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Abstract; Failure of complex systems is usually the result of dependent competing between degradation
failure and sudden failure caused by some random shocks. In this paper, a degradation-shock dependent com-
peting failure model and reliability evaluation method based on nonlinear Wiener process are proposed for some
systems with shock toughness. The m-6 shock model is used to consider the ability of the system to resist the
shock load, that is, only when the random shock frequency is higher than a certain level, a sudden failure will
occur, and in other cases, only the degradation process will be affected. On this basis, the nonlinear Wiener
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posed method, and the parameter sensitivity analysis is carried out.
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Fig.3 Calculation flow chart of enthalpy parameter method
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Table 1 Flight environmental parameters

WS HfE
®AT R/ km 0
LY %1 0.19
B IR/ C 40
PR3 JE F7/kPa 101.325
BRI/ (g kg™') 19
IR/ C 180
B JE /1/kPa 300
BRI/ (g kg™") 19
JEE B JE 77/ kPa 101.325
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Table 2 Matching results of key components

R A 1 i s mgE s ACS Rgt i ACS R4
B ey & 0.8 0.8
JES B 0.72 0.72
AU 1.36 1.36
KGR 50 0.77 0.77
o] A BR AR 0.51 0.51
BT ROR 0.35 0.35
15 R 7K 3 B AR 0% 0.8 0.8
— G e AOR 0.8 0.8
— G e I Kt 2.10 2.13
YR AR 0.77 0.77
TR K Lt 1.79 1.77
IR K% 0.25 0.25
KB L 1.05 1.05
RO PRI L 1.5 1.5
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Fig.4 Comparison of simulation results of split

four-wheel ACS and four-wheel ACS
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Table 3 Performance of measurement instruments
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Table 4 Test conditions of split four-wheel ACS

S8 Bl
515 & J1/kPa 251.8 ~708. 1
SIS/ C 42.0 ~184.7
Bl EERE/ (g kg™") 0.31 ~6.07
Sl E/ (kg - h™") 201.3 ~654.8
EZS SRR/ (kg h™h) 341.5 ~906.6
14 -
‘_/
'/
7?7 /
- /‘ Fd
./I //
™ //
10 + +15% - e
- o . /h. P
= VA /,-
i / W
i: 8k VA [ o
= P iy
5 /‘ S 15%
g ; .
= 6 F o ;i
5—_' ."‘ //‘.
) W
4 F ,-'/ o
Vi
/‘//
2 2
,/,'
i 1 n L I L 1
2 4 6 8 10 12 14

il ARG AW

7 S puEE sl ACS HVe B S R A5 R X I
Fig.7 Comparison of refrigeration capacity calculation and

test results of split four-wheel ACS
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Simulation and test study on split four-wheel air cycle refrigeration system
YANG Han'?, ZHANG Xingjuan'>, WANG Chao'>, YANG Chunxin'*" "

(1. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China;
2. Beijing Advanced Discipline Center for Unmanned Aircraft System, Beijing 100083, China)

Abstract: In order to improve the performance of cabin environmental control system and reduce the diffi-
culty of design and manufacture, the split four-wheel air cycle refrigeration system was proposed. Two split
two-wheel turbine coolers were used instead of integral four-wheel cooler. Based on the enthalpy parameter
method, the thermal performance of split four-wheel and four-wheel air cycle refrigeration system was ana-
lyzed. Results showed that the two systems have the same thermal performance. A prototype of split four-wheel
air cycle refrigeration system was built and tested, and the maximum refrigeration capacity was 12.0 kW. The
error between theoretical value and test value of refrigeration capacity was within +15% , which verified the
correctness of enthalpy parameter method. The coefficient of performance of the prototype was between 0. 21
and 1.15. The spilt four-wheel air cycle system can provide research ideas for the development of domestic
airliner environmental control system.

Keywords: environmental control system; air cycle refrigeration system; four-wheel; enthalpy parameter
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Fig.2  Self-alignment experiment of LSINS
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Table 2  Self-alignment result comparison of yaw angles
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Table 4 Self-alignment results of yaw angles by data

fusion of five instruments
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Data fusion algorithm of multi-sensor redundant inertial navigation and
its application in self-alignment
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Abstract: For the self-alignment problem of the multi-sensor redundant inertial navigation system, the

data fusion algorithm of the inertial navigation system is studied based on ten-sensor inertial navigation system

which consists of three-orthogonal and two-skew sensors. The validity of the least square estimation data fusion

algorithm in improving the self-alignment accuracy of the system is verified through analysis and simulation.
Then, a static alignment experiment is conducted and a weighted matrix based on the bias stability is estab-

lished. The results of the experiment show that, compared with using the data of orthogonal instruments only,

the data fusion can effectively improve the self-alignment accuracy of the system and make full use of the data

of the skew redundant instruments. The accuracy of the improved algorithm is slightly better than that of Markov
estimation.
Keywords ; multi-sensor redundant; data fusion; self-alignment; least square estimation; inertial naviga-

tion system
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Fig. 1 Schematic diagram of civil aircraft cabin classified structure
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Table 1 Constants of civil aircraft cabin layout

quantitative design model
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Fig.2 Three common layouts of business-class seats in civil aircraft
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Table 2 Basic information of cabin layout for

airliner types of three examples

AR [ 2K A 2% 0 BLR 2, 43 ) o URERIRCRIIRE e
K¢ B777-300ER . B737-800 Fil % § 700 ( MA700 ) AR TEEIL PRERL 00
B777-300ER B737-800
i o iz O 2k o R A £ R TR A 2k ) X B e - - -
HLAL N (B 232 22 2-1
Wit 3 BRI AR BT R T e 349 33 22
18 G A Sy 5 240 R 45 AR - R, EL R 55 AR AN B AT () 2 !
®3 =HENKRBEESRENE
Table 3 Model constants and their values for three examples
SR XUE B M T2k % L BT777-300ER BAH T 7 T LR HL B737-800 SCEREHL MAT00
MK ¥ L/mm 60000 35000 21820
KM TEE W/mm 5860 3750 2681
%I B H/mm 2591 2591 1970
Jof i B & R R Ly /mm 1016 1016 1016
NAE & 1/ mm 1678 1678 1678
AR K 1/ mm 247 247 247
BLIR B AKBE 1,/ mm 850 850 850
T 55 15 15 B KGR 1y, ,/mm 177.8 177.8 177.8
Ut B KGR 1, o/ mm 127 127 127
T 55 PR R R 1, 5/ mm 508 508 508
T 55 P A JAE 5E L, 5/ mm 533.4 510 510
2 JEART JAE R 1, 4/ mm 431.8 431.8 431.8
20 BE R JEE 9E 1, 4/ mm 431.8 440 440
T 55 Ay Bk 56 5 W,/ mm 101.6 101.6 101.6
2o HEA B 56 W, ./ mm 50.8 50.8 50.8
T 55 A8 5 HE FE A 5K n, 7 4 3
22U B HE T ny 10 6 4
AR E o N 2 1 1
R 55 P I B EE wy /% 100 100 100
BT AR uy /% 100 100 100
W55 A B M P,/ 2000 2000 1000
LU EM P,/ 1000 1000 500
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seat row number for dual-aisle wide-body airliner
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Table 4 Optimal alternatives of cabin layout for airliner types of three examples
XL I8 oAk T 2k WIE AT L E
f— SERR N ) Bl E R TR 5% % L MAT00
B777-300ER B737-800
TR 55 M A e I B 0,2,3,1,7 2,0,3,1 0,1
51,66,55,53,52,54,59,49 44,50,  46,45,48,55,47,44 49 50,66 41,
T 55 06 JEE A HE B/ in 41,40,50,42,47,43 ,46,52,51
48,42 ,57,60,47 ,46,40 40,57,51,43,65,59,53
23,30,22,34,29 21,2627 ,40 24, 25,20,27,24,26,30,21,23,22,29,
2T EER R 11,15,14,12,13
25,33,28,20,32 28,17
225 M8 JRE R HEBE /in 36,37,39,38 45,44 36
0F ) ) B (35.1% ), FRWIBGE B FER TR BN KRS
i 60r : TrPEL A 38 42 NG 56 25 18 1 I s 55 A6 Y 32 ey
& O 1 % - B o XF TR R AR 0 A, 22 T A e A R R
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Fig.5 Optimal design schemes of cabin layout for

three examples
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Fig.6  Analysis of variables importance to design

objectives for dual-aisle wide-body airliner example
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Table 5 Prior optimization approach of cabin layout design for airliner types of three examples
T XL I FE R T 2% L PEERE K TREN R
PR B777-300ER B737-800 MA700
Z 7 55 i JAE R HE K (35. 1% ) LU R HE R (67. 1% ) LA T HEEL (34.4% )
[grRca 28 A R HERE (49.9% ) 25 U A A A HEBE (60. 9% ) 25V A JRE A HEE (49. 6% )
LA T 55 A8 P A HE 4K (40.7% ) 2 TR AR HE AR (80. 6% ) 2 U5 B P HE AR (36.7% )
[ J]. Propulsion and Power Research,2013,2(2) :85-95.
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Quantitative design model of civil aircraft cabin layout for ergonomics
CHEN Hao', PANG Liping', WANYAN Xiaoru'* , FANG Yufeng'>, GUO Sinan', MIN Yuchen'

(1. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China;
2. Aviation Industry Corporation of China, Ltd. , Beijing 100028, China)

Abstract: To improve layout design efficiency and provide technical support for the rapid simulation de-
sign system of civil aircraft cabin, a quantitative design model for civil aircraft cabin layout is proposed. The
ergonomic demand-oriented model took seat row distance, seat row number and cabin section length as design
variables, and constructed three objective functions, which are comfort, economy and safety. The constraints
were quantitatively represented in the model, including cabin boundary restriction, man-machine space cou-
pling relationship, and airworthiness safety requirements. Model applicability was verified by taking the dual-
aisle wide-body, single-aisle narrow-body, and regional airliner as analytical examples. The results show that
the model can be applied to various types of cabin layout design by providing multiple quantitative design
schemes meeting ergonomic design requirements. Optimization approaches for various types of indices can also
be revealed in the model. It indicates that the quantitative design model could be a new adaptive method for
the rapid design and the schemes comparison in the conceptual design stage and a quantitative assistant deci-
sion-making tool for the selection of airline passenger cabin layout.
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on 120°E in January and July

BE AR KA, B RAH & 48 P B 1 74.8% o 1E
Jefek, R B A 26 L X 80 km B I AF AE
KA FEWRME, RREER T4 FHEM
36.9% . 1£ 90 km L b, KA 280 H AL
b DX i) R AR, DX 3 el R # . 7 T O A AR Al R
51 AR . 7€ 90 km DL, KA % ML
21 BR (i 25l DX 2 T 1] 1 2 3K R 2 X0 0, TE
Jb 2 Bk 5 25 Hh X 24 80 km &5 i 7 7E KA Y
W RAR , Foe KAR & T4 F- BB Y 77.9% ,TE R ¢
IR 2 b DX A TE R AU BE B /IME, B/ MBI
TAEEBE B 54.3% o 78 90 km UL |, KRR %
LA W N (i S P 1 =2 P I A ]
FEE

B2 5H T 1 AMmAT H4 120°E RS % E
ZAF ] SF- Y40 Bl A G AR T B B AR A
AILUE 78 Ly, KU B A G Bl i A
80 km AT, b2 BR v w25 b XK A% B W P 8h i
B, U AE i b X, R R AR B Bl e A T
T2 TR ST ( ~ 45 km ) £77E W R MH, B KA A
17.9% o TEARE: X ARG 2P 2R v s 4 b X, 60 km

512 1 FETE , 45« —Fh 2 BRI 2 [R) R0 B A ik S i
ﬁ] ):\J’,—l“fth“u/i 1;” ,:‘J;l ftglwuc
100 100 el 20
60
8ot 31 s
:i 2 = 60 -
401 40
5
250 60 30 0 30 60 90 20
E R i ? > 90 60 =30 0 30 60 90
PN 5’[:]{'1qu
a) L6 MR % e
100 8 Lt 0 (a) LH )} IR A%
100 s o
L 80
,; 60 f* 60
40 i
2”.90 -60 =30 0 30 60 90 20
90 60 -30 0 30 60 90

LRIEIN
(b) TH {3
B2 L HGAT A A RAE BEARME 22 48 X T 45
S A LI AE 120°F Bl 45 B 05 1 19 23 A
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annual average density on 120°E in January and July
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A modeling method and its application of global
atmospheric density in near space

CHENG Xuan'?, XIAO Cunying”*, YANG Junfeng' , HU Xiong', YAN Zhaoai', LIU Dan'”’

(1. Key Laboratory of Science and Technology on Environmental Space Situation Awareness, National Space Science Center,
Chinese Academy of Sciences, Beijing 100190, China;
2. Department of Astronomy, Beijing Normal University, Beijing 100875, China;

3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Based on the 20 — 100 km atmospheric density data observed by TIMED/SABER satellite from
year 2002 to 2018, the global grid data of monthly average and standard deviation are calculated statistically.
Based on the grid data, the characteristics of atmospheric density variation are analyzed. The relative errors of
USSA76 are calculated and the distribution characteristics of relative errors of USSA76 are analyzed. In addi-
tion, driven by the grid data, the atmospheric density is characterized as the sum of the monthly average and
the large-scale disturbances and small-scale disturbances. The large-scale perturbations and small-scale per-
turbations are characterized by cosine functions and first-order autoregressive models, respectively. And a
global near-space atmospheric density model is initially established. By comparing the simulated values of the
model with the observed values of the lidar, the results show that the model values have a good agreement with
the observed values, which verifies that the modeling method is feasible. Finally, Monte Carlo method can be
used to reproduce all possible states of atmospheric density on a given trajectory.
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Table 1 Root-mean-square of gust responses and

effects of gust alleviation

g ORI 4 SMEIGE RS
Ikt #/ g JISTE 77 (N-m)
TT 1) j 0.0712 0.0717 2.2948
A1 B4 i 0.0581 0.0623 1.6458
U G5 3RS Y 18.39 13.11 28.28

F2 ZHMEBMIELEERNERNBEELR
Table 2 Gust alleviation effects of linear model and

nonlinear model

L &)
2 XU M i
2R AR A 25 M A5 A
3 5 i B A a2 18.40 18.39
4 5 i Ak it 2K 13.16 13.11
FARZIE 28.30 28.28

5.3 Padé 3 1ol Bir $ F BF XU 28 S50 3R B9 52 1
eI [ 1Y) Padé 32 LB R FCAE AL A 1 i
R, AT LQG B XU 22 £ s 5 R g Beit
JIT BT ) 2 1) 28 G808 4 55 Il B 4 04 Sl A i 5
P 2R GE R B XU B D 2 3R AN 35 3 T o
#3 [ Padé BRI E TRTIRITIEHI R 09
RERB &R
Table 3 Gust alleviation effects of designed control

system based on different Padé approximation orders

S W R %

W 3 Skt a 4 S R R A
2 8.57 -0.28 29.73
4 19.24 13.95 29.46
6 19.66 14. 64 27.67
8 19.38 14.37 28.86
10 19.38 14.37 28.39
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Table 4 Effect of order-reduction on gust alleviation

Wl W R %

BOBC 3 A A 4 SR SRS
12 — — —
14 18.39 13.10 28.28
16 18.40 13.11 28.76
44 19.24 13.95 29.46

W —RAARE,
R 5 6 [ Padé JEUIE R T 35 5 £ P& P o
B XU 28 350 SR 19 %2 I
Table 5 Effect of order-reduction on gust alleviation in

case of 6-order Padé approximation

K i WGBS P

BB 3 B A A 4 B A A R A
12 7.56 0.50 24.13
14 11.25 5.43 24.72
16 19.31 14.22 27.22
50 19.66 14. 64 27.67
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Table 6 Effect of order-reduction on gust alleviation in

case of 8-order Padé approximation

K& IWER A o

B 3 Somsps A A 4 SomsE b A FUR A
12 7.37 12.00 25.04
14 10.70 4.35 26.09
16 19.31 14.06 28.22
56 19.38 14.37 28.86

Padé T AL Bk 42 il 2 58 1 B B A7 75 R R o %)
ARSCHTRRERLIN 5, 6 4 B Padé S 8L 7E AR 1k
IR GE R 25 AF T (A5 B i T 45 42 i
BrEcC14 Bir) /T 6 Br Al 8 Bir Pade T LAY 1 B0
(16 Br) o
5.5 BERBEZENEHREEHEEST

SR FH AV B 10 2 0 B 11 e /N 72 S 4 ik %
W& v T/ J T B B e Rk 28 3 3l 4% ol R S AT
RRTE ST, AN 9 PR o R B 2 5 i AR
WAL 1 d5 /N AT S AL, AELAE R AR o — o B A IR
—H

TE IR [ A B 9 I AR 4 19 e/ AT 5 A
H0.309, FERY IS R SE R e/ A S (O 0.389, 4
Boy, =0.3 g RGUEHEPEVEREZ0 0, W B i i 1Y
W XL % = 2 42 ) 2R GEAE 4 R B X B B
BN, HENIFA S SEARRR G BIEL 2,

1.0

0.9

0.8

0.7

0.6

TV AT S

441
, —-—- 14
0 5 10 15 20

Wi Hz

B9 KRBT IS 2 4t Il 22 A B Y dee /o S
Fig. 9 Minimum singular value of closed-loop

system before and after order reduction

6 % it

B T RE ML I i B0 95 AR AL 5 15 31 1 < ]
e 3 2R 8 M) P e R o A 4 o 0 ik BT B Y
W X 5 = 24 i A 5 LA DA 35 fIE AL AR i 20 5 119
AELE TS A MR 5 1k AR S b A O BT R R
iR

1) Friseit iy B XUt 2% = 3l 4 il 28 S g A1 AL
ik % B0 5 I B 1) 3l ) Al A 2R S [ XL
B (HLE i BB AR ) .

2) Padeé LB oS FE XU 2% 3 3 i) R 5
BT AFTE R o AR ) 30 AL B R50TC 2k o 1 i ik
B ity P19 7 v 0 ALk P 7 A ) AR S IS, DT S 2R
JIr e A 2 1) 2R G0 ) 55 I i B Y S A R
IR 57 9 5 50 R AN B S, S 2 ] A TR A 26 W 1
P, FE P R LT B b, B e £ 1Y Padé i
LI 80 2 P 2 A PR ASE TR 5% A A1 A 2 2 110
B SRR B R A A T R A A B — B
Pk o 7SS 1 3 IR A 30T 8 B BRI T 2 7.
(9 32 15 0 R B BT BT B 4 R G2 B OS2
NG

3) P HERE By 2 T BOR B R R G
RTRE LR RGN ARG R WA b7
FGERE T HI S A 5, 0B A I Y B R
o A5 3 I 7 ) 42 ) 2 G A T B 0 R sl PR R
Bl P9 DR S 14— B0, DT BRI e B I e DXL
% T ah il R GAA RAF r 4 RCR o

S Z L Hk (References)

[ 1] WRIGHT J R,COOPER J E. KHL T s 1 ) 2 K 44 518
(M. Bk—J, 3%, b b k27 A, 2010 281-
313.

WRIGHT J R,COOPER J E. Introduction to aircraft aeroelastic-
ity and loads[ M ]. YAO Y L, translated. Shanghai: Shanghai
Jiao Tong University Press,2010:281-313 (in Chinese).

[2] He& RJESZL WML K Bt 5B ar e (D], dbnt:
JEHILZE MR KA, 2017 1 1-10.

BI Y. Control law and wind tunnel test about gust alleviation of
high-aspect-ratio aircraft [ D ]. Beijing: Beihang University,
2017 :1-10(in Chinese).

[ 3] FULLER J R. Evolution of airplane gust loads design require-
ments[ J]. Journal of Aircraft,1995,32(2) :235-246.

[ 4] B, RGN E S, %, W36 R LR X 22 130 5

it XU 8 [0 ] b B 28 0 K K 2 2 4, 2017,43 (1)
184-191.
YANG J B,WU Z G,DAL Y T, et al. Wind tunnel test of gust
alleviation active control for flying wing configuration aircraft
[J]. Journal of Beijing University of Aeronautics and Astronau-
tics,2017,43 (1) :184-191 (in Chinese).

[ 5] LIUX,SUN Q,COOPER ] E. LQG based model predictive con-
trol for gust alleviation[ J ]. Aerospace Science and Technology,
2017,71:499-509.

[ 6] COOK R G,PALACIOS R, GOULART P. Robust gust allevia-
tion and stabilization of very flexible aircraft[ J]. AIAA Jour-
nal,2013,51(2) :330-340.

[ 7] ALAM M,HROMCIK M,HANIS T. Active gust load alleviation

system for flexible aircraft; Mixed feedforward/feedback ap-



%12 3

W BR 55 25 A AL I T 0 B XU 2 3 8l 5 ol A i

e R

e
M 5 2243

[10]

[11]

[12]

[13]

[14]

[15]

[16]

proach[ J]. Aerospace Science and Technology,2015,41;122-
133.

ZHAO Y H,YUE C Y,HU H Y. Gust load alleviation on a
large transport airplane[ J]. Journal of Aircraft,2016,53(6) .
1932-1946.

PNEBL, RATH, REN, A BUBEREL Y 3l SR b K 5 R
GEHER LT ] AU R R ALK K % %41 ,2020,46 (2) :294-303.
SUN Y K,ZHANG R J, WU Z G, et al. Dynamical tests and
system identification of small UAV actuators[ J]. Journal of Bei-
jing University of Aeronautics and Astronaustics,2020,46(2) :
294-303 (in Chinese) .

Wb AT B ok, 45 B AR Lk R 3R 0 B KO 2R R B
B E[T]. €47 0124 ,2018,36(4) :48-52.

YANG J Z,XU D,YANG S B, et al. Modeling and simulation of
gust alleviation system with system nonlinearity[ J]. Flight Dy-
namics,2018,36(4) :48-52(in Chinese).

AR, AT, AR G 4% R AL A B2 Y XURE Smith AL 45
I ELT]. LA Jy 2 e A4, 201,27 (6) :603-607.
HUANG W,LI Q, WANG Z P. Research on dual-model Smith
predictive control with gain and phrase compensation[ J]. Jour-
nal of Shanghai University of Electric Power,2011,27(6) :603-
607 (in Chinese) .

R A T FR ST Y W IR A T 4% B T 4 ) 4 B
(] F il e 5 01 ,2004,21(2) :295-298.

TANG G Y. Design of reduced-order predictive state observer
and predictive controller for systems with time-delay[ J]. Con-
trol Theory & Applications, 2004,21 (2):295-298 (in Chi-
nese) .

