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A robustness-enhanced traffic classification method in airborne network

LYU Na“, ZHOU Jiaxin, CHEN Zhuo, LIU Pengfei, GAO Weiting

(School of Information and Navigation, Air Force Engineering University, Xi’ an 710077, China)

Abstract: The highly dynamic and highly unstable characteristics of the airborne network make it difficult

for traffic monitoring equipment to extract the complete data flow load characteristics within a limited monito-

ring period, thus limiting the application of the deep learning based traffic classification method. Aimed at this

problem, a robustness-enhanced airborne network traffic classification method is proposed. First, data stream

samples are mapped to gray vector sets by data preprocessing and missing sample processing methods. Then,

the Robustness-Enhanced Long-term Recursive Convolutional neural Network ( RE-LRCN) classification model

is trained based on the complete traffic training set. Finally, in the online classification stage, the loading

space features of packets-sample deficient data flows and timing features of data flows are extracted and the

traffic is classified with the RE-LRCN model. The experiment results on the packets-sample deficient test set

show that the proposed method can effectively suppress the deterioration of the accuracy of classification due to

the missing of packet samples.
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Game analysis of airline freight alliance based on
improved prospect theory
YAN Yan', ZHANG Jin"** | TANG Qiuyu'

(1. School of Transportation and Logistics, Southwest Jiaotong University, Chengdu 610031, China; 2. National United Engineering

Laboratory of Integrated and Intelligent Transportation, Southwest Jiaotong University, Chengdu 610031, China)

Abstract; The application of the airline freight alliance helps the airline’ s business operations, and the
airlines improve the quality of service through low operating costs, so that users get a greater sense of satisfac-
tion. Based on the airline freight alliance, this paper discusses the decision-making of different airlines in the
airline freight alliance about the self-operation or outsourcing of air route transport operation. In the model,
considering the loss aversion in prospect theory, the improved var function is used to describe the cost loss of
airlines. The benefit matrix of both sides of the game is established, and the decision-making process is ana-
lyzed by dynamic evolutionary game. The results show that, when the cost coefficient of self-operation alloca-
tion is larger, the cost coefficient of outsourcing allocation, the risk loss coefficient and the risk concave-con-
vex coefficient are smaller, the fixed cost is larger, and the unit transportation cost of aircraft is smaller, the
yield rate is larger, and S airline should adopt business self-operation if their business volume is larger than
other airlines; otherwise, it should outsource its own business. The smaller self-operating cost sharing coeffi-
cient and the larger outsourcing cost sharing coefficient, the larger self-operating probability of S airline. The
larger the freight volume of S airline, the larger self-operating probability of S airline. The larger self-operating
probability of other airlines, the smaller self-operating probability of S airline.

Keywords . airline freight alliance; business self-operation; business outsourcing; dynamic evolutionary

game; improved prospect theory
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Reflection/transmission characteristics based on Legendre
orthogonal polynomial method

HE Cunfu, REN Zhewen, LYU Yan", GAO Jie, WANG Shuo, SONG Guorong

(College of Mechanical Engineering and Applied Electronics Technology, Beijing University of Technology, Beijing 100124, China)

Abstract; Study on acoustic testing method for mechanical properties of thin layer materials. Based on
Legendre orthogonal polynomial method, linear independent equations are constructed and the reflection/trans-
mission coefficient of acoustic waves at the interfaces is calculated using liquid/solid boundary conditions and
wave control equations. The method analyzes the influence of the cut-off order on the solution result, and finds
the critical value of the order under different frequency and thickness products,then calculate the reflection/
transmission coefficient based on the cut-off order. The calculation results obtained by the Legendre orthogonal
polynomial method are compared with those obtained by the transfer matrix method, and the accuracy of the
theoretical model is verified. Ultrasonic waves’ oblique incidence into a thin-layer material forms a Lamb
wave. The dispersion characteristics at the steady state are intrinsically linked to the reflection features. Ac-
cording to Snell’ s law, the three-dimensional surface of the frequency-velocity-reflection coefficients is calcu-
lated using the Legendre orthogonal polynomial method. This result is compared with the dispersion curves
simulated by Disperse. It is proved that the solving result is consistent with the Lamb wave dispersion charac-
teristics. The influence of attenuation on the experimental results during the propagation of the acoustic wave is
reduced by collecting the reference signal which is the directly obtained wave without a sample. A reflection
and transmission experimental system was built to measure the frequency spectrum of reflection and transmis-
sion coefficients at different incident angles. The experimental results are compared with the theoretical results,
and the accuracy of the results obtained by the theory is verified. A solving methodology without root-finding
algorithm for acoustic reflection/transmission coefficients is realized. This method provides a theoretical basis
and experimental guidance for the non-destructive testing of the mechanical properties of thin-layer materials.

Keywords: Legendre orthogonal polynomial method; oblique incidence; reflection/transmission coeffi-

cient; dispersion characteristics; thin-layer material

Received: 2019-08-12; Accepted: 2019-12-06; Published online: 2019-12-23 15.50

URL : kns. cnki. net/kems/detail/11.2625. V. 20191223, 1433.001. html

Foundation items: National Natural Science Foundation of China ( 11872082, 51875010 ); National Key R&D Program of China
(2018YFF01012300)

* Corresponding author. E-mail: lvyan@ bjut. edu. cn



2020 4 7 H
46 4 7]

tEMEMRKEFFR

Journal of Beijing University of Aeronautics and Astronautics

A AL AR

_FI = July 2020
I Vol.46 No.7

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2019. 0445

jbuaa@ buaa. edu. cn

B 304 C 1T 25 3 15 B B9 LA 30 30 1B TR A

£R FRE, KEH,
i[ﬁ (1L WM MR A2 B3 228e . Yl 110136

EE, RY, ARy

30 20 PP PR PR RALBEIHBESE T, YFH 110035)

i B BN AR B ATINEEEN TN ENELRAFR, RE
TRt ETHAS N WM s ERA T ik, BR, 2N TR EHEFHE R
R CATHENN 2 ERME. KB REXNTIRFIIAESHESHABERX R,
ALTINAHERADESNAHHNERR TR TERATEFEREARGR A LT AT 4
PAE AT FARME ARG R, AH, BRI ERELRANH, ARERTITER
RE ZRERZN, IR T EATENNAHERAFH LG, e HIELLA

X 8 A A HERA AN I AL AT HRITFA ALRA; £ LR A LF

hE4SES .. V221 7.3, TB553
NHEAFRRRD: A

BT RAT 3R P BL BN 5 OR B R
T Z R 00RE s, 0 T AT RO B AR R i 2K,
H A, ®AT 510 U 25 07 243 458 A AL I 25 0 52 B
AT 2 B, R B9 PP AG J7 1 202 A4 5
WHE L8 AT A . BEE N LR BEH AR I k25
X H S RATINZRPEAl R 52, w2 A A
FH BRAR AT U R BUAS 19 5 SR R B . A
SCHE B ST SR AL 3l Bl 7 2 H ) O i it 5
N 3 A AL AL 3D 3l 1, O s e AT s AR A
KRBT BT I oC, R A B Ak 1) R AT IR PE Al
BEE HLA

H T, BRLAL 3 s AE RO R 0 ik R 8
4% . OETFTELERRAEWIS SRR 7"
3L 4 = [ 450 70 11 BIL sl 8 1 HU31), G s 5 J- W]
Je A (Hidden Markov Model, HMM ) ™' | Il - i
[ 28 455 A ( Bayesian Network , BN) [4-e] NEFFZ3r|
24T @R TRAT 2 B0 R AT B 2R Y A

NXEHS: 1001-5965(2020)07-1267-08

WS RN E T . SO L] TR L K W
JeIn FR A T AT AR RO R IR % T AR
TACERRH m 00 8w, BT R s H R H
A Z2Re BB H TR0 2 R B . SCik [ 3 ] 4
SE T R AL B 0 VR TR 50 B Bl A DL i ) 45 A5
BT RN T2 2= 0L 3h B A BAT v i R 2R
SV A R R ME AR LR A, i LA TR
BE SRR B AR SEBR AT YIN 25 v X L o 4 T B AR
B, SCHRLT TR P A 22 0 4% 30 1 R A7 ML s iR 51
{HLJR 5 B R 1 U1 R A ke 8 w8 ML 3l 3 A 1R o
B o SCHRL9 | R I M ASER 45 i 8 HL )y 75 5 1%
GiJ7 A B TR,

i PR TRAT YN Ak B vk SR AL Bh Bl 1
P TE LR T 3K, AR SCH T — o B 1) sl 2 DL
W AR Sl o 25 A A BT RODL AT A R A 2
SH ARG, BT FENLEh AT P o 25
1 RAT SR, s il T AL 58 )7 T B TR e f A B Y Bk

TS A 2019-08-16; A EHI: 2019-10-25; M 4% H KRS i8] : 2019-11-07 11 :45
W 2% tH B b3k . kns. enki. net/kems/detail/11.2625. V.20191107. 1013.001. html
HEEWAB: ERAKRFERS (61503255) ; fiizsBHag 54 (2016ZD54015) 5 i BA 7 o & A FHE B0 A A CHE K] (RC180174)

* BIS{E&E. E-mail: mengguanglei@ yeah. net

SIR®: Zt&, KBS, BT, % B CaTNETFEFHENN 220 FRA[I]. FREMAAFF®R, 2020, 46 (7) :
1267- 1274. MENG G L, ZHANG H M, PIAO H Y, et al. Recognition of fighter maneuver in automatic flight training evaluation
[J ]. Journal of Beijing University of Aeronautics and Astronautics , 2020 , 46 (7 ) : 1267- 1274 (in Chinese ).


qwqw
新建图章

https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=BJHK202007004&dbname=CJFDAUTO&uid=WEEvREcwSlJHSldRa1FhcTdnTnhYWUN1VlFtVmlIOGs2dlBQUjNIU2FkQT0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

1268

73

o

b = i

NP NEPNIE I

A 4R

2020 4F

sy

o HA SR R (. 7R A B AR R, B TR

SRR FEIBLA e T 90 DL I 307 0 24 5 R 5 0
PR LT Bty T AL A U 1 1 A
1 BB Z (R4 AE ST 4T

AL CATHLEh ISR 5 3 JBE H - 303k iy A
RRE R 2R B R R LML Bh Bh 1R B W

xR,

L AT I R A B 25 A S RO A AL, £
T RAT B RAT I A R A T A
®1 BB B

Table 1 Description of typical fighter maneuvers

AR A . T RBLIR B M A RE T R O
RN T BEAE LRI, R I 16 BBON AL 30 30 2 0 e K
(9 QAT R BE LI A RAT R AR A AR T A R
FRFNRAT 8 BE AR D L HIL 3 Bl VR R A 3
" TRATEE HORAETEH A AL AR R T EHLBR O
ML PR T L R B s AL 1) Y o AR MILIAR AL B il v, 7E
KT R BEEE 5 M TR A AR A, 18] R A BILSK AT
PfUUET Ik o MR AL bR 2 HLIR AR AR R L RAT R
H il fy @ A RATEEE V2 AN 1 Bs .

M 1 X A5 AL Bh B A ) 2 S A A BT o0
B, R4 G KA IS b AT BRI, B4
W3 2 FroR 2 RALEh S AR BL ik S Fh S B
AL . R ITA R IE SR REHLAS B, A0

B EZ e R F1E UL
i TR B e A R A FEL 0 4 UL
BT S T 7% 5 HE A R D8] o 2 Ak, DT A E il 3 1 22 Al
L BRAGE HRRR WAL T —— A R 10 2R
PRk (R IR :
IS E A TR R /’.]‘
7quj]”ii ’f;lﬂi}d:f:'_.]ﬂ‘ ‘#{Jﬂ‘ij( X :
Egﬁ EZT RIS SRS = # |I
K- U e e
T PR 5 BE 36l E :
|
. VB 180° J5 1) AR 2 i 1 AR Hy I
2PIR B 5 75 180° : :
I i
s VA B8 3 1) i 2 i) b B 3 = T T x,
A s R T2 1 F o R T™5me g? | !
— L) 22 1] 28 ) % . R
T3} B e ; v
“S"IE Ak IS A i) e B AR AR
CE e AR R B AT 5 1] e T K1 AR R ATSH
MR 2 4 L 5 LI B SRR 1 PR B R S RAT Fig. 1 Coordinate system and flight parameters
F2 KW ESHEEBES T
Table 2 Characteristic analysis of fighter maneuver parameters
BLEh 3 1E RITEE RITmERE AL o) £y i1 AR AL RATH L
7e e 35 35 7E /)N PRFE PRFE
A #LE TRFF TRFE AER TRFF TRFE
BRI THes i DNERE N PREF PR EF N
o1f R A PR UNEE PN PRAF TR+E AR
K] (RIEEY (RIS (RIPEY (RIPEY (RIEEY
& PRFr PiFs PRFr PRFr PiFs
7K o " " 2 5 LN
BT PR AF (E353 (235 (235 PN
7J(EF0&E (RS (= (A= (A= VingIN
HA T (SE3 TRFE (SE3 (353 75 /)
VR B REAR VR UNEE PN GEAE gEAE AER
. ST e 3 . s VRGN
Jr 3k [ i DN B GEAE (SIS
7 B LA mRER e s N
R— n " VR UNCE PN LR VNS PN "
S Ak P33 P33 SR S PiAF
L ek e - . e e Set K AN/ s
W3} e 2y T b DN N AL R AEIN %mlj\r:‘&gﬁj( BN
e 1 3 KRB e e e 2

JE PR




557 3

w6 A B A AT YN ZRIEAG b i SR BLAL 3 3 1 U3

o EE

1269

2 BB EEIR AR B A&

2.1 WEEMEL

FE AT NGt B, RAT S 500 28 b 2 X
HZESERY, Bl DU 37 X 28 w] DL B B s (] 6 £k
() 2k R AT 2R, AT R 8% 7 28 1 I B 7E — B
it ] P KA T 2 O AE ) A8 AR o o B X R
S ) R, T LR 0 U T s R % A B A L Al
SRR R, AR SOk Bl A DL 3 1 4% g
GIRSIES) K (TSI

W3R 19 5 S BUE Ry 2 24 DU 307 ) 2% 452 754
LI a5, AR R ALl B A U A R . K
HRRAT S B R AE R 43 S 5 L3N Sl =Z 1] i 4R
B DG 2R 0 7 P 4 v () Y R, T ST T R 2 T
71N B8 SR ML 30 2l A PR 531 2l 25 DL S0 R 2 7Y, ]
H MR SRR PSR 1T A, MY S ) 43 K 45 21, VK
R RATHEEE , YAW S ) 1, MA Sy i B2 43 28 4
FOYAR R el £ A2 46 A8, ALT 2 %A & B2, ALR
AT R EE AR

I 2 BT AL 43 4 )2 IR 2 AR A SR Y AT
o FE RN AT o BE A AL R AT HE B R AL B B
VE e B8 v BE R AE R AT 2328 5 35 2 I AL 9] £ AN
AL 1] 71 78 Ak 2% X I 2 A HE A5 R AT A Ak IR )
K B2 AL B AE F LA P 3h B 1 5 =
JZIMA AT H B A5 B, X 7K P 1 4k 28 0L 3l 3l 1R
A7 3 BE X 43 5 TOUZ A5 2 5 Fh oL 30 30 A i U002
Xof o MR 25 e R B UM AL B SRS SR . &4
MIPRASE N 3 iR,

