig. 4 Comparison of different relative positions

(a) TRAE L FLSCHE (b) TIUHE 5 B SAE
TR 2ESER TEAPRAR

[ 5 R BIIHERAR HegL

Fig. 5 Comparison of different shapes of prediction boxes
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be' B
¢ b

6 AHEMIHY CloU %
Fig. 6 CloU loss for bounding box regression
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4 we wy\
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TE DA, HAGT IR Y

2 b’bgt
Ldis=p(2 ) (13)
C
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Cw Ch

&l 7 B, e, Fle, 53 0 40 5 B B di /N B
PAAE 189 58 F1 iR o IR A0 2R Lagy BLER IS0/ 1 F0 AE
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K. LAEL 8 SRy f3i], FoUIHE i) o AN 5 X S L S AE 1Y
—2F, Y L SAE A B TOUI A B, AN 000 AE 4 e B
3l Loy Laou THANE o 25 I AE 04 Hh O o502 7 42
AT FLSERE I, Loy Loy S W T B, E Sz i ) 5052
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h
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Fig. 7 EloU loss for bounding box regression

(@) L1=0.75, Lg,=0.75,
Lev=0.93, Ly;,=1.43

(b) L15y=0.75, Lg1qu=0.75,
Leoy=0.75, Lgiy=1.25

B8 AN [l 45 5k R A L

Fig. 8 Comparison of different regression loss functions
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2.2 SSD &%

SSD MW £ F 2 3 # i, B, R T
VGG16 H i Convl~ Conv5 1F R A5 41, it H:
Ja ) 2 A4 7 2 FC6 A FCT7 WSR2 A4~ 4
FHJZ Convé 1 Conv7 #H47E:AC, F T HUE K K14

FROE; SR )5, B 4 AR R E A EF)Z Conv8 2~
Conv11_2, HFHEIBOR [A] R W RHE; )5, Kok B
6 AN A RUBE R AR 2 A RRAE 26 A3 2K 52 002, T
FH BB A 70 751 07 2 HH SR R 25 5 . SSD W 45 45
I 9 B .

43
(PN Conva_ Conve  Conv7 > o
38 Conv8 2 > i p
19 Conv9 2 ES s
19 - >R *
300 38 9 19 0 s convio 2 : :Z, > {4
10 503 comvll2 Bl
2w
300 11 Al
512 1024 1024 512 256 256 256

9 SSD MZEZsHy
Fig. 9 Network structure of SSD
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ROF YR BRI o 258 0 R A RE AR B, B DURRAIE
P Y g — B R RO P L sAE R — R B R AS [A]
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m—1
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s spin = 0.2 7R )Z BRAIAHE R K/ smax = 0.9 HTE
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NN 3 U /NN iR
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A wi oA BRIAME B 98 32 5 Wb BROAKE i e J3E 5
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TAHE 47 07 36, I >R I AE 2k TR ME A A 428 4 53 1k
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(18)

B!

K10 FAERA
Fig. 10 Regression of bounding box

b, =d,Aw

bh = dhAh

b, =d. +Ax

b, =d. +Ay

SSD (4451 2% bR BSR4 H A5 2801458 2% ok KA [m]

VK R 2 BB 23, HLA% AT 2 U T IR A

(19)

1
L(x, t’ Ba Bgl) = N(Lconf(-x’ t) + nLlcc(xa B’ Bgt)) ( 20 )
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5 A A HE [ T 8 2R 300, K 4 A 30 U5 B AR — A
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Bl 4E, T BAE Tk A8 v AR i [ SURERLII 258K
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Fig. 11 Different kinds of workpieces
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1B A NG

Fig. 12 Flow chart of annotation
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Fig. 13 Location error
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A workpiece location algorithm based on improved SSD
LILin, FU Mingheng, ZHANG Tie', ZOU Yanbiao

(School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510006, China)

Abstract: Accurate position information is essential for the robots to complete tasks such as picking, sorting,
and assembling workpieces. However, the location accuracy of the prediction box is sensitive to the design of the loss
function of the object detection algorithm. The four boundary information's correlation is disregarded in the SSD
original regression loss function, which also does not account for changes in the evaluation index IoU. In response to
the above problems, a workpiece location algorithm based on improved SSD is proposed. To address the problem of
inaccurate bounding box regression, the suggested algorithm uses efficient intersection over union (EloU) as the
regression loss function of SSD. To represent the closeness of the center points and the difference in side length
between the prediction box and the ground truth box, respectively, two penalty terms representing center point loss
and aspect loss are added to the four boundary information as a whole. Experimental results demonstrate that the
average location error is no more than 0.18 mm and the peak error is below 0.76 mm. The proposed algorithm not
only can effectively improve the accuracy of the workpiece location but also work well in different kinds of
workpieces or similar location tasks, which is promising for industrial applications.

Keywords: workpiece; location; loss function; single shot multibox detector; efficient intersection over union
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Scattering characteristics of cavity-like targets based on
carrier-to-cancellation method
Al Jungiang', LOU Changyu’, ZHAO Jingcheng”*, ZHANG Yang', LI Jiabi’

(1. AVIC The First Aircraft Institute, Xi’an 710089, China;
2. College of Electronic Information Engineering, Beihang University, Beijing 100191, China)

Abstract: Scattering from cavity-type targets such as air intakes is an important part of scattering from stealth
vehicles, and the existing studies on scattering from cavity-type targets do not give results on scattering characteristics
of cavity-type targets after installation. By applying the carrier-to-cancellation technique to the electromagnetic
scattering calculation of the cavity model, the scattering from the outer surface of the cavity can be effectively
eliminated and more accurate scattering characteristics of the inner cavity can be obtained. Two cavity models with
closed mouth surface and filled with absorbing materials are constructed, and the effectiveness and accuracy of the
carrier-to-cancellation technique are verified by the point-frequency radar cross section (RCS), one-dimensional
imaging and two-dimensional imaging of the cavity model. The numerical calculation results show that the
contribution of the incident electromagnetic wave to the total scattering of the cavity is smaller for the internal
scattering of the cavity in the angle range of 60° to 90°, and the contribution of the scattering from the outer surface of
the cavity is larger, with a difference of more than 30 dB at £90°. When analyzing the internal scattering of cavity-like
targets such as air intakes in this angle range, the influence of the outer surface of the cavity must be effectively
eliminated.

Keywords: stealth aircraft; scattering inside the cavity; carrier cancellation; numerical calculation; radar cross

section
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Table 3 Statistics of interpolation error
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An efficient spatial interpolation method involving position shading
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2. Nacelle Department, AECC Commercial Aircraft Engine Co., Ltd., Shanghai 200241, China)

Abstract: The inverse distance weight interpolation method has a wide range of applications in aerospace, but it
only considers the distance relationship and ignores the azimuth relationship. This shortcoming is addressed by the
adjusted inverse distance weight interpolation method with position shading, although it is only appropriate for plane
interpolation. Based on the basic assumption of this method, according to the different spatial distribution of
normalized sample points, this paper formulates a unified uniformity quantization standard based on the plane uniform
angle and spherical uniform angle, and proposes a three-dimensional spatial interpolation method. This study proposes
a new technique that significantly increases the effectiveness of interpolation by searching sample points close to the
interpolation points. Through the calculation of test functions, it is found that compared with the inverse distance
weight interpolation method, the error of the proposed method issignificantly reduced. The proposed method is
applied to the aerodynamic loads interpolation of a civil aircraft nacelle, and the results show that the proposed
method has the advantages of high efficiency and high accuracy.
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Table 1 LGC-IRNet network structure

BEAY=YN SHBIEE IR 2 Lok
Conv2D 32 3x3/1 416%416x32
Conv2D 64 3x3/2 208x208x64
LGC 32

1x LGC 64
BRI 208x208x64
Conv2D 128 3%3/2 104x104x128
LGC 64

2% LGC 128
Fh2Eth 104x104x128
Conv2D 256 3x3/2 52x52x256
LGC 128

§x LGC 256
Fh etk 52x52x256
Conv2D 512 3x3/2 26x26x512
LGC 256

8x LGC 512
BRI 26x26x512
Conv2D 1024 3%3/2 13x13x1 024
LGC 512

4% LGC 1024
B2 13x13x1 024
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Inverted residual target detection algorithm based on LGC
ZHANG Yunzuo', LI Wenbo, ZHENG Tingting
(School of Information Science and Technology, Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract: Target detection based on deep learning is a research hotspot in computer vision. Although existing
mainstream detection models usually increase the depth and width of the network to acquire better detection results, it
is unamiable to suffer from parameters increasing and detection rate decreasing. To address this problem, an efficient
lightweight Ghost convolution (LGC) model, which aims to balance the detection accuracy and speed, and obtain
more feature maps with fewer parameters, was proposed by referring to the lightweight idea of Ghost convolution and
group convolution. CSPDarkNet53 that was redesigned with the above convolution and an inverted residual structure
was introduced to generate an inverted residual feature extraction network to improve the global feature information
extraction capability of the model. On this basis, the inverted residual feature extraction network was used as the
backbone network of YOLOv4, and depthwise separable convolution was used to reduce the parameters. To improve
the overall performance of the algorithm, an inverted residual target detection algorithm was proposed. Experimental
results show that compared with the current mainstream target detection algorithm, the proposed algorithm has
prominent advantages in the number of model parameters and detection speed under the premise of similar detection
accuracy.

Keywords: lightweight model; Ghost convolution; depthwise separable convolution; inverted residual struc-

ture; YOLOv4; target detection
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Lattice based strong designated verifier signature scheme
ZHANG Ping*, CHI Huanhuan, LI Jinbo, SHANG Youlin

(School of Mathematics and Statistics, Henan University of Science and Technology, Luoyang 471003, China)

Abstract: The signer can identify a verifier using the strong designated verifier signature (SDVS) scheme. Only
the selected verifier can confirm that the signature was created by the signer. Using the trapdoor generation process,
we first built a lattice-based strongly designated verifier signature scheme and demonstrated its accuracy. At the same
time, based on the improved small integer solution (SIS) problem, the existential unforgeability of the scheme under
adaptive chosen message attack is proved in the standard model. The non-transferability of the technique and the
secrecy of the signer’s identity are demonstrated utilizing learning with errors (LWE) problem. In order to succe-
ssfully protect the user’s privacy, the signature technique is then used to the data integrity audit mechanism in cloud
computing. As a result, only the approved third party has the right to verify the data.

Keywords: lattice; strong designated verifier signature scheme; small integer solution problem; learning with

errors problem; strong unforgeability
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Fig. 1 Framework of robust adaptive filtering integrated navigation algorithm based on predictive residuals
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Fig. 8 Adaptive factors of tightly coupled integrated
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A robust adaptive filtering algorithm based on predicted residuals in
integrated navigation

LIU Fei"?, WANG Zhi"*, DAI Yeying’, LIU Xin*, SUN Rui’"

(1. Zhejiang Key Laboratory of General Aviation Operation Technology, General Aviation Research Institute of Zhejiang Jiande,
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Abstract: Integration of the global navigation satellite system (GNSS) and the inertial navigation system (INS)
can effectively improve the accuracy and reliability of the navigation system, and therefore has been widely used in
many applications. In particular, the Kalman filter is commonly used in the fusion algorithm, but its performance will
be severely degraded due to the vehicle motion and the low quality GNSS measurements. To deal with the above
issues, a robust adaptive Kalman filter (RAKF) based algorithm has been proposed for the GNSS/INS fusion. By the
construction of adaptive factor based on predicted residuals in the robust estimation process, the proposed algorithm
can effectively improve the stability, reliability and accuracy of the system in the conditions of abnormal disturbance
in the GNSS measurements and vehicle dynamic model. The simulation results show that the 3D positioning results
obtained by the proposed algorithm is superior to the standard Kalman filter in both loosely and tightly coupled
integrated navigation, with an improvement of 45.9% and 46.8%, respectively.

Keywords: predicted residuals; Kalman filter; adaptive filtering; robust filtering; GNSS/INS integrated

navigation
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Simulation of cavity flow at high Mach number based on
adaptive unstructured hybrid mesh
ZHANG Peihong, TANG Yin, TANG Jing, LUO Lei’, JIA Hongyin, ZHANG Yaobing
(Computational Aerodynamic Institute of China Aerodynamic Research and Development Center, Mianyang 621000, China)

Abstract: The cavity flow, especially at high Mach numbers (Ma>2), is complicated due to strong shock waves
and shear, separation vortices, and their mutual interference. The mesh distribution and the quality of mesh generation
thus significantly affect simulation results. The adaptive detector based on unstructured hybrid mesh established by
our project team is applied to the numerical simulation of cavity flow at high Mach numbers. The evaluation of
standard cavity model verifies that the high Mach number cavity flow with large separation and strong shear can be
better simulated by mesh adaptive technique. The effect of flow parameters such as Mach number and Reynolds
number on cavity flow characteristics are examined. With the increase of Mach numbers, the dynamic pressure in the
cavity increases sharply, the shock effect of free flow and shear layer on the back wall increases obviously, the
unevenness of pressure distribution increases, and the pressure peak on the back wall increases gradually. Increasing
the Reynolds number leads to an increase in pressure peak at the back wall, and the effect of Reynolds numbers on the
pressure distribution of the cavity becomes more significant at high Mach numbers than low Mach numbers.

Keywords: cavity flow; adaptation; Reynolds number; unstructured hybrid mesh; numerical simulation
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Reduced order method for large flexible wing structure based on
dynamic response data
XIE Changchuan, ZHANG Duoyao, AN Chao’
(School of Aeronautic Science and Engineering, Beihang University, Beijing 100191, China)

Abstract: Due to the flexibility of modern aircraft wing, geometric nonlinearity cannot be neglected. Based on
dynamic response data samples, non-linear stiffness coefficients in structural dynamics equation are identified based
on harmonic balance and fast Fourier transform, and a non-linear structural order reduction model is established. The
basic mode of displacement residue is introduced to recover the displacement of large flexible wings. A geometrically
nonlinear aeroelastic analysis framework for large flexible wings is established by combining non-planar vortex lattice
method and non-planar spline interpolation method. Compared with reduced order model for the traditional geometric
nonlinear structure based on static data regression analysis, the proposed method requires a small number of load sets
and improves analysis efficiency. Results show that compared with the nonlinear finite element method, the proposed
model has high accuracy and can be effectively applied to the geometric nonlinear static aeroelastic analysis of large
flexible wings. The result of traditional linear calculation method is significantly different from that of the nonlinear
method.

Keywords: geometric nonlinearity; fast Fourier transform; parameter identification; reduced order model; static

aeroelastic
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Table 2 Original scheduled flights of Beijing-Tianjin-Hebei

airport group at each time (partial)

e MEES Bl R BEsRZE #isHLg
001 308896 ZBAA 08:00 11:10 ZUUU
002 CA1431 ZBAA 08:00 10:55 ZUCK
003  MUS5636 ZBAA 08:00 10:55 ZSSS
004 308838 ZBAA 08:00 11:00 7ZGSZ
005 Cz6161 ZBAA 08:00 11:10 ZUUU
006  HU7382 ZBAA 08:00 11:50 ZJHK
007  MUS102 ZBAA 08:00 10:15 ZSSS
008  MU2467 ZBAA 08:00 10:00 ZSSH
009  MU2104 ZBAA 08:00 10:00 ZPPP
010 CA1371 ZBTJ 08:00 11:20 ZGSZ
011 GS7859 ZBT] 08:00 10:10 ZHHH
012 GS7881 ZBTJ 08:00 10:05 ZSPD
013 NS3219 ZBSJ 08:00 10:00 ZSSS
014 NS3221 ZBS] 08:00 10:30 ZUCK
699 CA1329 ZBAA 21:00 00:20 ZGGG
700 CA4118 ZBAA 21:00 00:10 ZUUU
701 CF9031 ZBAA 21:00 23:25 ZSPD
702 GS6509 ZBTJ 21:00 00:50 ZJSY
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Table 3 Correspondence between time serial numbers and

flight schedule
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Fig. 5 Convergence of PSO algorithm
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Table 4 Number of iterations and their running time

x5 SOMIMAURIERZINE

Table S Comparison before and after each flight optimization

AU TR ]/ SER AR
400 297 1707
500 363 1689
600 425 1754
700 484 1718
800 562 1724
900 625 1723

1000 737 1690

o 2 K2 SERMEL ERK/
¥ et s min
001 3U8896 08:00 08:05 1 5
002 CAl1431 08:00 08:00 0 0
003 MU5636  08:00 08:00 0 0
004 3U8838 08:00 08:00 0 0
ZBAA 005 CZ6l161 08:00 08:10 2 10
006 HU7382 08:00 08:05 1 5
007 MU5102  08:00 08:00 0 0
008 MU2467 08:00 08:10 2 10
009 MU2104 08:00 08:00 0 0
010 CA1371 08:00 08:00 0 0
7ZBTJ 011 GS7859 08:00 08:00 0 0
012 GS7881 08:00 08:05 1 5
013 NS3219 08:00 08:00 0 0
7ZBSJ 014 NS3221 08:00 08:00 0 0
699 CA1329 21:00 21:00 0 0
7ZBAA 700 CA4118 21:00 21:05 1 5
701 CF9031 21:00 21:00 0 0
ZBT] 702 GS6509 21:00 21:00 0 0
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Fig. 6 Comparison of number of flights scheduled for each flight before and after optimization
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Table 6 Flight schedule stability index data of airport group before and after optimization

FESR ]/ FELRAE/% FES ]/ HEFRA /% FESRF ]/ TR/ %
MeAbHT 201.0 35.0 87.0 19.8 174.0 20.2
ZBAA AR 182.2 25.1 81.4 17.6 161.3 17.2
T2 18.8 9.9 5.6 22 12.7 3.0
HeAkHT 56.0 8.2 35.0 4.0 84.0 9.8
ZBS]J AbsE 53.1 7.9 32.9 3.9 81.2 9.2
(k= 2.9 0.3 2.1 0.1 2.8 0.6
Ptk 73.0 16.9 50.0 8.3 99.0 11.5
ZBTJ HALSE 66.2 15.1 453 7.1 93.1 10.1
i 22 6.8 1.8 4.7 12 5.9 1.4

F=7 MUBIEMIERZIREEXIELE (2] DA$E, S, RBNFE. WUBETT % 48 15 35 K 25 Ak 14 56 i 5347 [J].

Table 7 Relative closeness of departure flight schedule

quality before and after optimization

MIN J, GAO Q, ZHU M H. Influence analysis of flight schedule on

delay propagation variation[J]. Journal of East China Jiaotong Uni-

IR AT ALE
versity, 2017, 34(5): 81-88(in Chinese).
ZBAA 0.334 0.363
[3] RENYM,ZENG W L, LI J, et al. A single airport time slot alloca-
ZBSJ 0.923 0.928
tion method considering scheduling delay and operational
ZBTJ 0.775 0.801
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Evaluation and optimization of departure flight schedule stability of
airport group
WANG Xinglong" ", XU Yanfeng', XUE Yichen’

(1. College of Air Traffic Management, Civil Aviation University of China, Tianjin 300300, China;
2. Civil Aviation Administration of China North China Regional Administration, Beijing 100621, China)

Abstract: As China’s aviation traffic keeps growing, issues including dwindling flight schedule resources and
major flight delays in airport clusters are rapidly becoming more and more prevalent. It is necessary to thoroughly
study flight schedule optimization in airport groups. On the basis of defining the concept of departure flight schedule
stability of airport groups, this paper puts forward six evaluation indexes of departure flight schedule stability of
airport groups, such as departure flight delay rate and average delay time, and evaluates the stability quality by using
improved TOPSIS (a technique for order preference by similarity to ideal solution). Following the establishment of the
airport group ’s departure flight schedule optimization model and the selection of an improved particle swarm
optimization algorithm to optimise the model, the flight plans before and after optimization are contrasted using the
stability quality as the benchmark. Finally, taking Beijing-Tianjin-Hebei airport group as an example, the simulation
results show that the proposed optimization model and algorithm can reduce the average delay time of departure
flights at Beijing airport by 18.8 s and the average delay rate by 9.9%; The average delay time of busy routes is
reduced by 12.7 s, and the average delay rate is reduced by 3.0%, which effectively reduces the overall delay level of
Beijing-Tianjin-Hebei airport group and improves the stability of departure flight schedule of the airport group.

Keywords: airport group; stability assessment; TOPSIS; departure flight schedule optimization; particle swarm

optimization algorithm
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Airport risk propagation network oriented to aviation network
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Abstract: Aviation network traffic has increased day by day, and operations between airports are closely

coupled. Airport risk diffusion has grown to be a major issue that affects their ability to operate safely and effectively.

However, the spread mechanism of airport risk at the network level has not yet been fully understood. This paper first

proposes an airport risk coupling quantification method based on clustering algorithm and taking into account multiple

risk factors, then constructs risk time series and applies causality testing methods to construct airport risk propagation

network in order to better study the mechanism of airport risk propagation at the network level. By comparing the

performance of different types of networks, analyzing the characteristics of risk propagation networks, and studying

the overall characteristics and laws of risk propagation. The findings demonstrate that the degree distribution of the

risk propagation network meets the requirements for dual-zone logarithmic distribution, exhibits small-world

properties, has a small network width and high community, and can be separated into a number of densely connected

areas. The low network efficiency of the risk propagation network indicates that it is more difficult for the risk to

spread globally.
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Accelerated computational method of helicopter brownout based on DEM
TAN Jianfeng" ", HAN Shui', WANG Chang’, YU Lingjun’

(1. School of Mechanical and Power Engineering, Nanjing Tech University, Nanjing 211816, China;
2. Rotor Aerodynamics Key Laboratory, China Aerodynamics Research and Development Center, Mianyang 621000, China;

3. Department of Aeronautical Mechanical Engineering, Army Aviation Institute, Beijing 101123, China)

Abstract: Numerical simulation of helicopter brownout is a major analysis method to investigate the evolution
characteristics of helicopter brownout. However, the sand cloud is composed by many sand particles with complex
characteristics resulting in a large computational cost. Based on a discrete element method (DEM) and dynamic
equations of sand particles, a background grid mapping-splitting model is proposed, where sand particles are mapped
in background grids to accelerate the numerical simulation and the background grids are divided into several zones to
reaccelerate the numerical simulation. Coupling the model with contact model of particle-particle interaction, model of
particle-fluid interaction, model of rotor/ground unsteady flow, an accelerated computational method of helicopter
brownout based on DEM is established, and is compared with the flight test of US Army EH-60L brownout in an
approaching flight. The results show that the present numerical method has ability to accurately capture the process of
helicopter brownout. Compared to the numerical simulation with direct method, the present computational cost is
significantly reduced. Additionally, the computational cost of the direct method increases as a parabola, whereas that
of the present method is a linear growth. The computational cost of the present method is reduced by 70.29% when
compared with the just background mapping method for a 1x10” particles case.
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Fig. 1 Basic theory of wavelet decomposition
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Table 1 Information of original data collection
eS| TIE R PN Siib FIR
K- 2 M4 M1y
KF 3 M3 e
PN 4 Ml eS|
KT 5 MA i)
KF 6 M2 %1
KV 7 MX1 I
KT 8 MX2 %%

I 14 I 2 ES )
JnsH Rz 15 s BET1X iy
JnsH R 16 JH LY eS|
I 17 I EETZ i)
JnsH Rz 18 s BEH3X iy
JnsH R 19 JH B3y L]
plIzdag 20 JsH 32 241
R2 FB1OABRERE
Table 2 Train status of the first test
W ffa/(°) EMJIN KRk
0 60 1~4
0 50 5
0 30 6
5 60 7~10
5 50 11
5 30 12
10 60 13~16
10 50 17
10 30 18
-5 60 19~22
=5 50 23
-5 30 24
-10 60 25~28
-10 50 29
-10 30 30
—13~+13 60 33
0 * 34
—13~+13 0 31,37.39
+13~-13 0 38, 40
T ¥R TFEE I .
®3 F2ABERS
Table 3 Train status of the second test
W Afa/(°) LN Bothi'5 /%
0 60 101~115
5 60 116~130
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Fig. 2 FFT analysis of vibration data of manual normal force

applied in the 34th test
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Fig. 4 Enlarged view of damping data of normal acceleration in
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p 11 3 AT, 56 14 RS 16 38 T8 A9 e B
WA T WEAEAS R A6, A7 224 180°, 4 2 J&] i 41
o WE— TR R 1 YR 50t vk 1 ) 4z
RN 4 iR, 51 UG B0 ik 1) 7 A M R AL
SR 5 FR .