FEYIA TR, I T i W AR G T L AR 1 B 4 3h
MHILT] . S EEE 5 M ,2009,26(2) :209-214.

TANG G Y,LEI J,SUN L. Observer-based optimal disturbance-
rejection for linear systems with time-delay in control action
[J]. Control Theory & Applications,2009,26(2) :209-214 (in
Chinese) .

MATEJICKOVA K,BAKOSOVA M. Robust PI controller desing
for a time-delay process[ C ] // Proceedings of 2013 Internation-
al Conference on Process Control. Piscataway: IEEE Press,
2013:480-485.

KIM I H,JEONG G J,SON Y I. An adaptive output feedback
control for time-delay systems with input disturbance[ C] // Pro-
ceedings of ICROS-SICE International Joint Coferenece 2009.
Piscataway ; IEEE Press,2009 :1742-1746.

NATORI K. A design method of time-delay systems with com-
munication disturbance observer by using Padé approximation
[ C]// Proceedings of 2012 12th IEEE International Workshop
on Advanced Motion. Piscataway : IEEE Press,2012:1-6.

QIAN W M,HUANG R,HU H Y, et al. Active flutter suppres-
sion of a multiple-actuated-wing wind tunnel model [ J]. Chi-
nese Journal of Aeronautics,2014,27(6) :1451-1460.

B R bk T Pade I M54 BB T4 ) R 40P Y
g ) (1] il K354 , 2001 ,40(1) :114-115.

LU Z M, ZHOU M L. Manipulation of the pure time delay in

digital control system applying Padé approximation [ ]]. Acta

[19]

[20]

[21]

[22]

[24]

[27]

Scientiarum Naturalium University Sunyatseni, 2001,40 (1) .
114-115(in Chinese) .

DORF R C,BISHOP R H. Modern control systems[ M ]. 12th
ed. Upper Saddle River: Prentice Hall,2010:835-908.

OGATA K. Modern control engineering [ M ]. 5th ed. Upper
Saddle River:Prentice Hall,2010:751-805.

. R W RHLUR B R g B 5 R
(D] b 50 b s i 28 5 R K *#, 2018 :95-99.

HUANG C. Modeling, design, and verification of active flutter
suppression system acting on flexible flying-wing aircraft[ D ].
Beijing: Beihang University,2018:95-99 (in Chinese) .

AR, by . S 87 AR T 2 7/ I 98 A R e A R e P Y
AT M2 4% ,2001,22(2) :168-170.

XIONG G,YANG C. Application of balanced truncation method
on aeroservoelastic model reduction[ J]. Acta Aeronautic et As-
tronautica Sinica,2001,22(2) :168-170(in Chinese) .

JUH SR HE W UM, 45 5 TSP 4 4 7 1 A R R R AT
A BRI (7] F ) B8 5 0T ,2014,31(6) :795-800.
YOU M,ZONG Q,ZENG F L,et al. Model order reduction for
hypersonic vehicle based on balanced truncate method [ J].
Control Theory & Applications,2014,31(6) :795-800 (in Chi-
nese) .

ML, W, G, % T Levy MBS AENL RSB
WLT]. B0 5 5244 ,2011,31(6) :69-72.

ZHU M,CAO G W,ZHANG Z W et al. The system identifica-
tion of pneumatic actuator based on Levy method[ J]. Journal of
Projectiles, Rockets , Missiles and Guidance,2011,31(6) :69-
72(in Chinese).

KARPEL M,MOULIN B. Dynamic response of aeroservoelastic
systems to gust exicitation [ J ]. Journal of Aircraft, 2005, 42
(5) :1264-1272.

M e, BRI RS g RAT R (M. s E B T
Ak A, 1993 :116-181.

XIAO Y L,JIN C J. Flight principle in atmosphere disturbance
[M]. Beijing: National Defense Industry Press, 1993 ;116-181
(in Chinese) .

LEHTOMAKI N,SANDELL N,ATHANS M. Robustness results
in linear-quadratic Gaussian based multivariable control designs
[J].IEEE Transactions on Automatic Control, 1981,26(2) :
75-93.

&R
L5710 IS I L S M O o 3 0 D LR R F L Y S e e o
Pl

E N S N E L R A SR R B e 3 1l TR e K

PESSEA B
KRER U E B, A S RS TS RS

FEPE Ty 5 il

BES L WL, 888, AT, RO m
FRPE Ty S



Ean

2244 b B = R OR 2020 4

Design of gust alleviation active control law considering
time-delay of servo actuator
YANG Yang, YANG Chao, WU Zhigang ™ , DAI Yuting

(School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China)

Abstract: For the aersevoelastic model including servo actuators with time-delay segment, the design
method of gust alleviation control system is proposed based on Padé approximation and Linear Quadratic Gauss-
ian (LQG) control method. Padé approximation was used to linearize the time-delay segment to a high-order
transfer function, and then this function was introduced to an aeroelastic model to establish a linear controlled
model of gust alleviation. The LQG method was applied to design a gust alleviation control system based on the
linear model, and the order of control system was reduced by the balance truncation method. By using Simu-
link, the designed control system was introduced to the nonlinear model to calculate the gust responses of
open/closed systems under von Karman continuous gust model. The results showed that the gust alleviation
control system based on the proposed method could effectively reduce the gust responses of the original model
with time-delay. The overloads of the airplane were reduced by around 15% and the root bend moment was re-
duced by more than 25% .

Keywords: aeroservoelasticity; gust alleviation active control; time delay; Padé approximation;

optimal control
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Fig. 1 Representative images of spleen and lymph nodes at different harvesting time points
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Fault estimation method based on adaptive super-twisting sliding
mode observer and unknown input observer

QIN Yufeng, SHI Xianjun" , ZHAI Yuyao, HAN Lu, LONG Yufeng

( Coast Guard Academy, Naval Aviation University, Yantai 264001, China)

Abstract: For the problem of fault estimation with unknown disturbance, a fault estimation method based
on Adaptive Super-Twisting Sliding Mode Observer ( ASTSMO) and Unknown Input Observer ( UIO) is pro-
posed. This method does not require that the upper bound of fault derivative is known, which avoids the prob-
lem of sliding-mode gain overestimation in the existing adaptive algorithms, and is able to handle simultaneous
faults of multiple actuators. First, the original system is degraded to two subsystems by non-singular transfor-
mation, one of which is only affected by the fault, and the other subsystem contains both fault and uncertain
interference. ASTSMO and UIO are designed for two subsystems respectively, and the error of the system of fi-
nite time convergence condition has been carried on the proof. At the same time, the initial value of sliding-
mode gain and the design method of time-varying gain are given. Then, based on the concept of equivalent
control, the fault is detected and estimated. Finally, a simulation example is given to verify the effectiveness
of the proposed fault estimation method.

Keywords; fault estimation; Super-Twisting algorithm; Sliding Mode Observer (SMO) ; Unknown Input

Observer (UIO) ; equivalent control
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Table 4 System parameters, maintenance time and cost'"’

ES ¥ 201 B; ay  Yy(k) Ay(k) TY® Ti® Aty T At} cit oot Ac cit Ac,
E, 1.5 15 1 15 3 5 0.25 1 0.25 6 12 2.00 12 1.0
TRG I
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Table 5 System selective maintenance decision

optimization scheme
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Fig.5 System reliability block diagram of SINS
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Table 6 SINS parameters, maintenance time and cost!™!
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Fig. 6 Maintenance task assignment chart with

multiple repairpersons of SINS
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Fig.7 Sensitivity analysis of system reliability to

maintenance resource variation
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Table 7 Influence of number of repairpersons on SINS selective maintenance decision
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Selective maintenance model and its solving algorithm for complex system
WANG Haipeng, DUAN Fuhai® , MA Jun

(School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract. Considering no maintenance, minimal maintenance, replacement maintenance and multiple in-
termediate maintenance levels, a selective maintenance model for the complex system is proposed based on
Particle Swarm Optimization (PSO) algorithm and multiple repairpersons. In the imperfect maintenance mod-
el, effective age, maintenance cost and pre-maintenance state of components are introduced, which is more in
line with the engineering practice. A system components maintenance tasks assignment algorithm, to solve the
problem of how to assign multiple maintenance tasks to multiple repairpersons in order to minimize the mainte-
nance time, is also proposed. Furthermore, the proposed algorithm is introduced into the PSO algorithm to
solve the selective maintenance model, which is given for complex system considering multiple repairpersons
and imperfect maintenance. The results of case analysis show that the proposed model and the corresponding
algorithm are effective, and can provide feasible maintenance decision-making schemes for complex system.
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Attitude decoupling control and stability analysis of
SADRC based quadrotor system
WAN Hui, Qi Xiaohui”, LI Jie

(Department of UAV Engineering, Army Engineering University Shijiazhuang Campus, Shijiazhuang 050003, China)

Abstract: An Switch in linear-nonlinear Active Disturbance Rejection Control (SADRC) attitude decou-
pling control approach was proposed due to the underactuated, strong coupling characteristics of quadrotor.
First, the mathematical model of the quadrotor attitude was formulated by taking quadrotor aircraft platform as
research object. The SADRC and the basic principles of it were introduced. Then, an attitude decoupling con-
troller based on SADRC was designed, followed by the stability analysis via Lyapunov function. Finally, the
control performance of SADRC is verified by simulation experiments. The results indicate that SADRC control-
ler possesses better performance to both Linear Active Disturbance Rejection Control ( LADRC) and Nonlinear
Active Disturbance Rejection Control (NLADRC) in anti-disturbance and robustness in some occasions, and
has potential applications in engineering practice.

Keywords: quadrotor; attitude control; Switch in linear-nonlinear Active Disturbance Rejection Control

(SADRC) ; stability analysis; robustness
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Table 2 Performance comparison of different

optimization algorithms
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Semi-autonomous driving bus platooning and scheduling optimization

DAI Zhuang', CHEN Xi', MA Xiaolei'* *

(1. School of Transportation Science and Engincering, Beihang University, Beijing 100083, China;
2. Big Data Brain Computing, Beihang University, Beijing 100083 , China)

Abstract; Semi-autonomous driving bus platooning refers to the vehicle organization technology that con-
nects bus units together through vehicle communication technologies to realize coordinated driving of vehicles
and dynamic design of vehicle capacity. Based on semi-autonomous driving us platooning, a dynamic bus op-
eration model is first proposed to model bus arrival and departure time at stops, passenger dwelling process,
bus capacity constraint and onboard passenger dynamics. On this basis, a semi-autonomous driving bus sched-
uling optimization model is proposed to jointly optimize platooning size and bus dispatching time with the objec-
tive of the sum of the optimizing operating cost and passenger waiting time cost. An improved genetic algorithm
is proposed to solve the model efficiently. The model is validated using a real-world example of bus route 55,
Hangzhou, China. Simulation results show that the proposed semi-autonomous driving bus scheduling can re-
duce bus operating cost by 29.2% and reduce passenger waiting time cost by 18.2% , when compared with
conventional human-driven bus scheduling. The result verifies the efficiency of the proposed model in schedu-
ling semi-autonomous driving bus.
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under heating and unheated conditions
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Table 1 Takeoff limit weight with different deck wind

under heating and unheated conditions on 105 m runway

B A WHLEE € AR
FEXS Al 22/ %

(m-st)  HRIRTEE/kg  RIRT A kg

0 24070 23420 2.70

3 25150 24480 2.66

6 26260 25580 2.59

9 27420 26720 2.55

12 28620 27910 2.48

15 29 880 29150 2.44
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Table 2 Takeoff limit weight with different deck wind

under heating and unheated conditions on 195 m runway

AR A/ EHERE AR ——
(m-s™")  WREHR/ kg HIRE R kg

0 29950 29160 2.64

3 31130 30330 2.57

6 32330 31510 2.54

9 33490 32660 2.48

12 34660 33810 2.45

15 35800 34940 2.40
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Fig.5 Variation of takeoff limit weight with deck wind under

heating and unheated conditions on two runways
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Table 3 Influence of air temperature on air density

RAWEE/C A/ (kg e m ™)
0 1.293
5 1.270
10 1.248
15 1.226
20 1.205
25 1.185
30 1.165

F4 KRREBEEXNRIVHENBFME

Table 4 Influence of air temperature on engine thrust

KA/ T BEHLGHE SRR B ASBELHE I A

0 1.0794 1.0405
5 1.0526 1.0131
10 1.0293 0.9896
15 1.000 0.9617
20 0.964 1 0.9265
25 0.9267 0.8908
30 0.8909 0.8563

£S5 105m HERRASEBEEREINES TEN

MR CRIREE

Table 5 Takeoff limit weight with different air
temperature under heating and unheated

conditions on 105 m runway

WA R REHLE €
KR - S Mt/ %

BT b kg B kg

0 25830 25170 2.56

5 25230 24560 2.66

10 24700 24030 2.71

15 24070 23420 2.70

20 23330 22680 2.79

25 22570 21950 2.75

30 21830 21230 2.75

M Bl AR 388 K, 2 ol ol 3 R AL 55 AN
M AL Y AR R R A R 22 AT 2 /N o PRI
AN HBR AT, AT LR S RISk 6 AR,
AALTE 105 m F1 195 m 9 Foft 0 3 2 "t i PR i ke
KA 22500 9 2. 79% 1 2. 69% . ¥ 3% S Fil
7 6 ke RO B e RRE X i 22 B4 R s i A
K7 58 FR.

BT Hnl DU LR T R B
& R BE T g T e /) LR BL S Bk TR R
HE—-ERTABEN. WK 8w LLFEH, )
ML 105 m 14 J B0 1 BRGE K, R HL S AN R AL
A TR PR B AT X 22 R R B 195 m K 0 B
Ko HBEHR KWLM TH &, LA 2 5
TE A A BR A A A X i 22 A2 Ak L Y
R, BRIV AL X T BRGR 62 4 B R I AR R . R
SR EAE 10°C LLAT i #A2 fL B 8, 10°C LU 42
et #AE %

R6 195m MERRASEERNS TR X R
BIMRES
Table 6 Takeoff limit weight with different air
temperature under heating and unheated

conditions on 195 m runway

BHUFRC  REHLRE €
KA/ C " T %
e B kg e B kg
0 32120 31330 2.46
5 31380 30580 2.55
10 30730 29920 2.64
15 29950 29160 2.64
20 29040 28260 2.69
25 28110 27360 2.67
30 27210 26480 2.68
34

2 EHE R (10'ke)

=40 5 10 15 20 25 30
KSR EEC

—e— EHL 105 mBiE  —=— EHL.195 mPfil
—e— AIEHLI105 m il —— ASBEHL.195 m Hi il

7 D B TE I AL O I LA AR R T
Bif At Y 8 Ak
Fig.7 Variation of takeoff limit weight with air temperature

under heating and unheated conditions on two runways
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Effect of heating of turbine on the safety of carrier-based
aircraft ski jump takeoff
QIAN Renjun, LI Benwei® , XU Yanjun, DONG Qing, ZHANG Yun

(' Aviation Foundation College, Naval Aviation University, Yantai 264001, China)

Abstract: The turbine engine under unheated conditions produces thrust loss and influences the safety of
carrier-based aircraft ski jump takeoff. The difference of the takeoff limit weight under heating and unheated
conditions is analyzed. The dynamic model of carrier-based aircraft ski jump takeoff is established. According
to the ski jump takeoff safety criterion, the takeoff limit weight is determined by the minimum climb rate in
flight path, which is not less than zero. And the takeoff limit weight under heating and unheated conditions is
compared when taking off from 105 m and 195 m runway with different deck wind and different air temperature.
The results show that heating of turbine has a greater impact on the takeoff limit weight of 105 m short runway.
With the increase of deck wind, the relative deviation of takeoff limit weight under heating and unheated con-
ditions decreases gradually. The maximum and minimum deviation are 2. 70% and 2.44% respectively when
taking off from 105 m runway. The maximum and minimum deviation are 2. 64% and 2. 40% respectively
when taking off from 195 m runway. With the increase of air temperature, the relative deviation of takeoff limit
weight under heating and unheated conditions increases first and then slows down. The maximum and mini-
mum deviation are 2. 79% and 2.56% respectively when taking off from 105 m runway. The maximum and
minimum deviation are 2.69% and 2.46% respectively when taking off from 195 m runway.

Keywords: heating of turbine; carrier-based aircraft; ski jump takeoff; dynamic model; takeoff limit

weight; deck wind; air temperature
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Siamese network visual tracking algorithm based on
cascaded attention mechanism

PU Lei', FENG Xinxi®, HOU Zhiqiang> ", YU Wangsheng’, MA Sugang’

(1. Graduate College, Air Force Engineering University, Xi’ an 710077, China;
2. Institute of Information and Navigation, Air Force Engineering University, Xi’ an 710077, China;

3. School of Computer Science and Technology, Xi’ an University of Posts and Telecommunications, Xi’an 710121, China)

Abstract; Aimed at the problem that the Fully Convolutional Siamese Network (SiamFC) is easy to fail
to track when it is disturbed by similar object or the target has large-scale appearance changes, this paper pro-
poses a Siamese network visual tracking algorithm based on cascaded attention mechanism. First, the non-
local attention module is added to the last layer of the network, and the self-attention feature map of the target
area is obtained from the spatial dimension and is added with the last-layer feature. Then, considering the dif-
ferent responses of different channel features to different targets and scenes, the channel attention module is
introduced to select the importance of feature channel. In order to further improve the robustness of tracking,
it is weighted fused with SiamFC algorithm to obtain the final response map. Finally, the Siamese network
model is proposed to jointly train on the GOT10k and VID data set to further improve the expression and dis-
crimination of the model. Experimental results show that compared with SiamFC, the proposed algorithm im-
proves the accuracy by 9.3% and the success rate by 5.4% .

Keywords ; visual tracking; Siamese network ; non-local attention; channel attention; model integration
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Fig.7 Simulation output results
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decoding algorithms
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Data reconciliation scheme for space-ground quantum
key distribution network
SUN Haizheng', SHANG Tao” ", LIU Jianwei’, GENG Yunxiao’

(1. School of Electronic and Information Engineering, Beihang University, Beijing 100083, China;
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Abstract: In the space-ground quantum key distribution network, the hardware device limitation of the
air platform makes the data transmission speed and processing capability of the post-processing stage weak-
ened. Aimed at the characteristics of free space and airborne platform, this paper proposes a data reconcilia-
tion scheme suitable for the space-ground quantum key distribution network. Firstly, quantum error correction
techniques are used to reduce the bit error rate of the original key. Then, a new method is designed to prepare
random sequences in Low Density Parity-Check ( LDPC) algorithm. Finally, considering the performance of
the LDPC decoding algorithm and the hardware implementation complexity of the algorithm, Min-Sum decoding
algorithm in the soft decision is selected. The simulation analysis shows that the error rate of the original key
after quantum error correction processing is significantly reduced, and the error rate is reduced from 29.5% to
4.4% . Using a new method to generate a random sequence, the efficiency is improved under the premise of
ensuring the randomness of the sequence. The time to generate a random replacement sequence with a length
of 10 000 is about 0.019 s. The Min-Sum decoding algorithms in the LDPC decoding algorithm are moderate
in performance and simple in hardware implementation.