-1 1

B2 ABUBILSh 3 A SR 3l 25 DL A 38 100 4% 46 7
Fig.2 Dynamic Bayesian network model for

fighter maneuver recognition

R3I TRAKESEERNA

Table 3 Description of node state set

FEE 25 KA
i 45 (ALT_M) FH5 (ALT_U) (% (ALT_D) |
army SIHRFEIR(ALT_UD) G TG 45 (ALT

UM)
AT E PREFCALR_M) | 5538 R 5 3/ (ALR_UD) |5

AL (ALR) /N AR (ALR_DU)
AN (YAW_D) (RAE (YAW_V) el /b Ja 3
KOYAW_DU) s KGN (YAW_UD)
AL A1 PREF(YAR_M) (SR8 (YAR_V) GBI/ E 3R
AR (YAR)  (YAR_DU) el K/S /N (YAR_UD)
PREF(VK_M) E R (VK_U) /N (VK_D) 5
U/ JE # R (VK_DU)
LR LB (MA_M) & 2 BT ML 3
RO AR (MA_U) (R R REZEHLE (MA_D) & B 5E T
(MA) A T REFEHLBI (MA_UD) |5 BESE T J5 R
FHLBh (MA_UM)
ZERENE A HLBE BRI F b R ER T

it A (YAW)

RATHEE (VK)

LT Ar 28 45 0L 2P TR BHEE ST IE AR IS B IR R e L
(MY) By JKPATEUE LR RAT KON B R AT K
SR LR AT
ZE SEHE B CRBRTE R b R IR B TSk
PLHET AT TS B ST R R IR BT L
(MR) By JK AT E R RAT KO 2R AT K

S 2R RAT

2.2 MESEIRE

Bl 25 DU Sy g 25 H B A S BT 2 HE AT E R
B DL AR R Y 2% PRI R SOIR S e RS A R 8
BT UL F AR E

DL BE 73 28 45 3 MA g 1], HG 4% 10 i 4 5k
( Condition Probability Table,CPT) {13k 4 Fi/s .

x4 BESELER CPT
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MA p(ALT | MA) p(ALRIMA)

MA_M (0.26,0.185,0.185,0.185,0,185) (0.38,0.31,0.31)
MA_U (0.185,0.26,0.185,0.185,0.185) (0.31,0.38,0.31)
MA_D (0.185,0.185,0.26,0.185,0.185) (0.31,0.31,0.38)
MA_UD (0.185,0.185,0.185,0.26,0.185) (0.31,0.38,0.31)
MA_UM (0.185,0.185,0.185,0.185,0.26) (0.31,0.38,0.31)
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Recognition of fighter maneuver in automatic flight training evaluation
MENG Guanglei' ", ZHANG Huimin', PIAO Haiyin’, LIANG Xiao', ZHOU Mingzhe'

(1. School of Automation, Shenyang Aerospace University, Shenyang 110136, China;
2. AVIC Shenyang Aircraft Design and Research Institute, Shenyang 110035, China)

Abstract: An improved online recognition method for fighter maneuver based on dynamic Bayesian net-
work is proposed for automatic flight training evaluation. First, the maneuver characteristics of instrument,
simple stunt and complex stunt flight are analyzed. Then, according to the causal relationship between maneu-
ver and characteristic parameters during flight process of fighter, a dynamic Bayesian network model for ma-
neuver recognition is established, which overcomes the shortcomings of traditional methods, such as the need
for roll angle information which is difficultly obtained in real time through radar detection in actual flight train-
ing. At the same time, the computational complexity is reduced by designing the online invocation mechanism
of the model. Experimental results show that this method has high fighter maneuver recognition rate and good
real-time performance, and can meet the needs of online application.
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3 35.10 35.10 34.73 34.88
4 35.09 35.10 34.87 34.99
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Fig.5 Environment for path planning of logistics UAV
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Table 2 Simulation parameters
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Table 3 Comparison of path planning results between

A" algorithm and proposed algorithm
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Table 4 Comparison of path planning results

among different algorithms

SR AT ROk AR
BRAR 5 R 226 129
BEAR L/ m 2030 1930
fEFE/k) 236.2 204.5
KATHE ] /s 406 386

R[] /s 5.31 4.77
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28 NTL#k B A CHE Yk
FIL R s ]/ 30.85 4.48 4.77
Az 202 258 129
B AR AR/ m 2230 2050 1930
i f B B R T 23.73 17.15 11.69
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Table 5 Influence of grid length on

path planning results
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Table 6 Influence of cost weight on planning results

s RORCGEME g mr b f b

A8 @ o e s i TN e
1 0 0.5 0.5 141 2010 220.1 21.58
2 0.1 0.4 0.5 128 1950 206.7 19.34
3 0.2 0.3 0.5 135 1990 210.3 10.50

4 0.3 0.2 0.5 124 1930 209.5 9.53
5 0.4 0.1 0.5 114 1930 211.6 6.31
6 0.50 0.5 109 2010 227.1 5.47
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Path planning for logistics UAV in complex low-altitude airspace
ZHANG Qiqgian, XU Weiwei, ZHANG Honghai* , ZOU Yiyuan, CHEN Yutong

(College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: To solve the problem of path planning for logistics UAV in the complex low-altitude airspace,
internal and external restrictions such as airspace environment and transportation tasks were considered. Tak-
ing minimize flight time, energy consumption and path risk as the objective function, the multi-restricted
transportation path planning model of logistics UAV was established. To plan the path quickly, an improved
heuristic algorithm was designed. The grid method was used to model the environment. The performance con-
straints of UAV were introduced to ensure that UAV can follow the path. To solve the existing problems of the
original algorithm and indicate the characteristics of logistics UAV air transportation, the concepts of grid risk
and cargo weight penalty coefficient were introduced, and flight time and energy consumption were calculated
to improve the obstacle avoidance ability and reduce the cost. The dynamic weighting method was used to as-
sign the weight of the function to match the efficiency and accuracy of the algorithm. In order to delete redun-
dant path points and ensure smooth flight, bidirectional cross judgment method was used to optimize and
smooth the original path. In order to verify the effectiveness of the model and the algorithm, the results of four
algorithms were compared. Meanwhile, the influence of grid length and cost weight on planning results was an-
alyzed. With the constraints of the assumed environment and UAV performance, the study results indicate
that, compared with the original algorithm, the proposed algorithm ensures the flight safety of logistics UAV
with less energy consumption, and reduces the flight time from 406 s to 386 s, which is reduced by 5% . The
number of flight path points is 129 and the grid risk is 11.69, which reduces the number of attitude changes
and ensures the safety of transportation. When the grid length is 5 m and the cost weight is 0.4, 0.1 and 0.5,
the path planned by the proposed algorithm is optimal.

Keywords ; air transportation; path planning; A" algorithm; logistics UAV; complex low-altitude air-

space; grid risk; bidirectional cross judgment method
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Fig. 1  Fight instrument monitoring task interface
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Fig.2  Fight data calculation task interface
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Table 1 Measured values of performance indexes
1155 5 24K F- NREASIIEVES SV [E] / ms
WAL S 97.90 £1.15 842.55 +52.64
XA 55 79.87 £9.45 965. 14 £97.51
ZAL % 80.25 +10.39 1008.09 +66.58
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Table 2 Measured values of subjective indexes

145 52 K F FWEM 43
AT 55 61.60 +10.18
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ZAL 55 78.96 +7.42
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SR T7 22 00 BT R AR I 7 G 4es 25800 A S
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Table 3 Measured values of physiological indexes
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Table 4 Validation results based on original

validation method

Bt S B || R SR BN | W PR B
RS IS S AT S
1 1 1 1 2 2 1 3 3
2 1 1 2 2 2 2 3 3
3 1 1 3 2 3 3 3 3
4 1 1 4 2 2 4 3 3
5 1 1 5 2 3 5 3 3
6 1 1 6 2 2 6 3 3
7 1 1 7 2 3 7 3 3
8 1 1 8 2 2 8 3 2
9 1 1 9 2 2 9 3 3
10 1 1 10 2 2 10 3 3
11 1 1 11 2 1 11 3 2
12 1 1 12 2 2 12 3 3
13 1 1 13 2 2 13 3 3
14 1 1 14 2 3 14 3 3
15 1 1 15 2 2 15 3 2
1 AR U KT 527 R B SR <37 %

7 1+ 16 3 84 7K T
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Table 5 Validation results based on cross

validation method
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At R CYERE ) (R385 hn i B AR, 76 54T 554l AU E:
FAEN , LA B BAAT 55 A b R 24 55 1Rl 22 1) 52 31
R ) 25 50 5 7 RUE S5 AR L 2 AT S5 Rk 2
], B P IE BRI R 2 RIP A B3, X —45 RS
Jr i B 9 ERP 5 45t P3a j 43 Y 04 {E 2 fk
WL, T J7 I 58 Xt P3a MR A
AR FY], SRR AT AR S AL 2



1292 b5 M = MK k% F M

At AT 4R
1
B Y020 45

S AT 55 T ol R W m RE ) B R, H O
Y 1 T T BE 0 9 1 5 A — R VR R N Y, AR
IR o] bl 345 5, T 3 5990 1) FE 7 1 G i, 7 R b e JE
bR U A — BT Y T R U 0 B S AN Y
X — G MR AT S P R AT E B R
U7 FF ] £ 00 E s 7T 3 A5 56 IE , A V- 3 S R I (]
Py B M Ty 22 i 4 2R AT DL L B AT 55
YR 3G 22 (i g S0047 B 19 ), SR I ] 2 3
WA o

P30 B F S 45 2R 2 BT, IR A 48 B v B0 12 AR I
HASPRRE O A RO W CATAT 55 B — S St i
i 3 G KPP o T AR SO SN R | 17 R R
FEARAG TN JC 3 A R R 22 S i R AT AT 55 ik
Tf o X —BFFEAE R T BRI Hy T A SO B AT 55 i
B2 R SOENT 55 B R I, 7E 2 2R A
AT S5 B T O B 3 B E 2 AT
e, M AR L T T I — (R I, 52 00z AR UK
g B — SR M P AT 55 BT S BURY i 7 S T AR ST
9 52 56 AT 75 T i G 2 % JHL A 2 7R g IR v 45 s (
FIOBIE IR L A5 ) i — 2T R 5 S 9T

AR B BT T 0 B AR R Y B I EE AR
SDNN . ERP $5§ %5 P3a #1 MMN 4§ 4: 348 Fp 4t 2
NPT 5 AT AT S5 A I il g B i AR AR A
U RS R R W], {L SDNN 543 Fl P3a
XiF 22 BT RATAE 55 HH DG 1 G 3 40 Ar 1 AR A AT B 3
A BEORR M, ELAR Ry < AE RGN T ST 55 ME EE Y
RATAE 55 H , SDNN BUEFEAR, 72 P =0.05 7/KF |
R REE(P=0.071) R3S, P3a WE{H 2 %14 K
(P=0);3hm 7 &k AL 55 09 AT AR 55
SDNN % B B R (P =0.017) , P3a W5 {H 2 3
WTRBEGESE HIFARE(P>0.05), X—HE
U, L — A B AR JC A AU i 2 A AT AT
55 w1 B g B0 A ) L, T 45 2 B 4 bR R
I HEAT LR 1Al o
4.2 BRIENRESERERTGHERZEAMNLEE

PRI AE 3 B A [R] il g G £ RS R Y A5 4
B — I A R G g e, DA B T3 R
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Table 6 Result comparison of single index assessment and multi-dimensional synthetic assessment

I3 T e R R %

PRl & TEAL 48 AR
Ik th =1 T
NASA-TLX 66.67 53.33 66.67 62.22
TE A 0 2% 100. 00 46.67 40.00 62.22
AR AR IV B8] 86.67 46.67 66.67 66.67
SDNN 46.67 13.33 66.67 42.22
P3a 53.33 26.67 53.33 44.44
NASA-TLX, 1E # 3 J 2% 100. 00 66.67 66.67 77.78
NASA-TLX , JZ i B[] 86.67 53.33 80.00 73.33
NASA-TLX,SDNN 80.00 40.00 66.67 62.22
NASA-TLX,P3a 66.67 53.33 66.67 62.22
TN llgﬁfnﬁe'«‘m%,&ﬂjﬂq‘rﬂ 100. 00 40.00 66.67 68.89
- IE B0 2%, SDNN 100. 00 33.33 46. 67 60.00
EHIRI R, P3a 100. 00 53.33 53.33 68.89
3 B[], SDNN 86.67 46.67 80.00 71.11
27 B ], P3a 93.33 26.67 46.67 55.56
SDNN, P3a 60.00 46.67 40.00 48.89
NASA-TLX, 1E B #5002, 5z g A i) 100. 00 66.67 66.67 77.78
NASA-TLX, IE# #£ 1| 2 , SDNN 100. 00 66.67 66.67 77.78
NASA-TLX, IE#fi #£11l % , P3a 100. 00 66.67 66.67 77.78
NASA-TLX, Ji i i} [f] , SDNN 80.00 53.33 73.33 68.89
—gebialn NASA-TLX, J% v i [i] , P3a 93.33 46.67 66.67 68. 89
AR NASA-TLX,SDNN, P3a 80.00 40.00 66.67 62.22
IE R I 2R, 5 7 Bif ), SDNN 100. 00 46.67 66.67 71.11
WE BRI % | )2 8 B ], P3a 100. 00 40.00 60. 00 66.67
IE B4 2 ,SDNN , P3a 100. 00 53.33 40.00 64.44
J%Z 1% Bt Jia] ,SDNN , P3a 93.33 46.67 53.33 64.44
NASA-TLX, IE#f # 1l % ,SDNN, P3a 100. 00 66.67 66.67 77.78
NASA-TLX, IE# #8I0 2R , iz jvj Bt ] , SDNN 100. 00 60.00 73.33 77.78
PO RRALE NASA-TLX, IE BG4I 2, )2 1 B[], P3a 100. 00 66.67 66.67 77.78
NASA-TLX, % J¥ it [f] , SDNN, P3a 86.67 60. 00 73.33 73.33
WETH I R, [ 0 B[] ,SDNN , P3a 100. 00 53.33 60.00 71.11
hiEFRA A NASA-TLX, 1E 8 48 I 5% , )2 17 B[] , SDNN , P3a 100. 00 66.67 80.00 82.22
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TR A XTI Ty B A KO 1Y 3 2 T 9 A R A
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Z 0], 734 43 2 00 HE A R Ry 77, 78% o R =
e b B J 0 J5 vk v, TE R PR D 4 BR O NASA-TLX
%5 SDNN 414, IE B 8 1 K 35 A7 . NASA-TLX
wRE P3a 414, IEMf BN R 5 45 . NASA-TLX
5 R I )4 BR LA, X 3 A A A 6T i D A e
KV B 43 2 00N o A 6 A (), B T A 7 b 4L
B, 43 28 T E B AE 66. 67% ~ 100% Z [,
V- 25 43 S T HERG 6K 77. 78 % o R AT U4 AR 1Y
FIN T3 35, TE B RN 246 bR O NASA-TLX & 3% |
SDNN 5 P3a 41 &, 1E 8 £l %2 45 Fx . NASA-TLX
TSRV ] 4 bR S P3a 414, IF B BRI R 45
P JNASA-TLX 7 5 | 2 i B [8] 45 1 5 SDNN 48 Fr
MG, 3X 3 A2 X i 3 5 K SF 1Y 43 28 0 v
T AR ], 2 T At R 4 A, L 40 288 T 0 of: g %
TE 60% ~100% Z [u], ~F 34 43 2 100 o o 22
77.78% .