WL MR, FE o — 2 I, BRI 7, 3
SR B (0 R R BEOMH T 5 T 0300 A 4 T (A S
X I P R R B AT o 5 14 38 38 9 AMEE R EOR
TE 16 38 18 1AM R B, SRR 16 38 1 1974 1]
T 2 2 AR RV T vy, R S A 3 4 T B R
T, PRSI A TS 14 38 308 A0 1 1) o 3 3 2 3%
7 B B S A e B, R RN, TR, R

X R R BT AT, RIS 14
B 555 16 38 18 1Y AM2: R B I DR Fr e, B ]
T EEWFSE LA TE I A R AR . R, S5 25y
BB 2E R 25 1 428080 2 i, ELR SR 16 38 18 1 vk
] 0 BT 5 A ik ) ) i AME S 5.

iR R W G o S (I S
FIE 6 i, B 5 S SN, B 6 SIS 4l ey i
K. 255K s fE 6, BMEZE 1~55 5 MR
i 22 58/, A6 SN J1I8 R0 e B B Ul i fin I 14 4]
GBI BE), ERAEAE K2 0.15 s A KR Hh B2, R0 SR 4%

80
60
40 ’
z Vo
§ 20 \l JrER AR
b 0 M
-20 I
\ /
—40 7
-60
0 5 10 15 20 25 30
1] /s
(a) RICK

— FMERECH —0.005 411

F4 F1RAEEMERDIMERY
Table 4 Normal force compensation coefficient was applied

in the first test

— FOEE  BIeEE R
W) EEIN. ez aMERE el

0 60 0.012 824 —-0.005411 —-0.421925

0 60 0.010 763 —0.004 500 —0.418 090

0 60 0.010327 —0.004 366 —0.422 540

0 60 0.005 670 —0.002 443 —-0.431073

0 50 0.012531 —0.005 306 —-0.423713

0 30 0.011 855 —0.005 075 —0.427 627

5 60 0.004 661 —0.002 044 —0.437 842

5 60 0.006 692 —0.002 880 —0.430 394

5 60 0.007 321 —0.003 130 —0.427911

5 60 0.012919 —0.005 445 —0.421 602

5 50 0.001 888 —0.000 865 —0.458 178

5 30 0.008 786 —0.003 789 —0.431 455

10 60 0.008 082 —0.003 429 —0.424 709

10 60 0.007 105 —0.003 047 —0.428 880

10 60 0.008 364 —0.003 548 —0.424 486

10 60 0.007 097 —0.002 997 —0.423 050

10 50 0.012 182 —-0.005118 —-0.419921

10 30 0.010 568 —0.004 592 —0.434 781

=5 60 0.004 229 -0.001 772 —-0.418 425

=5 60 0.004 980 —0.002 097 —-0.421170

-5 60 0.004 763 —0.002 036 —0.427 668

-5 60 0.007 867 —0.003 330 —-0.423 102

-5 50 0.003 732 —-0.001 593 —0.426 389

-5 30 0.004 905 —0.002 142 —0.436 893

-10 60 0.010 633 —0.004 510 —0.424 398

-10 60 0.005 843 —0.002 507 —0.429 957

-10 60 0.009 871 —0.004 162 —0.422217

-10 60 0.005 725 —0.002 392 —0.417 780

-10 50 0.003 583 —0.001 508 —0.420 557

-10 30 0.008918 —-0.003 736 —0.418 899

F5 B 1VORERMERNIMERBTIE
Table S Normal force mean value of compensation

coefficient was applied in the first test

Wefe/(°)  BIAEEAEREIE B IoHE M REE
0 0.01130 ~0.004 76
5 0.006 22 ~0.002 68
10 0.007 66 ~0.003 26
-5 0.004 66 ~0.001 97
-10 0.008 02 -0.003 39

N

—20

11.05 11.10 11.15
HsJ ] /s

(b) JAs iR

10.95 11.00

~ FMEZREH —0.004 500 — FMEFRECH —0.004 366 —- FMEZECH —0.005 306 = FMEZEFCH —0.005 075

B 5 s o=0°WHEIRA [FIAMaE R RO MR

Fig. 5 Compensation effect of different compensation coefficients with angle of attack a=0°
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Table 6 Compensation coefficients under two conditions of appluing normal force in the second text

AR RN AMEE R BB

MW ffa/(°) R 5/ 4 HERAMEREEB2)
ALATIMIFME R AL LA HTM2AME R AL HEIEHMEREL
101 0.000 819 —0.004 866 0.000 737 —0.004 84
102 0.000 801 —0.002 836 0.000 815 —0.002 92
103 0.000 890 —0.004 508 0.000 780 —0.004 49
104 0.000 564 —0.003 444 0.000 812 —0.003 29
105 0.000 126 —0.001 848 0.000 883 —0.001 24
106 0.000312 —0.001 182 0.000 880 —0.000 77
107 0.000 334 —0.000 715 0.000 504 —0.000 72
0 108 0.000 531 —0.003 894 0.000 529 —0.003 96
109 0.000 178 —0.000 692 0.000 510 —0.000 53
110 0.000 820 —0.004 008 0.000 532 —0.004 35
111 0.000 238 —0.001 797 0.000 519 —0.001 66
112 0.000 848 —0.003 259 0.000 592 —0.003 60
113 0.000 395 —0.001 796 0.000 583 —0.001 75
114 0.000317 —0.002019 0.000 563 —0.001 92
115 0.000 324 —0.002 229 0.000 592 —0.002 09
116 0.000313 —0.001 817 0.000 574 —0.001 71
117 0.000 129 —0.000 734 0.000 575 —0.000 45
118 0.000 544 —0.003 413 0.000 606 —0.003 44
119 0.000 571 —0.001 697 0.000 631 —0.001 79
120 0.000 301 —0.001 281 0.000 644 —0.001 09
121 0.000 520 —0.002 220 0.000 634 —0.002 23
122 0.000 653 —0.003 465 0.000 608 —0.003 60
5 123 0.000 353 —0.002 022 0.000 587 —0.001 93
124 0.000 502 —0.002 565 0.000 561 —0.002 62
125 0.000 382 —0.000 710 0.000613 —0.000 64
126 0.000613 —0.002 582 0.000 628 —0.002 70
127 0.000 253 0.000 168 0.000 656 0.000 39
128 0.000 497 —0.003 134 0.000 602 —0.003 13
129 0.000 968 —0.005 145 0.000 643 —0.005 41
130 0.000 831 —0.004 115 0.000 636 —0.004 37

®7 B 2XAWREMKES 2 MIEK THAMERETAME

Table 7 Mean value of compensation coefficients under two conditions of applying normal force in the second test

HARE RN R BIIE D

MWfHa/(°) HEFAMER B (TEE2)
HATHTMIAME R EL HATTM2AM: 25T HEFHMEREL
0 0.000 500 ~0.002 606 0.000 655 0,002 444
5 0.000513 0002493 0.000 610 0002390
BOHEATAMES : IR AMES | AN RS M, AME IS Y AR AN TR A2 R 0 A B A A R AORN

Xl AN 9 B 7w, e BUAME: RBORBEA i 22, S ROJEUIAN, 25 B Ak B A SO0, 16 040 B e
5 DU B AR A Y AR R EA PUT 45 8 OS5 5 AU B+ 5 78
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Table 8 Compensation coefficient after normal application of acceleration phase shift of

external force in the second text (the first group)

g I10UFIER

22 R RS B R

ML

BOE GEm gl 0 o9 -8 7 16 -5

-13 -12 -11 0 1 2 3 HERR

101 0 0 0.00291 -0.00598 0.00100 0.00556 —0.00253 —0.00530
102 0 —-16 -0.00497 -0.00132 0.00591 -0.00147 -0.00549 0.00191
103 3 1 0.00361 —-0.00587 0.00021 0.00583 —0.00180 —0.005 62
104 0 -14 -0.00475 -0.00177 0.00597 —0.00104 —0.00567 0.00149
105 0 -18  -0.00585 0.00077 0.00542 —0.00334 —0.00450 0.003 67
106 0 =19 -0.00600 0.00132 0.00521 -0.00380 —0.00416 0.004 09
107 0 =20 —0.00600 0.00144 0.00514 —0.00388 —0.00407 0.004 16
108 0 12 -0.00403 -0.00270 0.00585 —0.00004 —0.00583 0.00050
109 0 —20  -0.00603 0.00165 0.00503 —0.00403 —0.00392 0.004 30
110 0 -12 -0.00360 -0.00323 0.00576 0.00053 —0.00590 —0.000 06

0.00189 0.00573  0.00097 —0.00479 —0.00484 —0.00526 —0.00549 -0.00544 —0.004 84

0.00560 -0.000 13 —0.00548 —0.00355 —0.00292 -0.00223 —0.00121 0.00040  —0.005 49

0.00114 0.00581 0.00174 —0.00435 —0.00449 —0.00502 —0.00539 -0.00556 —0.00556

0.00573  0.00031 -0.00539 —0.00391 —0.00329 —0.00264 —0.00165 —-0.00005  0.00573

0.004 82 -0.00209 —0.00568 —0.00184 —0.00124 —0.00040 0.00068 0.00223  0.00542

0.004 54 -0.00258 —0.00564 —0.00135 -0.00077 0.00010 0.00117 0.00268  0.00132

0.00447 -0.00267 —0.00561 —0.00125 —0.00072 0.00019 0.00125 0.00275 —0.006 00

0.00577  0.00129 —0.00494 —0.00455 —0.00396 —0.00344 —0.00253 -0.00101  —0.004 94

0.00433 -0.00285 —0.00557 —0.00105 —0.00053 0.00037 0.00144 0.00291  -0.006 03

0.00577  0.001 84 —0.00467 —0.00489 —0.00435 —0.00387 —0.00302 —0.00155  —0.004 67

T OO ERELB LA R MR, WERZEFPMAAMER BT RERE, L LM T 5% 1277 QREAREL AR MG A, B EREA T

BAEMIEIE, Fr P LA R R 2 BOE MR AR R L
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Table 9 Compensation coefficient after normal application of acceleration phase shift of
external force in the second test (the second group)
R4 51017 104 AR 2 R B RN it
W BOEfE #& 20 -19  -18  -17 -6 -15 14 -3 -2 -1 0 1 2 3 MR
11 0 -17  -0.00578 0.00039 0.00559 -0.00303 -0.00476 0.00337 0.00505 —-0.00171 —0.00571 —-0.00222 —0.00166 —-0.00082 0.00025 0.00183 -0.003 03
12 0 -4 -0.00446 —0.00213 0.00591 -0.00064 —0.00572 0.00108 0.00573 0.00072 —0.00518 —-0.00416 —0.00360 —-0.00298 —0.00203 —-0.00047  0.00573
113 0 -18  -0.00576 0.00027 0.00564 —0.00294 -0.00483 0.00328 0.00511 -0.00161 —0.00572 -0.00232 —0.00175 -0.00092 0.00015 0.00174  0.00564
114 0 -18  -0.00569 0.00010 0.00570 —0.00279 -0.00493 0.00314 0.00519 -0.00145 —0.00571 —-0.00248 —0.00192 —-0.00109 —0.00001 0.00159  0.00570
115 -15 -17  -0.00561 —0.00014 0.00576 -0.00257 —-0.00505 0.00294 0.00528 —0.00122 -0.00570 -0.00267 —0.00209 —0.00130 -0.00023 0.00137  0.00294
116 0 -17  -0.00579 0.00036 0.00563 -0.00301 -0.00480 0.00336 0.00509 -0.00169 —0.00573 —-0.00227 —0.00171 -0.00086 0.00022 0.00181 —0.003 01
117 0 -19  -0.00605 0.00174 0.00498 -0.00411 —0.00386 0.00437 0.00428 —-0.00292 —0.00556 -0.00098 —0.00045 0.00045 0.00150 0.00298  0.00174
118 0 -13  -0.00467 —0.00190 0.00597 ~0.00090 —0.00571 0.00134 0.00575 0.00047 —0.00533 -0.00403 —0.00344 —-0.00280 —0.00182 -0.00023  0.00047
119 0 -18  -0.00570 0.00021 0.00563 -0.00287 —-0.00484 0.00323 0.00511 —0.00156 —0.00570 -0.00236 —0.00179 —0.00096 0.00011 0.00170  0.00563
120 -18  -19  —0.00595 0.00101 0.00535 —0.00355 —0.00438 0.00386 0.00473 —0.00229 —0.00569 —0.00166 —-0.00109 —0.00023 0.00085 0.00239  0.00535

T DAL R 2R BRI 2N A RN R AL, T 6 R 2l B B AMEE AR B A, LA LAUBR T 5 1277 QBGE AR A A SRR MO8 B2 ERFN TN
BEMEIE, F P LA R R 2 BOE MR AR R KL
R0 F 2 0AREMER N MEEBLBIEIIMERY (F38H)
Table 10 Compensation coefficient after normal application of acceleration phase shift of

external force in the second test (the third group)

Rps IO L2 ERS Sl it A% 7

%%&zﬁmﬁfﬁtﬁ -20 -9 -18 17 -16 -5 -4 -13 -12 -1 0 1 2 3 AR
121 -15 -17 —0.00553 —0.00033 0.00580 —0.00240 —0.00513 0.00278 0.00535 —0.00105 —0.00569 —0.00283 —0.00223 —0.00145 -0.00039 0.00121 0.002 78
122 0 -14 —0.00454 —0.00210 0.00597 —0.00069 —0.00577 0.001 14 0.00578 0.00068 —0.00525 —0.004 18 —0.003 60 —0.00298 —0.00202 —0.00044 0.00578
123 -16 -17 -0.00569 0.00008 0.00571 —0.00277 —0.00495 0.003 13 0.00521 —0.00143 —0.00573 -0.00251 —0.00193 —0.001 11 -0.00004 0.00157  —0.004 95
124 0 -16 -0.00531 —0.00080 0.00590 —0.00197 —0.00535 0.00237 0.00552 —0.00060 —0.00562 -0.00322 —0.00262 —0.001 88 —0.00084 0.00078  —0.00535
125 0 -20 =0.00600 0.00153 0.00506 —0.00393 —0.00398 0.00420 0.00438 —0.00272 —0.00557 —0.00117 —0.00064 0.00024 0.00130 0.00278 —0.006 00
126 0 -16 —0.00528 —0.00088 0.00592 —0.00191 -0.00539 0.00231 0.00555 —0.00053 —0.00561 —0.00328 —0.00270 —0.00194 —0.00090 0.00072  —0.00539
128 -13 -15 -0.00494 —0.00148 0.00596 —0.00132 —0.00559 0.00175 0.00568 0.00006 —0.00546 —0.00372 —0.003 13 —0.00245 —0.00144 0.000 17 0.000 06
129 2 -5 0.00063 —0.00584 0.003 18 0.00439 —0.00436 —0.00400 0.00382 0.00506 —0.00121 -0.00561 —0.00541 -0.00554 -0.00537 —0.00473 —0.00537
130 0 -12 -0.00360 —0.00324 0.00576 0.00055 —0.00590 —0.00008 0.00577 0.00186 —0.00466 —0.00490 —0.00437 —0.00388 —0.00304 —0.00157 —0.004 66
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B P M R B A Y
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4518 s O R HB 4312 56 HAHE #0422 3R 504 3 -0.004 84;
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M AR 2285 3 ) 555 101 oA 25— 35, FME
FHH 0.000 06; DTEAM: FEL 0.000 06 547 F5—1~
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Data processing technology of balanced dynamic characteristics based on
wavelet reconstruction
ZHANG Junbin’, XU Xiaobin, WANG Xiong, JIANG Wanqiu, SHU Haifeng, SUN Peng

(Hypervelocity Aerodynamics Institute, China Aerodynamics Research & Development Center, Mianyang 621000, China)

Abstract: Forced vibration occurs in wind tunnel experiments, thus, the data measured by balance is the aliasing
of forced vibration and the aerodynamic force of a model. This affects the accuracy of force data. To address this
problem, data processing technology of balanced dynamic characteristics is proposed based on wavelet reconstruction.
Acceleration sensors are installed on the model, with vibration data obtained by knocking model, and natural
frequency analyzed by fast Fourier transform (FFT). The filtering threshold is determined, and then the wavelet
reconstruction is used for filtering. Finally, the dynamic compensation coefficient is calculated by projection equation.
The aerodynamic data measured by the balances compensated by the compensation coefficient. Through the analysis
of the experimental data, model forced vibration interference data can be processed by balance dynamic characteristics
based on wavelet reconstruction. This study shows important application potential of the proposed technology in
engineering.

Keywords: wavelet reconstruction; balance; dynamic compensation; data processing; compensation coefficient
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RE, MEEY, K, FAH, EF', EEx

. dbsies TRHEARTISE L, JUET 100762; 2. 28 ZETRERS: iz TASERE, P94 710038)

i3 B HxLERE20FH2A12-T4H 44K B, RAREZREZFHE, I
K AT kR A A =4 F, BRIME T N TENFE, RABL LB EALI MTEF
FAENO. TFJE 2A12-T4 5B A 41 4 # 7F B NOy Kk L &t s 7 o o 232 8 4k 30, R LM & VR
NOJUR B K, Rt = ERE W B R, AAESHFCfrsol, MAENOHER Y, RIbH
KA LR, FAXFAEARRNN KRB FEENIN, KEARTE ST IHEEETEMNE
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R, ZB G RIRE THEERCERAET
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MgZn,(CuAl,) H # Zn(Cu) & A= 2 i, fe 408 B fa
FE B AT VEVEAL A 1, LA SR in B A A 4 0 S ol i
. Mcintyre Al Dow' " #HF 58 M iR 48 & & fE AN T
T 7K P R AT A B B, A0 SR ARV K o A
NO;, A LK KANE AAT075 454 45 (4 S 18] ik, 43
B D PR 5 SOk (9] FR 6 T-NOG I 48 4 4 T ik ) i
B —B, (A SCRR [10] 3038 1 TF AR G 1) H A2
TG & B, AR TR pH B/, NOS I 45 A 4 1 okt
YEH 2B 8 F R, JF B ZE 8/ Y pH T NO; BE i £
T 47 A 4 h B9 /E . Keddam %51 Cao %51
1 Xiao %" ¥R I L Ak 2% 7 35 43 SR 98 T 2024-
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e S I 38 6 2 BT A b i Jist R 2 NOS 7E W I AR I
fife S g PP B — Ff G VE A . Parker T Kelly!™
TEIE T AR ARG 4 1 0 Dl R I, R B 00 v R
rh A AR RINOS BY AT ekt e A5 RN A L B A 12
FR ), i LW pH K pH 5 48 AR 7 14 AH B AE 6
WAk L BH AL A B35 . R B 5T DA (6] Y £ B
IR T NOINE AR A A il 7 L ER G T
HINO; W R 4 1 Tt e 442 08 BLAAAE 3B R A A G
e

R, S, A SR FH K 25 8 IE 38 S R B T U
W R 5F 20 4R 1Y 2A12-T4 54 4 1 50 4 T 8 okt 7=
W) 347 BE 1% X (energy dispersive spectrometer, EDS)
Gy A, ME JE =Y h 2R S A NJTR . K5, IF
J& 2A12-T4 455 4 1E 4 PR TRINOS e B J8 1oh 75 9 b
() 4 15 JE i e o 38 o 0 R Ak R v A AR
DR TR b S R - A S BT L T P R AR AT
B, T % 13 % (scanning electron microscope, SEM) 43
Br . JE ik =4 EDS 2087 5, 285 4 HTNOS X TR & 4
Ef A

1 R HMIRIE G A
L1 R
AR SCW e 2 FARI A R B 10 1 RS 5
G ML, RS & 1 R, Lo THLS
7 1 43 S8 AR B EL R D5 16D BE T ) (R 1] ) A
JE T 1) AR 1)) o BB P B R 25 2A12-T4
Aa LIRS, e o ke 1 PR o g F Y
TR R O B AL 7 1 BORE , 2245 UIn T A

§
e
L > <> mm
A 4
40 mm 25 mm
AT
v L Y
<A5mm < Omm O 021.65mm
(a) KRBT
4.7 mm
> <
EA A
g
Qy AT ; E
< > S
> < 7 mm
\}
< 100 mm >

(b) SEH i
K1 R FAR AR T
Fig. 1 Geometry and dimensions of specimens
R AR S 1 3% v 1) 0 L J2= SR TR ML A 1
(977 3 KB, T BEAT B AR B A AL, I Bok
B o B EA R R R A JEE 300 8 yme L=

F1 2 8RB H 2A12-T4 BASHRMLERS

Table 1 Chemical composition of two types of

specimens (2A12-T4 aluminum alloy) %
A2 L Y BT RSB
Si Fe Cu Mn Mg Ni Zn Ti Al
KRBT 010 022 462 054 1.60 099 022 0.13 A

S 040 035 430 070 1.40 0.08 020 0.13 ZREE

i b i 0 7 0 T ) 45 6 )23 SR A PP 0l 7 R
A A IR 1 Ak 2 T AT 2B, R Ry
£14% NaOH(120~160 g/L) . = Z BEME (16~30 g/L)
AP (10~30 /L), f i B 4 93~100 C. 4R
2R BRJE WA R R 4.7 mm. 78 5 52 156 A0S
00 5 JOF Pl 0 W, X T A S A AT TN T R U
B, SR FHZEIR/K B UE, IF ek SEEBK .
1.2 REHE