Keywords: space-ground quantum key distribution network; post-processing; data reconciliation; error

correction algorithm; Low Density Parity-Check ( LDPC) code

Received: 2019-11-25; Accepted: 2020-02-02 ; Published online: 2020-02-10 13 .25

URL: kns. cnki. net/kems/detail /11.2625. V.20200210. 1229. 006. html

Foundation items: Aeronautical Science Foundation of China (2018ZC51016) ; National Natural Science Foundation of China (61571024,
61971021 ) ; National Key R & D Program of China (2016 YFC1000307 )

* Corresponding author. E-mail: shangtao@ buaa. edu. cn



2020 4 12 A
a6 121

EtEMEMRKAEFER

Journal of Beijing University of Aeronautics and Astronautics

S AL A

o gz December 2020
- Vol.46  No. 12

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2019. 0602

jbuaa@ buaa. edu. cn

E T Hamilton {f £ fY Lagrange 77 12 & 3 (4%
ﬁi RE LT ANER
&

A8, EET, AN, EH

(1. PYAE Lok R frzs 2 Be, P42 7100725 2. PHAL LAk K2 R ANURRFFOR TS 908 %, 1442 710065)

i B AN ERREVTEIASAAHIRFSFRBEFAATTRAE. T 5%,
WNEERS R R, UEER MR ETANNFH 2R ANR S & B LR WK & E R
B B BRFLUKHEZNER SR, ER, B R RIKFS B 8 A% 24K, &L ZEANFR
GHERTAMAEEE, ARSI B AESDTMEREER, &5, 2 A & T Hamilton
K & T 9 Lagrange 7 2 f0 & — % Lagrange 7 B R F L T A &R M E L AN 20 ) %
A, FERERZN H K Lagrange TR BN N FBBNGRERES LR AT -, RIET
FrR#BE T EW e AN REZETRNRAT  MEIRAARHEAAK, EANES

B TR, ERNEEAS AR AA SRR ERELTANGEE MR EER

K HATHE o
*x #

grange J7 12 ; % 1Kz /) ¥
FESES: V211
X EREM: A

B V2477 U IR ™ S5 U e 3 AT 4
PR RAT BRI K R E i A G BN A
AR VA K 22 T e 22 RTE Bk o fie ie 3 kAT
frlE TAMRIERAT A — RE =5, AW
S AR 22 25 A T 2 X MG e 3R AT AR B A R L R
B A AT T IR A B gE AT o s
SRR T A SRR 3-5 AT A SCik [ 6 ] 0 3l 2 1
2R DR T AR N T U R R R AT AR IS A
BERLRL .l TR 3L AT AR I A A DL e Bl ) o
AR 2 800 52 2%, DRI R A4 - R 5 R 14 B
R Zly g 2 A5 5 A A ST AR ke 3R AT A 2l )
BRI 0 B2 5 o S0 RL SO0, A SC B4R
AT i) - COX i e 38R AT A 1 &, FLAE 4%
T R AT A A S0 R Sl 5 2 AR

W iR R kAT S &R E A B ; Hamilton K % T Lagrange 77 #; % = % La-

XE4HS: 1001-5965(2020)12-2320-09

Ak, BRI Rr 5 o 5 1 5 |\ B 2 i A vh R AT
i IO L B B S AR A AT SR B 1 R R
Wi (EABIF ST s QX T 4548 3 ) RGEBCN 1§
Fras , DA A -z 7 A 6 T B M A S g o S G
B ) SRR S 0% R RE A 0T Y R A Ty ik
SR AL 3 ST S TRAT AR A Bl ) e AL
TR bR R, AR SCAK R 2 K Bl )
2R g ) 0 e 3R A LR 4y
HIBLEE b 4 3 ML R T XU 2 ) 22 WA
RO, Mo % e 36 v] S8 5% sl ke AR e o BB
ST AN [F] WA TR A 19 ) R0 g SRR | N7 % 22 WA
F g — R AU e 35 0 AL R PR AY ) A B
S RERIAY FARERIRY A% K SR A SRR A ;
J& % Fl Hamilton {& & T 1Y Lagrange J5 2 """ FI45

Wi BHT: 2019-11-25; FHBH: 2020-02-14; M4 HATIE : 2020-02-28 11:27
W 4& H R bk kns. cnki. net/kems/detail /11.2625. V. 20200227. 1806. 003. html
E&£TH: fisk¥E4 (20162A53002) 5 PEVG 4 & A & 1% (2018ZDCXL-GY-03-04)

= BIE1EE. E-mail; ad502@ nwpu. edu. cn

SIAW%X: Rér, £E-F, AN, ¥ T Hamilion  Lagrange 77 # £ X 17 % ¢ E XA AEM[T]. b7 EM XA # #2020, 46
(12 ) :2320- 2328. WU H, WANG Z P, ZHOU Z , et al. Modeling of box-wing tilt-rotor UAV based on Lagrange equation in Ham-
ilton system [] ]. Journal of Beijing University of Aeronautics and Astronautics , 2020 , 46 (12 ) : 2320- 2328 (in Chinese ).


qwqw
新建图章

https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=BJHK202012015&dbname=CJFDAUTO&uid=WEEvREcwSlJHSldSdmVqM1BLUWh5QjJTcUZ5Q0dxY2tDZW93d1k2emg2Zz0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

%12 3

S, % 35 F Hamilton [f) Lagrange Jy 7 £ s U5 i 3 0 A HLEEHE

2321

% Lagrange Jy A2 R £ 57 % £ WK &
45— & U e 38 T8 AL sh A5G i R 47
TR RL BN I3 2 A BT o U T 3 TG AL Bl A 15
U RN DTN VAN R K S i R e Tl o
S Bl AN o R R T B AR o i AR AR BT 5 LR Y
PR AR SR e 35 G ML R 43 L2 WA &R 4t , 3l
T AU T 3 AR 3 4 50 5 AL AR S5 0 22 ) 114 A3 K
AR 5 I Bl 285 i 2o A o Jo 00 o7 8 A8 AR X TE A
BILBl) 2 0 52 ), 368 o 051 5 e B D A 38 13- 2 B 1% o
(A8 Ak 7 | Bl 285 400 % 3ok 2 v 2 Bl 5% 2 A8 Ak %
AHLB T2 B S o AR SCH T AN BLAR 43 1L 22 A4~ W
TRIEAT 8 ) 2 F A B T AT AR RS i 5 | A TGN
BLA T 07 8 TR B AR i A8 Ak A L 38 W LRI TE A
PUERE Y 52 % BE , Z2 A WA o 1) 4> WA 43 3l 6 A 7
B, F5 A Hamilton {K R T 9 Lagrange J7 f&
S TC AL B H AR Ao BT Ak

1 E3hzEE
L1 SEeRART

R S A o S e B R AL,
B h T R PR B B B e AL
BYEAET R E 0 A A BB A B3
A 82 1 16 9% e 0 B A BL S0 4

H 1SR 2 5P 3 SHLE 4 SHLE 15
T KB L2 TR E XUR BILEA 1S A i 3 UL
2 S e AT 9 A WA ff5 LA KR B i
U D AR B ST AT T AR A B I F, A D L T
B M bR A, BRI 1 TR o A SRR B UL B Y
S AR SOK A T R SRS v 2R A R S TR ALE N
PLALAR L [ 3] 23 3] T8 A LAY BLIR B e b, 56 758
NHLBIAL 1) B G R0, 2 2R AT 1 5 4% g 3
2 S e 3 0 Ay 22 S Pl DR AR SR 52 AT
SRIEIN H B

P i 5 ) g AU e 38 AL 2 B R
EFE B AL LA 3 iz gad . R E R
e R 1S i XUs 2 S I XU LS
JRE AN 2 55U Jie 35 36 [d] 7 2B a9 L ) 5 B A
5% 3k R AU ke 3 3508 2 14 P b s 2 1 5 i i
BN 2 005G e 3 R AR AR 1 5 aE KU 2
{03 XL e T O O 5 I A 1 T
P AN 2 5 R TE XU A e AR R Bl A 1S (U e
BN 2 5 iU e B4R Ak 1) Wi A 0L g o ik e AU
JEFLICAMLAY AT 55 51 T A0 18] 2 P 7, JL AR e 32
VR B il 5 LA P R B A P 3 BT

e 1 B 491 g AU e 3R TC A HIL Y B 1R 2
PR,

i 2 L s A
IR (&

K1 & e I AL S % e br AR B

Fig.1 Schematic diagram of reference coordinate systems for box-wing tilt-rotor UAV
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Modeling of box-wing tilt-rotor UAV based on Lagrange
equation in Hamilton system
WU Han', WANG Zhengping""* , ZHOU Zhou'>, WANG Rui'

(1. School of Acronautics, Northwestern Polytechnical University, Xi’an 710072, Chinas
2. National Key Laboratory of Special Technology on UAV, Northwestern Polytechnical University, Xi’ an 710065, China)

Abstract; The dynamics modeling of the tili-rotor aircraft is studied during dynamic transition process.
Firstly, starting from the multibody dynamics, a box-wing tilt-rotor UAV is taken as an example, which is as-
sumed as a multi-rigid-body system consisting of wings, a body, ducted fans, tilt rotors, etc. Secondly, the
non-conservative force and moment matrix of the UAV system are established by the displacement constraints of
different rigid body centroids, and the kinetic energy, potential energy, complementary virtual work and in-
verse potential energy of the UAV are established. Finally, based on the Lagrange equation in Hamilton system
and the second Lagrange equation, the dynamics model of the box-wing tilt-rotor UAV is deduced and estab-
lished. The simulation results show that the simulation results of the dynamics models established by the two
types of Lagrange equations are consistent with the experimental data, which verifies the rationality of the pro-
posed modeling method. In the case that the rotation speed of the tilt rotor is constant, the longer the transition
process takes, the less the UAV is dropped, the smoother the trajectory is, but the more input energy is, and
the design of the specific transition process should be determined according to the actual needs of the time that
the transition process takes, input energy, etc.

Keywords ; tilt-rotor aircraft; box-wing configuration; Lagrange equation in Hamilton system; the second

Lagrange equation; multibody dynamics
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Improved rotor position detection method based on SMO

ZHAO Yahui, FENG Ming" , LI Weiwen

(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Due to the problem that the rotor position of sensorless Permanent Magnet Synchronous Motor

(PMSM) cannot be accurately observed at high speed, which causes distortion of three-phase current fluctua-

tion, an improved Sliding Mode Observer (SMO) is proposed to estimate the rotor position and speed more

precisely. A function is adopted to be the switching function of the SMO to eliminate the fluctuation in the cal-

culation of the back-EMF. Furthermore, a Software Phase Locked Loop (SPLL) algorithm is introduced to de-

crease the influence of chatting of traditional sliding mode observer on rotor position. The combined method

significantly improves the observation accuracy of the rotor position angle at high speed. A controller of high

speed PMSM is successfully developed and can works steadily under ultra-high speed and high power condi-

tion.
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Composite control method for gimbal excitation effect suppression of
magnetically suspended CMGs
WANG Shu, ZHENG Shiqiang *

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

Abstract: Aimed at the problem that the rotor suspension precision and stability will be reduced due to
the gimbal excitation effect of the Magnetically Suspended Control Moment Gyroscope (MSCMG) , a composite
control method combining angular acceleration rate adaptive feedforward control and Active Disturbance Rejec-
tion Control ( ADRC) is proposed in this paper. The dynamic model of MSCMG rotor is established, the dis-
turbance torque of magnetic bearing under frame rotation is analyzed, an angular acceleration rate adaptive al-
gorithm and a linear expansion state observer are designed, and a composite controller is designed with state
feedback control. Meanwhile, the stability of the magnetic bearing system is analyzed. The simulation results
of the magnetic bearing system verify the effectiveness of the proposed composite control method. The prototype
developed in the laboratory was used to build a test platform for verification, and the results show that this
method could effectively improve the anti-interference ability of the maglev system. The test platform is built
by the developed prototype for verification. The results show that, compared with the traditional PID control
method, the displacement peak of the convergent magnetic suspension rotor is reduced by 39.6% , and the an-
ti-interference ability of the magnetic suspension system is improved.

Keywords: Magnetically Suspended Control Moment Gyroscope ( MSCMG ) ; adaptive feedforward; Ac-

tive Disturbance Rejection Control ( ADRC) ; magnetic bearing; gimbal excitation effect
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Table 1 Test functions
R el No. R4 R f=fila") E S
1 Sphere Function —-1400
LI pR B
5 Different Powers Function -1000
11 Rastrigin’ s Function -400
14 Schwefel’ s Function - 100
2 U PRV [ -100,100]"
17 Lunacek Bi_Rastrigin Function 300
18 Rotated Lunacek Bi_Rastrigin Function 400
22 Composition Function 2 (n =3, Unrotated) 800
414 R AL
28 Composition Function 8 (n =5, Rotated) 1400
T D AR 7 e B S, W25 B (L%
®2 BHKE
Table 2 Parameter setting
ZH Kfe LK N7
Hiu &) 55 4 R AT BT B R AR T 400/1 200/2 000, D =10/30/50
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iR B B KA EL T, Maxlter-T,
4 Ry e KA IR B Maxlter 1000/3000/5000,D =10/30/50 .
I T A B 1
FHEECRE N o 30/100/200,D =10/30/50
s INT R 0.3 PSO,SCPIO,EGTPIO, ALPIO
SR 2
et vl e PSR ST L AT EGTPIO
TR B R N, 1
FHF ¢ 1.494 45
FHF ¢, 1.494 45 PSO
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— A~ FE UE oR BT S, FE S TR 4E BE (10 4k 30 4k
50 48) F S MBI EAML ., BB 2(a) ~ (c)
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Table 3 Performance comparison of algorithms on test functions at D =10
FEE BRI L ik A E RZEME EAEDE B fE E
PIO -1.4000 x 10° -1.3493 x 10° -1.3983 x 10° -1.3927 x 10° 1.3182 x 10°
PSO -1.4000 x 10° -1.4000 x 10° -1.4000 x 10° -1.4000 x 10° 0
1 SCPIO —-1.4000 x 10° —-1.4000 x10° —-1.4000 x 10° -1.4000 x 10° 0
EGTPIO -1.4000 x 10° -1.4000 x 10° -1.4000 x 10° -1.4000 x 10° 0
ALPIO -1.4000 x 10° -1.4000 x 10° ~1.4000 x 10° -1.4000 x 10° 0
PIO -1.0000 x 10° -9.6351 x 10? -9.9882 x 10? -9.9719 x 102 30.264
PSO -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° 0
5 SCPIO -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° 4.3495
EGTPIO -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° 0
ALPIO -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° 0
P10 —4.0000 x 102 -2.8845 x 10? -3.6360 x 10? -3.5356 x10? 1.7683 x 10°
PSO ~4.0000 x 10° -3.9403 x 10? -3.9901 x 10° -3.9809 x 10? 4.7455
11 SCPIO —-4.0000 x 10? —-4.0000 x 10? ~4.0000 x 10? -4.0000 x 10? 0
EGTPIO —-4.0000 x 102 —-4.0000 x 10? -4.0000 x 10? —-4.0000 x 102 0
ALPIO —4.0000 x 102 —-4.0000 x 10? -4.0000 x 10° -4.0000 x 10? 0
PIO -99.466 3.1140 x 10° 1.8499 x 10° 8.6975 x 10? 1.3738 x 10°
PSO -1.0000 x 10? 1.4396 x 10? -99.750 -75.268 2.8283 x10°
14 SCPIO -1.0000 x 102 -99.998 -1.0000 x 10* -1.0000 x 10? 8.0483 x 10 °®
EGTPIO -1.0000 x 102 -1.0000 x 10? -1.0000 x 10° -1.0000 x 10? 0
ALPIO ~1.0000 x 10? -1.0000 x 10? -1.0000 x 10? -1.0000 x 10? 0
PIO 3.6426 x 102 3.9355 x10% 3.8136 x 102 3.8053 x 102 66.988
PSO 3.0323 x 102 3.1785 x 102 3.1029 x 102 3.1014 x 102 24.856
17 SCPIO 3.0000 x 102 3.0097 x 10% 3.0000 x 102 3.0010 x10? 0
EGTPIO 3.6502 x 102 3.6721 x10? 3.6622 x 102 3.6610 x10? 43.345
ALPIO 3.0000 x 102 3.6616 x 10* 3.0000 x 102 3.0000 x 102 0
PIO 4.0000 x 10? 4.1002 x 10? 4.0043 x10? 4.0136 x10* 5.5533
PSO 4.0000 x 102 4.1000 x 10* 4.0000 x 102 4.0078 x 10° 7.3725
18 SCPIO 4.0000 x 102 4.0005 x 10? 4.0000 x 102 4.0000 x 102 0
EGTPIO 4.0000 x 10? 4.1000 x 10? 4.0000 x 10? 4.0039 x 10? 3.8432
ALPIO 4.0000 x 10? 4.0000 x 10? 4.0000 x 102 4.0000 x 10? 0
PIO 9.0011 x 102 4.1978 x 10° 1.2728 x 10° 1.9899 x 10° 1.3803 x 10°
PSO 9.0000 x 102 1.3791 x 10° 9.0012 x10? 9.4073 x 102 9.2495 x10°
22 SCPIO 9.0000 x 10° 9.0000 x 10* 9.0000 x 102 9.0000 x 102 0
EGTPIO 9.0000 x 102 9.0000 x 10? 9.0000 x 102 9.0000 x 10? 0
ALPIO 9.0000 x 102 9.0000 x 102 9.0000 x 102 9.0000 x 10% 0
PIO 1.6000 x 10° 1.6070 x 10° 1.6001 x10° 1.6010 x10° 4.5682
PSO 1.6000 x 10° 1.6002 x 10° 1.6000 x 10° 1.6000 x 10° 5.5234x107°
28 SCPIO 1.6000 x 10° 1.6000 x 10° 1.6000 x 10° 1.6000 x 10° 0
EGTPIO 1.6000 x 10° 1.6000 x 10° 1.6000 x 10° 1.6000 x 10° 0
ALPIO 1.6000 x 10° 1.6000 x 10° 1.6000 x 10° 1.6000 x 10° 0
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Table 4 Performance comparison of algorithms on test functions at D =30
FEE BRI L Hk 53 (N 2 LRRIA RRELIEN Ji%
PIO -1.4000 x 10° -1.1955 x 10° -1.3949 x 10° -1.3759 x 10° 1.6455 x10°
PSO -1.4000 x 10° -1.4000 x 10° -1.4000 x 10° -1.4000 x 10° 0
1 SCPIO -1.4000 x 10° -1.4000 x 10° -1.4000 x10° —-1.4000 x10° 0
EGTPIO —-1.4000 x 10° —-1.4000 x 10° —-1.4000 x 10° —-1.4000 x10° 0
ALPIO -1.4000 x 10° -1.4000 x 10° -1.4000 x 10° -1.4000 x 10° 0
PIO -9.9998 x 10° -9.5253 x 10? -9.9787 x 10? -9.9364 x 10? 1.0811 x 102
PSO -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° 0
5 SCPIO -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° 0
EGTPIO -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° 0
ALPIO -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° 0
P10 -3.9994 x 10? -1.1362 x10? -3.4789 x10? —-3.2648 x 10? 6.0677 x 10°
PSO —-4.0000 x 10? -3.5722 x10% -3.9005 x 10? -3.8763 x10° 1.5583 x10?
11 SCPIO -4.0000 x 10° ~-4.0000 x 10? —-4.0000 x 10? —-4.0000 x 10? 0
EGTPIO -4.0000 x 10? -4.0000 x 10? —-4.0000 x 10? —-4.0000 x 10? 0
ALPIO -4.0000 x 10? —-4.0000 x 10? —-4.0000 x 10? —-4.0000 x 10* 0
PIO -99.995 1.0678 x 10* 1.6731 x10° 3.5922 x10° 1.4467 x 107
PSO —-1.0000 x 10? 1.3613 x10° -98.612 1.6715 x 10? 1.9816 x10°
14 SCPIO -1.0000 x 10? ~1.0000 x 10? -1.0000 x 10? —-1.0000 x 10? 0
EGTPIO —-1.0000 x 10? -1.0000 x 10? -1.0000 x 10? —-1.0000 x 10? 0
ALPIO -1.0000 x 10> -1.0000 x 10? -1.0000 x 10? —-1.0000 x 10? 0
PIO 3.0396 x 102 5.9754 x 102 5.8832 x10% 5.6157 x 102 8.2231 x10°
PSO 3.0284 x 102 3.5431 x 102 3.2714 x10? 3.3142 x 102 3.2705 x 102
17 SCPIO 3.0000 x 102 3.0000 x 102 3.0000 x 102 3.0000 x 102 0
EGTPIO 5.7408 x 102 5.9003 x 102 5.7463 x 10* 5.7685 x 102 26.065
ALPIO 3.0000 x 102 3.0000 x 102 3.0000 x 10% 3.0000 x 102 0
PIO 4.0001 x10? 4.1697 x 10? 4.0413 x10? 4.0631 x10? 44.777
PSO 4.0000 x 102 4.0000 x 102 4.0000 x 10° 4.0000 x 102 0
18 SCPIO 4.0000 x 102 4.0000 x 102 4.0000 x 10? 4.0000 x 102 0
EGTPIO 4.0000 x 10? 4.3000 x 102 4.0000 x 10? 4.0600 x 102 1.6001 x 102
ALPIO 4.0000 x 10? 4.0000 x 102 4.0000 x 102 4.0000 x 10? 0
P10 9.0567 x 102 1.0038 x 10* 3.7923 x 10° 4.8606 x 10° 1.7354 x 107
PSO 9.0000 x 102 1.6773 x10° 9.6100 x 10? 1.0725 x 10° 6.6626 x10*
22 SCPIO 9.0000 x 102 9.0000 x 102 9.0000 x 10* 9.0000 x 102 0
EGTPIO 9.0000 x 10? 9.0000 x 10° 9.0000 x 10* 9.0000 x 10? 0
ALPIO 9.0000 x 102 9.0000 x 102 9.0000 x 10% 9.0000 x 102 0
PIO 1.6000 x 10° 1.6189 x 10° 1.6014 x10° 1.6042 x 10° 41.089
PSO 1.6000 x 10° 1.6098 x 10° 1.6013 x10° 1.6024 x 10° 9.6456
28 SCPIO 1.6000 x 10° 1.6000 x 10° 1.6000 x 10° 1.6000 x 10° 0
EGTPIO 1.6000 x 10° 1.6000 x 10° 1.6000 x 10° 1.6000 x 10° 0
ALPIO 1.6000 x 10° 1.6000 x 10° 1.6000 x 10° 1.6000 x 10° 0
£S5 D=50 BtMIiX mE EEEWERE LR
Table 5 Performance comparison of algorithms on test functions at D =50
F U R B Bk 53/ Al LRRIR B {E %
PIO -1.3993 x 10° -1.3242 x10° -1.3864 x 10° -1.3803 x 10° 5.2769 x 102
PSO —~1.4000 x10° —-1.4000 x 10° —-1.4000 x 10° —-1.4000 x10° 0
1 SCPIO —-1.4000 x 10° —-1.4000 x 10° —-1.4000 x10° —-1.4000 x10° 0
EGTPIO -1.4000 x 10° -1.4000 x 10° -1.4000 x 10° -1.4000 x 10° 0
ALPIO ~1.4000 x 10° -1.4000 x 10° -1.4000 x 10° -1.4000 x 10° 0
PIO -9.9906 x 10° -9.9038 x 10° -9.9742 x 10? -9.9606 x 10° 11.036
PSO —-1.0000 x10° -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° 0
5 SCPIO -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° -1.0000 x 10° 0
EGTPIO -1.0000 x 10° -1.0000 x 10* -1.0000 x 10° -1.0000 x 10° 0
ALPIO -1.0000 x 10° -1.0000 x 10° —-1.0000 x 10° —-1.0000 x 10° 0
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Improved pigeon-inspired optimization algorithm based on
adaptive learning strategy
HU Yaolong, FENG Qiang” , HAT Xingshuo, REN Yi

(School of Reliability and Systems Engineering, Beihang University, Beijing 100083, China)

Abstract; Pigeon-Inspired Optimization ( PIO) algorithm has been widely used in the field of UAV for-
mation and control parameter optimization, but the standard PIO algorithm is easy to fall into local optimum.
This paper proposes an Adaptive Learning Pigeon-Inspired Optimization ( ALPIO) algorithm. The algorithm in-
troduces a tolerance-based search direction adjustment strategy, a self-learning candidate generation strategy,
and a competitive learning based prediction strategy. By enhancing the diversity of the population, the global
optimal probability of the algorithm can be improved. The algorithm has been tested on eight benchmark func-
tions. The simulation results show that the convergence accuracy and convergence speed of the algorithm in the
multi-peak function optimization problem are significantly improved, and it can effectively avoid falling into the
local optimal solution.

