RPN Ao S

El#® sk +E8 HHIOl

(BES 18)

e S S4B o

2015-02

Vol.41 No.2

e AL IR

ISSN 1001-5965
CODEN BHHDES


Administrator
赠阅


RSN
= e e
- S
. --
: < 1 I =
v S 205 4
(] / NS
: "/ ~
. / v-‘/-‘,' &)
4 ‘Z\ 5
X3 f > N
~ _ 3 ?
\\\.‘.} ’ :
L~
s
- T ]
S
oy -——
- 7
); 4024 4

SURN

(IEEMEMAKREZR ) (REFR ) RESEEE. PHER . BATH. BSREMEHE
WESZEHPFRFE, EREARLY, T2015F1 8278 tREtH, =F82%,

HERMHE1933F10B30BET KR 1952FFEANILRMETERE, 1957FRIVER, FEELRR
MSHREEEA= . NI E . B EAZRE . FREEDTE, HEBAZERIEE. FRZRM
B, miEEEE.

BEERFEHFE—MNEFFERELELNVERRE. 1980FERE (ILEMEFRFR ) ERE
£, EREZET RESHRIE. 1989FFRMBEREXTIS; 1992F# ( PXZOHHEBRE )
®; 19935 #Ei Compendex W®; WEItMFRZRRIREBREIER —RFSHMATRIZLT
¥, EEHBKEMER, BERFREVSHINAER, 25 (REBTREC18H ) FEERER
5, thZRIBESRAFRATIRANTE . 2001FEMFRIE ( REFIR ) mEBHEE.

BEEREROBBATHEATE, AUR=ERENFE. t1T1984F25IREREARNES
RARSNERTE, RMEEEESE. E5EE. 1986F25hESREANERRMARENERET
€, BZEIEAEE. BRBRK. 199FEETRESRFBARSHEEEK. BRRK “‘BRER
RN FESRM.

HFERHEFAXIER, MER, FHASFH; MTHEAERSK. BHBRR. HTFER, (FHRER
REATIRAAIEE, MR, JAFEFHE. MAGRN. BEES, PRETIZERR. REAZ SRS
TREOM, JfeshEERHITISERNA RS T s,

FDFRWEABEATH, EREBTIRN—KIRK, BERMNEEZT URPER. EMMAER.
NE, AMBNE, BFBEHEXETHE, EEBREA. HIMEKTHRS1!

-

ZEIE, SPEAEERE

—O—R&-REA

W~ o




AT R

(A28 Il IPNPNE O <)
.

A4l % F2H (EF 264 ) 2015 F2 A

= /N

TR Y7 LM SRS R VC IR AT A o AR, B A, RAA, Bt
TR KBRS HT T coeeeeerreevreeeeieeeies TR, E20, XA H, TR
B TR &5 K AT FE A AT B B AR R N TR J e veeeee e N R R G RS
T2 M LRI 1K R ST BRI oo AR, BB, KIEE, ARER
EEREEPLIE A SR SRR e TR AR, B A, 4
SEF A B LR R BIE oeeeeo oo SEWET, AT, P BAL, B
MHNFLE S8 B 1 CFD BUBAEAL coooveve e AT A, & F, T3, A&
UKF S804 H7E =K Lambert [A) U R R oo oeevrevemne oo R kAL F 4k 4k 35380
AR IEVE S RGBS S MR R oo FERR, ARM, HEH, ARY

(187)
(193)
(198)
(203)
(209)
(216)
(222)
(228)
(234)

CERE, T, B4, AR, BATH, FEK
T HL A S 7 AT G SR IR BE B R e 2@k, B4, R
BT MODPSO-GSA (i Blp[) 25 i aQas H R IFEC <oovveveremeeeeeees U, RMAEE, BB, BT A
PR F R R G AR AT IR AT oo BRI R TRRE, KA
LR ALAR IR T o T R S R B e e BRI, B, WAR], FEF
HATDREGMARGIIP R R JTHE oo BT R B
T R B LR G T R HERE oo R X B, BEE, A
e FAEEA T AE B AVLC TR ML EL e evvveevrmvmreeine e 303K
WGl & PWM JF2E TR b LSRRI e oo SR ELER . B R, 3R HR
FETANR DU K AR A PR PR I B woeeeeer e RS, AR E, BB G, AEHK
O 2 BRIEX G FORZ R AR TERE AR oo RV, RER, REA, ZHUE, KRR
TeH H BB AT oo e s TR R
HTFRTFEE PR LGREZL oo SRR e, 2, X FL
R R B I B R PEBE VA v eeeee e e e e e TR SR B AR
FET Y IRAR I 5 09 5 AR A RGE L RRA, BT, BB, B
R S AL RE BB IAAL oo SO IR, MR, DB
PERRBATE PR B He oo TA B B KM
TSR PCE LT AR T AR oo X, AR RRRAE .

HFIEASE . CN11-2625/V % 1956 = m * A4 % 182 % zh = P x ¥20. 00 = 900 = 28 % 2015-02

(/% B £ & Kk % REx LwF F &)

(241)
(246)
(252)
(259)
(267)
(273)
(283)
(289)
(296)
(302)
(311)
(318)
(323)
(331)
(337)
(343)
(351)
(358)
(364)


Administrator
赠阅


JOURNAL OF BEIJING UNIVERSITY OF
AERONAUTICS AND ASTRONAUTICS

Vol. 41 No.2  (Sum 264)  February 2015

CONTENTS

Evaluation of ICCP algorithm for geomagnetic navigation based on hardware-in-the-loop simulation
- WANG Shicheng, LU Zhifeng, ZHANG Jinsheng, LU Zhaoxing
Interval data analysis based on empirical distribution function
- WANG Huiwen, WANG Shengshuai, HUANG Lele, WANG Cheng
Time-varying response surface method for high-temperature structural reliability analysis
- MA Xiaobing, REN Hongdao, CAI Yikun
Large scale uniform electromagnetic field simulation based on Helmholtz coil
- HUANG Songtao, ZHANG Wei, ZHANG Pengfei, QI Zewu
Pipeline spraying robot: structure and pose adjustment
.- ceseseee - CHEN Youdong, JI Xudong, TANG Wei
Principle of plane display interface design based on visual search
- FAN Xiaoli, ZHOU Qianxiang, LIU Zhongqi, XIE Fang
Numerical simulation of individual components of pitch-damping coefficient sum
- XI Ke, YAN Chao, HUANG Yu, WANG Wen, YUAN Wu
Application of UKF parameter estimation in the three-body Lambert problem
- ZHANG Hongli, LUO Qingin, HAN Chao
Dynamic force equalization for dissimilar redundant actuator system
- FAN Dianliang, FU Yongling, GUO Yanqing, ZHOU Guozhe
Comfort evaluation for aircraft seat cushion based on finite element model
- LI Xianxue, DING Li, WANG Xingwei, WEI Shihua, ZHOU Qianxiang, HU Huimin
Real-time scheduling for models in computer generated forces
- WU Yulin, GONG Guanghong, LI Ni
Cooperative weapon-target assignment based on multi-objective discrete particle swarm optimization-gravitational
search algorithm in air combat «------e-eeeveeeeeeececenieees GU Jiaojiao, ZHAO Jianjun, YAN Ji, CHEN Xuedong
Non-probabilistic reliability analysis of active control system for structural vibration
- LI Yunlong, WANG Xiaojun, HUANG Ren
Near field image reconstruction algorithm of synthetic aperture radiometer based on partial differential equations
- YAO Xianxun, SHANG Xiaozhou, MIAO Jungang, LI Zhiping
Fast satellite selection method for integrated navigation systems
- HUO Hangyu, ZHANG Xiaolin
Configuration and mathematical modeling for advanced three-axis centrifuge system
- CHANG Le, LIU Zhenghua, WEN Nuan, WU Sentang
AVLC retransmission mechanism simulation based on adaptive channel estimation algorithm
- GAO Lin
Real-time de-noising of PWM switching amplifier current in magnetic bearing
- TANG Enqiong, FANG Jiancheng, HAN Bangcheng
Accelerated image classification algorithm based on naive Bayes K-nearest neighbor
- ZHANG Xu, JIANG Jianguo, HONG Richang, DU Yue
Effects of delamination on compressional properties of composite laminate
- ZHOU Rui, GUAN Zhidong, JIA Yunchao, WANG Kailun, ZHANG Chenqian
Hybrid finite difference schemes without free parameters
- WANG Lai, WU Songping
Fast similar face retrieval based on mobile platform
- DENG Jiankang, YANG Jing, WANG Meng, LIU Qingshan
Vernier ranging method for pulse radar based on motion constraints
- CHEN Hao, GUO Junhai, QI Wei
Property evaluation on turbulence models calculation in hypersonic heat transfer simulation
- ZHANG Xiang, YAN Chao
Missile sliding mode guidance law based on extended state observer
- ZHANG Yao, GUO Jie, TANG Shengjing, MA Yueyue, SHANG Wei
Optimization of repair level considering maintenance effectiveness
- FAN Jiujiu, GUO Linhan, YANG Yi, MA Lin
Rapid design algorithm for intercept missile trajectory
- WANG Bei, ZHOU Tao, DONG Changhong
Morphing technology for Chinese characters based on skeleton graph matching
. . - LIU Min, ZHAN Huanian, LIANG Xiaohui, HU Jiajia

(187)
(193)
(198)
(203)
(209)
(216)
(222)
(228)
(234)
(241)
(246)
(252)
(259)
(267)
(273)
(283)
(289)
(296)
(302)
(311)
(318)
(323)
(331)
(337)
(343)
(351)
(358)

(364)


Administrator
赠阅


2015 4 2 A
FA14E 24

tEMEMRKEFER

Journal of Beijing University of Aeronautics and Astronautics

February 2015
Vol.41 No.2

http : //bhxb. buaa. edu. c¢n
DOI. 10.13700/j. bh. 1001-5965.2014.0117

jbuaa@ buaa. edu. cn

ETHEIWEERNMESMEEL LEEEITMN

] =

THEKRT, BXRE

, Kak, kX
(B R TRAE WIS G HC R | 1% 710025)

PH#E MR s ERRS  AANERE RN IFE T2 KET

FNGRE, ETERAFE -SRIl WEALK(ICCP)REENFRA L, FEANER LT
A RN ER ARG ERT TR SR RS, B 5| N I A
RERBTITHENTGE; XEANERF ERKE CREEMEFREZ 4 AT EA
ICCPERE FWERATFEN T ER BN GREERELA, AL LW E KB T U
SR e AN U VRN R AN U AT R e G B A K Rl Gl
AT AR Bh bk IO B A K I B Rk ey TAE (Lt AR

X 8 i e RAL; FELCCP) H ik, Maidyth A5, + LM H; HE Pk

hESZES . V249.32
XEkARIEED . A

L S S — ol ) b R 0 B 3 AR A R A T
{37 S U 1030 TR 0 7 5K, B LA UL 4 R L
FEAR G40 BLARIE, 518 5 R S8 R A7 414 7T LU il
MR 25 09 R B, RO T2 T A 4T G 4
ST TR MRS R i BF 5 LS i DT
Wil 30 i 22 A e i T AL 2, JC AT (54 A
Tt — 2B BE " i ) LR RO A A A AT
HUREVE T I 5 XA B T 5 DR R e
i DC T 5 ¥ 10 F 7 4 3t — b A AR 35 P R L
B PEAG WA - 6

G B RGN AR
G332, AT LA AR b PR A 4 2 1 2 M 2
RS2 E R 0 H AR/ 3R 85 37 5 b AT 0 B, T
L AT LIRS 22 G v e A 2 A 8 ) X 0 1 5
AN )= M 1 I S N (T R = i = N 5 T
JiE U 2 O G S M Y S, ¢ 26 1
7757 90% Ik A% 2 GE I M s VTAG Bod ok 1 Tk

NXEHS: 1001-5965(2015)02-0187-06

W05 B AEAT BB A MUK S TR E
RGP H BT A RES 5 Rk A B AT
MR K Sk E 7 H M B DG S A R B 2
T TR PR, 2 529 05 FOL B AL 2 iy —
A RBEPER R 29 R AR SR B A T
Mo DT E AL S W O ARG, il 5 A G
FLPR S5 R A A, DA g MR 7S D E S RE | DT TS
DI A 5 0% 22 3 4 A 52 R 5303k P fiE A [H 3% ih
K, WEE(EZR (1CCP) DT Be 583 R A7 WA, il 07 22
APF RN T B B, 5 AT AE

1 e S im0t f & %
1.1 ICCP &Eix[RIE

b ST R 2 1 H Y S S B E A, PRIt
bR A D P B R b A DG R A A D BER B
B AR 2 % T A L ARG BE S AT S 2 AT 28 2
BERMEH. HRTATIS R 2 i 1CCP Fk

fE HEF: 2014-03-11; RFAHHR: 2014-06-12; %% H AR AT iE : 2014-06-19 1259
W 2% H AR b 3k : www. cnki. net/kems/doi/10. 13700/j. bh. 1001-5965.2014.0117. html

EE&TE: HEARBAIEE B BTIH (61004128)

 BIAEE . EAR(1962—) U5 INAR BN B4, wscheng@ vip. 163. com, = #EWFFEJ5 6] T A il & 45 F .