1) T I K5 R R I B RS Tl = ) 43 AT
Wi KA R R I e T B R 4 7 T i 3 AR IR
W uh 17 7T T AR S 110°30'317 fndt 26
18°58'05", J& T S &Y A Bl vE KRR, HA R
B W R AR S AR . R2 AT T AR
IBE 50l R AR AR RE o AR = iy B
A 5 A0 R R AT, R RR 22 R 3 R P, B I
R4k 350 m. 2 BEFRME 1SO 8565: 20111, K5 557
TR 6 A KT 3 KU N AR 4 L, SRR’
BIL PSR 45 4 JIr Ach 1) IR A A 858 . S8 B 20 4R R HR 2
Jei, 25 AR R BT, IR T T R L P PR A

®2 ATHERTERWEASIFELE

Table 2 Environmental data of Wanning test site

HEESH ETFHE
LEE/PC 23.9
AT /% 87.6
[ 7K /mm 198.156
R/ (mes™) 2.431
SO,/(mg-m”) 0.045 275
NO,/(mg-m™) 0.002 025
ClI PUBUE R/ (mg: (dm™-d) ™) 14.587 5
[ MipH 5.125

TE 7 #8 20 47 2A12-T4 - A3 56 424 1 1 ol X5
VIBL S-L #1800 o X S-L R FE AR R 17 LA
WFEE . MUAR AR G B 4ot . RIHREE 7R
(focused ion beam, FIB) il T.77 ¥, #£ S-L # i [ 1
YU JE B8 5 1) 3 ok g 7 9 (e TR AL ) Y i ) TS ok X
By, ) A TR Dl ) Y )22 3% 5 L (transmission
electron microscope, TEM) £ it o 7E Bk 22 % 1 3 &t
LA T 0 P2 i EA T A )RS 0l ™ M 9 EDS 434 o
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2) J by o A Pl RR AR 2 A o TR 4 BB R T
NO; ¥ JE5 o 7 Wi CHe b 0y BB 28 0 179 R, B EXCO
V) Th A3 0 T R AR s e, A% T i P
Tl A B3 Rk BE N3 3 T 7R o T ol R P A R
)il BE A5 75 25 °C, ¥R EE A 10 mL/em’,
®3 TEBMERE N RS RKE
Table 3 Components and concentrations of corrosion media

in different corrosion solutions

JE T JE A TR S B/ (mol L™ PH
NaCl 4.00

1"(EXCOW) KNO, 0.50 04
HNO, 0.10
NaCl 4.00

2 K,S0, 0.25 0.4
H,SO, 0.05
NaCl 4.00

3" K,SO, 0.25 0.4
HNO, 0.10
NaCl 4.00

4 KNO, 0.50 0.4
H,SO0, 0.05

XoF S 56 5 iR 0 R 43 S AT A, A O 5K
H: XY S X MBS R RS Y, S
S YE S5 R X, 08 b B R ok e 1 e
LA [7) 5553 60 2 T 57 ) 5 ot BT ) 3 6 T 95
AT AR, 3R 4 PR o $R BRI R e S, S
SR I8 AT I 2 5 B T s R R R 2R
JEMIRE . 7EIEIh 5, 24, 48, 96, 120, 144, 168, 192 h
Ja, MRURERHY, 37 B 2 48 K oh ok, SR )5 7E 30 C
(10 1 3 A T 0 . FRR ISR s R, SR
R UF R AT IR, 5 AE T TR L

#4 RBHHS RO

Table 4 Example of specimen number

it R
i/ I 2 3 4
(EXCOW) (EXCOWKR) (EXCO¥W) (EXCOWFIR)
5 1-1” 2-1" 3-1" 4-1*
24 1-2* 22" 3-2° 4-2"
48 1-3* 2-3* 3-3 4-3*
96 1-4° 2-4" 3-4" 4-4"
120 1-5* 2-5" 3-5" 4-5*
144 1-6" 2-6" 3-6" 4-6"
168 1-7* 2-7" 3-7 47"
192 1-8’ 2-8° 3-8 4-8°

S5 % oA 58 o AR o, SR B BH-90 H, A AN
BH-90 NO B S A KA, %o 328 56 44 32 1o I 46 72 AR

K SRR I T B, DA R e T & A B B B
FEAE R SRR . R G S8 U, R R
CIC-D120 Y 5 7 e 31 A (K Hi BR k0.5 ppm, 5 JE
0.1 ppm) X TR F ik, [5B) VEGA I XMU
A SEM F1 RH-8800 £t 7 #1451 I sk 5 XoF 4 46 74 2% 1A
ARV TET %) 8 ol Y2 S50 A7 T ) B 5% 2 T 760 48 T 1)
J& 1 F= 4 7T & EDS 40 #T .

2 H#HR51TE
21 KREREBW~Y+H NITEHNE

Wi 5 5% 20 4 )5, I R R A T E T
G THT R e, L3 TR Sk XA () kR g, R
S AI(OH),” . Z: 55 20 4F J&, 3560 14 341 ol X 38k 9
THT (S-L) 1 i 18] B 1ok JE 35 R 1ok 7= %) EDSS 43 7
2 firR o BT IR 0 3R )2 db (R 1l 7= 4 vl e 2
TGRS KADTRRY AL, S 1T w6 0 5 A0
(i) JE5 okt 7= 30 1) 6 3R AL, AE S-L AT b 0 BT JR
J7 1) (S [l 527101 ) b, i T 8 ol e i 7 (e TR AL )
B4 i TR JE5 ok 7= 4 (O P 2C) o A X S ) ok 7
Y1) 4T EDS 48 7E & 2(a) i HE X 3k £ 7 FIB
I, T OR A 2(0) B, Hi4 R n i 2(c)
Fi 7R TEM RE S . % TEM RE 5L il 4 5 54 1
ZFXIRILE 2(d) ) 47 EDS 204 an i 2(e) ~
K 20) iR, [, T SEM — it Hiid £ 1 4~ EDS
Pk, XTI BO /MR T E (A0 N I AE) i A6
W BR AN RBUEA . AR AR 4 %R EDS 8
Sk M BR 22 B 1E B B i /N IR SOt R B 3R
Bt RS IHRG JBE) , X i [R]  olt 7= #p #E 4T EDSS 43-#7

i 2(d) ~ & 2(0) s, 768 flu™ Hy v e ok
W E] N JCE MAFFE, 1 H N JGE e o 8o KT
S.CIILE . KA NICEM FEEREZEN,
KATTYYINOFINO,, H HNOHINO, ] ¥ Tk
5 T VRIS A A R O A R E I 2 S5 AR A &R
SUEh, B2 N JCREAEE Pl b DU R R 5508 T
Tl R R AT 2P e TR B, & e A TR R R R
P PR T Y A 10 4 2 T AT v &
A SRR AR AR, AR TR PTV T 08 1 2 1 I LA
NOJIEAZ 5G4 W R E Mg f, ] G828
=y N T M — ROk IR, XA VK
SR Pt B T AEAENO]
2.2 NO;XRE &R A0 o4
221 FEJBIRAT A 25 AT

2A12-TAIRK S AR 433 7E 17, 27, 37, 4% 4 F i
TP A2 B h 192 h S5 Y 2% | O0E K T R e R 4
S E 3 FE 4 Frs . 1A, AR 2 TH JE R A,
2 I8 ASTM G34-01(2013) H5 "™ vt ol 2 B2 11 55
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A
L
st
(a) S-LAKI fa ) h SEMIE 34 (b) FIBAIN T (c) TEMAE &
80
sTOF A TR JE i 5350 %

g O0F N N 1.37

&K50F e} 49.09

I8 40 F Na 0.59

= 30t Mg 0.53

. . . . Al 27.94

}8 S 0.22

& CI 0.26

2 K 0.96

X Mn 0.15

s, Fe 0.45

=8 . . . . Cu 18.20

0 0.5 1.0 L5 2.0 Zn 0.24

37 /um
(d) JE =4 5 FAR A AR TEMTE 551 (e) EDSZk 1445 (f) EDSIX B 1445 51
[T T T T T T T T T T T T
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
(8) AITCZEDST 43 {41 45 5 (h) OJCZEDSH /M i34 (i) NJCHEDS i3 i 41 45 51

P2 558 20 4510 0 i DX BRI (S-L ) 14 S TR OB SR RUE (k=4 EDS 4387
Fig.2 S-L sectional SEM morphology and results of EDS of products of intergranular corrosion inside exfoliation corrosion area of

2A12-T4 aluminum alloy exposed for 20 years

10 mm 10 mm 10 mm 10 mm
(a) 1-8* (b) 2-8* (c) 3-8* (d) 4-8*
B3 RIS HIE 17, 27, 37 4P ik 192 h i Al 22 WL TG i S0 (1-87 o IR 2

Fig.3 Macroscopic surface corrosion morphology of specimens after 192 h corrosion in 17, 2%, 3" and 4" solutions

(1-8" is control group)

Q3N Gr, R A TR A G A3 18T R RIDIT gL 38T R Rtk B T A S, R
BT EE AR, RISE TR, MM EAL RERFEWNSR, BT EA-EB Y 4-8 R R W
JEIBME R EEE, HA R abE BT SRR E, M FASRBERL, & T EC
ED 2¢; 2-8" g0 1 R 10 oK B0 R M RRAE, NHEAT S TTRUR Y, IR 3-8, 48", 1-8" T, i g
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500 ym 500 pm 500 ym 500 ym

(a) 1-8* (b) 2-8"* (c) 3-8* (d) 4-8*
50 um 50 um 50 um 50 um

(e) 1-8 itk () 2-8 ik

(g) 3-8 )RRk (h) 4-8*JRyER AR

A4 R 17, 27, 3%, 4B il 192 h )5 (o2 T ik 55

Fig. 4 Micro surface corrosion morphology of specimens after corrosion in 1%, 2*, 3%, 4" solution for 192 h

0 S Dok R AE A UK AR A5 2, HL 2-8" 86 1 ok & AR
v, SCHR [19] P L RS TF R S R RUM AR A & FE B
NaCl 1 H,SO, 4 il i1 pH=1 & ¥ i 4 321006, 4%
Pt g & A f bl 5 2-85 I A AL

NI 4 7T L& B, 2A12-T4 36 -2 ) 7E 17, 27,
3% AT R i 192 b, 2 R kA B 7 R AR
JE i IR 2-8", 3-8", 4-8" 1-8"AYII 5, vk e hn, HL
48" 1-83% 2 AN 7 3 1] FE AR 4 3 ok okt =
VB ae . WA, B ik 0 B o R S i
Tl B R AR b R E AR OG L e R 3R 1w 55 Y ik
PR R AT B 7E 2-8 I v vl LA
S B, AR 20 6 ok T A L B A s B
PRI S, 58 224 R B S M BX —
ML
222 AE G AIRAT A A AT

A FVA W AR h 192 h K U ik X3 P 2
8 20 4 J5 2A12-T4 50 1 ) PR T o S n ] 5
7R o A P ) PloRR A m] DR 3, IR e 17
W A 3 o ™ B, 47, 37X 2 R TR R AR
(18 340 ol AR AR R 55 o R IR R T 2T P AN R R
TR it D e A S S ) S, R R A Rk, R
#5 20 45, TR0 R A 2k A A R el i ELAR X
b 52 565 2 T e U A7 ) T DR AR I, KSR
I & A 1 R s Ry 7 B I HL8 AT

Pl 5 i A ™ B T G ol ) 32 52 S ol o AL
HBUT AT T L) o 53X — BB A A 2 3T L F 47
L 1) 0 TS 5 R A T i T ok, T LA SC
Wk [2] o BB G AT A A R, DR A EE LR 3
(D A7 B g e A5 AR 1T L oty o ST RS AT L g
HABRKN RS @EREAT T L &R B A
U (R AT R T S s AR B X U S T i [R] JE ol

TN K B 2R T 55

nE 5(a) ~& 5(d) B, 725 7R m
AN A H LU, AT T L ) ) 3% 22 9k R e iy
S T ) ) R B BE VS MR P NOS TR EE Y
KA SO MR BE A s /b, MiAR 4G ™ F . FR TR ke
P R FR L BE R AR G 4 IR R, Bl Ak J5
TR R IR 2 7 AR R BB g, 2 T B
Tl =y A 5 3 3R 23— ) & 46 o 2H 2 ) S0 31
B, B S R o, 2 B B Tl e A I A B
G AT P BRI A E 5(a) . B 5(c) ~F 5(e)
SR R RE AR, RT RAIA e 1 2 & AR ™ o i ]
Ji e, SEARLPAT T L1 04 3% S0 o AR 2 R A
JEg ik, J b itk — 20 BRURI R K 1) — o 72 B B
o B 5(b) h EAR T A B RE o, S
15T L 1) 9 3% S04 o ity A7 A, (B ol T i 2 i
SEA R Tl LR At TR) R e ) P AR A, R
Ak SRR JE Tk D e R B K T A
JELME FJR AR m bR, B hERe & . K
W, PR EAESUT 2N, 6484
3 R A R s DAL AE S A 7™ T b ] 8 ok 11 30
SEAT T L 1) (% S B il A Y @8 R A EE S ]
I8 ol %) 32 82 8 D o o S LA B — 2D Y R
HEFDR R, B EIRR R 245
P, P o B op, AR IR I AT T L 1] Y i
SF fh S RE A R S A i B FE R B S Bk A B, AR ™
o A P AL — i 5 © & R R R 1 X
B B ™ Al X SR B E, a0 R S R, BT X
2 F X Bl e A 5 H 38 Y SR A A B
223 NO;*t At 48 &2 5 bkt VF A 5 H7

1, 3% 45X 3RS 2" W X0 02, A
3R P S NOS T B, T 2V S fTNO;
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(a) 1-8* (1R B 10192 h)

(b) 2-8* QAW P IEH192 h)

(c) 3-8* (3T B 1192 h)

(d) 4-8* (48

100 pm

100 pm

100 pm

100 pm
1192 h)

100 pm

(e) VR 38 X3 PN 5 15 204F
B 5 AR A AR (S-L) JE o 5

Fig. 5 Microscopic corrosion morphologies of S-L sections of different specimens

FESF . NOTEM MR A B% vh HAT s S fb e o 3l Uik
TR SR UM A B NO,, BRSO AE i NOP 2,
o il 1 17 ) ot LA i AR T b R R 1Y, SRR A R
H (DA (2) Brs 89 2 F A8 5 6, 1 5=
Yoy Hy, MINO. [RlH, 8 X G 4 7 1401
2 7= A SR PEA IR, UESE TR R o R
A H, MINO il %ﬁm&/ﬁﬁﬁ%mj, AR 2
P, %A 20(3) B R 9 SR o

2A1+6HNO; = 2AI(NO;), +3H, 1 (1)
Al+4HNO; = AI(NO;); +NO T +2H,0 (2)
2A1+3H,S0, = Al,(SO,), +3H, 1 (3)

RIS AR TP R, 1A TR TG B B W AR R
R, 3K N IZ A BT R 2 (2) AR R NO fE
WO T 25 R R AR R R T s A
AR A B NO,, 1l (4) B 7 5 NO, AT L T
K, A8 BT R R U, R (5) iR, {2 NO, %

FTOKIRIEA 58 &
FEL 1”?43“4(?1;5%7@/%;560

A D NO, 7 TATAE,

2NO+0,=2NO, (4)
NO(g) & NO,(aq) (5)
72+ ;l:)] g
< g
56 + v ;
E 40 F NO3: 102.7 ppm
o a v
E ol s
R
8t ©°
_8 1 1 1 1 1 1 1 1 1
0 3 6 9 12 15 18 21 24 27

5} 8] /min

6 JBih 192 h 5 1R B T S HTSs
Fig. 6 Results of ion chromatographic analysis of

solution 1" after 192 h corrosion
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7T /K NO, £ 5K & A5 (6) i i B iz, i
HAEX S 1 VWG T B T i, & B
WA NO, BYAAAE, T 6 o .
2NO,(aq)+H,0 S 2H*+NO; +NO; (6)

FEW T BINOL 23 5 AP+ AR 2 (7) B8 BUK fifk
K, MR 2E T AI(OH)5 58 i I T B .

AP*+3NO; +3H,0 = AI(OH),(gel) + 3HNO, (7)

1) PRy BE IR I oy B o G0 TE 4 b
VIR 4 e A v AR A I o, R B AR B R AR D, =
B (8) R B :

Al AP +3e"  ES.  =-1662V (8)

BB A TE 4 s Wb BIAR 34 & A X (9) g J
NE, BT 17, 37, 4%k 3 R Y & A NO;, Rk, BA
W R e A= =X (10) H s s b
Eq. =0V

2H*+2¢” — H, (9)

NO; +4H" +3e” > NO+2H,0  EQy 50=0.96V
(10)
H AR 27 B AT R, 75 A5 3 R B AGTE] LA R
I W F, Ak 27 RO Y O el AV AT AR . IR E TN
JEBR p — € B, HL k22 BN ) A 0 pR 2SS T LAk
= N RE AR Fe R 2, BIAEFL B35 E (1L
HT % nmol HL AT, FEARHEIRA FA77E:
AG = -nFE® (11)
AP F ORI W 5G EO H AR 27 OB Y b o H
e LB, 5 B B 7 B4 o FEL AR FEL B8 E© T BH A S 1
(AR I FEL R L A EOAAAE LU R &R
E®=E°-E° (12)
PRI, DA 4 Jes T ok %) B g 2 £ B2 5317, B R
IOE P A I A F, AR, R N T B A 4 TR 1) )
ho WROPNOTIIATAE, M T ERo. jno AR E HL A L
B T ES. . A B G R 5 5 453 50 e 72, e 5

A O Na Mg Al ClI Mn Cu
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Fig. 7 Corrosion morphology and EDS results of longitudinal S-L sections (corrosion for 5 h)
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Effect of nitrate on exfoliation corrosion of 2A12-T4 aluminum alloy under
full-immersion corrosion condition
ZHANG Sheng', HE Yuting” ", NIBo', XU Dawei', YAN Yong', CUI Changjing'

(1. Beijing Aeronautical Technology Research Center, Beijing 100762, China;
2. Aeronautics Engineering College, Air Force Engineering University, Xi’an 710038, China)

Abstract: The 2A12-T4 aluminum alloy specimen exposed to the coastal atmosphere for 20 years was analyzed
with spherical aberration corrected transmission electron microscope. The presence of nitrogen was first determined in
the corrosion products at the deepest corrosion part of the longitudinal section of the exfoliation corrosion area. This
indicated the presence of NO; in the coastal atmospheric exfoliation corrosion process of aluminum alloy. Then the
full immersion corrosion tests of 2A12-T4 aluminum alloy in four different nitrate concentration corrosion solutions
were carried out. It was found that the exfoliation corrosion severity of the specimens decreased significantly with the
decrease of nitrate concentration in the solution; while in the solution containing CI~ and SO~ rather than NO3, the
exfoliation corrosion of the specimens did not occur. At the same time, combined with the test of the generated gas,
ion chromatograph analysis, surface and sectional corrosion behavior SEM and EDS analysis, etc., the influence
mechanism of nitrate on the exfoliation corrosion of aluminum alloy was analyzed and discussed. It is suggested that
the role of nitrate in the corrosive environment cannot be ignored when carrying out the coastal atmospheric
exfoliation corrosion simulation tests of aircraft aluminum alloy structures.
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JHBS 00 B 8 0 43, PRy J DDQN 5532 1
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1% % NEO-DDQN %3k ; ¢ J& , %F [t NEO-DDQN 5
15 B 1H 2 W8 (optional constant angle of attack,
OCAOA) J5 % . GA Bt fb4s

1 o) et
L1 B

AR SCBRBR S B o X B i 5 0, A
R 1R o o TS SO A A (00
FZ IR, ELAS ORI 1 B0 B Bk 19 e
R, R Ay GRS 9 0 6 P 30 0
CATRIBRE AL

P 1 BRBR A = LRy

Fig. 1 Three dimensional model of skipping missile
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Fig. 2 Force analysis of missile
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Table 1 Simulation parameters of missile skipping flight

28 BfH
WAL B /m (0, 45 000)
PRV (mes™) 2224
IR/ (°) 0
Bkt /kg 574
FFAE F A /m? 0.203
R 290 /km 25~ 45
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WA 3 PR o TR BE A I o KRR 2 L S

45

40t

351

W /km

30

25 : ' :
0 200 400 600 800

AR /km
K3 SRR TR ER
Fig. 3 Diagram of skipping flight of missile
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SR PT35I A Rk S5 O RV EE M N
2 PEAG 28R H AR 2 0 C A i .

1) B2 R2% . DON fiff oo “HE I ME™ 1)



1386 b5 W &= B R K% %M

2023 4F

SR

EUl(Bizes
SR

%14 DQN(DDQN)E ¥: 1yl gty
Fig. 4 Training model of DQN (DDQN) algorithm
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Fig. 5 Training model of NEO-DDQN algorithm
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Table 2 Influence of different time intervals on training

4Bt A] [A] FFa/s WiFE/m
10 747 878
20 776 593
40 775 804
50 768351
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AR 5B TR G A 4 [ 25 48 il S %0, NEO-
DDQN Sk S8 3 it B . AR SCHO VR BE W 45 Oy
A VAT AR 2 N 45, SR P 9 1) TR B o 6 ) 245 45
B S AR R R A R . MRS
BESHmEI PR, Hh BEE 1L REZE2Y
i1 FH tanh 306 BREL, 02 S A purelin 26 RS
PREL . 34512 T &SI E 5 B A i I NEO-
DDQN H3L S5 BUE

#=3 MEBEESH

Table 3 Parameters of network structure

2%k Mz TeA g
AR 5
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Table 4 Parameters of NEO-DDQN algorithm
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Fig. 6 Training iteration for 5 learning rates

®S5 5HFIRRAHIZHIHIE

Table S Final range convergence values of 5 learning rates

IR el ff/m
0.001 745 654
0.01 781434
0.1 774 864
0.2 743 651
0.5 746 867

SRR PERR R 5 R 2 ok Ak 2 ) v B AR
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FRFR/D R 28, 2% B Jm il LR ms . S P iR
KGR, A SCR R E R B R, AR ST
JrEN: FA0M, WERBIE R 1, BB 1
HER AT AL ZNAE AR R, Bl G 1% 40 101G £ 1
n, BB F A ECR epoch B, R R BN 1 26156 I
] 0.05,

k35 P A3 1) epoch fH, 7E HH [F] 2% 2 %R @=0.01
HIEDL T, A3 T epoch 24 10 000, 20 000, 30 000,
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Fig. 7 Training iteration under 5 greedy strategies
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Table 6 Final range convergence values of 5 greedy

strategies
epoch WSl /m
10 000 771926
20000 778 832
30000 771433
40000 764 878
50000 776 593
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Table 7 Influence of NEO strategy on algorithm results

G 6)/m 6,/m 6,—6,/m
1 767 040 771830 4790

2 760 609 774 440 13831

3 767 642 769 734 2092
4 770 645 771134 489

5 771587 784 626 13 039

6 702365 781316 78951
7 762389 785295 22906

8 764 834 783575 18 741
9 754677 777747 23070
10 755 698 768921 13223
TFHE 757748 776 861 19113
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Trajectory optimization algorithm of skipping missile based on deep
reinforcement learning

GONG Kaiqi', WEI Hongkui’, LI Jiawei’, SONG Xiao" ", LI Yong', LI Yixin’, ZHANG Yue’

(1. School of Cyber Science and Technology, Beihang University, Beijing 100191, China;
2. Beijing Institute of Electronic System Engineering, Beijing 100191, China)

Abstract: The skipping flight process of the skipping missile can be modeled as a set of time-varying nonlinear
differential equations which cannot be solved analytically. Therefore, it brings great difficulties to optimize the
trajectory optimization of the skipping missile. To solve this problem, a deep reinforcement learning trajectory
optimization method based on double deep Q-network (DDQN) is proposed to maximize the range of the missile
under certain constraints of heat flux, dynamic pressure, and overload. The procedure of this method is as follows.
Firstly, the action space, state space, and reward function of the algorithm are designed. The appropriate greedy
strategy is then determind, along with the learning rate, an important algorithmic parameter. Further, the network
optimization (NEO) strategy is introduced and then the NEO-DDQN algorithm is proposed. Finally, comparison
experiments with the optional constant angle of attack (OCAOA) scheme and genetic algorithm (GA) are designed.
Results show that the network optimization strategy effectively improves the stability of the algorithm and increases
the flight range by 2.52%. Compared with OCAOA scheme and GA, the NEO-DDQN method improves the range of
skipping missiles by 2.61% and 1.33% respectively. In addition, the proposed method successfully avoids directly
dealing with complex nonlinear differential equations and innovatively provides a learning-based method for the
trajectory optimization of the missile.

