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i B e AERERBFAN A, 25 N EE T H 0 IE, fAR TR
HOHARX RETRAEERE TR, UARNENFA VAR EH, REBE ARETSARS
(SOC) TR AAWAKER A, BEL T A I REAMAERHEAEFBH, URALFTE
AN AREH AARTHEERAZKINBEERTERR T EREXN . 51 CER
oM b, W RN AR ] AR R AL FE R R TR D 47 26.5% ,34 min B T £ E 80% SOC;
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FAG 51 B 7 H Wt 78 F O vk 3 A I T
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P72 A E W TR ( constant current constant

voltage, CCCV) 7t WL 35 7 2 filf B 5 5 4F H 2 4>
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(5):725-735. ZHANG C P, LI F, ZHANG L J, et al. Optimized charging method of lithium-ion batteries based on dynamic char-
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FEHLIT VR o AR SE AR ST L R I, 29 R R R
B SR N N R SR
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TR AS B 1 76 550 e M TR GE T 4 F T A T H BB
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e A By 1) 30 750 P A5 3 Y S H H I A RT R
235 M F b B B2 4

AR S A X 4 L ) TE B 43 S R AT ST
FHLRE PR IR 5, LA 07 A8 A 0 000 ) 4 A i 4 45 4 L R4S
N AN 8 S SN WA s QNS A i (1 <L VAE R
Fe v, ik R REAE AN 3 H I 1R] H AR R AL, DL R feir
FUHL L AR O 29 R S5 1, A KL T BE (particle
swarm optimization, PSO) % % i & i 1k 7o 1 %R
W, DG Ak 78 H BEAE ST HEL IR [R]
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SEHGRT G R 7T Ah g FH R = o B L
FoARIEAR AR A LiNi ¢Mng, Co, , 0, (NMC811) , £t
WA B A Si0, + £ 85 . FEBFEIE | Bk T ik L R
PRI, 2R 1T 5 4 vyt v O 3 )RS 55 A [ 1 o T O
e, LADS /> oAt PR 2R 520, K BT R 7R Y OE
MR ER R 1.1 em R /E R TAER
e, B2 R R b R 2 i, i TR R
TR A BR AR, 2 R 1R AR I AR I B 1 mol /T
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VE RS, 3k 1. 2 5 o 9 78 A Dl AR BB | 17
P R . E T U R R T A b
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e A 411> L
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{1 cv 2 B
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AT . IEAR P b 17 i E 7R,
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i [ L RS L0 1 CHEREE 1.5V,
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AR IE 07 R F H A Ak R P A B ) A
FRAE S50, 6 IE SR 2 L b A TR [R5 3R B9TR
& Bk W Iy R 47 P (hybrid pulse power characteriza-
tion, HPPC) ik, f13% 0.1 C.0.5 C.1 C f12 C,
A [E 5% SOC ( state of charge, 75 HL AR 75 ) I 3 —
WL LAIER Rl 1 C ik ol HPPCI K Sy 451], 0 3
G346 D1 CHHFEITH 10 s; @ & 3 ming
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F B,/ HIRH 0.5 C1 €2 C A3 C aEEE
FEHE42 V, EEHEFKEN0.05 C, L1 CfE
WA E 2.5 V,EE 3 IR, 4050 R HL b A HL T
IR A S 25 5 . XFF HPPC U3t Jok wp H 3 49
A 0.5 C.1 C A2 C,%E 5% S0C ik 1 %,

2 HREHH

2.1 E.GAREREHE

7 4 F it 3 R Sk AR v A B R AR B L ik
A o B ik A S T R e e ) TR
HL B2 DR O T | A A o5 B X T 4 v il 7 R
EEGEE,

1 Shy TE RS () 435 26 70 A Lb 25t B AR AS [
f i A B . L1 (a) AL IEARFE 0.02 C
(S35 75 B H %5 4 232. 1 mAh/g,0.05 CHY %
B A E 2 0.02C 19 90. 8% . Bl % 78 M5 %
B, Mt e A LA 2R R L7 0.1 CL0.5 C,
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Table 1 Model parameters of full-cell second-order equivalent circuit at 0.5 C rate

S0C/% R/ Q) R,./Q Cu/F R,/Q Co/F
10 0.001 5 0.001 3 17 483 0.000 10 8 839
20 0.001 3 0.000 66 21 249 0.000 074 13 505
30 0.001 2 0.000 63 23 938 0.000 080 15 093
40 0.001 2 0.000 60 25 936 0.000 091 13 779
50 0.001 2 0.000 69 23 618 0.000 097 14 300
60 0.001 2 0.000 97 22 492 0.000 11 13 299
70 0.001 2 0.000 63 28 067 0.000 12 12 520
80 0.001 2 0.000 63 26 217 0.000 12 10 588
90 0.001 0 0.000 50 27 683 0.000 10 11 407
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Table 2 Comparison of charging time and energy
consumption between optimized charging

method and traditional charging method
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Optimized charging method of lithium-ion batteries based on
dynamic characteristics of electrodes
ZHANG Caiping, LI Feng, ZHANG Linjing® , WANG Yubin, JIA Xinyu, ZHANG Weige

('National Active Distribution Network Technongy Research Center, Beijing Jiaotong University, Beijing 100044, China)

Abstract: Aiming at the problems existing in the fast charging of electric vehicles, the charging and dis-
charging characteristics of lithium-ion batteries are well studied. And an optimized charging protocol are pro-
posed. The maximum allowable charging current rates of positive and negative electrodes have been determined
under different state of charge (SOC) with the boundary condition of none lithium-metal deposition in negative
electrode. The charging energy consumption and charging time model is established for the full cell charging
process. And the optimal charging current pattern is obtained for the full cell by employing the particle swarm
optimization method and constraining the maximum allowable charging current of each electrode. The results
demonstrate that the battery can be charged from 0% to 80% SOC within 34 minutes using the optimal char-
ging current pattern, and the charging time can be reduced by about 26. 5% when compared to that of 1 C
constant-current charging. Meanwhile, the energy consumption of battery can be reduced by about 1.5% with
the optimized charging current pattern, when compared to the constant-current charging pattern using its aver-
age value.

Keywords: lithium-ion battery; optimized charging; limiting electrode; maximum allowable charging

current; charging energy consumption; charging time
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Table 1 Task parameters
E5 7S AES2EE RS RIE MRS MEE WK AUV
0; w; (k) 7; Bt L
1 k 0.66 0.61 1
2 s 0.68 0.73 2
3 1 0.73 0.62 1
4 k 0.54 0.55 1
5 1 0.75 0.74 1
6 s 0.43 0.48 2
7 k 0.66 0.54 1
8 1 0.56 0.80 1
9 s 0.30 0.29 1
10 1 0.57 0.62 1
11 s 0.68 0.63 1
12 k 0.75 0.52 1
13 k 0.56 0.47 1
14 1 0.78 0.73 1
15 s 0.34 0.14 1
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Table 2 C value comparison of three

algorithms under different «

c

¢ ARICF TATISER S PRk
0.6 4988.2 5205.8 5092.9
0.7 5875.8 6 032.6 5919.7
0.8 6 459.9 6 859.5 6 746.6
0.9 7072.5 7 686.3 7573.4
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A robust auction algorithm for distributed heterogeneous
multi-AUV task assignment
LI Xinbin, GUO Lizheng, HAN Song "

(Institute of Electrical Engineering, Yanshan University, Qinhuangdao 066004, China)

Abstract: In order to solve the task assignment problem of multiple heterogeneous autonomous underwater
vehicle (AUV), a distributed robust auction algorithm is proposed. First, a heterogeneous multi-AUV task
assignment distributed auction model is established, including the task assignment system (auctioneer) optimi-
zation model and the AUV optimization model. Second, in view of the existing auction algorithms that ignore
the interests of the auctioneer and do not conform to the market rules, we introduce task reward feedback
mechanism, and the task assignment system, through several rounds of testing the auction market, adaptively
adjusts the task rewards, which effectively reduces the cost of task assignment system when guaranteeing AUV
utility at the same time, for the purpose of promoting the task assignment system to participate in the auction.
Finally, a robust optimization algorithm is proposed to deal with the uncertainties caused by underwater ocean
currents, which improves the ability of multi-AUV task assignment system to deal with complex underwater
environment. Simulation results show the robustness and effectiveness of the proposed algorithm.

Keywords ; heterogeneous multi-autonomous underwater vehicle ( AUV) ; task assignment; distributed;

auction algorithm ; robust optimization
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Table 2 Air container parameters

ARAEH T SR R RsF AE/m’ T kg

AMA 17.6 6 444

AKE 4.3 1488

AAU 14.3 4271
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Table 3 Air cargo information

" K/em  Yi/em @E/em UECRA S FiE/kg
1 99 60 36 2 fp 32.5
2 104 54 59 6 fif 47.3
3 30 53 50 2 fp 21.6
4 65 57 78 6 fifr 29.3
430 40 50 47 6 fif 17.6
x4 HEER
Table 4 Calculation results
AR v A E$9 e A,
=2
F FIFH#/ % (e MAAE/m?
1 82.17 52 14. 46
AMA 2 83.49 56 14.69
3 83.26 55 14.65
1 82.10 67 11.74
AAU
2 82.56 68 11.81
AMF 1 82.96 92 12. 11
AKE 1 84.37 40 3.63
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Multi-box container loading problem based on hybrid genetic algorithm

ZHANG Changyong* , LIU Jiayu

( College of Electronic Information and Automation, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Aviation multi-box container loading is an important link to realize fast, efficient and safe air
cargo transportation. Aimed at the multi-box container loading optimization problem of multiple cargoes and
container types under realistic constraints, a mathematical optimization model is built and a hybrid genetic al-
gorithm is proposed to solve the cargo loading layout scheme, so as to make full use of the container loading
space. The three-stage code is used to determine the loading order, cargo placement status and container num-
ber to generate the initial population randomly. The optimal solution protection strategy is added in the conven-
tional selection operation, and the center of gravity, non-overlapping and load-bearing constraints are taken in-
to account in the fitness function to evaluate the solution. The simulated annealing operator is added to avoid
falling into the local optimum by using its jump property, which further improves the optimization effect.
Through the comparison of examples, it shows that the proposed algorithm can still maintain a high volume uti-
lization rate under various constraints, and can well solve the loading of strong and weak heterogeneous car-
goes. The feasibility and applicability of the algorithm are further verified by using specific cargo data. The av-
erage volume utilization rate of four kinds of air container is higher than 82% , which shows that the proposed
algorithm can effectively solve the cargo loading problem of regular and irregular multi-box containers, and has
good engineering application value.

Keywords: container loading; multi-box; hybrid genetic algorithm; strong heterogeneous cargo; simula-

ted annealing; visualization
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Tablel Estimation results at 9, =0.35
) CEF J QMLE 77 LS Jik
R
n =100 n =200 n =100 n =200 n =100 n =200
I{E 0.346 3 0.345 8 0.344 8 0.3459 0.309 1 0.3190
I 22 0.003 7 0.004 2 0.005 2 0.004 1 0.041 8 0.0315
k= 0.008 5 0.004 4 0.008 4 0.004 6 0.021 5 0.014 6
%2 0,=0.75 HHHITER
Table 2 Estimation results at 9, =0.75
. CEF 771k QMLE J5 i LS ik
ERAN
n =100 n =200 n =100 n =200 n =100 n =200
g () 0.739 5 0.743 9 0.737 4 0.743 7 0.577 8 0.6317
i 22 0.010 5 0.006 1 0.012 6 0.006 3 0.172 2 0.118 3
I % 0.005 1 0.002 2 0.005 2 0.002 1 0.106 8 0.077 0
3 RETBRAAESHHRMNMHEITER
Table 3 Estimation results when error terms follow different distributions
h BRI A5 40 A BB AN 43 A
EERAN
CEF J5k QMLE J5 % CEF J57% QMLE J5 i CEF J5 ik QMLE J5 %
¥iE 0.4418 0.439 5 0.445 7 0.443 6 0.448 5 0.445 7
i 22 0.008 2 0.010 5 0.004 3 0.006 4 0.001 5 0.004 3
i 2% 0.006 5 0.006 4 0.004 0 0.007 3 0.005 9 0.008 2
FIME2 MERE R BEEFEARAERNE () =0, + (0, —0oo)r_,| re[0,1]

n, CEF A 5 # i W 8¢ T B A 2 %, CEF Jiik
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(5)

IR CEF A 111 QMLE fili i+ B9 %F tb 45 5% o
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Table 4 Estimation results at 9, =0. 35 ,0"2] =1 ,0-f =2 (based on Formula (5))

7=0.2 7=0.5 7=0.8
LD
CEF J5 ik QMLE J5 1 CEF J5 ik QMLE J5 CEF J5 ik QMLE J5 %
HH 0.346 9 0.345 2 0.344 9 0.344 6 0.341 7 0.3399
i 2 0.003 1 0.004 8 0.005 1 0.005 4 0.008 3 0.010 1
Vi) 0.007 8 0.009 5 0.009 0 0.009 8 0.008 2 0.009 2
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Table 5 Estimation results at 9, =0.75,o-: =1 ,o-f =5 (based on Formula (5))
s b 7=0.2 7=0.5 7=0.8
RN
CEF J5i% QMLE J5 % CEF Jrik QMLE J5 % CEF J5 ik QMLE J7 %
HI{H 0.739 2 0.736 5 0.7345 0.734 3 0.734 4 0.733 6
i 22 0.010 8 0.013 5 0.0155 0.015 7 0.015 6 0.016 4
Iy 2 0.006 0 0.005 0 0.004 9 0.004 7 0.004 9 0.005 0
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Fig.1  QQ plot of CEF estimation results Fig.2 Box plot of CEF estimation results
®6 0,=0.35,0,=1,0] =2 HEHITER(EFH(6))
Table 6 Estimation results at 9, =0.35,o-ﬁ =1 ,o-f =2 (based on Formula (6))
B 7=0.2 7=0.5 7=0.8
Eiskan
CEF Jrik OMLE 73 CEF J7ik QOMLE J7 3 CEF 774 OMLE 75 i
Bt 0.344 2 0.343 0 0.345 1 0.3439 0.346 1 0.344 8
T2 0.005 8 0.007 0 0.004 9 0.006 1 0.003 9 0.005 2
I % 0.008 3 0.008 4 0.008 5 0.008 4 0.007 9 0.008 7
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Table 7 Estimation results at 9, =0.75,o-: =1 ,o-f =5 (based on Formula (6))
7=0.2 7=0.5 7=0.8
LA
CEF J5 i QMLE J5 % CEF J5i% QMLE J5 % CEF Jrik QMLE J5 %
I 0.740 7 0.739 4 0.739 1 0.7379 0.739 7 0.738 6
1w 2 0.009 3 0.010 6 0.010 9 0.012 1 0.010 3 0.011 4
I5 2 0.005 0 0.007 8 0.004 7 0.004 9 0.004 8 0.004 9
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A combined estimation functions method for autoregressive
model with time-varying variance
HAN Yu® , TIAN Baocheng, WANG Shupeng

(School of Science, Northeast Electric Power University, Jilin 132012, China)

Abstract: With regard to the problem of parameter estimation, the combined estimation functions method
is used to carry out statistical research on the parameter of autoregressive model with time-varying variance.
The research status of the autoregressive model with time-varying variance and the combined estimation func-
tions theory is reported. The combined estimation functions theory is used to obtain the parameter estimators of
the autoregressive model with time-varying variance, and it is proved that the parameter estimators of the com-
bined estimation functions method asymptotically converge to normal distribution. The numerical simulation is
carried out for the comparative analysis of the proposed parameters. The simulation results show that, com-
pared with the quasi maximum likelihood estimators and the least squares estimators, the proposed parameter
estimators of combined estimation functions are slightly better than those of quasi maximum likelihood estima-
tion, and the statistic is less affected by the distribution function of error terms.

Keywords: estimation functions; combined estimation functions; autoregressive model; time-varying va-

riance ; quasi maximum likelihood estimation
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Height control of stratospheric aerostat based on secondary airbag

LIN Kang', MA Yunpeng" ", ZHENG Zewei’, WU Zhe'

(1. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China;
2. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100083, China)

Abstract: In the past, when the aerostat hovering or flight control was designed, wind was used as an
interference item or resistance, and the propeller was required to overcome the wind resistance. The energy
carried by the aerostat is limited, so there is a problem of insufficient energy in the design of the aerostat. Ac-
cording to the characteristics of the stratospheric wind field, this paper uses a secondary airbag to control the
height of the aerostat, realizes the utilization of wind fields with different heights in the stratosphere, and can
reduce the energy consumption of the aerostat. In this paper, the aerostat height control model is established,
backstepping is used to design the aerostat height controller, the state observer is used to estimate the aerostat
model error and input error, and simulation analysis is performed to prove the designed controller can effective-
ly control the height of the aerostat. And this paper establishes the change model of the pressure difference be-
tween the inside and outside of the airbag when the aerostat height is controlled, and simulates and analyzes
the influence of the change of aerostat height on the pressure difference between the inside and outside of the
airbag.