Sl THK, BFXE, Kok, & RTELYGEANHBINEELLEL L TFHT] AEMEMRXAFF®R, 2015,
41(2):187-192. Wang S C, Lii Z F, Zhang J S, et al. Evaluation of ICCP algorithm for geomagnetic navigation based on hard-
ware-in-the-loop simulation [J ]. Journal of Beijing University of Aeronautics and Astronautics, 2015, 41 (2) : 187- 192 (in Chi-

nese ).


Administrator
全文下载

http://www.cnki.net/kcms/doi/10.13700/j.bh.1001-5965.2014.0117.html

188 G| AN T N N = 4

2015 4¢

ICCP B3 6 T LA 27 S B, 8 114 552 I3t Je: D TG
Z IR B U EE A 2 T S R R SR (E 2,
/DT 2SR TE R 7 i A T I RS B S
B B A PR e (R AR R RIS ) 2t 2
UCRAX, ol A5 TR I 2 T 6 30 B 8 S i /D , DA T
PR s AU AS UL , FE I E A A AT 1 s

Bl 1 AL (ICCP) B3k JR R B
Fig.1 Principle of iterated closest contour

point (ICCP) algorithm

Hiu % VC e ICCP B3k i) AR B BT

R DAH R I L b B IS I R b
Xof 1 A A H 2 4R C.

F®2 UUKME SRR ENRE, S G, =
(g.8,, .8, ], X TR D &t A0, 76 40 DAY 55 E
AEIFHREHBEENR Y. 2 Y, =[y,5,,
v, 1, FHERRIEAR e T, (A AR AE R L d, B/

|
dk:;ZHyi _TkgiHZ (1)

]3I XM G, N ER T, G, =
T,G,.

PB4 FIWT LR S, IR R G L A
IS &5 d, o, - d, <7 (7 AHBEER B ) o
RUEL K > K, WS E5 ), 75 W R (0] 25 B¢ 2 4%
iAW

TRFLLH G445 3 1ICCP 552 1 it 7% 4 &) 2
PR .

K2 AE{EZR (1CCP) Bk i R 1A
Fig.2  Flow chart of iterated closest contour

point (ICCP) algorithm

MIE 2 Ha] LLUE H, ICCP Bk J& R I 348
oI A 2R S — 1 55 W A 4 — N R AR 4 1
1.2 %0 ICCP &k EZE S

AR DT JC B33 Dt ) A 9 R DU B 9 1)
JE RS R A A 5 e S PR R Y R
T R MR T AT G O L e s
S R PERE 0 R AT Ee A A A
1.2.1 mEp

AR ) ELAAR S R AT DA 0 A5 B 14 7 3
HAE R FHRAFEHL B FEUEE , R 2 %
B H . T Hl 1% DG T S A0 S5 Bsf P 0 i o B e,
T3 2Tl K 3R (A5 0, 1 A2 TR D A5 1 1 0 (B A R
TIAT AP SR 3ok {7 B2 IS Of 110 S5 (R 2 A7 AE R
26, BV AR | AEfER2E MR 2 ~ D PR 4
A AR T A0 TR 1 BT 0%, 0 eh st mT DA
T SR M P R R UM B 28 22 ORI B R AR
S, HBE IS T AN TR I 45 R, BT fic 2 .
1.2.2 mEkE

e b 7 UG JC 2o AR v, DG JE B B, S ]
FT A B (45 B iR K, FE I DG S AR T G A R
590 B K H R DG e RE 1 R B 0 R ) 2y A
e, DT E A IR A6 D T2 X 48k P4 19 DG e VR 8 2 0 /b
AN B e A PR R b X 15T 9 158 25 EAT A AE . RIS, e
FUC A B 3 0, Sk i TS R S B = 1G5
B PR SR S5 BRI DRI T 22 540 6 3 179 DG 4
1.2.3  mE K,

D e 550 32 % il A 3 R 0E 79 A0 0 P A i, T
LA L DG C SR 1) M R DT JE DX 8. Hb A DT E X
BN 0 b 1% 37 R AR 2 B0 DGR B AN 2R OK WG A%
TR I A5 178 2 B ] r 3 AN 8 AL IX 1) At A7
45 Bl mT e 2 % 1E A DT B 1 T . R T
T DX Jal 1 4 456 X6 B3 3 1) 52 e L AR O
1.2.4 W%ig £

AT B ) TR 2 e A R B
% 2 0 B I B 5 M) AN B 2 WL AN SRS R 22 BN,
BB 2 28 32 A R U WM A8 48 J 1Y) e 4R RE A% LA R 1Y
HE 3 3% 75 R WS B 4 Ja) S5 A0 19 X3P, DA T A5 3
4 Jmy s MR . AE R, TSR R iR 2 KR, BV 28
Z AR, A H R IS SR JRy AR /IME T AE 42 SR AR
AN VNP

2 MHRESHRYIMTERSERE

b DT C S AT it LS < U 90 5 U 3 e Y A 3B
B R 1 3 R AR i 22 T A % RR A IR A
il 7 2R AT L, 24 AT & BT E DX



552 3

EAE A, S < R TR S O Y M R T 0T S5 4 DT S B AR AG 189

Py 2 37 00 e S S T 000 YR ) M 3
AR, I 4 LS I P 5, 55 S TSP T B
i 225 o PR R AT DT BT, B 36 o — R %) M DT e ARk
Fh AR TRAT AR A AR AR B, N TTTAB IE 153 0% 22, LU
PEVRE B 00 F A R R e R D S A
BRSO BT 25 5 i 1 M i DG IS5 0 52
Yils LR GE, H A 2 s 3 F .

3 HUREVERC ST RS
Fig.3 Hardware-in-the-loop simulation system of

geomagnetic matching navigation
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Evaluation of ICCP algorithm for geomagnetic navigation based on
hardware-in-the-loop simulation
WANG Shicheng* , LU Zhifeng, ZHANG Jinsheng, LU Zhaoxing

( Precise Guidance & Simulation Technology Lab, The Second Artillery Engineering University, Xi’ an 710025, China)

Abstract: The performance of geomagnetic navigation matching algorithm is influenced by many factors.
However, the evaluation of algorithm is completely based on computer simulation at present, whose credibility
should be validated further. The iterated closest contour point (ICCP) algorithm was studied. First, the fac-
tors were analyzed theoretically, which affect the performance of algorithm. Then, the hardware-in-the-loop
simulation system of geomagnetic navigation was established. Geomagnetic field simulation environment and
magnetic sensor were introduced in the system and the credibility of simulation was improved. Finally, the
performance of algorithm was analyzed from measurement noise, matching length, matching region and inertial
navigation system (INS) errors based on the hardware-in-the-loop simulation system. The simulation results
show that anti-interference of the algorithm, determination of matching length, selection of matching region
and influence of INS errors can be evaluated effectively through the hareware-in-the-loop simulation experi-
ments. The method of hareware-in-the-loop simulation can promote the engineering process of geomagnetic
navigation and ICCP algorithm.

Key words: geomagnetic navigation; iterated closest contour point (ICCP) algorithm; geomagnetic field

simulation environment; hareware-in-the-loop simulation; algorithm evaluation
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Fig. 1  Simulation results for estimating the cumulative distribution function by empirical distribution and kernel method
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Interval data analysis based on empirical distribution function
WANG Huiwen, WANG Shengshuai, HUANG Lele” , WANG Cheng

(School of Economics and Management, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Uniform distribution in some closed or tight interval is a basic assumption in the literature a-

bout interval data analysis, which is difficult to satisfy in real data processing. To solve this problem, the em-

pirical cumulative distribution function ( ECDF) and kernel estimation of cumulative distribution were studied

on the assumption that the date were from some continuous distribution. Based on ECDF and kernel estima-

tion, a transformation to obtain new data was designed, which was uniformly distributed in theory. Then

whether the distribution of transformed data was uniform distribution was tested. If the null hypothesis was not

rejected, traditional methods in the field of interval data analysis could be utilized based on transformed data.

The transform and the test were both for guaranteeing the transformed data were from some uniform distribu-

tion. Both simulation and real data example show that, the results based on ECDF and kernel estimation trans-

formed data are more reasonable and with strong explanatory ability.

Key words: interval data; uniform distribution; kernel estimation; empirical distribution; hypothesis test
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Fig. 1  Stress-time relation of the leading edge structure
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Time-varying response surface method for high-temperature
structural reliability analysis

MA Xiaobing“"*, REN Hongdao', CAI Yikun'

(1. School of Reliability and Systems Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Key Laboratory of National Defense Technology for Reliability & Environment Engineering Technology,

Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The constitutive equation and carrying capacity of structure will change over time under high

temperature conditions. The traditional structural reliability models are inefficient to solve these time-varying

structural reliability problems. A time-varying response surface method with thermal response and response

threshold value changing over time was proposed. The method can be used for high-temperature structural reli-

ability analysis. Combined with Box-Behnken experimental design, a cross quadratic function of structure’ s

basic variables and time was introduced for establishing a time-varying model of the thermal structural re-

sponse. The function of structural response threshold value and time was established by using temperature as

intermediate variable. The time-varying structural reliability calculation method was proposed when basic vari-

ables are normally distributed. A study case was given to demonstrate the applicability of this method and its

greatly enhanced effectiveness besides accuracy.

Key words: high-temperature structure; experimental design; time-varying response surface method;

time-varying limit state function; structure reliability
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Fig. 1 Composition of the electromagnetic field

simulation system
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Fig.2 Schematic diagram of square Helmholtz coil
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Fig.3  Geometrical model of square Helmholtz coil
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Fig.5 Distribution of Z axis electromagnetic field
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Fig.6 Distribution of X axis electromagnetic field
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Fig.8 Schematic diagram of electromagnetic field

test point

1 12 90K SR ERE

Table 1 Coordinate values of 12 test points mm
PR A BRIE (%,y,2)

(-80,-110, -82.5)

2 (80, -110, -82.5)
3 (-80, -110,82.5)
4 (80, -110,82.5)
5 (-80,0, -82.5)
6 (80,0, -82.5)
7 ( -80,0,82.5)
8 (80,0,82.5)
9 ( -80,110, -82.5)
10 (80,110, -82.5)

—_
—_

( -80,110,82.5)
12 (80,110,82.5)

R HT201 B ORE 30T 973/ o e 3k x5k
R R AT TN, 23 B8 108 0,01 mT, 1%
ZR +2% .

MIEJTJE Helmholtz 2818 i 4 A HL i (AR
T A LA 1A AT 5 S h g
WAL T, =1.27 A/mm® ). B, 4% 00320 A 0 Uk
JO7 58 AN 3% 2 f 7.

F2 12 AR S B RE R 3R
Table 2 Magnetic induction of 12 test points mT

b5 T 807 i JEE b5 T 8 T 5 S
1 2.25 7 2.20
2 2.25 8 2.20
3 2.30 9 2.27
4 2.30 10 2.27
5 2.16 11 2.31
6 2.16 12 2.31

M b3 12 AN A I 25 2R AT DU Y 2
P PAy S 1 i R 5 S 0 LA SRR — 2 I HL
WL 373 03 A1 HEAER 50, 12 At 5C i A 1) s 2
5 JE ) B R ZE(EH M 0. 15 mT, /N T 0.2 mT, A DL
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Large scale uniform electromagnetic field simulation based on
Helmholtz coil
HUANG Songtao "', ZHANG Wei’, ZHANG Pengfei’, QI Zewu’

(1. School of Mechanical Engineering, Beijing Institute of Petrochemical Technology, Beijing 102617, China;

2. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Considering the technical requirements of the space physical environment simulation system, a
square Helmholtz coil was built by a pair of axis symmetric rectangular coils which had the same turns, side
length, height and thickness, based on the principle of Helmholtz coils. Combining with the constant current
source and MCU control technology, the electromagnetic field simulation system was designed. Adopting finite
element analysis software ANSYS Workbench, the magnetic field distribution of the square Helmholtz coil was
simulated, and the emphasis of the study was on the electromagnetic field distribution of the coil X-axis,
Y-axis and near the surface of the coil. Based on the analysis results, the structure parameters of the square
Helmholtz coil were designed. The magnetic flux density of 12 key points was measured inside the designed
coil. The results show that the magnetic flux density and uniformity of the magnetic field inside the coil could
satisfy the requirements of the space environmental simulation systems.