Keywords: missile; skipping flight; trajectory optimization; deep reinforcement learning; network optimization
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Table 1 Parameters of four antenna configurations

AR FEEIKEmM K E/m  JeM/(e)  KERTFY
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534 2.0 2.0 60 16
il 2.0 2.0 90 213
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Table 2 Success rate of ambiguity under

different number of satellites %
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9 99.9 100 99.7 100
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Table 4 Parameters of three antenna configurations

A HELIKEmM  BZKEm RA/C)  BERTFY
140 0.73 0.35 90 0.09
$24 0.73 0.35 60 0.07
i34 0.73 0.22 60 0.03
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GNSS instantaneous attitude determination method
based on multi-variable constraints
CHEN Jiajia"*, YUAN Hong’, XU Ying’, YUAN Chao”", GE Jian’

(1. School of Information Engineering, Suqian University, Suqian 223800, China;

2. Acrospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China)

Abstract: The traditional direct attitude determination or least square method depends on the correct fixation of
the ambiguity. When the number of satellites is small or there is interference, the success rate of ambiguity will be
greatly reduced, which will lead to inaccurate attitude determination results. This study employs the multivariate
constraint-based attitude determination method, which treats attitude determination and ambiguity as a single problem
to be solved and does not place any strict restrictions on the baseline's length. This paper uses the geometric
information of the antennas and the orthogonal characteristics of the attitude matrix to perform multivariate constraints
on the observation model. It can effectively improve the success rate of ambiguity and achieve instantaneous attitude
determination. The simulation results show that the multivariable constraint method can achieve 75.7% ambiguity
fixed success rate even in the scene with very low signal observation accuracy. Even if there are only four satellites,
the success rate of this method can reach more than 90%. Under the premise of using the ultra-short baseline, this
method can achieve an attitude accuracy of 0.93°.

Keywords: global navigation satellite system; multi-antennas; least square; ambiguity of whole cycles; carrier

phase
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Degradation mechanism and influencing factors on
lithium-ion batteries

YAN Xiaoyu', ZHOU Sida’, LU Yu’, ZHOU Xin’an’, CHEN Fei’,
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Abstract: As the development of new energy vehicles has been considered an important strategy for China on
becoming an automobile power, electric vehicles, and power batteries have been broadly researched. However, the
difficulty in evaluating battery lifespan and health state limits the further application for lithium batteries. In this
article, the systematical analysis of the aging mechanism of the battery with the consideration of positive or negative
materials, electrolytes, and current collectors is carried out. And to examine the impact of charge and discharge ratio,
temperature, and cycle interval, a variety of influencing factors, such as extreme working conditions, elaborate factors
of power battery aging, are compiled. Moreover, the article reviews the current mathematical models of battery
capacity mechanism, and provides the reference for the construction of the digital twin model, delivering the potential
theoretical basis for the design of the vehicle battery health management system.
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EF TCP 7 RTT =AY Tethering 1T J9 463 2244
ﬁﬁj&l,&ﬁi, %—%\/1,2,3,*’ %ﬁi§1,2,3’ éjﬁﬁ_l,%S

(1. MR Mo a2 %0, Mat 211189; 2. REgKF VLT ML TR O, #at 211189;
3. E&INEE, Mt 211111)

i B Tethering T A Z— MBI R EEL A AT RAFEERNEERSNATH,
EARA B BRI W & REE R MR E R, BB B REE N R E S, R g%

4 & B, W T Tethering 7 7E % % BI& fn #3807 %,

LA Tethering 4T 4 4 M LA % DA ZUR M . %

T, 2T %5 B ERS kB, Tethering AT H & ESRE R EWALE, BEEBME, URHY
S BB MR PO E T A 4 ] DU (TCP) 3R B #E (RTT) Wy A X 41, R — M E T TCP i
RTT Il & # Tethering 4 24, 2T it 2 M MR MEFIE., THEREN. IRENEL
M Tethering AT H F B A HZM, EIRTFA L KRS i sh bl W4 % &t s LB KW+
Tethering 47 9 & 24, 3T Tethering 47 77 4 7| &4 v 7% 1% 2 97.50%

x B
hES2S: TP393
NERERL: A

Tethering 17 4 /& % 48 #% 2l & £ 38 1 {1 1] 5 &
Y38 FH H#B 47 5.2k (universal serial bus, USB)., 5 7
Wi-Fi A SEELIE 2 [ 5 B R 3 0 A7 Y, oA O
SRR T 2 bk 44 (network address translation,
NAT) B A KA R S L W 2%, 5 e X W i
P NAT AR Y = 1 BE % 1h 5245 AN [R], Tethering
B TEREA T 376 B 0 [l s, JHE B B o w] A7 B R
W 55 A S ps inl, PR, HoFE ke SRk e A
M. BEE K i T A o T IR e 45 e A ik 2 T2k M
F (NS FF 802.11ac/ax Bl ™), LA K JCBR i & &
B K2, FE4% Tethering 17 MBI, Wi-Fi Tethering
IR e ENE W HPalEs & B 51 Wi-Fi %
RGN TC LR SR I, K AL B B X 45 A Sl B
IR e 2 1, S E K ) iR 45 =

KM, Tethering 17 M AEh—Fh 2 A0 B $& fit HLHK
W iz 55 B VR TEAT Ny, IR 3l I 245 0 5 7 1Y 0 8 R
EA 5 L L O (1 RO B % Sl W L 2295, A R LTI

Tethering &l ; EIRHFE; W43, Tl E¥; H2h BEB N

NEHS: 1001-5965(2023)06-1414-10

B £ 207, R geit, Bk 2023 4E 1 3T, 2k
W 55 B S B i FE B Ik 84.6 42, M TR
SBR[ e e RS B B i U s A A
16.91Z ., 1% —J7 M, Tethering 17 4 7 LAXT 4] B 5%
N XA, Ay T 2 i A A vk e e e A TR ) )
Hlo I, X Tethering 17 Ry #E 47 K 0 A4S 5 52
M

TEI A W58, K6 Tethering 47 4 8 3 T
NAT &R 5 58, BIVTH 0] 45 24 (A4S D 7 48 R T 9]
AT R BRI 5 28 o T ) 25 24 BRI O 3R E BT
& % 42 il #3 1 (transmission control protocol, TCP),
W FR #5 13 (internet protocol, IP), #8 3C A< 14 & 1 1
(hyper text transfer protocol, HTTP) & pp i F Bt 5
R 22 SR SO IR, (B IR T R 2 PR T B
ek s S RREA TR o T ) A T O RRAE A TR
078 F RS NAT % A5 09 i 247 WA IE, 45
B HLE % 2] (machine learning, ML) J5 1% #E471H 91,
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1B 1 48 P 55 45 22 S PR LR, f L 3 ma A A 2k i)
HEW R o DN, % 48 J7 28 X LA A3 AR I Tethering
THs

£E 3R i} #E (round trip time, RTT)™ 248 M & 1%
Tk BT IR, B AR J7 Wk B 40T
T (2 W WA B B0 40 I A58 S B & 3% T 2 BT 48
Dy B I R 22, 72 PPAL ) 28 PR R 1) — > B 248 bR,
JEVPAR 9 2% A R R AL 2 —", W, RTT
AAALFE AL R B R, 0 A 455 oK S b BB AE | ] 4y
S A S SE | HE BN B A A 2 R HSHIE B Y 3% B
HE . PRI, RTT J2& 48 S 18 0 6 D) 2% 1) — A [ 7 )
(EW = YN TS

1% Tethering 47 A A5 I T 180t 1) PRIME, 35 18
% By ik il v Tethering 47 Jhy £ Sy X %5 48 Ui 2 1) 4b
B R AR RRAE A% 3 BB PR iR
TCP il RTT HYAR AR, LI & RTT 7615 I i R 4%
R AT A8 B R, R SO H— Rl T TCP IR
RTT I & ) Tethering 17 4 K I 4244, 12 2R 44 6455 3
VLB LN/ v A = 8 TR U1 R R R R 1A I
G o FLUR, A SORE T T B S F I 265 3000 3 S 6 B
B o, Bt SIS I 7 SCHA B A R, S8
BT BT 0l 3l 0 ) 2% i, X A% Bl ELEK I Y
Tethering 17 AT RGN, 155 97.50% ARG

1 HxXIE

1.1 &% Tethering 1T RN F R

TE A 1977 b, JBBE ASR5500 2 517 ik e
) A 4% Az A7 15F 1] (time to live, TTLY), FH P A4 38
(user agent, UA) FAF £ BIE R Gidg 0. W4 K
TCP [8] 2 B8 A 19 15 51452 A S 46 0 T 75 4 AiE >
SCHXT Tethering 47 R #EAT R o X 4% Gt () 46 )
Tk EBEIET LT Berh L 4 s AR s B A
R IR - B R S BG5S o B R OR & T
Tethering 17 >4 (4 i FH 1Ml & A2 284k, IF B — & 1
NAT ¥ & FRAE . e Ah, T [0 25 44 /9 Tethering 46
Jr %, AW A5 G 2 PR SURR TR AE >R 52
WU, Zhang 21" 38 i X6 A BT NAT 5% % A Ja 95
P40, e ke HTTP E0dE I 32 B cookie Fr iR . R F bR
PP RS B EFBOR AR 0 EHL, 2k
T AR e — 5 R B, A2 R AR 0k o B ml B ok
I PR AR DG P 5 B B B S i 2 TR 3R

73— 7 T, T (a3 547 A FEAE Y Tethering 174
R 7, FEEARE AN [F] 37 50T 7 A i & 1A 7 o0 e
fiE, BPIX ) B TP X i 22 28 % (NAT/Tethering) 5 B
IP X i B 235 (E NAT/AE Tethering)iX 2 fiz 5t F
PSRRI T R RRAIE, T 25 & ML B A 20U .

14, Abt % BEHL NetFlow $¥ia 1 9 A, 431
| FH 32 45 ) 1 AL (support vector machines, SVM) Fil
C4.5 BB shii g, Gokeen 21 I FHANE Dl it
Hrn C4.5 Bk, RYE 7 I AL FRIE IR . Komarek
AUV R HTTP (9 8 A G AHIESE & SVM M
. Salomonsson'* | JH 4% ik Windows T #7 5 A [A]
TR A BEACOE Y U R AR R AL TR ) A
Khatouni %" 3 i3 % 5 G e 31 Ep sl &, i
FBRTIP Mk | 3 S RN H 2 E B AR
JE 1Y 8 AR S BLXT NAT 47 5 A4S, %4 10 4~
ANIE ) ML 53 28 B A 1% AT 55 5 b I RIOCR 34T
AL
1.2 ET RIT HRLMENE

RTT /2 M 26 4% iy v [ 09 J@ 1, o2 DE I 4%
PERERY — D EE A5, HETA A RTT J& ME1E o2k
P 28 v i i R A T2 N 28 I 6 A E L
RO S R A5 AN (]

Ibrahim %" 3t F IEEE 802.11mc Pp i 52 B T
— R TE AT I [R] Y A B R Ty v, %
) FH B ) 3000 £ B3 S £ 1 RTT, AT SE 3 Wi-Fi 248
FEAL, SRR AR & 5 H A Wi-Fi 5% 19 i
B o Han 25" 5@ i 4 A RTT FAT A 07 9 500 £
Fe At it Zum O, 2T R DY R B 4. T
IR AR iR e B

A B = 45 RLRR , 38 3 Mesh £ AR 41 2 19 G
2% W 4% (wireless Mesh network, WMN) % 5 % 3| #p
AN EB ey, I, Roy A1 Khan'™™! 4 4 — Ff A7 54
B DI A UE BRI, T8 V)4 it B vh DR 7 BE LB 3 72
SEHBRFALAR IR AR Sty I T RTT B4
PR BORIEHT WMN P ity o

Hou %1 i 1y —Fh B T RTT B[] /7 51 (1) 55 6
R 75k, 8 ik e M B ML ) O s, B e, R s
JF 51 3580 5 T B AL ) U AR FR 2 K ARE RTT
Bf 1] 77 91 rh i AR AR S o SRS, R L5 A G5
I, 678 Ak RIS [R] 0K 3k 6 B AR 10 oA TE B R
W, DTS2 B 5 419 R 1RO

SCHR [6-10] H& T 9 2t Hh AR ik =7 B 1 AH DGR I Iy
B R TE . I S M REA TS T SCHR [11-15]
BL T U B AT N R AE AL AR > R Oy 2 25 2 BR
T T ) g% e 2% g B S At X 4% TR R I 24
PRI, B0 NAT A5 il 452 AR 1 4% 0 A HE DA 50l
il Tethering 170 o SR, RTT A Jhy I 45 1% i v [
A JEE, 1E I VEHr N 25 P R 09 B AR AR, 7 N 4%
1207 1 BA —E S H A, B R P
By, s ny n s s A ARk Bt AR SR
F TCP 3t RTT 4 AH &5 ok 7k 4 % 58 NAT 46z il
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J7 Z27E Tethering 17 Rkl L AYAE .

Shs !
RIS

I
I
2 Tethering 7 A M%4 | )
i %, & A & vl FH Wi-Fi Tethering T 6E AT |
b AT 1T S0 % A ELAT 4G/SG R I |
9 S 9 2358 - A DL S Wi |
PR NI TE LR R B v, O FE G R R 2 VY . —__

T8 A

WG, K B A 3 B 19 26 A S K 0 3 1T i

Wi-Fi Tethering

| I

HH LA, LTRSS . FIE, AL B C 1Y | T |
S S5 L D T I e (b | AL >
% | o
[T D F 52 7 B 9 4 | ,S\. |
Tethering 174 22 H 118 & D A4F i ik 1) 4b FLA 6] o | N =7 |
e . BRI, AL B, C OV REECUE 0 RTT 414 o (%: ] |
T DAL WA, ih T g O 5 6 B, s = |
TCP i RTT H 247 1, HF 55— JE, 7 B4y e | A B ‘#?‘l

AL G0 NAT K I A9 WLaE AT o, HAT B8 19 366 A M1 RO Tethering 55 bR

HET UL, AR SCH Y —Fh 2T TCP i RTT U Fig. 1 Tethering behavior scenario description for smart device
Y Tethering 17 A ZE 44, QA 2 iz, A SCHEH
R TAL T JE W AT S BRI Ko iR RTT (L SR RTT FEAR A

SRR, T A SE A R R O R AR R TLARFR I Be 9 1200 SR 0T

BTG AT . Hod, WAL B X T MIN: AU All Traffic, 75 A& IP i hl 1P
(55 % TP JIT 00 R () TCP Wi HEAT U 4B 9F it Detect, ARBLRA &

BHC RTT {8, 3 2o 22 W P A B, A AR 26 9 RTT B Btk : RTT FEAGEG rit list

for each tcp_packet v in All Traffic do
if v.dst =IP_Detect then

ARG TETC MBS B S AN 2R B, % TCP i 1

RTT FEASAES HEAT T M B 20 v, 2 1 U1k 26 A ) 2

RERY s B Je, R -5 5 B B, ] A e ) A 3 if v.SYN =1 or v.FIN = 1 then

XPARE 3 25 1 TCP Sk A7 ZE LA, I S 3% %1% 4 seqToackNUM < v.Seq + 1

£ Tethering 17 MBI & W4 . 5 else

2.1 TAbiE 6 seqToackNUM < v.Seq +len(v.payload)
A B B 2 EX B Bl H il R A TP KT Y 7 end if

JIT A TCP Pt A7 A R, I B W 1T . A7 6 o3 B 8 TS[seqToackNUM] < v.ts

TiAb B T B M SR AL 25 R 55751
AL SRR A . Clusters TetheringfT
IPRTCRAM ] 7 Tethering _ > Labeling / s R
bR
| Y !
AR i Zjp N K
IPHITCPIR -~
ZITERTT Cluters#iit  Cluters T 24 —> R
S3HT S A EE 4 I
! |
YA
RITHARS — >  MSCREE oI gl
SR i

2 AUy
Fig.2 Framework of this paper
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%5 6 ]
9 else if v.src = IP_Detect then
10 flow_rtt.append(TS[v.Ack]-v.ts)
11 end if
12 if TCP Jii 45 then
13 pre_rtt.append(min(flow_rtt))
14 end if
15 end for

16 rtt_list=pre_rtt.sort()
17 rtt_list.remove(rtt for rtt in r list if
rtt.count_number # 1)

18  rtt_listremove(rtt for rtt in r_list if rtt >
r_list[len(r_list)*k] )

19 return rtt_list

%5 T Tethering ¥ % A] REAF7E I R S8R . 4L
PR BN | B A ARk B W R, TR
TCP Jit RTT {E f)~F- £ B 5 37 K2 i A B 22 1 36
Be R R 520, PR, 28 O 2 A AR SR 10 die /B
R HE R AH DG M 7 5 R, A B BOKE e 3T BT A TCP it
i RTT A L — A, XS R8O 1 B RTT
EFEAT IR, A1, e R AL P 2R 250 ok £ BR A N 4L
A RTT {8, A MU A RHEARES .

o ts 7R TCP AL 2 3K 45 M 04 I 8] 38, TS
T R A7 TCP A1 1Y [n] 52 A2 i 4 5 71 TCP 42
AR IR TRD R o % 1 15 4G, 7 25 7 fp Azl 1P b il
J&, B 2~ 8 AT AR B CH Y 1P S FF AR I IP i1y
TCP £, $2 HL TCP .1 J¥ 51*5 Seq, 4 SYN { FIN
{7 B A 1B}, Seq {E i F 1, 75 W Seq {1 I~ TCP £y
4 28 e 4 B2, 45 2 TCP A1 1Y 171 52 40 1 B A 5 seq-
ToackNUM, 5 TCP . 1) ts 1 A % B X} 77 A TS
T, BN

tSACK:Sec1+payl()zldLen —ts Seq

SYN=0 FLFIN=0

9~ 11 172X IP A FF kIl IP /Y TCP ik 4T
AbFR, $EHL TCP A3 B IN 5 Ack, 7F TS F L rh #r
o Ack fE X ) ts fH, 5 TCP A1 ts {H 1Y 22 {E 17
A TCP Vit flow rtt 1) g,

12~ 14 173K B TCP % () RTT fH, 16~ 18 17 /&
XF RTT (HiE AT M AL P . % fE ] Tethering 12 %
— I S e L A, L R R AN B FH I
W . IR AT S Tethering 17 K B, o™= 4 )
RTT AR MAFEE . R 2B, Blah & 17
HEF—NERIFROXEIAN, HA k&R, 4
b & T S T A S B2 S RUIRTR 6 N TR &
RTT {H 5% B AR o 3 26 P B sl 5 ki 7= A= 1 o
RO REBIL IR R — LKA, X ELH

tSACK=Seq+1 —ISseq
RTT = { SYN=1,Ack=18FIN=1,Ack=1 (1)

RRGE R W —E LW . [FH, % )5 Tethering 17
N, AR HE Bt 2 P o s B B R DR AR
AN BT BBl PRI, AR SO A K B Y
FEAR O PR AS o ad o R S 5, FR B /IR
85%~ 93% W FE A JC 2, T LAAS B B 4 (1 R 28 4L
Fo ASCHMGIAFRE kKRG — MRS L)
WAh, FEAR PSR 1 BT R 5 H AT R Y AH G
AN AR SCHLC S S5 O, T FIAL BB B
— R B o 3T A Ak P AR AR 4 RTT
FEARES .

A B B i e 1) 2 2% B S O(n’), Horhn T
o AT R RTT ANECH m, W F b 2 255 B g
TP A R B ] A2 2% B N R O(m?), TR, AR B B Y
BRI R O(n® + m').
22 RWESIHSEEIIE

A B Be i AT 55 52 4 Ak BB B AR B RTT
FEALE G AT TC W B 2017, RN R A U A A, 2
A SCEER IR0 B B

T W o3 A R] DAGE i 2R XS RTT #EA SR 5 4%
AT, T DX 20 o R A A R A R R U
X T REA 2 K e A BT RS DLRE S AT
RONIRS o He T LA R 7% 18, A /Y JC B
255, Mean shift 595 0] DURHAT (] Je 56
FAF, HIs PR o QAR . AR AR 7R
B A vt E — A0 IR O RUZ RO DRI E R
AN L RYAE R X, IR I & S 800 98 b 51
FE R AR R R X L0 KANIEAT 0 E o A
b WHRGE T2 5B RAE R B SR R IS
FEFHERR PR

A SCHR G FE T Mean shift B3k EUAE, 452 —Fp
I 17 RTT Y 2R 28 4 7 5 15 (Mean shift clustering
algorithm for RTT, MSCR), DA PFAli FE A 4 45 b RTT
HAI2EHIECR: . MSCR LB T -

N : RTT KEASES rtt list, # 55 S50 b BI{H d

Wit 285080 n clusters, REHOLEST

1 n<=0
2 for each r, in rtt_list do
3 while |shift| < d do
4

M .clear()
5 M.append(u for each u in rtt list if
distance(u,,, r,) < b)
6 num_k < len(M)
7 C < C.extend(M)
8 for each u in M do
9 shift < calculate_meanshift(u, r,)
10 end for
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11 r,renew(r,, shift) B2 2% A O(w*n*log(n)), o, n WEEAR B &,
12 end while w HIEAUEL
13 f=0 FIIFH MSCR 15 2] (4 25 5| £ it n_cluster 5 2K
14 for i from 0 to n—1 do HUL T, X TR 128, A SRR A A 3% &
15 if |71i] - r,| < d then H A Tethering 17 4y, ] 27 45 6 ) 5% 8% MK RTT
16 Cli].extend(C); /= 1; break FEAREE A UEAT RIS X F RS 225010, W)
17 end if N KA Tethering 174, 3 FRAPLES T4
18 end for YRR, PV ZE A L RS AR AR LA S R S B2 1Y
19 if /=0 then Fege ke, AR AR g R AR, o 3~4 17 24
20 Tln] < r,; Cln] — C;nt++ BRI fy B R A
21 end if BN BEDOES T, RAEFNEE n_cluster
22 end for s sl | EZ R i

23 n_cluster<— n—1

24 return n_cluster, T

F]R1 XN TAHE D RITHMEAES
rtt_list={ r;},ie[1,n],ie N*, FEAL BE B — o0 &
r MR R

FE2 X TLHEMNTE b, I PO mioT
Rr, EEAKT b AICER (num_k 1), IC 04
A M ={u,),me[l,kl,meN*, FEES MPHITER
J&THE C, BN 3~5 17,

3 AL, TR BIES M P
ANTEER uw B AL 5 I AN, 5 E, 15 2R A5
{H shift:

1
calculate_meanshift(u,r,) = e Z (= 14) (2)

b Lo LI 58 b 30 7 1 2R DX a0, o 18 2R DX B
TN Y, R L, ~ M

T4 PO EIE shift (7% 3, # sl
B R A BE L, 7% 3h B £% S (E AL E, BR
IS
=M +7 (3)
A mhy e RS TR IIME; r o IR
() s, 0 2 R X O B B 1147 P renew() B
B, BRI ¢ RS r, R A+ 1DIRE T B o

SBS EELE2~4, HIMRE S KN
JEBAE I B K, 1O AT A A He A5

BB e FEEILTR1~5 HBIUA M SEEIEZE,

BT K RN A SR Ui,
SRRy, R Y H A TR .