Keywords: stratospheric aerostat; secondary airbag; height control; utilization of wind fields; backstep-

ping; pressure difference between inside and outside of airbag

Received : 2020-12-04; Accepted: 2021-01-08 ; Published online: 2021-02-01 15.21
URL: kns. cnki. net/kems/detail/11.2625. V.20210201. 1149.002. html

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



2022 4 5 A
F48 4 455 1]

tEMEMRKEFFER

Journal of Beijing University of Aeronautics and Astronautics

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2020. 0674

jbuaa@ buaa. edu. cn

& T CE-PF ExpIM W 5378 B4 8 &

FE, s, AT, wE

(1. WZERZ RS, MG 2640015 2. EHBEEE BEDFTIEE, bt 100850)

i E: PRELAEFRZRAMER S I RBEAR, MEEAHE RFH 5K
TR IR o Z Fe %y SRR L B AL B AR 55 NP-hard o AR 4B AL AL B 30 & 37 B 68 b )AL B9 4%
BOBEMEANEEZFRBRARAAKERAESEY , 2T @4 LB 4Ky REEHANE
A, RE-—MHXXMEELHTER(CE-PF) KA THARE, FLETHERBEM,
RXWMEFRAGHAFZRBEARANTH T4, E L3 EEREETRSHELTHS
5T I G B R E R R, Gap B H R SAT BT XML F
HAREHRRRSH E, B EG A, RIET CE-PF & 3% Kk # 5 3% 8 JE 16 1L 5 2 09 A &
M RBEAM KR AR IKER S B4R B P mR A

X B W MEN; B EF; RXFEELHEER(CE-PF) Fik; AE; f1it

HmES S, V221°.3; TB553
XHERARERD: A

AL BF 2 AR 3% A T AR S AR ARG ORI
o, HER 5 ORE B R 4F -5 I EOPL B0 B AOR 1 e
AR AR L 3 52 KO B DIAROC  F AR AR
58 MR L B AT 55 R R 5 9 A L, R B A
BREE SRR 87 S . SR YL 0 2 MIE
2 6] R AR S A TR B PR AR 2 R AT FR, 3h°F 4
ol A AR o AT 55 R 2R 22, TR IR AR B IR AR
S8 AR S SR A ik, T O BRI T 9 £ B I 25K
FUEHY U AL ML S o s 2 SR AU B 30 e i 1) L
AT AU A I, BF TR AL A
Sy B 37 LA IR, 5 BRALR B 37 T, 4R AL
BN H Sl I I sk /0 B A BT P R A 8 e 3
PR A, X BE R ) 29 A BOPL Y B Ak g
(1 T 2L — B, LR £ T TR 25 R B T AR S
R B A

FOL AL Y AR A L 9 R R — A i 7R ey AT
BRI AT 55 ML I/ BT DR TR Ji T BT IR R
JA R AR S 2R R B E 2 T N TR IH L |

XE4HS: 1001-5965(2022)05-0771-15

THA AL B P SR A0 RE T SR AL 3 AN B B, T
IE 1 A -HLAS B B e S 07 1) SR B g
T8N AR A 23 B B AR AL P O T #E AT . A
SEURFEA  BRA BT A B A ALAS B 9L 0 5 B A
AL/ TE ML A B [V MY (8] 3L, TF 7 Y ARAT: 55
Bk R G AT e AT B sh Bk LN TR K
N-PLAE H R AT 55 BRI, 52 AR 48 ML e AR ol 4 i
FEAAT 558 B 5 8 BB B . 78 M ARl |, Michini
i1 How' ' 48 H 6 I JR AT K e 5 i 2 (Markov de-
cision process, MDP ) Je S5 A (14 304 [a] 58 1L %7 2] 5%
%, 38 2 2 ) B R GO IR A R BE R B O %R L (E
A B, 9 Ak 27 ) T I8 B [ R R4CR A
W4 RS Be i R B 1k . Dastidar Fl Frazzoli' 3L F
PRI B Be AL 56 5 SR fg g 1 FRBAE Ml e SR
HEBA R 26 455 50, SR FH 52 45 R 2 AL e 22 73 R AL 3R
PR AT 0 Wi 4 A AL . Ryan™ 5] AA-HL
G R BLE A B TE AP T 1Y R
MR BEARY 2 N T 980 O R SR g, A1) H]

W Hs HE: 2020-12-02; A HHR: 2021-03-12; R 4% 4 KR B 18] . 2021-04-09 1539
M 2% H R # ik ;. kns. enki. net/kems/detail /11.2625. V. 20210409. 1353.002. html
E£TH: HEXAARSEES (61903374) ; i Fl K4 (20162A01008)

* BIE{E®E. E-mail: suxich@ 126. com

Sl 7k, B4, HAH, ¥ ETCE-PF L6 MANEHBEZERAFEALT]. bR EMRAFFH, 2022,48(5):771-
785. WAN B, HAN W, SU X C, et al. Carrier-based aircraft departure scheduling optimization based on CE-PF algorithm [] ].
Journal of Beijing University of Aeronautics and Astronautics , 2022, 48 (5 ) : 771- 785 (in Chinese ).


Administrator
全文下载

https://t.cnki.net/kcms/detail?v=U4oRBnfzxqjWzlH1bfkjJDINe_uEXHLztADeKO9u97W2em2QYFd7DDyDe2lHITOclCahjMYUBn2Wxd6jXj8zapPTv71amHoOIWvVIJqgNF2Gu1zDj5fVMQ==&uniplatform=NZKPT

772 b B = R KR

A AT 4R

|[ﬁ|§| fval 2022 ﬁi

IBM ILOG CPLEX fJ; fb 8% ik 47 5K f# , 9 % HI 3% F
228 RE R T3 [) 9 VPR L 9 B L R R T
N-HLAE BB A M. Qi Al Wang™! 42 11 2
URAT: 55 00 2% LS00 0 0 o A ke O T 5 I8 A 45 S 5 1)
R, A A0 4R H T AT HE A OO 4 T R 2 L
I B 5 A R VA

MO BEVE BE T, 00 2R ML e U AR A AT 55
Bk A 50 A RS g R
St MR A LA M B B, AT 45 M R
B e S AL, A5 91 852 2 B AR R, WL %5 ) %5
5 2 VR S PR 0 9 3 ) B, 3 30T [ i S B AL
LS LT 3 B T 5 R A K 2 ]
i [ S0 EL 5 B s ) 24 o (Bl 46 0 ke fr
W) IR R AR T WS LR RE S 2R,
Bh 3% 3 K 4 10 6 ol A T 44 BHL %€ ( blocking ) &
FGAFIX 5, JB T B A 5 22 249 )ity NP-hard [l
RN SR A R TR R/ B 3 W i B K
R 38 5 Bl K37 % 2 1) 24 oA Al B 45 A
X R E LB AE 52 LS5 B 5 A B
i A B B AT 55— M AT EAH 4 A
AR B K. % B SR ] R K
TE MR 2L 25/ Dk Yk 10 30 [Pl Hh s k22 4 i
3 B A AR e B, G 3% B IR T R AT
T S T 1 A PR 2 (], S G R MU B9 1 5 [l i,
56 2 B J5 225 AT 45 B RO Sk A o B IRl
5 95 10 SR A SEL B R T T TR A R ORI R R
T % 308 R 3 vk B e B v A SR A (A
TR AR B MR K SR AR AR R, B 1L 5 ik
PRI 26 3k L A T 0 B Ok T ORE S R RE ) .
Zhang"™" JEHr#Ee Liu'" Jiang"'™ 45 4R 02
G By A2 B T S SR B v TR A 40 A A
i X 7 ) 8 ) AT S

25 1Rk, A B AR BUE T — e R L (E
IBAEAE LR A - (D4 Vi 8 8 B 1 9% 32 4% By
B 2 S AT AR A D o LU SRt B 5
i R R B VAT AR T R O 0 9
Gy T, 2R S VR E BRORS 20 5 TR L 5 ) H 3 B B
BIF 5 B P e S LA 5 VA7 ) 6 A% K e i 5
WA T Y T D T T X S 3 B HE R R
FKARZ 0T TR 2 18] B3E 5 T s
FEIR 2 B A B AT Lt 3 9 R R
X LA A ) S0 B 5T 1) B o OB g T s R A
Bl 00t 2t EL X 5 5 pI Ak 1] 47 A b B
BORMERMA RSB R B E T EERE R
EHARD A RER S R IT K 8T8 5 8k
W X 5 2 240 i) AL S R AR

S xob b 3 1) B A% S 3 I R L B0 B 1

I F 9, 61 08 B 75 T Dot LK 4 ]
FEME AL 5] CAIL R AL BT AR AT 55 29
R — B A, TR A IR K G T R RO
RRERY 3 22 S 5 A ol 71 1 DS BC (cross: entro-
py-operations profile fitting, CE-PF) 22 v ¥ 47 1t 4k
il BE SR A o e BH 28 2R & Ui /K 26 1) 98 B2 Bt o,
T2 R AR Ml 751 T VS E Ok 2 HEAT: 55 LA A e AR BH
FE %0 W2 58 LA Uil 7K 2 08 T A% 43 2 A 7K 2
G TP WY o AR o0 20 55 T 28 SUR 1Y) Bl
BUAIAE , I 26 ACEE B 307 0 A 2 80 WK el
A 2 D 2 4 Ml #9015 A g 8 2 PR ST ) 0 D) >
Gl 1E 2 K LI L AHRF b, TR LG e P
HEAT B2 R R Bl ] 24 S R A R e
12 H oy Tl R T 5 e B0 2% B AR A HE T S
o B2 H b ek B M UG A s T 2R e 31 o
Ik % (first come first served, FCFS) W , 7 3¢ HF
FEE e 4 B S B e AR, o0 T A TR 2R
U AN [ A R Y S 3l AR 2, S A 2R AL
R 8] 0 £ A 2 iy el i Bl — e i 4 = o

1 #LBA H 3h 4E ke [a) &%

AR HLHLEA B sh AR i R a1 B o HLBA
0B AT 55 2 BT 58 BUHL 55 IR I O, S6 0 48 0T T4
UL RE o3 B Rz (B HEP ) AT 2 AR
KHER AL AR TR A R A R AR E A )
R R IR B T s s TR s
Yo B AE 8 T — 4~ R 7K 26 ] 4 B2 A)
L, {E M Bl R A a7 B O S (] ARk BH %€ AT
fill 48 | 2 3k 1B) B A 2 R

X BB S ad BEAE A0 R A R S . R ML
K NHUAGHE B AT, 2 0 J8 I % F A a8 At 15 & 1Y)

QL | foitip, | | B0, | - | BERLGID, |

ERAEARETA
| } }

-

At i‘%ﬁ(i?,, )| | %%ﬁiv,, o] - [#10,p,)]
AR 2 |ﬁm=l/\m| B R e
& ko [ f%g | ] mlg | /rx%ﬁ \

B, \ ﬁ@%rz | y ﬁ@%n,,z|
Rl 2] zErf

BL AL SR i AR
Fig. 1  Flowchart of departure and operation of

carrier-based aircraft



555

T LA B A B AR L (3 LA R
HLIEIZ 5 A AR S B ) 5 TROMLIEAT A X
FasE , AR AL A B A 17 67 9 4 I i) AR 47
BARE ISR AT 4E R T= {1, ]ieP,
je CL(Hurf e, Sy i B j W4T ], P g 2 HLAL 42
C ke RALAE ) s QR W AT 4 e b o A 2 ML A%
T LI, 2 RO St B KLk ST, oAt K
LR T 5 M B U 20K 8 g 47 9 J50000 b BT 5 B
bR F T %45 1 6 ) B E R A s S Al R
TR AR o A B S8 A A B4 B K
2 18] % M EL R 3 2% 1 i T B 2 45 1

L5 b, 3 B g 5 B TR AL S TR A K A 1]
A BE )R, fn 3 R R RE R 3 ARk 4k
F) R £ 1) B, 214 8K 36 75t 3 TROML 43 4 (43 e 3
AR KA ) A7 K 2 E b 98 B 53 i
ARG B B A . LA, A2 R 2 R 2 B
B TR ER WK 2R 1) L i 2 A SR TAL 2%l
Jg F P AEAE X, B — A TR TE S AT HL A T 58
SR T R SERLAR AT BRI, IR 4% T4 o vk
i ANF) T A HLES , 2% T 7 20 45 24 BT HL A b
MEAT S5 A 33 5 3OS BT HL B T 1 R 3R 2 T
T WHLZ R Gl B bR,
AP BHZE . PRI, 3 TA 3 AR AR, B
R J3E DU 2 e R B ROHLEL AT BEL R L W
SEAT T K R AR A W 7K 2 i [

X 4 OEL B F) TR L K A I R [ R 7 %
e (D4 T B 26 4 4 W A7 B3 4 5 ©C2 . C3
B T 7 R )RR A ) IR i AL, 7 A s 951 4
% @WK RDF LRI, R BER T, HR
W U - BELZE A S o 2 SRR SR, BE S
AL Gl o L, U % A 8 D) SR T R ARG 7 R
PR (2.3 A5 ) 5 B T Sk IR 3 2 38 U
G A C2 ik KR A 4 AT B R AL O, T
W % A S B ) S K C2 37 Y A A
] 455 TR A7 30T {0 Ak 3 5 . 7 ) G 1) 0, 2 KL
(2 2 R RN AR & TR,

2 BuREHFER

N B S R R R AT - O R EE
o5 20, BUAS AT o s @ 208 LT S/ T LR
XTEAT B AR S A, VAT O R 4 R B AR R AT, R
A7 I T] = 2 R TR AR 69 45 AL S R I SR 1 R A
K PE I BE i E] R AE O B AT 55 8k [
E, T HABAN T4k
2.1 HSRETETEX

LN T AL, ieMe={1,2,---,m},Mc H#L
e,

A
J5 A%, 4 BT CE-PF 535 (0 0 2 0L S 3% ) BE 11 1k i) it '}E‘ 773
JN=11

=

Jr T (L e =1 1,2,
nt N g KHLEE,

k:TJ¥E ke T, T, kHlj TI¥4E,

M,. T/ kW THLEEE Mc=UM,,

Si (o) TAEIF IR I, T kb4 @ B HLaE
T KA, CE () S TS Sk, DY (0) R T
4 B 1t ]

P! TR ], T kA i AL N T
KL B TR R

TR, (1) : KHLj 7645 2 AN TF 04T B 72 .

E,.: TJF kWBHLES i Pl THES,
G sdn) € E RSN T A%

X, BEHUBEREA X = {2, ,2,, 0,2, |, BB
(1,2, 0} J CHLAE v, 0 KL @ AMEE 6L,

WX, : 5 1 50 CHTE RBE CHLES

SX,: 5 1 AR W HIIE S8 IR B RHLEE A

B AR oyl AR R AR A B R

b _F o J6F J, TETE R HLES @ AR
ImsIn 0
i,j 0

Jo ST J, AETR kLA
(1)
KA B TR ENLES (R
LA kTR RAERLES
(2)
Pl TF R ] S (0) 5 76 A i 5 2

St.. A:l
s =0 T (3)

NaN yi, =0

AHr:St;, e R",NaN Lm NAEHL, i e Me, j, J,,
j.eN, keT,
2.2 EEEHAXER
2.2.1 BAFRHIHK

B0 ZALAIL BN S 3l 1) B, 9] B2 d5e PG 19 45 A
Al DL ML B G TR AT I 8] /s ( RIBR IS #E B D)
HLBN A Y 58 1 B[] 55 20, AL BN 3 A 48 3R B[]
e/, DA R HILBA H 3l &4 RE fi R 55 2 H bk (H2 AL
BA 4 2l 52 18 1] 4 fie KAE fe /M X A H Bk ek 200
AT 24 HAs Rk, B, X5 H 5 o
H O A b 3100 Py H A B AR B e
Minimize C = H_la;({ Cfd.(t) b= rflea\x Ci‘v,-T"(t)

Vi e Mc j ‘ (4)
ek = | T, [ %L j VR e s — 38 T % . itk
H A A HLBA H 3 2 4 L S B Makespan fz /)
A, 1 B Vb S B B Sy e A L 58 B B S —
T8 T st ] 1Y) fe KAH S
2.2.2 #HREMH

1) XHE—CHL LY AR L — B HLE I T,

My

ny,jzl Vje Nk e T, (5)

J
i=1



774 G| AN T Nl N = 4

3

— T 2022 4F
N=]

2) RE—TFAE—Hlas, ZL M T4 CHL,

iyf,j <1
U3 WHE KL TR RS T
JEWSERL B TT I 200K, Yje N, ke T, i =
arg(y;, = 1),
Ci.(1) =Si (1) + P
{Di‘,,«z) > si,(0) + P,
4) [a— KHLERT G T)F B, xt A
— RHLHR AT —i8 TP 58l e s T il T% .
S, (1) = €7 (1)
{S:,,-<z> = Dl ()

VkeT,ieM, (6)

(7)

k>1,i,e M,,Vje N

(8)
Kk -1 TIFR EWBIT TIF 0, 0, 08 &
ML FEMIR. TP kb k-1 E 0N TALE S .

5) AFERHLFER —HLES Em TAREP. Vi e
Me, ke T,(T.), (., J.) € E, .M HKIEE A
{S,J"(z) + M(l.— x/.m'j") = D,ij(z) (9)

St (1) + Map' = Di, (1)

6) A KB IFAT AR AL R R, XA — TR
ML, TF 2 #E 7im THLES CRIR © 22 i) )G,
TJ¥ 3 ~ TJF 5 AL#S .l
Yo, =0, Vie Mc,jeNk=3,4,5 (10)

7T) RRERAR, TIF 6 T f R AL —
WEZ Nk 42 ML,

A

PRETES (11)
8) B KZLRRMMANR, &I B2 4

KL, v, B KRR A /D T HR/NERE AT, Vi e

Mg, (jp’jq) € El.-i‘k =6,

{Sf,,’l(l) + M(1 - xz/l) = Cf.jp(t) + AT

<

~

, (12)
S, (1) + M) = €7, (1) + AT

9) AT BEEAL 2 . AR — B 2] A KL R
AE A/ LA, B RAIL j, AUHLIEE TR, , (o) FTEAL j,
ZI R TR, , (1) A/NTFE/NaBGHE D, -
min||Tij'2(L) - TR, , (1) = D.. (13)

g (1) ~ A (13) ML 3 5 5 B A
oIRGB EOR R B R, ek AR i oy 5 (1) ~
K, B mRB R (4), AR FMRHA(S) ~
A (13) o ZBEALE FH T g AN AT A,
2.3 BT EREAL R B

FEWAT O B, 25 th B 22 22 TR [R) B 3 )l
BEAE L, 0 3 AN AL B S LT 3 &R
IRGAE N R AT BT 2% B 2 Al g il 30 3 22 KL
EH MR AT WML TT R T 2 R A A P ) %
A ) 780, T SR 4 1 3% AR AR 3 £A 3% - Dubins -8

JE 3kt &% ( Newton symplel‘l‘i‘c‘p’s‘en‘ti‘n‘bgm'ral Dubins
reciprocal velocity obstacle, NSP-Dubins-RVO ) fjp
[ A S TSR LA D 22 LI AT I £
13 Ti) 3 Al ) T, 0 O P AR A 22 4 2 ARORG: A ]
K AR sk il 5 W

1) FIFHSCHk[ 17 ] 7 NSP 5309 7 B 28 i 4
o B A AR B 45 A ] Y T AT B AR
IR (B S AR SR TR, , (1), f 5% BRAR A KR
i) S 47 o T] , B T8 2 VA TR TP [ & =2,

2) BT 5 MR A 15 B AL BN S 3 5
PHRE T %8, BT A RML I 43 2 HE v B 43 TS i
TR, T 53 8 W A LR I AT B 40 2 G
HE T 0 A 1) Kok iz CAIL g% G2 RIEGE ) o

3) MRAEIZ 5 o T, & Fl NSP-Dubins-
RVO Bip[a] % 42 B ) 55 12 4 v B 7 4% 22 TROBIL Y 5
B i A2 300 8 B (), o B OR M R SR A kL R
PEAR SER AT TAER ], 2D BRAT

B TR BT R K AL
(K=1,2,,n) 2 K> n W) 38Rl A0 45 55 75 0]
i i A% T 5 (% A ST T o 1) 9 o

B2 T O CHLE ], 5 O R
JESEPATIAT TP SO B RS R B 5.