Key words: Helmholiz coil; uniform magnetic field; finite-element; ANSYS; constant current source



2015 4 2 A
FA14E 24

tEMEMRKEFER

Journal of Beijing University of Aeronautics and Astronautics

February 2015
Vol.41 No.2

http : //bhxb. buaa. edu. c¢n
DOI. 10.13700/j. bh. 1001-5965.2014. 0163

&R EEBEENSEAN . S5 Z AR
SCE bAoA, BE

(1. destitzs RO HUMCT R I A g fbsi e, dbat 1001915 20 AL Tk K= HLAl~=Be, &L 230051)

jbuaa@ buaa. edu. cn

m B AN T L AR EE SRR ER, LT A T LA AL
BARAERBEHHR, BT o P EBAREAR. X HT & RALT0 T 5%
WA, EBARERE D-H ABE R RS AR LAY T B My R R R,
AL A AT A, R BOE B SO 4 A LB A By %, K AL A
SRR R RS AT S AN EALT B AR, MRS

RENZRETURFHEIAEG AN R, RHHRREMRE.
X 8 W REFE; R MBA; MERE; BHKEN

hESES . TP242
MERARIREG: A

MU e KAV TE AL f G T 2, R BT IR
i P9 RE AL B il e AR S Th AN TR AL R
IR RG22 75 G R M ik ML gk A R R i N T
5 T5 3N R TR , RE S 5 AU TR A I e 3R
B WA TAE, 2] Tz i s

BN A A O TR AL g N B BF 5T A AR £
KUKA , ABB, Fanuc, motoman HJ W & #l 28 A\ UL &
TR 6R RIHLAE AN T E A R 2 T
TR, ORI T TE AR A TR JE st ALR Tl A
AT TR i R AL T A IR AL g N E
TR B B R S5 4 AR TR VR, B 3 G X
7 IE PN BE T 9% Okamoto 45 N TT % BF ] 4 487 18 AL
PR R A S P MR B g 25
BRI WifiE gy, © 28 0 T A I 5 WK
“F IR ) R Bh B O A LA R
FH 45 25 KA 3h i, S L& ATEE E Y
iz 3l ; Chen 25 A Ml (4 S Y45 38 AL 4% A AR 5,
A SN 5 Liu 2 AT T R % R
BLas A, AE I FEEBR . LR AL A TG

XE4HS: 1001-5965(2015)02-0209-07

VR T R B B IR ) S A . AR R %
5T B4 A TR AL A% A, AR R LR T T R A
MY (R AL A B R XA N B AT R
TR R REE T S A

AR SO X B I8 P BE A U, BT T — b
EIEBRALE A Z LA A AT RS TR AR I
S B E Y BEUR L T ROl ARCEY g5 T
PR I S0 UE T BT A 2 R
k.

1 BUs#LEA

1.1 REEHE

FE Tl il 3 0l b, R BAE 38 Sk B Ik A7 A% L i2
B VAT 3o T 0 A I e, R A I S A i
J5 AT I A B LS4 S R TR T v P
ST UL — ol — I 2 ey R I ) TR R B
BT B, A DT T B A A R K
1] 75 A% A B JEE IR TR A R R X B 4L
T4 S L 3 A 3 O RO 07 I D 4% 1 R R

Wi AH: 2014-0327; A BH: 20140521 ; M4 HARATIE: 2014-07-11 15.35
] 4% tH AR 3E . www. enki. net/kems/doi/10. 13700/j. bh. 1001-5965.2014.0163. html

ES&TE . EREAHE R 585 H (2012BAF06B01) 5 Jb 5t il & KR B ™ WAL 55 H (Z131100006413029 )
« WIRAEE : AR (1973—) , B LIS, Al ##%Z , chenyd@ buaa. edu. en, FEHF 57 J7 1 8 TAL HLE A

SIB®: bR A&k, FlhK, I FHEERINEA: ZEHEMLERHET] HFEREMKAFFR, 2015, 41 (2) : 209- 215.
Chen Y D, Ji X D, Tang W. Pipeline spraying robot ; structure and pose adjustment [J ]. Journal of Beijing University of Aeronau-
tics and Astronautics , 2015, 41 (2 ) : 209- 215 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/kcms/doi/10.13700/j.bh.1001-5965.2014.0163.html

210 G| AN T N N = 4

2015 4¢

JZ R TALES AT AT LR B e KR R S
ARG

AR ST R T A TE o) 475 S TR AR T 114 W Ak AL
fr N HEA LT KA IE (RERT 10m) 2F
ESNEIINS VR TR (S TRy N BE ST R
1.2 HFEANEH

KRB E i RS R 9 e o, 7E B
I PRAF [T , DML e A7 B AT RS 8l 4 A7 25 3
He e AR T RE. RN Hlas AR 3h B4 E H 7
PEATHIRE AL, 13 2S48 D REAR Y A 18 1 (7 2294 1Y A
L 007 22 A0 WA Al 2 5 6 T A e R ol A 4 )
AEA A e AT T 1A T S8 M A o 2 e e AT IO

WL TR ML A RS EE O 5 ALK A N, G
LB 7 WG N4 3 [ 5 A 31, L4 8% 3l 214
O o T I O R AR 1Y 28 R AT W i T A
MRS EANE 2 Fros, Bl 1A BEsE R 1 A2 3
2L, 0 g 2 AL AR R T s R R T
AT ST R AT RS B 1 TR A S AL A
(8400 4y E S, 2R JH D A S 45 45 4 8 i ML 46 N T Tk
I B ASUE 1 5 HLAR N A2 S B0 o 07 B, 9 38 S8
- 15 SRR R R 1 R o R RS S B AR e e
M EMLES.

1 RS A
Fig. 1 Spraying robot

M2 e
Fig.2 Spray gun device
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Fig.3 Kinematic sketch of spraying robot
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Table 1 Parameter table of D-H coordinate system

i ag_y Qg d, 0,
3 0 0 ds 0
4 0 -90 d, -90
5 a, -90 ds 0
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Pipeline spraying robot: structure and pose adjustment

CHEN Youdong ™', JI Xudong', TANG Wei’

(1. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. School of Mechanical, Hefei University of Technology, Hefei 230051, China)

Abstract: To meet the demand of large allotype pipelines inner wall spraying, a pipeline spraying robot
with series and parallel structure was designed, which consisted of a support platform and a series manipula-
tor. The support platform was modeled by geometric method. The manipulator was analyzed by D-H method.
Based on the robot model, inverse equations were obtained. After the robot was positioned initially, the robot
and pipeline poses were measured by laser tracker. The adjustments were calculated by the inverse equations.
According to the adjustments, the robot was adjusted so that the axis of the pipeline coincided with the axis of
the spray gun. Through the implemented by the manufacturing plant, the effectiveness of the pipeline spray ro-
bot and the method of the pose adjustment were confirmed, and the results show that the robot can improve the
efficiency and the quality of spray.

Key words: allotype pipelines; spray; robot; pose adjustment; series and parallel structure
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Table 1 Average reaction time and accuracy of

visual search task

Bt B[] /s FHTE EHERHE % RN s

) 0 87.80
3 36. 80
8 24.20

0 97.40 0.8174
2 3 89.40
8 62.00
15 47.00

0 97.60 0.7918

3 96. 80 1.3044
3 8 82.80
15 65.00
24 48.60

0 96. 60 0.8445

3 97.00 1.3459

8 93. 60 1.9971
4 15 80. 40
24 66. 00
35 52.60

0 97.00 0.8375

3 98.00 1.3227

93.40 1.9715
> 15 87.40
24 78. 60
35 62. 60

0 97.00 0.8839

3 97.60 1.4089

8 96. 40 2.2030
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Table 2 Effect analysis of accuracy at different display

time and disturbances

KU BET M AHE F P
EA] 65414.3 5 157.2 0
T4 58309.5 5 140.2 0

Bt WA x TAETiAL 28563, 1 19 18.1 0
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Table 3 Simple effect analysis between different display

time and disturbances
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Bt WE ] VS.35  54765.40 5 110.6 0
THREWE VS. 1s  59584.80 5 266. 1 0
FH Ik VS.2s 7310513 5 522.4 0
FH %L VS. 3s  416126.93 5 272.0 0
FH I VS. 45 16900.33 5 47.9 0
FHETi%k VS. 5 9238.73 5 24.8 0
TARWEL VS. 65 3478.40 5 12.2 0
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Fig.2 Disturbtances/accuracies at different display time
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Fig.3 Display time/accuracies at different disturbtances
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Table 4 Regression function of reaction accuracy at

different display time

- I AR R Ik

5 R B R?

6  ¥,=97.9-0.20-0.0122" y;=-0.2-0.024x 0.992

ys=97.9-0.4x -0.017x*> y,=-0.4-0.034x 0.996

¥, =100 —2.3x +0.0034”

5

4 ¥4=99.2 - 1.1x -0.008x> y;=-1.1-0.016x 0.983
3 y5=-2.3+0.006x 0.998
2

¥,=99.6 -5.3x+0. 113x>  y;=-5.3+0.226x 0.98

1 y, =87.8 =22x + 1. 8147

MIEL 3 2% 2% it 2R ) SOk 7 B A I TR] )
HEOC, IE W A0 R B R E  (H s R B
TR WA TR 0, BE B H AT 5 U

¥y =-22+3.62x 1
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Table 5 Visual search difficulty threshold at
different display time

B & Bif 6] /s 2 3 4 5 6

S5 3N R R 0 3 8 8 15

2.2 GrEEE . FH B R B iE] 49 3 0

HT T 2 17 R 32 R 9 Al A 2 18] 47 7 2 N A AR TR
B, T Z A RO 5 & 48 RO IE B AROR
G, AT 5 5 0 R 8 o YA AT ] 3 SO AR T 5T
SRR ES e o7 Rk 4 § LY s BUNIIOE R 32
AE J 30 B, A1 A 2 3 B S B IE A AR A AR X R
FLWEFEAE A 5 18 R AL 55 P IE B R A 5 90% LU L
I, S5 S IR ] A B =4I T 5008 B 7 R 8] #) 52 Wil KL
3R L R Y S AR A (R S i 1) R 38R
SR TEWFTE 90% LA b 19 ~F- 1 B 0wy I [ ik 47
WRI7 20 Hr, a5 R ILK 6. F RIS [H] (F = 1.4,
P >0.05) 7k o =0.05 f9 i2 F ¥E KV N EBONA
BE T (F=213.1,P <0.05) 7 a =0.05
ORI Y QY @ BT IR o e T
A A (F =0.435,P >0.05) 2 A R FHH.
R 6 A [E 5 A AT A BUEL T 89 = B2 B i8] 38R 43 A

Table 6 Effect analysis of reaction time at different

display time and disturbances

P/ BEVM AmE F P
5 5. i 1] 0.313 4 1.4 0.226
T4 23.171 2 213.1 0.000
Gt mfE x T4k 0.118 5 0.4 0.823
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] [ 7 B R A A, Wk 7 s, i 4 A Jr iRl
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Fig.4 Disturbtances/reaction time at different display time
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Fig.5 Display time/reaction time at different disturbances
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Table 7 Regression function of reaction time at

different display time

S5t i B 1) /s SCZERTSR LM R
6 e =0.896 +0. 164x 0.999
5 ys =0.862 +0. 141x 0.996
4 y, =0.873 +0. 143x 0.995
3 ¥, =0.792 +0.171x 1
33 i

A5 R A [5] 4 57 S ik ] B A SR A [] Y
S 1) e 3 7K AN [R] 9 F S0 AR AN [R] 9 13 2
JE. NSLIR A AR, Bf I (] A1 YL AE o =
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Principle of plane display interface design based on visual search

FAN Xiaoli', ZHOU Qianxiang”', LIU Zhongqi' , XIE Fang’

(1. School of Biological Science and Medical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. China North Vehicle Research Institute, Beijing 100072, China)

Abstract: Pilots monitor all kinds of instrument information by visual searching during flight. This

process was studied to explore the effects of time pressure and search difficulty on visual searching, aiming to

provide scientific basis for the ergonomic design of display interface of aircraft cockpit. A visual searching pro-

gram was designed to simulate the display interface. Before conducting formal experiment, the classified ran-

ges of time pressure and searching difficulty were evaluated by pre-experiment. Using SPSS 19. 0, analyses

such as double factor variance analysis, simple main effect, and regression analysis were conducted on the re-

sponse correct rate and response time obtained by the formal experiment. The following conclusions were ob-

tained, different levels of time pressure and search difficulty all have significant effect on the response accurate

rate; search difficulty has obvious effect on the response time which has a linearly increasing relationship with

distractor number; under high correct rate situation, that is within the human cognitive abilities, time pressure

haven’t such effect on the response time. In ergonomical study of display interface in plane cockpit, good

match of time pressure and searching difficulty could obtain better searching performance.