Keywords ; Pigeon-Inspired Optimization ( PIO) algorithm; local optimum; adaptive learning strategy;

population diversity; global optimum
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Table 1 Tactical intention threat value

WA il R # W gk

T e 0.8 0.5 0.3 0.1

3.2 BREITMERRE

F¢ RS B Al CRITIC 35 AH 45 & #4974 B
A ST A AR B Al AR A 3 A A 2
IR o

i 5 {5 LRI
PR S5

:

H Bl s R 25
Grp L

Vs ||tk | ) failRS
Do PP WAL | 1o (%
i ! b l
L [rsmbe | [ wers | || ] ES
| [eemem| | mpam | | | |RENRE] me
! l i L ib 31t
[ A ] || ”
BT L e Rl
CRITICH: 4h 31} :

| B || e

; L T e s

L == e =

i AHE(E b

; H R FUEHIT

B2 E bR oAl U AR
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Table 2 Air combat situation information

H #r HLHY AR T o/(") q/(°) v/(m-s™") D/km h,/km
1 F-16C i 80 150 330 50 -1.5
2 F-16C s 65 110 310 70 1.2
3 F-15E i - 45 120 315 65 1.4
4 F-15E T -70 140 330 60 -0.7
5 F-5E i 110 -120 340 50 -1.2
6 F-5E Tk 85 ~130 320 60 -0.5
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Table 3 Target attribute threat value

H 5 Ty T, T, T, T, T,
1 0.75 0.8 0.639 0.625 0.707 0.65
2 0.75 0.3 0.486 0.469 0.303 0.38
3 1 0.3 0.458 0.484 0.389 0.36
4 1 0.5 0.583 0.531  0.500 0.57
5 0.5 0.8 0.639 0.594 0.707 0.62
6 0.5 0.5 0.597 0.500 0.500 0.55
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Table 6 Grey relation maximum entropy model solution
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a 0.149 2 0.261
as 0.152 3 0.354
a, 0.125 4 0.717
as 0.131 5 0.883
ag 0.138 6 0.525
1.0

H AR

— CRITIC#:
— IR AR B
I 2 3 4 5 @
H b

B3 H AR P E X L

Fig.3 Target threat comparison

RT REER

Ja P “ @2 @ 4 s % Table 7 Decision information
0.329 0.0807 0.164 0.135 0.142 0.14
nz ’ . AR C o
a, a, as ay as ag JE&PEE
5 78 g ) !
£5  EAREBMER R HREE T T e B
Table 5 Target threat value and decision attribute value x ) 1 1 1 1 1 0
%3
H i 1 2 3 4 5 6 Xy 4 1 1 1 2 1 1
HArR g {E 0.857  0.307  0.406 0.75 0.804 0.543 H N : 2 2 2 ) )
R T ' ' ' ' o s 1 3 4 4 4 4 4
o EME S5 0 1 3 4 2 % 1 2 3 2 2 2 2
x8 RFEMR
Table 8 Decision matrix
U Xy X2 X3 Xq s X6
X %] a,aya,asag a a,asa,asa, a a,asasag a a, a,a,ayasag
X2 %) a,as a1 aya3a4050a¢ 1303040504 A1 Ay A3a40506
X3 %] Ay 30406 A1 AyA3a,Q50a6 @1a3030,406
Xy (%) aya,asa,as5aq ayasag
X5 (%] a,a;a,asag
% @
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H 2 (13) #36 B H AR 1 D SR R A AL ()
Hopi=1,2,--,6, RFR2[HAMHN
gl (U) = A fi(x) =(a, Nay) V (a, Nay) V

(a,Nay,)V(a, Nag) V (ayNa, Nas) V

(a, Nas Nay)

/PR AR T F2EW: (a, Na,) (a, Na,) |
(a, Nay) (a, Nag) (as Na, Nay) (a, Nag Nag) .

XS FZ A LU R A e a0t ey,
at fay,a, b ay a0t ay,a,,a50 Hay,a5,a6t 0

18 3 TR B R A 20 TR A5 11X 70 DR R s M I G
INRAEIRAPEAEG 0 A AR BB A B/ e 3R
HUIN 82 ] LLAT 2 fi /s BRSNS 4 2 9 s

MR AL 5 0] LU H 5200 25 4 s
EENRE AT 8O E AT BT, 4 &
VTR B PR R B G A R R R
T U P AR S B AN E 15 S H AR B4 D A o

HT T2 SO R X U A e R E AE B
Sk bR U P A B 3 AR . R A
BLAR AL A LA S AS I £ B AR 4 4> H AR 1925 K
SHAFEAZ 10 Fron, Hop o« FR 5 B E
A 25 S HE B U sk 11 s

x99 BIRERITEHRNE
Table 9 Target threat assessment rule set

B CJ P50, I8 PR A

SRS - -

URIREE FE 5 A

1 (ay,a; (%)) A(ay,a;,(x;)) (D,D(x,;))

2 Cay,a, (%)) A (ay,a5(x;)) (D,D(x,;))

3 (a;,a,(x;)) N (ay,ay(x;)) (D,D(x;))

4 (ay,a; (%)) A(ag,a6(x;)) (D,D(x;))
(ay,a3(x;)) N (ay,a,(x;)) A\

5 (D,D(x;))

(‘15 7“5(7‘,))

(ay,a,(x;)) N (as,as(x;)) N

(D,D(x,;))

(ag,a6(x;))

x10 THEZTREBER

Table 10 Uncertain air combat situation information

@/ q/ v/

agoom o S T T D ke
1 F-16C iy 60 * # 55 -0.85
2 F-15E =+ -65 145 300 * -0.77
3 * 4 90 -135 345 53 *
4 F-15E =% -55 140 325 62 -0.3

11 BEHUTAHEZTRSHBER
Table 11 Discrete uncertain air combat

situation information

H#r a ay as ay as g
1 2 3 * * 3 3
2 4 * 2 1 * 3
3 * 2 4 4 4 *
4 4 ® 2 2 2 2

H AR IR H A Ak B8 U 4 0 P AN 1
F T B U R4

XFFHFBR 1, FIH RUL 1 8 5E H A 80 8
PEAE
RUL 1:if(a,,2) A (a,,3)then(D,5)

P HPR 2, # H RUL 6 % & H b5 W &
PEAE :

RUL 4:if(a,,4) A (ag,3)then(D,3)

XFFH bR 3, FIH RUL 5 #f 5@ H Ar 80 &
RUL 5:if(a,,4) A (a,,4) A (a;,5)then(D,4)

XFF HAx 4,84 RUL 2 . RUL 6 #fi &£ H #5 L
JH e A
RUL 2:if(a,,4) A (a;,2)then(D,3)

RUL 6:if(a,,2) A (as,2) A (ay,2)then(D,2)

g bR KL AT DL E H bR b AR EE HE
HF:1>3>2=4, WNAHEFEERPAILESL, H
b 1 Bty 2 B HF B R RCRE ) 9 T 3R 4R R
Bt bR 3 By ESBE I A g, H 2 AR B
JE R U s B bR 2 RO MR RRBE ) i HL s
JE M s AR 4 B AR BCRE T i A, 23 T 2 3
JEP AR B — Mo A X Bl 2 BT, AR SCER H A RS-
CRITIC KEASHf 7€ H b g P 15 52 Br i 00 &
— 2, B E T BR T B A R U 45 S CRIT-
1C 0 % HERA 5 BN H A5 UBME A Dy DS 1
BT RS SRICMNAE I T AT EF R N H
B BB VA A AR i R T AR R RIS, A
FE A ST B H bR U A 1), LA B 5 5 0 TR
N FEWLEE 2R H A i 2 LA 4 ) R

TE/PEABAR R OU T SR 5 i/ BR A2 1l
B SR PRAL , DL RO 2 15 BT B PEAG 2K
FOU]F R B 5 3 ) R e Sk — R o R i
LA IE T T RBEAS B 1 D0, 1 R AR K00 15
I ARIBCA PEA LU B RS RE LA KOs R e e AE
25 ROMPT Z |, 38 0 X DATE 25 2 B b I A A
AR DU 82 BB, 2 80 A A 0 26 o 28 A K AR T SR AL
b R A AR R R A AR I B H AR AR R
JBOKS B2 09 MR E 1k H A B HE P BE 8 A S8R
e VA 80 LA R HE B 1, A T 3R 7 A R T kAT
Plshtk 5 H AR .

5 #& it

1) FEF4R 19 CRITIC 35315 H AR g e 7k
B, 4 0 5 £ T 19 A g 8 5 AL FORF
PR R B B AT H b e R R T
RS 75 2R 5 Ja MoK JAE D0 T, o 3 HL U Y $R B TR
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2) RS HIE T 8o 988l , 11 BRPE AL 9 T
ARG PEAT B AR 2T, SR I B P P A d s
HEHLIN 15T AN S 05 5T B F AR U A ek
AT S B FR A WL RS H AR U % UL
FEHYRE R, BAT — o B AR o AR RUSROfig fg 5, £
HE T AN E 5 BT VARG B R, X T A8 S
PR HA TR SR X

3) TEJ%ETHM‘FB’JEEHJHHEEE 25 R AL Bl B
HHBRIC KT PR AT B o B2 A 5 i AR /)
FEAG DU T, SE 4k R, O Ji 2 sl A 4 ik 52
TR IE R RAEAS B 18 DT, T2 P A R 1%
MUINIHS B2 LA BT P R 2 37 i, RAIE PR AL vE B 4, O
S R PR B 23 I AR U P A B A T — TR Y % WL

F T BRI , Fi2 ke 35 0 00 X L
FIF B A A5 B R 26 R 1 H RS P AR (), A0
G B AE FH R 2 T — P TS I T A

22k (References)

[ 1] BEZ R R%E,ERAE, 5. ST 8k GRA-TOPSTS 1475 i
Jo Al [T ] . b5 A 28 i R R 2% 2% 41 ,2020,46 (2 ) :388-397.
XIZF,XU A,KOU Y X, et al. Air combat threat assessment
based on improved GRA-TOPSIS[ J]. Journal of Beijing Univer-
sity of Aeronautics and Astronautics,2020,46(2) :388-397 (in

Chinese) .

[ 2] 3R, WM AL, 55, 8O TOPSIS 19 2 3 il & B 9
BOW PR [T]. R TR S d 740K ,2018,40(10) :
2263-2269.

ZHANG H W ,XIE ] W,GE J A et al. Intuitionistic fuzzy threat
assessment based on improved TOPSIS and multiple times fu-
sion[ J]. Systems Engineering and Electronics,2018,40(10) ;
2263-2269 (in Chinese) .

[3] %, HER, M8, % 5T ELM-AdaBoost 78 Tl 4+ (1)

ZEMHAR B EAM L] R TR S W 78R, 2018,40
(8):1760-1768.
XU X M,YANG R N,FU Y, et al. Target threat assessment in
air combat based on ELM-AdaBoost strong predictor[ J . Sys-
tems Engineering and Electronics,2018,40(8) :1760-1768 ( in
Chinese) .

[ 4] WA, e 25, fifg i, 55 B T SPA J PSO i i 1 B 25

RASHITAE[T]. R LB 5B FHA,2014,36 (4):
691-696.
GU JJ,ZHAO J J,XU H F,et al. Situation assessment for be-
yond-visual-range air combat based on interval SPA and PSO
[J]. Systems Engineering and Electronics,2014,36 (4) :691-
696 (in Chinese) .

(5] B85 T A, 4. I8 T A0 E P05 5L A0 2 iU I Al
R LI LT R 5424 ,2016,34(2) :299-305.

WANG Y,ZHANG W G,FU L, et al. A method of threat assess-

ment for aerial combat using uncertain information[ J]. Journal

[6

[

—
-
[

[8

[—

—
=l
[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

of Northwestern Polytechnical University,2016,34 (2) :299-
305 (in Chinese) .

st R, AR AH B R T R 3l 2 DL I 4%
2SI ASEAEAG L5 5 [T ] R G0 2% 4R, 2006, 18 (5)
1093-1096.

SHI J G,GAO X G,LI X M. Modeling air combat situation as-
sessment by using fuzzy dynamic Bayessian network[ J]. Journal
of System Simulation,2006,18(5) :1093-1096 (in Chinese) .
W3 s, P B X L 2 T B ORI S 2 b
o BB A 7 L] b s =S A K K % % iR, 2018, 44
(10) :2071-2077.

YANG Y Z,ZHOU Z L,LIU H Q, et al. Threat evaluation meth-
od of air target based on information entropy and rough set[ J].
Journal of Beijing University of Aeronautics and Astronautics,
2018,44(10) :2071-2077 (in Chinese).

DIAKOULAKI D,MAVROTS G,PAPAYANNAKIS L. Determi-
ning objective weights in multiple criteria problems, the critic
method [ J ]. Computers and Operations Research, 1995, 22
(7) :763-770.

REMG XA R, T R MMAGEN Z AR 2R
PSR T [T I AR R 22 4 (D27 i) ,2015,45 (4)
1-9.

SONG D M,LIU C X,SHEN C,et al. Multiple objective and at-
tribute decision making based on the subjective and objective
weighting[ J]. Journal of Shandong University ( Engineering Sci-
ence) ,2015,45(4) :1-9(in Chinese).

PAWLAK Z,SKOWRON A. Rough sets and boolean reasoning
[J]. Information Sciences,2007,177(1) :41-73.

GHF ST HAERIE N Z B R AT [ M. Jeat: B2
H AL 2008 :35-36.

AN L P. Analysis of multi-attribute decision making based on
rough set theory [ M ]. Beijing: Science Press, 2008 :35-36 (in
Chinese) .

TR AE W AN E PR A AL R AR R [ ML st
AR WAt ,2017 :3-10.

ZHANG Q H, HU J. Rough set approximate representation of
uncertainty concept [ M ]. Beijing: Tsinghua University Press,
2017 :3-10(in Chinese) .

PAWLAK Z. Rough sets[ J]. International Journal of Informa-
tion and Computer Sciences,1982,11(5) :341-356.

BOIA E LT R T PR o P R E Ok [ ]
IR R R 22 (B AP 24 R ,2017,32(2) :62-69.
HUANG Z G,YANG Q L. The method based on decision vector
for generating discernibility matrix[ J]. Journal of Hunan Uni-
versity of Science & Technology ( Natural Science Edition ),
2017,32(2) :62-69 (in Chinese).

i K, Tl R R R LR 2 L B ) A A E B g e [0 ] e
AR R 242241 ,2007,33(3) :286-289.

GAO Y, XIANG J W. Target assessment in BVR air combat
[J]. Journal of Beijing University of Aeronautics and Astronau-
tics,2007,33(3) :286-289 (in Chinese).

HMAE. Z LM RAE 55 IR 5 Ak 56 4% f5 B N Boili s S A
[D]. f 5 B AU 2 A R K2 ,2018:57-59.

XIA P C. Research on mission planning & attack decision-mak-

ing under incomplete information for multi-UAVs[ D ]. Nanjing



S AL 4
ot

%12 % i, 55 HE T RS-CRITIC [ %5 5% B A5 @8 DAl
Nanjing University of Aeronautics and Astronautics,2018;57-
59 (in Chinese). frZ B WL URIm . EWTS T A K IR R
BLNE - (o
EEE I
BER B UEWRA. FEUE I E KR EREG ST B B, FBEOFE T R R AR AT S,
i TR

Bz% B BLWis . EEBTFO S K8
FHRE U WL B RIS A KA R JE
R RE AR

Threat assessment of air combat target based on RS-CRITIC
YANG Aiwu, LI Zhanwu" , XU An, LYU Yue, XI Zhifei

( Aeronautics Engineering College, Air Force Engineering University, Xi’an 710038, China)

Abstract: Aiming at the problem of air combat target threat assessment under uncertain information, a
threat assessment model based on Rough Set (RS) and Criteria Importance Though Intercrieria Correlation
(CRITIC) method is proposed. Firstly, the model determines the target threat value under accurate informa-
tion by CRITIC and the optimal segmentation set is solved by Mining Data (MD) heuristic algorithm. After the
threat value is discretized, it replaces the decision attribute in the rough set information system. Secondly,
based on the complete rough set decision information system, attribute reduction and minimum decision rules
extraction of target threat assessment are realized by decision matrix. Finally, the export rules are applied to
target threat assessment under uncertain information. Simulation results show that proposed method can achieve
the target threat assessment in the absence of information, and reduces the influence of subjective factors and
prior knowledge, and expands the application of rough set theory.

Keywords: threat assessment; Rough Set ( RS); Criteria Importance Though Intercrieria Correlation

( CRITIC) method; decision rule; uncertain information
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RWE ., BEET, BLC, THE . RFF

(1o iR R2 FERES TRYE, 155 266237; 2. INARKRZ: BOL 76, P 250101;

3.0 IARRAEME ARG L BERE AR, BER 250014)

i B NGRBEVAERGE RN TN R ER, AT %A F BRI EIE
ERECT) E X-AABEHAENTRT REX P EERRFEROHF RN EZBR,
HMXBAAHR ARV 4 CTHGERZ RETHRYVBAIWAARA, FH CT2RER
ERGEHFRH(COEBME S, BT T M CTEREGERLZ AR FEY REBEA
WHREABLIN R CTHGERZ., ELXRERXV ERFREY KE WK T(0,2m)
CEARR/ERABTIBL20 M B AL HEHERESs A HALEK AETHD,

HAREE TRTHKE,
x & i
FE 45y ES . TP391; TN9L1.73
XERFRERD: A

ST E WL )Z AR (CT) HLAE B8 5E 19 i 1%
B e i — Al — g 7 B 1000 ~2000 %P
O A W5 W, CT K #x (1 X-5iF S 5 5 7T 35 s
ORI 9 XU 3 A X5 R A O O 4 %
N N S N RS U D IR (2L N NP

AT PR b, AT A s A 4 5 A HOK B
R XS A N H 15 o I/ 1805 A B L g

% 45 JL 41 8 N Tr) DT 20 5 3 25 4% B R LR BOR |
PR, W5 Ao A s i 45 R B HE A 00 R B AT CT
Pl 15 A B A o A I R R S

BRI 58 P B a9 CT (&5 5 g 530k )
PIor R 2 2555 1 26 HdE FH FHE i aai s i, i
JobE AN e B BB AR AT A AN TS B, R
% A 1k I [ #% 5 (Filtered Back-Projection , FBP)
L AT EG 5 2 KR AU CT B
A, WU EE &35 R (Algebraic Reconstruc-
tion Technique, ART) , {H f& 4t ik A28 505 00 11 55

WHAE ERE(CT); BREAE; MR Y; HY W E 4%~ (CS)

XE4HS: 1001-5965(2020)12-2366-08

I F] SR e, A ) CT rh i 15 20 0 . I 4R
ok, BEAE RABIFAT I3 R 19 K g LA S it L
B BAS ORI, 32 AR A0 © 22 80 A 5C BT
WFSE N GUR CT BLAE 7 )5 e BE QT I R X
Hovb g i Y1 g2 Sidky 2§ fE 2006 4F 4R Hi g TV
(Total Variation) 57 35", 5% 3 A J1 6 J¥ 61 %
M i 0 PR B R T R R AR A T B A
B, TV Bk BA R & S0, 22 TV 55
5 ) PRUGY- 1 2500 2 R ARG PRI 114 225 18] 73 B 3 1 %)
FCRE. TV Rk R —Fh s kA n s fe it 5 05 ik,
JE 45 %41 ( Compressed Sensing, CS) Bl 7F — &2
PR B0 TV 5k B AF #4907 1 E $2 43t 3 e 52
o MR IIEZ AT CS Bt m CT &K
15 A O 44 1 S 55 [ BT i K% Chen
b R LR AL A T 3l 25 CT E& 7 50 AH S 1 5
6 KPR 1Y 2 B 1R 4% 2 o 4 SR (Prior Tm-
age Constrained Compressed Sensing, PICCS ) &

Wi B 2019-12-05; F A BH: 2020-06-12; M4 H A E . 2020-06-28 16:46
W 4& H R b4k . kns. cnki. net/kems/detail /11.2625. V. 20200628. 1645.002. html
E£TH: HEXAARRS¥ESE (81671703) ; ILARAE A AR H4 (ZR2019MF048)

= BIE1EE. E-mail; sunfr_journal@ 163. com

SIA%N: AwWA, MFEFX, HILK, ¥ REGBRKYHENCT HEEZ[]]. XM EMKAFF#H, 2020, 46 (12) : 2366- 2373.
WU L J,SUNF R, YANG J F, et al. CT image reconstruction from ultra-sparse projection data [J] ]. Journal of Beijing University of
Aeronautics and Astronautics , 2020 , 46 (12 ) : 2366- 2373 (in Chinese ).
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210 PICCS B4k 2R A 0% M TT A o 58 B 1
5RO A B v e BB ) SR RE Y B8R B dls OF A
it A B FBP S5k AR AT 1 0 55 I R X R OR
Hiy R 7% SR B R Y 5 TR 2 g g R
FE Al RS 58 42 % B, | i 5 AR B Y
TR 2 MBI . B, Debatin 411
2% 1) S 4 8 2545 O H bR e& BIEAT CT 2k AU A
1% @&, 11 T ATV ( Anisotropic Total Variation
minimization ) % ¥ f1 GATV ( Generalized Aniso-
tropic Total Variation minimization ) 2 ¥ | 78 # i5i
PR S OLT ATV B F GATV 53k 45
22 MLy TV SVE S 2 ) A JRR 0 5 ST I Al
THEEHE,

ZiaUA XIS CT LR AR N 0Lk 1T
AEUR, K [0, 2 ) Y P9 B R/ o 41 il A i
20 DR A BE AR N A A%, IR ) T AR
M L 45 52 B 2 5 K 1 b T R BT R AR, T
REAS 70 10 35 BRI CT K A X2 £ 4 S 50 & 7 il
PN PR AL 50 00 3 H R I R 12 B R Y
AEMR . NI S TR B R G, I
Bt 17— CT KGR EA S CS BB
A 0 T 5 O A e R A M R L 43 ik [
IBESET AR S A RN ke § &
PEAT T R Ay B2 00 5 [ B 0 45 R R W,
e B A 0 B0 B 1 28 1 T, SR BUIE RS v
TR AL Je BE AR, N AF T 85 20, A AR 5 i R S
iR

1 BEig5H*

1.1 EFEHRBMM CT BERERE

CS 48 th , a0 2R A5 5 & 7 i T R 46 1, R
208 AT LA TG AR T Nyquist 455 04 il B 450 23 %)
J s 55 AT AR O e RS i I B iz (5 5 .
ST M B A T CT & ER &,
ALLAE RO R T AN i e & R Al
I A
g =Wf (1)
K. g B S AR EARIN R f 0 T 4efsE
BUR W S x T 4E i 2 G0 5 1 (B R SO IE 452
HRE) EE S<<T, f4E CS B, Wi R 55 BF
Wil JE ™ S5 BE A A 2% 1, I8 42K (1) AT RLA% 4k
H R LAY 1 TR A R
mfin”t]/f“ll s.t.g = Wf (2)
Ao W O EUR f R s R

1.2 B RFRE

15 CT AV B EdE v, T 0 E & G
W ILR , WA S B R Ge R B (RIIE/ A% 5%
BB o RGN CT 2k A 18115 2 1 4L
(EDH B M E S [ 5 o AR A R TR . H A,
EW N RGEE I 2P0 3 B IRS B G
29K Bl R TR NI R K BT o 5 ER BIK Sl A5 TR A S
2L IR B AT 53 3 5 oy A B R BRI G LA v A
Ph52 5 i B 1K gy A 4 D) 5 M) Ak 2 1] 6 I
U5 IRl X, 300k 52 2% B AR AR, RE 8 b 4 [ 1R
BN MR SO A AR R R B gt
2R R Sl R A 1GOOIl A T ) R AR
SR BRI T A0 T SO WSl i R G BT (R
YRS Y I/ S B s AR )

1.2.1 ZYIMFHARER

P73 0 45 B oRCB JLAT il iR T $565 0K
SHIE B TR R 7RSO AR —E B O
T RO 5 R AT AR R b S R A
LS i0Bo B B e N (NS = I (/A St QU
Bl Urr i Xl ) b 58 R SRR (E X BT R
RS MARRE ML M ESRKE, A
— LI B I I R AR O I % IE B 1 5
R MU AL A — AT IR R . R B B AR
WEGRm., 2=, 82 K3 E/ 1T
T SRS AT LA Ry - — Uk AUAL B — A 1R A
TR ABRE.