B3 SR ST Al A A Iy R A D IS 2R
LS IEAE M AT R & A AL R, 25 A 2l 4, )
B PP 047 5 5 0, B3R R HLAE ] NSP-Dubins-
RVO B3k 347 U3 [F] % A2 B, 75 31 2 5 B A2 40
TKHLAY FEAR (B IR ] [ EE SR R W AT TR Ab
HAFE], A& K=K+1,28MH% 1,

29K T 2y (1) B 458 B[] Ak B8R it 2 3 AT 0ok AR
th i A i B H 3 I A B AR BRAR S I /)N,
B0 S TRHLAY AT IR ]

3 ETF CE-PF HEiEkfEi%it

BEXR & B ORI 18 A% G il vk A 3T 0y
A R B0 A v (EL B 12 52 % B T A0 AL A 48
PR B, B AT 2 4 R T e & A
R, NS AR K s AR Rk oA Al T
R R R A AR R SRy B A A )
R4 4 TR /K 7 DR 2 1 R, 23 2 U
(cross entropy, CE) ™7 44 vk Fi 24 o 80 %) 455 05, B
AAE M) 1 T B2 ( operations profile fitting, PF) J3
RN AT B it JF 4R 8 CE-PF 3503 AR K
iR ATL BN 3 Bl 37 9 B2 ARG A 1]

BILBA i 2l g 37 8 B[R] 8, o 2 O i BHL 2 =X
2 VAT i /K e 8] Je 29 5 Sl B LIA B TR G T K
FEMMRACTF T . G5k AR B R - D28 SR B AL
TlRE o R SE WD IR o> A S8, W R BT R SRR



555

T
T7 5% 436 T CE-PR S0k ML AR DL B 50 I O A A i??;ﬁ' 775

R BEREA . IR A T K 4 18] 8 R g
B N (SIS N R e o B L 7 K R
SR FH T A i 0 AR b s 0] 4 e 35 WL 2 IR
TR BRI G 5 L FCFS I 5 48 B0, 43 51 58 1 4% 3k
KL EA T B4 TG HE, DL & £ K 2t 46
ML B R B . B Gap 4k 8 3T 5 1)
AR . FE T3 UK il B AR AR R BHARLS- AT K 4
A A 15 E AR T A, oh g HlE 530 3k 58 W B
AT b LA SRR AR L g, 1T Gap
T8 3T A W R A A A, )
HAr LR B R S REA BlRE 2 A5 280, 10 3 ik A7
FFE G HE S AR B Gap AR .
3.1 BEFXRGHETREISA(E 1 HE)

551 [y B T SE N BB I KL A
Y13 T, R e S = B0 000 3 A Rl AL 43 41 AT skobE
KA o — 2 B 5 37 20 A R AT A 7 A B AL AR
B 5 I TR AR B T R A B R )
B, R P A A R REAR

TR WHRASEHSHSE v, = (b, 00) ,
o oy 5300 SR A0 b 43 A 14 X5 R 5 22 5 4 B
BEAES X, = O, T R N BEALAh AL 1 RE A i
& p =0,

B2 o A AR A A B — 2 R B A

X, = {ay oy, o b BRSO Bl RBLES KA 2B
HIR3 ARG o XA R e LI X B

ML ER 73 BC 247 45 43 2 KL R L B A7 st 8] 19
Wik . KAk .

1) 43 Hc 31 45 A 1Y CATL B i A A 2, Jh
FEH 2

X, |

‘Xj‘_ ZC‘
K. X, Ao ERIE R AR RALE S C Ak
KALEE G e, oA /N (AT BB ) o

2) ASEIRE A A 4 RAIL Y A T AT e R 3 AR
AHY A A2

2t

HrpaX = UX, ok X 3 W VAR NI Y VP
Ry 4321 R AT B T ) 24 A /N

A BR 2 AR BE PR AR R 2K (14) 1
K (15) 2y iy 2R, 0 HE A5 2 B BE— R 5 4
He 5 75000, 3R [0 A 0% 2 dpr dE AT AR AL B

ZO BT, BENLEE D bR o 4 S g
Wit R b AR R B KL S 11,2, N,
LM ES a0 1,2,3,
L, 2,300 1 ~3 SR 67 C1 ~ C3, 45 KA

< e, VjeC (14)

<e VYjec (15)

ST h e X x”,LﬂT‘)’{E,—J}%_,IXZ:{ Xy s
xn,---,xm} , Xt x31,x32,-~-,x3"3},,ﬂ;"|" N =
n|+n2+n3o
3.2 HEEHAESHE(E 2 HER)

T b 3 T D B 9, o 4% R 9 K &
{¥) £1) 3 8 37V B R A7 4 HE T

S W, REERHEN CILES,
3 AN EOE T BT AL I RALEE A WX, = X, WX, =
X,, WX, = X,; O 5 o BE i RHLBE 4. SX, =
SX, =SX, =,

SB2 G AESE k=1 AT g d s

1) AT RAE L Y B . A KK 2k (R
B TAFEE X, X, X,) b, 7 A L5 A 3 A i) 5 0
Ay $5e /N B A DU S 55— £ TR B R
5B BB 3 KAL) L B SR A Ak B A ] A5 /N
HILI) 32 % 2 HE S — 4> T (job) o 3% TAF (75450
IKER LA BIRR N jy i i) TE AR M 2 HE B, S 2 38
BT, 7T\ — 5 3 HLES 7 2 7 ¥ (9 4k 30 R
% R A R — AVl B (L 2)

Si Gl Dl LKL
Plagi-1|  Hlasi FLotiel Plm
Ttk
H S P, [ ‘
ﬁtﬁE‘JII‘H] Sl’ k ‘}E)ﬂi C:, k D:.L %JT

S I (A& T =
Fig.2 Sketch map of operation profile

F AL E T Al (16) B 7E -

m

7l arg ( min 2 P:,/‘ )

jeX, #

]f arg ( min Z PLZV/. ) (16)

jeXy £

Ji = arg ( min i P )

Xf P PP B BRI UK | T
hjeX,, X,, X, FEHLEE @ oim Tabl, 1 bk
A B R Al ) T DU £ 0 PR AR 52 R
JRESFFREIE] D, o R 7 ALy i )

0 kB K IR A — T A B T & LS i ]
Di,j}* = zph,j} = zphkl

Di,jf* = zph,jf = thkl

h=1 h=1

Doy = Xy = Xbw

h=1 h=1

Vie Mc (17)



776 G| AN T Nl N = 4

;Itf%-"‘}g” 2022 4

KD, e D D e I3RS TR LA — T
(k' B k) TEA K EALER @ BB R
Pup P m KWK B 1A TR K 2 |
5% h BHLES L AR

2) ZUKLIL R B AR B B, AE
CHLH BB XA TR A T K A AR A A LA
TP FAT K ZAE M H R AR T2 TP R
Z I LW B HLVE L AT . R FCFS J
HEAT R B .

ANWHERE 25 K L 5 Ty (Hlgs m FEAL)
(B IFREE] D, o <D, oo <D, on k' KT KT
SRR T B R K BT R AL A B, HE
AR 2 o 1) 358 s FCFS

@ Xt F R F /Mg FF ke T4 B H
Joll KB, HHES b — 4 g HE TR0 VR b i i)
L3, an S 2 o sk (] /N T 1 2 A B g o s ] 0] 9%
A A b ) T AR SEE R 3K P ) 2 5 5 D AR
MR S N

@ TR P R /INES TR ] A kT, 2640
MLERBHZE 534, B T A 2 ) 2 42 24 R — IRk
KL B, H S R R AR T S e
AT R G —E TJF

BR1 H D, ..<D, .. <D, .. 0, I
LRATRIIE] AT =D, 0. =D, oo, M T
VRl 350 THT B B AR TR AT B (8] 8007, G0 D, o =
D, . +AT 55

ER2 D, =D, 0 B X TR
Pl F TP A AN AE

@ Xt TR P e KB P 8 T £ SR HR
Qo T B M B B AR R AT O k. E T
K SE AR g HE S, TE BT D7 REAR IR AT A AR
b 50 T AT R R

ER1 & D, <D, . <D, .. 0
RATERIE] AT =D, oo =D, o X TAF B 1Y
AR b 5 T R SR AT B8] B4

BR2 HD, | n.o=D, o BT E B
PR 30 18 PR AN 2 o G HE S BB WX, = WX, -
E',WX, =WX, —-k*, WX, =WX, -k ,SX, = J Uk,
SX, =@ UK ,SX, =@ UK K5I k=k+1,

HW|3I MHERHESLAE B A T4, Switch,
oo k< [X, | & k< |X,| & k< [X,[,3 &¥fiK
Ll AR 2. k< X, | & k< |X,|5K
E<|X,| & k< |X, |8 k< |X,| & k< |X,|,2 %
KR TG AT AR, 55 o — 5 2 S8 B B g HE 5 1
B3k<|X |, Vie1,2,3} AL—%&HAKLNTH
e, Hfh 2 SRR KL T e B AL 4
k> | X, |58 B B 2 4k

BRI =5k L .

ﬂmﬁ fval

1) AT W kAT AT 4 . %
WX, WX, F1 WX, % 4 HE 10 T 04, 56 o 54
AMGERE T G ISP , SR AT HL RS (4 PR B ]
PV AR AE AL 25 1 () BH 98 45 B 1e) p i+ 28, V), e
WX, (i=1,2,3)fRFM 3 A H5 4 T4 4 b 4 HIAE
WA TAE, g By s B4 L% 3 AME
A T T Rl B T B K 2R A LS Y
FERFI]) 2 (18) HEAT 3 5
D],jﬁ = maX(D,JzH +p,'j2,D2‘j27])
Di,ji = max(DHyl.zk + pi,ji’DLji, l) (18)
D'"’f’k = max(Dm_,JzA,Dm,]Jk 1) + D
A:i=2,3,,m-1;1=1,2,3), FK j, WHT
— AT T Dy WS LA TR T
(Vj, e WX)FEHLES i BB IR . IF4 % T
PEAERLES @ 1 FF 246 3 i 1) (DML 28 bR 58 o T4
TEHLES L5 RE) o Tdle . % TAF jy e WX, ZEILIR
K 1B AL B R A I () A

Sldle; = ;1(1163;2 = ;Dwi =D,y —piy (19)

1E LR 3 AT EES, V), e X, RIE 1R &)
T DG FE 1 e O ), EL A i /0N 1 R PR 5 R
Ii] Skdley ¥ {5356 T4 i 0B P M 58 1 4% K 2%
55k ALE I T
i = arg(vlmiwr)l( Sldle/.i) (20)

g MR E g SX, TAEPE kA&
Tk g HE TR

2) ZRAKLIFL Il KT EA B B, &
X b TS B 4% 15 g TR SR A0 DT G
G A AR T X (17) A5 5 B
B2 ) LK R IF R AL B O vk 58 B 45 4L AR
A T 98 BE g HE 3, 7 ik ) o

W WX, = WX, - k', WX, = WX, - &,
WX, =WX, - k*,SX, =SX, Uk',SX, =SX, Uk,
SX, =SX, Uk, k=Fk+1 3% [ LHE 3 gks 6480,

B2 AR g HE .

A BT DL WX, (WX, F1 WX, fF g HE T
PEMEREWHA A, AL WX, il WX, A
TS N BB (B k> [ X | WX, = X, 4]
I R CALE e HE) L i A 2 R A
15 Bl AR A TR

1) AT K 4R 4 HEVE b B B o X6 T 75 i HE
T4 WX, WX, S AE BOME S T V) e
WX, , Vji e WX, A4 HoAll i i vy 58 (17) 15 51,
JEARTIRRE 1=1,2 435 R % 2 A5 TR
romAERE . FhX(19) A= (20) 3 FE E 4 SX,
TAFEFREE kOB RS T E N, .



555

A
J5 A%, 4 BT CE-PF 535 (0 0 2 0L S 3% ) BE 11 1k i) it '}E‘ 777

2) THMKLIFL R KT R B
b 1 T A5 B 9 45 45 2 A A 14 i 1 4k DT
B, 0 TAE(RIS R E K T, e &
H (17) 8, SRIG 8 AL TR 2 IR A 30 5 1,

e kA T AR S AE o
T WX, SX, k =k +1,iR 000K 3,
BRI — KL,

PR K AR B, T LA WX, WX, WX,
P oh TR BT B — A, R L WX, 8 R 451 3
(B E> | X, |&E>|X,|,WX, =WX, = J,X,, X,
2H kKT E KL SE AR HE ) L A A R

X T4 4 HE T 0 B WX, e AE UM 2 T4
Ve WX, , HAR s m =t (17) 58], =k (19)
TR T AR AE K 28 b 32 PR T] L B 4 )
KOS SX, TAFEPE b S8 B g T

PHEE o WX, = WX, —k',SX, =SX, Uk',
k=k+ 1,38 MHE3 gk Gy idh k).

TS 4 I, SR 5 R

28 I 58 BTE A SUR AL 3 41T B9 A 0L 1 3
B R g HE A 3 I B —— I Ak
3.3 Gap BEEZEMAEKNK(EIHER)

55 1.2 W B3 58 BN B LR A
5345 8 5 HE e B Al Sk, Gap 3 T 3 5 58 K
FL bR BRI 09 35 5 98 B A AL 5

WIAAL AR B R FUELo = - o WA |
B uy =,

S AR s ], T 1
B B (0 BE AL RE (9 4 AT S5 42 1 X, 1i = 1,2,3 1 ,3F
i 8 i B 0 3 g I I 30 R L, R % A A
BT F o AT 7 Bk R i ] R R TG R 28 77
DX 14 4 3 7K 42 IA] , 6 T B /)N Ak B ] 41 S 00
RS RS EAE S AT R T
Jre X, [1=1,2,3 @ a4k B fa) =% (21) 354, 9
S, oraion (1) 5 B T /N B K HE 45 T 4R
U B9 A2 M F I (yods s e adh,) - R & A0 A
9 T 4 4k P 91, n, 3 705 A L4 2 A6 T AR5

m
-l
Soperuliun () = z Pt
i=1

V]i € Xz‘l =1,2,3

(21)
T 4 2y ik ] i 3 00 el 2 (22) ~ 2X0(25) i3 A
(GE

Cijl = 21’/,,'1 L :1’2,”"””71:1’2’3
1 = 1
(22)
k
Cl,jf‘ = ;pl'ji k = 1,2,"',711, l = 1,2,3

(23)

=R
L C =

Tk e Sy

C,; = max(C,_,
¥ .

(24)
L = max C (25)
1=1,2,3

A€, Ky LA, ZERLER m 52 I T

Jﬂilﬁ‘,;HJﬁ::ﬁo E»Cj(d\,%ﬁo Bﬁ,ﬂwﬁo =L; 7
WICo 7S,

S22 AT S g HER 5T R ], 3T
1.2 BB i g 2 7 %, SR — 42 ML B T
lF] 1 AL BA 1 3 25 37 1 5 i i IR, 2 S 3% 9 B
PR, R BT EE 1R e u, X B 5E A g AR
4 SX,,SX,,SX, (HILEAHCH n, ,n,,n,), HIT
B AR BT AT R e R
A l=1,2,300 TR, EZEE ERhR(26)
FR

u = maxD

(26)

K:D, , K LA TAR J, AERLE m BT ]

R 3, V8 62 7 58 P 45 2 W B O 98 4 SX,

SX,, SX, I Ml ) T Ve 30 3k 00 A7 46 HE L B4 B

FEOLAR 1) D, K AR ML B ] poy i e M, Jy e
SX,,0 = 1,2,3, W43 THIFIRISE S, K
i e Me,l =1,2,3

)
m ’/n,

m ,jl,]

Sm‘i = Di,/’l P

SW’L = Divfi,, i € Mc,k =2,3,--,n,
(27)
R4, AL &8 1l 25 PR A 0 U el =X (28) it AT
R
0 P
Il . =D ., —-p . = 28

/ Di,j;( _Pi,,’i =0 j][]:l:
. =
Dy =pi >0 % A

A R LT A G AR B HLER G IR T R
S I A]
Wik si‘,i_\Dm,ﬂ”%u Ly(ieM,j eSX,,1=1,2,3)
B R IR D7 5w S B RR A
B3 AE I TR A HARE u, FAHEE
Sy, (n,,0,) o #ug=u, W uy =u, K
551 B Bo AR 4 X R RS X, =X, U
X, R ZESG SV, (W, 0,), R
(29) W i S 4
V(1 s0,.) = (1 =B)v,(u,,0,) +
Bv,(w,,o,) (29)
Xhev, (w0, B p+ 1 WEAE 01
S, o, W Jr 22,0 <B <1 WH§%
FEAE S 2B AW, B u, PRREASAE B AL
o HAE S, Ny
Voo (yor0,0) = v, (u,,0,) (30)
PB4 Gap LA E, HBNWETHRL 2



778 b w5 = R

2 ARE 3 21 T BRAR TG A U K 2 ) I JBE 52 R
[, T 52 I A 1 s A A 4 o AR R R L
7 5 g, U il A T 5 v ) i A A 9 A
SRR TE T 5 A g | 9 B UL SR
8 Au, <&, BAEMLIEEE Gap =u, - Lo <e&,,,, Bk
G5 R B F AR I R WA 1 BB, 4 p =
p+ 1, B AT 28 SURTBE AL AR | 2098 2 20

K % 2= M :
BALSI T, Bt o,y rHE R 2 W 2 17
I SR J 7 %8 9 — A~ 1] B C AT AR 45 52 B
SR i SR SR T )
3.4 CE-PF @#MEmE

Bige 3 BB B VR A T 5 T PR R L
R L LN A 20 5 0 R T 4 K 1 9
fy CE-PF 33k 45 i bl 3 % .

( VI Ep=0. v, 1., X, )

¥

] somezeacummapumiesa | |

[

vp:(,up, 0'1’)
BEHLAREY,

FEATER RS2 CHA
T | AR ERUE R AR KA

X, X X,

1 A& CHLBCRE IR A AT 2
2. AL CHLER AT ] A AT 2
3. A BN LI S HC B A AL

|| wowm g

wk | |

¥

|t A, C

ltik=1 |

!

| s

1) PATRR LRI
H T R A R i) de/ NS A

LT 2 dre/ N T Tl A Al i A2

RFBL2 2 YR/ TR TE] A A lb ) i 3 T2 10 98] e Ak 1
L3 : A A T ) A, 2 /N T Al ) Ak LA B
Jr IR L2

|

2) ZRKEIFLHRT -
g 3 TFCFS Js 2 HE A5 i K 2R LA

k=k+1

AVABESE SRR

!

| RIS 45 4158 T

Switch
—{ 0L : 35Tk et "—
TEOLL s AR ZRER A LRI e F e

LER gk, 3T I/ B 1) |

Switch
DRl G B . ks

U2 : JFLLHEF AL L, 2E TFCFS

JEO), 5 B 1A A |
! “ T3 15Kk }_M

ARG B AR TR,

k=k+1 1504 : 4597

SEI Bl 5 A

KEEGHEER, | Switch

‘—1

3B : GapiE ik I B Ak

¥
S TR FHL,
i

WS fE

| MBS 5

GapfH i 457

/]

T R,

TR,
TR A AR (30)
A KRG, B M SRR
IO
p=p+l

B3 T CE-PF S036 5K i 2 5 I B2 19 454 I 7
Fig.3 Flowchart for solving departure scheduling based on CE-PF algorithm



555

4 mEDH

4.1 (HEMBEFRHE

5 BLE )2 75 T 25 1R A/ R AU BE Al s 7Rl
PRI AL SR o BROR  A C (fT A A B
W2.279%) @l ok et 3 A Sh AL
18 A~ 45 BL5 36 00 56 T 2 JF SCik 5 O foE
MR, BOE HBh RALR SR 1 R, W
T S m/s, il AR A5 B 0T 0 4% HLAS [R]
Ay i 8], R A 47 PR B AN AT 4 s

x1 HEXBPHINTCHER

Table 1 Departure aircraft in simulation

LGS
fEHLAL
8 L 3h 12 2 3) 16 e 5

A0

Al

A2 1 1
A3 1 2
Ad 2 3
A5 2 4
A6 4 5
A7 3 6
A8 7
A9 4 6 8
A10 5 7 9
All 10
Al2 6 8 11
A13 12
Bl 7 9 13
B2 10 14
B3 8 11 15
B4 12 16

L1 1 4

L2 2 5

Fig.4 Overview of aircraft carrier deck

PEXF 8 42 12 42 16 ZE0K [A] KA AL BA i 1 5l
B 0E B AT LS . B L S AL
A7 H B4 55 A0 Z 8 58 hig, X BE AT g N T
RGN S R = v WL NS E ) B3/ 1 = B o A
O H A5 L, A 1 3l C AL 2 58 il R AR B 5%
PRBE LA IR A MU R BERL A (A5 07 B0 00 T
I 5 L5 )

ByEfFEF 4 Intel(R) Core(TM) i7-4790@
3.6 GHz, N 1F 8 GB,iZ4f7 ¥ 1% winl0, 3} J§ MAT-
LAB2018a % T. A .