SIB S i ZEAEE n cluster 5 RIS EE
& T.

AW Be B B FRIEAE A )8 T — 4k, Bk, )
PR A% R KRR 2 AR, el T ] T Ball Tree RO 4
RN AT T AH DAY A R, I, MSCR

1 train_dataset = Empty
2 ifn_cluster # 1:
3 train_dataset.cluster_labeling(7)
4 model = MSCR.train(train_dataset)
5 return model
6 else:
7 return No_Tethering

8 endif
2.3 @M 5IRA

APy B AT 55 2B A O 48 % T )3 Tethering
TR MR AT R G, R b — B B A ik
FIRY RS A PR 32 B A8 EAT SR SRS I, O X% B A 1Y
Tethering 17 4 i i HEATGE 01, LIS BN A A0 H .
HARAE S R, X F 8 A Tethering 174 1915 £
IP X} 1 ) TCP i A7 ek G it, 11554 — 2% TCP
JLAY RTT R, Il b — B BOAE 1 A6 I A Y 4y
K, MM SEILXT Tethering 47 4 A FFEERGIMN 5 561 .

ASB B 55 BRI A IR

BN : KRR model, B 1 TP X7 (1 52
i R_Traffic

il RIS result

1 while True:

2 for each tcp flow in R_Traffic do

3 rtt = calculate rtt()

4 result = MeanShfit.predict (rtt, model)

5 end for

6 return result

7 end while

A i B W 5 56 T Y X G2 0 4 2 B 3K Y I
o Ho, 5 3 47 X AR 4% TCP LAY RTT {H#EAT
AREL, 55 4 17 30 0 AR EUW RTT EF1 E—Bir BeR B
)G 0 A TR AT ARG X6 T SR I B, AS B B ) RE
TEEHAE 4 BRAF I 1P 9 81 2% TCP Uit 647 RTT {E 155
I T 7 A AR ) ) 52 2% B2 O(n), n R TP FRL 2%
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Fig.3 The description of the traffic measurement
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Fig. 4 Collection and establishment of test dataset
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Table 1 Main parameters of experiment hardware platform

7 4T S e
1 R (PC) Dell Vostro 14-5480 CPU: Core i5-5200U; RAM: 4 GB; 512 GB HDD; OS: Win 8 Pro
Terrans Force X911 CPU: Core i7-4940MX; RAM: 32 GB; 1TB SSD; OS: Win 10 Pro
2 Tetheringi% % Huawei P40 CPU: Kirin 990 5G; RAM: 8 GB; OS: Android 10
MilO Pro CPU: snapdragon 865; RAM: 12 GB; OS: Android 11
Mill Ultra CPU: snapdragon 888; RAM: 12 GB; OS: Android 11
3 HEE B (THL) iPhone 6 CPU: Apple A8; OS: ios 12.5.4
iPhone 8 Plus CPU: Apple A11; OS: ios 14.6
Redmi 7 CPU: snapdragon 632; OS: Android 9
Mil0 Pro CPU: snapdragon 865; OS: Android 11
Mill Ultra CPU: snapdragon 888; OS: Android 11
Mi9 CPU: snapdragon 855; OS: Android 11
4 HEBLHE(PO) ThinkPad X1C 2016 CPU: Core i7-6600U; RAM: 8 GB; OS: Win 10 Pro

A Tethering 17 A (FEZAS R Bl & b W 2835 ) o LA,
DataSet1 ~ DataSet17 4 5 451 5L i >R 52 (1) 2 i i, H]
F I A SCHEAG FEAG I Tethering 17 4 A A R, H
1, DataSet] ~DataSet11 4 Dell 2£iCAMEHIFELFRAL,
DataSet12~DataSet17 }7 X911 ZEiCAMLIFELFRIL

DataSet18 il DataSet19 A A BbR {347 R A 25

AL RS, R T YRR AR SO A I A5 3 114 455
1687 23 & R Tethering 47 b BOA 2501k, B T4
SCHA I B R 4 5 Ab FE 7 5, DataSet18 Fil DataSet19
P B Ak 4 3 77124 TCP i, Hdh A
Tethering 1747 4 312 4, JC Tethering 1747 3 400 4~
2 NI B E R BARE

®2 LHRIEERFER

Table 2 Information of datasets in the experiment

Bdite Tetheringf 3 FHLI RS TIN5 45 TP HbHE K/NMB AL
DataSet1 JCTethering iphone6 192.168.137.109 1003 1000 000
DataSet2 JCTethering P40 192.168.137.157 912 1000 000
DataSet3 JCTethering P40 192.168.137.157 412 600 000
DataSet4 TetheringD+A P40, iphone6 192.168.137.157 973 1000 000
DataSet5 TetheringD+A P40, iphone6 192.168.137.157 910 1000 000
DataSet6 TetheringD+A P40, iphone6 192.168.137.157 900 1000 000
DataSet7 TetheringD+A P40, iphone6 192.168.137.157 943 1000 000
DataSet8 TetheringD+A P40, iphone6 192.168.137.157 466 500 000
DataSet9 TetheringD+A P40, iphone6 192.168.137.157 439 500 000
DataSetl0  TetheringD+A+B P40, iphone6. iphone8 Plus 192.168.137.157 961 1000 000
DataSet11 TetheringD+A+B+C P40. iphone6. iphone8 Plus, Redmi7 192.168.137.157 1935 2000 000
DataSetl2  JCTethering Mil0 Pro 192.168.137.238 984 1000 000
DataSet13  JGTethering Mill Ultra 192.168.137.142 1024 903 103
DataSetl4  TetheringD+A Mil0 Pro, Mill Ultra 192.168.137.238 1136 1200 000
DataSetl5  TetheringD+A Mill Ultra, Mil0 Pro 192.168.137.142 1218 1400 000
DataSetl6  TetheringD+A+B+C Mil0 Pro, Mill Ultra, Mi9, X1C 192.168.137.238 1157 1200 000
DataSetl7  TetheringD+A+B+C Mill Ultra, Mil0 Pro, Mi9, X1C 192.168.137.142 1372 1500 000
DataSet18  TetheringD+A P40, X1C 192.168.137.157 859 909 785
DataSetl9 ~ JCTethering P40 192.168.137.157 376 403776

3.3 MSCR B M IE
AT S 0630 e %o AR Bl £ Y FL Ak BE AT MSCR
Bz 4T, X7 MSCR WA R EATEAE . &%, XK

SCAR Y A 2% M P 7 1 AT 0 L S8, 2353 F MSCR
X B RCE AR LA R LI S I A I I 2R R
HEAT IR, L DataSet12 1, &1 5 % ORCR
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Fig. 5 Examples of de-noising effectiveness (DataSet12)

T SIS L, AR SO T DR KRR
TRIUE MSCR R AUR . R 5 h, & R T L
7, JC Tethering 174 A& £ i 1 23 KA B 5 PHL i
BRI 5425, BB S W R WA Tethering 17
No I, AR NN K 85%~ 93% 11 FE AR T
B, LSBT I RO . R, FESEg AR
SO F RTT FEARSE A A4 iU I b B R 50 k= 0.9,
RGBT M/NEI K 5 AR AR B 5 90% 1) RTT HF24E
R 2B RTT %4, /B0 MSCR B4 A o BHE 4
SEEGLE RN 3 FR
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Table 3 Experimental results of data sets

Bk Tetheringf5z{, RTTH n_clusters
DataSet1 JCTethering 1176 1
DataSet2 JCTethering 6347 1
DataSet3 JGTethering 7850 1
DataSet4 TetheringD+A 3435 2
DataSet5 TetheringD+A 1979 2
DataSet6 TetheringD+A 2754 2
DataSet7 TetheringD+A 2358 9
DataSet8 TetheringD+A 423 2
DataSet9 TetheringD+A 1820 2
DataSet10 TetheringD+A+B 3251 2
DataSet11 TetheringD+A+B+C 6377 2
DataSet12 JCTethering 2279 1
DataSet13 JCTethering 1877
DataSet14 TetheringD+A 5168 4
DataSet15 TetheringD+A 4497 2
DataSet16 TetheringD+A+B+C 4171 7
DataSet17 TetheringD+A+B+C 2 606 19

HdE4E DataSet] ~DataSet3 . DataSet12 Fll DataSet
13 X} R T 8 £& D “JC Tethering 17207 A% L, M SE
B ZE R LR M, RRL RIS 126 thao Sy
1A, BDBEHERR RSt “JC Tethering 1787 o

DataSet4~ DataSet9. DataSet14 F1 DataSetl5 4
Rk DHE DR ANIEN . Hh, DataSetd~

DataSet6. DataSet8 Il DataSet9, DataSet15 1) 5 IS4k
W R 225, dn ok 24, BRI “FF Tethering
1R . AFEIRYRE, DataSet7 n BREER N 925,
Hrls 55 A 9 4 DataSet14 i s G5 R 425,
U450 44~ DataSet7 Y5 DataSet14 7£ 3R BN, FE7E
B D BRI .

DataSet10 "N % % D F )5 Tethering Jf-FE 3% &
A BIYTEHL, HEREEER 23, hosih 21,
DataSetl1, DataSetl6, DataSetl7 ¥ & % % D JF i3
Tethering H- #3815 & A, B, C I1H 00, HR A4,
48 3 K. DataSetll Sk 225, H .0 58 249
DataSet16 2 72, H .0 s 74> ; DataSetl7
19 28, oot o0 194>,

254 LA L4 B, X T JC Tethering 174 . FEEA
[F] %50 2 % ) Tethering 47 7, A 3C 2 Hh #Y MSCR
Y EAT — 5 WA R, SR BIE T MSCR 7EX F il
VA Y TCP Uit RTT (B4 fiE 3547 JC Wi B 2 ~J 43 47
AT DA 24 A5 2R I 9 25
3.4 Tethering 1T 9 SCATH M B34 36 F

AR SR B9 50 R 7 SR - >R ] DataSetd~
DataSet9 1 by 25 B 2R A2 0 Ji 4 25040 4, 38 2ok 93 ik
PRI TC W& o3 BT, VIR A45 204G A A, ) i
BERDGHIAAE S #4753 2

AT I W VAN 6 Br R T T 3 Accuracy, &
TE 36 UE AR SCHR 4 7 B 22 Ao I 285 2 1 1 100 °F AT LA 4k
S B i AT B MR A

TP + TN

Accuracy = TP+ TN FP+FN (4)
AoHr: TP by IE B A 1) TE AR A H 5 FN R 95 R
o I 9 TE A A KL H 5 FP R 9 B DR A6 0 Sk TE AR A 7Y
FREAEH ; TN R IER R A REEARECH .

e 4 Sy A SO P A5 3 Y 43 S AR 0 I 3 4R
B IS5, IR AR L T /L 6 e BE TR VB MM . 5
B 45 AR AR P i E O Tethering 47 24 19 3t
Hh, S 4204 4> TCP i BR B N A Tethering 174
T, 108 AP IRA R TG Tethering 17 4 9, HEHH R N
97.50%; TERE N TG Tethering 17 A, T4 2 394
A~ TCP i % 3] 4 G Tethering 177, 1006 /4~ 1] %
WA Tethering 17K, HEH % 70.41%; A= LI

%< 4 DataSetl8 F DataSet19 HE MK ESLLER

Table 4 Classification results of test dataset built by
DataSet18 and DataSet19

B B IPRLER )
FREESFR PR HERR/ %
Tethering ~ JCTethering
Tethering 4312 4204 108 97.50
JTethering 3400 1006 2394 70.41
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Fig. 6 Accuracy confusion matrix
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Tethering behavior detection architecture based on RTT
measurement of TCP flows
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(1. School of Cyber Science and Engineering, Southeast University, Nanjing 211189, China;
2. Jiangsu Province Engineering Research Center of Security for Ubiquitous Network, Southeast University, Nanjing 211189, China;

3. Purple Mountain Laboratories, Nanjing 211111, China)

Abstract: Tethering behaviour is the sharing of an Internet connection service with other connected devices by
using a mobile smart device as a NAT gateway. It will share the smartphone's data plan, especially the unlimited data
plan. So, it can put ISPs under additional pressure to operate mobile Internet and have an impact on their revenue. It
can hide the internal network structure from the public network same as Network Address Translation (NAT). It also
provides the possibility for illegal devices to access anonymously. Due to many limitations and circumventing
methods in tethering detection, the existing NAT detection technology is difficult to detect tethering behavior. In order
to process and forward data traffic, we examine the features of tethering behaviors terminal devices in mobile Internet
communication base station. We also analyze the relevant characteristics of RTT in TCP flows in mobile Internet
traffic. Then, we propose a tethering detection method based on unsupervised analysis of RTT in TCP flows, and
construct the test network environment of this method. The experimental results verify the effectiveness of this
method in detecting tethering behavior, and realize the effective detection of tethering behavior in mobile Internet by
passive network traffic monitoring ,with an accuracy of 97.50%.

Keywords: Tethering detection; round trip time; network address translation detection; unsupervised learning;

mobile internet
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UAV reinforcement learning control algorithm with demonstrations
SUN Dan"?, GAO Dong"*", ZHENG Jianhua">, HAN Peng'

(1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The practical application of reinforcement learning (RL) in an unmanned aerial vehicle control is
restricted by low learning efficiency. An algorithm integrating RL with imitation learning was proposed to improve
the performance of autonomous flight control systems. By establishing new loss and value functions, demonstrations
were included as supervisory signals to actor and critic networks updating. Two replay buffers were utilized to store
demonstration data and the data generated by interacting with the environment respectively. The prioritized experience
replay system enhances the use of high-quality data and may assess the ratio of experience data utilization while
learning. Simulation results showed that the RL control algorithm with demonstrations quickly obtained high rewards
in the early stage of training and it had higher rewards during the whole training process than the conventional RL
algorithm. The control strategy obtained by the proposed algorithm had faster response speed and higher control
precision. Demonstrations enhance both the performance of the algorithm and the learning efficiency of the unmanned
aerial vehicle autonomous control system, which makes it easier to learn more effective control techniques. The
addition of demonstrations expands experience data, and increases the stability of the algorithm, making the
unmanned aerial vehicle autonomous control system robust to the setting of the reward function.

Keywords: reinforcement learning; demonstrations; unmanned aerial vehicle; autonomous control; learning

systems
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Fig. 4 Engagement of fragment and aircraft
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Fig. 9 Schematic diagram of fuze detection simulation
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Selection method of aim point for surface-to-air missile fragment
against military aircraft

HOU Peng', PEI Yang', ZHANG Ruiwen’, GE Yuxue" , BAI Chunyu’, ZHANG Yu’

(1. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China;
2. National Key Laboratory of Science and Technology on Liquid Rocket Engines, Xi’an Aerospace Propulsion Institute, Xi’an 710100, China;
3. Aviation Key Laboratory of Technology and Science on Structure Impact Dynamics,

AVIC Aircraft Strength Research Institute, Xi’an 710065, China)

Abstract: To improve the damage efficiency of infrared imaging guided missile fragment warhead against
military aircraft, a typical air-to-ground combat aircraft is taken as the research object, and the aim point selection
method of fragmentation warhead against combat aircraft in two case is proposed. Based on the vulnerability model
and warhead fragment dispersion model of aircraft, the damage probability of aircraft is calculated by using shot line
method. For the case that the fuze detection process is not considered, the warhead damage efficiency index based on
missile guidance error is established to select the aim point under the given attack direction. For the case that the fuze
detection process is considered, the location of the explosion point is determined according to the fuze simulation and
missile guidance error. Monte Carlo method is used to calculate the average damage probability of each explosion
point, and then the optimal aim point in each attack direction is obtained. The aim point selection method under the
attack of infrared guided surface-to-air missile is analyzed and studied through the simulation example. The results
indicate that the optimal distribution of aim point is on the edge of the body when the case that the fuze detection
process is ignored, and the optimal aiming point will be offset to the body center when the process fuze detection is
considered.

Keywords: aircraft design; combat aircraft; damage evaluation; damage probability; aim point
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Fig. 1 Framework of inseparable surrogate-based optimization
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Table 2 Comparison of GN function optimization results

sdrg RO R FRRALR i

% HARMSP+MSE 0.133 6x107 0.340 010~ 0.594 2x10™° 2.7742x107

Z HFMSP+EL  0.301 5107 0.319 1x107 0.203 5107 1.096 1x10°°

Z HFFMSE+EL  0.1632x10" 0.5207x107 0.923 6x107 4.451 0x10°°
IRAMSP+MSE 0323 8x107 0.1116x107 0.1305x10° 1.433 1x10°°
IRAMSP+EI 0.7878x10™" 0.1462x107 0.393 3x10"' 8.8700x10™*
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Fig. 6 Convergence histories of GN function
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Fig. 7 GN function values for all samples
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Table 3 RBS function optimization results
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Table 5 Comparison of G9 function optimization results

i gk BREAMM RN CPHERG %
% HARMSP+MSE 743.90 732.96 737.90  16.750
% HAFMSP+EI 703.80 697.39 700.98 5.393
% HARMSE+EI 773.57 760.60 767.18 23478
IRAMSP+MSE 792.20 779.59 78483  22.643
IR & MSP+EI 734.87 722.61 728.21 15.863
IR AMSE+EI 783.39 768.96 77629  27.633
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Table 6 Design space of multi-foil
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Fig. 15 Convergence histories of multi-foil
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Research and application of parallel infill sampling method based on
non-dominated sorting
LIU Rui’, BAI Jungiang, QIU Yasong
(College of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The surrogate-based optimization method can greatly improve the efficiency of high-precision
numerical optimization, while the infill sampling method is very important for the optimization result and efficiency.
Several training samples can be infilled using the parallel infill sampling approach in a single step, fully using
computer resources and increasing efficiency. In this article, based on the surrogate-based optimization framework
including sub-optimization, three multi-objective parallel infill methods are constructed, using the prediction value,
prediction variance and expected improvement(EI) function value as sub-optimization objectives. Besides, a strategy
for selecting samples based on non-dominated sorting is proposed. Next, take the six-hump camel back(SC) function,
the 2-dimensional griewank(GN) function, the 5-dimensional Rosenbrock function and the 10-dimensional high-
dimension 1(HD1) function as unconstrained optimization examples, and the 7-dimensional G9 function as the
constrained optimization example, the three multi-objective parallel infill sampling methods are compared with the
hybrid parallel infill sampling methods. The outcomes demonstrate the superiority of the multi-objective parallel infill
technique. Finally, the lift-drag ratio optimization of the two-dimensional multi-foil at take-off state was carried out by
using the multi-objective infill sampling method, the hybrid parallel infill method and the genetic algorithm based on
computational fluid dynamics(CFD). The optimization findings demonstrate the usefulness of the parallel infill
sampling method in engineering issues by increasing the lift-to-drag ratio by 14% after a minimal amount of CFD
evaluation under the constraint that the lift coefficient does not drop.