BT R0 i 7s 1A gl Bt d, R R
Ftop, K g% FBOEAE d, AR RE p, Z KR
Wi EE R, BOZ IR B 1 IE/ R BGE T IH— A R
BOtE PRy s bR IERGEITE T, T R
B MR AU B0 K i A 2R BB AR I B 1Y
RILAE, BOE IS B BB B R R

1
%2 - cos,Bplz
1

@ _ 1 P2 - d, + 1 . d; - p,
1 cosB dy - d2P12 cos B d, - d2p23 (3)
(I
1

%4 = mpﬁ
-

RE s HFRRR
% _ (d2_d1)d12+<l)2_dz)d23
DZ P> — P P> — P
] _ d; - p, d, —d, Py —d, (4)
P = dy + dy + dys
1 Ps — P2 Ps =P Ps — P2
d
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Schematic diagram and detailed diagram of

Fig. 1
two-dimensional fan-beam projection
1.2.2 E/REHES
1 CT AR KGR b, IE/ S 5 52 50 B [
B B IR R R, mH., BRIE/ s
SR (IR GERRL) P T IE/ R B0 AL 4% T
RME . BB BHE g = WK GO B 5k
SERIFEE, W o IE R %EIE(EBHUCF)MSE'O%
GEALIE) sf A g B8 SCHT SCE $2 &, 20 90 Oh
A AR B B 41) % 4t o JC(@F)?/?E’J&TQE'
12 SR B B AR S S 2 AR 380, M
PRI
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I/ RBEHE W R M) 25k — 30, B 5 [
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w
RC
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M’

ViewNum- DetectorNum

RC

DetectorNum

DetectorNum

ViewNum N5 ARG R IR REATHGC WIRR
IR W, NIESCEAERE WAL 0 D32 ML m
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AT AR 3 AR R
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oW o
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O O
@‘/\'ichuml:I
W, = [W,(1),W,(2), W, (r),--,W,(R)] (7)

ENEIEIENES %EIEMEI’J%EM HikZ
HIRBEIBE N M e 2 iR, 5
IEBLH M, M, RHERE M AES 0 45 M BE I
TR M, (r) HTESE 0 S BUE AT, AR
for FRLOCRS S5 AT AR I AR X STk A, AR M T R
A (4) PRIAL R B VLB 3 DR C R L]
DA s (8) Fis(9) .
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Table 3 Quality evaluation of reconstructed

images using CSVD algorithm
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CT image reconstruction from ultra-sparse projection data
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Abstract: In order to provide the reconstructed images which are suitable for the clinical imaging diagno-
sis, this study focuses on reconstructing the tomographic images from sparse projection data with sufficient ac-
curacy under the premise of significantly reducing the X-ray dose of Computerized Tomography ( CT) examina-
tion. Aimed at 2D image reconstruction of fan-beam projection under circular scanning, this paper proposes
the view driven model and designs a CT iterative image reconstruction algorithm by combining the iterative al-
gorithm and the Compressed Sensing ( CS) theory. Then the algorithm is extended to 3D image reconstruction
of cone-beam projection under circular scanning. The simulation results show that the algorithm has high nu-
merical accuracy, low computational complexity, less memory overhead, and strong engineering practicability
under the condition of ultra-sparse projection data (no more than 20 projection angles for fan-beam/cone-beam
scanning in the range of [0,27) ).
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Two-dimensional resolution ability of GEO-UAV bistatic SAR

LI Jincheng” , GUO Deming

(Nanjing Research Institute of Electronics Technology, Nanjing 210039, China)

Abstract; Mounted on the Geostationary Earth Orbit ( GEO) and Unmanned Aerial Vehiclel (UAV)
platforms, the GEO-UAV bistatic Synthetic Aperture Radar (SAR) can achieve precise and quick observation
on the interested areas. The two-dimensional resolution ability is important performance metrics. The analysis
on the two-dimensional resolution ability of GEO-UAV bistatic SAR is given. First, the calculation method of
bistatic SAR vectored two-dimensional resolution based on the gradient method is given. Then, the range reso-
lution, azimuth resolution and the angle between the azimuth and range vector are calculated according to the
configuration of the GEO-UAV bistatic SAR. Finally, based on the two-dimensional resolution ability of the
system, a configuration criterion for GEO-UAV bistatic SAR is proposed, which is verified via experiments on
simulated point targets. The proposed configuration criterion is beneficial to the system design of GEO-UAV bi-
static SAR.

Keywords: Synthetic Aperture Radar ( SAR) ; bistatic radar; spaceborne-airborne bistatic SAR; SAR

resolution ; gradient method

Received: 2019-12-04 ; Accepted: 2020-04-07 ; Published online: 2020-04-17 08 .40
URL: kns. enki. net/kems/detail/11.2625. V.20200416. 1502. 003. html

# Corresponding author. E-mail: jincheng. li@ buaa. edu. cn



7693
7694
7695

7696

7697
7698
7699
7700
7701
7702

7703
7704
7705
7706
7707
7708
7709
7710
7711
7712
7713

7714
7715

7716

7717

7718

7719
7720
7721
7722

Lo e

BN o N \ . . |—| >

XoE oM oE MR ok % oy gt
2020 £ % 46 %k Y OH %k
(B %323 8 ~ %% 334 1)

ERMEMRKRFEFZHR 2020 £E 46 BF1H (55 323 )

) b T B 1) B () S R BR IR A R A0 oo 08 BR GMEE AT (1)
W BB S B H T B A 4 R e - e BRI F ) LA AR (13)
KAE I8 2 I8 R 5 K R EE R IERITIY cvvvreeeeeeeenns e
. - BRRA, L, ESH AW, k&EE (20)
F T 5 1) R 8 LR AN ) M S A A e R RRRELEREE
. X BER, HRAEAR, FaR, BiE, BRIEAR (29)
Er—] InSAR Eﬁ*hﬁﬂﬁjﬁjuﬁmﬁ?h@ﬁﬁ/@)i‘% ;}i}’i g—ka}] (38)
iR ZWEE RLAREARM AR RIT - XNEW, KL, Kk, Hek, NHE (51)
FE T OGS W B AR A VR0 B R S AL 25 AL - S RRSEEIEE - HE, &1 (60)
ORI 22 458 5 30 1 2= Rtk - e BT KB, WA T (67)
5%3:4L§35%3&5g7% X-37B 161§%§9Ar]$§ Etinﬁ e e e ere et ﬁiﬁi, v B R (77)
- ﬁﬁ L AIE, Bk, B, BRAA, KIiER (86)
ﬂﬁ%ﬁ%%T%@%ﬁﬂmeE% oAk, AR, UL, Ha Rk, kM (95)
ﬁh#$i%£%ﬁm BRIV T ZE oovveeeeeeeeeees 2R, SR, #h/8, 2% (103)
HETEEMEOLEHE R K EREEDL e ARE, kR, AFEE, ok, BEE (115)
Wy SE B A B7 BURSOR SR BCRR R L - 2HE PR, R, TR A (122)
$-Eﬁﬁgﬁﬁﬁﬁﬁﬁﬁ@m.mmmmmmm”ﬂ%%’§%’@ﬁ§’ﬂﬂﬁ(mﬂ
TR S B TR 2 T 1Y) GNSS I ] S G5 5 AL -oeveeveeeeeeeeeeees Zab JROE, BRI (141)
HT W RGFHNT) MSCSG ZM i ik ovveeees T A&, w2, £, TR, #ogt (150)
FEF R R I e LB B B R s TR, BFE, BT A, WA (159)
S R (B [ fioh 3 A5 2 A R O ik R Al e R AL AL, FEOH, ARARAR, =00 (170)
I T AR R T B 18 DB BAH G ZE R RN R B e BE A, AR, B, BT A (181)
TR 22 AL 5/ DR 6 i o R sk - e SRR RILRLRERTRRE
- - B i T A, FHE, TRE (189)
Bmﬂ%%%%%@%ﬁkwﬁimﬁﬁmﬁﬁ& --------- T, Badd, F&, B (198)
. . IR, ER, R &, AR, H4, BaF (210)
KPR S S Ak 4k FFT {5 S-4b B g -
e SRR, MRATL, R, FEM, Kamm (220)
CFRP i 7 iz 2h & BB 5l fL = 2CHE i HLBR R S 56 -ee - %ﬁ E A7, Rk, EM, kidik (229)
IEEMEMRKFEFZHR 2020 F£E 46 HF 2 B (S5 324 H)
TN Z L5 I A SRR AE IE 3¢ MRT-LBM #2141 e seeen SR
. CRE, o, TEE, EIAE, FRE, ?ﬁi(MU
25 ) K R G S AU — R e CMAY, TR, RE, A (252)
ZHIRSLEGER ZoMn, O, R AAR BT FE - AE4TR, JREA&, RieM, /M0 RK, BREH (259)
T AR A 3 T M B B B bR DU i eeeeeeeeeeee KRR, T AR, BN, ABEAR (266)
BT =4 R o R py s a B ARt B R A e
e e COEAEAE, BOR, KRR, BB, IR (274)

<1 -



7723
1724
7725

7726

7727
7728
7729
7730
7731
7732
7733
7734
7735
7736

7737

7738
7739

7740
7741

7742
7743
7744
7745
7746
7747
7748
7749
7750

7751
7752
7753
7754
7755
7756
7757
7758
7759
7760

HAE AR A s it CALE, R, = Fr (287)
AU REAL I S SR 5 RGP e B, RS, R m WA, #ia (294)
2 1B 4 BHLJE 19 48 2 T I LSS A3 7 22 B A0 b -
B, XRA, B, BUME, AT, ek (304)
TS H IR INE 2E 25 12 F 0 T0 AL A2 BEIE A8 2 BAAZE I v veemmmee e eme e oot e e
= S ATE AR, KR, REF, Rk, M8 (314)
HTRMLEREMUBREFHLI Dk oo PR, HER, SR, AR (520)
25 R AL B S AT U (S BB v Jh ) FaE, R FE (331)
ST BB SR S (A3 5L AR o R, FE (340)
TS MK PR RO R E e BB BE R (350)
LUK S B AT RLTIIE  wooeveeveveeses e WK, RE A, REH, WESE (359)
B HOE BB P B B FARANBE woovveeeeeee e B, %%w KE (371)
MUK AR 20 %F S 1 fi B SR PR BB woeeeeeee oo R 38 FMERER, X B4 (379)
HE T it GRA-TOPSIS ) 25 BB A <o oe o (2%, thiE, B¥EAE ?&ﬁ R R (388)
ﬁﬁ@lﬁx ﬁﬂﬁi?éﬂﬁjﬁéﬁﬁ%1ti.é% T SR TN 25 5 o %ngZE’ i dm it (398)
LR A R 7 0 4 O B A e

- CHAE, AR, R, B, R, Gk (407)

AR S b A% AR 2 4 S0 S0 1) Momte-Carlo )7 - s
. CRER, EAM X, £, KA (414)
JERR B A5 WO IS TUBE R GG BB AMIE woovvoverveeveovene T8, Filh, B (422)

WL 2T A P A SRR 8 W 9 B Ak 1 - O PO
CEZE, NEF, KA, BT, ek, TE4 (430)
HORHRLITE LB ) R TIPIIL oo BB, XA, BKIEIE (439)
F 4 1 SRR R SEFE RS T B S i S e BREE, B3, AR, B4, §i (447)

EEMEMRKRFFR 2020 £ 46 EFE 3 H (EF 325 H)

LT EORH OC RS I AR A BE T ) e B BRI, FRA, T AR (457)
B RCEE £7 2T2R FREEHLHI VST S 40T oo vve e vme oo mme oo e B3k AL (465)
FT QAR Kt A5 1 B (FIE MUAT S PRI UE T I oo B RIS G E R (474)
%*@%n%ﬁ%ﬁ@ﬁiﬁmﬁﬁ%.mmmmmmmmm”ﬁ%ﬁ,fg%’i%(ﬁn
BT R B AT ZRYE S e B4R, AR, RER, AKX (488)
LT ROPFE T3 12 i 22 T8 3T AU R ] e Fuky, EF 3, MF, vF (496)
KM%@EE%@ﬁ%m&EELH PEE e R4S AP IEBE (505)
B AT R LN B A BT R 5 o eeeeeveeee e LR A AME (515)
K2R TR AR IO TR SR I e S R -
. AR, BRE, REA, Bk, XK, BiEA (524)
S 4 58 AR I A AE B R TR W B TC HF BT FH veeeevveeeeemmeeemneee e 222 20 (532)
ATHBESNIB I 00 RN SR oo 2 dRsk, TER, AR (541)
SRR PR REATE R GG oo LA, BITRE, BAEMK, DA (548)
ST UG WA B LES DML E R AL B oo EAREE, L, B35, Kokd (563)
SR = R o o O B B R I U S RL FRE, FRE, A, XK, EEEH (571)
R R M I ATEL LR e B TR (579)
—FE TR WOE R RS BRI e R, BRI, F &, W (588)
2 FWOE T W H D WEFRIRSBUE IS TE 73k v JE00K, JR0G, BT &, KRBT (598)
T O/ R B L — AL oo R, BRI, FREL (608)
T ) A B30 DS SEHRIRIE FEM oo oo BROR, LK, B0 (616)

-1 -



7761

7762

7763

7764

7765
7766
7767
7768

7769
7770
7771

7772
7773
7774
7775
7776
7771
1778

7779

7780
7781
7782
7783
7784

7785
7786
7787

7788
7789
7790
7791
7792
7793

AT 4

SR K T R ST R ZHHL B G T EE TR AT P T e eee e e e
. - X MEE, RE, B, FMEAR, R ¥, IR
TR 6] 32 BN A T 89 T8 AL &% 4 5 K
" - HeeE, TLHL, Fak, 2R, TR
FDA SF b vk B ok b I ] (4 FE SRR e evevvnenreeeeeees T4 B, BAS, KA

ERERMEMRKFEFHR 2020 £5E 46 EE 48 (255 326 1)

F25 BT R B MLZR IR 26 S HE BETE M B AR oveveeveevereen eon en s sre e et et e

S ATHE, Rak, RKR, B, I, kAW
[l R ZEMIN P RGP B EOR oo BBl B AT, BRIV, A
AT E TR P AL A mIAK A Mg e iseit oeeeeeee RER, RSB, XA, 2FEHW

AUV A BAHE SRR, oo RAISL, 23, HB A, F—F, 2
i AT 2R G D A B ST B BFIE oo ovesee e

CHF,ERE, MT A, KKT, BA

BET U B AL Ak A AR S L AR N AR AL R RRRERAERES - mM, RR

T 1] Web B2 0] WA Y i 10 = 18] s s A 77 1% - e RG] E R4 KK

B K e L ST B 25 B B T 5 P I HEREIEST o ovvveeoroveveeermee e see e e

CEHa, Kk, Fatak, TT, KR
ACf T AL AR (L A R Ty vk e BRGR, 2R, RTE, BEE
HEFEFN A DX 0] T 95 B A AT S PR A A e woeeeeeeees FlER, RGKT, EATAR, BB
— A PR R AL AR AR IR AN 57k e FRE TR, B F
WU R 28 FORE B 2 A LA FRRINR E UL e 2R JEE MG, KSR
ok i B A R ZEAG T TSKE Bk ovvvveeveeeeeees 532 S8R, BAR, ERH, B 5
— R IRAE R B R R RGBT ] e BBEARL, KRR A, SRR

AR SR RAT A TN SRS Y DX ) A 3 SR A 5

: Lo, Ret, KRk, Fi&, E0H, FH

3-PPP RUZEAEIFHRBOE A 6 B S 0T oo AR, ERD, AR, S, &R
— P P00 B 40 00 8 R 8 AP BB BT e - RE, A
72 2 GPS R TR A5 5 A A AR BFGE UL oo N, B HeLE
T LSTM () TTE R 25 3 R A SRR T oo ooevvvvmeee oo & B 3E, 220l ARL4E4R
Kb KUK T 7 At B R OB T oo R, RAH, 23
EFRMEMRKRFZER 2020 FE 46 BE S B (S5 327 1)
BT R4 M S PSR R RN T e XA, P E A, BAHG, FEH%
CFRP/EkF & & JZ M PFFEIRBEAL T 15 - e BEME L @ &, R, KA

BT /D TR G A A X POS &R ATk -

4N R B BRI oo R, BAF, BET
DRO & K HAEH A BB ABFGE oo 2N E, ), AR A
B MK BERNE) TALS B3 & i OB R - - F#H, LA, RELX, KE, Xk
LML B BER AR e AL Rk - ~m~~mmmm"&¢%,%%%
%T%%ﬁﬁ%%ﬁ@%%xﬁl%i%ﬁ%-mm~ - HE, Fw, BAR, HE

'%&ﬁ,u , E—%, H2F, LW

- MBE, A, Exik

Coeb S, x L, B, RRE, FaEA

(624)

(634)

(643)

(651)
(666)
(674)
(683)

(691)
(703)
(712)

(724)
(731)
(739)
(746)
(754)
(761)
(769)

(781)
(791)
(798)
(808)
(814)

(822)
(830)

(839)
(851)

(862)
(870)
(883)
(893)
(900)
(915)

(925)

S0 -



7794
7795
7796
7797
7798
7799
7800
7801
7802
7803
7804

7805

7806

7807
7808
7809

7810
7811

7812

7813
7814
7815

7816

7817
7818

7819

7820
7821
7822
7823
7824
7825
7826

7827

T TR B P A B R T AL SR TFGE oo 2R, 2 bl | 2 n i (933)

FF CFD/CSD MARRA M E TR -0 T 7 i oveeevveeeeeeeees RFE I8, XN F, HE K (941)
BT AR BOR W B K MG R B S e F, FE, FEE, ERF, LW (952)
T Z R AR RGP PN R S R A e WRE, R, TR, Ak (960)
— R T EE ML S AL S Ik e R, GBS, MR, 2R (978)
g RTK Sl 2545 BEAG I % S SEBR B0 0E - oo INCA, BRE, AN, A&, X4 8 (983)
FETIRPE 2 S (RIS BR A GUR B T GE veeereeeeereeeeeeees 0 & L % S, 29 (994)
BT ORI & i L 2 O A w ] e B, A, &AM, I (1005)
B TR 85 726 A o R T A 2 A s R) ARV BE T S e ke, I BAE BEX, BiF& (1018)
4ﬁKMﬁR¢@EWES%#@ﬂWﬁ& --------- L8, FAR, the, ¥3, £ (1024)
. e CERW, BEER, FERA, BFKX, W24 (1032)
T EE 7 2 1 RR DR SL ks - R RSRRLLEIE - 2%, FFEm, Fm (1039)
EEMEMRKEFR 2020 £FE 46 5F 6 H (2F 328 H)

32 ] ) R 25 W 5 R 5 e o, R R T O A - S RRALEEE
- SRR, Wisde, RRM, REE, AR, KINE (1045)
BT MPC 35|10 AUV B A IR 2% R sl s 2 1) - s Q2R 2 F gedh (1053)
HF RBER AN MSCMG ¥ FREFE M oooeeeee MR, RN, TH A, £/ (1063)
ﬁ?%ﬁr‘ﬁl?%(&{MV*EI@H/JQEH7J(%{%j]D J,ﬁ‘]: 75{2 ettt aee e
e RFA, TR, A, a4 (1073)
BE T H B0 1) 22 P R Bl 1 RO B E Y - s 235 SRE AR (1080)
BT GPS £ B = WA M4 1 GNSS-TR 38 0% B f i 7 ¥ - s
. Wk, RE, REW, HE, Almwm, £FE (1089)
3L F CIDBN E’JSﬁﬂ({ﬁﬁjiﬂﬂﬁiiﬁfﬁﬁﬁﬁfﬁfﬂ
e Bk X RGR, E KA, &R (1097)
S A 70 A R I U [ R A T R B - e FRER A 3 A& (1108)
1 AR BT X CCF800/ I AR 427 #h A Fir P RE 1) & 1) +-- -+ ik, F A, ENE, BERTF (1116)
AR B IS B IR G AR SRR SR - 2R, AR, SEAT, MR, %V%(H%)
KT — SR TR B AT AT ooveeeeemme oo 2g2 A B, (1133)
BT A AL R APE (9 27 & PR 8ok A 55 B e RER, AL, THRF (1142)

JLF BP-GIS (it nUHE BT 4 1 38 ol 5 3t [T BF 5 -

BT PRSI A (9 2 7 HL A AR 2R G A A

SR, ERL, N, REm, FEHEE, RRK

7N 1 I FE S WA 75 T e M2 0BT S5 80 0 S e oo T, sk, B A4
LT B BT GPS TRy voe oo XU, SR, AE
ST B YOLO 505 8 B PR (G R oo ooeo oo 2B M0, B K0, ST E
LT PCA B AR 2 R BRAL T oo BRI, R, B
B - TR M P4 BT SRS A oo B0, R R, BAFE, ik

BB ELTH UL AN R BT o T 19 5 Bk B B 47 e g - -+ Wik, Fak, A2k, KX
BT FRET [ 2704t LEM {55800 5 250 0k -

CORMAE, KRR, KM, RERE, gL

TG A Ty A AR [ B AR T A RS Al T -
: e, RE¥E, TR

-V -

C EEGE, LR, R, ARMRE, B

(1151)

(1159)
(1169)
(1177)
(1184)
(1192)
(1204)
(1214)

(1221)

(1229)



7828
7829
7830

7831

7832
7833
7834
7835
7836

7837
7838

7839
7840
7841
7842
7843
7844

7845
7846

7847

7848

7849

7850
7851
7852
7853
7854

7855
7856
7857

7858
7859

AL AT W

(1237)
(1247)

(1258)