N 6 Y EL A 25 S 0T LAE R 2 T 1 1)
IR CATAT: 55 19 I ) A0 s 22 dE 25 G PE AR AR AL, X
oG 3 72 A5 7K - 1 4 288 00 o A R A b TR
5 25 FALTHURN 22 T A 1 43 20 30000 o o X 1
AR F 3 F 2 — 38 AR O PEA R £ 4k 25 A VR A
A TR 6T i g 0 A AT VAR B O A R
4.3 B X

it P T 1) B 4% RATAE 55 B I0G ) B s 2 4L 25
PEAG B AT &2 2% CAT AR 55 o RAT 5L I ) 1
f AKSF AT 0 R T, X o KRG 2 R G h B
N S AT 55 TR S T A R A A AR
AR

FI A B 5K OE AR TF & W08 LS S HL A K B s
S TRAIL, 3 e S HE AL SR (5 B SR B T 2R
A AR EE AT I, BT 2 G e s AT BT
R, W F AR I 8 2 R T B L %5 38 B 4 4
BERTEE, AR BCE R F B T X
KRG B A R B A BT B B FL AT A Y

Wi 1 5775 40 A I 7 SR e 0 i
ST 7 B F 5 0 S BLEE A BRI B WL 3 A B
b 587 P T G ) £ 55 B0 BT 22 A £
B2

5 #& it

ARV 2R G S (LG RAT IR A
LORIT R IR AT R RIS ) R
ERP ECG I EOG = 24 # & vk, T & 2 WoR
B 2 RAT AR 55 RAS TN (9 i 7 G Aar DF- 48 b AR
WAL RIS, WFFE 45 R R W)

1) i B 46 #% (P3a 4> 78 Fz B A Ab () 0%
{B) , AT 45 ME B b S B 2 0 ORI 2 RATAE S5 R
B9 10 3 T SR AT: 55 ME BE 0 AR AR AR L O FL AR AR (D
AR 2 VEHE bR SDNN) RE 42 A % I Bt 2 /R St 1
2 RATAE 55 1 B SR TR DU AT 55 M B 1) 28 fb A

2) FETHI) S 2 RATAE: 55 (0 il g B A £ 4
ZEA TG R X 2 o B 2 CATHE 5 FHR
N G i 3 A KT 1 4 258 S0 o 1 R SR b
T K LR A B PEAG

3) ASCHE I 2 YRR VPR LT, W] DLA AL
IS TN 22 5 A 2 AT AR 55 i AT 55 B
IRV BE G, - 35 53 AT HE B R 82.22% , R
L5 58 HLFNES AL B R GG AT S Oy
FH RV S T — TP A R T .
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A multi-dimensional comprehensive evaluation model of
mental workload for complex flight missions

WEI Zongmin "

( Department of Aviation Safety Management, Civil Aviation Management Institute of China, Beijing 100102, China)

Abstract: To solve the problems of mental workload assessment in multiple flight tasks of the aircraft
cockpit multi-display interfaces, we design three different types of flight missions of the multi-display inter-
faces, i.e. flight monitor, flight calculation, and radar detection, to systematically develop the experimental
measurement and the theoretical modeling of the mental workload via the conjunctive use of many kinds of
measuring technique. Our experimental results reveal that, with increasing flight mission modes, the changes
are; the subjective assessment scores of NASA-Task Load Index (NASA-TLX) increase significantly, the ac-
curacy rate of the flight operation decreases gradually, and the response time becomes obviously longer; the
value of the P3a component index in the Event-Related Potential ( ERP) measurement technique at Fz elec-
trode reduces gradually, the value of SDNN index in the Electrocardiogram ( ECG) measurement also decrea-
ses gradually, and no obvious change in the number of blinks in the Electrooculogram ( EOG) measurement is
further confirmed. Based on the Bayesian discriminant analysis method, a multi-dimensional comprehensive
evaluation model of mental workload for complex flight tasks was established, and the comprehensive evalua-
tion model was compared with models based on a single indicator, dual indicators, three indicators, and four
indicators. The results showed that the five-index model founded by the Bayesian-Fisher discrimination and
classification method shows a much higher accuracy rate for the level discrimination and prediction results of
mental workload in comparison with other index models. Its average discrimination accuracy rate is 82.22% .
Obviously, This model provides an effective quantitative method and scientific basis for the display interface
mental task design in large and complex systems, and helps fighter and transportation aircraft designers to opti-
mize the display interface mental task design, but also provide a unique compliance verification tool for the air-
worthiness certification of flight deck display interface.

Keywords: display interface; mental workload; multi-flight missions; comprehensive evaluation model;

airworthiness certification
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Fig. 1 Diamond joined-wing configuration

solar-powered UAV with power
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Fig.2 Schematic diagram of local grid of
propeller solid model
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Fig. 10 Comparison of pressure coefficient distribution at different rotational speeds at 0°angle of attack sections
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Table 1 Variation of drag coefficient with rotational speed at 0° angle of attack
Ep/(r - min~") MR R AEEEEI RS RREEM R REEEHEN R BB R
0 0.003 839 0.001753 0.004 900 0.001 821 0.021912
1320 0.003 813 0.001762 0.004 844 0.001 888 0.021997
2500 0.003999 0.001791 0.003 506 0.002297 0.021097
3000 0.003998 0.001796 0.002571 0.002 575 0.020390
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Table 2 Variation of lift coefficient with rotational

speed at 0° angle of attack
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Fig. 11

Flow field structures of part of Aft-wing surface at different rotational speeds and 10°angle of attack
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Table 3 Variation of drag coefficient with rotational speed at 10° angle of attack
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Effects of propeller slipstream on diamond joined-wing
configuration solar-powered UAV
ZHAO Wei"* , HUANG Jiangliu®, ZHOU Zhou’, ZHANG Shunjia', BI Peng'

(1. Shanghai Electro-Mechanical Engineering Institute, Shanghai 201109, China;
2. Shanghai Space Propulsion Technology Institute, Shanghai 201109, China;
3. School of Aeronautics, Northwestern Polytechnical University, Xi’ an 710072, China)

Abstract: In order to investigate the influence of propeller slipstream on the aerodynamic characteristics
of low Reynolds number diamond joined-wing configuration solar-powered UAV with different rotational
speeds. It was simulated accurately by solving the Reynolds Averaged Navier-Stokes (RANS) equation based
on Momentum Source Method (MSM) and k-k,-w transition model. The mechanism of the propeller slipstream
effects at different angles of attack and rotational speeds was analyzed by comparing the flow field structure and
pressure distribution on the wing surface. The research shows that with the increase of the propeller rotational
speed at low angle of attack, the propeller slipstream leads to the obvious increment of lift and decrement of
drag. And the maximum lift-to-drag ratio is increased by 18.4% at 3000 r/min. At low angle of attack, the
air flow is accelerated by propeller, and it leads to increment of lift for the Frt-wing. And for the Aft-wing, the
rotation of the air flow leads to decrement of pressure drag because of the emergence of low-pressure region at
lower surface of leading edge. At high angle of attack, the effects of propeller to the Frt-wing are not changed.
However for Aft-wing, the range and strength of low-pressure region at lower surface of leading edge decrease,
which leads to the disappearance of negative lift area at leading edge as well as the notable increase of the lift
and the pressure drag. Besides, since the main contribution components of lift increment are different at differ-
ent angles of attack, the longitudinal static stability margin of UAV shows an enhancement with the increase of
propeller rotational speed. The diamond joined-wing configuration solar-powered UAV can effectively utilize
the slipstream of propeller to improve the aerodynamic performance by reasonably setting the position and
speed of propeller.

Keywords: diamond joined-wing configuration; solar-powered UAV ; propeller slipstream; low Reynolds
number; Momentum Source Method ( MSM)
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Fig.1 TOPSIS recognition method based on

intuitionistic fuzzy set and cloud model
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4.1 ABHE
RUEH L0 H e ORI B S 20 e L BAE
TE B 58 PP AR Sk T 2 BB BE B 0 B Y
TOPSIS 5| Jy ¥E AT U, B U T

T] 0 U 2800 1 BEAR AR (PIS) Al i
AR fiR (NIS) , 43 3ilic
R = {{(F,,1,0)|F, ¢ Fi (26)
R = {(F,,0,1)|F, ¢ Fi (27)
HB|2 A AESEEE L F, RS IE

THLRE A 07 BIAE A 2 fe] A BB 308 D™H(R,,RT)
5 D"(R,,R™),

HBI MR 3.3 WA AR, N
B2 (WA ) 87X 44 @ v F, B D™ (R,
R*) 5 D" (R, ,R™) AT 445 5 34 R BI85 11
FHLAR fife R £ AR AR 2 T 1 R BE B 40

D(R,R") = Y wD" (R, ,R") (28)

D(R,,R™) = Zm“ka“(Ri,R') (29)

TBRA PRI IE R ) 0 R

R
D(R,,R™)

“ T D(R,,R") +D(R,,R")

T]S B ERREEARE RGN R,
Ri#7 S, =max(S,) R GIEE R R j K BIR.
4.2 ZX1ELIE

TSI 2 B3k T O A O R BRI 43
PRVEIC I 22 UM BT i o

1) 3 F &R RMABAHEXERENZ LMW
U151 R

TnAUAH 2 R Eh

Uik pey - CURLRD)
(RL,R") = (31)

VT (R)T,(R™)
AR, SHEAE R BRI SRE

(30)

G, (R,,R") = Zwk(ugfugﬁ +1jgfvgﬁ) (32)
R, 5PRALf#H R™ W B BE & 70 7l R
T°(R") = Zwk((ui’i)z + (vh)?) (33)
T.(R)) = Zwk((u;f)z + (U;f)z) (34)
HT
R"= {(F,1,0)|F e FI (35)
X (32) AT LS R
G (R.,R)
U(R,,R") = o =

JT(R)T,(R)
3wl
k=1

JE e o

FIHIHEN] - i" = arg max (U,) , By PR &5 2R
Btk

2) T ER KA 73 o8 BORURS 1 o8 X000 2
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5.1 {FERE

VAR 2K 58 S IR0 S 01, % AR SCOT ik R AT 5
ko B K A0 R A 1 Sy 2O ik b o 52
K SE , 3L 3% 1 Fros 08 R 80 o o R IR 4
i P b BE AL R A A8 0 LSRR, JF & b
DR 22 M I A AR B L R AT 1000 SRR
DRSS . AT T 3 Ay R, AR
5.2 ~5.4 75,

Table 1 Radar database

Ak S A ko AR Jik &

o
Pl

Hik%k RF/MHz RPL/ s PW/ps

1 R, [4940,5160] [3680,3750] [0.6,1.2]
2 R,  [5000,5220] [3630,3700] [0.2,0.5]
3 R, [5100,5420] [3580,3650] [0.4,0.7]
4 R,  [5400,5520] [3730,3800] [0.6,0.9]
5 R, [5480,5620] [3490,3600] [1,1.4]
6 Ry,  [5000,5160] [3680,3700]

7 R,  [5100,5160] [0.6,0.7]
8 R, [3730,3750] [0.6,0.9]
9 Rys [1,1.2]
10 Ry, [5100,5220] [3630,3650] [0.4,0.5]
11 Ry, [5400,5420) [0.5,0.7]
12 Ry [3580,3600]

13 R,s  [5480,5520]

14 R, [5100,5160]

15 Ris [0.6,0.7]

5.2 AE=ERBPXLHERRE

D BAEA S BB RHE A O IE L 5
539 55 SCHR [ 9-10 ] = B RY (Y ()5 15 R 47 L X, 1
FLI AR SCI IR 05 1 , ME— DX AR 1Y 2
BT AR AR A S E B B B 22
AR 1R 22 A N2 35 fEL ) i A

1) AL mBREZSHOE .

BCE 3 USRI h Z 1 (r, =5,m =100)
ZH2(r, =10,m =100) ; 28 3(r, =5,m =50) ,

51 oA B HR IK (LR SR A 52 3L
2R) Rl HL AR I 200 A A, X 200 A HE AT
[l i A

2) SCHRL10] SR S

SCHR [ 10 ] b 2 5 R 4 K7 4R AE 3T 5
X (38) Brw

E = (C, +C,)/2
[En (Chx = Coi) /6 (37)
H =k
K€, HC 530 R DRI b FRAE RN T BRAH &
HE R Al UL, SCHRL 10 ] rp 2 5 R R 0 2 — >
FMBEREE, KE 3 HASE, il h: 2801
(k=0.02) ;2% 2(k=0.5); 5% 3(k=3.5),
3) SCHR[9 ] BRI S 4
SCHRLO | b = BB ) B R AE T H 3 =X (38)
B

E = (Cmux + Cmin)/z
E, =k(C,, -C,,)/6 (38)
H =IF

A 0 C 2390 0 DT Y b BRAEAT FRAE 5 &
AL AL k5 LA [ BUECHRS 2 5 i =
R RO B RN, B 3 S B, i o - 2
$1(k=0.2,1=0.03);5%2(k=2,1=0.5);%
¥3(k=4,1=2),

DFEERINE 2 Fron, R 2 il L, L8
A [a] 9 2 BO6s PRU 45 53 B R 4 2R AR 1 1Y 5
JEATE . B E, 7E R AR B AR SR R
T e B, SCHRL O ] A i) 45 2R s B T SCRR [ 10 ] iy
S5 AE VU S R R E M B A SO B fe B
E R, SCRR [ 10 ]3R5 45 2 0 B2 1k 2200 T SOk
(9] TEA Sz B R B 7 FR AL Al v B e 1 9 A
At b RS BN AR B T R AS AR
T3 25 EL A A S R A BB, TR R B L 5
2 MG TR0 IR R AR R A E
ZHRCL 2 A8 RWITEREA B R/ B E , AT %
MR T B HOR BEE SR

R2 ARZHEBENFTEER

Table 2 Simulation results of different cloud models

A3 3CHk[10] SCHK[9]
8]
ZH01 ZH2 ZH3 2401 ZH2 ZH3 ZH01 ZH2 283
EHR 3 % 94.9 93.7 93.1 88 85.2 83.1 84.5 93.5 87.8

5.3 AENEHERFEHMLHESLE
AL AR SEENS. 2 THRSH
1 AR A S 8 B BIL 2% 25 A, 2R R

REFNS. 2 WA Al 2 T A SRR Tr %, 20 3l 0 A
SCRCE A T7 5 SCRRL 10 1A 3153 05 3 A AF AL
HT BT R 5 ELAE R LA 3 AU AL e h 2%
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W 2 ~ TR AE 1.2.3 0 IR AR Bk ELOM RS R B TN TR P A RO O A
e 5 S A K UREAE 2 FVRAE 3, S A0 A5 fE S AU 173 BT,

2 3 g 5 R LT, AR SO A O 1
TEIE AT SCHR 10 #9757 s NI 2 ~ 181 7 pr] DL,
TERCHE AR ) 28 AR il 26 1, A SO P R AUE AR

£3 TEANMNETHEAENHEER
Table 3 Simulation results of different weight

calculation methods

B 55 A3 SCHk[10] SRR Jr

E#RR B R/ % 94.2 65.4 93.5
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D7 B

—— FEE ] —o— HAE2 —— RS —— RT{E M 1/3

B2 AR SCE A AR b il £

Fig.2  Attribute weight variation curve in this paper
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Fig.3 Variation curve of attribute weight for

R, class in Ref. [10]
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Fig.4 Variation curve of attribute weight for

R, class in Ref. [10]

O 1 3w I T AR A I Ry B 4 R TS

K[ LO ] Hh R ASUEE HH B IR (EL, AT R AIE 3 32 70 B
YERT, B0E T 3.3 50 rat R i 4 B, BT
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Fig.5 Variation curve of attribute weight for

R, class in Ref. [10]
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Fig. 6 Variation curve of attribute weight for