Key words: ergonomics; interface; visual search; time pressure; search difficulty
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Table 1 Caculation results of pitch-damping
derivatives for hyperballistic shape ( HBS)

a/(°) Cm,, Cha Cmq +CL4 C.m, +Cha
0 -20.19 1.92 -18.27 -18.14
5 -20.89 3.46 -17.43 -17.58
10 -22.71 5.82 -16.89 -16.72
15 -29.33 4.17 -25.16 -25.52
20 -43.97 -10.99 -54.96 -56.05
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Fig.4 Schematic of Basic Finner
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Fig.5 Variations of pitch-damping derivatives with

angles of attack
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Fig. 6  Variations of pitch-damping derivatives with

center of gravity (CG) location
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Table 2 Calculation results of pitch-damping

derivatives for Hyflex

a/(°) C,, Cha C., +Chs Coy +Cos
0 -0.241 -0.243 -0.484 -0.468
5 -0.249 -0.308 -0.557 -0.538
10 -0.252 -0.783 -1.035 -0.968
15 -0.270 -0.989 -1.259 -1.253
20 -0.286 -0.146 -0.432 -0.412
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Numerical simulation of individual components of
pitch-damping coefficient sum
XI Ke', YAN Chao™', HUANG Yu', WANG Wen', YUAN Wu’

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Computer Network Information Center, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: An approach for predicting the direct damping derivatives that formed the pitch-damping sum
was presented. Application of the technique was made to the axisymmetric projectile configuration as well as
the non-axisymmetric winged vehicle. The plunging derivatives and pitch-damping sum were obtained using
forced heave and angular motions that excited the different angular rates under the basis of Etkin’ s unsteady
aerodynamic model. The numerical calculation method of pitch damping derivatives was studied. The investi-
gations of HBS and Basic Finner standard model and Hyflex show that the predicted pitch-damping coefficient
sum obtained by adding the individually determined coefficients is in excellent agreement with the pitch-damp-
ing coefficient sum predicted by forced angular motions and with experimental data, and the variation of the
damping derivative components with the location of gravity center is also consistent with the theoretical predic-
tion. As for winged vehicle, the plunging derivative plays a leading role in the pitch-damping coefficient sum
in the supersonic region.

Key words: computational fluid dynamics; numerical simulation; direct damping derivative; plunging

derivative ; pitch-damping coefficient sum
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Table 2 Iteration of searching the final solution

using the differential-correction method m
AU AL Ax Ay Az

1 —4.82 x10° -3.06 x10® 3.11 x10°
2 -1.17 x10° -7.17 x 107 3.87 x 10*
3 -5.36 x107 -1.01 x 10’ 3.69 x 107
4 -1.53 x107 -5.33x10° 1.85 x107
5 -1.03 x10® 1.56 x 107 8.10 x 107
6 -1.25 x10° 3.71 x10*  -7.42 x 10"
7 -1.28 x10® 3.35x107  -4.29 x 10’
8 -1.72 x10% 3.64 x 107 1.10 x 10®
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Table 3 Iteration of searching the final solution

using the UKF parameter estimation method m
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Application of UKF parameter estimation in the three-body
Lambert problem
ZHANG Hongli', LUO Qingin®, HAN Chao "'

(1. School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Beijing Aerospace Technology Institute, Beijing 100074, China)

Abstract: A new algorithm based on unscented Kalman filter ( UKF) parameter estimation was proposed
for the fast and efficient solution of the three-body Lambert problem. The algorithm was divided into two steps,
guessing the initial solution and searching the exact solution. The initial solution of the three-body Lambert
problem was generated using the two-body model of the Earth-Moon system. Then the two-point boundary
value problem corresponding to the original three-body Lambert problem was converted to a parameter estima-
tion problem. Through solving the converted problem using UKF, the converged exact solution was found. The
algorithm was based on the theory of probability, so the derivation of the gradient matrixes required by tradi-
tional numerical methods was omitted. Moreover, the demand for the accuracy of the initial solutions for the
three-body Lambert problem was modified. Therefore, the difficulty of solving the three-body Lambert problem
was greatly reduced. Numerical examples indicate that the algorithm is of high efficiency and robustness and
obtains a larger convergence domain compared with the differential-correction method and the second order dif-
ferential-correction method.

Key words: three-body systems; Lambert problem; two-point boundary value problem; unscented

Kalman filter; parameter estimation
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Fig. 10  Displacement response curves of

dissimilar redundant actuator system ( DRAS)
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dissimilar redundant actuator system ( DRAS)
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Dynamic force equalization for dissimilar redundant actuator system
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2. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract; With the development of key technologies about more/all electric aircraft (MEA/AEA) , the

dissimilar redundant actuator system ( DRAS) which consists of power-by-wire actuators, EMA and EHA | in-

dicates the trend of more-electric-aircraft. First of all, the construction and the working principle of the dissim-

ilar redundant actuator system were described. The force fighting model within dissimilar redundant actuator

system was built up. The mechanism of dynamic force fighting was introduced. Three kinds of dynamic force

equalization for eliminating dynamic force fighting, such as trajectory pre-compensator strategy, force fighting

feedback with PID compensator strategy, EHA force/EMA position strategy were put forward and theoretically

discussed. Finally, a comparative simulation was exhibited for the three control strategies, and a detailed anal-

ysis of the simulation result was provided within the two aspects of the pursuit dynamics and the rejection dy-

namics of the dissimilar redundant actuator system. The results provide theoretical basis for the design and

force equalization of the dissimilar redundant actuator system.

Key words: power-by-wire actuators; dissimilar redundant actuator system; pre-compensator; dynamic

force fighting; dynamic force equalization
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Fig.1 Human-seat cushion finite element model
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Fig.2 Simulation and experiment results of sitting pressure
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Fig.4 Von Mises pressure distribution on the model
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Fig.6 Pressure distribution of the pelvis
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Comfort evaluation for aircraft seat cushion based on finite element model
LI Xianxue', DING Li*', WANG Xingwei’, WEI Shihua®, ZHOU Qianxiang' , HU Huimin"
(1. School of Biological Science and Medical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Institute of Aviation Medicine of Air Force, Chinese People’s Liberation Army, Beijing 100036, China;
3. School of Mechanical and Electrical Engineering, Taizhou Polytechnic College, Taizhou 225300, China;
4. China National Institute of Standardization, Beijing 100088, China)

Abstract: The comfort of pilot’s seat is highly demanded and the sitting pressure is a very important in-
dex to evaluate the seat comfort. A human-seat cushion finite element model including the pelvis was built to
simulate the pressure distribution in the human-seat cushion interface and interior the human body, and finally
to evaluate the comfort of the plane’s seat. The simulation and experiment results were compared to verify the
validity of the model, after that simulation under different overload accelerations was performed. By an analy-
sis of the pressure distribution and maximum pressure, the simulation and experiment results are highly con-
sistent and the maximum pressure is linearly dependent with the overload acceleration. The results show that
the human-seat cushion model is validated and can be used to evaluate the comfort of different seat cushions
under different overload accelerations.

Key words: finite element method; seats; pressure distribution; overload acceleration; ergonomics
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Real-time scheduling for models in computer generated forces

WU Yulin, GONG Guanghong* , LI Ni

(School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The computer generated forces ( CGF) based on time-stepped simulation suffered from the

problem of real-time performance during time advancing through run-time infrastructure (RTI). A new simula-

tion framework was proposed which separated time advancing from execution of CGF models by different

threads. The simulation time was synchronized with local clock and advanced through RTI in a separate

thread. Furthermore, a new static scheduling algorithm was proposed to manage the execution of periodic sim-

ulation models. Based on the load balancing strategy, the algorithm generated a scheduling table in accordance

with time step of system and execution periods of models. Specifically, the algorithm involved three proce-

dures, allocated simulation nodes for pre-deployed simulation entities, generated initial scheduling table for

model components and adjusted the table for created or deleted entities during runtime. The experimental re-

sults show that the time advancing method meets the real-time requirement and the scheduling algorithm pro-

vides good performance in terms of overhead and processor utilization.

Key words: computer simulation; scheduling; distributed computing; real time systems; time step
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Fig. 1 Resultant force F, from other masses
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procedure : NonDominatedRanking
for each p e Particles
DomSetﬂ = ,DomedNumP =0
for each ¢ e Particles\p
if p>gq
DomSet, = DomSet, U { ¢
elseif p < g
DomedNum, = DomedNum, + 1
end//for each ¢ e Particles\p
if DomedNum, =0
rank, =1,5, =S5, U {pl

end//for each p e Particles

i=1

while S, # J

Q=0
for each p e S,
for each ¢ € DomSet,
DomedNum, = DomedNum_ -1
if DomedNum, = =0
rank, =i +1
Q=QUlq]
end//for each ¢ € DomSet,
end//for each p € S,
i=i+1
5.=0

end//while S, # &
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kLT 4E & DomSet, i 54~ Fi F ¢ 1Y Domed-
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p I BT g SFR N i+ 1 AP i+ 1 BRI kLT
R FoL, IR SE AR SR 22
3.3 ETF MODPSO-GSA K& 83K fig

MODPSO Wi S5k B, {5 &) FL a3l 8, MOGSA
FILH R 095K i 23 18] 7583 (exploration) fE ), {H
Bz AT RO AL SO o A Rl
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Fig.3 Last states of four algorithms
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Cooperative weapon-target assignment based on multi-objective discrete
particle swarm optimization-gravitational search algorithm in air combat

GU Jiaojiao', ZHAO Jianjun™', YAN Ji’, CHEN Xuedong’

(1. Department of Scientific Research, Naval Aeronautical and Astronautical University, Yantai 264001, China;

2. The 91352 Army, Weihai 264208, China)

Abstract: An air combat weapon-target assignment ( WTA) model based on multi-objective decision the-
ory with a hybrid evolutionary multi-objective optimization algorithm solver was proposed. Air combat is a
multi-stage process of attack-defense countermeasure, existing WTA models are based on disposable fully allo-
cated assignment without considering the missile consumption, which does not conform to the actual air combat
process. The minimum of total expected remaining threats and total consumption of missiles were selected as
two objectives functions of the multi-objective decision model, with the premise of reaching damage threshold.
The hybrid multi-objective discrete particle swarm optimization-gravitational search algorithm ( MODPSO-GSA)
was proposed to handle the model, which possesses stable global search capacity and promises to converge to
Pareto frontier. A Pareto optimal solution set with damage threshold met can be obtained, which offers decision
reference to the commander. Simulation results verify that the model is of advantage and the proposed MODP-
SO-GSA is effective.