(1267)
(1275)
(1287)
(1296)
(1307)

(1317)

EEMEMRKEFR2020 £FE 46 5FTH (2% 329 1)
— PR RGP R R T e B, R, Ry, dmk, HYE
R O R R 0 2 1R s B R A AT e EE L SR4R, BT
FE T LA T AR 2 Ik ) S /38 G RV A - seesseressiineetas

- - THEE, BB, 8K, &, LM, REAX

sz]pc‘gjfnj[[ ?l¥1ﬁ$ﬁ’]5ﬁ*ﬂ$ﬂﬁ]zﬁﬁflﬂﬁu
e - EAE, KRB, ANES, RY, ARY
B EWRIEANBEEIR] e FRBER, HFRE, 5REE, FRR, hRE
E['jEﬁxﬁﬁﬁg%Hﬁﬂwﬁﬁﬁgéﬁgg%tiﬁ*ﬁz@ e T AR
Y HE A R K FHRE T AMLIR e 2 3 P g A oE - R, Fimik, A, RmE, B
— P S HUX R) 32 U R H bR i e B KR, R, ER
T B RO B0 2 AR H s EL R TRk - R RRIRTY
: MR, MATL, Aeem, fAHE, THEKX
G UE M B M AR B e &R, MEAE, XL, N, B %

RO IT RIE R G M e S DAL f i 5 0 b -

CREER, KB, X G X, Hk, LEF
S XA R U R B R T LU - ERRRRICRIELEELERIURIEIE /8 U & A
PR BE AR 27 5 [ 3 o AR B P R R I A ] e IR R E R
BT M ML OFDM I AME G5 SR oo voeveeeerees e 3030, T 9, HA0
IR 2 AR K o ol D e R R O Ty e Ix, T4, EHE, AR, RET
BRI ERE T B3 WENO JR AR T corver e - BT 2R

(1325)

(1335)
(1345)
(1354)
(1363)
(1371)
(1379)

A R A OE S IR AT R Tk ot IR T T

COINRAET, GRR, X AR, N
{gjjﬁ Eﬂ‘ﬂﬁ{mji*ﬂsr‘ﬁ*ﬁﬁ{i e SR B R AR AT BT
F T AT AR () AT EE A A R A e e O i

T CGAN i 0 1 e o 0 4 B 2k K 207 i -

CFRA Y, XA, BRAE, 2k, B

(1387)
(1398)

(1405)

L RE, BRM, R0, EARG, AR, BEE

A [ VTR s i il 2 T A B i ER A R e R R, B8, KT
EEMEMRKRFZFER 2020 £ 46 £E 8 H (25 330 #)
P RE XS 4 G B B P AR AR A UL Y R -

PLE TR SOC R 2 ROZ B & At - wmEA, £, BBE, AWT, Fi
BRHE R IEF ARG T RCRETE - K BAE, B, ﬁu,ﬁﬁ% FAEHE
ETBIE IMM I XHLVE R R GRS W Tk 238800, KBS, §F, &%

SR S BB R B IR B S AR A T i e e BRI, A, %%& Je

BT CFD 19 10 em (25 - #E 7 2 FHARHE 3 790 it 25 07 X AL Ak -

. -, MARA, SREW, Bk, ARE
s LA AL W T B0 A R S A T e R, REBR, WE, B
M TR RS AL R B R G SR - Bk, TR, EamE, WNEH, FOF
By 77 3R R R AT AR I AL LR

A B T 0 A I 2 ] ux;;a, Wk, RS
5 DRG0 LR B2 PR B AR o vov oo oo 53K, R 3R

(1412)
(1422)

- E, B, KRN, RER, TR

(1437)
(1444)
(1453)
(1460)
(1469)

(1476)
(1485)
(1494)

- L3R, ERIm, e E EE, TR

(1503)
(1514)
(1521)

-V -



7860

7861

7862
7863
7864

7865
7866
7867
7868
7869

7870
7871
7872
7873

7874

7875

7876
7877
7878
7879
7880
7881
7882

7883

7884
7885
7886
7887
7888
7889
7890
7891

7892

AL 4R
R A (5 B — OB e oo LS

AL B AT R G R L R DHEYERE A AT -

. . F}%%, :f[g_-gzj: z'J:7JD Jﬂ\iél
T BRI L AP TE K 3 B e R %z“ FHRT, W
%?E&ﬂf MRNSD %S%E’J%Iﬁhl%‘*ﬁﬁﬂ% e W 3e, FHLEE, L)
e - MRS, Tk ,”1# FRF, RIH
ﬁ&%ﬁﬁ%&ﬁ%ﬂﬁ@#mmﬁ%ﬁﬁ e WM, BB, BAHE, RE
%??%@aﬁ&MMM¥%AEMﬁ%-mmm~wﬁgw%%é,%ﬁ,iﬁﬂ
ST EDT B3R IR A0 B BR AL Tk oeveeeeee e A MOBR E R
—of R S R A 2 DX IS R 4% 8 FL R A O 3 e FARR, SRR, ATHRIR, RS
#ﬁ%ﬁiﬂffﬁﬁ]% SRAM 1?’5’%@]%%&—H— gl‘/’é‘ﬁk, fﬁj@ﬂ-’ I!ifg;_‘
EERMEMRKRFEFHR 2020 F£E 46 EF I (25 331 )

TE 6] AT 1O ) I 2 22 4 5 AR R AR R A oo Bk, Bk, e, HEA
T 1] AN GURFAE B S RS AR ERER S0E - AT 2, Rk, BREF, w7k, 28
%Tfﬁﬂ%%ﬁﬁ%ﬁﬁifﬁi i*@,ﬂ:ﬁg*ﬁ TR TR TPESRTIIND 4. 38 ﬂﬁﬁ’ i%«‘fvb

BT e B SR E W E RSB - e et
e EEE R B, X, KE, ZEH, ME

H T SM4 %%E’JE AL R Y R G
: CRE, Ak, FRR, FK, Wik, KER

HTF PF_RING [ 2 MBS fgﬁﬂﬁa%u e et e
: e R, REA, BEA, NER, KER
%%ﬁ% X%ﬁﬁﬁﬁmﬁﬁﬁkihﬂ e WM, BUIR, B
BT =IuA M4 = 4EROT R R AW, A, AE, R
LA ARG R 30 AL 1 3 s T R 2 RS - s ZR kAR H
ﬁﬂlqﬁéfg%%ﬂﬁj Retinexfﬁﬁﬂgrrﬂ{%iigi %fj’i/}ﬁi, ii{, ,g:;(;gj-
%Q%M%“fTﬁAEﬁm Eﬁﬁﬂ s JRESE RME, AEY
e 'W”T ﬁ%,i%ﬁ,im , P&, R e

Xﬂjlﬁl n Mg{m;rf\{)ﬂj %&%j{f&*ﬁ@}i%% N
: : CRRE I, R, R, WY, B—T, TA
BT A8 [ U i AT ARk - e KPR RFER, R
T MobileFaceNet [ 2% Bt FE (0 A AR B JT B coovvvere e JRF 2 T3
— PP T X R A B ek ORB B e - R TERTRIN 1PN 3
ST AU BT 00 L A PR ARG oo BRAE, FFAR, LR E, KW, H05ih
PR AL I 2 B AR S A R IR TR e R X F, B2 R, Y 2N
ST RS 5 G 2820 P45 10 25 RUBEAT AR o eeeeeee e 0, R AD, D44
ST AT IE ML (0 AR F R T coooeeoeeoeee 2ok 3R, Bk, RV BbSE, A

T U-Net 192 20 42 1685 5 RO $2HL -
: C MR, BER, FAM, REK, TR, THE

ERMEMRKFFR 2020 £5E 46 LF 10 85 (25 332 )

%?%ﬁﬁ%fmeB%uwﬂ%m
e rwra, BRI, AR, HAE, EX4E, T

<V -

- IME KM, KER, T2k, TMEF

(1535)

(1545)
(1555)
(1564)

(1574)
(1582)
(1592)
(1601)
(1610)
(1618)

(1625)
(1635)

(1643)
(1650)

(1660)

(1670)
(1677)
(1682)
(1691)
(1701)
(1711)
(1721)

(1730)

(1739)
(1747)
(1756)
(1763)
(1770)
(1778)
(1786)
(1797)

(1807)

(1817)



7893
7894
7895
7896
7897
7898
7899
7900

7901
7902

7903

7904
7905

7906
7907

7908

7909

7910
7911

7912

7913

7914

7915

7916
7917

7918

7919

7920

7921
7922

AL AT W

HT AIGWO-IMMUKF [ HAREREE B 7 wevverenenenns
o COHAAL, AR, AR, KRS, MR, FMK (1826)
i E AN RGP AT RS B3R R 22 0 3R ~mmwmmmm-&ﬁ,iﬁ%(wﬂ)
eSS YN R ERSPOR VSR I CE A e R - RF e A RIAFRK, EAE (1844)
J T4 R I B 6o St SO 0 2 Y 5 2 P R R R - PP
e CEHTF, NER, VK, EBE, aF, ARE (1853)
BEAU A R By i FE DEM BB {5 H -+ e FR ORI, KF, ALK, TEE (1863)
FETHR 220 HAE W T AN B IRER B e X5, NI A, EBE, #E (1874)
T GNSS-R By RR + B AL B FEPE B ST e R A, BRIPREAK, 225, LS (1883)
IHE JFE P 7 2 68 ) A% B 9 25 4 T A T e -
BT, ER, R, ARM, LEMA, ALH (1890)
7L I i 1) B I S e ML 3 i 4 o O s - RE¥%, AEF, HEAH (1899)
FE T AR ZAE T H0U I g (4 AR g A X U S AR ERRRLLEE LR CLLRERE
CX Bk, ik, F, NFE, Lk (1907)
: CAEYE, GAL, XA, B35, BEAKR, BEAR (1916)
%M%ﬁ%ﬂ%%ﬁﬁi%%m\ﬁﬁmmﬂ 2 I ﬂﬁ% AR (1923)
s ?% IHR, B, FFE, #HE (1929)
FIAGRBCNETE T e B B AT 5P 4 A - e AR, B K, (1941)
G B IR BE T TG AL BT 48 B K B 6 A - e e e
: ~w%,%1h wih, R, HEF, @A (1948)
T SR, EAIK, R, A (1958)
3T ADRC Fi1 RBF #1258 28 11 MSCSG F5 5l R BT VLT o vervrvrrememe e
z%_iz T, A FRR (1966)
FET AR R GRA-TOPSTS & 5 I sl B Pl 07 2% - %mf EaR, KiaF (1973)
—F GTD # R 2 8045 1 19 e gk 2D-TLS-ESPRIT 35 -- e e e
: : AT, RANE, TS, BHE, A (1982)
FeTZ b BORFEN TR Z BRI T E e FRIRE, R4, TREF, R0 (1990)
EEMEMRKEZR 2020 F£E 46 HFE 11 H5 (25 333 )
HTF ORBCOMM TLEHLEE S M@ MR -oveveeeees B, kb, 2w, RA2 (1999)
HTIES iﬁﬂmmﬁzLﬁE%Ew) --------- %%% AR, ek, 28, RiEW (2007)
e ---&ém,mﬁ,ﬂﬁ,%%é(wm)
FY-3D T & 0 1% Ui 2 A0 W SRR BT T R AE LIS AIE e oo W AAM, T4, X HL (2026)
BA B A TP RICR R G R AT SRR v
- rees X E R, RER, BEA, BRI, KE (2039)
T R FE IR s P R S B AL S ZE B e
seees CERFE, mE, TE, REA, RF, T% (2045)
HT ﬁAI&ﬁﬁ%%ﬂﬁﬂﬂﬁﬁﬂ%hAAMEﬂF%Am%ﬁ%
: S HAAR, MRS, ERA, KF (2056)
B BRI AR T ¥ 1 3h ) R R S A - e S e BB, R0, Far (2069)
VU JiE 32 TG A HLIRAT 2 AT AL P S A PP I TR E ST oo g B (2077)
{ﬁ{ﬁmdﬂ 709%%@%)%'%%&%%\6%% %ﬁi{%, }B%\’ 71;32’ ﬁiﬁg (2087)

- VI -



7923
7924
7925
7926
7927
7928

7929

7930
7931
7932

7933

7934
7935
7936
7937

7938

7939
7940

7941
7942
7943
7944
7945
7946

7947
7948

7949
7950
7951
7952
7953
7954

T SVM A EKF B 75 o R0 AT A BB AR oo R EOME SRR B A
10 DU 38 RAT AR U i B B AT T35 v veeveeveeeeeeee e M &M, 2R, LR A

T B SO 5L ) R B 2 oL M AL - e RIRA, EAE, BN
T XFEM-CZM %%A%‘E’JE&?%%%%ﬁ?ﬁ%ﬁﬂ‘ﬁ&@f?ﬁ{ﬂ]ﬂ e AR, KA, HEUR

VR T R BB B AR IR R e B B i vk - x4k, E oL, AR, RR, EMWE

SEF UG GERT 4F 55 1o B0 I A5 e B 40 A O 3 R

— 4k GTD B g P DA B S B0 T B9 MUSIC Bk ceever e
: CAAET, R, A, TWE, ek

TN A MBI G FRUE YOI A e B3R, FRE, 25, RLTF

HF CRITIC-TOPSIS [ 3 45 T B BTG - oeeeeoo R, A2BTIS, Jo B

T I S A G0 RS I 1 52 IR S A e B i e weens
C EAER, AL, TR, R¥E, BKFF
GSO T2 R G AT % b i@ (5 T sl ik - .

: e CERR, BEIE, S, B, AR, BEL

ERMEMRKFEFZR 2020 £ 46 BF 128 (S5 334 )

%8 oy IR B AL - o e ARSI e FNE R, FHR, REE
IR DA S SRR S RGN AR TE <o MpIE, R, R, HALE

L2 FICAR T BE Bl A Bk o A X E R N A - e R, B, FR4R

BRI R TS b A

MR, BT, RBA KA, 5 R, Fdd, ARR

—oft 4 B 3 S [ AU RE T vk B T e :

- AR, WA, MHE, Rk, B8 %, At
75 JE e AL A B XUk 2 2 sl P i i - A, A, XER, KBS
& IR EO KX SIS Hﬂﬁaf“)@@ﬁ’ﬂ]‘tbﬁﬁt e

o

Py

T ASTSMO Fi1 UIO (Bl it T s -oeeee e if‘i»lé, 5‘1'5‘4?;, B&HxX, Bk, LE%
52 % 3 G0 0 3k R M A B 5 D RN OR i k - e TORN BREE, BIR
JEF SADRC 1) VU Jie 38 LA ff A 45 il A g oA oeveeeeees TR FRE, B A
*Ezilﬁnqyi//q\x:ﬁz%ﬁéﬂ ‘ﬁiﬂr_'fjﬁ’ﬂﬁ /fl(‘,]:]: I‘if /7 ﬂ7
B AL A 2R ML B K R b e BRAEFE, AR, hEE, TR, ﬁ:m
FE TG T 2 WL Y 2R A ) 2 o R R SR s e
. - KA, BHE,FEER, AEE, LA
M TS KNG PR TS e INEIE, B, N ES, KT
55T Hamilton {K R ) Lagrange J5 2 & 200 % e 32 o A HLAEEL - reereene e
. - R, LFEF, AN,
H T SMO Y e BY 3G 57 BT Jy ik oo - RIEAE, G, F T
ST APE MR ETE CMG BHESERUN ] ceve oo AP, R 7%
FET B 3G N 2T RS D A B AL B e A, DR, B EH, R
T RS-CRITIC /)25 % H Ar BUMMTAL - HER, FRA, R, 8%, £2t
W g B i) CT g E g -ooeeeeees XWB, INER, Bk, THE, RFF
GEO-UAV 25 W SAR — 440 B he S 40 #F - e ZRGE R 20

-V -

(2094)
(2106)
(2114)
(2121)
(2131)

(2140)

(2149)
(2156)
(2168)
(2176)
(2184)
(2195)
(2203)
(2211)

(2217)

(2227)
(2236)

(2245)

(2253)
(2264)
(2274)
& (2284)
(2293)

(2302)
(2311)

£ (2320)

(2329)
(2339)
(2348)
(2357)
(2366)
(2374)



7693

7694

7695

7696

7697

7698

7699

7700

7701

7702

7703

7704

7705

7706

7707

7708

7709

7710

7711

7712

7713

7714

7715

7716

7717

JOURNAL OF BEIJING UNIVERSITY

AERONAUTICS AND ASTRONAUTICS
2020 Vol.46 Total Contents
(Sum 323 ~ Sum 334)

Journal of Beijing University of Aeronautics and Astronautics 2020 Vol. 46 No. 1 ( Sum 323)

Interannular flow characteristics of coaxial rotational conical cylinder
- BAO Feng, LU Yuan, ZENG Hualun, TU Li (1)
Control strategy of lunar orbit descent to achieve lunar landing
- LI Gefei, LIU Yong, MA Chuanling, HAO Dagong (13)
Study on Earth-to-Mars direct transfer trajectory by the Long March launch vehicle
- GENG Guangyou, WANG Jue, HOU Xiyun, YU Menglun, WANG Jianming, ZHANG Zhiguo (20)
Bifactor weight determination method based on direction and distance in geomagnetic data assimilation
- LIU Xiaogang, XU Jinglin, GUAN Bin, MA Jian, DUAN Weichao (29)
Air disturbance affecting wing deflection deformation modeling for InSAR
- ZHU Zhuangsheng, ZHANG Meng (38)
Design of spacecraft multi-channel near-field wireless energy transfer system
- LIU Zhigang, ZHU Liying, ZHANG Xiaofeng, YANG Shichun, LIU Qingjun (51)
Mechanism of spray in gasoline direct injection engine based on laser diagnostics
- SHANG Yong, JIN Wei (60)
Variable structure and dynamics properties of mixing rotor due to thermal expansion
- PAN Jianzhi, WEI Dasheng, HU Weinan (67)
Longitudinal stability analysis for X-37B like trans-atmospheric orbital test vehicle based on aerodynamic derivatives
- ZHANG Qing, YE Zhengyin (77)
Hygrothermal property of domestic carbon fiber/bismaleimide resin composites for aeronautic application
- XU Weiwei, WEN Youyi, GU Yizhuo, LI Bo, TU Jiayi, ZHANG Zuoguang (86)
Improved response surface method of reliability analysis based on efficient search method
- HONG Linxiong, LI Huacong, PENG Kai, XIAO Hongliang, ZHANG Xu (95)
Integrated design scheme for fault sample size determination and allocation
- WANG Kang, SHI Xianjun, HAN Xu, LONG Yufeng (103)
LiDAR K-means clustering algorithm based on threshold
- XIA Xianzhao, ZHU Shixian, ZHOU Yiyao, YE Mao, ZHAO Yiqiang (115)
Negative ambiguity function characteristics simulation of FDA
- WANG Bo, XIE Junwei, ZHANG Jing, SUN Bosen (122)
Outlier detection of ionospheric anomaly data in China
- LIU Yutong, LI Rui, BAO Junjie, LIU Yaxi (133)
Modeling of GNSS-R signal under effects of swell and rain
e e e e e e e e - WU Di, ZHANG Bo, LI Bowen (141)
MSCSG attitude measurement method based on inverse system decoupling
+ YU Chunmiao, WANG Zhou, REN Yuan, WANG Weijie, FAN Yahong (150)
Optimal maneuver penetration strategy based on power series solution of miss distance
- WANG Yafan, ZHOU Tao, CHEN Wanchun, HE Tailong (159)
Integrated planning method and optimization for off-chip time-triggered communication
- WANG Jingjing, LI Qiao, XIONG Huagang, LI Ershuai (170)
Knowledge discovery of telemetry data cross-correlation structure based on ensemble learning
- SHI Mengxin, ZHI Jia, GAO Xiang, YANG Jiasen (181)
Super-resolution reconstruction algorithm based on deep learning mechanism and wavelet fusion
- YANG Sichen, WANG Huafeng, WANG Yuehai, LI Jintao, WANG Yunhao (189)
Mechanism of voltage spike production during switching transients and its suppression methods in Boost converter
- YU Zhaolong, GE Hongjuan, LI Shang, YANG Fan (198)
Optimization of pressing force considering instantaneous springback in skin-side pressed drilling
- WANG Wei, WANG Min, CHEN Wenliang, XU Qinghe, HUANG Wen, JIANG Hongyu (210)
Optimized two-dimensional FFT signal processing algorithm for millimeter-wave FM fuze
- GUO Chenxi, HAO Xinhong, LI Ping, LI Guolin, JIA Ruili (220)
Mechanism and experiment on high-efficiency chip removal in ultrasonic vibration core drilling of CFRP

- LI Zhe, WANG Xin, ZHANG Yi, HOU Bo, ZHANG Deyuan (229)

X -



7718

7719

7720

7721

7722

7723

7724

7725

7726

7727

7728

7729

7730

7731

7732

7733

7734

7735

7736

7737

7738

7739

7740

7741

7742

7743

7744

AeALF 4R

Journal of Beijing University of Aeronautics and Astronautics 2020 Vol. 46 No. 2 (Sum 324)