Keywords: non-dominant sorting; Kriging model; optimization design; infill sampling method; multi-foil

Received: 2022-10-04; Accepted: 2022-12-30; Published Online: 2023-01-20 15:57
URL: kns.cnki.net/kems/detail/11.2625.V.20230119.1901.002.html
* Corresponding author. E-mail: 1r300150@163.com


kns.cnki.net/kcms/detail/11.2625.V.20230119.1901.002.html
mailto:lr300150@163.com

20234 6 A tEMEMRMRXKXFEFR June 2023
o498 5 6 1) Journal of Beijing University of Aeronautics and Astronautics Vol. 49 No. 6
http://bhxb.buaa.edu.cn jbuaa@buaa.edu.cn

DOI: 10.13700/j.bh.1001-5965.2021.0432

) 0 B AT 58 B B SRR A 5

MR, KFE),

BA, MM, HX

(FR A IR K HLHLABE, AT 210016)

i3 E: NEREREPTEARTEAERERJTBEACE B AR, EXHTER
MERE ALY, HEEEENBEREFER, VR RERERPATHEN R LY, FIR#HA
PI (Prandtl-Ishlinskii) 2/ 2R ¥ A F HAT S HHR, RE — MW E B SHEJAT B8 B L H 0 B HK %
ERERERARERN TR, ETRASEAXANE-REE B HATERHR, HFRALRET
R A A & M A i 1= F (LADRC) #H4T 3Tt . 26 F Links-RT SLH 454 R A B iF = H %,

R FW . £ 1~200Hz XL E W, B0E-

FAR B e H BORm M, YHRERF T ME A 200 Hz

B, B ARIR E i A 43R 2 48] A 0.454 4 pm A1 1.95 pm, KT IFIRHY 4.369 6 pm F 6.08 pm.,

*x # i\
hESES: TN34
XHAFRERE: A

JE H 5 HEELAG I PR, A3 PR L BE R
SRR, DR IR B T 1 i R F B ME AT g s
K ARFRIN B &y, 73z e TR Aok . A
S KRS 5 72 r RGN SR AT . SR, R R A
R O A5 e o 7 R R P T 2 ARG R TR PR
il N L, AN BE B ] TR 2 o, PR,
Tt 7 HLR i A 5 o) A 4y

ST HERR . VTR 0 R S P T AR AR T AR AR
PRI G IR, N ILE N MG 2 EH TR T A D
WoE TAE. —Se2e MR R B A AL 9 W H T R &
HEPAT 25 1Y E AR v, e FRGR s B R 1) DB, 2By
SRy T B R SO ST ) P ) R TR R TR i TR R
(SRR MEPIRER 32 ZE AU 4 Jiles-Atherton
BRI 2 e QAR 32 AL 5 Maxwell #5271 Bouc-
Wen 5 % ® Preisach # %! ' PI(Prandtl-Ishlinskii)
RRAN S SRR, S T B R R S HE T RS Y
FEEE, W/NRT AR LR, 1P 222 B TR T AT 8 5
HIFSE . Li 4" 3T Preisach #8531 1T —Fh {4

REREEPATH; RERE,; SR, WTR-KIRR6EH; &R ER

XEHS: 1001-5965(2023)06-1460-11

0 O ) O 9 AT SE IS, 4 R 3 BA AT LA ER
RIEZEH 5 um KN 0.16 um; al Janaideh Al
Rakotondrabe " Xif Ji& Hi /F 3l #% & 37 2R A1 ¢ PI AR AU
FEREAT R A M, 7 200 Hz B3R AR 2t 26.7%
BEAR 2 3%; HE 25" 56T PTARYRT i g A T 45 a0k
FroF s, SR AR LM 9.3% BRI E 1.2%; 59
JRORN T o U X R H B S A B 2% 3] X Boue-
Wen 38 Jiff A5% 0 I R FH PN 455 4 1, BRI 06g 0k O
40 um . 45K 80 Hz (0 B {5 5 i, 35 MR 1% 22
4 2.087 1 um.

it — 23 R A A R AR KA A L e
M) P i 2K, S R 2 HE AT T4 00 B8 IR A F 52 ) R
ASCTRLAE LR A5 T BB A i 4 70 22 o B HE A
FIes A S50 B L I sE K Sk K SE 2 i,
2 B A BT — AR 1) k2 U L S HE AT A
A B B 217 BT Boue-Wen MR AR BB 45 4 5 61
XPIZANAT #5 EA TR A2, BRI (B A 43.1 pm,
WK R 500 Hz MDA 15 5 sk, ¥05 MR 22 U FF 2R

Yk BER: 2021-07-30; R BER: 2021-10-29; %% & AR AT E] . 2021-11-09 11:45

X 4% B R 3k . kns.cnki.net/kems/detail/11.2625.v.20211108.1438.001.html

EEWME: ERARPEELS (51975275); TTHAHAHIAITR] (BE2021034); V1754 HARRI#IE 4 (BK20210294)

* B {5 1E# . E-mail: meeyczhu@nuaa.edu.cn

SIFtE: Ak, AEN, KA, F #HESEEERPATEHFREGLRALE [J]. XA EAMXAFER, 2023, 49 (6) : 1460-1470.
ZHENG S F, ZHU Y C, LING J, et al. Experimental study on parallel control of axial dual-piezoelectric stack actuator[J]. Journal of
Beijing University of Aeronautics and Astronautics, 2023, 49 (6) : 1460-1470 (in Chinese ) .


http://bhxb.buaa.edu.cn
mailto:jbuaa@buaa.edu.cn
https://doi.org/10.13700/j.bh.1001-5965.2021.0432
kns.cnki.net/kcms/detail/11.2625.v.20211108.1438.001.html
mailto:meeyczhu@nuaa.edu.cn

5 6 ]

AR, 25 - Ty i U B A M THAT 48 TR 4 1 S B 4F 5 1461

1 31.6%.

JAE B L HE AT A% A R I SR 2 T K
A HZ R SHEPAT SR ESRIE hE A, KRR S
e 2Z B AF TR R G R, B R T e B R A T 2R I 3
AR AE R ), PRE, SR T 42 5 22 e HE S HE Bk
st i O g B, Wit — M H T2 Em
B MEPIA T 45 7 928 T SRS

A SCE S —Fh il ) B FL B HE A T A,
bl gy 2 AR R H & R i i e
KA i i, 56T oo o AR PTBE AR 570U He S
PAT R0 B AR LR, 38 5 e/ e ik B
RISHL, B 1 — oS H 25 HEBUA T 25 0 L1 A2 A% 40 T
FEWE, XF 2 A He M B ME SR AT IR IR, 2 TR W i
IR G A LA FR 53 3 43 (PID) 4 il 4% 3 1 i 45t - I
TR A A, B e BT 0 R A R T A A Y A
A $iPt# #l (linear active disturbance rejection control,
LADRC) #EA7 X L, I8 £ 52507 65 30 Uk 42 1l 3 7k
AR ATHE

1 BUTREMRTIERE

Bk i) XU L A HE AT R 4540 5 S 20 an ) 1
FEL 2 Bros, F2EH 2 AT 8 T F B HE A 1l ) 7
fi] A, P 1] 5 B SRR IE 2 A S FL7E AR 18] 5 ]
AR E o 254 T B 0 A A S R
MR AR AR R R A, R
Jie v 2 SO 1 2 A G R A T T AT, SE AL
Mg,

i T

A
— 4k

LIie
J LB

&=

— Y

#

TIE
i LB

o R

]

K1 b XU RS A T A A A 1A

Fig. 1 Structurale schematic of axiad dual-piezoelectric stack
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Table 1 Properties of piezoelectric stack
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FRFROLFSy/um 20
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LA 7500
R /kHz 83

2 EFHGHA PI {RBIESIRFIEE
2.1 PIEiHEAR

PI A BUAS i | 5 Preisach #5825, t— & %L
1Y Backlash 8 T 28 i A& int™, LA ik
B AR AR A 4R . Backlash 87U 3 o,
u,y.r FMow AR R R FACE . AME
e, e B HE A A S B SR B A AR AL, PRt
Backlash .7 HA 4 i SR HEL AR

"? b ” fV u

3 Backlash T
Fig.3 Backlash operator

Backlash 5 MRS BUE LB AR

w(u—-r) u—-y/w=r
y=1< ¥ —r<u-y/w<r (1)
wu+r) u-y/w=-r

y(t):wmax{u(t)—r,min [u(t)+r,y(t—T)]} (2)
S ¢ RN T 435 A IR FURAE JEIY; v, Ak B R ia (A



1462 b3 M2 it KK %% % ik

2023 4F

H14> Backlash 5 7~ Jf A fig 5¢ 2 il i Tk il & 4
BRI, PR, 5 2 n AN 8] 19 9 53 35
F A TN 3] 1T F e S ) PL AR i A A
y(0)=WTH, [u,y] (1) (3)

H. [u,yo] e = max {u(t) —r;,min [u @ +ri,y (t— T)] }
(4)

A W=w ., w, ] WAGE RZBUR R e ML
Tt 0<r<r,<--<r, HIBE: y, A HEAEF 0,
FE U Backlash 3780 n X B{E r 2 )5, @3 38
RS BIAE R BRI 153 58 8 iy PLAE AL,

PO b, R TR Z, BRDRE BB
B TR) I 23 1 2 5O R 0 TR HE B2, PR, 2 IR Z i
W55 # A FLIE 22 50 5 i SR 2%, #5 Backlash 8~k
nBEE N 11, B{EEE N 0. 104, 20.8, 31.2, 41.6,
52,.62.4,72.8, 83.2, 93.6. 104,
2.2 BB PIEASIREIEE

14t PIAERUAE — & P2 B | RE A5 SRAE T S M
R R, TG B B A 348 T e MR R Y
FARLPERY, Uk, BF X R R o B i 2 0 4
F AR GE PLAERL 3 i 04T 2 IRekiitk . & 58, 5IA
By A — I IR /M G PR R SRR
PR Y 28 AE 7 (158 22 P LR, e T o 2 i 3R
M2 BAT AR & X FR L JE N IRHIE, RISEIX 1 5
45 PLA AL B R ™Y, 48 e A0 (i ol i k. BRe2K,
1F O R Y PLAR TR T 3Rk R
y(0) = au(t) + b’ () + P'S, {W"H, [u,y,| (1)} (5)

max [u(t) —q,—,O} q:>0 (6)
u(t) q:=0
KA P'=[ppy s p, ) MICIX S TR 280000
0=¢,<q,<-"<q,, WALXH T HH; a 1 b WERE . &
i B A0, MR EFDEm Ry 6 BB 2 5 1fE
t, SEIX B F MM 17.5. 35, 52.5. 70, 87.5. 105,
)R, R L 255 3 i 1 107 8% 5 A rl R AR 22 (]
FLA SR 0 AH G, Seatk Y PSS AU JG 2 R AE A R
o H 8 M A R R . PR, T e e
LG A — B 1B B R A e H 2 M R i e
FEIY 7 MO, i S HE B AR W s A A2 1

y(t) = ée”/7u+h(t) (7)

S,u(t)e = {

h(t) = au(t)+bu* (1) + P'S, {W'H, [u(t),yo ()]} (8)
S T I )R kS — BB R R A
23 RiFRBSHPR

T 2.1 WA 2.2 9 rh C 2 g 7 Rl &S AR
Y, o — SE SR BN, AT R A AR

ERVRIS A i /0 06 RN Y IS ) R = NP RN 3
SR AP, [k SE R RE TR n HE R R A A L e ]
B BORBAR, Ik, SR MATLAB 2411 1.
B, 8 /N AR T S BN, S BIEUR
PE R 2257 O Fdes N, BARRECH
e(a,b,k, T, wi,Wa, ==+ ,Wi1,P1, P2, » P6) =

min) (=)’ (9)

j=1
ey, Ay 53000 R AT g 08 52 B L 060 B8 RO L
it BLRS 5 2 1 j 3 00 Ry SR SRRV ERS 7 8080 R

B A b, 5 B s PR AL h 28 K — By
TPE R T SHCGHEAT B, KR R AR A 4y Sy i A RN
RV 2 WA Ay AT R . X T HERR S S AL
FIFH L S HE AR WG (E R 104 V., LR E N 52 V.
WA R 1 Hz B3R 345 5 5250 i 3 A2 88 B X
TR MRS H o, BER S S BRAR A |, i
A H L S HETE I Ol 104 V., B LW BN 52V,
AR 200 Hz B 3K Bl 5 5 T 56 56 fan s 067 78 B iR
PERZE RN 2 s,

HEREER T, 0,=-0.029, b,=6.9x10 ", k,=0.150, 7,=
5.32x10°°, a,=—0.026, b,=1.33x10 ", k,=0.227, 7,=2.84x
107 Hrfv=12 0510 b F AL &S,

"2 SEPRALR

Table 2 Parameter identification results

S HfH
v=1 v=2
Wi, -0.014 —0.109
W, 0.057 0.080
Wy, 0.040 0.041
Wy, 0 0
W, 0.053 0.066
We, —0.099 -0.229
W, 0.117 0.178
Wy, —-0.027 0.012
W, 0 0
Wiy 0.014 0.031
Wi, —-0.019 0.099
)28 0.721 -0.477
Pa 1.576 1.137
Py 0.500 0.571
Py —0.067 —0.071
Ps. —0.684 —0.616
Pev 0.113 0.087
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displacement measurement
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Experimental study on parallel control of axial dual-piezoelectric stack actuator
ZHENG Shufeng, ZHU Yuchuan®, LING Jie, LIU Chang, LIN Wen

(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Compared with common piezoelectric stack actuators, the dual-piezoelectric stack actuator exhibits
displacement amplification functionality, but suffers from poor positioning accuracy due to the inherent hysteresis
nonlinearity of piezoelectric materials. To reduce the hysteresis nonlinearity of dual-piezoelectric stack actuators, an
improved Prandtl-Ishlinskii(PI) dynamic hysteresis model is established and the related parameters are identified.
Then, an output displacement allocation strategy and parallel control scheme of the dual-piezoelectric stack actuator
are proposed. Based on the inverse hysteresis model, the feedforward-feedback compound control is examined by
experiments, and compared with the linear active disturbance rejection control (LADRC) scheme which is
independent on the inverse hysteresis model. The control algorithm is validated on the Links-RT real-time control
system. Experimental results indicate that the feedforward-feedback compound control performs the best within the
frequency range of 1~200 Hz. When the tracking signal frequency reaches 200 Hz, the root mean square error and
maximum absolute error are 0.454 4 um and 1.95 pm respectively, much lower than those of open loop control
(4.369 6 um and 6.08 um).

Keywords: dual-piezoelectric stack actuator; hysteresis model; parameter identification; feedforward-feedback

compound control; linear active disturbance rejection control
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Fig. 1 Schematic diagram of edge feature extraction
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Fig.2 Schematic diagram of multi-scale feature extraction
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Table 1 The percent of different categories
in the experimental dataset %

eS| =S M
HLI4R 0.07 0.15
TRIZ A B 23.99 23.97
AT KT 25.70 14.77
KR 0.61 0.90
B/ 1.60 1.80
=0 20.17 26.48
HPE LT 3.61 2.72
HEAR 6.31 6.03
WA 17.94 13.17
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Fig. 6 Recursive depth test results
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Fig. 8 Visualization of classification results
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Fig. 9 Detailed Visualization of classification results
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Table2 Comparisons between the proposed method and other models on the ISPRS dataset

ik m, m, m, m, my mg m, g m, 0OA Avg F1
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Ground object classification based on height-aware multi-scale graph
convolution network
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(1. Information and Navigation College, Air Force Engineering University, Xi’an 710077, China;
2. PLA 93575, Chengde 067000, China;
3. PLA 93897, Xi’an 710077, China)

Abstract: The point cloud acquired by airborne LiDAR has the complex characteristics of uneven distribution
of categories and large differences in sample elevation. Existing methods are difficult to fully identify fine-grained
local structures. This paper proposes an end-to-end network for airborne LiDAR point cloud classification after
employing stacked multi-layer edge convolution operators to simultaneously extract local and global information. It
also introduces elevation attention weights as a supplement to feature extraction. First, the original point cloud is
divided into sub-blocks and sampled to a fixed number of points. Then the multi-scale edge convolution operator is
used to extract multi-scale local-global features which are merged thereafter, at the same time, the height-aware
module is used to generate attention weights and applied to the feature extraction network. Finally, the improved focus
loss function is used to further solve the problem of uneven distribution of categories and complete the classification.
The standard test data set provided by the International Society for Photogrammetry and Remote Sensing (ISPRS) was
used to verify the proposed method. Overall, 85.9% of the classifications were accurate. The single-category
classification accuracy, especially the roof, was increased by 4.6% than the best result published in the ISPRS
competition. The research results have reference significance for practical applications and network design
optimization.
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Multi-robot cooperative coverage of key regions considering prior information
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Abstract: This paper addresses the cooperative continuous monitoring coverage problem of multiple mobile
robots for key target areas in complex environments. It is assumed that a number of obstacles and fixed observation
points are distributed in the target area, and that the historical measurement data of the target parameters at the fixed
observation points have been obtained. A group of monitoring paths are planned for the robot crowd to realize the
monitoring coverage of the key target area with high coverage and high frequency. Firstly, the mathematical model of
multi-robot cooperative continuous monitoring problem is established. Then, based on the cerebellar model
articulation controller (CMAC), the measurement data of the fixed observation points in the region are generalized to
obtain the target parameter estimation in the region. Finally, the combined path planning strategy based on sensor
configuration-path framework partition is used to obtain the optimal path of each robot. Simulation experiments verify
the effectiveness of the proposed method.
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Two-dimensional imaging algorithm for arcsine-based circular antenna array
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Abstract: Radar imaging technology can capture rich feature information of a target, which provides important

basis for target recognition. Vortex electromagnetic wave imaging technology, a widely discussed topic, can capture

high-resolution two-dimensional images of relatively stationary targets. To achieve a higher imaging quality, the

azimuth resolution in radar beams is obtained using arcsine-based circular antenna array, and a two-dimensional

imaging algorithm based on the arcuate ring antenna array is proposed. With only half a circular antenna array, the

azimuth resolution similar to that of vortex electromagnetic wave imaging technology can be obtained, and the

sidelobe height is reduced. Firstly, the one-dimensional range profile is obtained through the “Dechirp” operation. On

this basis, the reference signal is constructed, the cosine function in the phase is changed into a linear function through

the conjugate multiplication between the echo and the reference signal. Finally, the echo is accumulated to obtain the

two-dimensional image of the target. The effects of the number of array elements and beam width on the azimuth

resolution are analyzed. The effectiveness of the proposed method is verified compared with that of vortex

electromagnetic wave radar imaging method.
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Fast leveling control technology of vehicle platform based on
interference compensation

ZHOU Bojun', YU Chuangiang”*, TAN Lilong', LIU Zhihao', KE Bing’

(1. School of Missile Engineering, Rocket Force University of Engineering, Xi’an 710025, China;
2. Rocket Force Equipment Department, Beijing 100085, China)

Abstract: Focusing on the fast leveling requirements of the vehicle-mounted platform under heavy load

conditions, the error caused by the deformation of the legs during the leveling process can be accurately calculated by

using electric cylinders. To solve the issue of the low leveling accuracy for traditional hydraulic leveling cylinders

under heavy load conditions and increase accuracy, this study proposed a rapid leveling control strategy for the

vehicle-mounted platform based on interference compensation. Moreover, the load characteristics of the outrigger

cylinder under the four-point leveling condition were analyzed, the deformation error model of the electric cylinder

was established, and the interference compensation feedback method was used to correct the leveling error. The

leveling system was jointly simulated and verified by AMESim and MATLAB/Simulink software, and the

experimental prototype was built for experimental verification. The results showed that the four-point leveling control

method based on mechanical deformation interference compensation can increase the leveling accuracy by 25%, the

leveling time can be shortened by 71.4%. Besides, the vehicle-mounted platform under the condition of large load and

large inclination can be leveled quickly and completely in 10 s.

Keywords: vehicle platform; electric cylinder; interference compensation; co-simulation; fast leveling
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i B HERIE o FEA T s RS ILIR B 50 640 7 2 /N R 35 A
MERG H W RmaIE AR, RET —MET A EENE XS E (SA-SS) A By fn = K s HLFLIE
B A 7 % . 2T 18 X 2 E# A DeepLabv3+Hy & R4 44, K % & % MobileNetV2 % KR # 1y
Xception 1 7 £ FHAERBF L, FIAT K—RB—E%HHEHHATHERR, UWRIERIHHE
B, BT LERBKEN, KR4 DeepLabv3+ii E i 0 & FHE 454, FREEREEFE
WREER. AEANHE—MHEEEANG, BEL2RHENNIHEXKE, I 5 R4 6 E
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PG ERRERADPINEFT 4.10% F1 3.92%, NHEHEFRFHHMNEE T KA EET

24.43% #1511 Wi/s,
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NHEMARESRD: A
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FHMOR AR R, KB TAE G 2 AN Al ke dth = A
ECSAGNE LN I LLI B U N 1 YR AT
SR, AL A R BN HLES I S %, AR EEHEIT R B &
77 A A B[R] AR R 22 % A, PR, LA 2
ez N TS S w SR s . BEE N B R
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PRTAEA SR i BEACOH T 41K, IF B ZEFE o K
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T ARk, X R ST AL R P45 PR s e ) i
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Hh JE TR A 2] 1 MG AR B 1 U R 3 T R
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T 24 UM 4% (fully convolutional network, FCN) [
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U, JE T 40005 A 1 e 2 L | A8 R R B 45 S 0k
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P BeT B ARAE 4 R 4 BRE AR B9 0 S 7E T4
ARV B AE THEHE, X5 T ot R A B 55 e A )
FE R

BT URBE 2 ) 0 MG A BB R G AR SR B T
R K, FEAFEET CNN 5 FCN (7%, CNN
— AL A A )2 W A B2 YRR AR T
SPF R RRAE ] £, SR 3 28 T 20 i HL e i R
RS JEZE L, I Faster R-CNNYYL 87 1 45 1) 4%
TRIE CNN A3 00 25 FRfifILY (conditional random
fields, CRF) i, FI FH EIRAR 3R s 22 6] i AH DG 14
ik TR 2

T FCN (197 ¥4 Be s X BMGHEA T IR R o2,
BT Sy i — 20 00 i 45 £ ROSF B8 2 kil . FON RE %
2 AR BT a5 A, %6 UG 9 b iR AT R
R, TEORAE I A0 PG S A5 B RIS 28 4 RO
HETIR B MG R BEAT 7328, R J3 4 AU 25 o) 245 22
) VGG16Y, B £ 1~ 36 BUZ Filit Ak 2 28 B HE & 1
W, e i R AT A 2. 2R R R-
FCN 51 1) 67 B 0% AR 7 T AR B X 3l A 45
PERIN 1 s & st v 48, IF45 &t a0
PR A, SCHE T B TP XU A2 X 45 119 anchor
Jr, BETE T IH GRS B . Kim F1 Lee!" 2 F CNN X}
G 8 i RS AS A8 R AIE AF # (scale-invariant
feature transform, SIFT)4FAE FE 1T #E B 4025, LI
W A ZhAIL I R fofe e g 453 £ 155 100 o

I TR 2 ) G A BE B R 1 O 550 2 78 3k
B85 2018 3R Wb i 1 RGBSR I, 0 48 v ) i
PR A e R, BLIwKE . DRAPRAR, BB KA A
ToRAE L FHIZEAVFTIN w5 S B B T AR

SR, b3R5 ¥R X T A & s HLAL AR R i 45
Bk, 2 BAEAE LA 2 47 T i B : OBAT Tk
Bt 2 % T 2 A S AILFLER BRI /N ROBE FREAIE 1 O
T, BT XA ARLEE 2 A /N IR 453 00 R A G 0 B 152 1)
AN H R Q1L 58 CNN J7 ik XA L 4 i &
TR LR A YE RSN FE 08 o B G — ek
FHBY FE T RRAE 5 UM 28 5 e R, 25 BUBL R BT 75
I 2R B[R] K 00 B[] 254 5 17 % A7 B R B4 o % 1Y
AT R M, SO AT bt B b 25 1 PR RE T [ ™ EE Y
T -

THEAAILA B S 38 A 3 B 7 AL R T Y AR
BT T ) RE 8 B AR TR R 1Y DX O DG T LAY
FEAE, [ B 22 0 FLAY B REAE . A 1 R ) AL 38
Tk 12 I 55 % W B 2 ST I R A R, A A KT
M AR ZR R SOOCHER, AT LA Z= 0 MG AR AT
TR 2 OCHEE B, o BB A A G BE A5 DL KR 2
2017 4F 6 J1, Google HL#5 B 1% FH A" 4 57 T 1% 4t

5 1 # 2 P) 4% (recurrent neural network, RNN) &%,
CNN 2244, >R Fl Transformer 5 #4 75 1 S g 14 32 72
oA B LS, R T 2R S SRR
FEAE A S A5, FAm AR, 2RI 2 S 4R FE B
BERZM KRS . B mds A AER
JIHLHI R 2 ROBE R AR A s, ) e /M T B4
I 55 34 77 1% 2 AR BRUH ) e 1) B 2 S, 4R TR ]
REMFRIEE R . —MIREG 2 1EE TN (hybrid
multiple attention network, HMANet)""* ¥ 45 51| $2 i},
KRR T2 BRE LB e befg . Li 40 5
98 T — PR T 2R 0] 505 & A 3 AL ] Y B A
By BB, e Zon B 5 X THE B AR AN H bRk
FA) AN [F) ARp i A B 4 14 3 T