Key words: weapon target assignment; multi-objective decision making; evolutionary multi-objective op-

timization; particle swarm optimization; gravitational search; Pareto frontier



2015 4 2 A
FA14E 24

tEMEMRKEFER

Journal of Beijing University of Aeronautics and Astronautics

February 2015
Vol.41 No.2

http : //bhxb. buaa. edu. c¢n
DOI. 10.13700/j. bh. 1001-5965.2014. 0133

jbuaa@ buaa. edu. cn

SR ENEG REWEMEB AT EESHT

2T
SCEL

Frk, ITRE", #L

(JEE s it R R iz phes 5 T = Be, Jbat 100191)

i B W TRREMZHRAER ARG TR, ZRENS RN T H K,
FRTENKRGEHBEFARATER LN A ERE T E. AT AT R EAREHKRKF 0 E
HATWHE,ETRES¥ RET AR AHESHMANEH R G050t H T &, £l
Mz EECEMETERAN TR, AL TERTRAABHARRGERET REE 27 % %
FHEAFAARENMEELE  RFAHSKT AR B LB T, A RLMANREH R R
W EREAMEET T RN EHBERITEA -—TWELEL. A HEEA, FEmETE
AM T EERFEFBET FHRAT TR, ERTNT R CHT R T % 0 H B A ad & & % M ik

HEFEFHRARWER K.
x &
RESES: 0327
MERARIREG: A

B 5 AT 5 AT R 0 S0 45 ) i B 178 SR Bk
FERE A G0 IR B 5 AR MEWE R B BRIk 3h &
P A R E 5T B RN 2 — . R 3l 32 3 5
RGBT R 45 ) B AT ROR 4 A R AR
AR A TR X AN S 5 Ry SR RT E PEAIR Y
B AR, 8 TR SE BR i, AN A 1 R A AR
8, AN G PSR DL R 32 sl 4 ) R e Tk B
it FL AT RE Al 3 g i R e A ke ik, A
BT AE M AR 3l 3 gl 45 ) & G0 00 ] SE 1k o i O
25, LA B4y il 45 5 42 1 4% B BT T

VT JLARR , P A 428 1) 28 6 4 T A 1) et 52 3
TR B2 R O, JF R T — 28 5T R
Spencer 4R th T PR TR i 3 4 5V 1 15 4
i R REAE {5 A1 Routh-Hurwitz 34 51 7k 1)
S GE T FR G810 Al &4 (] 8T Breitung S5 AfF 5F

W EMETEN; T8, RIEH; FAFEME; KEL20

XE4HS: 1001-5965(2015)02-0259-08

T T T R 0 AR M s AR AR M e BT
#:10. Battaini 25 % J& R 6 BEHLIE AR 85500
AN M, I 45 A me R T Rl 5 F1 FORMY/
SORM #F 58 T #5% W1 43 i #% ¥k A f4 ol 52 1.
Crespo FllKenny B/ 5% | J& T A 5 M 1) A ff o 422 1l
ARGV 7 W R B E S Bk B B AL AR
T, ZR G0 R A B A B AL B SR FH BT U SR R
JroR I BT FE . Guo S WF5T T LURRE HEAE K
& b 1) A MR 5 65 4 T S M 0 BT O vk, IR L
T 2, S T B A i AR Venini Al
Mariani $2 H} T — PR 45 23 B HE 28 F 19 A 1l 2 R
G5 52 BERLIR I 0 7T 58 VA BT 07k 0 ik T
PLig FH T AR & B 5 i B R G H, , H, Rt —
KT (LQG) . Li S50 58 T BE ML 4SS5 F4 A i 17 43
B 77 HE R sh S A SR e A T R R T K

Yris B 2014-03-20; A HHE: 2014-06-25; M %% H KRB iE] : 2014-09-04 1701
P 2% tH AR 3E . www. enki. net/kems/doi/10. 13700/j. bh. 1001-5965.2014.0133. html
EE£WB.: RS BRIEABIIL 5 2% 77 85 H (YWF-14-HKXY-027) ; EZK A AR =S4 7B H (11372025) ; fii a8 B 22 5 4 0T B 3

H (A2012ZA51010)

1EE®NY: 2k (1988—) , 5 IR EM A, M4 ,lylsdust@ 163. com
« BMEE: EBEA(1978—) B BEPTIL 1A, B , xjwang@ buaa. edu. cn, 3 BHFFE 7 17 4 4540 T3 2% b1 50 8 bk 2% 45K Tl S5 4.

SIR%RX: 24, TRE, B LWKAZAEHNRZHERETEREL2NI] XA FMEMK A FF ], 2015, 41 (2) : 259-
266. Li Y L, Wang X J, Huang R. Non-probabilistic reliability analysis of active control system for structural vibration [J ]. Journal
of Beijing University of Aeronautics and Astronautics , 2015 , 41 (2') : 259- 266 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/kcms/doi/10.13700/j.bh.1001-5965.2014.0133.html

260 G| AN T N N = 4

2015 4¢

T R B T — TR Y B0 AT A RE A O vk

MBI 58 R SR 45 ik 3l 3 Bl 4l
Z5 G0 BT SR 0 A 7 TR R AR S T I AN 46 =
Rak B0 BEHLAS Bt I 4 A A% G804 Al SRR 2 B 7
LAY AR A AR R T R GRS E M, X
PP AR SR RE I ] SRR 2 M B b, HEE T
Crandall 4 H B9 R SEBE IS AR, 24 A B A2
SR AT R B0, DL R T JCE A B A R
JE o3 A i, BEALTT 580 AT TCRE S 4 1 XA EA
Oy Kb RN A A )RR B A T B — R R
AL R, LR BN S T DL A E
Frdiiads. T2 W8 2545 A DX ) Johl iR AN il 2 o, 2 T
WEAR TR, 48 1 AT 5 B A0 BT B AR R T
AR S R AR T — Pl T O 95 T B0
FRME 5 AT 58 ML 98 b, JF B 5T 7 AR DAY SR i 7
W s e A R T G W T A 4
SrFTh A B Tz A {E TR 25 R ik 3 45
URE B A IX T3 T Y BESE . B Tk K F 1Y $2 5
Lo X TR SR BT A0 AR R 2 2R 9 AN W 4
AF M AT S M 23 BT O VR AR 5 R Uk 2l 4 ) STE0RE 2
32 B B 2 B AL, X R A SCRVE AR IR —.

AR SR AR R AR AT SEPE 23 M7 05 1 N T A R IR
g B AR GE, M X 1] B0k 4548 2 808 1
PEHEAT RE AL, 38 I DX 0] 2 408 Bl vk A B P B
il 2 GE R L D[] 4, 45 5 T e R 0 M 69 AR AR
TR I T A5 H AR 3h 32 Bl i ) &R 48 T SR o
Frig AR BER 7 . B0 5620 TROPL 3 A9 3 3 45
A GLHEAT T AR R Al Sk M, BOE 5 1 96 1
ARSI $ 75 125 B A A0 R i

1 AHELEMIRDENEHTE

ZIEMTRA n AW EMNRG, HAEIN T

i AR g A R A R B9 A R OT T R

Mx(t) + Px(t) + Kx(t)=B,u(t) + B_f(1)

(1)
Hp ,MeR"™",PecR"™ KeR"" 55| g 45 45
o i) o S R L BEL TS JE I R MIRE R [ X (1) e
R % (1) e R™x (1) e R3S w4 25 4
R 0 3 R e T (] i AL RS 1) i FEFE B, e
R B 2y i 19 057 ¥ R0 I, FRAE B 3 25 189 3 A1,
Hir IR BB u (1) e RS RBHE ST,
B4 1 45 1) D s FE I B, e RO SRR B A 1
FH AL R, SR ARSI Y 3 A1, Hovh s S Ab
TR (1) e RV g SN Af ) 2t A 9 2 &
S s ) AT, — FBOKE L B Bl 1 S o O R

By — PRS2 R IR E RS ZL R Z(1) =
[x" (o), 2 (o) 0, (1) AT AR AR i —
iR =S 1a) 5 &, A

Z(1)=A-Z(t) +B-u(t) +E - f(1) )
{Y(t) =C-Z(t) +D - u(t)
Horp
4 _[ 0 1 ]
Pl Mk -M'P
O
5[,
0 M'B,
L] 0
@anxz[ - ]
1 M'B,

C H1 D 5350 Ay it R B R O 4 5 B8 O I, — NS
OUT BRI D =0, & th A FE C ] DIAR 4
B R AT G () T RLE L,
RARGW A W n BRI, RS 25 18] 7 72 19 4E %L
WS AR, AN AT 4 1 5 1 BT 20 A
N TAET e, X T bR TR REA HiER
JH 3 bR S 2 [] 2 48, T 2 >R I ABE 25 8 T 19 5
BRRGEWRE R TR T RE W) %47
Jg EE R ET LB S P g, Rk A1) X Ay ik )
DUA RO 08 /0 R GE 0 F R B, AT b 315 6, 32
T RRCE. 454 3 ) 2 59 T AL, AT R
) A B 4
x=@ -7 (4)
g 12 () A LS OB S AR bR T 1 — 2R
W Ir e
n, +280,m, + a)fni=Bm.u 1 =1,2,,n
(5)
Hi, 0 WEAGHBRESHEE, I &' M =1, ;
B, e R"HHIE @B, W5 i 17t T AM 3B 1)
i f(0) AR FR G AR, R A SO H
W, 72 ZR G853 A b ml DI AR S S0 AR 0 3l ok Ak 21
W g WS, Z() = [wn,,1,, 0 0,m,,m,]"
JpRAEAE g, 2 (S) BARE S R W] LS

Z(1)=A-Z(t) +B - u(t) ;

{Y(t):C-Z(z)+D-u(t) (6)
Hrp

@quzq:diag(Al9A2""’Aq)

5 ~ 0 w,

Ei_[_wz _zfiwz]

|:| (7)

B, 1"

q

=|B,,B,,

2qxr

[— 2l

T

] 03

—

iy



552 3

B, 4 GRS E S R LR R AT FE AR A 261

w, & TP R G § [ SRR A A L L.
N Tl R 5 R Bl g W R Y R (AR TE]

1, Z 18] 2 58 B WA )R T2 5 (i Y, ), B
max |y(z)| <Y, (8)

tSt<ty

R AE 284 1) T A RR 25 9 2 T 00 Y, DT AR R
A& R ) i X £ AR B 2l g A e N AT 3 Bl 45
i, B
u=-GZ (9)

Horb G RS st il &, AT A TR i Bt Jr i
KA, th TASCH B SRR & G, K
AR S E HR

HY T SRR TR A 57 I T R 2 A5 T THIAT
TEA B E . [N, 56 T R & T S50
T R S A BRI, O 2 DL TR W R 45 S E
P (A A< T BRI B 5 A MBOE 25 0 B 2% RO
TE SR — X AL A 224k, B

b'=[b,b]=1{b:b<b<b,b,b,b cR"|

(10)
Hor m R 2 B A BR T 4 BT R
s 48 Kl %) R R I L R I R R G R A
FAREESE b 1, I — Bk 25 25 1) J7 72 (6)
WAL AR BE A RN B A B B 34RO E = b
F14) BRI B, 5 2% S AN i 0 465 A 3R 3h 3 sh B 4 O
AT LIS N
{Z(t):A(b) - Z(t) +B(b) - u(t) (11
Y(t)=C-Z(t) +D - u(t)
KX (9) MR T w7 75 P 28 45 ) 2= 42 1Y)
RIS
Z(1)=[A(b) - B(b)G]Z(1)  (12)
TR P AR, I 48 SOHE PSR A5 1 45
8 00 7R 2546 I, 2546 14 2l g i 17 9 R — 5 g
B 2 BT R (2 (8) ). & i s i i R 4
FEASEERREZm T, A R CORATEE).
DRI , A7 0 A3 7 3 e AN 2 %oF T S 42 o) 2R 5 10 5%
], %k 25 A8 4R 2 3 Bl 4 i R GE R AT AT SR A AT, A
o At s o 2 O TRE T R AR G Y T

2 AREHRFESEATEEES

Fe B 8l Iy 2 AT EEE 73 B O vk LS AR 9 3l
M 7 O S e A s 25 3 R O I
s g RV N N DA K S E T é 5 TR L L )V
Ak P A A v ST BE AL AR A SR R AR/ T 45 E Y
e PR, W) ZR 50022 4, 5 WU R 30 K b T S 435505
I HGE T A E 2R 5852 BRI A8 B0 A8 3C

U] A2 B AN P77 T A, R S R 3R Bl T B 4
Wil RGEHEAT o B, B BUEAET ] [ 1,0, ]9, REE
i R A 1 AT RE R e L, W AT 1 RR.