R, class in Ref. [10]
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5.4 ARGRHTEMNXEHERXRE

o 36k AR SCIR O T ik B IR PR RE L 5 3
Wk (9 17k k47 08 He A5 BC S92 56, 25 6 Y K3 R AR
RS E N S 2 RS EL, A
A H BLSE AR B B AL R 22 A Ao H T RS T
P B T R A A RN E DR R, 2
i S H S (L A 0 R B 2 A OO — 2 N A
(EASRAERE 1 T 7 080 P 1) T Jiss DX I P 5 — 2 i
TSR 17 Kot 7 04 g DX 18] S (72 0 sty
M) o S, BEE T 2 M5 RIS

DI ELPREE 12 SR 1 AP i) B a8 v i IR 2 2
o3 A EALAb ORI | B DLMOR AR AR AR X
it 75 A G B A5 7R 25 A, IS A
SE T A K T A BT T DX TR P o

D7 FLERBE 2 152 IR 2 1 23 2 A 1k e A
P AE T T DX M) Y 2 A0 sA 0, 0 3CAE AR e X 18] S
SRS CORF L 7 M0 S ) s O 0 A ) S
O BREA R BRI S 5.2 AR, $iE X Rl oy

A BRI R AR 0 S 7 B8 A 9 T I X ] 4

ANTF ER BT 7 HAE Rk 4 MRS P
Ao 25 WL 1 R FOAFHE 1 b il
TE T & DX T A1, 3 40 2 AW 5 7 o Jes DX 1) P, G
b LASEIeHE . K 4 53 S RAA ST T5 ik 2 Al
FTCHR[9 197

x4 FEFRE1ERRMNE
Table 4 Correct recognition rate of simulation

environment 1

HERH {1 A%/ %

N AT SCik[ 9] 73
Ry ZE X [A] P B AL A7 H 93.6 86.4
Ry Z X [ia] Py B AL A 2 89.4 90.3
Ry ZE X [ia] Py I AL A1h 3 94.2 91.5
R, Z& DX 7] P B AL Al H 94.1 91.8
R 21X [ia] Py Bl AL At 3 99.9 97.9
B A X1 Py B AL A J 94.6 92.6

x5 HEFE2HEBRNE

Table 5 Correct recognition rate of simulation environment 2

ATy W E R R %

BRI 2 {F A 7 5K

SCHRLO 177 IE B LU 23/ %

T 1 B 2 %0 3 0L 1 0L 2 TH 0L 3
Ry 2 X [A] 4 BE AL 4t L 82.3 46.6 78 69.3 42.7 44.3
R, 2 X [] 41 B AL 4l T 69.9 54 75 78.8 62.6 55.3
Ry 2 X [] 41 B AL 4l T 69 68.7 80.7 73.3 64.9 49.4
R, X [A] 41 BE AL A IR 74.3 73 87 63 55.6 50.7
R 2 IX ] & Bl LAl 97.1 98 99.7 90.5 87.3 75.3
5 JE X 18] S0 BE DL 3 78.8 68.5 85.3 75.8 61.5 57

5.5 AERERE

LIz 4T 1 000 ¥ i1 iy B[] £ i Bt 07 i 2
R BER AR 0 H AP AT An R B3 S AL B Win-
dows 7 #{E R &, AL BEZR 4 Intel (R) Core (TM)
i7-4770K CPU@ 3. 50 GHz, %% N (RAM) Ny
8.00 GB, HAjy ELIF ] H J2 FI ok bb &0 A [ 7 2 Y
SEFRTE AR R J7 A AR T g U ] AN
[ 75 3% (4 TE A R R AR I WL 6

TEAERR R A b A SO R R A 1Y) 5 TEFE I
J7 T, SCHRL 10 ] B 45 2R 2 f f 1y, R 24 9 AR S
SCHRLO 119 50% , A% SC 0 FE B s & - SCHk [9 ] 1Y
SRR I o T RS SCRE I 2 Y 2 2 R R

R6 FHEERENN
Table 6 Analysis of method complexity

B bR A3 3CHk[10] SCHRL9 ]
BRI 3R/ % 92.6 84.5 82.6
FEM/s 0.482378 0.244235 0.438067

9 2 A Tk AR SCE AR R W T IR R
R AE R LA N T ik 0 AR I O AU B o A S
P AR LT R, W R 5 0k d 3, i AR H AR R
9 45 Al R Y e A B IR a3 B, An R E B
DRI 2l R AN T[] R 45 B P Ok
P 1) A, 2 4 BUHRC 8 14 OE A TR 0 R, A 0 7 i
— AR U R A S AL b, DR AR R AR O
gL IS

Wik 5.2 9 ~ 5.5 05 B R b, KW
AR SCT5 1A A PRSI DX T A 58 SR S R 1)
] AL b A AT AT Y

6 % it

1) ASSCHE T 56 F 1 08 15 M 4 T 2 55 7 1Y
TOPSIS R 5 7 1, WH 98 T S5 IX 1) 28 LR A H
P U [) R

2) JTHR 5 VAR B e O AR i SR s B LR
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A methodology for target recognition with parameters of
interval cross type
LI Shuangming'*, GUAN Xin" ", ZHAO Jing', WU Bin'

(1. Naval Aviation University, Yantai 264001, China; 2. Unit 92941 of PLA, Huludao 125001, China)

Abstract; Aimed at the problem of target recognition with parameters of interval cross type, the Tech-
nique for Order Preference by Similarity to Ideal Solution ( TOPSIS) method for target recognition based on in-
tuitionistic fuzzy set and cloud model is proposed in this paper. The target database model including individual
class and cross class is constructed. According to the multi-step estimation algorithm for cloud model, the cer-
tainty degree of an unknown target over a known target class is obtained, and the transformation algorithm from
certainty degree to membership and non-membership degree is proposed. The dynamic attribute weight is cal-
culated based on intuitionistic fuzzy entropy. The TOPSIS recognition decision method of defuzzification dis-
tance measure is formed. The simulation results indicate that the proposed method has a high accuracy rate for
target recognition with parameters of interval cross type and thus has a certain practical application value,
when applied to radar emitter recognition.

Keywords: interval cross; intuitionistic fuzzy set; cloud model; dynamic weight; Technique for Order

Preference by Similarity to Ideal Solution ( TOPSIS)
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SME MM T TE

BRIEAR, MEaT, AR, AYE, THKX

(bt TR HLdi2ABE, JEat 100089 )

i E: HRGREDEAME &M (CCPM-LFM) & &3 #| T & & 5| = 8 51 3 M
ATHER, 2N THEAXTREATRE AR LRI Erm i R T HRAHEBEF
PG T T o WA XA R AR ERK(ICHD) R e ik R oy 2Ea £ XA 2
AR (FFT) J R R B A 4, 5F X0 £ R FFT B9 1 o & B8 (8 F 39, 70 2 LR R i 2 B9 1
PEf it sl Tk B RERR A TR TEEL VNI ERERENART,

e A M E AT R

X 8 W RAEIE; MWTRTE: REEH; WAL itk

RESEES. T3 4.1
XEKFRERD: A

ToL AL T E BA R BN E HORS BE A
KA R SR, Z R 4 H w7 . BEE Lk
L5 X BT ROR B & R, BRI 7 e WG 3R 05 H 4
S5 UL R B 5 R 1 0 A ™ R
o Heeh S T AR O — R LA G 2k
RS T T7 5, i i 2R AR A — i R
VI B PR A 4, 45 A 1 Hs ) T 00 R e o X
PHVRRAE 0 B i 55 PSR B2 %
Sel Z2 W W5 | SRR G 1 A
PRI LS RB UL T X — 5, B3 E
PUAB T YL RN S Z B FE AL

R JC A G R AE R T AR AR B al
FEPE OGS A T ORISR R TR BT
Wk e LTI — 07 2R CE Z {55
FRAE R DO T P45 5 A LS H AR LR 5 o 4 A
FRSTGE T A5 B B R AR R AE R K
R AL 51E 2S5 70 28, s A R A

XEHS: 1001-5965(2020)07-1317-08

AR A Tk e iR A U S
PR R AT T 225 P w T IME I T UirERE. ST
PEBETE 1 75— A J7 1) & BT (R i 5145, 5 51
15 e SR A 58 A )RR AL B 51 4 BT R
B MaE  ZEu M TEAE Y K R
SRR A5 R A L BhoR U R S AE 2R BT L
Jr R T AROR o e TR DA R A S
P (CCPM-LEM) & & 4 il T2 it 51 45 (LA T 1
PR S VR 515 ) AR D0 I A 0 L A 98 0 1)
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Anti sweep jamming method of hybrid modulation fuze based on
harmonic coefficient amplitude averaging
CHEN Qile, HAO Xinhong*, YAN Xiaopeng, QIAO Caixia, WANG Xiongwu

(School of Mechatronical Engineering, Beijing Institute of Technology, Beijing 100089, China)

Abstract; To improve the anti sweep jamming performance of the Chaotic Codes Phase Modulation and
Linear Frequency Modulation ( CCPM-LFM) hybrid modulation radio fuze, the response of the CCPM-LFM
fuze under sweep jamming was analysed, and an anti jamming method based on harmonic coefficient amplitude
average was proposed. This method was based on the ranging principle of Instantaneous Correlation Harmonic
Demodulation (ICHD) , and the harmonic envelope extraction was realized by Fast Fourier Transform ( FFT)
algorithm. By averaging the harmonic coefficient amplitudes obtained from multiple times of FFT, this method
took the advantage of the random and statistical characteristics of the chaotic codes, and the jamming was ef-
fectively suppressed. Theoretical and simulation results show that the method can effectively suppress the
sweep jamming without affecting the ranging resolution of the fuze.
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Table 1 Missile range and launch point coordinates
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Table 2 Radar related parameters
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Table 3 Target related parameters
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Table 4 Parameter setting of genetic algorithm
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Table 5 Target assignment scheme ( Experiment 1)
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L B/ km oA Y VAGD!

M1 (128.175, 37.600)
M2 1500 (127.175, 36.600)
M3 (131.528, 33.720)
M4 (131.156, 31.864)
M5 2000 (131.156, 31.864)
M6 (130.508, 29.043)
M7 (130.175, 17.489)
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Fig.3 Tracking completeness of targets ( Experiment 1)
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Fig.4 Frame time of radars ( Experiment 1)
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Fig.5 Tracking occupancy of radars ( Experiment 1)
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Fig.7 Frame time of radars ( Experiment 2)
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Abstract; To solve the resource management problem of phased array radar network in tracking ballistic
missiles, the scenario of anti-missile early warning combat is analysed, and a target assignment benefit func-
tion is proposed, which integrates target tracking accuracy and radar switching rate. Constraints are established
from three aspects: radar energy resource, radar time resource and the visibility between radars and targets, so
that actual limits in target assignment are reflected. The target assignment model for phased array radar net-
work in anti-missile early warning is constructed on the basis of the objective function and constraints. Accord-
ing to the mission characteristics of anti-missile early warning, the adaptive interval is set for target assign-
ment, which improves model design rationality. Two groups of simulation experiment are conducted separately
in the scenarios of sparse target tracking and dense target tracking. The experimental results show that the pro-
posed method can effectively conduct the target assignment, improve the resource utilization efficiency of
phased array radar network, and reduce the frequency of radar switching.
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Fig. 1  Schematic diagram of digital switched
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Modeling and analysis of pressure wave propagation inside
pipeline of digital switched hydraulic system
CHEN Xiaoming, ZHU Yuchuan® , WU Changwen, GAO Qiang, JIANG Yulei

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

Abstract: In order to describe the characteristics of pressure wave propagation inside the pipeline in the
digital switched hydraulic system accurately, an analytical model of pressure wave propagation inside the pipe-
line based on the transfer function and time delay was applied in this paper. By coupling the output flowrate
characteristics of fast switching valve and pressure wave propagation analytical model, the model for pressure
wave propagation characteristics inside pipeline in a hydraulic system controlled by two-position two-way fast
switching valve was built and analyzed. The characteristics of pressure wave propagation inside pipeline under
different parameters were discussed, and then validated in corresponding experiments. The results indicate
that the experimental results are in good agreement with the results of the analytical model. The dynamic char-
acteristics of the fast switching valve have a crucial impact on the pressure wave propagation effect inside the
pipeline, which can be strongly affected by the pipeline properties. These will lay the foundation for further re-
search of digital switched inertance hydraulic system.
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lytical model; fast switching valve

Received: 2019-09-05; Accepted: 2019-10-11; Published online: 2020-01-19 10:59
URL : kns. cnki. net/kems/detail/11.2625. V.20200117. 1810. 004. html
Foundation items: National Natural Science Foundation of China (51575258 ,51975275)

# Corresponding author. E-mail: meeyczhu@ nuaa. edu. cn



2020 4 7 H
46 4 7]

tEMEMRKEFFR

Journal of Beijing University of Aeronautics and Astronautics

A AL AR

_FI = July 2020
I Vol.46 No.7

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2019. 0463

jbuaa@ buaa. edu. cn

EEAHREEEHHERRA T E LR

Hwe", HE &

(et iR R A S bRl 5 A TR 2B, Jbat 100083)

i B ATRIEABSMEEAARMERZERR I MEGRI T, A4 02
TRANREERLESECRE AETLEEMNWEELAAAIT AN EER G T R
FTIHR WHALERGEEEAFRESL HHEOAGE BT EZXXBeEURAEL
MRATEBXTWEE MR EFEMREETELA T T REEGFITNREES T, LM
e ENERATT AN GELERETS EXRA T ZRARAR TR KT EE LA
ABETRAFELEd L RAMELA G E EEWMEFRREWRES RS T N ERHE
ERG, 5PN BREEML LR EMRENTERN KK TH T ZRXXBEEHT
M DA T R R R ER T E A 3 AT

x # i
mESES. V249.32
XEEREM: A

TR 1A IR R DR E A L P RE 1Y L4
PE . R TR T ATEOR B TR K& AR, X
TR TSR EOR . BB B 3 B KSR
M B TR AL AR SE, 32 BT 1 3t 5
I3 L N B 3 AT T T BUR G 15 BB
RE LA JE X i B R MR DRSS, B,
TR R H O RE PO BT B TS 1

TR R B 3 RE YU A T S I M T SR 1S
DU A 2B AT AR 2B A A S A R IR ) A
KL RL K S B A B AT K Ik 1) B TE 6 E B o R .
1984 4 Markley 15 U £ i A2 )9 K 5 19 5 9 K
5i% A T RN K FH A% AR B B R T R 4
SR WA I B AT DL R R ML R
Ananda S57E 1984 AR 45 1 A T 2 [ B Y GPS
3 S 007 i, OF AT R8s T R T 0 B
T ARIE T R B T B A7 E B A e
FeAn 2 ph B AR TR AR 2 28 R, 2 A 58 & AT WL

SRESRG; W ZXXEhe; ARG REEGEN; LEF X EH;

TEEHE . 1001-5965(2020)07-1345-09

{97 o SRR Rk ) 8 R R S A B RS B
KIR0TGRS R ARk M U A
FIAJC B AR B 7, 0 T R HUE TR i
T AZ A5 R 2 RV BLIE A5 A 0 2 SR AT LAAS %A% ok 2
JAE FF) R A T T R, 8 T UL N 4 ik 5 A
fH RS HE SR MG S 25 SUbk B2 A I
R A UL R I A R LS 0 0 AH I Y A
BB, B URT 2 32 2 D0 R 2
2R T i A 3 07 1 I 2 A5 TR ASUAE A Bl D 25
W J5 B — B R R I HOW L E
MO Z2E B — B ot TR E O 22 R
WA ATRER AL . AR, LA B LR AR B A A
— 2 MR BRPE . Hill 5548 T A TP 3 PUaE 1
i g LA 1 o OR i o A2 ) 00 L B e 1 E T
R T BT X R E A RS A ES
it ( Linked Autonomous Interplanetary Satellite Orbit