4.2 HEHELERSH

K H] CE-PF B35 % 8 42 (12 42 16 42 KLY
0 B B 5 R AT R FE A T R TR Y BE AL
PEPE, TWAHLAE C2 2 6 AV A9 TR A A A A AR
KT 2, FEEZEREYS C3 R CiE,
TR R REHLAEL 50, 3R R B 500, 2 )
5 0.3, PFA L 10 000 ¥,

8 ZERAHLI B B 1 B AR AE D 372 s, &R &
MRS H S BT R L1:4-55;12:2—
36131578, KHLH ST 55 H AR A&l 5 fir
N TR 0.828 st Bl i BE 0% 4 HE i 1K
BT B AR AT, B T T AR b 52 B[] =5

250 300 350 400

i Ja)/s

7
8 10

L3 3 6 9

i AR A

FE I (< thgli+a]FE BLas =S iR

P58 ZLTRALH 2 i B2 H 4 4

Fig.5 Gantt chart of departure scheduling of 8 aircraft



780

b B = R KR

(] B 1, %of T i 2l 89 33X A~ A7 it A ] < BHLZE X7
IR A WK ZE ] ) 5, 18]S b 5 28 FHE R Bl 48 25 1R
FH 2 i B .

AR B R, & TR0 T TR AR 4
HE BEL 5 = B 7 i, oA A 3 B AR D 24 R ) A L
T HR 45 TRALTE W AT B K 2 T dhE i R 1A B
HREMFALIRT R B 5 PG5 5 M I
B, T 1 Al H ¢ B 7R AH R, 9 dan, L3 :307,
FORE 3 AR KEIE, S 3 AL CY TF 1AL
WI)VIMTEETATHCH M), EARETIF L
(CRHLIEAT EMRE CAL) , B g N L g2
PR B TR 55 R, oAt an it

R i 3 il A Y0 SR s 2 AT R B T 58l G A
FEXT 2 RMLA A HLAL 43 e R A7 S th B i P 2
W15 00, AF N %) 3 AT B AR 0 RT B E L as TR T
NSP-Dubins-RVO 575 1 2 26 1% 42 22 1 B[] sk filf
WG HEAT P RIS A, P AR % 8 HE KAL) U AT I
raE 6 frs .

KL S

——

K6 8 JRALMMAT MAE
Fig. 6 Taxiing trajectory of 8 aircraft

12 ZE KRB S & S 1 e U {E ol 538 s, 4 KhlL
H S 55 HR NI 7 s R 1..06 s,

16 28 KL 3h 2 7 1) B LB 691 s, % i
ALY R AR S S B F ke KA 16—
7—13—58—59;12.354—12—>14—15;L3:11>5—
1-2—16—10, KHLH 34T 5 B4 E W E 8 fiw,
TFRERT KN 1.323 s,

1) BRI BB X8 4
12 28 16 ZE R AL 3h 2 37 4 B2 05 FOR &, SR HL-F
HH BT ARIR f 46.5 s.44.8 5.43.2 s, i W [l
B R Sh A R 3% 22, BRALSF- X S Sl a) o)

0 100 200 300 400 500 600
I} [8)/s
P70 12 BUTRHLH B B H A
Fig. 7 Gantt chart of departure scheduling of 12 aircraft

NI, BN [s03:916 3000

NI I, 55 2:815[2: 1015

N, I =€ 28141 2 1014

NI, I 1071311013

NI, IR, 512 2812 21012

[ T

N, B s
o NI, (OO #1709 1: 1 000
% f I 17705 1 11
= Fs
5 i E— ]

S 1706|111

N, B IS s

- =

RS =] 2:803] 2: 1]ovs

NI, SIS [ 33:90203: 1002

A FEN . . . .

0 100 200 300 400 500 600 700

[ 6] /s
8 16 BLTRHLH B I BE H 45 P

Fig. 8 Gantt chart of departure scheduling of 16 aircraft



555

Ti I, % AT CE-PF 5735 i A WL B 37 9 2 10 Ak 1)

AT R

sy YAl

781

B4 /N B2 I AN K, F2 B Sy - (D32 FR A 23 1] 1]
21 F G i A Ak R e BH 26 R B 2 R B PL A 2 R
o TRV s QM APLE K E T3
LMl % 4, B0 ] — i A] A RE AR K — 2R KL
@ RAT L AP R, AL S R ok /) R i 4
gy, Se e B R A T 5 A R U A B A R
KL RAT L A X L PR R Bl B 3 [ E I )T
BB, R O Bl LA T BLBIL H Bl 8k R R T
HAEE

2) Hlés s WA M AR 138 T, N
KIS ~ 18 8 n] LLA i, Al F 8 2k A e i 47
BB, OB TE AN Zh & b - O Z 8O RHLI AT I
i) o5 Bl A RSk T o A G R )
B AR TRALA S (3 SE R T 1 BLIA 2E , AR T
A B R F AT X KA, P 2
UL B SK (D 1) gEAT 46 @M frad f2
CALIE] B AR TN AT RE G, 2 Sy A AR A AR AR
T A AL IA] T ELAH L, R 2 A R B 2 HE I
B HERAUAL T e 5 AT RE B9 T R B ) R A7 4, ax
WA oy BT AR 25 oy bl AR 25 IR

SR, 2% 25 PR A5 o — 7 T ] LAA 2% 2% ik B A
T WA R B R , 55 — 07 1 AR B S AR ML 8 o A
e, BT LA 23 RS TR AR T A 9 B D 2 () kil
7S B AL P B BSE IR, — 5 B2 b A Bk A
b e B 52 i A T 6 5 3 5 58 3 LA B RE T

3) PABEALALTT SRR B X 16 2%
BLH B B Ak, 35 T CE-PF B3k %8 B 1
ARl 5 I ] B A0 A RF [R] 7 28 0[] 45 3 A4S 45
br, iz il MATLAB BEAT T 50 (R AR 803153, [m) It
Mgy 1 3 g 37 Il s an 2R A TG BEL ZE 45 B0 T oAk
PHEEEE R . BRI RANE 9 Fros , 2 BT 5
/N A (B R W LS SRR PR . 2R A 2

1000

| —

950 :

900 -

850

800 |-

HAr{d/s

750

700 |-

650

600

BORMH BUME CP9fE SRR
e it A f/ME
B9 50 Wiy FUAR A3 205 2 i A i

Fig.9 Scatter of 50 simulation optimization results

o DAL T R 7R K BT R 970 s - 4 i
WA 770 s, SR AR AL B IS A E S 691 s, 3¢
KAEm TR shakie. S8R, R b sk
AT BB ZE (TR B AT X)) it K 4 18, AR 4 e AR
v B TRIE R 622 s, JCRR G2 A7 X T 1) f A 0 B
KD oM B e R A A R R, R
K (31) € X Gap {8, I8 4% H 81 0L F &AL Gap
{E4 69 s,gap tHXHE gap,. 7 9.9% .
Gap = C,. - C,.
{ o (31)
gap,; = (Cpp = €0 /C

Ao Co T BR R AF X AR i [0 5 € b A5 BR 2%
A7 XAV ]
4.3 FEARTUSFAERLTENZI

G bR 2 (8] 38 0 55 46 /N RHLR ST B4 AT
DA A oAy B Al 2 ) 24 S0 BR ) 4 6 B 0 ol , B0k
TE B IR A T K 25 [ B A vh ) R I 5 K 1Y ¥ AT
B BE (0 A7 X T DLBR R N AT FRE sh A4 1K B[]
— i R R 2 B RALE 2 A R T
27 ]kt il 2K, i HLAS [A) A WGE 38 (R A R AL
Rl 2 B, e R R — i R L2 ZR UL B RAL
Al ] B AT AT AR o

AT BOVEAL i (5 25 B 29 50 ) |, R 0 55
IS T 05 58 B 41 205 28 T AR I8 sh Wt 47, a8
W i 4 e A B S VE i ], % 4.2 A 8 4L
12 48 16 B2 ] HURE B BLBA 07 20 % BR, 5 3 9
A AE A B> 52 5,109 5,154 s, HAR R AL 32
25 (8] 2 AR AL ) SE i 4B B AN 3k 2 FroR . AT LR
O B L S P EA Gapo XTAFSE B9 BH
FEIR A WK 2 (8] ] 1, FL PR ARUA (e AR (E R AL
Sl JCPH ZEAE BT I SR AR (H i F 45 )% HLES
TLRA7 32 B, BH 2 8 B G vk Bk i 0, Wi
Gap {H K WAl . @ W A7 BE 32 B AR b 42 T i 3h 2%
R, NF2ATLLE L3 FhOASTE W 3h B 7 fo i
=4 (R ST I NN T S A O SR N N 7 1
14% ~22% 1 1 2l 50% i HL b 0 BE 2€ 90 B 1 Ol
TR ARE AR . SO0 VR IR B Y H R I
ESI UV 7 N =2 B w5 VR IS T (1B S5 T| S T T
(55 A N 8 e 28 5 R WS e 4 8
4.4 EHiEMBELEER

X AR AL B0 S 3 A B x4 BH 2 2UTR A R
K A TR) [0 B, 4% 5 gt 1 A 3 T WU 4 5 3% 7% ( DL-
GA) 224y ik (DE) (22 43-3¢ X4 ( DE-CE ) %7t
Jit e A R A A SCH R Y 3T 2 A0
JEY CE-PF 53k, UK DL-GA DE-CE 45 $L A1 5%.
WY CE-PF B uk b 47l g, 4 N3k 7 8 4L,
12 28 16 B8 SR T il 37 32 47 20 ¥k, 15 31 bk



782

b B = R KR

R2 ZEEARETANEFEEFRBEM

Table 2 Impact of spatial constraint changes on departure scheduling scheme

BH %€ =8 (A 30) TG BH ZE 1 i WATHE N 32 B 1
Bl RS/ 4 BAAE /s Al /s Gap {ii/s gap HIXHH /s W s BIE
8 372 349 23 0.07 320 52 0.14
12 538 481 57 0.12 429 109 0.20
16 691 622 0.11 537 154 0.22
. _
o | o [
5L
=
p
| B 2 s
0 50 100 150 200 250 300 350
15} [a]/s
(a) 88 KL B HERR
NG N /1] 172 [ o2
i, . meooo
o E
= N I o 50s| 2305 |2:1005
3 K yﬂs S 2505 2:805 [2:1 004
200 250 450
1 (8] /s
(b) 128 kML s H A
: DR 516 128161 1211
M6
1 IS 15 L1715/ L1115
s
1 I 1411714 L1015
14
1 R 511 713 L1 1 113
E
0 I 17121 L1 1 012
Il 011
i I (0] 12 §10] L2: 1 011
10
8 IS 3 G05TL3909] L3: | 009
4y IR 505 12: 50812 1 18
s I 5 6071L3:907] 3. 1 007
Y406 L1706 L1 | 0o
1
N w0
R > 50 1.2: 503 1 L2: {013
B I 60D 13902 5.1 (11
I | | I | SGUE001 13 001
0 100 200 300 400 500 600
[ /s
(c) 1628 RALE B HEFR

Bl 10 SeifF i A7 38 B Al T AN [A] i 3l AR fr) 381 2 H o 14
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Carrier-based aircraft departure scheduling
optimization based on CE-PF algorithm

WAN Bing', HAN Wei', SU Xichao" *, LIU Jie’

(1. Naval Aviation University, Yantai 264001, China; 2. War Research Institute, Academy of Military Sciences, Beijing 100850, China)

Abstract: Carrier-deck operation scheduling is a key technology to improve the combat effectiveness of
aircraft carriers, and the optimization scheduling problem of complex constraints with time, space and resource
constraints has been proved to be NP-hard. We study the optimization problem of carrier-based aircraft sortie
and departure scheduling, which is abstracted as a zero-buffer hybrid flow shop scheduling model. A mixed
integer programming model including aircraft collision avoidance and other constraints is established. Then, a
cross entropy-operation profile fitting ( CE-PF) optimization intelligent algorithm is proposed to solve the math-
ematical model. The flowchart of solving algorithm is given. The jobs grouped by heuristic rules are accom-
plished by the cross-entropy algorithm through Gaussian sampling, the scheduling design of task sorting, oper-
ations permutation and constraint checking in the grouped jobs is completed by the operation profile fitting
algorithm, and the gap approximation algorithm is used to perform the target value evaluation, elite population
selection, sampling parameters update and optimal convergence decision. The simulation results show that the
CE-PF algorithm can solve the departure scheduling problem efficiently. The sensitivity analysis shows that the
take-off mode and space constraints have a great influence on aircraft sortie efficiency.

Keywords . carrier-based aircraft; sortie and departure; cross entropy-operations profile fitting ( CE-PF)

algorithm ; scheduling; optimization
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Fig.2 Process diagram of client accessing EJB
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ParameterType ELiEEi
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10 end
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14 end
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16 end
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27 end

28 preComp<— 5 7F stackInv TH# i) G 2
29  end
30 end

4 TRIE4HH

4.1 ZWAHEM

ARTCHE T 7R R B R A S 5 H Y
SEU IR B R ATYE  BRBE 5 AL T Java FF LB
i AR AR AU AR BORAG 2 5 T4 M 4% H AR A XS
L )t 45 | R 7 e AR R A ik B v A 3
HYIB AT I AT AT
4.2 LMWK ELWRIFEERE

e B Rainbow-znn' ™ 4 Sy 52 4] 56 i %t 42,
Rainbow-znn J2& F i N 4K {F S0 8 T 2 W Y —
AHETE XS A, BE 58 # HE T Rainbow HEZE S T
znn. com [y [ 1&E I .

SEEG M5 N« Apache-2. 2. 16, Ubuntul9. 04 |
BATHEE 5% T H Hyperic-Sigar . JDK1. 8 . H F i/
[A] AL T H Jmeter-2. 5. 1 znn. com $&fit i) 4 5 T
H A3 Eclipse SDK & i T & 4% & mysql-5.5.25,

HT MY znn. com %2 % f1 M Rainbow HE
Z0 CE U] SRS A SOk [23 ], SEBLXS Rainbow-
wn [ERE . WK 3 PR, A SCR R e T 7 it
AL A AT S T Eclipse 4.5 il
Rainbow fEZE

AARE LR .

1) FEFA A4 ~7 B l# & T Webl ~
Web4 i 55 M Apache-2.2. 16, {fi H. G 4% /5 #] znn.
com H %) AR 55tk servicel ~ service4

2) 7R A3 EWE T annmaster IR 55
(Rainbow-znn BYIR % #%) ,i2 17 ¥R 5 Wi ¥ T H Hy-
peric-Sigar fl COMPAS J2EE H#EZY

3) FETFFEAT A 2 EERE T 2nn. com 23
£ tf install-1b. sh fr 324444 distributor-0. 7 # 4 L)
SCPR znn. com [T 2 Y i znndist IR 55

4) FEIFE A 1 EFE T znnclient il 5,
PIBEALL znn. com Y% 2 v, oAb, 8 7R %90 s B
FE T Jmeter-2.5. 1, LIBIHLH F Xt znn. com [



792 G| AN T Nl N = 4

A AT 4R

— T 2022 4

znnmaster iz 55;
Hyperic-Sigar;

znnclientfiZ55; znndistflz 55
Jmeter-2.5.1 distributor-0.7 COMPAS J2EE;

mysql-5.5.25

T2
T RS

@ @ @@

T A4 SRS AT 6
[Weblf}[ﬁé}; ] [ Webz;_;w}; J [ Web3}_}[l%; J [ Web4_H[i%; J
Apache-2.2.16) | Apache-2.2.16 ) |Apache-2.2.16) |Apache-2.2.16
B3 Simm IR
Fig.3 Deployment of experimental environment
Pila) o
4.3 XitiE
1) i@ i3 Rainbow £ znnmaster [ ¥% ] & & 3
znn. com 1547,
2) Ja 8l Jmeter2. 5. 1 BLHLE 7 3 149 F U5
), A4 SCHR [ 23 ] A R 48 B — BB B 22 0 W)
3 (github ,CSDN 45 ) £ 44 (1) ¢ 10 3 452 40 60 A, S
B THTHEA znn. com & ¥ k% R4 15 K 1
A
3) ¥E znn. com BT 25, i3 fF znn. com &5
il & %i A “ show-znn. sh-configuration” ¥ iy %, ic.
SHLE B RN IEATE R .

Path number = 61

— IS 1ot
4.4 ZBHER L= 1]

i3 Rainbow $8 ik ) 12 17 B AR 28 45 A4 45 2 P
MEAL] , SRS 17 AR R AR RL, an 8] 4 Fs

AT B A AT DU I R X 4
5 znnclientE]B | znndistE)JB | webservicel EJB | web-
service2EJB Fl1 znnmasterEJB, 2R )5, FI FHEE R T
Wi 77 2 19 COMPAS 2EE , X} b iR 4 04 #4738 17
i Wi 45, i o 7 COMPAS J2EE rpg S W45 21 1
el 75 45 B g sk 8] ECS. XML SCfF b, &l 5
B o

i 3 A S s, AT A TR Graphwviz 13 2
BATIAT AR AL AN 6 B R o

E—20 M, X & 6 AR R AR AT BR T .
188 3k T I ] AR A R AT o3 A TR A8 A 4 1
] Webl ZH 171 Web2 2H {1 [i] (14 5% # 185 Xl JF &
R ARk TR R AU AT AT O R R
K 7R .