U RGE3h Iy B 5 ik B A Y AT fE R
Fig.1 Possible times of dynamic response

across the threshold

JE SCHNR AR BIRAR 2507 7
g=R, - max |x(1) | (13)

LSt<ty

Hort R, S PR 2R B0 o 10 05k K U R
max | x (1) | BTN [ 2, , 0, ] P9 28 G5 00 52 0 7 G

e RAE, Ry T R, X S:tfgfg,‘x(t) =
g >0, ZRELE; Mg <O, ZERM;;H g =
0 B, RGAL Tl AR, L, REWATEEE (R
GiE WA RETE) AT LLE LR
P =Prob(g >0,t € [t,,t,]) (14)
H T 454 2 500 A i 2 1, P AR R R R S A
BFIE] [ 2y, 0, ] P9 B0 SIE MR I A 05 K S 0 2 A E
AR EE 3 1 £ 0 X RN B 2 2 R A
IR R ge e N 43 B 5 %, AT LAAS B S Y X [A]E
Ml S". A S b TR AR, 0 SR U A 0 K 4 3 1 &
R E i R G, Wit R — R N e
1, B PAH BR 45 i 3 G0 B SRV A S oK e Y, R A T
X [R] G R, B R, e Ry, 3XCFE A 2095 1 5 40 3 4
] R R R R A SRy T A DX TRDECZ (] KN L
BCF R AR — Bh X R B BRI
PR T s ) P, AR S RS AR A ] K
705 s JU LB ) TR 3k A 23 R 9 R AT T (g =0)
O3 R A S RNR SO R 43, B 2 .

2 MR AT R B HOR B
Fig.2  Schematic diagram of non-probabilistic

reliability calculating



262 G| AN T N N = 4

2015 4¢

ME N A S /N T4 8 W LV R, g >0,
B ZR G802 e 4 1), DRI R o o o /N 1 48 2 1 e i
1B (4 0] R 1 B2 AR Sy 45 A IR B = s o R gy Ak
MR AT HERE a2 YRy 28 4 kT AR 5 A i S AR o T
Rl T AL = L, B
P =Prob(g <0)=S_./S,.. (15)
HH N 1) 45 K i 3l 3 34 i 3R G0 R A0 W] R
JE B AT D SR AR A8 ek i AR AN A AR T L T
Rz Ik, Bl
P,=Prob(g > 0) =S’ S (16)
214 R G SR BIR BRSO R A R X ) AR R T
AN, DU X i) A% g i L ) DX s o K Ok ik
Dy A, R R A SR TR B AT DLE O 4 XS
AT S SRR H . 288, an SR A BRSO 7
HATARL M 1Y IE 20, 3 i 3 A 58 AT 58 B 1 5 S
AR RIS TR Y B {E D 5 — o B AR R ]
FE AR R R fb BB A R 2 L
MAERTI [0, 05 ] N, 2R G800 I A 22 IR AT fig
b BAE AL R IR R (e e ] N R GERY AT
S BT LAE SCR
P =P, P, - Ps;, (17)
Hrbp HRGWNAE 1, ,05 ] WA W] REME 45 (E
K. P, (i=1,2, -, p) BTH5 al DU i 73 31
Bpa] (e, 05 ], HAFAEBF — AN B R BE N R G LA 1
W] RE ML G LB il 1 FToR, AT ] [ e, ¢ ]
GEIR e, ), L, ], [, ], [y, 0 14 358, 53
SR L SR Al ARE SR 53k A A R Y B i) B
WIS R G T SR SR 5 I X (17) 3153
CIERER

3 SXEARESHBHARES R
For

AT 5 R DL H 7 A 30 B 3 45 6 R 4
My R ) DX 5] i A o L T 5 A AT R . O T 0y
BT PH P45 2R 5 9 T ST I A O
6 P A 52 ) 2 8 v o] £ 4 1. 5 e n =X (12)
JT 7R B P ER ) R 8, o 2 AR R P A AL RS
AR (12) WM. AR S M 280 b Ak
IF 3 A2 5 R B A 55 220 K BB A LB AN
) 7 45 -
I=1{x(b,t): Z(b,t)= [A(b) -
B(b)G1Z(b,1),
Z(b,t)=w[x(b,t)],b b} (18)
K Z(b,1) =wlx(b,1) | FmRGARE 0
T AR IR S ) B A T R P R, R I S

Wy B o7 T L AR A A ) A i i 4 A5 F) . —
WAL, A T R— DAL R0 AR W B 240
DX 38k 7E DX R B2 b SR g an =X (18) s 19 8
M o7 S5 e 1 A2 4 8 — A X ) R A B i
EA X C18), ok U, ZFHkm i EAN
SuB

x'(b,t)=[x(b,1),x(b,1)]=(x;(b,1))

(19)

He,x(b,1) =(a,(b,1));%x (b,t) =(x,(b,
t)). JFH

x(t) =min{x(b,t) : Z(b,1) =

|

J [A(b) -B(b)G] - Z(b,1),b e b'}
| .

[x(t)= max{x(b,t) : Z(b,t) =

% [A(b) -B(b)G] - Z(b,t),b e b'}

(20)

e X IRV R T i R Jr ik, X RS 5 b (1Y

P{E (45 SCIE s (E) R4 (R E S8 1) AT L
I3 N R

] (b -b)
%bZ(Abf):rad(bI):

JEF DX R) Bl f A IX A 38 55, 450 S BUR I 8
b A LU i Sk e R A RS W 2 BB A (4 X
R ANH E 242
b'=[b,b]=[b" - Ab,b" +Ab] =b" + Ab - e,

(22)
Forbey = [ =1, 1] 2 I i A5 Bt 45 25 Ky 250 b
R R R (23) R

b=b" +6 16]< Ab (23)

KRG HBEA(D) ,B(b) TELMZH b .0 E
Ik JE TS
. i SO0A L L
%(b):A(b +8)=A(b°) + ]zl ab/_(a,.) =

L] .
1 A(b) +3A

CB(b)=B(b" +5)=B(b") + Z a—bj(aj) =
H B(b') + 5B
(24)
e & genm W vl LLR IR A
Z=7"+3Z (25)
T ARG, (25 h Z g T RS
M T 250 S 800 22 A o B/ i o, BRI AT DUAE



552 3

B, 4 GRS E S R LR R AT FE AR A 263

AL B0 3 2 8 W) IO 2 47 4% By e T, 1D

dZ = 2 Z"Ab, (26)
Horp z, _ 9Z"/ b,
B (24) S RATFRE(12) AT ARG 3 .
Z° +dZ=
{A(b°) +3A - [B(b°) +3B|G}| - (Z° +3Z)
(27)

Jee ¥ 2 (27) JIF 220w By /N T, T R B ] LA
155
Z°=A(b)Z" - B(b")GZ*
{az'=A(b")az - B(b")GdZ + SAZ° - 3BGZ'
(28)

2 (28) A5 WG AN A S0 0, [W) 5 A5 1 A O B, R RS

20 i 1) B A3 7 AR 25 5 45 B i R Y 5 27 FIAS

2 i Z, 45 520 (26) ] ISR iy Z°,. F X 1]

ook I B, AT DUAS F) R GE w0 1 X[ Sy
Z'(b,t)=Z(b",1) + AZ' (29)

Hrp

m

Azz;z;(b} —b)) =Y |z Ab|[-1,1]

(30)
R A% 285 22 ] F) ) 7 28 3 85 R g 5 (4) g A 6
CIRG 2 B oS o D 7/ B ) A il 81 D E T Bt A
A LAAS B 28 4 LS ) B e W A DX TR) B R B

m

x(1)=x(b",1) - Y x| AD,
j=1

. (31)
F()=x(b1) + ¥ |x|Ab,

o AT DL 2 2R R 7

Zoieb LA HE S, B 278 50 T 2 500 1) IX
) E R R (13) B AR A 5 BT DL,
ARG, A E R GRS =
max | x(0) [FE4 5 0080 [ e, ey ] 049 19 I i 305

L St<ty

SRR 4,0, )9, T RGN A 1 KT R
PE2E BB, BRI, 2 SCRGEMIRL S = max |x(1) |

i DX ] Ay
S=max(x(1),t, <t <t,)
_ (32)
S=max(x(t),;, <t <1t,)
— B AF LT b 2 BP0k ] 2 A ] — B[]
o IRF. X T FR G R — 2 8RR o Rk s
RGEATER, b X0 p0 Ak R &) B8 A 23 75 7] —
10 2143 2/ 2 s o = 1 <5 e 1 e = e = N D T
SERE SR/ TR A R 2 e 1) DR ST (HXOAS 52 R 1%

2 E

4 BEFEH

4.1 “HHE#RE-RE-HERIRSEDEFZR
GRS
F RN 3 BN B R B - - R e

B3 = A - B R RS R G
Fig.3 Two-degrees of freedom mass-spring-damper

vibration system

RGBS T:m, =10kg, m, =10 kg, k, =
20N/m,k, =15N/m,c, =3N - s/m,¢, =2N - s/m.
H T3 I T R e B R P A AR R R IR 22 L R
RGN S B TR, 53 3 ymy = [7,13 ke,
my=[7,131kg,k, =[17,231N/m,ky, =[12,18]
N/m,cf =[2,4]N - s/m,c; =[1,3]N + s/m. £l
JHERIAE B e m, b D R R m, (AL
B ST ] DL WS AT AN T R 4 A e
2. MR e /N SRR BB, AT LU ST IR B
565 - IO - B JE s AR L AT BROT 5

Mix(t) + Px(t) + Kx(t) =B,u(t)
v 5 A BELJE S R L DO R R I B K Bl 4 A
FEFE 3 AT

M:[ml ()] P:[cl+c2 —cz]
0 m, -, c,
K:[k‘+k2 —kz] Bﬂ:[l]
-k, k, 0

X E W ERNRG, TR AR (3)H
e HLE R RS s IR B
Z(t)=A-Z(t) +B - u(t)
Y(t)=C-Z(t) +D - u(t)
REERA x =[x,,%,,4,,%,] , REHNH)
fRAE 2, =[0 1 1 0] K HIRRALE t e
(2,00 JAYHFIE] PN, 28 G0 4 MR 107 268 %57 {8 AN 7o 170 B 2ok
0.35m, B max |, | <0.35. KR fft £ i 338 A
HURGR B EREIG=[3 0 1 3]".HA
4 45 W T JF ER R G R I A s R G e 48 X
i, NE AT LUE Y, 24 P 46 1l 3R G0 2 0l e 458



264 G| AN T N N = 4

2015 4¢

BRI, /e e [2, 00 JETIT ] N, 28 55 14 1 17 266
XHEA B 0. 35 m. fHUR i T R GEA7 A6 A 1
PR 2R L (00 17 2t B 3, e, PAD B 2% 45 114 W
AT T RERE o 45 R 9 BAE. i S T LAA Y
BRSO A AR AN PR PR ) 2R GE R O B A 2
MEC M T 0.35m, Wl R UK I A LR G
TR, 25 B T 92 BR i al R 2 A nl 5.