Navigation, LIAISON) 75 30 | 3% 77 1 T LAY F) FH

Wi BEH: 2019-08-30; RABHH: 2019-11-22; M4 HAATIE : 2020-01-16 15.24
M 2% H AR H ik ;. kns. enki. net/kems/detail /11.2625. V. 20200116. 1054. 005. html

EeWB: HEHAREIESE (61976013)
= BI5{E&. E-mail; jing. yang@ buaa. edu. cn

Sl g, 48 EEAGTRAAECHFERBE T FURTEIT] B EMEMK A F %], 2020, 46 (7 ) ; 1345- 1353.
YANG J, WEI R Y. Comparative study on information fusion methods in constellation distributed autonomous orbit determination

[J ]. Journal of Beijing University of Aeronautics and Astronautics , 2020 , 46 (7 ) : 1345- 1353 (in Chinese ).


qwqw
新建图章

https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=BJHK202007012&dbname=CJFDAUTO&uid=WEEvREcwSlJHSldRa1FhcTdnTnhYWUN1VlFtVmlIOGs2dlBQUjNIU2FkQT0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

1346 b5 M = MK k% F M

A 4R

2020 4F

100 e S 30 B B S R R B R L
B S N A2 44 2 0 LIAISON J5 25 & JT 1 i
7%, Leonard"”? | Fujimoto[g] % Mo Bk F oLl FhiE
( Geostationary Earth Orbit, GEO) 1 3f) &5 T & 8
b A () 00 B O AT UE SE 7, OF 07 LSRR T AT
ks

EDREEAEEN SRS, BT 2T
i e RO I 15 BOF AN B S TR BB AR
A% NI Z B0 A FE AL Bl
775 RS2 BUB R BGIEAT B IE 15 B B s AR
AR ATHE . TR A EERS S, WM
E PR T B AL R R B HE SR R
A RESE . TS MY ERE T, LR S %2
W EE S T, 0F B DR E M RA B
S R SR TR I SR JH R R 8 0 I b L et
SOk TLRARE FEAT AR

TR A FEPR R A )2 b
RFEHX B3 K b T AERE
RIERGH, DREBAKZ R NE P PEBL
Xt TR TSR M A A A s 2R, AN T S I aE AT
o3 A UG 1 TC Ak B ARG A% A TR [ 45 X
B EAT A0 PR AH T TG Ik S92 AR A Al TR R
S LA THE, P HOBEAS 20 U 1 D8 e 45 2
oy 2B A P RE Y T AR b AR A N2
o], WA R R H EEMARL T, H 8RR K
A IR EIZ S RE 1 A5 B8 1 LA BN B g 5 RS
JE R oK, o0 2 SRR A A TR A WA iy e

1E 53 2 B P 5 H b, 8 5 BT T DR
i IS5 R R R A Rl T 1 ok AR IE 4 J) DB
PEHIRE BEFIRR . SCHR[9-12 [tk /N5 22 36
SCT R RS B H 3R 3 4 5 10 0 A A A
S ASURIXT F B AR 3 Rl G 7 vk o 31X 3 RhOT ik
TR Z ARG 15 B Z 8] 2 AN AH OC Y B AR MY
R/NE T, EAE S2 Bs 10 P v M L o 6 2 B 3 A
FAER/NEY E WP J7 22 0 SCHR [ 13 ] 4 H B 7 207,
A5 20 T Rl G 5 B A AYAH SC 1R, R AH SRR
TG B0 T 52 BE RS Al SR M TE Rl 15 B TR A7
TESRAH R NERY I D0 T, 7 200 325 ) 2% 5 B 3
K TR, HIEOL T 22 SRR L #H. X
TR [ 14 ] v B By 5 22 58 SCR G 35 nT DAL sk e 3 58
Hp )7 26 B BEA b 5 B R G A R
3¢

AR H LIAISON Jr i, #I I H R G h 47
TERYAEXS FR G| ) R fifp the st sk B2 88 B 358 U P AR AE
ORE 7 1B S ' i P - L1 11 R A € e s
B zomk s B T OB, HOE UK I o

AR SCLA A BRI AR RS B T R R
BRI R A BR Y A2 s 568 ) Ad
fRAES T 0 T R A M R A EELE B
fil 5 77 1 R IT 5T o

1 EEBFENRENET

A AE 73 ) i S 4 BRI DA R 42 ((Global
Navigation Satellite System , GNSS) H [1) 1 2 i 4%
B H TR B GE 3l ) A R SR A DA )
BAE MRS R N A S R A EERLAR
4 (R R 25 T R AT 5 R
1.1 HEZhFERE

BB BUORS BE LA b SEIE TR R L e 4
R TR MBS A BB P B R T T, TR
g F, K5I s Fo ARG 88 Fy KR
HAt R BB F 81 00F 5 7
r=F,+F +F +F, +F, (1)
FUH o g BRSO A O 1R AR AR R Y
PLE R Fy I ERE ) JInd )

Xof Tl RS B R T, LR R A X T M
BRI BRI AT 22008 N T, B R A B H TR
A Bl g 2 RN e (5] 7R R ] 4 = K ) i ( Circular
Restricted Three-Body Problem, CRTBP) (s VE by 3
ity Sy AT

XD EERIRR 0,8, 520 R T
WH R 0, ,x,, B B8 G071 2, Bl
T8 1 R G A R BETT 1Ay, A A T AR 8

1 CRTBP v R 25 4y 3t 647 J0 i 40 A A
— AL PR T

(M] =M, + M,

[L] =d (2)

(7] = JIL]/7(6[M])
A IM ] LLTLTT 73 5% o4 Jo f 40 Ak 1 o
(AR IS 8 A ST I VAP B [ B L 2
I ER G 5 d D9 HUER AL H BRZ 6] 9 B8 5 6 D9 7
A5 0w Al 75 46 J5 19 CRTBP 3l ) 2
TifEH

X, +u x, +u—1

%-Zy v, = -l -p)—5—-pu——7
O] Tpg T'pm
1] 1-
L, +2«x, -y =—( 3M+’§L)y
[ Tpg Tpm
1

1 -
2] = _( 3M+3L)z
% T'pg Ty
'I‘J:MM/[M]

(3)



557 3

Wi, 45 R A B E PR AR B RS 5 AT

A
i

Xfow WRESHGHEr, = (2, v, 2] &
AN TLRAETT L 23 5 AL bR 2R I AL B rpy 43
SR VA — Ak J5 T B b BR AT 3R B S
1.2 ERNE&RE

B TR H TR TIABE BEA F &
LR GE A7 A F TR 28 TR RS2 T 7R A ) L )
DU BE A5 2, X AT 43 ) e o7 s D BRI R

1) [m] 2 T3 1) A2 ) 0 i 6 7Y

XFRRDE, B py  FmERFH DL E,
I E; Z (6] i B0 B I 5 {8, p,, , BN HEAR B H LR
L, F0 L, 2Z 18] 9 I 00 o, D) HC A2 () B 26 2Ry
PE.k; =

Ve =) (g =yg) "+ (e = 2)” A

(4)

Pr., = d -
S =)+ (=3 + (2, -2,)7 +A,
(5)

Keber,, =[x, ye, 2, For, =[x,
Yo, Zu, ) SRR ARER R TR RLAR I H D
RAEHER BT BR 25 AR B R P 0L A, A
Ay, R LI

2) S TR At B ] 0 B A 7

PR B H TR 5 2Bk G 102 000 B 7 18T dn

R=R.(-0,)R.(-i)R(-u,) =
[40s 2y cos uy — cos iysin Ly sin uy

%os wysin 2, + cos iycos dysin uy

sin iysin uy

AP Qy R HBRBIE W TE 3 SR 2850y 9 BLIE
i suy TR R R, (R OFT R, 5350 O 5T T
B AR 2 LB AR T S A A B i A R
1.3 HSEXREAEHEE

% 182 B TR TR RE ) FIAEAE = I BRI, A
SCR YRGBT R A FE R,
GNSS B il % il Walker 24/3/2 45 ¥y 1y v %L 18
R T2 (Medium Earth Orbit, MEO) #5 3, H 4>
A R RN E 2 FoR o 7E R 2 U8 A% I, 5 R
—BIETH FARAR A 4 B E#ATAE G, HIRBUA
B2 A F IR W AT 2 BRI 0 A, W,
BT U P AR S 2 WRLAR B H T DLORUE 2 %)
SENLTERE . TE S BUE SR Jr D, AR R TR
SUATFUR WA X8 U8 g A AT 5 vh R I, st 2
FIFH S 20 T8 () BOIAR 25 5 st A, o m ] R S 50

— cos ysin uy

— sin Q,sin u, + cos i, cos £2,cos u,

B LT
” EL,

. L e {0 e
I
L i U L,

BL s H TR S 4 Bk TR I BE R R

Fig.1 Schematic diagram of ranging between

Lagrange satellite and global navigation satellite

B, FR ARG TR E, MK T
B L, Z Al BE B A, i T L, AR T
Jb s A bR R T E, B ST O AR
Ap bR F T R IR R 0 23 S AL A R B 0
TV AR AR 2R I % A6 B R L, (00 oL 5 2 46 39 4ty
OB RS B =[xy, 2, 1T HEL
AR
Pe1, =

G =)+ (g, =)+ (g —2)7 + 4,

(6)

R 135k

— cos iycos u,sin (2, sin iysin Oy
T
— cos (2,sin i, E(7)

in i ; L
COS WUy SIN Iy cos 1y

A AR/ () p

T o g2/ (%)
T IA

B2 MEO A2 F A 28 i 254 7 B ]
Fig.2 Schematic diagram of semi-distributed

filtering structure of MEO constellation



1348 db BB % A R OK ¥ R 2020 ¢
TS ] 0B A T AR 0 TR R A A T R
Mo A SOR I FIA S BT R AT 48 Rk B 1 O 7 659 N 1 N e
e IR A S 2 905 B TR ) A A ) B A 4R it B B | wa [ L
L0 1T A1 B AT 24 S 155 U8, DA 5 0 S o ISF ?g-JT: “—J_aﬁ
S E L. K25 T 0 DA B 0 R R A A, & LL LI} 59 °

ik PR Rl 1 B AR A T A AR A A T A
Ho ASCBETHRY I3 2 FAE A Y 5 A 114 2 A
®1PR.

®1 SEZEHMBPTIREM[ER

Table 1 Hierarchical sub-filter structure

I UK AR MEO P H SEHLI
45 PRGNS NER-F R TR
1 1,2,3,4 L., L, 9,17
2 3,4,5,6 L,, L, 9,17
3 5,6,7,8 L,, L, 9,17
4 7,8,1,2 L., L, 9,17
5 9,10,11,12 L,, L, 1,17
6 11,12,13,14 L,, L 1,17
7 13,14,15,16 L, L, 1,17
8 15,16,9,10 L, L, 1,17
9 17,18,19 ,20 L, L, 1,9
10 19,20,21,22 L, L, 1,9
11 21,22,23,24 L, L, 1,9
12 23,24,17,18 L,, L, 1,9

LT R DREAEENRAT
BT 15 BR 1 4 = 4% [ra JE 1) 77 f A 2, L S B o
4 LT AR AR AN AR B 1), B G T 2, A 42 2R 3
UL TL AR R TR AP FE R Y R IR 2 . TEE
PAliitd fe b, & Fug e P I A L R IR E W
4 K 5 1B 1 U8 A Z IR A7 72 45 S 2R I A S
XA A5 U8 5 A 18] (9 L 057 22 B AN XS M . i
TARGRABORM AL, H RS S M0
DA ARAT , 1045 5 ZOM 5 18 R/ X L I A 3k
R S T R AR & R 1 R W, AT SR 7 28
KEEARMATAEFE o FEUE Wt B b 38 5 3 5
TR AR R 22 U3 J5 22 B HEAT HOR, IR0 OKR &
HCERD /N 2R Uk 583 R 285040 AR O 8 A 1R R i

2 EEREAE

TERA TR LB L, 5 98 A 2 ] A R
LA TR, &l 3 FroR, S ~ 86,89 ~ S12
MEO 1 ~12 %5 TLRKPRZ, L, L, fOKRRAE I H
TRBPRZS o O 148 @ B BOR BE 5 2 JHRES
PEATRELA

FH 25 A 1 8 9B A R R A A T ) B A% B
TR B A% B H TR IR 2 A Rl SR Rk T

B3 A I 2 o A oG M AR A A DG 1k
Fig.3 State correlation of distributed structure in

Earth-Moon joint constellation

ZAG A B A T B AR SURETR ATHE
6 T T AR S TR, AR e Sk TR
AL TE VPRI AR IR 2 A1 B Dl A v, BRIk, 76 0 A
TR AT T i SRS Al & 2 A=
HRASAG T Rl 1

St FREHLAE & x e R, R L ARk A
HE R TR AG T2 3 0 x, %, , -, x, B
E(x,) = E(x) i =12, L (8)
Xf L E FoRREIESE

CAH R x, =x X, (052505 P, =E[xx] ]
Ry 22/ P, = Elxx,'],i,j=1,2, L%
A 5 AR 25 07 25 [ DL S Bl A AT B Py X,
TEASCUE B 2 G5, 2 A 4B T 8 i AR 25 ik A7
A R L =2,
2.1 BEBEOASE

B 2 TR B RS R AR 2 T 2 Py LA R

A AT x, 90k
Pl =P+ P (9)
x, = P,(P'x, +P,'x,) (10)

fAf B 2 A S T B N Tz . R R
AREAG T Z WA AELEAH S PRI, AT DLARAS S5 0 1
Al A A o ORI A AR OGP ] DL 220 1Y
Yt H I S REAR R GORT FE , HOBRAS 2R 0 Al
5 o TE R R AR T 2Z TR AH OC PR SR B, SR FHZ
J7 A A e RS 45 R K.