Non-orthogonal multiple-relaxation-time lattice Boltzmann simulation of natural convection in porous square
cavity with internal heat source
- ZHANG Ying, BAO Jin, GUO Hailong, LIAN Xiaolong, HUANG Yichen, LI Peisheng
Integrated orbit, attitude and manipulator control of space multi-body system
- WEI Chunling, YUAN Quan, ZHANG Jun, WANG Mengfei
Hierarchical porous ZnMn, O, microsphere anode
- REN Yanbiao, ZHANG Shichao, ZHANG Lincai, HE Xiaowu, ZHAO Jinguang
Moving object speed measurement for low-camera-angle surface surveillance
- ZHANG Tianci, DING Meng, QIAN Xiaoyan, ZUO Hongfu
A technology for generation of space object optical image based on 3D point cloud model
- LU Tingting, LI Xiao, ZHANG Yao, YAN Yan, YANG Weidong
Design of Moon-to-Earth transfer orbit with direct atmospheric reentry
- BEN Liyan, YAN Lingling, XIE Xianghua, ZHANG Rui, WANG Guoji
Dynamic property test and system identification of model aircraft actuators
- SUN Yukai, ZHANG Renjia, WU Zhigang, YANG Chao, YANG Yang
Dynamic characteristics of wire-driven parallel robot with wire damping
- PENG Miaojiao, WU Huisong, LIN Qi, ZHOU Fangui, LIU Ting, WANG Xiaoguang
Time-varying formation control for UAV swarm with directed interaction topology and communication delay
- HE Lyulong, ZHANG Jiagiang, HOU Yueqi, LIANG Xiaolong, BAI Peng
Fault-tolerant design method for circuit system based on moment-independent importance
« LU Zhendan, CHEN Yunxia, JIN Yi, HE Xiaobin
Information reconstruction algorithm of aero-engine sensors and actuators
- SUN Hao, GUO Yingqing, ZHAO Wanli
Composite iterative learning control for electric dynamic loading system with control time delay
- DAI Mingguang, QI Rong
Enhancement of implicit assembly strategy in overlapping grids
- XUAN Chuanwei, HAN Jinglong
Similarity theory in icing wind tunnel test
- TIAN Yongqiang, CAI Jinsheng, ZHANG Zhengke, YANG Leilei
Separation of midcourse multiple micro-motion targets based on DSFMT
- CHEN Shuai, FENG Cungian, ZHANG Rong
Influence of mechanical vibration on characteristics of plane tactile sensing
- SONG Rui, SUN Xiaoying, LIU Guohong
Air combat threat assessment based on improved GRA-TOPSIS
- XI Zhifei, XU An, KOU Yingxin, LI Zhanwu, YANG Aiwu
Two-stage variable threshold correlative and competitive degradation modeling
- WANG Qianyuan, YUAN Hongjie, XU Ruyuan
Burr characteristics of robotic rotary ultrasonic drilling aluminum alloy stacked components
- HU Lichuang, ZHENG Kan, DONG Song, XUE Feng, SHU Jing, MIAO Didi
Sensitivity analysis for aviation insecure event using Monte-Carlo method under uncertain conditions
- CHEN Haoran, CUI Lijie, REN Bo, ZHANG Jiakui
Design of LiDAR ranging system for short-distance dynamic range and error analysis
- WANG Hao, LUO Pei, LI Xiaolu
Optimization for settings of sensor array in electromagnetic tomography
+ YUE Yuanli, LIU Ze, WU Jianli, MIAO Yu, LIU Xianglong, WANG Jiawei
Hardware-in-the-loop simulation of fuel cell UAV power system
- DAI Yueling, LIU Li, ZHANG Xiaohui
Deformation and end contact force of fiber-reinforced soft gripper
- GU Sucheng, WANG Baoxing, LIU Juncheng, LI Wei, CAO Yi

Journal of Beijing University of Aeronautics and Astronautics 2020 Vol. 46 No. 3 ( Sum 325)

Electrostatic cross-correlation sensitivity weighting based gas path debris monitoring
- WANG Chao, ZHANG Shuai, LI Yadong, JIA Lin
Design and analysis of a new large rotation angle 2T2R parallel mechanism
- FANG Hairong, LI Zhuangzhuang
Airworthiness compliance verification method of CO, metric based on QAR data
- CAO Huiling, TANG Xinhao

- X -

(241)
(252)
(259)
(266)
(274)
(287)
(294)
(304)
(314)
(324)
(331)
(340)
(350)
(359)
(371)
(379)
(388)
(398)
(407)
(414)
(422)
(430)
(439)

(447)

(457)
(465)

(474)



7745

7746

7747

7748

7749

7750

7751

7752

7753

7754

7755

7756

7757

7758

7759

7760

7761

7762

7763

7764

7765

7766

7767

7768

7769

7770

7771

7772

7773

Je At S 4R
Solving finite element stiffness matrix based on convolutional neural network
«veveeees JIA Guanghui, YU Yunrui, WANG Dan
Signal recognition of loose particles inside aerobat based on support vector machine
- MENG Cai, LI Yanggang, ZHANG Guoqgiang, ZHAO Changxing
Takeoff taxiing control of joined-wing UAV based on backstepping method
- LI Jiguang, DONG Yanfei, YANG Fang, SHEN Yang
Adaptive cross-section segmentation method for aircraft fuel mass properties calculation
- SONG Wei, ZHONG Ruoying
A prototype for rapid generation of cabin layout of blended wing body aircraft
- ZHU Wensheng, YU Xiongqging
Static response performance of ytiria-stabilized zirconia based flame sensor
- XU Hanging, FAN Weijun, ZHANG Rongchun, SHI Qiang, TAN Wenlong, FENG Jianwei
Application of matrix bandwidth reduction technique in implicit discontinuous Galerkin
- LI Liang, WU Songping
Quadratic programming equivalent mapping method for external aerodynamic force in flight load analysis
- LIU Yunzhen, WAN Zhiqgiang, YANG Chao
Distributed user trace collection and storage system
- XIA Qianchen, LYU Jianghua, MENG Xiangxi, MA Shilong
Optimization algorithm of infrared cooperative location based on ridge regression
- WANG Jundi, XU Yunshan, PENG Fang, XIAO Bingsong
Sensitive parameters affecting performance of three-petal high-speed floating-ring seal
- LI Qingzhan, LI Shuangxi, ZHENG Rao, MA Wenjie, ZHUANG Suguo
Online trajectory planning algorithm for hypersonic glide re-entry problem
- LI Jun, JIANG Zhenyu
An adaptive mesh refinement method based on immersed finite element method
- ZHANG Hua, BAI Jungiang, QIAO Lei, LIU Yan
Orbit correction method of space-based laser interferometric gravitational wave detector
- HUANG Wentao, SHI Peng, ZHAO Yushan, WU Hailei
Inlet/engine integrated control based on auxiliary door
- YE Dongxin, ZHANG Haibo, CHEN Haoying
An improved DS evidence theory algorithm for conflict evidence
- ZHANG Huan, LU Jianguang, TANG Xianghong
Weak links identification of diesel engine system under strong electromagnetic pulse
- LIU Tianshi, ZHAO Yu, ZHU Ting, SUN Tiegang, WU Yi, SUN Xiaoying
Vehicle detection in UAV image based on video interframe motion estimation
- CHEN Yingxue, DING Wenrui, LI Hongguang, WANG Meng, WANG Xu
Angle deception effect of FDA on amplitude comparison direction finding system with single pulse
- WANG Bo, XIE Junwei, GE Jiaang, ZHANG Jing

Journal of Beijing University of Aeronautics and Astronautics 2020 Vol. 46 No. 4 (Sum 326)

Real-time performance evaluation technology of airborne network for avionics system
- HE Feng, ZHOU Xuan, ZHAO Changxiao, LI Qiao, WANG Peng, XIONG Huagang
Separation technology of system noise in error motion test
- FENG Ming, ZHOU Chengyu, ZHANG Kun, WANG Xinjie
Airline hub network optimization design under uncertain demand
- LE Meilong, ZHENG Wenjuan, WU Minggong, WANG Zekun
Physics-based numerical simulation of AUV docking by self-propulsion
- WU Lihong, WANG Shiwen, FENG Xisheng, LI Yiping, LIU Kaizhou
Terrain match aided navigation method of hypersonic glide vehicle
- XIAN Yong, REN Leliang, YANG Zicheng, ZHANG Daqiao, LI Jie
Path planning for mobile robot based on improved genetic algorithm
- WEI Tong, LONG Chen
Video formatting method of near-space data for Web scientific visualization
- TAN Jian, WANG Shenghua, GUO Changshun
Research on wagon-wheel fuel grain parametric design and internal ballistics performance of hybrid rocket motor
- LI Xintian, CAI Qiang, LI Yancheng, WANG Xuekun, DAN Linpeng
Inter-satellite communication rate control method of Beidou navigation constellation
- LI Xianbin, WANG Jian, FAN Guangteng, YANG Zhixi
Interval interference time-variant reliability analysis method for propellant tank

- XIN Tengda, ZHAO Jiguang, CUI Cunyan, DUAN Yongsheng

(481)
(488)
(496)
(505)
(515)
(524)
(532)
(541)
(548)
(563)
(571)
(579)
(588)
(598)
(608)
(616)
(624)
(634)

(643)

(651)
(666)
(674)
(683)
(691)
(703)
(712)
(724)
(731)

(739)

- X -



7774

7775

7776

7777

7778

7779

7780

7781

7782

7783

7784

7785

7786

7787

7788

7789

7790

7791

7792

7793

7794

7795

7796

7797

7798

7799

7800

7801

7802

Je At S 4R
Residual vibration suppression method of a cylindrical material loading robot
- ZHENG Yu, GUANG Chenhan, YANG Yang
High-precision decoupling calibration method of multi-dimensional mounting spacecraft
- MAO Boyuan, JI Junpeng, ZHANG Pengfei
TSKF algorithm for pulsar position error estimation
- XU Qiang, FAN Xiaohu, XU Liguo, WANG Hongli, FENG Lei
Formation control for high-order linear swarm systems with complex communication conditions
- SHI Xiaohang, ZHANG Qingjie, LYU Junwei
Interval type-2 adaptive fuzzy sliding mode control design of reentry attitude for reusable launch vehicles
- YANG Zhenshu, MAO Qi, DOU Ligian
High-precision geomagnetic reference map construction method based on compressed sensing
- MA Xiaoyu, ZHANG Jinsheng, HAO Liangliang, LI Ting, WANG Shaobo, LI Lin
Design and analysis of a 3-PPP compliant parallel micro-positioning stage
- WANG Baoxing, MENG Gang, LIN Miao, LI Wei, CAO Yi
A Cache design for image warping
- KANG Jie, LIU Qiang
Research and design of synchronous GPS spoofing signal generation technology
- LIU Yachuan, KOU Yanhong
Rate-constrained traffic prediction of TTE network based on LSTM
- SHI Yafei, LI Qiao, XIONG Huagang
Numerical study on mechanical properties of seaplane in whole water surface landing process
- ZHAO Yunke, QU Qiulin, LIU Peiqing

Journal of Beijing University of Aeronautics and Astronautics 2020 Vol. 46 No. 5 ( Sum 327)

Air traffic complexity recognition method based on complex networks
- WU Minggong, YE Zelong, WEN Xiangxi, JIANG Xurui
Tilted orbital milling method for hole-making of CFRP/titanium alloy laminated structures
- GAO Yanfeng, FANG Xiang’ en, XIONG Jun, XIAO Jianhua
Global estimation method based on least square fitting for distributed POS
- YE Wen, LIU Yanhong, WANG Bo, CAI Chenguang, LI Jianli
Numerical simulation and analysis of aerodynamic characteristics of fan-wing airfoil with leading edge winglet
- DU Siliang, FENG Chen, TANG Zhengfei
DRO computation and its perturbative force in the Earth-Moon system
- WU Xiaojing, ZENG Lingchuan, GONG Yingkui
Hot forming limit of TA15 titanium alloy based on M-K model
- BI Jing, MA Bolin, ZHANG Yanling, ZHANG Zhi, WU Xiangdong
Immune optimization algorithm for nonlinear multi-objective probabilistic constrained programming
- ZHANG Renchong, ZHANG Zhuhong
A image reconstruction algorithm of transient sources based on combined sparsities of background and variation
- YANG Yi, DENG Li, DUAN Ran, YANG Zhen
Simultaneous inversion of fractal morphology and particle size distribution of soot aggregate based on
light scattering intensity -+--+-+-++----« ZHANG Junyou, QI Hong, WANG Yifei, REN Yatao, RUAN Liming
Visualization experimental study of compensation chamber of a propylene loop heat pipe
- LIU Cheng, XIE Rongjian, WANG Shiyue, WU Yinong
Trim analysis method of helicopter based on CFD/CSD loose coupling
e e e - YU Jin, WANG Song, LIU Yong, YANG Weidong
Temperature field reconstruction of scattering flame based on light-field imaging
- HUANG Xing, QI Hong, NIU Zhitian, REN Yatao, RUAN Liming
Active disturbance rejection based formation tracking and collision avoidance control for second-order
multi-agent system +eceeeereeeeeieiieiiiiieieienieeeieeee. YAQ Hui, XI Jianxiang, WANG Cheng, HU Laihong
Flow control method for UAV airport airspace based on graph theory
- CUI Kai, ZENG Guogi, LIN Wei, QUAN Quan
Method and experimental verification of dynamic accuracy detection of single-frequency RTK
- SUN Yixuan, YU Baoguo, YANG Dongkai, DU Yi, HAN Mutian
Large crater identification method based on deep learning
- ZHENG Lei, HU Weiduo, LIU Chang

Multiple-fault fault-tolerant control of transport aircraft based on extended state observer

(746)
(754)
(761)
(769)
(781)
(791)
(798)
(808)
(814)
(822)

(830)

(839)
(851)
(862)
(870)
(883)
(893)
(900)
(915)
(925)
(933)
(941)
(952)
(960)
(978)
(988)

(994)

- DONG Wenhan, TONG Yingyi, ZHU Peng, GUO Jia (1005)

Influence of diurnal temperature changes on oxygen concentration in free space of fuel tank

- ZHANG Ruihua, LIU Weihua, PENG Xiaotian, FENG Shiyu (1018)

< XTI -



7803

7804

7805

7806

7807

7808

7809

7810

7811

7812

7813

7814

7815

7816

7817

7818

7819

7820

7821

7822

7823

7824

7825

7826

7827

7828

7829

JeALS
A difference measurement points planning method for large-scale surface of aircraft
. MAO Zhe, LI Shuanggao, XU Yan, ZENG Qi, ZHU Kui (1024)
Numerical simulation and comparison of oxygen consumption inerting and hollow membrane inerting in fuel tank
- WANG Suming, FENG Shiyu, LI Zongqi, PENG Xiaotian, LIU Weihua (1032)
Image mosaic tampering detection based on deep learning
- BIAN Liang, LUO Xiaoyang, LI Shuo (1039)

Journal of Beijing University of Aeronautics and Astronautics 2020 Vol. 46 No. 6 ( Sum 328)

EEG based amplitude-modulated auditory steady-state response and auditory selective attention analysis
- ZHENG Dezhi, JIA Hongru, JIANG Fengmin, ZHU Meiyi, NA Rui, ZHANG Shuailei (1045)
Path following and obstacle avoidance control of AUV based on MPC guidance law
- YAO Xuliang, WANG Xiaowei (1053)
Stable control of MSCMG rotor based on feedback linearization
- TANG Jigiang, WEI Tongkun, NING Mengyue, CUI Xu (1063)
Method for screening fine water mist additive based on temperature drop index of lithium-ion battery
- ZHANG Qingsong, LUO Xingna, CHENG Xiangjing, BAT Wei (1073)
Experimental research on aerodynamic force effect of multiple plumes based on pressure-sensitive paint technique
- WU Jing, CAI Guobiao (1080)
A method for GNSS-IR soil moisture inversion based on GPS multi-satellite and triple-frequency data fusion
- SUN Bo, LIANG Yong, HAN Mutian, YANG Lei, JING Lili, HONG Xuebao (1089)
Tactical activity recognition model and online accurate inference based on CIDBN
- GUO Haifeng, LIU Honggiang, ZHUANG Yanlong, YANG Haiyan (1097)
Numerical simulation of parafoil inflation process based on fluid-structure interaction method
- ZHANG Siyu, YU Li, LIU Xin (1108)
Effect of hygrothermal environment on tensile and compressive properties of CCF800/epoxy scarf-repaired laminates
- ZHANG Jie, CHENG Xiaoquan, CHENG Yujia, FENG Zhenyu (1116)
Research and detection of magnetic anomaly signals of moving vehicles at different speeds
- WANG Yao, SHAO Jianda, HU Guohang, LIU Xiaofeng, ZHANG Kaixin (1125)

Periodic quasi-satellite orbits around Phobos and their injections
- WU Xiaojie, WANG Yue, (1133)
Multi-platform cooperative task planning with decoupling optimization and circulating APF
seeeeeeee JIA Zhengrong, LU Faxing, WANG Hangyu (1142)
Beijing-Tianjin-Hebei carbon steel soil corrosion rate map based on BP-GIS
- LI Jingyang, WANG Zhen, CHEN Yi, QI Junfeng, YANG Bin (1151)
Extended-state-observer based sliding mode control for pump-controlled electro-hydraulic servo system
- GUO Xinping, WANG Chengwen, LIU Hua, ZHANG Zhenyang, JI Xinhao, ZHAO Bin (1159)
Control-oriented modal analysis and dynamic modeling for six-degree-of-freedom piezoelectric vibration
isolation platform v+ eereeeeve i e YU Shuaibiao, ZHANG Zhen, ZHOU Kemin (1169)
A roll angle estimation method using GPS based on adaptive filter
- LIU Yang, LI Huaijian, DU Xiaojing (1177)
Remote sensing image ship detection based on modified YOLO algorithm
- WANG Xikun, JIANG Hongxu, LIN Keyu (1184)
An object-oriented multi-scale segmentation optimization algorithm based on PCA
seeseeoeo JIANG Chenchen, HUO Hongtao, FENG Qi (1192)
Control-aircraft state interdependent network model and characteristic analysis
- LI Ang, NIE Dangmin, WEN Xiangxi, WANG Zekun (1204)
Vulnerability and defense strategy for gunship against HE munition
- HU Zhengzhe, LI Xiangdong, ZHOU Lanwei, CHEN Xing (1214)
Multicomponent LFM signal detection and parameter estimation method based on FRFT
- SONG Yaohui, HUANG Yangchao, ZHANG Hengyang, QIN Zhikang, GAO Weiting (1221)
A decentralized fusion estimator using linear coding compensation method with non-fixed dropout rates

- HAN Xu, ZHAO Guorong, WANG Kang (1229)
Journal of Beijing University of Aeronautics and Astronautics 2020 Vol. 46 No. 7 ( Sum 329)

A robustness-enhanced traffic classification method in airborne network
- LYU Na, ZHOU Jiaxin, CHEN Zhuo, LIU Pengfei, GAO Weiting (1237)
Game analysis of airline freight alliance based on improved prospect theory
- YAN Yan, ZHANG Jin, TANG Qiuyu (1247)

<X -



7830

7831

7832

7833

7834

7835

7836

7837

7838

7839

7840

7841

7842

7843

7844

7845

7846

7847

7848

7849

7850

7851

7852

7853

7854

7855

7856

7857

7858

AL AT W
Reflection/transmission characteristics based on Legendre orthogonal polynomial method
- HE Cunfu, REN Zhewen, LYU Yan, GAO Jie, WANG Shuo, SONG Guorong
Recognition of fighter maneuver in automatic flight training evaluation
- MENG Guanglei, ZHANG Huimin, PIAO Haiyin, LIANG Xiao, ZHOU Mingzhe
Path planning for logistics UAV in complex low-altitude airspace
- ZHANG Qiqgian, XU Weiwei, ZHANG Honghai, ZOU Yiyuan, CHEN Yutong
A multi-dimensional comprehensive evaluation model of mental workload for complex flight missions
- WEI Zongmin
Effects of propeller slipstream on diamond joined-wing configuration solar-powered UAV
- ZHAO Wei, HUANG Jiangliu, ZHOU Zhou, ZHANG Shunjia, BI Peng
A methodology for target recognition with parameters of interval cross type
- LI Shuangming, GUAN Xin, ZHAO Jing, WU Bin
Anti sweep jamming method of hybrid modulation fuze based on harmonic coefficient amplitude averaging
- CHEN Qile, HAO Xinhong, YAN Xiaopeng, QIAO Caixia, WANG Xiongwu
Target assignment method for phased array radar network in anti-missile early warning
- YANG Shanchao, TIAN Kangsheng, WU Weihua, LIU Wenjian, ZHOU Guangtao
Modeling and analysis of pressure wave propagation inside pipeline of digital switched hydraulic system
- CHEN Xiaoming, ZHU Yuchuan, WU Changwen, GAO Qiang, JIANG Yulei
Comparative study on information fusion methods in constellation distributed autonomous orbit determination
- YANG Jing, WEI Ruoyu
Spacecraft non-singular adaptive terminal sliding mode attitude-orbit coupling control
- PAN Fei, ZHU Hongyu
Channel compensation and signal detection of OFDM based on neural network
- LIU Buhua, DING Dan, YANG Liu
Prediction method of shock wave peak overpressure generated by air explosion of rocket
- WANG Yan, WANG Hua, CUI Cunyan, DUAN Yongsheng, ZHAO Beilei
An efficient characteristic-wise hybrid compact-WENO scheme
- LUO Xin, WU Songping
Gust alleviation control for flying-wing UAV by control surface based on limited parameter variation rate
- SUN Yixuan, BAI Jungiang, LIU Jinlong, SUN Zhiwei
Method of accuracy analysis for composite material surface measurement by lidar
- PAN Xin, ZHANG Li, HE Kai
Conceptual design method of reconfigurable spacecraft based on visualization model
- GUO Dawei, LIU Li, CHEN Yujun, LI Wenguang, CHENG Song
An offline training method using CGAN for anti-jamming communication decision network
s+e-e-eeo JIANG Minmin, LI Dapeng, QIU Xin, MU Fuqi, CHAI Xurong, SUN Zhihao
An integrated planning model for production and transportation in make-to-order multi-site aviation
manufacturing industry -+ e+seveeeseeesiieeeiiec oo SHEN Guangya, LI Liheng, ZHANG Ning

Journal of Beijing University of Aeronautics and Astronautics 2020 Vol. 46 No. 8 ( Sum 330)

Influence of ultrasonic energy on weld formation of friction stir welding of aluminum alloy
- YANG Kunyu, PENG Bin, YUAN Zhaoqgiao, SONG Jiayin, HE Diqiu
Multi-scale joint estimation of SOC and capacity of lithium-ion battery
- YANG Shichun, HUA Yang, GU Qimeng, YAN Xiaoyu, LI Lin
Dimensionless study on efficiency of new exhaust residual pressure utilization system
- YU Qihui, ZHAI Jianwei, TAN Xin, FANG Guihua, MENG Jianguo
Fault diagnosis method for wind turbine pitch system based on modified IMM
- WANG Jinhua, ZHU Enchang, CAO Jie, YU Ping
Damping anti-vibration design and optimization method of composite skin with hard coating
- ZHANG Bocheng, ZHANG Jian, ZHANG Zefeng, HU Jingze
Optimization of anode propellant allocation manner of 10 cm xenon ion thruster based on CFD
- HU Jing, YANG Fuquan, GUO Dezhou, GAO Jun, ZHENG Maofan
Distributed moving horizon estimation under constraints of quantized measurements and packet dropouts
- LIU Shuai, ZHAO Guorong, ZENG Bin, GAO Chao
Visual feedback system applied to Al chips
- LI Xinzhi, DONG Shengbo, CUI Xiangyang, LIU Zhizhe, GUO Guanghao
Reentry trajectory planning for range-extended hypersonic vehicles with boosters
- FENG Yue, WANG Rongshun, MEI Yingxue, SUN Hongfei, WU Liaoni
Optimization of diffusion barrier process on copper interconnection