A4 BAT IR ER S5 R T

Fig.4 Runtime architecture snapshot of rainbow-znn

{type=EJB, name=znnClientElB, method=processEvent, timestamp=1600737707511773}
{type=relation, callerName=znnClientEJB, callerMethod=processEvent, calleeName=znnDistEJB, calleeMethod=setRequest}

{type=EJB, name=znnDistEJB, method=setRequest, timestamp=1600737707513037}
{type=relation, callerName=znnDistEJB, callerMethod=setRequest, calleeName=webservicelEJB, calleeMethod=getMessage}
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}
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Fig.5 Record of partial monitoring information

373 calls

635 calls‘ '_ ‘ 667 calls
417 calls 396 calls

I

B 6 RbR R B B s AT I AT 45 2

Fig. 6 Runtime behavior model without transition

0

7 knid TR BB T AT R

mode marked Fig. 7 Runtime behavior model with transition mode marked
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Construction method of software runtime behavior
model for reliability prediction
LI Qiuying"* ", LU Minyan'’, GU Tingyang'"
(1. School of Reliability and Systems Engineering, Beihang University, Beijing 100083, China;
2. National Defense Key Laboratory on Reliability & Environmental Engineering, Beijing 100086, China)

Abstract: Runtime behavior model construction is a component of software runtime model construction
oriented to reliability prediction. It provides runtime component-to-component dynamic interaction relationship
and state transition probability information for software reliability prediction. Based on Java development plat-
form, a construction method of software runtime behavior model based on non-intrusive monitoring is proposed,
including the following steps: obtaining the current runtime architecture model; determining the monitoring ob-
jects according to the runtime architecture model; declaring the proxy Bean in the monitoring method ; declar-
ing the monitoring Bean to realize the extraction of the dynamic component interaction information; declaring
the interface between the proxy Bean and the monitoring Bean; based on the construction algorithm, the runt-
ime behavior model is constructed. Finally, based on the Rainbow-znn software, an example is carried out,
which verified the feasibility of this method.
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interaction information; runtime architecture model
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Table 7 Comparative experimental results
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Android malicious APP multi-view family classification method
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Abstract: Aimed at the problems of incompleteness and singularization of feature construction in the
existing Android malware family classification methods, a malicious APP family classification method based on
multi-view features regularization and convolutional neural network ( CNN) is proposed. We combine the
MiniHash algorithm to visualize the original features of the three perspectives which contain APIs of Android
framework , opcode sequences, and permissions and Intents in AndroidManifest. xml file, while retaining the
similarity among APPs. The feature extraction and information fusion of each view are accomplished through a
multi-view convolutional neural network, and then build a set of malicious APP family classification models.
The experimental results based on Drebin, Genome and AMD public datasets show that the classification accu-
racy of malicious APP family is over 0. 96, which proves that the proposed method can fully exploit the behav-
ioral characteristic information of various perspectives and effectively make use of the heterogeneous character-
istics among multiple perspectives, which has strong practical value.

Keywords: Android malware; family classification; multi-view features; behavioral semantics; convolu-
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Table 3 Simulated sorting results of standard position distribution of materials
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NIy # %l 5 1234-5 7 875 11213 1575 2243
100 BT W 6 2-5-8-11-9-10 7 980 9 678 1330 1613
NIy # %l 5 12349 7 550 10 749 1510 2150
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Fig.9 Simulated sorting result of standard position distribution of obejects with different conveyor speeds



812 Pl Rl E LR ol

3

: 2022 4
feva |
3.1.2 AL AR AR T 2040 e

YrRHE B RE AL 0 A B0 0 AL B S
T SRS LRI B0 A A (R A 2 T R AR
Bt o PR ILRY | o3 5 58 18] B 23 4 A At 4 K80 n
R AR K 4 AL, Wy BEAL 2 AR 23 P
RO PR 23 A 14 0 5 30 R AR A S P v B 2
FER G P R 5] o A A M T B R AR . e
b AEA R a8 25 T, 500 SRS R Rk 0 1k

BEHL 5 A B 0 kL BE B2 T T S BR Y 4 5 1
Bl ARG 4 P B 2 ) 2 RO AR ) R
T RN Y 4 SR, A& 10 Ca) TR, 4
AT A& 10(b) froR . M 10 AT DL
M 26 A R o KB, 2 okl B T T
VEZS 8], 43 45 i 1) 3 2, 38 1 4 #5245 R R
T 2 Pk o

R4 YURENSHIHEMUER
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Fig. 10 Simulated sorting result of random position distribution of materials with different conveyor speeds
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Table 5 Experimental results of sequence planning

algorithm and greedy strategy planning algorithm
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Table 6 Time consumed by sequence planning

algorithm and greedy strategy planning algorithm
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Dynamic sorting planning of Cartesian robot based on greedy strategy
CHEN Lin, BI Shusheng, LI Dazhai® , LIN Chuang, OUYANG Tong

(School of Mechanical Engineering and Automation, Beihang University, Beijing 100083, China)

Abstract: An improved greedy strategy planning algorithm for continuous robot sorting is proposed for the
problem that the efficiency is low when traditional sequential sorting algorithm is applied to sort dynamically
materials with Cartesian robot. Kinematic model of the Cartesian robot was established to ensure that materials
can be accurately picked up. Time window was designed to divide the continuous flow materials on the convey-
or belt into regions one by one, and the greedy strategy was applied to plan the sorting sequence of materials in
the same time window. Cost function was designed to improve the greedy strategy considering the risk of
missing materials in the sorting, which enhances the practicality of the algorithm. Simulation environment was
designed to simulate the algorithm, and the sorting experiment was carried out using the designed robot plat-
form to verify the feasibility and effectiveness of the algorithm. Experiments show that the algorithm can plan
an effective sorting path in the actual sorting operation of the robot. The average sorting distance and sorting
time are both smaller than the sequence planning algorithm, which improves the efficiency of robot sorting for
continuous moving materials in the plane. The algorithm, with good real-time performance and strong practica-
bility , has certain guiding significance for the research on the optimization of the sorting path in the case of dy-
namic sorting with Cartesian robot.
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Table 1 Airframe development cost data

kAL F il 2 49 Bl % RRF R YRR AR €Tt SRR HLIRTE B W 2% H

RS x,/a x,/kg x5/ (km + h™") x,/m xs/(m s ") xg/ kg x,/h e/ Ji It
A 5 3 650 1 450 400 125 1 500 600 4167
B 7 4170 1 320 400 115 1 000 800 4516
C 7 3 830 2 180 400 135 1 500 800 6 549
D 7 4 470 2 260 420 150 1 500 1 000 8 457
E 6 4 060 2 180 400 150 1 500 1 000 7613
F 7 5530 1 240 400 106 1 500 800 4 877
G 10 6 850 2 340 750 180 2 000 1 000 17 138
H 9 7 430 2 340 800 200 2 500 1200 25 631
I 9 7 750 2 340 900 220 2 500 1 200 31263
J 14 12 160 1 880 850 200 3 500 1 200 63 674
K 18 6 780 2 130 1250 235 6 000 2 000 166 340
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Table 2 Comparison of results of four prediction methods
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Jiot N Vb A /070 o A ot fH/775t
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Table 3 Sample of airborne electronic equipment cost

KHLE S T ORAFI x, /a it x,/kg B 2y /m? & x, /kW SEPRSE I o/ (10% 2658)
A-6E 70 624.25 0.569 1 6.4 1 069
A-7D 68 508.93 0.710 1 10.5 669
F-4D 65 790. 41 0.843 8.2 582
A-10A 72 265.14 0.239 4 3.1 315
E-4E 67 566. 14 0.677 3 5.3 662
F4] 66 1021.05 0.982 4 19.4 1329
F-15A 72 717.32 0.833 1 22.5 2 488
F-111A 64 805.4 0.877 4 5.6 1 267
F-111D 68 1 068.72 0.910 2 12.5 2392
F-111A 71 933.88 1.061 1 8.9 1577
FB-111A 70 1136.36 1.343 2 7.9 1 965
F-14A 70 998. 35 1.062 8 29.4 2 383
ATE 68 653.76 0.841 3 8.3 828

F-111E 69 987 .105 4 8.9 1 564
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Table 4 Comparison of results of three prediction methods
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F-14A 2 383 2 182 2 465 2 695.8
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F-111E 1 564 753 1 867 1701.8
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Table 5 Performance data and price of transport aircraft

KAl RRET L& & Bl FV R i i A BT R R 25 LSRR WM/

A R= oo x, /kg x,/m x5/m x,/m x5/km xg/(m s ") x,/kg xg/kg Vb
A 13 494 23.5 8.43 867 4262 425 6 597 5 683 6 666.7
B 6 849 14.39 4.57 987 3701 746 3 655 2 640 3624.3
C 9 979 16.9 5.12 1 581 4 679 874 5 357 3 350 6 569.9
D 5670 13.34 4.57 536 3 641 536 3 656 1653 5 586.23
E 63 503 39.75 9.3 1 859 6 764 925 33 183 21 273 27 768.8
F 22 000 29.87 6.75 1 200 2 870 907 34 360 5500 17 575.2
G 21 500 27.17 7.65 1 050 2 000 580 12 200 5 000 18 137.6
H 70 310 29.79 11.66 1 091 7 876 602 36 300 36 300 50 476
I 21 000 24.615 7.3 1 300 3 100 819.2 11 700 6 000 14 250
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Table 6 Comparison of results of different prediction methods
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Complex equipment cost estimation model based on entropy theory
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2. Air Force Material and Four-Stations Department, Air Force Logistics College, Xuzhou 221000, China)

Abstract: In order to improve the cost prediction accuracy of large and complex equipment such as air-

craft and airplanes, based on the principle of similar information priority and entropy theory, the selection of

similar equipment is regarded as a process of information fusion, and distance entropy and grey relational en-

tropy are introduced to construct a comprehensive similarity index in order to measure the similarity between

the equipment sample and the equipment to be predicted, assign weights to different samples, and establish a

weighted least squares method to predict equipment costs. In the situation where the number of equipment

samples is less than the number of parameters, the cost driven effect matrix is established and the calculation

of the corresponding entropy weight is performed by constructing equipment parameters. The parameter with

larger entropy weight is selected as the independent variable of the prediction model. The comparative analysis

of examples shows that the weighted regression calculation model based on entropy theory has high prediction

accuracy and stability.

Keywords: complex equipment; distance entropy; grey relational entropy; driving effect; entropy weight

Received: 2020-12-04; Accepted: 2021-02-25; Published online: 2021-03-16 1632
URL : kns. cnki. net/kems/detail/11.2625. V.20210316. 1611.006. html
Foundation item: National Natural Science Foundation of China (52074309 )

# Corresponding author. E-mail.: xdliu6609@ qq. com



2022 4 5 A
F48 4 455 1]

tEMEMRKEFFER

Journal of Beijing University of Aeronautics and Astronautics

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2020. 0652

(1. dERTA s iR R T4 B Be, Jbat 100083 ;

jbuaa@ buaa. edu. cn

2.

Yl

— M IER S R B & I Al &

EAE, TEXT, REF, ZWH T

847 B AR B A AR L U AR S0 %, bRt 100083
1=3
B

3. BRI ZS LR R 2 KRB B2 5 AL BE R AR BT P, JE 5t 100083)

i

EDREFHANFE-METEREFN S TR 2N T &, LIANT T

ZREENEEE UHGRBEELRENENR R EXANMRENESEEN T, AW.ER

MEREFEFENSER LU FARIM T ZEENFT RN

/,
2%

v 2 B PR I B R L, K

MR G REFHAMNENARE, S, BHT —HBEENIREZFHANE,XAT —HKXX
BIE(GCV) F ik , ARURX ERNFAETEMRENBFAT  AEFFANBZR TN R EE L, F
WA LAX T 2R A AT RO A, B D KR A B R T LA BT e
ZHEEMEIT  REEANHAFERR GTURAFASIN RS REEBHZ RS
AERAERBDUETARBURREFRATENSERLREN T, B EN D K H B & oA 5

MEBRLBN DT REFHN EAHE NEA,
s DRHEE AR o 2 ELE M, Bg;, XK

X # W
hESES: 0212.4
MEARERG: A

) 90 43 A7 S — o ek A A ke LA R 2
WL TG A AR — I, T 5
£ R R ST, LT RER 8t U T O A R A 7
A A T 2 B 15 & T R R RS R A
TR AN T B S R 5 5 — D T 33 R A R 1 H) B A
AR AT RE AT R I S A Bt T 4
AL KR TUAE B 8 LB X BRI A
A5 A A RO ) A3 BT, 8 L S S i A A 4
T LAk B 2 ] B 22 R SRR MR R .
e, XTI RGBS A HEAT R AR T R 2 1
EA R U O e 2 BRSSP o WA
LA U

T [ HE B 2 — b B B B R, 20 i
30 AR 3 44 G112 &% Mahalanobis ™ 1 Sg 4 i .
T PGB 2 B AT LA Sy 40 0 R AR g 2 0 0

NXEHS: 1001-5965(2022)05-0824-07

J& AT LS HoAth 22 oo gE it o M slBL 4 27 ) O ik
ML & HEAT 5B

5T B R P Sk ) B A5 000 B £ AR
ZHR-B RGP A A AR B
PG B o 2 A R R B T REAS T 7 22 76 4 1Y
W MEAE B AR, R, BT
B AR A — > AR B A R A
ZIRREAF A 2 AL, F YR
VAR B AE A M 1 22 B SR LR PR I, AR AS B 7 22 4H
W o — 03 S e, AR [ R AN FTE Y o X
AN SRAR SRR 4l 22 i f) B I B R s T B R R
WU TIE 92 R A 0 R A ) R R Y
RORNZ AL RE J1 #8232 BIAR K 19 520

SR, A Js A A2 ik 22 () A7 A 1o L AR S A 2
SEBR IV v 22 R A [R) R PRI F 28 i Y O

WS EEF: 2020-11-23; FAHHE: 2021-03-22; ML 4 ERATE : 2021-05-07 13,04
W 4% H AR #b 4k kns. enki. net/kems/detail/11.2625. V. 20210507.0915.001. html

HEWH: BEAKR%ES (71420107025,11701023)
= BIS1EE. E-mail; sswang@ buaa. edu. cn

Sl FAE, TEX, BF, % —RBENTREFHAAE] HFEAEMKXAZFH, 2022, 48 (5) : 824- 830.
WANG K Y, WANG H W, ZHAO Q, et al. A modified Mahalanobis distance discriminant method [J ]. Journal of Beijing University
of Aeronautics and Astronautics , 2022 , 48 (5 ) : 824- 830 (in Chinese ).


Administrator
全文下载

https://t.cnki.net/kcms/detail?v=U4oRBnfzxqimQeKuKvHDRMftvhVSaOSN_uNT1phfknhS_ZEtB4jOWxTTeAwbh-Wj8bw4fSdje_p_sG_cu8Kikgq_6FyI7gv5t7BzfcIduLFlLapBFq47TQ==&uniplatform=NZKPT

555

FIEE 55— P8 IE B9 1D [C R B ) ) 12

i

825

ICEE B JEAT B IE , i 238 ) Tk 36 3 52 o b
HHAEXR ., CASCHES T R 87— 2
A IR E . ERLAGR GG, Cudney H1 Rags-
dell ™ 76 3 T I PG 25 A 2 1R 45 v 5% 3 P 1 Bl
FEEFN Gram-Schmidt 1E 22 4k 2 )7 ¥ 4b BEAS &
[ A7 7E 2 L R T Bony n) R, P A o A AR e
PR SRR b T 04 A R 0 B S 4 42 3t
LM X b TG B N R S el R I ] R A
8 28 FE N3 43 A5 B 5 G T AR B TG R A
Il kR 4l 5 Ok v i A R 2 T R R R OC TE RY T
PN AR X 4 TR R T 2 R b AT AR
A EUE R R, X TR B B AR RSB R
A —E R EWE

PR i 2 E) A A 2 E R PRI, 52 e D [
S S ) A A ) — S A PR R e X B Y
PEAR B2 Y G BE o IR) R AT LURE 4K Sl X
05 Z2HE R AR AE A RO B il it o BRI R
HAl 24 3 M FRmp k. O T8, kA
B @ TR B EERE T O4ES
ST B I , 0 bootstrap B BER 36" F g X
BUET o 2 XY IR S — A SR Y e R A
ANEOR T7 5 o B8 S IR R AT I 4 Y D D
I 2 B8 R AEAE 5 R AIE 1) B 0 S B0 % A A5 1
L eNE k3 QBRI R (= RS 1 29 il = <9 V1 | R
HY TR Z IR RE/AN . FEAESE =, — i)
A8 LY IE ( general cross-validation, GCV ) J2 75 % £&
J P AR e YE FE I, % B8 — 72 (leave-one-out ) 38 X 46
T — Bl S AT B0 . GOV 3 T 15U 24 77 %
2 FUMMAL SR 22 F- 07 Fl 2 [A) Y & &%, 1 F- 3 4 B
FR) B o I 15 22 1k A JE =X A I BL A AL, mT R
W R H 98 A8 B IR SRR A TR A

ARSCHRE T — B R Ry S IR R A gk
TEAE T GCV X O B8 1 Ja P 28 & 1 4 2 R A7 5 2
VEFER LGl 1, 45 30 X0 b 07 22 B 3RE [ ARG AT
SEAG T, DN AE J& 1 28 i 22 ) A7 78 ey BE AH OGPk
AAE I T 32 s D IG R B )l 12 0 30300 2R iz
TERE I FIBT T RE J1 o %07 ik AE Jm MR i 2 ()
ANAEALETEY R A G R, S e i
A SRR e 2 — B . i 7E s Pk
2 [H] e AR DG IRE, D) AT DA ke A X B R A AR
W EAT T B I 77 A A R B 5% 2%, DA i ke AR
i 2 E LR ST T [ HE B ) ik 0 A A A
I L

ST SRR TE B TG R R ik 0 A R
AR SOREAE TE 1 E QI B ) 591 12 0 446 M ) B G B
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77 6 725 L 5 i TP ) ) o 1
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1E p 4E AR G HEEHLMI n N FEA e, e R,
i=1,2,,n| BRFEALER ge R FEARDIT
ZHMEH e R X TAEE DI IR K
e, R ATLUE CH B SR G 195 KR 2 6 F
T BE N
dy(e,,;6) = (e, -8)'3 " (e,, -8 (1)
o T R Ay 25 B Y 0 R B B AR
%

TEFE B R ] 1) 8, 25 8 K A p 4E 5k G,
k=12, K, AT LAHIWTREA i e, JB T 55 1 285
1 G, 50 Tk A
Gy, 56,) = min| & (e, :6,) s k = 1.2, K]

(2)

Bt EtEA e, B —K G (k=1,2,,
K) Iyt IREE RS, % e, 5 8K G, 19 5 R HE B i
NI e,, € G o

[ Jost [ R B 0 B A B, XL p AR
B MEAR G e, e R, i=1,2, - nf # A
Pl G e R X, = (X, X, X,) FIEEAR
P75 3 REEE A, =A==, 20 )
XFRE p AN IESE B B AL FRAE 1) 5wy w0,
Hrp u,eR",j=1,2,--p, Xid: A = diag(a,,
Ay A) U = (g uy e uy)  WIREAS B 5 22
HEME 3 AT LA SR
3 = UAU’ (3)

RYs SR B E X (1), FEA K e, e R
NN G rYy D[RR E Al Kk
dy(e,;6) = (e, -g)'3 " (e, -g) =

(e, -8)'UA"U (e,, -g) (4)

EEHE B XA S e, 347 0 Al
WEHAFH (e, —g) s IR F 8 T F W53 23 B (princi-
pal component analysis, PCA) 3R 155 AL F5 & (u, ,
u, o u, ) s FRRE RO AR I RE AR ST A BT AR bR R
(wy,uy oo u,) BT 1) BEATHRE , AT A4 B 45 52 Ak
b
f=U.Lo ) =U (e, -8) (5)

TR IR (4) AT ERT R I
dy(e,,:6) = fA'f =

(f; Lok )( Lo Lo )

T S W AN/ vl Sy

(6)
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A3 (6) AT DL, b [ B 5 3 R X T
Al b (R RS FEAT T 46 Ak RS P AT G RRIGRE
BRI

i g b T 2B RT LA D TGRS A
JEAR DG R R I N o 52 b, Wk p AN e AR
T 22 B B e A S, 2 A AR — B
FRAEE/NBULFAE T %, M T LT 5 T F 18
(B BEAT T AR5 RS 75 d2 S g, 15 20 B9 Al 3 H 2 A
R 1Y, 3K 2% Xk 5] 20 A 245 Rl R M EE R W o AE
IO FH b FRE B I, 732 T B3k 3k 26 L9 45 T 9 4
AL e X IO R AT 1 2 B A, B 4% 5 B A9 32 A
oras [ AEJE (LLR f Fx PCA =8 [ 4E ) .