4 PR A R AR G D
Fig.4 Comparison between responses of open-loop and

closed-loop system

S X[ P R o R e im bR AR

Fig.5 Interval bounds of interval closed-loop system

M FAS SCHRE H 1oy AR M 4 AT & JBE 20 A7 O ik, 3R
U257 3 o i 1 P9 R 48 B A ml 5 O
Bra 2R, 524K % (Monte Carlo) 73 A 7 i /2 1t i
BEATL AR T3k X AN 1 72 45 AR R AT 20 B B B R T
He CHREARBUR S Z 0], AT S8 PR T B0 25 R 8 T i
Brfige. R, O 1 B UEAS SO e 75 ik Y DG s , R
SRR RIS IR AT X . SRR R O AL R
AHCH 10000, 24927 7 Ais il ke e SR JH 3 S BIL B 4
fig : CPU, Intel® Core™i7-2600,3. 4 GHz, N7 16 GB.

x1 EMEAEESWTAFEEEFFRAELR
(BE-RE-FHESRKRIES)
Table 1 Comparison between non-probabilistic
reliability analysis method and Monte Carlo method

( mass-spring-damper vibration system )

T ‘ T ) -
A "
ik B (Eé%m N H;'lf; ”“ff
EHR/m TR /m ‘ ¢
SRR 0.1044 0.2082 0.3514 177.553 99.9
JEME R 0.0532 0.20395 0.3547 0.147 98.4

HIe 1l DU, 2R SCRT 07 6 3 30 00 oA 36
P 2R G0 10 T 5E B B T S R % O ik AR Bl
FEE WA 1 A DX ] 3 PR LU 55 R R 3% O 1R A B Y
DX TR 38 2K, 3 32 R T 1 SR A DX ) i iz
DX TH] 3z 55 el Sf #9 DX ) 7 5 5 | Ak 3kt P K i3
Wl T ASCRIT 4R T7 15 B PR S k. AR 1 Rkl LLAR
78 W7 B S0 R 1% 77 1 T A I TR 58 K 1A
AT EE FE MO W AR R R G R B R R
/NI, RS R 9 O ik T R A R A R
Ao BB A Y 25 2R T A AR 3R AT S BT A 5 vk
MR 32 BEAS B 20, 5 A 2 78 ) 5 A OG
Py At AT DA 30 S AR ST B A A W R AT 5 2 A

T3 1 B e R
4.2 RETXHEMIRDEDEFHNREZHTES
T

N T BRI SO 2 7 3 A 52 B T A HR Y Al
P, K AR SR 2 J7 35 10 T 56 R0 ROPL 5 i 45 4
PR3 ESh i d R G HIE M 6 Fros iyt Rl K
BLFAE , oh T IS S — b AT s R 45 4, 7 /L
HRATHIRE DL, A0 ERAS RS A A A 5
T AR 2 B TR A P R 5 RO, 3 v Y Uk gl
M 7 17 W] 7 2 XoF S PR 8 1) i 6 a7 A
xR (6 BT R ER 23 ) 19 4k 2 2k 47 32 3
R TS DI R

6 I TRHL A 4R 5 5 R A s g 45 o A T
Fig. 6 Active control of vibration and noise model of

an aircraft bomb bay

s 6 Fran, 5 A W A1 A S T Xy
RE &ML, PR & E =68 GPa, JAM L p =
0.3,% )% p=2770kg/m’ , 45 ¥ BH )& Hy LI BHJE P =
oM +BK,a =5.5,=1.8 x 10 77, 3% 1 AT 4 JE
hy =1.8 mm, KT R BE h, =20 mm. ANHfRE & 4 i
PR B VR B RBE A - 43 30 by = [1.6,2.0 ) mm Al
E'=[66,70]GPa. th T#i bR 1 %2 fit — > e 2%
A IK B, Pt 2% P 8 R g8 Ol 22 i A\ PR g
Fat. BT ATLUE 988 &% 5 45 G Y R T
AR RIR BB B 2 b XRERLORAIE TR
295 (10 T A 0 AT UL L A R Sy R e AE A2 B ik
P2 A B, 7 3 A e 7 B[R] P A% B 6 8 Y R B
R E A fig ﬁSmm,EﬂoTﬁi |z] <5 mm.



552 3

B, 4 GRS E S R LR R AT FE AR A 265

PR 7 SRR AR B R P Bk S S

Fig.7 The first two vibration modal of elastic plate

SRR AR DU 25 i 52 B s #E AT A R oT R 4
MRS AN &L 7 Fir R, 400 A~ BLoG, 451 4S5 a5, 1353
AN E B PG, R (7 ) S H T g 4 o A
RS2 8] 7 #2 (g = 10) , e MRT 10 B Ik 2 44
A, R HT 10 B AR E R 2 R e &g . R
LM R g (LQR) die 042 il Be , 3 E A
JNE FA) TIIASCRE I SR fife 45 380 42 1 2%

G- 10 -54 0.5 - 0.17 -4 —18]
2 —-12 23 - 0.5 -5 =21
F2 EMEHRAET 10 TR

Table 2 The first ten frequencies of elastic plate

2x20

W 1 2 3 4 5
WiZ/He  83.2 90. 8 99.0 110.5 126.4
W 5 6 7 8 9 10
WiZ/He  147.1 172.4 202.4 221.7  236.7

P8 45 Hh 1 P Al S I 4 e
KO 2 th T % AN S I, P A J2 il 2R 4 i
JO7 D[] B R B, o AR RT LA DA B 4 ) R S

8 oL A I A S AR T B T L
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elastic plate
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Non-probabilistic reliability analysis of active control system for
structural vibration
LI Yunlong, WANG Xiaojun® , HUANG Ren

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: To solve the reliability problem of active control system of structural vibration, considering the
uncertainties in controlled structure, reliability analysis of the active control system for structural vibration
based on non-probabilistic reliability model was studied. The uncertain parameters were expressed in the form
of interval number or vector. Calculation method of responses of the closed-loop system with interval parame-
ters was proposed based on interval mathematics. Combined with the non-probabilistic reliability model, non-
probabilistic reliability analysis method, which requires the bounds of the uncertainties rather than the proba-
bility density function, was established for active vibration control systems. This reliability analysis approach
had certain theoretical significance for reliability analysis of open-loop system, closed-loop control system and
reliability-based controller design. The results of numerical examples demonstrate the effectiveness of the pro-
posed method and the applicability for complex structures compared with the Monte Carlo method that can be
taken as the benchmark of accuracy for judgment.

Key words: non-probabilistic reliability; active control; vibration control; uncertainty; interval analysis
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Near field image reconstruction algorithm of synthetic aperture radiometer
based on partial differential equations

YAO Xianxun, SHANG Xiaozhou, MIAO Jungang, LI Zhiping”

(School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract. Since the Fourier imaging theory of the synthetic aperture interferometric radiometer ( SAIR) is
unavailable under near field conditions, a nontrivial numeric image reconstruction algorithm based on the local
adaptive partial differential equations ( PDE) was proposed. Based on the prior information of the desired
brightness temperature distribution, an isotropic diffusion was applied at the image background areas to de-
noise, whereas adaptive diffusion was performed at image target areas to maintain image edges. It was demon-
strated by near-field simulation that this algorithm is effective in lowering the image reconstruction errors
caused by visibility measurement noise. Imaging experiments were conducted on the two-dimensional 8 mm
band SAIR BHU-2D-U, and the advantages of this method were proved.

Key words: synthetic aperture; radiometer; near field; image reconstruction; adaptive partial differenti-

al equations ( PDE)
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Table 1 Relationship between GDOP after satellite

selection and number of selected satellite
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SUry TASH XTAA YONG
5 2.04 2.06 2.12 2.16
6 1.90 1.90 2.03 2.04
7 1.77 1.79 1.98 1.95
8 1.67 1.72 1.94 1.88
9 1.65 1.68 1.91 1.81
10 1.59 1.64 1.84 1.77
11 1.52 1.60 1.79 1.73
12 1.47 1.56 1.76 1.69
13 1.42 1.52 1.73 1.67
14 1.40 1.49 1.70 1.65
15 1.38 1.47 1.68 1.64
16 1.37 1.45 1.67 1.62
17 1.44 1.65
18 1.43 1.64
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Fig. 1  Statistical results of relative ratio of GDOP in

case that ratio of selected satellite is 0.5
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Table 2 Calculation of least square estimation to position
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Table 4 Statistical analysis of consumed time of

satellite selection

A2 f5 GDOP

il GDOP, P./%
RAME EKME BE 5%
2.5 1.42 439  2.30  0.06 92.45
3 1.54  3.93 2,56  0.07 99.59
TASH
1.79  3.99  2.71  0.14 100
1.71  4.89 271 1.15 100
2.5 1.56  4.09 2.29  0.05 94.78
3 1.57 4.19  2.50  0.07 99.91
XIAA
4 1.65 3.99 2.61 0.13 100
6 1.68 5.79 2.62  0.13 100

& 5 FERT/ms
Wy GDOP, Py/%
H/ME SN YIE
2.5 10.24 36.30 21.41 32.53
3 10.24 32.57 13.11 80.11
TASH
10.24 28.85 10.31 99.34
6 10.24 10.24 10.24 100
2.5 10.24 36.30 19.27 43.64
10.24 32.57 12.26 85.93
XIAA
10.24 28.85 10.28 99.68
6 10.24 10.24 10.24 100
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Fig. 6 Consumed time of satellite selection at the TASH
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Table 5 Statistical analysis of number of

selected satellite

R H /B

Wy GDOP, P./%
AME WRE MR
2.5 7 9 7.69 41.92
7 9 1.37 86.93
TASH
7 8 7.00 99.87
6 7 7 7.00 100
2.5 7 9 7.53 54.02
3 7 9 7.09 90.87
XIAA
4 7 8 7.00 99.93
6 7 7 7.00 100

P, —E B EH N T MR,

RSB AR TSRk AT S B S I o R
RCE 0 TR LA 2 7 E RS ORI A s AR
SO AR LI 3t 1) £ FLE5 AR S T DL 2.
3.3 REREHEENSN

Hi 1.2 35 23 A ATk, 5 R R 4 e] L T2
SE AR EE, T I 8 04 96 A2 A2 0 KG JEE 5K B E A7
P JRE EAT S AV it B A T 6 SR ORI AL ELT)
FE 3.2, 2 359 0 A Al g, i BB AR B R AT
FETHR AR . R, Dy 1 R v o0 P e gt 1
e BV X B T B BRI TR0 A T bR g
R 2k 0k B U R AT O i B A O R (R ik
FEBA R T R S R S B SR 5 4
PRET L TR E AL Y B R BEAT LA, b E A %

SRR T FL /D e i B AR B 50 K.

XTAA 3 16 B 1if J 08 1550 AR DO L 820 501 4
10 FHiEl 11 fr . oF 58 AH X e AE 19 G 1T 45
mk 6 fiR.

Pl 10 XTAA 5 i B A B9 97 Uiz A A X L (i
Fig. 10  Relative ratio of addition after satellite selection to

addition before satellite selection at the XIAA
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Fig. 11  Relative ratio of multiplication
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Table 6 Statistical analysis of relative ratio of
calculation after satellite selection to calculation

before satellite selection

e BT B A X (R %

iz S GDOP,
e /IME R MEH ¥iH
2.5 22.73 73.98 54.75
—— 22.73 73.98 63.13
s 36.62 73.98 65.58
94.15 96.58 95.48
2.5 23.72 73.53 54.81
- 3 23.72 73.53 62.78

7w

37.12 73.53 65.09
94.55 9.8 95.78
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Table 7 Statistical analysis of GDOP after

satellite selection for different algorithms

%5 5 GDOP

W R
I /ME R ¥iE Iy 2%
FGSSM  1.627 3.105 2.558 0.062
TASH GDOP,, 1.339 3.302 2.032 0.093
D -1.051 1.529 0.525 0.154
FGSSM  1.605 2.990 2.510 0.067
XIAA GDOP,,  1.392 3.149 1.964 0.086
D -0.900 1.530 0.546 0.154

¥ :D—FGSSM 5 GDOP,, i £ 5 GDOP [ 2:{H.
3.4.2 % E R
TASH 3 Fl XTAA 3 73 351 SR F PRk 38t 4% 1 A2
MR/ GDOP 32 i 47 38 A2 i T B I 8] (9 58 1145
RAnE 8 iR,
*8 AEEZZEEMBZEITHN

Table 8 Statistical analysis of consumed time of

satellite selection for different algorithms s
\ GDOP,,, FGSSM
) 3k e re re e e
W/ME RORME WE RME RORE HE
TASH 1.60 29.62 10. 65 0.021 0.047 0.024

XIAA 1.60 29.62 10.65 0.021 0.047 0.023

GyATEE 8, LIAS LR 4518

TASH 3 5% F e 3 35t 1% 18 & 3k 38 & b & /D
GDOP ¥: 1 ¥& 2 #E i) - S FE A T 99. 78% , i
XIAA 3 P BEAK T 99.79% .
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Fast satellite selection method for integrated navigation systems
HUO Hangyu, ZHANG Xiaolin "

(School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: On the basis of the relationship between the number of the selected satellites and geometry di-
lution of precision (GDOP) and navigation computation, a genetic algorithm ( GA)-based fast satellite selec-
tion method named fast genetic satellite selection method (FGSSM) was proposed. In this method, firstly the
initial number of selecting satellites and GDOP threshold was decided according to the precision of user’s re-
quirement. And then the initial population of satellite selection solutions was constructed. Under the condition
that evolution algebra limit is less than 1, the initial solution was obtained by selection, crossover and mutation
operation. Whether the initial solution was optimized based on the principles of GDOP minimum was deter-
mined by the relationship between the GDOP of the initial solution and the GDOP threshold. The optimization
terminates until the termination condition was satisfied and final solution was obtained. The experiment results
show that, the method can satisfy GDOP of the solution at the request of 2.5 to 6 within an evolutionary, with
no less than 92.45% probability, at the same time it can effectively reduce more than 54.75% of the naviga-
tion computation.