- FU Xiaojuan, ZHAO Yiqgiang, LIU Jun, SONG Kaiyue

<XV -

(1258)
(1267)
(1275)
(1287)
(1296)
(1307)
(1317)
(1325)
(1335)
(1345)
(1354)
(1363)
(1371)
(1379)
(1387)
(1398)
(1405)
(1412)

(1422)

(1437)
(1444)
(1453)
(1460)
(1469)
(1476)
(1485)
(1494)
(1503)

(1514)



7859

7860

7861

7862

7863

7864

7865

7866

7867

7868

7869

7870

7871

7872

7873

7874

7875

7876

7877

7878

7879

7880

7881

7882

7883

7884

7885

7886

7887

Dynamic scheduling for aircraft mobile production line considering material supply interfe
- LU Bin, LU Zhiqiang
A transient modeling method for unknown information regulating valves in complex pipeline network system
- WANG Yejun, CHEN Yang, CAI Guobiao, HUANG Yulong, WANG Xianyong
Driving characteristics and energy saving and emission reduction performance of aircraft electric taxiing system
- TANG Jianjun, GUO Weidong, XU Dongguang, JIA Yuhong
Monaural singing voice separation based on high-resolution network
- ZHANG Yang, NIU Zhixian, NIU Baoning, CHANG Yan
Electrical impedance tomography based on improved MRNSD algorithm
- FAN Wenru, LI Jingyao, WANG Bo
Radar LPI performance evaluation method for waveform domain based on IFA-HFS
- YANG Chengxiu, WANG Qianzhe, PENG Weidong, LI Huanyu, PEI Shaoting
Dynamic analysis of off-center arrest for carrier-based aircraft considering kink-wave
- XIE Pengpeng, PENG Yiming, WEI Xiaohui, NIE Hong
Method for reducing number of ARAIM subsets based on subset inclusion
- LIU Jinxin, TENG Jitao, LI Rui, WANG Junjun
Optimization method of scan test compression circuit based on EDT
- LI Song, ZHAO Yiqgiang, YE Mao
Target detection method for region proposal network with variable anchor box
- LI Chenghao, RU Le, HE Linyuan, CHI Wensheng
Design of a novel read and write assisted circuit in low power SRAM
- GUO Chuncheng, HAO Xudan, CHEN Fei

Journal of Beijing University of Aeronautics and Astronautics 2020 Vol. 46 No. 9 (Sum 331)

Construction of network security situation indicator system for video private network
- LI Xin, DUAN Yongcheng, HUANG Shuhua, FAN Zhijie
Cross-modal object tracking algorithm based on pedestrian attribute
- ZHOU Qianli, ZHANG Wenjing, ZHAO Luping, TIAN Naiqian, WANG Rong
Lane semantic analysis based on road feature information
- LUO Sheng, ZHAO Li, WANG Muchou
Vehicle re-identification optimization algorithm based on high-confidence local features
- DOU Xinze, SHENG Hao, LYU Kai, LIU Yang, ZHANG Yang, WU Yubin, KE Wei
White-box (’ryptographl(’ video data sharing system based on SM4 algorithm
R R - WU Zhen, BAI Jian, LI Dashuang, LI Bin, ZENG Bing, ZHANG Zhenggiang
High—performance multi-core video stream transmission model based on PF_RING
- LI Xin, FAN Zhijie, CAO Zhiwei, HU Zhengliang, CHEN Guoliang
Automatic recognition for terrorism related image based on transfer learning
- CHEN Mengfu
Cross-domain person re-identification based on partial semantic feature invariance
- ZHANG Xiaowei, LYU Mingqgiang, LI hui
Monocular image based 3D model retrieval using triplet network
- DU Yujia, LI Haisheng, YAO Chunlian, CAI Qiang
Structural weighted low-rank approximation for Poisson image deblurring
- WU Qingbo, REN Wenqi
Learning shrinkage fields for low-light image enhancement via Retinex
- WU Qingbo, WANG Rui, REN Wenqi
Extraction of foreground area of pedestrian objects under thermal infrared video surveillance
- ZHANG Yugui, SHEN Liuqing, HU Haimiao
Intelligent criminal investigation system based on both footprint recognition and surveillance video analysis
- TAO Yining, SU Feng, YUAN Peijiang, WANG Tianmiao, ZHONG Tao, HAO Jingru
Dual-spectrum intelligent temperature detection and health big data management system
- ZHANG Jieru, SU Feng, YUAN Peijiang, WANG Tianmiao, TAO Yining, DING Dong
Pedestrian re-identification method based on spatial attention mechanism
- ZHANG Zihao, ZHOU Qianli, WANG Rong
Improved face recognition method based on MobileFaceNet network
- ZHANG Zihao, WANG Rong
An improved ORB algorithm based on region division
- SUN Hao, WANG Peng
Vital signs detection via facial video analysis

- CHEN Hui, ZHENG Xiujuan, NI Zongjun, ZHANG Yun, YANG Xiaomei

(1521)
(1535)
(1545)
(1555)
(1564)
(1574)
(1582)
(1592)
(1601)
(1610)

(1618)

(1625)
(1635)
(1643)
(1650)
(1660)
(1670)
(1677)
(1682)
(1691)
(1701)
(1711)
(1721)
(1730)
(1739)
(1747)
(1756)
(1763)

(1770)

<XV -



7888

7889

7890

7891

7892

7893

7894

7895

7896

7897

7898

7899

7900

7901

7902

7903

7904

7905

7906

7907

7908

7909

7910

7911

7912

7913

7914

7915

A5
A lightweight multi-target real-time detection model
ghtweight multi-target real-time detec
- QIU Bo, LIU Xiang, SHI Yunyu, SHANG Yanfeng
Trans-scale feature aggregation network for multiscale pedestrian detection
- CAO Shuai, ZHANG Xiaowei, MA Jianwei
Facial expression recognition method based on a joint normalization strategy
- LAN Lingqiang, LI Xin, LIU Qiyuan, LU Shuhua

Palmprint enhancement and ROI extraction based on U-Net
- LU Zhanhong, SHAN Lubin, SU Lixun, JIAO Yuxin, WANG Jiahua, WANG Haixia

Journal of Beijing University of Aeronautics and Astronautics 2020 Vol. 46 No. 10 (Sum 332)

Intersection test scenarios for AEB based on accident data mining
- XU Xiangyang, ZHOU Zhaohui, HU Wenhao, XIAO Lingyun, LI Wenjuan, WANG Shuhan
Target lrackmg algorithm based on AIGWO-IMMUKF
RITE - YOU Hanghang, HAN Qisong, YU Minjian, LONG Hongzhi, YANG Haiyan, LI Pengyong
Coincidence counting and acquisition of the time difference of arrival in quantum positioning systems
- CONG Shuang, SONG Yuanyuan
Image fusion dehazing algorithm based on minimum channel and logarithmic attenuation
- YANG Yan, ZHANG Dexin, YUE Hui
Dynamic collaborative planning method of earth observation resources based on contract network
- PEI Xinyu, LIU Baoju, DENG Min, WU Guohua, BAI Xue, HU Shuling
Numerical simulation of spreading process of lunar regolith simulant by DEM
- LI Wen, XU Kening, HUANG Yong, HU Wenying, WANG Daokuan
Adaptive UAV target tracking algorithm based on residual learning
e - LIU Fang, SUN Yanan, WANG Hongjuan, HAN Xiao
Bare soil circular polarization scattering properties for GNSS-R applications
- WU Xuerui, OUYANG Xingiu, WANG Fang, MA Wenxiao
A fretting fatigue total life prediction method for dovetail attachment
- XU Kening, LI Wen, HUANG Yong, YU Qingtao, MA Guojia, HU Wenying
Flutter active control method of time-varying delayed aerofoil with free-play nonlinearity
- NIE Xueyuan, ZHENG Guannan, YANG Guowei
Nonlinear disturbance observer based control for relative position and attitude coupled spacecraft
- LIU Zengbo, QIAO Jianzhong, GUO Lei, LIU Zongyu, FAN Songtao
A novel method for aviation safety prediction considering error uncertainty
- REN Bo, ZENG Hang, LIU Min, WANG Fang, CUI Lijie, CHEN Haoran
Stochastic unit cell model for predicting elastic modulus of nanoporous copper
- JI Yu, XING Yufeng, SHAO Lihua
Fault-tolerant synchronization control for a dual redundant electro-hydraulic actuator system based on
velocity estimation  «++-eveeeeeeeeeceieeevenees LI Ting, WANG Xinmin, YANG Ting, CAO Yuyan, XIE Rong
Reliability analysis on one type of hydraulic motor in the case of introducing failure
- HU Wenlin, LYU Weimin
UAV real-time route planning logical architecture in complex threat environment
- LIU Chang, XIE Wenjun, ZHANG Peng, GUO Qing, XIAO Zonghao, GAO Chao
Safety analysis and simulation verification of HWP in aerial refueling
- CONG Jiping, CUI Lijie, CHEN Haoran, REN Bo
Deslgn of MSCSG control system based on ADRC and RBF neural network
e . . e ERRERERE - LI Lei, REN Yuan, CHEN Xiaocen, YIN Zengyuan
GRA-TOPSIS emitter threat assessment method based on game theory
- DONG Pengyu, WANG Hongwei, CHEN You
An improved 2D-TLS-ESPRIT algorithm of GTD model parameter estimation
P RRRTIRE - ZHENG Shuyu, ZHANG Xiaokuan, GUO Yiduo, ZONG Binfeng, XU Jiahua
Multi-efficiency optimization method of jamming resource based on multi-objective grey wolf optimizer

- XING Huaixi, WU Hua, CHEN You, ZHANG Xiang
Journal of Beijing University of Aeronautics and Astronautics 2020 Vol. 46 No. 11 (Sum 333)

Po%ltlonlng technology based on ORBCOMM 51gnals of opportunity
R A AR AR AR AT - QIN Honglei, TAN Zizhong, CONG Li, ZHAO Chao
A fast EMD for multi-channel images based on morphologlcal filter
- HU Jianping, DU Ying, XIE Qi, WANG Xiaochao, ZHANG Daochang
Influence of one side facesheet crack damage on flexural properties of titanium honeycomb sandwich structures
- YUE Xishan, YAN Qun, ZHAO Wei, XIE Zonghong

<Y -

(1778)
(1786)
(1797)

(1807)

(1817)
(1826)
(1834)
(1844)
(1853)
(1863)
(1874)
(1883)
(1890)
(1899)
(1907)
(1916)
(1923)
(1929)
(1941)
(1948)
(1958)
(1966)
(1973)
(1982)

(1990)

(1999)
(2007)

(2018)



7916

7917

7918

7919

7920

7921

7922

7923

7924

7925

7926

7927

7928

7929

7930

7931

7932

7933

7934

7935

7936

7937

7938

7939

7940

7941

7942

7943

7944

Je At S 4R
Thermal control system design and on-orbit verification of hyperspectral greenhouse gas ‘
- SHEN Chunmei, YU Feng, LIU Wenkai
Reliability modeling of uncertain competing failure degradation system with a change point
- LIU Baoliang, ZHANG Zhigiang, WEN Yanqing, KANG Shugui, ZHANG Lei
Transient numerical simulation and on-orbit verification of loop heat pipe used for space remote sensor
- MENG Qingliang, YANG Tao, YU Zhi, ZHAO Zhenming, ZHAO Yu, YU Feng
Joint optimization method for carrier-based aircraft fleet sortie support personnel configuration and scheduling
based on marginal-ABC algorithm «-+-++++eeeveeeeeeeeees SU Xichao, WU Heng, CUI Rongwei, ZHANG Yong
Time-domain analysis of rotordynamic characteristics with steam flow excited vibration in seal
- SI Heyong, CAO Lihua, GUO Shuai, LI Pan
Quantitative reconfigurability evaluation method of actuator for quadrotor UAV
- SHEN Fuyuan, LI Wei
Experimental study of boundary—layer transition on a 7° sharp cone in shock tunnel
- LI Jiwei, LU Pan, WANG Qiu, ZHAO Wei
Ttajectmy predlcllon of hypelsomc ghde vehicle based on SVM and EKF
R R R KACETERETRIR - CHENG Yunpeng, SUN Chengzhi, YAN Xiaodong
Analysis method for conversion corridor of quad tilt rotor aircraft
- YU Zhiming, CHEN Renliang, KONG Weihong
Multi-working-condition topology optimization of coarse pointing mechanism for periscopic laser communication
- ZHAO Ruijie, WANG Chunjie, YAN Su
Crack propagation analy%l% and %trength predl(‘tlon of bonded joints based on XFEM-CZM coupling method
. reveras - ZHOU Wei, ZHANG Chao, GAN Shuyuan
Active disturbance rejection control method for position servo system based on electro-hydraulic load sensing
- LIU Hua, WANG Chengwen, GUO Xinping, ZHAO Bin, HUO Pengfei
Improved GERT based time characteristic modeling and analysis method for task process
- XIA Hongqing, JIAO Jian, CHU Jiayun, ZHAO Tingdi
Parameter estimation of 1D GTD scattering center model based on an improved MUSIC algorithm
- ZHENG Shuyu, ZHANG Xiaokuan, GUO Yiduo, ZONG Binfeng, XU Jiahua
Comparison of direct and indirect filtering modes for UAV integrated navigation
- WANG Junhui, SUN Rui, CHENG Qi, ZHANG Wenyu
Dynamm radiator threat assessment based on CRITIC-TOPSIS
. - XU Yuheng, CHENG Siyi, PANG Mengyang
A ranging method of hybrid modulation fuze based on instant correlation frequency domain detection
- WANG Xiongwu, HAO Xinhong, JIA Jianguang, LI Ping, CHEN Qile
Communication interference assessment methods in GSO satellite system deployment
- DONG Suhui, YAO Xiujuan, GAO Xiang, HAN Zhaohui, YAN Yi, SUN Yunlong

Journal of Beijing University of Aeronautics and Astronautics 2020 Vol. 46 No. 12 (Sum 334)

Competing failure modeling for degradation-shock dependence systems with shock toughness
- SUN Fugiang, LI Yanhong, CHENG Yuanyuan
Simulation and test study on split four-wheel air cycle refrigeration system
- YANG Han, ZHANG Xingjuan, WANG Chao, YANG Chunxin
Data fusion algorithm of multi-sensor redundant inertial navigation and its application in self-alignment
- GUO Jiangang, CHEN Peng, ZHENG Wei
Quantitative design model of civil aircraft cabin layout for ergonomics
- CHEN Hao, PANG Liping, WANYAN Xiaoru, FANG Yufeng, GUO Sinan, MIN Yuchen
A modeling method and its application of global atmospheric density in near space
- CHENG Xuan, XIAO Cunying, YANG Junfeng, HU Xiong, YAN Zhaoai, LIU Dan
Design of gust alleviation active control law considering time-delay of servo actuator
- YANG Yang, YANG Chao, WU Zhigang, DAI Yuting
Comparative study on immunoreactions of small intestinal submucosa by irradiation and ethylene oxide
sterilization treatments  «--+---+-+-- SUN Lei, YUAN Yuan, NIU Rui, LI Weifeng, ZHAI Hui, NIU Xufeng
Fault estimation method based on adaptive super-twisting sliding mode observer and unknown input observer
- QIN Yufeng, SHI Xianjun, ZHAI Yuyao, HAN Lu, LONG Yufeng
Selective maintenance model and its solving algorithm for complex system
- WANG Haipeng, DUAN Fuhai, MA Jun
Attitude decoupling control and stability analysis of SADRC based quadrotor system
- WAN Hui, Qi Xiaohui, LI Jie
Semi-autonomous driving bus platooning and scheduling optimization
- DAI Zhuang, CHEN Xi, MA Xiaolei

3D satellite

(2026)
(2039)
(2045)
(2056)
(2069)
(2077)
(2087)
(2094)
(2106)
(2114)
(2121)
(2131)
(2140)
(2149)
(2156)
(2168)
(2176)

(2184)

(2195)

(2203)

(2211)

(2217)

(2227)

(2236)

(2245)

(2253)

(2264)

(2274)

(2284)

<X -



7945

7946

7947

7948

7949

7950

7951

7952

7953

7954

Jb At 4R
Effect of heating of turbine on the safety of carrier-based aircraft ski jump takeoff
<eweeeee QIAN Renjun, LI Benwei, XU Yanjun, DONG Qing, ZHANG Yun
Siamese network visual tracking algorithm based on cascaded attention mechanism
- PU Lei, FENG Xinxi, HOU Zhiqiang, YU Wangsheng, MA Sugang
Data reconciliation scheme for space-ground quantum key distribution network
- SUN Haizheng, SHANG Tao, LIU Jianwei, GENG Yunxiao
Modeling of box-wing tilt-rotor UAV based on Lagrange equation in Hamilton system
- WU Han, WANG Zhengping, ZHOU Zhou, WANG Rui
Improved rotor position detection method based on SMO
- ZHAO Yahui, FENG Ming, LI Weiwen
Composite control method for gimbal excitation effect suppression of magnetically suspended CMGs
- WANG Shu, ZHENG Shigiang
Improved pigeon-inspired optimization algorithm based on adaptive learning strategy
- HU Yaolong, FENG Qiang, HAI Xingshuo, REN Yi
Threat assessment of air combat target based on RS-CRITIC
- YANG Aiwu, LI Zhanwu, XU An, LYU Yue, XI Zhifei
CT image reconstruction from ultra-sparse projection data
- WU Lijun, SUN Fengrong, YANG Jiangfei, YU Qianlei, HE Fangfang
Two-dimensional resolution ability of GEO-UAV bistatic SAR
- LI Jincheng, GUO Deming

(2293)

(2302)

(2311)

(2320)

(2329)

(2339)

(2348)

(2357)

(2366)

(2374)



(IERMMZ=MRKFEFH) MR E

(AFMEMEKXFFR)ARLTMEMERF IS AMEREAAFZHRAABF EH %
SHARAFFERMUACAR), KAUARBRAEMRABALRRE LSS I F KR,
BAHBAF DA ERRGAELSEZ B AIFRTE, KA PE AR FZHERAZC
#9F), 5t 4% Ei Compendex % B M IMAUR Lk & R4k k., AR @B A ShATF L 4T, A3t —
TREHPFNREATF B LFHFRRFE HFHZRH,

1 BXEERAE

1.1 KA @&k AISTAFH,

1.2 TZABEMEMRAHAFEAAEXOMRAHAFA IR CAEERTSHE FThRAFS
IR FESETFRARA BEHEAFAILIE AR FRHH IR FTENAAFZREEBR
R TERIRBE RS EMRAOARL LT, MEMRAAFLHRKEA F @ AR LA MRT AR
RIBFEROERNKF BRNHE BRAAFRIBRERSFFEGLFLELRFK LS E
T

2 RMER

2.1 X AAHE FFR FARAER TR,

2.2 #XARAMER, HRAAFLALAL, FARTARERNM, FLERRKIEEEAL, —
AR AR R A,

2.3 EMPH,KETE, BRAW,ZHSE, TG REHFT EH,

2.4 XBBHIMF P XML (—MAAT 20 NXF) AFH P L EAE TR T LB
G, P X R (RN H ok BERAGER), PLXEFA(S5~8A), FEHS X5, ELH
& AR E AL B AL PR IR R B A, E LA, LR LG F B, A L
Ko BRTAZAEALRA LHREAS T , MHEE,

2.5 MEFIRAERAT MR BEATEREA,

3 WUHMER . RASREN

3.1 RBAZERAFEFREIH HETLERTINASE,

3.2 ZABEFZIEAERBREAALEL , FABSEmEH, wREBBHIMABTRK
F)RFIMEATB S A X ARKIZECTH, BRI, HFH—FREX,TWN—WERA G,

3.3 RB—ZF8 g EEITR,

3.4 kB2 HEEEFHEARRE , FRAHMAEZARCRINT LRSI Z KT %HT,
AR ES B A LAREIE RS T RAART ARG, RBLEBNEZEENL,

EREF ML : 100191 W FiHRE K FEHAE 37T 5 LFMAEAMR K F F R 5% 3
DA TSR K F Aok 405,407,409 5 19

2] 1% : (010)82315594,82338922,82314839,82315426

E-mail; jbuaa@ buaa. edu. cn

http: //bhxb. buaa. edu. cn

http: //www. buaa. edu. cn



(ILRMEMRKFEFHD

F £ (X & BT
(A IR )

BlEE (BIER) : 1AL
R

wmOE. GRE T O#
X4
YA e

Mk kAR

Mt RS

BAPRE  BRXRKAL
IRIEA]  3Butdd

FHLERERSRS

TP NEN FEKEL FRE BERK
MO RSLE AREER IR

£ O Wk ERzm BRSO F
AosE o F=OMR ORKRE S XIBMN SRHAE
TR BitE - LT EET O RMA
mize gk FEE ZPOT K
Fog MR ST B s Bhiner
Bofgie  REME O ¥k iR
BB B O BRI

IRMEMRKFFH

Beijing Hangkong Hangtian Daxue Xuebao
(F LR F R F |

JOURNAL OF BEILJING UNIVERSITY OF
AERONAUTICS AND ASTRONAUTICS
(JBUAA)

(ATl 1956 #4/F]) (Monthly, Started in 1956)
%464 F128] 2020 412/ Vol.46 No.12 December 2020
FERAM PN RIRIE TG B Administrated by Ministry of Industry and Information
FEA AL HIR K Technology of the People’s Republic of China
F  H&/ORWT Sponsored by Beijing University of Aeronautics
R AURAE IR RS R and Astronautics (BUAA)
IR (Beijing 100083, P. R. China)
B 4 100083 Chief Editor  ZHAO Qinping
o fb AEHUTEE X AR 37 5 Edited and Published by Editorial Board of JBUAA
BB R AEsURME BRI A R A A Printed by  Beijing Kexin Printing Co., Ltd.
- S o B B & i e Distributed by BUAA Culture Media Group Limited
ZITEE EWNAMRAT Telephone (010) 82315594 82338922
BEXZHiE (010) 82315594 82338922 82314839
82314839 E-mail jbuaa@ buaa.edu.cn
BS54 jbuaa@buaa.edu.cn http: //bhxb.buaa.edu.cn
il = ISSN 1001-5965 ISSN 1001-5965
CN 11-2625/V
[EPysEM  50.00 5T /

5962

9|| 1

77100

“H I



	2020北航学报自然版第12期电子刊.pdf
	04_封3
	05_2020北航学报自然版第12期封底