2.2 HMAEXRXBEZE

YR AH O 2R Y SR AR S Al AT b G B
Py 28 58 SRl A 1k AT DAAE — o8 F 3 b £ R 1)
B ZH A AT REAELE 1Y R 4 R R R TR) R

W7 22 38 R VR R AR A7 8 A5 18] b Y (B RN
7 AT — AN AL A B 25 38 SR 2
— AR IR IR 204 2 R R AR M T i il A
3 AL {6 R G I 25 B I RS R B 58 B/, Ao
BRLE o SRR T5 25 58 SRl A 2 H AR B Y R 22
T 2B A Al Rk X0 A
P, =wP' + (1 —w)P;' (11)
%, = PwP's, + (1 - 0)P,'x,] (12)



AL ALF R

%57 W Wt 55 BB AR B EE P E R RS T BT 1349
AF:wel0,1], P, = (e'Ple)”! (19)
AR A% /NP RE 48 A o i il S Y 15 Hi Schwartz A2 A LISIERA «
2677 2% B 3 Jge /)N, B P, <P, i=1,2, L

min tr(P,) = min tr| [a)Pl_] + (1 —w)Pz_]]_]§
® we[0,1]

(13)

oo FORH T

Xof A 2Pk IR R, AT SR FH 8 4 0 S ik R 2B IR
WL TT PR AR 0 HATIEEK

EX T (W7 2ME") X FAEE— A
TP R P, HoH 7 R T A xP ] x =
c [ A RUA B, b e S — R A

iy 2011 SR A i Rl 5 7 2206 P, P 5 254
B4 & b Py AP, AR R B 5 25 1 B ) A8 A X
B, OF How ok PR R A 4 A2 R ER AR T
FHOG B2 R R 22 Uy 7 2296 06 P, ©ANBT, b5 )5 1Y
7 ZEM A GG 20T P, R P, B 7 2210 1R B
DX P o B T A S A 3 L%, 1 25 T 25 B A
THE I P, Py o FO 2 — B 54 I 4RI
(il AE SRR N, B O 25 28 Ui G 1 B BE AR IE A
Ja 1R 25 07 2% W — Bk i par
2.3 FEREMBE

FEL M /N 228 O, BFE R /ME M e 48
JF:
J = twlE[x,x) ]} X, = x - x, (14)
T TR noxn IMBGERE A, 515 x #2256 AL
il 545 2 Je A Al 1

L
x, = ;A,\?i (15)
L

IRCRE I B 2 29 A Y AL = L B

=1

EIEPRAT Sl J = w(AP, A") . Jivi I, Jyn 4k
HAL LA = (A, Ay, A TR noxonl 5 R E
LI ESAY S

.0

Ae =1, e = % S (16)
Lr ol

R FAALAR B H 3 BO0E X I AU [ 647 5K fig
T B pR 5

F=J+tr[zAi(Ae—1n>e, (17)
iﬁ*ﬁ)‘iﬁ%ﬁﬂﬂiﬁ?@% /\iz[)‘H’)‘iZ’”"
Anlsel=[0 - 0 1 0 0], &aF/
0A =0 L X oF/9A, =0 W] fif

A=[A A, ,A] =(eP'e)'eP' (18)

HI UL, AT A4S Rl 5 R 22 T 22 M N

Bl Ak TR BE v T A R IR TR B

R A R P B /N O 25 S 0 Rl G
W78 2 A Rk i al & m B o0 R AR AR
X, = Ax, +A,x, (20)
A = (P,-P, )(P,+P,-P,-P,,)" (21)
A, = (P, -P,)(P,+P,-P,-P,,)" (22)
P, =P - (P -P ,)(P, +P,-P,, -

P, ) (P, -P )" (23)
2.4 FREMIGE

T I8 B U IR B SR 550 W U7 26 L F 1) 2
FE B 24 SR Al B0 AR S 4RO R TR
BRI T2 ml B o B, £ i An i A o

L R B IAL R AL o, , B AR /MG

Bdt bR J AR Y o = 1 x Hebi it

RS R AG X, = Y ax, o Hb U
fEAERESE b7 N

J =uw(E[x,x,]) = aP . a' (24)
;T;t‘l:':l:a: [al,az,m,aL]; %E%P“%Xﬂ‘j
Elr(Pm) tr(Pl,L)D
p, =4 . o 25
g : (25)
L_t]r(PL,l) tr(PL,L) U

B AR &AL ae = 1,3 R A% B H
A BOE R IR K T AT By ek B

F=]+A(ae -1) (26)
LoF/9a =0 UL JLoF/0x =0 u] fi#

a' =P'e(e'Pe)”’ (27)
UL AT A5 Rl S R 25 T 25

P, = Z Za,aij. (28)

ﬂi))\ﬁé% tr(P,)) <te(P,),i=1,2,--,L, B}
il A BE T R R R B B
Xof T SRy AR A T A R G, B A T LA

i 1

X, = a,X, + a,x, (29)
tr(P,) - tr(P

o P (P 09

tr(P,) + tr(P,) —2tr(P1'2)
tr(P) —tr(P,,)
“ T w(P) +u(P,) -2u(P,,) (31)
iR LW A LR EEFTEELTW
KB I TR B A R AR i b A R 3 1 X Ak
TR AT R AL, BRAF AR e M R s 5




1350 b5 M = MK k% F M

2020 4F

2k de /N7 22 T SO BB i INASURN B J5 2258
SUR AR T5AS L 2 X A 3 AR 2 2R AT s 2 AL,
Pk BB Horp A AR R AL 2 Bl
T P I5 28 58 SURL A TR B AR Bt 2 AE R
METERESE bR T A Wik ARSR A, 1M b 0 A ik 1Y
TN B 388 3 25 S B A T 1R 22 P O 22 4 1
ATSR A, PRI b B TR A) T 5 A R SR

FENG L5 00, 6 B INA R % 8 T R i Al i 2
[EI] 8 AR SR, R 45 0 B8 BT B o™ 4 5 3 B e 5 0
T I5 225 SR G 3k, o T %07 1 T RE Y BL G ik
P2 L A KB A SR w8 e A O, I HOR %
JEAR A (9 5 W, DR I RS 2 BE A A A IR
BEAN  AESEPR R, o T RGN T PR A
e SR T A AR IASUR BE T 45 A, iE
TEADR B/ INRG B I 2 T ROR B iR a2 0, Pt
PR AR K S RE N L S P R BRI R

3 FESW

A SCUAHS A B AR A D 5 HO &, Horh &
B S 0 T R R B Walker 24/3/72 #4 B v () 24 i
MEO T fuMs i H TR L, (L, A 2 Hir
JB Halo TLAE, 4Bk S0 122 BUIE th BLiE 3h )+
A5 T 3 e R AR 0 2B, DA% B H TR B i 2
Sk = PR T BEAT R R 2 O i 22 45 4T H bk
PEAT DR o i AR AL, R A R R R 2 8
Bk TRVRZSHEATA T LB A L.

D5 B B 25 d, B8 A 810 100 s 4
JEWH Sm. LL GNSS B 1 5 TR K 4y
Mrxt e, KRR 1 BTk g Pl 454, 3 i 1 22 75 AR
(RMSE ) S ik TR 5 BURG BE , Hoah B 0

Z(Xesl,i _Xi)z
RMSE = [ (32)

X,k LR R X, Wi 2R
U 3n B T3

TR 4 4 2 SR U MEO 1 2 T
BB R S P 4 IR S R P
¥z R TR AEH OB AR BR R 3 A A8 0
(LB 0, L0, 0, 355 T LE H O HEE A8 B R 3
A S BRI R

SR P D2 5 S A B 7 5 A S 2R K
wo P W IR 33 5 5 4 43980 2 0 2ok T R
i i 5 0 X ) R 097 4 0, 24 K ] K i/
AN DX ) 1 A A 1 B R 34 B M
BT 75 i85/ 5 B LG (. 9 2% X 90 1 T 4
SR e A X ] K 45 29 R T i 4 U O 3

B, FLE AR VOB 20 5 1 , 30 0 75 48 e 23
6 P YR /N T 3 4 480 o, B G T A K
B 1L 20 R 25 AR VBt e 134 R 9 9 5
26 PR T A 3 S A 4143 LB/ (R 10 9 4 40
38 R PR (LSRR L A
P2 B R A B B9 MEO 1 5 T3 4% A i
200 ZHE 6 T FiR . M RT3k
TR 235 25 M B R DAL, 604 40 B 2 X
VKT T B3 o S A0 0B AN 5 T 96 4 20 3
R . 2 Wi LS S BT T R
I 4 90 000 T i 55 T 45 MR 9
[FRERS MEO 12 105 5 Fil 4 i I B35 7%
S5 5B 220 P 25 M B TR R B 8 e

]00 1 AEFRVARE T2 PhpReAnr Al
100

R

(03] e 3
O 41 : :

vim

o '\.\'f:’.\' e ..}.'\f:_,-‘ R Pt YA \ '\uv.z\;"
-100 o
0

z/m

5 10 15 20 25
i fa)/d

iz ----3alizk

K4 2SH1 5TEMNEIRE

Fig.4 Position error of global navigation satellite 1

_‘1” 0.01 ol e R

£ O o AR v e A

=, -0.01 Lot

E Ot s W

= =001 b : “oagr s

E 0 PAARMAN AW AR AR A
= 0 5 10 15 20 25

I Ta)/d
— I - Salligk

K5 wRSHl ST RRERE
Fig.5 Velocity error of global navigation satellite 1

0.8

06F

5 o] |

AR B

0 1 2, 3 4 5
it al/d

El6 FEPIHEERE

Fig.6 Fibonacci coefficient




557 3

Wi, 45 R A B E PR AR B RS 5 AT

A AL
.

0.8 5

0.6

E

04 r

0 2 3 4 3
[ fa)/d
K7 sl R
Fig.7 Golden section coefficient
TEAJ -, D37 22 28 SUR G 1 AbR IR .
AR R AR 1 R BN B 7 22 A R AT RS o XTI
6 ~ K 8 nF M, 7 22X AL G R
O AT BB, T AR AL B 15 19 2 8 R e

— KA 4 2 A0 LA Y R b
TS A 8 SHOR E 5 D7 2 5 S £ o 1 8
HEHE L DRI, UK 1 25 18, 40 bR AU 9 46 1
g .

e | TR A 2 U8 DRSS 4 L ) B 4E A T 5L
L A 50 SR TR Il £ 7 o 0 TSR
AHEAT R A, O 15 4 o 2 U8 U 4% 0 5 BN I O
TR . 3o, 4 s g WOR F Walker 24/3/2
H e 24 50 MEO TR RS B H TR o L,
L, AR A Halo T0AL 3 3045 84 ) 41 4
AN PR , RS IR B o S o Ak T
AR (3 B LS B BT AT TR R A i 78
(19 2 BR G 15 TUR (3 S A5 R 2% 19 5
WHRIIEFR 2, b B = Vot +y +2 FOR
GBI E, = /ol +0) +0] FORHE I I
VLT 15222 AR 0. 01 m/s

R2 SHEMEAEBEXILL

Table 2 Precision comparison of multi-source fusion algorithm

I8 y i B %/ m HEPRE/(0.0lm - s7")
ik e ; , . , N ) . E,
e R 5.467549 9.577071 10.514803 14.237305 0.108099 0.148421 0.1555969 0.240675
gy ROALE L 6.679416 8.705221 9.154606 14.289937 0.101462 0.120860 0.142344 0.212517
Efé Py 258 Ak (#4408 8.109820 10.348313 10.741766 16.97751 0.116675 0.146716 0.165420 0.250047
Ej 7 258 LA 1k (BB R3:)  10.018536 11.017363 11.941112 19.087784 0.144170 0.155703 0.192832 0.286727
{f;: R AL 6.679956 8.705432 9.154200 14.290057 0.101451 0.120858 0.142267 0.212459
2 P AL 2 6.773704 8.934194 9.415614 14.640925 0.102883 0.121013 0.143245 0.213888
o ey By 4 A T 8.312577 11.529023 11.207713 18.100557 0.116279 0.156434 0.176578 0.263 006
2 I s R A (B 45 EINL ) 9.591488 12.674602 11.871365 19.838636 0.130831 0.173818 0.189265 0.288358
gé P 2538 A (ZEPE IR H29L ) 10.910934 12.642538 13.451177 21.44333  0.152248 0.177840 0.216311 0.318742
e
%{ R I A 3 8.312468 11.529004 11.207722 18.1005 0.116279 0.156543 0.176580 0.263006
e A 3 8.493928 11.724645 11.414971 18.436803 0.116203 0.156241 0.178031 0.263837
0.56 il 7V 118 D RS BT 4TI S LI A BT R T 1
0.54 {| hhpd ol HH 7 22 TR R B RE A% A7 200080538 8 i e =2 () A DG 1
0.52 I _ ' ' R R SZ WA, OF B S B0 L A I 1 T T Ak Y
o, i v R A B MBS T OB WO IE . 16 A
W% el 8 0 J2 A A b SR B 2H G 1 AR B A
i AR A 3 R 5 Rl S 2 00 08 ORI
' e, HLUBBORS BE R BOM L, 5 46 v 20 i K B2 AR
o S S S IR RS JE BT B 0, 1

iy i 2 3 4 5 T 2 BE A T O . U 2538 LR A R R
Ik BE T RS A, R T TR RSN 2

RN VI ES P SR FH 2% 443 1 0 R0 IR 300 0 S R A3 4 21

Fig. 8 Scalar weighting coefficient 1 il AR 10 B A 2 0, DRI I 8 Gt L i
RS AT T, A S B R RIE ST RS B, A LG R By



1352

b B = R KR

A AL AR

T
a5 2020 4

ZE5E SR IR DB WORS BEAR X oA 3 07 ik 54 o

4 & i

A TR B RS RS
i LRSS 2 & Tk

1) e 5 2 S H A R R £
7 AT B 0 T 5 o
BEHTS B 50 2 R ST K

2) A7 22 MK 0 1 AR A 1 3
W5 e e /N7 2 0 SCTS 10 6 I i A
f 3 24 2,2 PO 2 O R L PR

3) LRSS/ IT 2 BT M A
W 85 A B UKL (L3 90 2 B R T G
7S bR RGE Y Hc LR G A2 R S 52
HERYER

4) ARG 1 Al TR A BB, 5 2
A S RO 19 TR G R AR 7 B
B AT TSP BN 22 1 T 0 3 B
5l 20 A1 e 80 008 0 5 0498 41
kPR I

2% 3k (References)

[ 1] MARKLEY F L. Autonomous navigation using landmark and in-
tersatellite data[ C] // ATAA/AAS Astrodynamics Conference.
Reston; ATAA ,1984.

[ 2] ANANDA M P,BERSTEIN H,BRUCE R W et al. Autonomous
navigation of the global positioning system satellite[ C] // AIAA
Guidance and Control Conference. Reston: AIAA, 1984.
321-327.

[ 3] ANANDA M P, BERNSTEIN H, CUNNINGHAM K E, et al.
Global positioning system ( GPS) autonomous navigation[ C] //
IEEE Position Location and Navigation System. Piscataway:
IEEE Press,1990.:497-508.

[ 4] MENG FZ,WU X Y,OU G. Autonomous orbit determination of
navigation constellation based on inter-satellite ranging and ran-
ging rate[ J]. Journal Spacecraft TT & C Technology,2010,29
(4) :89-94.

[5] Mot DEEENAXPFEEP I LR [D]. Kb H
B B} 2 H AR K 2% ,2016.

DAI M Y. Research on distributed coordination orbit determina-
tion method for satellite constellation[ D ]. Changsha; National
University of Defense Technology,2016 (in Chinese) .

[ 6] HILLK,LOM W,BORN G H. Linked, autonomous , interplane-
tary satellite orbit navigation ( LIAISON ) in lunar Halo orbits
[C]// AAS/AIAA Astrodynamics Specialist Conference. Re-
ston: ATAA ,2005:1-15.

[ 7] LEONARD J M,MCGRANAGHAN R M,FUJIMOTO K, et al.
LiAISON supplemented navigation for geosynchronous and lunar
L1 orbiters; AIAA-2012-4664[ R]. Reston: AIAA,2012.

[ 8] FUJIMOTO K,LEONARD J M,MCGRANAGHAN R M, et al.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Simulating the LiAISON navigation concept in GEO + Earth-
Moon Halo constellation [ C ] // International Symposium on
Space Flight Dynamics,2012:1-15.

TEARAT A8 S 4 = A [ U Y 45 B Rl Kalman
IR AR A PERE LA L T ] RIB VLR B SRR 4, 2005 ,22
(6):789-792.

LIANG Z J,DENG Z L. Performance comparison of information
fusion Kalman filters based on three different weighting criteria
[J]. Journal of Natural Science of Heilongjiang University,
2005,22(6) :789-792 (in Chinese) .

B R, B A 2 IR A A S R T
PERIST]. N TIRHE,2012,39(2) :36-40.

LI Y,XING Z X,LI S J, et al. Multi-sensor information fusion
predictive control algorithm weighted by matrix [ ] ]. Applied
Science and Technology,2012,39(2) :36-40(in Chinese) .

XS AL, e AR SRS 2 I I X A I A AE B R
Kalman JE 325 [J]. BHEHOR 5 TH#,2004,4(7) :518-521.
DENG Z L,GAO Y,CUI C X. Multi-sensor information fusion
Kalman filter weighted by diagonal matrix[ J]. Science Technol-
ogy and Engineering,2004,4(7) :518-521 (in Chinese).
INBA, L. 25 R AR I AUR G F B A5 F 7S Kal-
man JEP A J]. BEH 5 85,2004 ,19(2) :208-211.