FET UL Ear b, ARSI T —F T AR
1 L 57#) (self-attention semantic segmentation, SA-SS)
BEAY B it 25 & S HLAL AR BRI 5 ¥ o X i 25
K BB G N A3 RUBE /)N B84 A3 AR aE A DL RS
e IR A, SR A B3 AL 11 MobileNetV2 T J2 i 22 1)
&g Bt o EIAL 7Y DeepLabv3+ Xception
VB TR SR UM 2% 5 56T 22 2 g0 ) AR o
Ji 4ifi DeepLabv3+1 (1 75 {la 23 [i] 4 - 85 b A (atrous
spatial pyramid pooling, ASPP) %4 4, i 2% Bk 1) =5 1
GREIRAT T T8 A Bz B A —Fh A
B IHLRDRAE 2 R R e Rl A, ISR R R R 2 1]
BT OCHR, BOE A0 15 B 228 S o MR R AR Y
[ 55T 22 ROBE 23 () il G i) AR S | A 2 )2 IR2 45
fiE, DAMCE )5 45 DeepLabv3-+H i fif i 25 44, @il & AN
AR JZ MR IE AT IR R 2. LRI, SE5n)
SegNet-ResNet, DeepLabv3+55 J7 % 4l tb, SA-SS 44
TULEAH I ECHE AR, X2 & s pLALER KR R 44
PG TN LA T S (R P g 5 A P E

1 SA-SS #&#I

SA-SS B SARZE R A 1A 1 R, AL 4G —
TICH<M, S, 4, D, F>. e, M oy T RHIE 3 U
2% MobileNetV2; S [ 1 & ) BB 5 4 o Bl ik 19
ASSP %5145 D ek i it 125 F ARG AR AL,
11 ETFHER B 4

i DeepLabv3-+f5 7 B T R1E 2 LAY Xception
Bk 2 27 ] BT A 3 WK 3x3 (IR BE A] 43 B 5 AR
(depth wise separable convolution, DSC) 2 BUERE, £
FRUZ op (1930 38 B 2 W] 3K 512 A4S, B K S e fil
M EIBIT NG . 2= X IriE MR &, Rl
FRER T 5 1Y MobileNetV2 £ AX, Xception, 35 %t
T ImageNet £ 45 4 Yl i 12 ) MobileNetV2 il )i 5
R I AR ARIYIN 2, 1 — 2D AR AT 2 ST R0



1506 B AN N | N N == 2023 4F
R <F>
<A> iy
<S> .
<M> ES LRGN
>C >C>| 3x3
- o~ o 5l T r=18
(=} X = a2 R
— 3 88 >8> il 4——¢ (38
% @ o o = r=12
Ji —
3x3
r=6 v
Conv| Conv
Conv 1x1 1 lix1 >
o v b
=7 Rk
* C 4 x
onv A
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Fig. 1 Overall structure of SA-SS model

MobileNetV2 = 2 i FEAE T
B3 RHEIEH N

1) FEA BT LI i A RRAE B AT R AR B B,
283 B BUS BI AT 45 2 R I FRAE LS . 250
1% VA — 7 1 25 4 R ER A7 B 5% A A R AT T Bl ek
AL IR AR B N R A RRIEE TR 5B R
RN R, 15 805 B OC T4 B BT M, B
HEATURBE Ty ) - () 3 2 J 1 RRAE 1, S IR A B
W, BT

DSC A1 i bR

C K K
Y= [X@Wl=Y ) > [x(si+u,sj+v) w(u,v)]

(1)
A XORTY 43901 0 24 U2 00 i AR HE R B o R AE 5
iR BT B Gk R “e7 MERRE; C
WA K AR RN s WK w R BB,
2) DSC 5& T AL B, FI &L B 1
A EIE TR, BN S 2 0iE
EHCATR, BN

Qi = ZXHLH Wy (2)
Pg

A QIR B FUERAE TS I RR RS T W, 0 px g
MU

SR AR TR S RS FE AT R B R, R
HIx1 G B A A WS BN, KR 8 A
B, B AT Sl A 2 B 7R H4~ Block £ 8 H ) DSC iz
A

3) BIE RBUH SR AR CONIN 1 22 [ A 8 B 4 45 5
bR TR AR R R . FER NG b, Bl 4%
4t 1) ReLU i pRELS) 51 (0, +00) X 8] A 141 Fl- 5 20
BRI 2, SR ReLUG6 bR%K fE 1% 4 I b A phe 3 —
], H R

f(x) = min(max(0, x), 6) (3)

BT Bk 3285, MobileNetV2" " % i1 T
BR G5 o A% BRI Bk 25 S5 M T B R AT Ix1 B
B4, Rl 3x3 8 BUEL BURAAE , 1 3E 4T — IR
Ix1 BRI e e s . 5 HARM S, AL R
1) 2 3% 2 B e S XA 4 R AE A 1x1 B FLTH4E,
IR 9K 5 SR AR RRAE, FEOR T Ix1 3% B BT
R4 R T TR S A T RO D, Xt ik
17 Ix1 B BIE B, TH A A LA, R sk T
& GE 25 K Se TR 45 FR ARG 5, 5 12 i A E I O
> AN 2 ] Fp I 2 SRR A A8 1 R BRI
S ERFFEAE B A BFE o 6 F38 K A o (8] 3 3 4L
MobileNetV2F] ] DSC & X 3x3 &% i £ 1, #5145

TE T THRAE SR IR 45 h 5| A9 sk — 4 I —
AREEH )T, TR 4G T AR ) S HCE:, (HaX P R Bk 25 4
5 19 ReLU6 I B B 2 ff vay 2 45 5L 76 i 5 [l A1
Yk, F8 4330 18 FO oK B R AR A R L. R
TR B A R, S TE SR 25 Y
SERh b — 2 T MR, AR AR LRSS 1Y
B FUBLHOR AT ReLUG6 ARk M3, 102 FL 3 A A
MR B AT R, S Rk 22 AL R A T
MobileNetV2 ()5t 45 #4) Block, £7 I ik, #i70 f
F= R A I 2% R g R R 2 R, A 3t
17 > Block #ibk

JE T 5 R A R IR 285 110 A A 4 A R HE P
B, AT M 28 AR N S AU L N3 1 s .
7 11 conv2d N 4 F)Z 5 ¢ A Block
B Ix1 BB E P 5KASEG p A R
B q RN EG s SHIZE S 1 B
GBRLK,
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3x3
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LTIYN

l — |

Conv 1x1, ReLU6
Block0 i

DSC 3x3, ReLU6

!

Conv 1x1, ReLU6

)

DSC 3x3,
Stride 2, ReLU6

Block2 Conv 1x1, Linear l
l Add Conv 111, Linear
Block3 i
il it
V Stride=1 Block Stride=2 Block
Blockl16
LR

K12 MobileNetV2 W44y
Fig. 2 Network structure of MobileNetV2

%1 MobileNetV2 &S5
Table 1 Parameters of MobileNetV2

A E ¢ »

q S
224°x 3 conv2d 32 1 2
112°x 32 Block 1 16 1 1
112°x 16 Block 6 24 2 2
56°x 24 Block 6 32 3 2
28°x 32 Block 6 64 4 2
14°% 64 Block 6 96 3 1
14°x 96 Block 6 160 3 2
7% 160 Block 6 320 1 1
7% 320 conv2d 1280 1 1

1.2 BEEHINH

% 45 DeepLabv3-+R H ) il 5 1% J2 R A 19 7 1%
FEHT 2 P REERT & BR B ZH G R, FHR T
AR b RAE 09 7 1, BMR BT iOKR, i
R B B E AR o s B A RE .
FH A A 28 & S HLFLIR UG A, 328 25 1145 3 AR
/N ROBE B 458 43 R AR A B B e R iR Ay o oA O K —
[ R, BRI AT —Fh B R L, B
WK 3 fron . B AR b — )23 0 2% it A R
B, Bk xo Hirr, x e RPWXC C RiliB 4 f(x) =Wix
Flg(x) =W, x W FIEE], H f(x), g(x) € REDHW Wy
W, € ROCN I 245 3 (19 BCTE JE 15, H, W oRRAE &

Rt

Shy 3 7 AR 0, L AR Tl A RS AR 4y
(C/8)x N, Hith, N=HxW. ¥ f(0f% 855 g0
TP 3R A5 B A S PR A B, Xt 284 TR ] Softmax
PRI TIH —fb b B0, 75 304 A I, BRI T

T
= explf(x) g(x))] (4)

> exp(lf(x) g(x))]

i=1

o 1 R BEHAE G BUES jA DX Ss X 5 A Y
W) AR RMREE B 80, 2 A X AH ¢
PR

By N2 3 5 A — A Ix 138 B2 15 2 R E
h(x), ¥ HR/NESRBIRVCIE S 25 FrsR A5 19T &
JIEGEAG R ST, (A3 g — MR R SRR
T3 B b R e I S AR TR G, 18 SURRIE B
ARG LR xS 5)~= (7) Prw,
BBt AR S B RRE EE L o:

o=V (Z l_,’y; h(x,)) ( 5 )

h(.x,') = thi ( 6 )

v(-xi) = Wv-xi ( 7 )
iﬁ: rh 0= (01,02,"' ,Oj,"' ,ON) € RCXN; W,,,WV [S RfXC
SN ZRA B i R R
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R {57 T 28 A0 1 BT i 08 S ) 15 8., I
YR ] DL 2 R B R 4 L 2 A0, 5 A LB &
o, AT SIBR I e At AN T

=00+x; (8)

LU A5 2 B OFit 25 I 285 118 2 > 1T AN BB B35
1.3 AT ASPP

FE 1L, i R R PRI T R
1L By MobileNetV2 £ T JR 4 AY Xception M 2%, A
I S B 2 T BB S FORS BE R R B . O T A
b S 57 50 Y M R I A% 305 B2, X 5L 4R DeepLabv3+
) ASPP Z5 b 4T Z IR R IRAL A, Uy KRG HZ
()P0 BT AR A2 B, DA 2 FHE Y I AR R R B RE . 2K
HEJS [ ASPP Z5 45755 mASPP.

AR T — R py g X, R R
BRI T E R PRI T RS, R T s )
PR X3, X AN [R) H AR 9 X538 77 38 2o 53 e 3 18 A R
(CEI N7 5

mASPP 1) FARZE R 4R 1E] 1 s d<a>P R, H
R AT R
y=1[p'®),C11(Q1),C 1 (Q12), C1 (Q6), T, ()] (9)

Q.s=C§,]s[x+(x+ Os) + 012] (10)
On= C;,lz(x"' Os) (11)
Qs = C35(x) (12)

L Convy, (0)Fm B BUERAE, jW EETFH %
X, KB KN, Pz 03 pOo k- F ik
() i 5 Q3R 7 3 Wl 8 Ok 1Y) 25 1l 4 BRI 7 S 1Y)
Hi o

AL DL, SA-SS B FI H 43 1) 22 36k 4 114 25 1) 45 AR
AN Z, BE A S AHZ i, R

i I T IR SRR S A T — 2.

1 4(a) AT LA, X T B4t o 2 (1 28 {H%
ﬁ'ﬁ,q MR Ry 6, BRAZ R 13 1), 3R TR

B B KB AZ B, R R T 5 2 4 1E, ,\ﬁﬂl
F3IMEE . Gt Z2HIIG, 2 E B RE T
PAK e 245 BRI, A5 R R A T I 255

WE 4b) iR, 253 H 3 2 6 B2, )2
[ AR B T4 sy, il DU R 7 ME . X
FpO7 vk 0 T 4k e it , A B 21 9x9 RST Y
BRECRAE, TGS 1B 43 FIPERE

T

(a) HEas i

R R R
—

(b) ZJZGURAS B
K4 PfIE S R

Fig. 4 Multi-layer cascaded atrous convolution

i & 1 AR B <A>RT 1, mASPP i 3 4R FER
AR 6. 12, 18 1Y 25 1 45 AR BEA TREAE ] FR R 2 R,
DA R 1A 2 Jp PR AL A AT A

1) 23 1 26 U 3 5 78 34 38 4 BP9 1 3% 4
FEANSUE SR MBS BT T, %}“kT% i
R L Y A7 BT, (A5 R AT 45 AR A 5 B % i 1 o
RAGEME R, FIET.

L
glil = fli+ Pl hll] (13)

K FLUIREIAMG S5 gLl A5 UK E
AL BENE AR PR HRSRAE £ LMY 5K R
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B 2 1 B B B B R/ K, 251 R
RS SN €AY e SNAN )

K=K+K-1)(r-1) (14)
LA R i ]
Fii = F;+(K' = Dh (15)

e Fo  HATE IR Z B Foy b — 2
W5 h R Z WA TR KR SRAR.

HI T 1258 ASPP 1 fiz KESZ BF A B v 2 11 4
PR e K2 BT, R
Fra =max([Fg, ,Fg,,, -, Fk,] (16)

A Fro AR KB T Fr, RR BB R
N K. A, (07 R A5 PR BT

15t ASPP 454 H B i £ T 23 ) Hok M A 5
TR 232 BB, T B A 2 3] 3 110 2 I 4 B AR R R
23 BT L, SO R AE 3 I i A KA B b, &8
TR RZ B & IR AL

M % mASPP KU, 55 HUZ N M, 2517 4 B
ZHF IR R m iy, mg B, A IESZ B m
m =mg, +mg,, +--+mg, —(N—-1) (17)

Al LS B B9 mASPP A2 BT 78 A [R] 25 J &
HE TR AL AN A 5 s

f\ "
ASPP
m=37 | 6,12 |
m'=37 | 18 |
|

m'=49 | 6,18
m'=61 | 12,18 |
=13 | 612,18 |
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Table 2 Dataset information
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Fig. 9 Comparison of performance of four models for

different types of faults
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Table 3 Average performance of four models %
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L MloU mPA MloU mPA
A 80.15 88.47 79.70 89.54
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C 83.55 91.76 83.72 92.59
D 84.25 92.39 85.14 94.69
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Fig. 10 Visualization results of each method
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Fig. 11 Comparison of training time and average test speed
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Borehole image detection of aero-engine based on self-attention semantic
segmentation model
CAO Siyan, LIU Jungiang’, SONG Gaoteng, ZUO Hongfu
(College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: Aiming at the problems that small-scale faults tend to be missed and misjudged when detecting
borehole images of aero-engines by using traditional methods, a new method based on self-attention semantic
segmentation (SA-SS) model is proposed. Based on the overall architecture of classical semantic segmentation model
DeepLabv3+, a lightweight MobileNetV2 is adopted as the backbone feature extraction network instead of Xception
to reduce calculation by utilizing expansion-extraction-compression strategy; based on the idea of multi-layer cascade,
original atrous spatial pyramid pooling structure of DeepLabv3+ is improved to keep more feature information in
feature map; a self-attention mechanism is fused to establish the internal correlation of global pixels and strengthen the
attention to details. The decoding layer of original DeepLabv3+ is improved; multi-scale spatial fusion method is
introduced into low-level feature extraction to fuse multiple layers of features for classification. Experimental results
show that compared with original DeepLabv3+, SegNet-ResNet and other methods, mean intersection over union and
pixel accuracy and PA of SA-SS are increased by 4.10% and 3.92% respectively. Also, training cost and detection
speed are improved by 24.43% and 5.11frame/s respectively.

Keywords: borescope images; fault diagnosis; self-attention; semantic segmentation; DeepLabv3+ model
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Table 1 Pore diameter and wire ° gzﬁg&
diameter of filter selected for s 97 :
o
seepage failure tests mm ol 8L
g
HEMfLAE &M 2242 = 8
B 17t 9
3 0.5 ®) o .
4 0.6 161 o
o
5 0.7 15k g
6 09 2 6 8 10
8 12 YERIFLA%/mm
10

DL A 2 8 R AR ), T SR e I YK Sk 22
VBB BN I FK Sk 22 AH . B3R ALAE T 24T
3 e, dhit 18 il .

2) REBEIAE. 7H LR d 2 0.008 mm,
0.075 mm, 0.25 mm. 0.8 mm, 1.4 mm. 2 mm. 3 mm
R0 0 A A 1) 35 7 A 0, % FLAR B O Y 2242 T
R2WR . BT B EK K2 AL o 5
5cm, 10 cm, 15 em #ATIE, L3t 21 450 .
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Table 2 Pore diameter and wire

diameter of filter selected for stable
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Fig. 5 Influence of filter pore size d on

critical water head difference AH
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Table 3 Final seepage velocity and total mass loss of soil particles in stable permeability tests
L Fa e B T E/(mL min ™) AR BT g
Kk2E5 cm 7K3k2£10 cm 7KKZ15 cm 7Kk2E5 cm 7K3k2£10 cm Kk 215 cm
0.008 9 33 58 0 0.01 0.01
0.075 17 72 139 0 0.01 0.02
0.25 24 96 208 0.02 0.04 0.09
0.8 27 106 261 0.09 0.6 1.35
1.4 43 164 416 0.57 2.45 4.96
2 44 184 431 0.87 3.92 7.65
3 60 220 578 0.89 4.78 10.78
600 Kb O N L) N B i s ) R AR IR
T 4so 7%, r=7.5 cm; r, B L FER SN AR, 1,=18.5 cm; by
5 HUKZR KB, L0 e, HAKOKSRAEE, SH5U 5 e,
% 300 10 cm, 15 cm; ¢ R 2T E], BL 1 min,
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Fig. 8 Influence of filter pore size on

steady seepage velocity

FIEs; BRI FLAR d X A JCRE 40 2 5L 5 B m B 5 e
B 9 o, H I 8 IR 9 AT LI Y, Uk M LR

Xt B4R ]38 R B A TR
12
Ah/ecm
10 —=—5
20 —o— 10
i 8F —A—15
=
1 6 F
#®
{:4 4
H 2
0 H
0 0.5 1.0 1.5 2.0 2.5 3.0
UEMFL#Ed/mm
S C RO iYL sYnis-—diipA |
Fig. 9 Influence of filter pore size on

total loss of soil particle
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Table 4 Permeability coefficient of steady seepage flow at
different water head heights

BiER(cms™)

TEMFL#/mm
AK%2ZESem  KKFEI0em  KKEISem
0.008 0.001 73 0.001 58 0.001 23
0.075 0.003 35 0.003 45 0.002 96
0.25 0.004 60 0.004 60 0.004 43
0.8 0.005 07 0.005 08 0.005 56
1.4 0.008 33 0.007 86 0.008 86
2 0.008 55 0.008 86 0.009 00
3 0.011 50 0.010 54 0.012 37
0.012

0.009

0.006

%1% 2Bk (cms™)

0.003

0 1 1 1 1 1 1
0 0.6 1.2 1.8 24 3.0

1€ M FLA%d/mm
TR LA A2 ) 58 R B2

Influence of filter pore size on radial

&l 10
Fig. 10

permeability coefficient
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Experimental study on influence of filter mesh size on
radial permeability of sand

TANG Guohang', WANG Naidong" ", LIU Songtao', JIE Yuxin’

(1. School of Transportation Science and Engineering, Beihang University, Beijing 100191, China;
2. Department of Hydranlic Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Based on the self-developed radial penetration tester, a series of seepage failure tests and stable
seepage tests on sand were carried out under various filter pore size conditions to study the influence of filter pore size
on the radial permeation characteristics of sand. The influences of filter pore size on critical water head difference,
seepage flow, mass loss of soil particles and radial permeability coefficient of sand were analyzed. The results show
that the filter pore size has an important effect on the radial permeability of sand; The critical water head difference
can be increased by decreasing the filter pore size in the seepage failure tests; Sand’s permeability coefficient can be
efficiently decreased in the stable seepage tests by reducing the filter pore size; The mass loss of fine particles
precedes that of coarse particles. If there is none of the mass loss of soil particles, the seepage velocity will be stable.
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B4 FastDTW 5 SBD W% BRG] FE 5255k
B, RT, M, K

CRIBHLT R F RSN, ¥ 030600)

1 . WA T 2% (RTSC) AR XM EFUEA ) Z M . £ 3t B ## A i E
Ji B 77 i A0 3 K AR B4 S A A v AR ] Bl AR 9 R RE, LR SOULIN o B R A AR R RO
REC—RRIAZ N R, & H K0 A #7592 77 % RTSC-FS. %7 & @6 50 A

% & (DTW ) B % 3 FastDTW #1 SBD J& & JF 7| IE

B, EHEA FastDITWiHEE L EK. #Hx

WEBEMSBD ITHEAEEHRWEER, XARGFOIR, EXF, GRHETH. RELEEEHE
AR AR —F B A kA, ERET AHEIE (GWAC) 8K E th 2% % b oy i 8 7 7] %
WEE, TRTENA TN T REAO AT HFEFENEARLAAE WL 4 %, BEFE 60.27%,

U F 3k 34.65%, A8tk Baseline KB EE 5,

BE R, BERHTR.