2 PCA ZTE4EERIZHE

ARSCAE GCV Sk A 3 5E Bl 7 22 58 B R A
{EL55 A 1] S A9 i AR B0, AT O A M Al T 5
TG B g AL o R I it — o DR A S8R v

GCV 2 X} 191 B d5e KA 32 SCHR UE T 157 (ex-
pectation-maximization cross-validation, EM cross-
validation) [y — i 52 F 4 04 3E {Ujm o EM cross-
validation [ ¥ i JE filf J§ T° EM-PCA Jy ' "2 ,
EM-PCA J7 ¥ & —FiowS & A7 ol 2 A8 A4 20308 JE 1 A
ERAT W8 T . EM cross-validation ¥ 8§ —
245 EM-PCA A3 HL45 & 4 Rk, I LA ik 45 fd 000 &
By I7 1R 22 /N PCA 23 [ 4k B mo, A Ol e 2 B
8 7 A A5 R AAE 1) P 1S 8

HARmE ik X,,, = (X, X, ,X,) &—
ANBA n AR SR p A8 B R SRS RO R R
X HHRE X, 0 fT S I, EM
cross-validation ff) 2 B8 &, | o, i m e |1,
2, plsBRJE B — B8 — M 2 X, 5, X
REEFH] EM-PCA J5 306 p 425 (B e 2 m 4
RS, i 32 Ry A 60 R H A 2 = A T
X, BB (X)X, B Ay i
2& MSEP(m) 31k
MSEP(m) = L3 S (X)) ™ —x,)* (1)

i=1 j=1

fdi 4% MSEP (m) 35 B de /Ny me, By Al DL g £
Ui B e B 15 L PCA =5 [RI 4 Ll /2 i
UN2RSR o 73 M Fs p 425 [l B 2 m 4k, Al L
AR B 3 O B 5t s B 3 v Y R AR AS B, [R) e A
ARG T (42 A RE U AR R

ANFAEL RN P, EiR EM cross-validation
M5 S e BE AR o BRI 225 SOk [ 18 ] 45 i
TGOV ik g8 (7)) i — Bz Ak

1
np

GCV(m) = P/{- \2 o_yl 8
(m) -2‘1’(p—m)+ n (8)

Kb YA, AN p - m ARG 0 £ B

O, 1T L3 X, T (A R L S (A I 5% 22 O
Fso(1/n) %% 1/n RIBS B T35 /0
I (8) T LA, 7E 4 B B4 A £ B m

BORE, YA, B, B 22 7 AT
B 5R 2200 11 T J5 (p —m)® H9WINAT B 227
5 S A, WM KOR B AT BEAE R m GOV (m)

j=m+l

B i /ME . REBVERF GOV F/MER m, B4 R
B O LRI A 1) 8 099 e 0 o B A5 98 9 1)
g2, IS (8) K A P75 B AT B — ik 9 R AT
S R AT AR R b B AR 5 5 A

3 BEMFIRERNTEMER

16 1E Y B PRI 89 40 551 o6 4 B GOV, X 28 gt
Ty [ B 5 SC (1) AP R B B A R AR Y AT O
R FCIRUHUE: - 00 5 00 A A 4R R SOR B A 1 R
TE AR R % F A R AL LR 58 14 o b 2 e
0 A (B S0 i B R S A 31 3 T R L, BRI
BOPBRIE .

TR WA E 0 DMFEA R p AR
X WA Jr 2200 0 3 JEAT RRAE (8 43, oK
HATIEME A, =4, = = A, KCH R A EFAE

) w,,uy, e w00 p DRFAE T A E 4 U =
(wy,uy,u,)
P2 GCV Jr i FIWr & B R AR (5

FFAE [ 5 A B0 meo AT m A E (DK 1 % £
WFE A = diag( A, Ay, -, A,) , 6 B7 AR 1f it
WIS U = (a0, 1),

HB3 TEH BE BAEEE W,

W, =UA"U’ (9)
PB4 WNT—DHNEARL e, EHER
BIPCE A W, R AR 6 B S IR N
dyule,.;6) = (e, —g)'W, (e, -g) (10)
HET AT LR A& 1E 19 5 B B ok 1 AT 4 ) 4y
Bro WEMHAN e, 38— 6, WEIEDKEE
[ R U A S L
(e, :6) =
mkin{dide(ew;Ck): k=12, Kl (11)

Mle,., 584K G, MBS /N E, A e, € G0
AIEJE MRS B A A7 e 2 LA, B IE
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F1% T T B 0 1)k A LAY R )

1) 25 PR f 2 () g JEE A SN, RE A By 7 22
FE Bk rank () <p, % HOGS M FE 37T BRI R
T e, 2 Mg B IR BE B R 2. X I B IE i 1 [ B
A EC(9) 15 20 B B A JE B 19 T FEAG I
3R AT LLAG 25 BRI 45 2R .

2) Y p a3 6] vl R BN AE AR £
LRI, Ja 1R A B B T 2 A B R B PRI A
SRR 1) AR m = p, 1B TE B S TR 0
AR EC(9) 75 21 i BE 2 KU AR [ W, 5 42 L 5 G
SEEL B A 9k 1 B S A R LR X T A R A
E

4 (FEXW

AT AT RN £ T8 IR A 43 A B SR L £ 5T
FEIEAS BRI 78 07 B8R 4 B9 T B I
PR B A 531 2k B0 A 28
4.1 LHigit

ARSCHEFE T AR IR B DR 3 Fh o A (IE
Ao A FY ) oA AR Ko AT ) I 8 TR A B R
5 A )k 5 0 L G B 53k ) P B R o A
BRAM TN AHITT 50 REZILR, BRELE
LA 2 AR G MG, BR G e 2
CIEBD) , Sk G, a2l 0 () , &4 B ik
FOAEMEAL . | 2 DRSO IR 1
I

®1 =MSHTEENSERIT
Table 1 Parameter design of populations following

three types of distribution

ST 25 Xy Xy
1 0.5
o (e
0.5 1
E& 51
1 0.5
G, N( (1 2),( ))
0.5 1
G, U(0,2) U(0,1)
B2y 534
G, U(o,1) U(0,2)
G, E(2) E(1)
S ki
G, E(1) E(2)

43 B 7 H A 7 A R AL A i 2
PHE x, =ax, +(1 —a,)x, +8e,, 1=3,4,--,9,
Horba, =0, 17, B &, ~ N(0,1) 175 {1k 75
(0,17, 557 AR5 v, x, 751 2 B

G330 MR 25 240 b A 250 A BE A
2 AR 500 A REAR AL R T BT 2 L HE,
AL T 1R 2 43 1 40 1 5 A A AR 28 Y T4 |
KRR ETIL ST 4E 1 0 4 3EA 4 A4 VI
YRt L YR O REAR 75l 400 ,2 25 BE A 75 Bt I
W11,

R S e R 0 BOBCRAE 1 B A T 9 T [
B L AT M o R 0 D R S T
F, (. MR F, (052 551
Ace = (TP + TN) /(TP + TN + FN + FP) (12)
F, =2TP/(2TP + FN + FP) (13)
SUr TP TN FN L FP 4 31 S 40 0 00 1F 066 4
F A5 030 60000 0 5 TE 68 30 609 0 B
676158 0 1 00 B

165 TF 0 5 B 189 40 59352 15 22 0 5 B8 125 4 51
VEH R P 4748 LR T (7 0 A 5 U R A
B o S 1 P, ST 4 8 41 S 9% 40 90 AR ) 2
ST F, (. A SO AE R 3.6.2 B I
HEAT o A 0 B 2 0 VR A )
(80 4 (AT RO
12 RBRER

BEMT KT 5 =0, 76 T A IE 25 40 1950 40
T B 0 240 4330 T 90 5 B 18
S0 15 27 9 % [ 9 40 00 0 4T SO 9 T 5
Yoo HUBEG R L F, (05 (R 2 % 2
B TR F, (R 4 R 1 R

AT LA S 2R K F 8 = 0 9 41 T L %0t
{65 T 0 1B 25 0 50095 00 0 S, 115 2% g
F 5 15 5 340 50 4 E AT 5 1 B

VEWE KT 8 = 0. 3, 16 IR A IE 75 40 1 149
S A A B A 1 S8 4 3008 PGS OF 19 25 G
B 5 4 91 5 20 AL 5 B 40 905 AT 50 3K
TEKe . IR S P, {0 A 46 6 o 2
W52 3 Wk B P, (A 0 4 2% 11 45 5 e 2
BT

x2 WHMAEHFANEBEMF, EILE(6=0)

Table 2 Comparison of discriminant accuracy and F, value between two methods (6 =0)

16 1E F) T PR B 340 ) vk

T [ B 3 55 7k

/ 4 |

e R SR H (bRAfEE) FoAEYE (bRifE2E) HERG SR I (H (FRAEZ) FoAE¥E (bRifE2E)
ERA 0.84(0.02) 0.83(0.02) 0.50(0.04) 0.39(0.13)
Y5y 53 A 0.75(0.02) 0.75(0.02) 0.51(0.04) 0.41(0.12)
SRR 0.64(0.03) 0.63(0.03) 0.50(0.02) 0.42(0.12)
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Fig.1 Comparison of discriminant analysis accuracy and F, value between typical Mahalanobis distance discriminant
method and modified Mahalanobis distance discriminant method (§=0)

®3 WHAENAZNEBENF, FHHLEK(6=0.3)

Table 3 Comparison of discriminant accuracy and F, value between two methods (6 =0. 3)

P & 1E B b [ HE B ) ) ik I PR )
. WER R EH (bR ) FoAE¥ME (hrk2s) HERf R E (PR 2E) F E3E (FRfE2)
E 28501 0.64(0.03) 0.65(0.04) 0.63(0.02) 0.62(0.04)
5153 A 0.74(0.02) 0.74(0.02) 0.75(0.02) 0.75(0.02)
& B AR 0.64(0.03) 0.65(0.04) 0.63(0.02) 0.62(0.04)
1.0 1.0
| ——
os| mm—— " —_——
e — 06l -
o -
£ oot ——— sl
04F 02
IEASM T ¥e) o i FEEM MR 510310 i
(a) MERGER (b)Flﬁ

® LMD REEEHE 8 D RBEE A A
2z i Ih IR R ) 0 12 15 8 TE 1) B TG BE 88 40 S i 1 40 o 45 SR 1 LA (8= 0. 3)

Fig.2 Comparison of discriminant results between classical Mahalanobis distance discriminant method and modified

Mahalanobis distance discriminant method (8 =0.3)
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A modified Mahalanobis distance discriminant method
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Abstract: Mahalanobis distance discriminant method is an effective multivariate statistical analysis meth-
od based on the Mahalanobis distance. An important feature of the Mahalanobis distance is its introduction of
the inverse of covariance matrix, which avoids the disturbance to the distance measurement from the scales of
the attribute variables and the correlations among these variables. However, when there is multicollinearity
among the attribute variables, the singularity of the covariance matrix will affect the stability of the inverse ma-
trix estimation, and will greatly damage the effect of the Mahalanobis distance discriminant method. We pro-
pose a modified Mahalanobis distance discriminant method, which adopts the general cross-validation (GCV)
to choose the dimensions of these variables with the best prediction effect, so that the inverse of the covariance
matrix can be well estimated when these attribute variables are highly correlated. The modified Mahalanobis
distance discriminant method can provide a reliable estimation of the covariance matrix, resist the disturbances
outside the sample set, improve the discriminant accuracy of the model, and enhance the generalization ability
of the model. Simulations are conducted to verify the improvement of the discriminant performance of the modi-
fied Mahalanobis distance discriminant method compared with the classical one.
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specimen in different regions
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Table 2 Properties of plain woven composite material
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Fig.2  Shear loading and shear load of plain woven composite beam web
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Table 3 Damage initiation criteria and property degradation of plain woven composite material
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Fig.5 Finite element calculation results of

structural buckling mode
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Table 4 Experimental and finite element analysis results of critical buckling load of composite beam web
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Fig.7 Finite element analysis results of structural
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Effects of web cutout on bearing performance of
composite beam webs under shear load
ZHOU Rui, GAO Weicheng™ , LIU Wei

(School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract; The buckling unstability and post-buckling bearing capacity of plain woven composite beam
webs under shear load were investigated through experiments and finite element method in this paper. Based
on characteristics of the experimental strain results and numerical buckling mode of the finite element analysis,
the buckling characteristics of the composite beam webs were analyzed. Hashin failure criteria for plain woven
composite materials were imported in the post-buckling bearing analysis, and the main failure modes of the
webs from the numerical results are fiber tensile failure in the warp direction and fiber compressive failure in
the weft direction. The simulated failure behavior of the webs agrees well with the experimental results. A par-
ametric study based on the experimentally validated finite element model was conducted to investigate the
effects of web cutout size and form on the stability, bearing capacity and failure mode of plain woven composite
beam web under shear load. The research results provide reference for the design and strength analysis of com-
posite structures.

Keywords: composite materials; plain woven composite; beam web; buckling and post-buckling; shear

load; cutout effects
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Table 1 Conditions of steady state point
Y n,.. SM
1 10 588 5
2 10 265 5
3 9 943 5
4 10 588 18
5 10 265 24
6 9 943 28
7 10 588 33
8 10 265 33
9 9 943 33
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Table 2 Basis state matrix in case 1

A, ay A gy Ay
A, -6.36 -0.09 6.63 -4.18
A, -9.10 0.13 5.75 -3.68
A, -4.71 -0.16 3.82 -2.29
A, -6.55 0.13 5.57 -3.72
A -5.29 -0.22 5.15 -3.54
Aq -2.90 -0.22 3.56 -2.17
A, -5.81 0.47 3.56 -4.17
Ay -4.55 -0.34 4. 60 -4.58
A, -2.52 -0.32 3.80 -3.22
Fx3 FRIEBNERE
Table 3 Basis input matrix in case 1
B, by by biy by
B, 2.99 -0.10 0.31 0. 67
B, 2.55 -0.14 0. 46 0. 68
B, 1.45 -0.02 0.72 0.67
B, 1.98 -0.01 0.48 0. 66
B, 1. 46 -0.04 0. 64 0.70
By 0.56 0 0.99 0.75
B, 0.42 0.02 0.92 1.00
By 0. 65 0.01 0.99 1.06
B, 0.36 0.01 1.00 1.15
1B AT HLH Y B A A B 7 =

diag{0. 1,0. 1}, 75 2 x5 b7 #4245 R0 | R PR
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Table 4 Optimal basis control parameter K, in case 1

Ko, opt kpyy kpyy kpis kpys

Kop opt -0.47 -0.05 -0.06 -2.05
Koy opt -0.56 -0.10 0.29 -2.09
Kps opt -0.99 -0.08 0.71 -2.21
Kps o -0.72 -0.02 0.26 -2.12
Kps opt -0.94 -0.11 0.65 -2.09
K, opt -2.40 -0.19 2.72 -2.23
Kp7 op -3.16 -0.03 2.78 -1.58
Kopg o -2.06 -0.09 1.84 -1.52
Ko -3.63 -0.23 3.03 -1.62

Lopt

x5 ARIRRBEHSHK,

Table 5 Optimal basis control parameter K, in case 1

Kyjoon kyy, . ks Fpy
Kif o -2.97 ~0.59 3.41 -7.77
Kpy o -4.95 -0.76 4.23 -6.73
Kps o -4.33 -0.68 5.23 -4.67
Kig o -4.62 0.05 5.12 -7.42
Kis o ~4.65 -0.96 7.07 -6.52
Kig. o -6.33 -0.83 14.32 -4.44
Kir.om -19.44 0.62 22.69 -6.22
Kig o -8.69 -0.69 17.76 -6.21
K -8.34 -0.86 23.52 -4.36
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Table 6 Basis output matrix in case 2

C, ¢y Cyy cpy ¢y
C, -0.64 0 1.18 1
C, -1.13 0 1.27 1
C, -0.55 0 1.21 1
C, -0.88 0 1.14 1
C; -0.64 0 1.28 1
C, 0.01 0 1.33 1
C, -0.02 0 0. 64 1
Cq -0.14 0 1.09 1
C, 0.25 0 1.27 1

RT AR2EWNGRERE

Table 7 Basis feedforward matrix in case 2

D, dy, dy, d, dy,
D, 0.73 0 0 0
D, 0.75 0 0 0
D, 0.67 0 0 0
D, 0.74 0 0 0
Dy 0.68 0 0 0
Dy 0.37 0 0 0
D, 0.38 0 0 0
D, 0.45 0 0 0
D, 0.26 0 0 0
R PAT ALK B B A R, 45 30X R AY SF AL
AT LRI
. r N, 7
N,
N,
N
.2 A(r) B(r) O, A,
Ag = 02 - 712 02 W‘ +
W, I, 0o, O, le(T)dT
N, 0
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1 Ay
71 =
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Table 8 Optimal basis control parameter K, in case 2