SUN S L, CUI P Y. Multi-sensor optimal information fusion
steady-state Kalman filter weighted by scalars[ J]. Control and
Decision ,2004,19(2) ;208211 (in Chinese).

B 7, B B T2 Be RTS S 3 19 ™ 4 5 A 5 5 5%
WL BN ,2010,37(4) :175-178.

CHEN J G,GAO X B. Convex combined track fusion algorithm
based on piecewise RTS smoothing [ J ]. Computer Science,
2010,37(4) :175-178 (in Chinese) .

KIS, 5 SCUE B A AL, 5 BT 22 38 UG B Kalman J§
PR T]. bl 5 P5k ,2012,27(6) :904-908.

ZHANG P,QI W J,DENG Z L, et al. Covariance cross-fusion
robust Kalman filter[ J ]. Control and Decision,2012,27(6) :
904-908 (in Chinese) .

XM BES = RS R EE R 5 M. dest g F 1
Al R, 2015 :29-36.

LIU L,HOU X Y. Deep space exploration orbit theory and ap-
plication [ M]. Beijing: Electronics Industry Publishing House,
2015:29-36 (in Chinese).

FEP. TR W H ST R GNSS B 3 E L R BF
FELD]. JbAT b Rt 28 i R K2, 2018 :54-59.

LU S. Research on autonomous orbit determination technology of
GNSS constellation based on Lagrange navigation star[ D ]. Bei-
jing: Beihang University ,2018 :54-59 (in Chinese).

CARLSON N A. Federated square root filter for decentralized
parallel processors [ J]. IEEE Transactions on Aerospace and
Electronic Systems,1990,26(3) :517-525.

SO0, RIENI, R TUER , AF. R T U 22 58 )R Y 2 R R
B a2 L] ot 51 ,2013,20(6) :4-6.

CHONG Y,XU X G,XU G L,et al. Multi-source remote sens-
ing image fusion method based on covariance crossover algo-
rithm[ J ]. Electronics Optics and Control ,2013,20(6) :4-6 (in
Chinese) .

SUN S L,DENG Z L. Multi-sensor optimal information fusion



AL ALF R

%7 Wi, & B A B FE PR S BB G LR R 1353
Kalman filter[ J]. Automatica,2004 ,40(6) :1017-1023. 0L AE 2R 0 R BN A A R B A

EE® A BER B ULVIRA. FERR I TREAFER2N.ZE

#wE L AEEmLEAESN, FETR A8 [EPsYEa

Comparative study on information fusion methods in constellation
distributed autonomous orbit determination
YANG Jing" , WEI Ruoyu

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

Abstract: In order to ensure that the large-scale navigation constellation has autonomous operation capa-
bility and accurate position reference information with limited on-board computing capability and communica-
tion capability, the information fusion method of constellation distributed autonomous orbit determination based
on hierarchical constellation is studied. Taking the Earth-Moon satellite joint constellation as the research ob-
ject, covariance convex, covariance intersection and matrix weighting method and scalar weighting method in
the sense of linear minimum variance are used to achieve fusion estimation of all sub-filters in distributed filter
structure. The performance of various fusion algorithms was compared and analyzed. The simulation results
show that, based on the constellation distributed autonomous orbit determination algorithm designed by vari-
ance amplifying technique, the orbit determination precision is high when covariance convex and matrix weigh-
ting method and scalar weighting method in the sense of linear minimum varianceare used, and the precision is
equivalent to the centralized filtering precision, while the precision will get down when covariance intersection
fusion is adopted because the optimal coefficient cannot be accurately searched.
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Spacecraft non-singular adaptive terminal sliding
mode attitude-orbit coupling control

PAN Fei, ZHU Hongyu "

(School of Astronautics, Beihang University, Beijing 100083, China)

Abstract: A non-singular adaptive terminal sliding mode control law is proposed to simultaneously control
the attitude and orbit of the spacecraft. Firstly, the attitude-orbit coupling dynamic model of the spacecraft
with parameter uncertainty is established based on the dual quaternion. Secondly, based on the integrated
model of spacecraft, non-singular terminal sliding mode control law is proposed to track the target. Considering
the uncertainty of spacecraft quality characteristics, an adaptive control law is designed to further improve the
controller effect. The stability of the above control law is proved by the Lyapunov function. Finally, the simu-
lation example of tracking control around the asteroid shows the effectiveness of the control law. The results
show that the controller has higher control precision and can converge in limited time. There is no singularity
in the simulation. The controller suppresses the influence of the uncertainty of quality characteristics on the
control, and the terminal sliding mode chattering characteristics.

Keywords: dual quaternion; attitude-orbit coupling control; finite time control; non-singular terminal

sliding mode ; adaptive control
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complexity among different methods
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Table 1 Propellant mass and equivalent coefficient at

different flight altitudes

H/km M, /kg M,/kg 4M, /kg Y
0 157 660 26000 576 000 0.1110
0.5 150 640 26000 508 480 0.1149
1 148 150 26000 484580 0.1161
3 142370 26000 429010 0.1197
6 137210 26000 379430 0.1235
10 132360 26000 332750 0.1279
15 127550 26000 286550 0.1330
20 123590 26000 248430 0.1383
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Fig.1 Finite element model of rocket explosion in air
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Table 2 Initial parameters of TNT at different flight

altitudes in numerical simulations

H/km my/kg ro/m hy/m Zy/m
0 84322 2.0196 4.0392 20.6894
0.5 78720 1.9738 3.9477 21.0062
1 76479 1.9549 3.9099 21.1376
3 71506 1.9116 3.8232 21.4627
6 67016 1.8707 3.7415 21.7998

10 62813 1.8308 3.6615 22.1569
15 58533 1.7882 3.5764 22.5707
20 55046 1.7520 3.5039 22.9639




557 3

o, A O S R R A ol D O (AR T TN Oy ik

1373

RUHEAT T A5 E 5007, IS 1 ~ AR 6 1Y 9 B R~
BN o Ry 1L vl I R T S R A RS
G 28, A 21 1 o il e U ] T o b it £k 4 15T 2
Jis P oy ik e (B EE TR, R O LE PR RS . A
K2R T DU Y, 24 R A% ROSE 38 2 kA% 47 i),
it Gl A D T 9 I A FE B DR O IR A%
47 X RN E AT A R O3 o R A AR 4 3 A
W, a0 ~2.7m,2.7 ~9m,9 ~25m, X
B ASE R 2088 0.2m,0.8m 1 1.6 m, TNT
AT A B A ROsE 2350 2 0.2 m F1 0.4 m,
MO AL T TNT JE 25 50 7 &, JF R AR 1R

Jrat
1.4
—a— [} 1
12+ —— [ 52
—— [W4&3
1.0 — [(‘HF‘H
—— [W4ES
s 08F —— [W 56
p=
= 06
04
02F
0

0.6 08 1.0 L2 1.4 1.6 1.8 20
Ri(im-kg™'?)
2 O[] I A RO A5 280 ) oo o dpk 06 0 68 s X6 Ll 4%
Fig.2 Comparison of shock wave peak overpressure among
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Table 3 Atmospheric parameters at different

flight altitudes'™’

H/km p/(g+em™) E,/10 ¢
0 1.29 2.5
0.5 1.167 2.3865
1 1. 111 2.2469
3 0.9093 1.753
6 0.660 1 1.1805
10 0.4135 0.6625
15 0.1948 0.3028

20 0.08891 0.1382
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Table 4 Parameters and standard errors in

fitting formula
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Prediction method of shock wave peak overpressure
generated by air explosion of rocket
WANG Yan'?, WANG Hua®* , CUI Cunyan’, DUAN Yongsheng’, ZHAO Beilei'

(1. The Graduate School, University of Aerospace Engineering, Beijing 101416, China;
2. Team 22 of Unit 96901 of the PLA, Beijing 100095, China;

3. Department of Aerospace Science and Technology, University of Aerospace Engineering, Beijing 101416, China)

Abstract: During the normal flight of rocket, propellant leakage may lead to explosion due to the failure
of rocket structure or components. Once the explosion happens to the rocket, the crew module will be impact-
ed by the shock wave, threatening the life safety of the astronauts. At present, there is little research on how
rocket altitude affects shock waves. In order to explore the impact of flight height on peak overpressure of rock-
et during air explosion and obtain the rapid prediction method of shock wave parameters, ANSYS/LS-DYNA is
used to carry out finite element simulation analysis of rocket explosion at different flight heights of 0 —20 km.
The results show that the peak overpressure of shock wave acting on the crew module decreases fast with the
increase of flight height. The relation between pressure attenuation coefficient and flight height of air explosive
shock wave follows the decreasing interval of quadratic function. On this basis, the formula of predicting the
peak overpressure of the shock wave in the air explosion of rocket considering the height effect is put forward,
which can provide some reference for the rapid hazard assessment and protection research of the crew module.
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Fig. 1 Density distribution curves of Lax problem
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Table 1 Computational time for Lax problem

st WENO-Z  HCW-R HCW-E HCW-E
- (N=100) (N=100) (N=100) (N=120)
HEEEN /s 2.03 3.20 1.16 1.61
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KA Z R, YMEEHEF N N =100 B, P
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77 IRA R T R i WENO 58 &, Wi R ok
BT,
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{(1 +0. 2sin(5x) ,0,1) x >4
(16)
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Fig.2 Density distribution curves of Osher-Shu problem
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Table 2 Computational time for Osher-Shu problem
H st WENO-Z HCW-R HCW-E HCW-E
o (N=200) (N=200) (N=200) (N=250)
Rt /s 7,81 17.57 6.36 9.83
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(-

] 0<y<0.8

%0.5323,0,1.206,0.3) 0.8 <x<1,
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Table 3 Computational time for 2D Riemann problem

WENO-Z HCW-R HCW-E HCW-E
et (N=400x (N=400x (N=400x (N =600 x
400) 400) 400) 600)
HEEER /s 5188 23439 4473 17347
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Table 4 Computational time for double

Mach reflection problem

WENO-Z HCW-R HCW-E HCW-E
Bt (N=960x (N=960x (N=960x (N=1600x
240) 240) 240) 400)
PFEEER /s 7371 31460 6804 28118
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TS FER R 29 )2 HCW-E 19 2 ~ 3 £ s M 7E — 4
[l R, T RO RE I 2900 5 B0 S ff . nl RLTIUYS,
e = 4[R]3 22 e i R R
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An efficient characteristic-wise hybrid compact-WENO scheme
LUO Xin, WU Songping "

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

Abstract; The characteristic-wise hybrid compact-Weighted Essentially Non-Oscillatory ( WENO )
scheme HCW-R combines the upwind compact scheme CS5-P with the WENO scheme, achieving an excellent
resolution property. However, it needs to deal with the block-tridiagonal systems of linear equations when ap-
plied to solve multi-dimensional equations. Therefore, the scheme is computationally expensive. In this pa-
per, we construct the new characteristic-wise hybrid compact-WENO scheme HCW-E, where the upwind com-
pact scheme CS5-F is used to replace CS5-P. Due to the special form of HCW-E, the new hybrid scheme can
be solved in an advancing manner, which is along the upwind direction and from the boundary inward. In this
way, the tridiagonal or block-tridiagonal systems of linear equations are avoided. As a result, the computation-
al expense of the compact-type scheme is equivalent to that of the explicit scheme. Although the resolution of
HCW-E is slightly lower than that of HCW-R, the computational efficiency of the former is significantly higher
than that of the latter. Therefore, the new scheme can get better numerical results at the same cost as the pre-
vious scheme. A series of numerical experiments for solving Euler equations show that HCW-E has an excel-
lent resolution property and is much more efficient than HCW-R. The superiority of the new scheme in compu-
tational efficiency is more significant in solving higher-dimensional problems.

Keywords: compact scheme; Weighted Essentially Non-Oscillatory ( WENO) scheme; hybrid scheme;

high resolution; shock capture
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BIPIEE 3 Bl
NIAAIL B i 1/ kg 2.9877
MIAPL S 54 S,/ (kg - m) 0.4270

WAL L 5 S,/ (kg + m) 0

WA HL B 5L 1,/ (kg - m?) 0.1994
PLFE B BT h/ kg 2.397 2
P W EL/(N - m?) 97.66
PLILAEEWIE 6./ (N - m*) 56.49
WLI B K B i w/ (kg - m 1) 0.60
PLIL AL R E R SR 1,5,/ (kg m) 0.003 1
LIP3 b/m 0.14
HLE RO TN B o -0.0922
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Gust alleviation control for flying-wing UAV by control surface based on
limited parameter variation rate

SUN Yixuan', BAI Jungiang"**, LIU Jinlong', SUN Zhiwei’

(1. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710029, China;
2. Unmanned System Research Institute, Northwestern Polytechnical University, Xi’an 710029, China;

3. UAV Research Institute, Northwestern Polytechnical University, Xi” an 710029, China)

Abstract: The flying-wing UAV has problems such as low pitching inertia and weak longitudinal stabili-
ty, and as a result, its gust alleviation characteristics are sensitive to the changes in flight parameters. Fur-
thermore , the flying-wing UAV has multiple control surfaces, the control effects of different placements of con-
trol surfaces are generally various. Therefore, the Linear Parameter Varying ( LPV) control law design consid-
ering parameter variation rate for gust alleviation of this kind of aircraft and the research on the effects of differ-
ent control surface placements are of great significance. Combined with the parameter-dependent Lyapunov
function method and the parameter-varying oblique projection reduction algorithm, an LPV gust alleviation
controller considering both parameter variation rate and model reduction is constructed. Based on this method,
the LPV gust alleviation controller is designed for the Mini-MUTT flying-wing UAV model, and the influence of
different strategies of control surface placement on the control performance is studied. The result shows that the
reduced-order model obtained by the parameter-varying oblique projection reduction algorithm can effectively
represent the dynamic characteristics of the full-order model. The designed LPV controller can guarantee the
effective alleviation of the gust in a wide speed range. In the strategy that single control surface is considered,
the control effect of the outboard control surface is superior to that of the inboard one. In addition, the control
effect of double control surfaces is better than that of the single one, but the energy of control input of double
control surfaces is greater than that of the single one. As a result, the control effect and energy consumption
should be considered comprehensively to determine the appropriate control strategy for specific problems in en-
gineering application.

Keywords: flying-wing UAV; gust alleviation; parameter-varying oblique projection reduction; parame-

ter variation rate; Linear Parameter Varying( LPV) control; placements of control surface
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Method of accuracy analysis for composite material
surface measurement by lidar
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Abstract: In order to meet the accuracy evaluation requirement of composite material surface measure-
ment with lidar, this paper proposed an analysis method based on Signal to Noise Ratio (SNR) of lidar echo
signals. By evaluating the detection results, the deformation results after the demolding can be obtained accu-
rately, which is conducive to achieving the repairs of composite material mold. This method considers the in-
fluence of measurement distance, incident angle and material property on the results in measurement engineer-
ing. And the relationship between echo signal SNR and measurement accuracy in lidar measurement process is
studied. Combined with SNR variation law and instrument uncertainty, the accuracy correction factor can be
determined in different areas of measurement point-cloud. Finally, this method is used to realize measurement
accuracy analysis of large-scale composite material surface deformation measurement results by lidar, which re-
duces the influence of the measurement error on deformation. This method can accurately evaluate the accura-
cy of measurement results and obtain the true deformation amount of composite material surface.