X B i WAHEEFI 2K FastDTW Hik; SBD ks k) AHlME; 2%

hE 4SS TP311
XHAFRERS: A

i A B 1E] e 51 4325 (rate time series classification,
RTSC) J P\ K HLASE (1 B (1] 7 4] B 4l 4 v - R 20>
(1) B FEAE A, AR B2 o 58 U A &
JZ R o I TR A B R — 2K B S R U
(R RICHE AR SR 41, B B KL I (B IR
RSP

T TR SOOI A5 3k, i BRAR At s R SO I 4 AR
(1) 5 R A e M RE WL N 152 48 1) A 1, 7 R B rh
R IR A I 1] 5 50 58 R R SCE A e LAY B
FBW, My BT A AHALFE (ground-based wide-angle
camera, GWAC) J2&: 4 ik K T2 H sVvOM® #
WA IR SR KA A, B 15 s SRAEILIM BTG — k™,
H b5 & 3055 M D00 A0 Sk £ 5 194 ' 25 Ik ) A6 S5 A
HoAth ) ZUAR B ) AR, GWAC SR 42 B KA 05 TR
BIGE I 28 23 b 385 Az BB AR 4R, SR (AR 7E B
—sF [] DX [0 P 1) 5 BE AR Ak, T8 T B ]y 2 45 o AE
I 8] 5 B2 38 6 4 A IS O T, GWAC 1E B3 5E Y 89

WERHS: 1001-5965(2023)06-1523-10

AR XA FE AT S 2] 249 790 7 R IR e AR K, A
I S i (] 3 81 B8 v R BRA A R e A5 XA A A B
[i) 7 51 a2 B N B3 TR I A — > 32 2[R

Zh 250 (8] 25 i (dynamic time wrapping, DTW) M
S A B R ) B 4 0 0 A RO,
FHF & B A B (8] )7 0 B, A7 48 LR ) 8 O H br
W IETD R 1 g O (1B N2 i ) 3 2 = R d o g
B AR -k B bR IT SB[ A & . @K &0t
Tk S BsF 1) P 5 508 PR T MR L R RS
FROF WL 24 2R B R o, S B A e 09 REAE S B
A MR,

it DL b R, A SCR I B 6 15 08 i gk AT
WAL, LA R K o AN AR O it £, KR A
WA (TR 0 R A Ty VR N B R A, AR B
i 2 RRIE B BE Al b N5 i o eR S B
T AL B, AR X B ) R B RRAE A RO, 4 H
T 8] 51 SRl 8 VR 23 5 SR A v A T B il A
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PSR Bl 1 s 1R PP 3 48— RUBE, 4t e iR

AR SCH BT AR

1) SR FH I B0 7 101 bl 3o ot o B0 90 4 0E A7 400 2 1Y
1 , Y8 /INRE Kb B BS0CHE k5 SR FH R A B0
Y5 SR FH 1T pR SO0 B50H A Mg 5 R FH A v A 2 5 B i
AU

2) $& i RTSC-FS J5 i, H 2455 T FastDTW
5 SBDY (R IHET 5325071, FIH] FastDTW
HER 2 5 F SBD 15 BE R B U B, ORUE T A
T 1] 135 47 K300 24 g 3 38 RO 2

1 HxXTIE

It 1] 7 371 3 248 2 1) 8] 3 3] S0H0 47 4 v e i AL
FERAT B A, AR B 4 (A R AT L3 A b
B[] ) 51 43 28 AR A B8] 91 43 28 B0l 1o 4k 3
TE AR HE B 18] 5 91 43 2 RN A B ) 5 81) 43 2 v 02
ANTET B, 5 D Bt AL 3 Y B R X ER R
Yt M 7 EIHE

2 R AR — BRI X B[R] Y 87
r L X TA] SRR JE A B T B, 1 Bl B H OG0 TR
— BBt ) P 1) 000 T R AR 1) SR R o A A Y, LA
TG b AR HCY B T ARES . W WL B B H
g1 R [ W 3 B ORI AT AR H Bl %d . Schifer il
Leser'"! fili FI ¥ 20 B 11y v 04 Bsf ] ) 9 2 466 Sk HREAIE
al i, 455 LA A% 2 o3 AR X B[R] Y 5 AT 43 HT
K B v O R AR RE 8 A R SRS 09 SR R
TIE 3 B sF XoF 3 510 5040 2 A7 7 3%, S S 6 E A T
S AR R D RE SR A O N S L,
T I /INIRTRE B AR XA B K, T

It 1] s 471 B i %) B SR ik A O TR A
FRERAE 2 Fh AL TRAE AR S 5% =
HTRSCHR () 2ok A, 7 ST D s B Y B bR T4
BEVE SO o AR A I v ARSI e Ay AR AR A 7
1 A, R Y A i A

P T B S A O s A T sl £ b 2 5 S 4 B
B A AR R py WA, AT RE 23 R A,
o AE h 2 50 8 B T BEAE o AE X B AT E R A
Ji , XPERAE AT - b R RE 8 A Rk 2 RO AR Hh
Fp i S, R B ) 41 0 15 B L (signal to noise
ratio, SNR) . 7E B35 5 (1 43 17 4b B4 72 v, X6 4K
P AT 53 b FRJE — B R WL B B B IR 81 4L
P e — A a5 5, BA R RN save g
FRAS B 4RF 5, FE 0T LA T T3R50 A B 2 7 2B A3 i
I RIS . T RR RO S — o i A S R
s AT A 20 oo M Ak B T L T 1) B 1) O 40 BB
FE T 1 PR B VE T B8 95 B 000 3% i o ditk U 1

T PRI 2 1K IR 3 3 3 5 A % 2 1 I 7E DU S s ) ]
Wi 1) T Gy TR0 285 S Ak ) A - e 1 Bk 0 A 2 A i i
T O g

P YA S — Tl BB 65 4 K00 e B — 2 LU 491 4
i O R A5 55 I B o W s S S € TR B Y
FH W) B AL J7 A0 45 Z-Score AR ifELL | e K4 X {H
H—Ak . /M RIH—4b . b, IH—fkie
% P A R 3 (0,17 DX TR], B A0 5 5, miAs i
AT T BR 1, SR A Ak B0 — b T AR 48 52 PR
5 LT RE o
L1 FRERE 553 3

T 74 B 1) 05 371 3 24 O 5 0T DA 43 oA 5 1 BB 5 1
05 BRI T ARAE B R, B L DTW B9ED R
HGHE R AR, OGN R 25 5 1Y 2 A
[i1] ¥ 51 22 6] (4 AR AL 5 J5 2 LA FS(fast shapelets) ™),
BSPCOVER!" LTS"" Jyft 3, H 5 it 53k shap-
elets, Shapelets & Keogh FI Ye'"* $2 it i) — F it ]
JFF 9B A2 I8 3, J2 B 8] P 81 A — A e K X 4+
T, T 5% shapelets iif [a] 52 24 FEAR 7, A& &
TR HE 0 B 1] )3 51 % B

MAEIE 1z . YRR A 0y B[R] P 80 43 28 T
J& DTW M H Bk 5k . DTW Sk 2 sl 8 ML 55
A B[R] 7 40 B a) A b i, AT S SR A
2 /> B[] P B0 B0 22 T ) % B S, P DA S A T
e/ IMER 15 B J %A% . #HLE Euclidean #E 25, DTW
PR 2 B % T 4 b A 2 ) 3 91 Z R IR E AR
B, {HJE DTW W9 52 2 B 0 o(n®), Hod, n it
] 5 91 () 4 B, S BE 85 78 KRB B840 4 v 1 422
FHo DTW 14 A 3 2 DR VR B (1] Jld A 148 ey 4328
HER 87 T AT o

1E [ A% B 18] 5 AR J7 1, Salvador #1 Chan'® ¢
DTW H(ilt 2 FastDTW 53, Sk HUHLRL BE 4L . #5653
YiRL AL 3 5 T R A AL SR, DD SRR i R
], K AR S IR I R 24 B O(n®) BRI EI O(n), {H
W T AT B A 2 B, D SR A AE — 8 R 25
FastDTW 55075 il 58 45 BE AT 530 1) I ) &2 2 3 ik 47
WU, BRI T AR B RIOCR B A T X R B ]
J7 9B PR B A BT AR S5 IH AR R s i a], T
T B R B, TERTO0E EA BT Rk, sk, B
FERIRGE T3 1 R 22 e 3 T3 B AR TS AR LB, 7r 4K
P AR FUBL A /NS 0 (4 UCR %idig 42 ), mT LAR
3 5E BN (] 0 25080 AR ABLRE i 1158, (HUR:, 78
FUBLAR KB I8 G0, B TB) A T 8 7 2 X DL 42
Z o

e 4 5 3 26 HE B % 5 T, JNAL DTW (weighted
DTW, WDTW)" e 45 ST AL o 21 15 51 2 [ B
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IT1ER L, DARRAR MR 0 2 2k B A5, 3% 07 1A g
BB o B TR B %, (R R 2 24 By O(n'),
FE RIS B[] 5 371 43 288 1 A B[] 3 A 2 2 AU LA
P20 o I ] 90 A 43 28 52 2 i SR KA T2 )
S Y BF (8] PP 9 BRSSO o 2R T U
PLE 30 . Rebbapragadas:™” % FH s iY K Y1
R X ][] 9 SCHE A R A T AR B, ER AR
A B 35K HL R S AN — s B8 Ak B o R - 4 FE
it . Hyndman 2529 48 (% 7 2 55 20 500 b 47 &
BG40 AT, X AE R AR AR B AR 38 AR+ A AR
) Tmani®5 ] FI4BJE e 3 (0 15 B 617 17 51 1 3R
25, AT LA B0/ H5 AH RS TE N I s I 4 £ )
G Z 18] 1) 28 Ak R 5L R . SERRIE B R, B[] ) 51
B 0 A8 Ak R A AR G —, AnA [l = ) 910 4
{H 1Y 728 A7 AT DURH 22 JUAS B2 2= L4, PR R @
B HIEAT AR AL . BUAE R 0 SR OT R R 2
Bf [ 5 50 () 5 B0 = 50T 0, R AR = Ak B D
R, R T 1 0 i BB T X (8] N AT I8 3h S BUT 91
Z[A] P AR 1R 22 W S M AN B A A R o

K-Shape 54 % J2: Paparrizos 1 Gravano # H} )
— I B[] 3 41 2R 26 1Y B3 12%, SBD S i A ik rp
FHIH — A B AR ¢ 2R B8R 47 s 8] 91 B 8 Ay 2 1) 1
H W22 Bk 80, SBD /N & 2 4N ]
J7 50 i AR LR B BT, Ik 4, SBD Y5 AT LA &k
PR R L AR R AT, PRI RT L R AT I ]
FEOVEUHR T2 . T3 8h, BAFI 03 2K 05 R 22 5% T
— BB 2 hifE, A SCER 5 R ] DTW BE A SBD
PR 7 1k R AT I ) P 40 ARLBLEE B3 105
1.2 #AEFY|S %

T HE S [R] 1 1) 43 28 BRI 2R B30 v 45 A e AR
SO K A7, SR IS A A B S A A A SN
ST ISR, AR ST it DR A B T 371 43 28 ] 1)
PR IUEL . 1R, B XTFR A I ] 3 91 4 24 ) R fi
PRI N B 2 > fh B AT ekt .

B b e R B AR i AN
ST TIREL, AR — R AT IR A U A B RORE AR,
e & 28 B RE A B0 T4, B el Dy T 9 Oy 25 ]
PLAT R SR bE L RORFEFNR A RAE 3 Mok,
KA 7 1, Douzas %Y 4545 k-means Fl145 1§k
T RAEF R (synthetic minority oversampling technique,
SMOTE) J7 i, 9/ T W& 75 /) 7= A, A 80 e 17 2%
Ji1] AS S i ) A, Mia 2520 SR T s i) 7 310 4L Al (time
series wraping, TSW) 75 ¥E X #E A #E 47 H00E N T 9 78
AR AE . 7E RCRFE T I, Kang %5 P 5 5o 76 R B i
et TR P 30 e A PR MR P ) S, IR T 3
E o SR AR SCT T [ 1 R MRS £ £ R IR AR AS 7
FI . M 2 HIEAS R 2%, UL EIriE ARG .

R ekt DN SO AR L R
43252 2] AR . Giinnemann®™” £ 3% 4 1] 15 v 5
AR BUBAE Y ] T i DR G e Il 8, 152 1
10% [ 8AS . Bo'™ Btk T Rl ML AR BRI 2 ] 16 45
FIASE R0 A 1l A A5 B AL AR ARORT T AN SF- 4 %5 40 1 43
%5, Lee % ™41 i 3 75 0 JA] 3 (dynamic temporal
pooling, DTP) Jf 2k 3 45 F2 #fi 2 % %% (convolutional
neural network, CNN) A 7328 ML 6E, 78 S8 | M £
A5t (4 I R) 5 BN AR IR TS B R RIOR &
Yamaguchi 1 Nishikawa"” # i OCLTS, 7 A °F f
Bl A vk 1 2 B A I 25 53 25 4% R shapelets,
A A M () [R) o RIS T A A

A b 5k WA 28000 A I ) e 91 4 2 e i
LB AP 4, (A AR HE T rh /NSOl 4
) AR 248 B[] P 91, g R A ST [ ) KRS s s s []
JF 9V B iof 23 A7 AR B RIS FE =5 | R B2 AR A5 (] R

2 RTSC-FS 553

RTSC-FS J5 ¥ 1 H A5 )& 76 KB Bt B[] )7
G B A rhbRH & BAE A R s A = e TR A
TARANIE 1R, 43 ok B S i T Ak B R 4B T
B2 ANEIR . KO AL B AL G RO i kL B
o (0 TR FE | B PR BT L AR AL AU T RR
FH FastDTW %3 il SBD 115 4 K6 11 e 51 5 B Al A
FEES, IR T AL R .

TS
PR

1 RTSC-FS Jyikife
Fig. 1 Algorithm flowchart of RTSC-FS

HREER 15 70 b7, AR R LB R 4 bk A A
IR} 5] 51 64 77 95 IO 12 B 6 b i 3 O e AN AH %
3, YRR UG AT I ] 581 o (D5 20 Ry A IR i)
Jy S EAT TAL B, LB G — 1K L SNR,
40— B3 L RUBE . AR /9 40 5 T 7k 12 e
B3 DX 73S I 40 8 38 81 22 i) 9 22 33

TETURL BET5 1T, % ASAH e 247 09 sl 7 1 ik
08, WD AT AL, BT AT R R
X A I ) RS B R AT R | AL R T BRI
T, WA () — i 18] P 1) Bl 5 ol T AN ] | 72
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A B R R — X B 8 5 7 AR R S, 4 g 1 (1)
J¥51 SNR.

T BLBE 5 J7 T, FastDTW B3k B AR RE 8 4
b o P ) 2 TR R BE RS, (HL 55 A2 W s i 40 B
S . SBD BAT TR BRI R AR, Al LZE G
K 1] DTW i 2§ 5 SBD i 12 J7 41) 2 [ 1% AH AL BE o
TR X 2 b5 BB 0 91 5 AR AR = ) Y R
B R — i 1Y B, I8 4 Fp 91 5 AR RE AR Y AT A 2
Bt R B — b v R AT A S AR, Lk e T
4=t FastDTW T3 5 ZR i) s A i i A e A5
21 BIRERMAE

B 4 A AL BRALHE W B B ks EERAE
T RRECF T B bR L

1) ¥ sh e i g

RTTABERGR, 5E SN E] P51 X
X ={x1,x2," -+, X} (1)
K PR

AR SCR T B 0 100 07 100 0 R AT R0 4R i o
U8, BCE M E DK (2) Fs, SRAIEAS [FHC R
(e BsF T 51 850 1 o K BE 5 B B R BE AR DR
l, =log,+10 (2)

I SRR G 0, SR
B ) 25 T e, LAS B 48 K 43 0 5 ik — 2515
(S, Ry I 24 8 T AR SR L A

2) HRAE

W 283 W B 7 1 400 25 Ui 1 oA B4 IRk 1] 471 £
I ity 26 AT R A AL AT DU RPR B i AR, B
IR R, DTSSR TAE . SR Tslearn
J% PY 1 TimeSeriesResampler 77 2 X i 8] 7 371 47

3) B R AT

FEAR 5 AL BRI 1 B v, XHE 5 2R 47 0 6 Ak 32
— Tl LAY Ak BT S A T el 2D e, A T
7 e 3 3R AT PR A0 LS AR R 68 X R R
W, O SRS PRI T A o UL RO T RR AL
Hamming 7 . Hanning 7 . Blackman & 11 Bartlett %
%, Hanning % 1 E XN

vdm:05+05am<2m1> (3)
L-1

A [, A% 0K, Hanning % 36005, {455
(053 BERE 1 T R, I HL5% el )s, 455 1 s i 3
A BTN, 48 T kR AR

Hamming % B9 & LR

2
wM):054—OA6005<lnz> (4)
-

Hamming % 7£ Hanning & [ 80 T 2o, H 55 0
/N, R el
Blackman i [ & Lk
2mn +0.08cos dmn
1 L-1

H— —

w(n)=0.42-0.5cos (l

>(ﬁ

Blackman % 504 %F T Hamming % A ¥ £ 1Y
ZRE T3 B WE B R T &, JF H Blackman i £ —
ANABEIR, 0] LA 8008 5

Bartlett & [ % LA

2 L—1 L—-1
12_1< 7 —‘n— 5 D (6)

K B)~ (6) H n FHUEIERE R 0 < n < 1,0

5P 13 M) A% AN, Bartlett 5 5 =1
PRECES T 2L, & T a9, JF Bl
A Hb A I

7 PR B S 115 5 RE 8% R A5 Tk O 11 52
Wiy, Sk 7RI R AR S T U L R R AT AR RN
5 RN S5 AR R Y b R TL AR T ) 7 oK KR
A Rk B PR M | s AT S ) B Y

4) BAEbrE

B (04 b oA A R T AS [R] A BdE AT
ARBE . H UL bR AL 7 4 $E Z-Score F
b, R4 X HEIH—1 . /MR KIE—1k . Fafdr
WAk, HA, Z-Score WRiEAL AR

X-p

Xscaled = T ( 7 )

AP I LB 35 4815 0 R IR [ 51 A O 2%
/N RIH—1E N

X - Xmin
Xmax - Xmin

w(n) =

(8)

Xscaled =

S X, ] 90 o B 5 A X, S 6 50
A SR /M
B YA A — LA AT

X
Xsca]ed = m ( 9 )
R g bR AL i 2 0
X_Xmid ( 10 )

Xscale = IQR(X)
Ao, X, HF S X A2 %0 IQR(X) R JF 41 i Y
4331 BE (interquartile range, IQR) .
22 HUETE

DTW 2 sh 25 HL R 7] U7 B 8] e 50 E B 3 T 58 I
BN o 8 2 A EFE S XL Y, X InEl (1) s,
YUI'F:
Y=y .0 (11)
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K 1 kAR 2 PN R . T 2 A2 (Al Y
DTW HiEsH
D@i-1,j-1)
D(,)) =Dist(i,j)+min{D(i—1,j) (12)
D@, j-1)
= H: Dist(i,j) — % & Euclidean #H 55,
DTW 525 fit 35 27 B8 s i) 02 385 o5 =22 1] )
PE B, 22 I 180 77 4 R B /)M 1 0 5 B A%
BEAR L AR B 2 RN 2 A 3 22 R A R
SBD M5

=1

m—k
Ri(x,y) = +k k=0
&mw—{k(” 2k (13)
R_i(y,%) k<0

CCw(x9y) = Rw—m(x’y) we {1a2" o ,2m— 1} ( 14 )

(15)

SBD(x,y):l—max( €C.(x.y) >

VRo(x, %) Ro(y.y)

X (14) th CC (xy) BITHFEAT O(m®) B} ] 52
FR P, AR A PUE B 4 G P o L2 46w LA
] 52 2% FE R AR 2 O(mlogm)™

DTW JE 2§ Fl SBD SR KR BE B2 5 )77 41 2 1] (i B
[ (£ i o M R L PN SRS Y SRS
o ARSCH 45 A SBD R BE B 1 A, X
F BEAT AL BRI, Se it 58 51 S A AR 2 1] 9 SBD,
TR R G R R, W — B DTW,
G0 SR 5 A I 0RO R T I T 510 R W Ok
G, ARSI T

I\ : Templates, Datasets.

i1: Flare TS, DTWdis, SBDdis.

1. initialize: Templates = Preprocess(Templat-
es), FlareTS=[]

2. for TS in Dataset:

3. MaxSlope = CalSlopes(TS) // 115 7 %1
iR ORARER
if MaxSlope > Threshold, :

Resampling(TS) // FRAE T 51 2 [#]

Smooth(TS) // - it 1] 7 5]
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9. if SBDdis < Threshold,:

10. DTWdis = FastDTW(TS, Temp-
lates)

11. if DTWdis < Threshold, :

12. FlareTS.append(TS) // 1F

fift A BRI & 7 571

13. end if

14. end if

15. end if

16. end for

17. Return FlareTS
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A hybrid method for rare time series classification with FastDTW and SBD
LI Xian, NIU Baoning’, LIU Haonan, ZHANG Xukang
(College of Information and Computer, Taiyuan University of Technology, Jinzhong 030600, China)

Abstract: Rare time series classification (RTSC) is widely used in astronomical observation and other fields.
Aiming at the problems of low accuracy and high time cost in the current rare time series classification methods for
large-scale data, RTSC-FS is proposed, which takes the short-time scale rare celestial body light change events in
astronomical observations as the research object. The dynamic time wrapping (DTW) enhancement FastDTW and
SBD are combined in RTSC-FS to estimate sequence distance. The former has low computational complexity,
excellent measurement accuracy, while the latter has fast computational speed. Utilizing additional time-saving data
preprocessing methods such as resampling, window function smoothing, standardized data, and sliding window
filtering. On the time series data set of magnitude changes recorded by the ground-based wide-angle camera (GWAC),
RTSC-FS found 44 curves with flare characteristics from approximately 7.91 million days of light change data. The
recall rate is 60.27%, and the precision rate is 34.65%. Compared with the Baseline, the number of discoveries is
larger, and the recall rate and accuracy rate have been improved.

Keywords: rare time series classification; FastDTW algorithm; SBD method; ground-based wide-angle camera;

magnitude
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Fig. 1 Modeling algorithm of GNSS ionospheric error based on GA-BP
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Fig. 2 Comparison of short-term (one week) prediction results of each model

F3 FEBEHE (1B FNRBEXT
Table 3 Comparison of short-term (one week) prediction

accuracy of each model

RMSE/TECU
TR
{15275 s FLhEE
Klobuchar 105.48 114.19 71.21
ARIMA 11.30 2.67 2.85
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Fig. 3 Comparison of medium-term (one month) prediction results of each model
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Table 5 Comparison of medium-term (one month)

prediction accuracy of each model
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month) prediction accuracy of GA-BP model %
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Table 7 Comparison of long-term (one year) prediction

accuracy of each model
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Table 8 Improvement rate of long-term (one

year) prediction accuracy of GA-BP model %
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Modeling and accuracy analysis of GNSS ionospheric error in
EU-China based on GA-BP

JIANG Lei', SUNRui"", LIU Zhengwu', XU Cheng’, LIANG Dida’, HU Dezhen’

(1. College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;

2. Laboratory of ATM Avionics Technology, China Aeronautical Radio Electronics Research Institute, Shanghai 200241, China)

Abstract: Ionospheric error is one of the main error sources of global navigation satellite system (GNSS). The
key to correct ionospheric error is to determine the total electron content (TEC) of ionosphere. Aiming at the problems
of low accuracy of empirical model, cumbersome calculation of spherical harmonic function model and insufficient
calculation efficiency of other models in the existing ionospheric error correction model, an EU-China GNSS
ionospheric error modeling method based on genetic algorithm optimized back propagation neural network (GA-BP)
is proposed, and its model accuracy is evaluated. By training the model based on TEC data provided by International
GNSS Service (IGS), the GNSS ionospheric TEC prediction rules based on GA-BP model are mined, and the short-
term, medium-term and long-term prediction of TEC values at different time and locations are realized. The
experimental results show that compared with other models, the root mean square error (RMSE) of short-term
prediction of GA-BP model proposed in this paper are 67.61%, 36.33% and 73.68%, higher than that of autoregressive
integrated moving average (ARIMA) model in different latitudes. In the medium-term prediction, the improvement
has reached 54.07%, 22.6% and 78.48% respectively; in the long-term prediction, the results have reached 45.53%,
43.78% and 48.50% respectively, which can better predict and fit the change of TEC with time.

Keywords: global navigation satellite system; total electron content; genetic algorithm; back propagation neural

network; autoregressive integrated moving average model
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