Kpiom kpy, Fpay Epp Epys
Kot ot -1.06 -0.29 0.40 -1.84
Ky o -0.86 -0.08 0.32 -2.01
K3 opt -1.08 -0.35 0.78 -1.91
Kpy o -0.85 0.10 0.11 -2.01
Kps ot -1.02 -0.39 0.60 -1.69
Kpg ot 1.18 -0.18 -0.73 -1.84
K7 ot 0.58 1.05 -0.06 -2.01
Kopsopt -0.30 -0.51 0.57 -1.02
Ko opn -0.05 0.78 0.06 -2.43
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Table 9 Optimal basis control parameter K, in case 2

Kii ot ko ki kia k1
Ky ot -6.99 -1.50 1.39 -7.98
Kpy opt -6.18 -0.68 1.80 -6.84
K3 opt -5.98 -1.35 3.30 -4.52
Ky opt -5.75 0.50 -0.23 -6.88
Kis o -5.78 -1.48 1.70 -6.83
Kig ot -0.65 -1.31 2.95 -3.24
K7 opt -2.45 2.22 2.64 -6.21
Kig opt -3.98 -1.53 5.18 -5.63
Kio opt -1.35 0.78 2.15 -6.24
HT G ARG 7 58 2 3k 2 T 44 (ol 3% DA A 4 o B
oo 3 47 ] A
Kg.opl ( r) = Kg»pt (f( n,s SM) ) =
3 3)
K}:vopl(ré/')
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Table 10 Parameter K, of n transient controller

Koo kpyy ko, kppy kpyy
Koy o -0.13 0 0 1.32
Ky opt -0.16 0 0 1.64
Kps o -0.17 0 0 1.69
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Table 11 Parameter K, of n transient controller

Kli,npl klll klZI knz k122
Ky op -7.23 0 0 72.3
Ky op -0.88 0 0 8.8
Kiz o ~-1.34 0 0 13.4
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Fig.22 Comparison of N, response curve between optimal

controller designed in case 1 and traditional controller
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Optimal design of transient main closed-loop control law based on LMI

MIAO Kegiang'?, WANG Xi"** | ZHU Meiyin'"’

(1. School of Energy and Power Engineering, Beihang University, Beijing 100083, China;
2. Collaborative Innovation Center for Advanced Aero-Engine, Beijing 100083, China)

Abstract: In order to solve the problem that it is difficult to design transient multivariable control law for
turbofan engines, a method of extracting linear model at quasi steady working point of transient acceleration
and deceleration line based on power import and extraction is proposed. Based on this, a transient main
closed-loop control optimal design method is proposed. It is extended from the steady multivariable control
law’ s linear matrix inequality (LMI) design method to the design of transient main closed-loop control for tur-
bofan engines because the gain-schedule can be used as nonlinear dynamic control method. Minimum matrix
trace optimization closed-loop pole is configured to ensure the feasibility of the method. As demanded by two
different transient main closed-loop control schedules, two different minimum matrix trace optimization transi-
ent multivariable main closed-loop control laws were designed respectively. Dual channels transient perform-
ance ground simulations based on a nonlinear turbofan engine model and containing the dynamic state between
idle state and maximum power setting state were done. The results show that settling time of transient control
dual channels N; and N, is no more than 5.0 s and the maximum overshoot is 0. 8% in case one. In case two,
settling time of transient control dual channels 7, and /N, is no more than 5.6 s and the maximum overshoot is
0.8% .
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(LMI) ; matrix trace optimization
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Fig.1 Three true color images
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Table 1 Comparison of evaluation index results of four

algorithms in the case of random missing

Rk Bk I He Al PSNR/dB SSIM
0.4 29.38 0.862 9

LRMC 0.6 25.30 0.727 3
0.8 16.31 0.407 0
0.4 34.08 0.963 6
TNNR 0.6 31.56 0.9129
0.8 28.47 0.795 0

0.4 34.16 0.964 8
TSPN 0.6 31.67 0.913 6
0.8 28.63 0.796 9

0.4 35.27 0.968 1
TSPN-SR 0.6 33.10 0.9250
0.8 30. 67 0.8399
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Fig.3 Image comparison of experimental results in the case of mixed missing
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Table 2 Comparison of evaluation index results of

four algorithms in the case of mixed missing

Bk PSNR/dB SSIM
LRMC 16.82 0.775 0
TNNR 17.42 0.851 4
TSPN 17.48 0.8523
TSPN-SR 30.88 0.929 2
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Table 3 Comparison of evaluation index results of

four algorithms in the case of character missing

Ak PSNR/dB SSIM
LRMC 27.75 0.929 0
TNNR 27.81 0.974 5
TSPN 27.89 0.976 2
TSPN-SR 30. 60 0.988 2
2.5 BORERZK

A% iy A0 20 B B DR A9 1 DL T, R Rl RE AT
TERR B HOIR 5%, A 25 O A5 S 52 5 Jon 1R e

(e) TSPNE
B4 FRERAE BT S50 55 R B R

Fig.4 Image comparison of experimental results in the case of character missing
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Table 4 Comparison of evaluation index results of

four algorithms in the case of blocky missing

Bk PSNR/dB SSIM
LRMC 26.30 0.956 6
TNNR 27.31 0.979 5
TSPN 27.37 0.980 5
TSPN-SR 27.98 0.986 4
3 & it

AR SCHRE T A A R RIRS I 1 58 1) R D 4
BLR] TSPN-SR, I Ff ADMM 55 32k o SR fif 1% 45 7Y
(0 Fe A0 i, vh X Ll S 56 45 SR o % DA 8 A R L SE
PG A R S 2 T

1) BEFLEL B 00T, M LG Al 55 9% , TSPN-
SR #1152 ¥ 1% PSNR 48 45 19 52 /& T ik 3% ~
46% ,SSIM $8 bR &R T35 0.3% ~51% , Kk T
TSR X T R AL O RS AE A ok .
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SRR 1 16 52 TR G LA T R 1 3 A, 400 B
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FRIPEE T I8 0.6% ~ 17% , B iiF T 3% 8 1 Xt T
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Image comparison of experimental results in the case of blocky missing
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Structural missing image inpainting based on low rank and sparse prior

HU Xunyong, YANG Xiaomei” , LI Haoyi, MEI Yubo, ZHENG Xiujuan, LIU Kai

(College of Electrical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: To handle the problem that the image matrix completion algorithm based on low rank prior can-
not effectively deal with the structural missing image inpainting, a matrix completion model using double prior
on the observation matrix was established. The sparse prior was integrated with low rank prior, so as to make
better use of the prior characteristics of the observation matrix. The model used low rank prior and sparse prior
to regularize the matrix by using the correlation between rows and columns and within the row and column, re-
spectively. Furthermore, in order to more accurately approximate the rank function, the truncated Schatten-p
norm was used to replace the nuclear norm as the low rank prior. Thus, a matrix completion model integrating
low rank and sparse prior was proposed, and the alternating direction method of multiplier was used to solve
the proposed completion model effectively. The experimental results show that the details of the inpainting im-
age are clear. Compared with the truncated nuclear norm model algorithm, the corresponding improvement
ranges of peak signal-to-noise ratio and structure similarity are 2% —44% and 0.7% —8% , respectively.

Keywords: sparse prior; matrix completion; truncated Schatten-p norm; image inpainting; alternating

direction method of multipliers
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Table 3 Individual payment costs of two UAV

priority allocation strategies
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4] 1 S5 CAT SR P e

UAV, 19.467 3 8.038 5

UAV, 19.516 7 53.687 1

UAV, 20.890 5 15.713 9

UAV, 20.890 5 15.652 5

il 80.765 93.092
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Multi-aircraft conflict resolution algorithm based on cooperative game
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4. Unit 94608 of the People’s Liberation Army, Nanjing 211500, China)

Abstract: In order to solve the problem of inequity of individual cost in conflict resolution of low-altitude
UAV, a multi-aircraft conflict resolution algorithm based on the concept of “nucleolus solution” in cooperative
game is proposed. According to the characteristics of low-altitude multi-aircraft conflict scenarios, based on
the “nucleolus solution” concept, the UAV conflict resolution payment matrix is established. Combined with
the advantages of artificial potential field method and ant colony optimization, a hybrid conflict resolution strat-
egy based on artificial potential field-ant colony optimization ( APF-ACO) is proposed. The simulation results
show that the APF-ACO hybrid solution strategy has the best performance by integrating the three evaluation
indexes of calculation time, feasibility and system efficiency. The solution strategy based on cooperative game
“nucleolus solution” can improve individual fairness to a certain extent. At the same time, the priority UAV
can be quickly planned to achieve the goal at the expense of a small amount of overall benefits.
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timization (ACO)

Received: 2020-12-01; Accepted: 2021-01-08; Published online: 2021-01-13 14.07
URL: kns. cnki. net/kems/detail /11.2625. V.20210112. 1552.003. html
Foundation items: National Natural Science Foundation of China (61601497 ) ; President’ s Foundation of Air Force Engineering University
(XZJ2020005 )
# Corresponding author. E-mail: gxsh15934896556@ qq. com



2022 4 5 A
F48 4 455 1]

tEMEMRKEFFER

Journal of Beijing University of Aeronautics and Astronautics

JeAis
Inlor!

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2020. 0664

jbuaa@ buaa. edu. cn

=] [JL]

ETREFINEANAR Birkaill 5 KRR

230

R, KFE T

s
Iﬁ (1. PEHERE Mz A R0, AR 6100395 2. Jbatfizs ik K% W75 B TH % B, dtat 100083)

i E: M ERRMNFPNEROEERERREARRGERA, BHT —MHET
Yolov3-Tiny 8 ik b9 R A, Bt k-means R K7 ik, 83 x3 f I x1 th E R LB, K%
SEZERBU ERXRF FEES EERBANFMEEAATESE , REAFEME 5252 FRE,
BRHFwHEeTE, ETFAZREAFEEZZAEFRRE, REBERERLEZHRN W%, £
AaFFREREESRNAGES REDEZE#RTRAOECR, AAREERGERMNER, §
BTRMEE,FHEST BRI E S . £ ROS, Gazebo f B 35 % Je (L5 #F PX4 19 4% & 1h K 3
HETHIAREEHATT AR AR, KARERLN . AAFEFALMEEEMRT 15.6%,
mAP &% 7 6.5%, BAeREHEREHNNETFARMNEELRZE T 34.2% ,mAP £ E T 8.6%
R e RER B R G Y PR AR A R R L SE M A E AR M B R

x ¥
hES %S, V279°.2; TP391
XHERFRER: A

Kifi 5 Bk 27 1 R 9 1 25, JC N HIL Y I FH 8k B
STz i ET AN LR EERE L S A
P52 2R G FURR DG B8, AT 52 9 JC N HL X 0 58 4 Ak 1
PUR I 5 B B o A L SR I T T 1 4 Y
TP SIFT k'™ ek s mis .
Wiz o7 (B4R G H bR A B 1 i 4 A0 R AE Y
PRARAE 9 RE 7 A3, BRLHCRIF 28 A B3 B IR B 2 ) |
R M FEH AR H R FE, BAT, T
L BU 22 9 4% 1 K I 9 3 A two-stage 25, 1)
$& R-CNN'®' Faster R-CNN'"' R-FCN''"' 4§ i #k
two-stage 2% K V5 1 K 06 FEE 5, (L 5 B ot A He
3= S o B B S ) L (IR = /S
P A0 w5 K 0 3, — 2z 4R SSDMY Y O-
LO" "% one-stage 250 I B3k . BLAb, Jo 2517
FETF Yolov2 #1128 I 45 fif ke T 22 b A T 52 i
KRR BRI, F R 3£ T MobileNet-SSD #1 22
RSB T e A KLY H AR AR . Lin %7 2t

B Ar42 M ; Yolov3-Tiny; H AR B ; F/R 2K I ; 4 F Al T

XEHS: 1001-5965(2022)05-0872-09

G 4 3 TR A 3 T HRRAE 4 7 35 A0 B H BRI v
2RI . RIS B Yolov 3%k
ST X UL AR RO RN F RS R A I . Kong
410V % Faster R-CNN SSD |\ YOLO %4 3 7 52 4%
A E R anchor box BB &, #2 Y T FoveaBox
B Dalal i Triggs ™ $ th 7 815 97 1 £77
T B B AT 8, A T 08 B I 0 R UR Sk
LIRS /-3 R

TE B TR 58 H bR A4S I 5 B B Ak 347 5
FE R 2 K OT ALK R B 015 B A% fi 2
TE Sl , o, TR 32ty R v A 3 1) TE N BILAG i 45 il 48 4
QTET AN 5 2 b W TH 5L, B4 X T ALY
PG A it 2 A0 3 A7 92 I b 3, JE 5 28 3 b T
ufi , PRk [l 2 4 45 4

PLE 2 FOmk A A, X5 12, AN
NS S I E R T TR T Y QN
PRAE 75 (AR B A A% i R A2 H 75 B8 Y 9

U s BB 2020-11-27; RAHHE: 2021-01-31; W& HARATE: 2021-03-02 1204
M 2& AR # ik . kns. enki. net/kems/detail /11.2625. V. 20210301. 1733.003. html

= BIS{EE. E-mail; zhxj@ buaa. edu. cn

SIA%S: HR, KFE ETREFIWEANNE BN G RET] bFAEAKXAFFR, 2022, 48 (5) : 872- 880.
PU L, ZHANG X J. Deep learning based UAV vision object detection and tracking [J ]. Journal of Beijing University of Aeronautics

and Astronautics , 2022 , 48 (5 ) : 872- 880 (in Chinese ).


Administrator
全文下载

https://t.cnki.net/kcms/detail?v=U4oRBnfzxqimQeKuKvHDRMftvhVSaOSN_uNT1phfknhS_ZEtB4jOWxTTeAwbh-WjLHaqxChBowSGPbJ3avKUbm_5-o6rgiQoI-x-rcV3Gtasyuanmy1y1g==&uniplatform=NZKPT

555

Wl R, R TR A T I T AL e F A A 5 R R

42 15 .

SO T RGBT 2 28 AT LI AL
BTSN B B AT AL B, A W T M T
] )£ S A i, 19 48 1l o, B T o R R (HAL
AT HLAG A FLAE S A B P S Yolov3-
Tiny ¥ TEHLZE, Jetson TX2 {pRlAb 328 | #8271 T
LML PERE , SE B0 T B TS 1 I AL E A
PUMAGIN o 56T o, A SO BRI AR 2 2607 K
T AR RO 2% /N AR B ARG BE AR SR
7 —F 5T Yolov3-Tiny 535 B it b . 15
e IR RGN, LT A4 vOC
AN R T B R B RS 4 28 H AR B9 0 Bt e
7 B AR G5 A B AP0t — A2 A S I R R 0 )
Bl . HU, XF AT Yolov3-Tiny 55 1% 9 47 Bk
bR ES 3 4 DN BERUZJEHE I 1 x 1 F13 x3
BRI S A5 BUZ 5 B R AR TR
J5 5 R 25 3 A B R i I )2 152 x
52, A R T Mg R/ B AR SCfE B e T
RZRHAEAR B B A I 48 x5 T2 /N B B
(PG BE s B, A R R Y 4R
TS5 H BRI 3 ZAE 5 IR 2 G AE Y S K
ARG | >R 9 28 1) DG g 55 X B ArAdr i 5 R 2% 1)
SR HEAT E AL VCC , A T B 5 45 R AE TE 4G D 45
A TR DN B () [ R T T R 2 A I RE ) o

1 TANEGEITAR
1.1 FEBEEIHTAR

AR Gazebo {5 B B4 0 A AL %
FHCHR I B 2S , 45 A LA N HRAE R 48 ROS F kG
T SR B Bk X L 8 1% S A% i ) R 0 R AT S b
PRSI TC LR B bR 0 52 R g, Bk
TAEmAR A 1 TR . Horb, BGCR A7 AR L
K [ AR 1 S I RS, A% i 20 TR B A o) Ab Y
Ko B BRI T AR TR B Ak ) b B A 4
B, R AR DGR WG A 4 JC AL K AT AL
7] A 325 58 2ok S A0 WOR AR g i 1V S R TR R

HLARBHIFAL 2 Linux £55)
HLAE A RAER(ROS)
g ) Z3)
R el
: ! I
BRI l\%iﬁﬁ] [hmww%

I_*

KATTER G
F 1 T AHUS B AL B SR

Fig. 1 UAV simulation processing platform flowchart
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Table 1 Yolov3-Tiny subject network and receptive field

ERRZH E AL PN S i ARSF it R SF S 2 BRI
1 3 1 416 416 3
2 3 1 208 208 8
3 3 1 104 104 18
4 3 1 52 52 38
5 3 1 26 26 78
6 3 1 13 13 158
7 3 1 13 13 254
8 3 1 13 13 318
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BT 401 9 by B U AR R S0 R 0 i )
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FlA T R R 2 i I A T I R R R T O D R
mak 3 KK 12 ~ B 14 Fron, M TR R
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iR T 6.5% ¥Rk BT T 15.6% . A
. Yolov3-Tiny K 2%, 2t dE it Yolov3-Tiny JNIE T
XoF P9 46 R AIE 1 B B, S T T ARSI ROR | W] el Tk
Iy HBRMAL R IR A TR S R A TR
R 5 AH LG 2ACE IR Yolov3-Tiny, il & 77 B 5 58 1% (1)
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JEAR R T 34. 2% , 76 3 JnAs: 0K E Y [ i 45 s
TR R, PRI S ST W/ s, W R TE A

BEON0.9, Mg ER 10 Wk e 2 R LS B Ao 00 g 1 5K
3 TWXLHER
Table 3 Experimental comparison results
- AP™/% oapiyg IR
A A M By i B bR (g - s™1)
Yolov3-Tiny 72.23 75.48 69.49 66. 67 71.23 45
MU Yolov3-Tiny 77.12 80.45 72.18 70.23 75.83 38
Fil G T BRER B EE Y Yolov3-Tiny 82.33 87.14 77.47 75.28 82.34 51
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Deep learning based UAV vision object detection and tracking

PU Liang', ZHANG Xuejun'? "

(1. School of Aerospace, Xihua University, Chengdu 610039, China;
2. School of Electronic Information Engineering, Beihang University, Beijing 100083, China)

Abstract; An improved model based on the Yolov3-Tiny algorithm is proposed for object detection with
high miss and false detection rates of small target objects. The k-means clustering method is improved by
adding 3 x3 and 1 x 1 convolutional pooling layers, upsampling the output of the 9th convolutional layer, and
connecting it with the feature map obtained from the 8th convolutional layer to obtain a new output: 52 x 52
convolutional layers, forming a new feature pyramid. The object tracking is implemented based on Kalman fil-
tering algorithm. And the detection network with fusion tracking algorithm is proposed. The Hungarian algo-
rithm is used to optimally match the detection edge frame with the tracking edge frame, and the tracking result
is used to correct the detection result. The detection speed is improved and the detection capability is en-
hanced at the same time. The proposed algorithm is tested in a comprehensive simulation environment of ROS,
Gazebo and autopilot software PX4 for comparison. The test results show that the improved algorithm reduces
the average detection speed by 15. 6% and increases the mAP by 6. 5% . The fusion tracking algorithm
improves the average detection speed of the network by 34.2% and the mAP by 8.6% . The network after the
implementation of fusion tracking algorithm can meet the requirements of system real-time property and accura-
cy.