Keywords ; Signal to Noise Ratio (SNR) ; composite surface measurement; accuracy analysis; scattering

characteristics ; correction factor
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Conceptual design method of reconfigurable spacecraft
based on visualization model
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2. Institute of Telecommunication Satellite, China Academy of Space Technology, Beijing 100094, China)

Abstract; In order to give full play to the advantages of innovation in the conceptual design stage, and to
satisfy the dual constraints of geometry and performance for the reconfigurable spacecraft, a conceptual design
method of reconfigurable spacecraft based on visualization model is proposed. The architecture with openness
and extensibility of the conceptual design platform was given, and the platform was built with high-reality in-
teractive interface and rapid performance evaluation function, which can realize the assembly of different con-
figurations of reconfigurable spacecraft. The computational example shows that the proposed conceptual design
method can meet the conceptual design requirements of reconfigurable spacecraft, and the developed platform
can provide conditions for the conceptual design scheme argumentation of reconfigurable spacecraft.
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An offline training method using CGAN for anti-jamming
communication decision network

JIANG Minmin', LI Dapeng”*, QIU Xin>, MU Fuqi’, CHAI Xurong®, SUN Zhihao'

(1. School of Microelectronics, University of Chinese Academy of Sciences, Beijing 100029, China;

2. Institute of Microelectronics of the Chinese Academy of Sciences, Beijing 100029, China)

Abstract: Due to the continuous interaction with the environment to learn the optimal decision, the train-
ing time of the decision network based on reinforcement learning is restricted by the feedback rate of the envi-
ronment, which usually consumes a lot of time. To solve this problem, an offline training method is proposed.
A spectrum virtual environment generator is constructed, which can quickly generate a large number of realis-
tic synthetic spectrum waterfall images for the training of anti-jamming communication decision network. Be-
cause the method is separated from the real environment feedback, the offline training is formed and the effi-
ciency of model training is improved significantly. Experimental results show that the training time of this off-
line method is reduced by more than 50% compared with the online real-time training method.
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al Generative Adversarial Nets (CGAN) ; offline training
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Fig.5 Effect of variation of maximum production capacity of assembly factories
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Table A-1 Bill of materials of 7 types of products

FEB AT m my ms my ms me my
ky 1 0 0 0 0 0 0
ky 0 0 1 0 0 0 0
ks 0 1 0 1 0 0 0
ky 0 0 0 0 0 1 0
ks 0 0 0 0 1 0 0
ke 0 0 0 0 0 0 1
k- 1 1 1 1 1 1 1
kg 1 1 0 0 0 0 0
ko 0 0 0 0 1 0 0
ko 0 0 0 1 0 1 1
kyy 0 0 1 0 0 0 0
kyy 0 0 0 0 0 0 1
ks 1 1 0 1 1 0 0
kyy 0 0 0 0 0 1 0
kys 0 0 1 0 0 0 0
kg 0 0 0 0 0 0 1
kyq 1 1 0 1 1 1 0
kg 0 0 1 0 0 0 0
ko 6 7 8 11 11 8 8
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Table A-2 Demand of 7 types of products in order i, Table A-6 Production cost of assembly plants
%ﬁ%f@ my my ms my ms me my ﬁ/,fq:
l 300 350 200 300 220 150 230 BRI m m, my m, ms mg  m,
I 0 0 0 0 0 0 0 P 10 10 80 65 50 60 30
A 0 0 0 0 0 0 0 P2 10 10 80 65 50 60 30
ly 0 0 0 0 0 0 0 P3 15 15 90 70 70 70 40
Is 0 0 0 0 0 0 0 Ps 20 20 100 70 70 80 55
lg 0 0 0 0 0 0 0 Ps 15 10 75 70 65 70 50
Ps 12 12 95 75 85 80 75

RA3 TR, W THERNEKRE
Table A-3 Demand of 7 types of products in order i,

RAT BEHEMIINEFEEHEEENIN

Table A-7 Working-hours consumed for production of

mEw e s 4 s "6 7 various parts in parts processing factories h
l 0 0 0 0 0 0 0 - : - - -
B3 G 7 J2 Js Ja Js
1, 100 100 100 100 100 50 100
k
L 100 150 50 100 100 60 100 ! 0 0 0.06 0.08 0.06
l,, 100 50 50 100 50 100 75 k, 0 0 0.06 0.06  0.06
I 50 50 100 50 50 100 50 ks 0 0 0.06 0.06 0.08
lg 150 200 150 100 200 200 100 ky 0 0 0.05 0.06 0.05
ks 0 0 0.06 0.06 0.06
. T =R ]
KA4 iTH iy MNTHERAOERE ke 0 0 0.06 0.05 0.06
Table A-4 Demand of 7 types of products in order i, k, 0 0 0.06 0.05 0.06
B b m, m; ms my ms me ms kg 0.16 0.2 0.2 0.21 0.2
L 0 0 0 0 0 0 0 ko 0.18 0.2 0.2 0.21 0.2
l, 150 100 100 150 70 50 80 ko 0.2 0.21 0.2 0.21 0.2
Iy 100 100 50 100 20 140 30 ky 0.23 0.25 0.23 0.23 0.25
l
4 100 200 50 100 70 100 55 ki 0.1 0.13 0.1 011 0.1
ls 50 50 100 100 100 100 50
ks 0.1 0.11 0.13 0.15 0.11
lg 200 200 150 100 50 0 100
kyy 0.11 0.13 0.13 0.15 0.11
RAS FEHEMII HEFTKAK kys 0.13 0.13  0.13 0.11 0.15
Table A-5 Production cost of parts processing factories kg 0 0 0.1 0.1 0.13
oo/ ky 0 0 0.1 0.11 0.11
TR i J2 Js Ja Js kg 0 0 0.1 0.13 0.15
ky 0 0 20 18 20 ko 0 0 0.05 0.06 0.05
k, 0 0 15 15 13
A-8 % EETT g
k, 0 0 13 13 13 ES EEI A& mrEIA
k 0 0 12 12 13 Table A-8 Working-hours consumed for assembly
ks 0 0 10 10 10 of various products in assembly plants h
ke 0 0 10 10 10 BT m, m, ms my ms mg m,
by 0 0 15 15 15 P 1 1.3 1.3 1.2 L2 1.1 1.1
kg 1000 800 700 720 700
P2 1 1.3 1.3 1.2 1.2 1.1 1.1
ko 2000 1800 1 800 1850 1800
P3 1 2 1.7 1.6 1.5 1.2 1.6
ko 2500 2000 2000 2000 2000
Py 1 1 2 1.5 1 1 1
ki, 3000 2500 2500 2500 2500
ko, 0 0 200 200 180 Ps 1.2 1.6 1.3 1.6 1.7 1.2 1.6
ks 0 0 400 450 400 Pe 1.2 1.7 1.3 1.5 1.6 1.8 1.4
k 0 0 600 600 650
" RAI FBHEMII WEXTHAINH
kys 0 0 800 750 750 . .
Table A-9 Maximum working-hours of parts
kyg 0 0 70 70 70
rocessing plants h
kyq 0 0 100 100 100 P &P
kg 160 150 150 150 150 LTI Ji J2 Js Ja Js
k 60 50 50 50 50 BEAFATH 1500 1500 1800 2000 2000

3
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Table A-10 Maximum working hours of EIW A 7 Jr Js Js Js
assembly plants h kyy 1050 0 0 0 0
el TS P P P P P P s 202 0 0 198 0
< AL 1 2 3 4 5 6 ko 0 0 0 970 0
R A IR 2000 2000 2500 2500 1200 1000 i 0 0 . 5809 0
17
F A1l FEHEMI I SEHE I EMISH KRR kg 0 0 1100 0 0
ko 0 0 30241 0 39599

Table A-11 Transportation cost between processing

plant and assembly plants Ju/ 1

T Py P2 Ps3 Py Ps Ps
i 80 80 70 50 20 80

2 30 30 35 40 80 30

J3 50 50 45 5 45 45

Ja 50 50 45 5 45 45

Js 50 50 45 5 45 45

x B2 FEEIJ £/~it%l
Table B-2 Production plan of assembly plants

KA REBEIS5HEMZENEH KK

Table A-12 Transportation costs between assembly

7t

WET) m my ms my ms Mg msq
P 0 502 0 174 3 0 740

P2 0 600 500 0 10 100 0

Ps 779 0 0 333 247 681 0

Pa 300 350 200 300 620 150 230

Ps 321 98 200 0 150 119 0

Ps 0 0 200 493 0 0 0

plant and sales location Jo/

HEw P P2 P3 Ps Ps Ps
[ 50 50 55 10 80 30

1, 30 30 25 20 50 30

Iy 60 60 50 20 40 40

l, 60 60 50 20 30 40

Is 90 90 80 80 20 80

lg 50 50 30 60 100 70

F B3 KERIIEHITR
Table B-3 Transportation plan of assembly plants

A3 TEERHEMHTH~REKRE
Table A-13 Demand for 7 types of products of orders

at each sales location as
B b m, m, msy my ms mg m,
1 300 350 200 300 220 150 230

250 200 200 250 170 100 180
3 200 250 100 200 120 200 130
4 200 250 100 200 120 200 130
100 100 200 150 150 200 100
lg 350 400 300 200 250 200 200

N

o

l
!
l
!
l

[y

Bt 3% B - o] & AY 7

®B-1 FTEREMII £~

Table B-1 Production plan of parts processing plants

7
ZAB i Ja s Ja Js
k, 0 0 1100 0 300
k, 0 0 0 1100 0
ks 0 0 0 2850 0
k, 0 0 1050 0 0
ks 0 0 0 1030 0
kg 0 0 0 970 0
k, 0 0 0 8400 0
kg 419 1102 0 1429 0
ky 150 880 0 0 0
ko 0 3320 0 0 0
ky, 1 705 0 394 0
ky, 969 0 0 1 0
ks 3497 1783 0 0 0

4
R LT M m,y m, my my ms Mg mq
1, 0 0 0 0 0 0 o0
L 0 0 0 174 0 0 180
I 0 250 0 0 0 0 130
h l, 0 250 0 0 0 0 130
I 0 2 0 0 0 0 100
I 0 0 0 0 3 0 200
1, 0 0 0 0 0 0 0
A 0 200 200 0 10 100 0
L 0 0 0 0 0 0 0
b2 1, 0 0 0 0 0 0 0
I 0 0 0 0 0 0 0
I 0 400 300 0 0 0 0
1, 0 0 0 0 0 0 0
L 250 0 0 76 0 0 0
L 179 0 0 0 0 200 0
P 1, 0 0 0 0 0 200 0
I 0 0 0 57 0 8 0
ly 350 0 0 200 247 200 0O
I, 300 350 200 300 220 150 230
L 0 0 0 0 160 0 0
L 0 0 0 0 120 0
P l, 0 0 0 0 120 0 0
I 0 0 0 0 0 0 0
s 0 0 0 0 0 0 0
1, 0 0 0 0 0 0 0
L 0 0 0 0 0 0 0
L 21 0 0 0 0 0 0
bs I, 200 0 0 0 0 0 0
Is 100 98 200 0 150 119 0
I 0 0 0 0 0 0 0
1, 0 0 0 0 0 0 0
L 0 0 0 0 0 0 0
L 0 0 100 200 0 0 0
Pe I, 0 0 100 200 0 0 0
I 0 0 0 93 0 0 0
I 0 0 0 0 0 0
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Table B-4 Transportation plan of parts Table B-6 Transportation plan of parts processing plant j,
processing plant j, T Py P2 P3 P4 Ps Ps
FEHAF Py P2 Ps Pa Ps Ps k, 0 0 779 0 321 0
ky 0 0 0 0 0 0 k, 0 0 0 0 0 0
k, 0 0 0 0 0 0 ky 0 0 0 0 0 0
ks 0 0 0 0 0 0 ky 0 100 681 150 119 0
ky 0 0 0 0 0 0 ks 0 0 0 0 0 0
ks 0 0 0 0 0 0 kg 0 0 0 0 0 0
ks 0 0 0 0 0 0 k, 0 0 0 0 0 0
k; 0 0 0 0 0 0 kg 0 0 0 0 0 0
kg 0 0 0 0 419 0 kyq 0 0 0 0 0 0
kg 0 0 0 0 150 0 kyo 0 0 0 0 0 0
ko 0 0 0 0 0 0 kyy 0 0 0 0 0 0
kyy 0 0 0 1 0 0 ky 0 0 0 0 0 0
ky, 739 0 0 230 0 0 ko 0 0 0 0 0 0
ki3 0 0 1358 1570 569 0 ki, 0 0 0 0 0 0
k4 0 100 681 150 119 0 kys 0 0 0 0 0 0
ks 0 500 0 2 200 200 kg 0 0 0 0
k
kg 0 0 0 0 0 0 17 21 0 0 0 0
kg 0 500 0 200 200 200
iz 0 0 0 0 0 0 ky 1 0 4207 19010 0 7023
kg 0 0 0 0 0 0 o Al b
xB7 FIMEMII j, SHTX
k
" 0 0 0 0 0 0 Table B-7 Transportation plan of parts processing plant j,
i% B-5 %—EM-‘F mITIT jz ii;ﬁﬁ- Xl EH A Py P2 P3 Pa Ps Pe
Table B-5 Transportation plan of parts processing plant j, 3 0 0 0 0 0 0
FHAF Py P2 Ps 2 Ps Ps ky 0 500 0 200 200 200
ky 0 0 0 0 0 0 k, 676 600 333 650 98 493
ky 0 0 0 0 0 0 K 0 0 0 0 0 0
k, 0 0 0 0 0 0
ks 3 10 247 620 150 0
ky 0 0 0 0 0 0
ke 740 0 0 230 0 0
ks 0 0 0 0 0 0
k- 1419 1210 2040 2150 888 693
kg 0 0 0 0 0 0
ks 0 0 0 0 0 0 kg 0 0 779 650 0 0
kg 502 600 0 0 0 0 k 0 0 0 0 0 0
ko 3 10 247 620 0 0 ko 0 0 0 0 0 0
ko 914 100 1014 680 119 493 ky, 0 0 0 194 200 0
kll 0 500 0 5 0 200 k” 1 0 0 0 0 0
ks 0 0 0 0 0 0 ko 0 0 0 0 0 0
ko 679 610 1 0 0 493
kg 0 0 0 0 0 0
iy 0 0 0 0 0 0
kys 0 0 0 198 0 0
kys 0 0 0 0 0 0
kye 740 0 0 230 0 0
kg 0 0 0 0 0 0
. 0 0 0 0 0 0 k4 158 710 2040 1720 688 493
kls 0 0 0 0 0 0 k]g 0 0 0 0 0 0
kg 0 0 0 0 0 0 kg 0 0 0 0 0 0
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Table B-8 Transportation plan of parts processing plant j,
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An integrated planning model for production and transportation
in make-to-order multi-site aviation manufacturing industry

SHEN Guangya, LI Liheng, ZHANG Ning"

(School of Economics & Management, Beihang University, Beijing 100083, China)

Abstract: An integer programming model is built to solve the integrated planning problems including or-
der allocation, components and parts processing, product assembly and product transportation in aviation parts
integrated manufacturing environment with multiple heterogenic discrete manufacturing plants. The objective of
the proposed model is the minimization of the total cost in the whole process of production and transportation.
The proposed model handles the order allocation problem through constructing the product shipment constraint
rather than separately introducing order allocation decision variables or adding order dimensions to the produc-
tion and transportation decision variables so as to reduce a large number of unnecessary decision variables,
which significantly reduces the complexity of the model and improves its practicability. The effectiveness of the
proposed model is confirmed by an instance from an aviation manufacturing enterprise.

Keywords: production planning; transportation; multi-site; order allocation; aviation manufacturing in-

dustry
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