Keywords: object detection; Yolov3-Tiny; object tracking; Kalman filter; Hungary match
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1% EHNTARCEXRALA2WHARET —AEXTRAEEZANANATA
FRA Tk, BEBEEE AHLA SE H B H N E| B F W 4 ResNet50 ¥, 3 X # 45 1E {5 B 34T
Ao AR AL 5 K ] B0 &S BLUE B B, AR FE O\ AE B A B ReLU B9 & %0, B 08 W &M A i &
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T A SR X G R S T 2 ) T 2 > )
FEAE A DL 3 5 Wang 2550 38— FhIBE £ 3
3 FRL G AIF VC T 052 SRR AIE D IR A7 A\ 73R
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Fig.2 Improved pedestrian re-identification framework based on SCPNet network model
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3.1 B IE&E

SEUSAE Market1501 . DukeMTMC-ReID #11 CU-
HKO3 F i # i 4 AT 50k, sk 1 s, Mar-
ket1501 " B R f 5 1 501 D S2fRXT 4 32 668 4
e 2 B AT N FETEAE , Hor I 2R 40 5 751 A58
.12 936 gk B &, ik 4B 2 &% 750 A SR
19 7323k [ 1% ; DukeMTMC-ReID """ %5 42 4 41 &
1 40415 AA X 5 36 411 kAT NEIMR (& 2 228 5k
B ERAG), Lo g4 F 702 4SSk
16 522 sk 4, R4 4 & 702 A SE 4K (17 661 5K
SRS ;CUHKOS[”] BodE 4 rp ) B PE UL cuhk-03. mat”
1) MAT SCPEA% ST A4, AL 3 1 467 A SEAR XS
% .13 164 3847 NEME .

x1 HEERBR

Table 1 Datasets condition

LISITES NIFAEGy SRS ID B B MR /5K
Market1501 2015 6 1501 32 668
DukeMTMC-RelD 2017 8 1 404 36 411
CUHKO3 2014 10 1 467 13 164
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3.2 ZWRE

SEESTE NVIDIA TITAN V GPU i [ PyTorch
TR F I HESR S, & T W45 % ResNet50™ ™,
i A\ PR 22 BEHL AP B0 5% R 0T 2 T4k PR A
PE R G KN K 256 x 128, 28 I3 — 4k kb B S A
FIR4 B IR 2 2 R B E O 2 x 1071, IR FES
80 ~epoch FI4H 180 4> epoch =7 > 573 Jjil [ 51|
1 x10 A0 1 x 1077, I 4)I1 4 200 4~ epoch, it &K
BLKBCE N 1, BURAE A WE N 10, A0
JIT A S50 34 R F B — 75 1] (one-shot) 47 A H 1551
B, B AT N B T A B — Sk R
F YN Fn i, FH| CMC ( cumulative match charac-
teristic ) PEAG A7 A F U B PR RE
3.3 ZWHER

K DLt A AR B o3 S5l 8 B H 4 Market1501
DukeMTMC-RelID A1 CUHKO3 _F #4711 25 A i,
FR A ¥ E S ¥ 8 E mAP (mean average preci-
sion) Al CMC £ RE VT f 45 b5 Xf ik 15 J5 B89 RelD
UM REDEAT PRI . Hop, Rank-m 7R 545 3R A1 1)
HEFP A e, /i m 0 AFTE R R H bR B0 4 rh
U Rank-1 $& 1 2 i H 46 % F AR, Rank-5 4515 5 4
PEBC H b b iR B Al H bR i R RE R (H
CMC & L T Z 88U T B ER KR, N
It , Zheng %574 TG mAP S VE I 22 HE R L
TR RYERE. RS IT .

1) S25 1.4 A SE ik

Hi & 2 T LUA Y, 8% SE K1 Bi A # Res-
NetS0 W28 J , 450 U 7 = R 4 4 b i e RE 0 AT
BT 7. Hp, £ DukeMTMC-ReID 1 CUHKO3
X2 AR BB TE O 3, X on] e BdE
ARG 2 R A K. 78 Market1 501 B4R 4E I,
Rank-1 #F R I F 7 0. 92% , mAP & FH T
1.00% ; 7 DukeMTMC-RelD ¥{4E4E I, Rank-1
PRI T 1.21% , mAP £ T+ T 2. 06% ; 1&
CUHKO3%(#2 4 I, Rank-1 H 1 RIETF T 1.57% ,
mAP 2T} T 1.89% .

®2 HR SE BB 5B 7 HF &K Market1501,

DukeMTMC-RelID #1 CUHKO3 &y 1 &t Eb

Table 2 Performance comparison of models embedded

with SE module on Market1501, DukeMTMC-RelD,

and CUHKO03 datasets %
Market1501 DukeMTMC-RelD CUHKO03
VRS
Rank-1 mAP  Rank-1 mAP  Rank-1 mAP
2k 90.23 76.85 81.60 65.11 58.50 56.34
F2k + SE 91.15 77.85 82.81 67.17 60.07 58.23

S N - L A 52 4R
F0SCHE, 4 4 T30 3 7 0 WU B0 AT A T L0 O ik T 885
. AIT]

2) 9t 2. F Fi S A pR A —

22 3 AT LAt SR FH B 25 B o 8 7 A
RITE = R4 b PERE RS 21 1 W R R T
Horpr 78 Market1501 %4 46 |, Rank-1 i 2 42
T+T70.98% ,mAP #£T}+ T 2.05% ;1 DukeMTMC-
RelD % ¥t 45 I+, Rank-1 R4 F T 2.15% ,
mAP T+ T 2.55% ;7 CUHKO3 %484 I, Rank-
1 P RETFT 3.00% ,mAP £T+ 7 2.67% ,

F 3 B HOE S B 7R EHE & Market1501

DukeMTMC-ReID 1 CUHKO03 _ g4 &8 Eb %8

Table 3 Performance comparison of models with

improved activation functions on Market1501,
DukeMTMC-ReID, and CUHKO03 datasets %

Market1501  DukeMTMC-RelD CUHKO3

ik

Rank-1 mAP Rank- mAP Rank-l mAP

ez 90.23 76.85 81.60 65.11 58.50 56.34
H:2k + DyReLU 91.21 78.90 83.75 67.66 61.50 59.01

3) SEEw 3.5l ABEEE P BB

MR 4 o LA R R .o B LG A
Adam AL %85, BRI PERE7E = K BUIR & 11
PETEAJE AR W] . 7E Marketl501 % 48 ££ I,
Rank-1 i i Z 4 F+ 7 0. 15% , mAP £ T+ T
0.20% ;7 DukeMTMC-RelD {424 I, Rank-1 if
HRETT 0.45% ,mAP 32T+ T 1.17% ; 78 CU-
HKO3 %(#i 4 I, Rank-1 XK F T 1.21% ,
mAP $£7+ 7T 0.29% . WE 7 Wi, 51 AR H0
fEJE B —A> epoch (45 B I [ A1, 452 780 i 4kt
BE R

F 4 BINHEE UL S8 B 75 BT 48 & Market1501
DukeMTMC-ReID 1 CUHKO3 {4 8k bk %%

Table 4 Performance comparison of models with

gradient centralization on Market1501,
DukeMTMC-ReID, and CUHKO03 datasets %

Market1501  DukeMTMC-ReID CUHKO03
VRES
Rank-1 mAP Rank-1 mAP Rank-1 mAP
L2k 90.23 76.85 81.60 65.11 58.50 56.34
FLL + GC 90.38 77.05 82.05 66.28 59.71 56.63

W 5 B A 4 Market1501 . DukeMTMC-
RelD .CUHKO3 %445 - ) CMC -4 i 25 tn 18 8
s o TEH T M 4% ResNet50 Hiix A GH 8 & )
B SE AL, 53 R FH 8l 45 900 oR B AT 300
i S R R AR BB 4R L AT R % R B0 AR 4 Y
SR LRI AT AR AE A KAk BE h # A B
PETE B0 b A6 1Y B FE B 4 RIS
RS/ O O N N S S 125 %) | R R i )
IR

£ Market1501 %5 4% 45 b % [A] — @ 47 A B
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Fig.7 Training loss of models with gradient centralization on

Marketl501, DukeMTMC-RelD, and CUHKO3 datasets
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Fig.8 CMC evaluation curves of improved models on

Market1501, DukeMTMC-RelD, and CUHKO3 datasets
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Fig. 9  Query results of improved models on Market1501 dataset

xRS5 TFEHIEE Marketl501 . DukeMTMC-ReID #1 CUHKO3 L RyERSCIR £ R
Table 5 Results of ablation experiments on Market1501, DukeMTMC-ReID, and CUHKO03 datasets %

Market1501 DukeMTMC-RelD CUHKO03
J7 ik

Rank-1 mAP Rank-1 mAP Rank-1 mAP
2k 90.23 76.85 81.60 65.11 58.50 56.34
2k + SE 91.15 77.85 82.81 67.17 60.07 58.23
Lk + DyReLU 91.21 78.90 83.75 67.66 61.50 59.01
Hzk + GC 90.38 77.05 82.05 66.28 59.71 56.63
H2k + SE + DyReLU 91.39 78.57 83.62 67.55 58.93 56.62
F4k + SE + GC 90. 68 78.15 83.39 67.72 59.93 57.79
HLL + DyReLU + GC 92.40 79.92 83.98 68.50 62.00 60.48
J2k + SE + DyReLU + GC 91.09 78.31 83.39 68.03 59.86 58.58

&6 A EIHEBEEIEE Market1501 . DukeMTMC-RelID 1 CUHKO3 _ B9 14 Bt Eb 55
Table 6 Performance comparison of different models on Market1501, DukeMTMC-ReID, and CUHKO03 datasets

%
Market1501 DukeMTMC-RelD CUHKO03
WiR7S
Rank-1 mAP Rank-1 mAP Rank-1 mAP

SVDnet[2! 82.3 62.1 76.7 56.8 41.5 37.3
PAN!2 82.81 63.35 71.59 51.51 36.29 34.00
ppcl?! 84.14 63.41 78.29

AACN!2! 85.90 66.87 76.84 59.25 79. 14 78.37
GLAD!* 89.9 73.9 82.2

HA-CNN!%J 91.2 75.7 80.5 63.8 41.7 38.6
SCPNet 90.23 76.85 81.60 65.11 58.50 56.34
SCPNet + DyReLU + GC 92.40 79.92 83.98 68.50 62.00 60.48

SCPNet + SE + DyReLU + GC 91.09 78.31 83.39 68.03 59.86 58.58
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Table 7 Comparison of generalization ability %
Market1501 DukeMTMC-RelD CUHK03
Tk
Rank-1 mAP Rank-1 mAP Rank-1 mAP
SVDnet! 2’ 82.3 62.1 76.7 56.8 41.5 37.3
SVDnet + SE + DyReLU + GC 82.9 63.3 77.8 58.9 42.3 38.7
pAN(2Y 82.81 63.35 71.59 51.51 36.29 34.00
PAN + SE + DyReLU + GC 83.43 64.59 72.81 53.62 37.19 35.52
SCPNet 90.23 76.85 81.60 65.11 58.50 56.34
SCPNet + SE + DyReLU + GC 91.09 78.31 83.39 68.03 59.86 58.58

4 & i

A SCAE SCPNet [0 25 45 R (14 Bt b 147 Btk
P bR A R T A R LR A AT N R O
o M A AT 48 ResNetS0 H ik A i 11 &
JIHL SE A5 e, i 19 25 A5 R 8 5 e b AR ICE
KEERERAE R, fay i o BACR P A7 AR IK %
Ik 5 K 2 25 0 pR ROV FH7E BT M 2% ResNetS0 ()
WO 2 AR A S A R RO O 2 4R T I 28 A
RIS AT NAFAE A9 AR PR IB 8 T 5 5 B B2 rh o4k
G Adam 8 AL A%, B0 AR B B kAT
O AR R pR 10 28 A5 Y g )1 2 R 8 T R 4% A6
Mz A BE f1. 7 Market1501 . DukeMTMC-RelD
Hl CUHKO3 #odfs 4 b/ S50 25 R R W, et 5 /Y
FERY BE 8§ JUHT 5 & FR PR 0 AT R AE, BAT B
A TRURS 2 o
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Pedestrian re-identification method based on channel attention mechanism
SUN Yibo, ZHANG Wenjing, WANG Rong, LI Chong” , ZHANG Qi

(School of Information and Cyber Security, People’s Public Security University of China, Beijing 100038, China)

Abstract; To address the problem of insufficient expression of pedestrian characteristics, we propose a
pedestrian re-identification method based on channel attention mechanism. The channel attention mechanism
named SE module is embedded in the backbone network ResNet50 to weight and strengthen the key feature
information. The dynamic activation function is used to dynamically adjust the parameters of RelLU according
to the input characteristics, and enhance the nonlinear expression ability of the network model. The gradient
centralization algorithm is introduced into the Adam optimizer to improve the training speed and generalization
ability of the network model. Experiments on the three mainstream datasets: Market1501, DukeMTMC-RelD
and CUHKO3 show that Rank-1 is increased by 2. 17% , 2.38% , and 3. 50% respectively, and mAP is
increased by 3.07% , 3.39% , and 4. 14% respectively. The results indicate that our approach can extract
more robust pedestrian expression features and achieve higher recognition accuracy.

Keywords: channel attention mechanism; dynamic activation function; gradient centralization; feature

extraction ; pedestrian re-identification
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Table 4 Comparison of MAE with different

learning rates

2R MAE
0.1 2.673 574 441 2
0.01 0.086 840 446 7
0.001 0.061 312 660 5
0.000 1 1.105 762 974 3
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Table 5 Prediction result of mandatory lane change decision-making model
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Mandatory lane change decision-making model based on neural network
CUI Jieming' , YU Guizhen', ZHOU Bin" ", LI Cunjin’, MA Jiwei’, XU Guoyan'

(1. Key Laboratory of Autonomous Transportation Technology for Special Vehicles, Ministry of Industry and
Information Technology, School of Transportation Science and Engineering, Beihang University, Beijing 100083, China;
2. Inner Mongolia Huolinhe Surface Coal Industry Co. , Ltd. , Tongliao 028001, China)

Abstract.: Aiming at the problem of fast-speed and high risk of lane changing behavior on expressway, we
focus on the ineviteable, freguent and serve mandatory lane-changing behaviors to improve the lane-changing
model based on gated recurrent unit (GRU), and predict the decision-making behaviors of mandatony lane-
changing. To verify the effectiveness of the model, adopt the next generation simulation (NGSIM) data as the
training set and test set of the model. From this data, the lateral acceleration threshold is obtained to screen
out the phenomenon of lateral swing of vehicles. The experimental results indicate that the optimized model
could determine the location of mandatory lane change with an accuracy of 96.01% . The accuracy of the mod-
el is improved by 3.67% compared with the LSTM model, and is improved by 7.31% compared with the na-
ive Bayes network.

Keywords: mandatory lane change behavior; neural networks; lane change decision making; lateral ac-

celeration; gated recurrent unit (GRU)
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Table 4 Miss distance of multi-missile engagement
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Differential game guidance law design for integration of
penetration and strike of multiple flight vehicles
CHENG Tao', ZHOU Hao', DONG Xiaofei>* ", CHEN Wanchun'

(1. School of Astronautics, Beihang University, Beijing 100083, China;
2. Science and Technology on Complex System Control and Intelligent Agent Cooperation Laboratory, Beijing 100074, China;

3. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100083, China)

Abstract: To solve the problem of dodging the defense missile group and hitting the target, a differential
game guidance law which can be applied under the condition of incomplete enemy information is proposed.
The linearized model of multi-vehicle engagement was established and the order of the model was reduced
according to different combat teams. A time operator is introduced to unify the terminal time of all teams, and
thus the guidance law was deducted based on two-person zero-sum differential game theory. The state estima-
tion of interceptors and target was applied to the proposed guidance law by employing the extended Kalman
filter (EKF). The penetration miss distance is greater than 5 m assuming complete hostile state information,
and the interception miss distance is less than 0.1 m. Given only the rough and noisy observations, to be a
contrast, the state estimation error of interceptors and target is well acceptable, and similar miss distance accu-
racy can be achieved. The simulation results demonstrate that the proposed guidance law can effectively guide
attacking missiles to evade interception and hit the target accurately.

Keywords ; offensive and defensive confrontation; differential game; active defense; optimal maneuver;

state estimation
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Table 1 Basic parameters of morphing aircraft
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Table 2 Relation among flight state, flight

altitude and Mach number
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Table 5 Optimal aerodynamic profile of left retractable wing of morphing aircraft under asymmetric deformation
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Table 6 Optimal aerodynamic profile of right retractable wing of morphing aircraft under asymmetric deformation
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Autonomous deformation decision making of morphing
aircraft based on DDPG algorithm
SANG Chen', GUO Jie""* , TANG Shengjing' , WANG Xiao’, WANG Ziyao'

(1. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract: An intelligent 2D deformation decision method based on deep deterministic policy gradient
(DDPG) algorithm is proposed for the autonomous deformation decision making of morphing aircraft. The ve-
hicle that can change at the same time the span length and sweepback is taken as the research object, DAT-
COM is used to calculate the aerodynamic data, and through the analysis, the relation between deformation
and aerodynamic characteristics is obtained. DDPG algorithm learning steps are designed based on the given
span length and sweepback deformation dynamics equation. The deformation strategy under the condition of
symmetrical and asymmetrical deformation is learned and used to train. The simulation results show that the
proposed algorithm can achieve fast convergence, and the deformation error is kept within 3% . The trained
neural network improves the adaptability of the morphing aircraft to different flight missions, and the optimal
flight performance can be obtained in different flight environments.
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Design of missile incremental adaptive fault tolerant control system
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Beijing Institute of Space Long March Vehicle, Beijing 100076, China;
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3. Beihang Hangzhou Innovation Institute Yuhang, Hangzhou 310023, China)

Abstract; Aerodynamic parameter uncertainties and actuator failures in missile flight will severely affect
the stability and operation of the flight system. Therefore, we investigate an incremental adaptive passive fault
tolerant control method to ensure safe control in missile flight as well as effectiveness and reliability of the
control algorithm. A control oriented coupled attitude dynamics model was presented. In order to avoid system
uncertainties and actuator failures, a passive fault tolerant control law was designed based on incremental non-
linear dynamic inversion. An incremental nonlinear dynamic inversion-based adaptive fault tolerant control law
was established by combining the adaptive sliding mode control method and the incremental nonlinear dynamic
inversion approach. Meanwhile, the residual of the system was analyzed and compared. A typical full trajecto-
ry attitude tracking mission was conducted to verify the control performance under actuator faults. Simulation
results show that the proposed system can ensure robustness and fault tolerance without the fault diagnosis
knowledge, which could eventually achieve safe and reliable flight control.
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