Key words: satellite navigation; genetic algorithm; geometry dilution of precision; satellite selection;

geometry dilution of precision (GDOP) threshold
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Configuration and mathematical modeling for
advanced three-axis centrifuge system
CHANG Le, LIU Zhenghua® , WEN Nuan, WU Sentang

(School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The traditional centrifuge system usually uses a high speed, high precision single-axis rotator
system to achieve one-way precise simulation of unidirectional centrifugal acceleration in a broad range. Nowa-
days, in order to realize immense three-axis normal overload of an aviation apparatus in three dimensions, an
advanced three-axis centrifuge system was proposed. The high precision three-axis rotator was composed of a
foundation and three rotational axes. It succeeded in simulating normal acceleration overload by regulating
speed of outer axis, and precise position control of inner and middle axis. Based on the configuration above, a
mathematical model of a three-axis centrifuge system was built; related kinematics simulation and theoretic cal-
culation were analyzed. Given the three directions overload of x,y,z, offset angle of internal axis, middle axis
and rotation speed of outer axis was solved inversely by means of the force-balance equation. In the end,
through the analysis of dynamics simulations, correctness and effectiveness of the new centrifuge system config-
uration were validated further.

Key words: centrifuge system; high-speed aircraft; overload simulation; mathematical modeling; kine-

matic analysis



2015 4 2 A
FA14E 24

tEMEMRKEFER

Journal of Beijing University of Aeronautics and Astronautics

February 2015
Vol.41 No.2

http : //bhxb. buaa. edu. c¢n
DOI. 10.13700/j. bh. 1001-5965.2014. 0152

jbuaa@ buaa. edu. cn

ETEEMRITEEREZRN AVLC ERHHHE

(1. REMZE KRS BT 2R, KH 3002225

%'3%*1,2

2. REUK2 HFH B TREFEE, K 300072)

] E: EEF M EEH (AVLC) 2 T —R R AU = K452 & 5 i & 3 #2 X
2(VDL2) W HE B M A AR A TRE AVIC ERBH R E KO RER BB T ETEAHIT
BB MR A2 BEN H k. £ OPNET & LT T HEE HEHEEMFHE VDL2
BAGA R A REE &, # 7 AVICHA B REEM BEEMA RN 2 &S E %
FAHENEE RN BEME TR R, Il T B EREF N THRE VDL2 M6 60 F 2
MEENEERBAEENGALE LRERLA AR LENAKGEREN, FRENE
EAAREmAELE, HNGIER, BT ER AR .

x &
2 A AHKXN

mE4HEE . TN9I9.3; VI

X EKFRIRED: A

RT3 N A v g 3 A Y R R R T B R
ATZH 23 T g 57 i 25 A5 X (ATN) 19 B 5.
ATN ] S804 R T 4% B 7 35 , 6 ok A ok RS L
25 A5 A el R 2% . H Ap, VDL2 &2 78 & bR L 9% 6
FE M ) ATN 33 3 (1) 32 0 b 23 B89 B8, - 2 76 RGO
AR EFR AR 3 1E E BB S B A 1
AL IE {5 2k ik i A R 4 (ACARS) 2] VDL2 (1 %%
T AR

VDL2 SR 3T TAE 773X, T./E T VHF 4
B (118 ~ 136.975 MHz) , 4 55 &y 25kHz, P i #%
AR R B B 2 AT 20 RO G
J2 Ay A F 2 A — A LAk DA 7 ] 45 1
T2 (MAC) , 528 P IR Rg 4% T Wt 2 8 15 [) ( P-
CSMA) ; Q%4 4 % Ik 55 7 /2 (DLS) , SELAVLC;
() o W B I A FE SR (VME) | 58 BUBE % 7 5
Jﬁﬂ}ﬁ@[”.

Y g i 28 B0 4% B i, AVLC 75 45+ Fn 45

W MEEFHMEREHE(AVLC); it pENH; BEWEr; shA#

X E4HS: 1001-5965(2015)02-0289-07

il 77 2 b xR B % B 45 i) (HDLC ) # 2 1R
g 4k AV BTE S HDLC fy— A~ T 4. AVLC %
HDLC #5c W & i ele 02 0 0 75 8 Ak 15k, mT
X 7 9 e 2% o AR )

HHET, X AVLC (1) BT R 800 WL 3, 22 D)
HDLC M58 AR AVLC 1 5 F & il Jacques
AT FHEBAIE I ik, A5 R T O e s T
) HDLC $5 75 Ik 1A 46 14 6 2% 1 o o o
fif ). Daniel 25" 57 JH H 2h B FE R 4, W T
HDLC 32 5 E A Pk Ly 257 4 Sl HDLC o
i # N SDH 45 T 9 POS {5 5 119 52 W0 56 & 16 1 ]
Iy, AR K 3 F FPGA S2¥L T HDLC.

YT UMSORR Y 5 %k, B ORT XS VDL2 A 5
IR 3 R 1 W 4 005 007 . b 5O 28 0 K k2
MEREEET KE T, FRAS T —& MR
AR BG4 S 3 T OPNET (0 22, 43 #7
T VDL2 tf S By 4 2 4 B R R = ) A

i B 2014-0325; A EHE: 2014-06-25; M 4% H KRS 8] : 2014-09-05 15 .35
W £& H BR b 3k : www. enki. net/kems/doi/10. 13700/j. bh. 1001-5965.2014. 0152, html

EE&WE: HFEARBAILEFBTIH (61170328)

# BIAEE . SR (1971—) 55, RHEFA IR, 1119374968 @ qq. com , 5= BEAIF 5T 7 1 A7 3 5 I 245 G L H AR

IR, ik ETEEMITHENFEEHAVLC ERANH G E[T]. b FAEAMK A FFH, 2015, 41 (2) : 289- 295.
Gao L. AVLC retransmission mechanism simulation based on adaptive channel estimation algorithm [J ]. Journal of Beijing Universi-

ty of Aeronautics and Astronautics , 2015 ,41 (2 ) : 289- 295 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/kcms/doi/10.13700/j.bh.1001-5965.2014.0152.html

290 G| AN T N N = 4

2015 4¢

.8 % VDL2 9 MAC FREY T
OPNET/{} EALHY Sy Hr T MAC T )2 o AR 2 A%
B p M KAG T8 U5 ] R M, %F 2R G2 1% BE 52 ).
FEmeska ! gy T oE R VDL2 = 2 P A
BTN R B RHLEC 5 SRR 2 B T 4 e
i K vt 3] v 1) DX £ Sk I8 M i

AW AVLC & 3% 77 FAL 1) Al {5 8 Al 1
RN O, B T A AE N AR A AN T
W T B 3 O 2 O BN SR B0
IR SE T Z 8 M RE I AR

1 BEREERITEE

VDL2 = B 41 25 b 45, % AT 58 1 R S B
PEA AR 0 ZE R TR AR Sy b A B BE, VDL2
14 i % U™ T A7 PR, DT B T e KA R i
#F AVLC\HDLC 1) AL 535 S fif P VDL2 7 98 52
B 5 v ol 55 SR P JE AR AL T — S RUR £
1.1 HDLC ##7§% B 45 i

HDLC ffi T 5 Mah ik Jy =X, o] $2 4t O 22
L ER JCE AR Al SR AL HR . HDLC Wi g
3 A A R RS 5 81 DA B A B
B 2 A AR IR P A ) L 4 B, HDLC
Wit T 43S A BT (Tt ) RS B DA A %) B ot (S
Mt ) 0 A 4 a4 FH 9 O 4 5 T (U i) . € HDLC
Pl BB v, O T D BB R, B A AR
SIAT WS LR AT

1) FEf KE KB CBRIME S 7) P9, 38 {5 WL
J5 T 3% S % AR AR Tt , i B N(R)
LA N(R) —1]mod 8451 ;

2) FRVETE R LR T B 50 A S

ST B 1k & 2% T R b A5 R 4 00 1
N HDLC Bl A T & & 8 1607 (S 5
W), B &k — A T T, 1 E R B 1Y
BN CRLAG A L5 ) 5 A i, I . A ey
(PRI BESR MG ) , #7 IE AR B Ui B 1 Wi, 3 25 4 —
4 B T P R R S5 A 8, & S i, o 5 BRI,
-5 R & 3% 7 i E RN
1.2 AVLC 3 HDLC thil % &

fE HDLC [ B 09 8 A% 2 B #1505
TE ) FH SR AR sk, 7 [ i E R SO i, AR %
Gy LR AE (XF P-CSMA 1 5 ) , 3 ifF — 25 il 45
B, 2, S F R SRR AR, 78 B e B
Jr B S, AT g S ERCHE Y TS K.

T ff e HDLC & 5 B v (1 [a] 8, AVLC
FFAFEE AL, N T [ I R AL R

AR S NN R TE R B Lk Y TR (E
TE ORI 6, T A > 1 45 38 R 6. AT, FHIZ Tl
T () g R (T, DA/
(N T faT Ak o] 0, A K A, 5 T 45 T] ) Rl 4 ABE
P ARG AR .

™, x M,

- (1)
K ,u(Osp<1) N5 EF M H, vl 4 22
0SB0 R A A ] T, R M, O MAC F )2
) P-CSMA Z%, TM, 2R 0T Wr {5 18 A% st i) [ B
BRINME N 4.5 ms, M, 7R B KR 3% 22 i 8, 3R
A K 135, TD,, K 7E 99% B 5 FE T 1 4% 4 4 3R
TSI, %A R W T H T & 60 il 48 1 7 P-CSMAE
FH R 77 A 04 45 R s i)

x=T, 0 X TDyy x T, (2)

3, retrans by Je R 5 A% B, AVLC B BRIA
H] 65T i Troy WA HCE S AL

T,=T, . +2xTDy +min(u(x),T, ) (3)
oA, u(a) A0~ 22 Ji] fil S 240 A (1 Bl AL
BT s T AT E S HL

(1) ~ K (3) Al AL B p 3K, 4 5
FER AL T (E TD, 38 K, I H » 3 K. B & » (13
K w () MRV 359 43 A M 3 075 348 . it L, T A% T i
T AR RGN, N T, 5w IR 1 48 4. IR
BRIV« A7 30 R %6 g I R R O A R R A
A WU %
1.3 BiEM S MERSEZE

AVLC IR A A 36 0 8 A5 50 1 08 N & 3% 07
%, mix HDLC #E 47 A it 52 b fE B oy
A7 AE A T8 A T ) 8. 7E Ry R L
AVLC 4% T HDLC, AT k£ [ 2 it 1 S i A
77 A IR CR) T WS, JF S S WERE IR A
FE— A>T ) [ 5 B, R R R B &% T
Je AR B, TS R IR I, M fih 2 1) & 3%
fS WA A 3 b i E B 3, R % RS e B
Y55 A qE I DL R R R A RN B () Z 26 R
S P A T ) A (D24 [ g G GEAE Ts) BUE S
KBt A AT g A 5 — i 20l Rk B
TR F O C R B BIE B AL, HAE T, !
K% BT AR A R B AL AS BE S I R
EARENERN, WL B T Ty > Ty, Rk AR RE
Wit S WiTE T, WA RIHIN. TEULTE L, Kk
R I AR R, AT 2 E . T R ke
AT S R RE X B ) B2 0t 1 47 B B A i
AR R R K KA i R IR S A
QMY T BUE AL /N R LA AR P K

TDy, =




552 3

TR B TR IE A T F & RS E B AVLC SR ML 1 2L 291

55, MR DK LL S Wi 32 2007 5K, S ot 285 B2 (%) 355
K VRS WX T WY 1% B A o, B AR R R AE R X
R IE 5 I R

TR AVLC B S MU Ik v AF TE 1Y 1)
L T 5 T, KL Ty B R R ILATE & : —
Jiin, Tg AREWAF S R, AN T T, 75 )04 51
WH K ;55— 7, Ty XABERAG i /)N, b 50K T
T, 75 DUPRE A0 17 07 280 2 3. PRI T b 2006 2

T, < Ty <T, (4)

Hi 76 AVLC H R f v T, o Bl £ 18 #1) 1
A E N, B Ty AR Ty < T, K T
o 7 BEAR 1 A TR A 3 N 2R AR AR SO AVLC
RFIEN TS MiUE A b, S TR T AR
A B Ak TS Wi I A

T,=S_PARA - T, (5)
= (4) , /g
0 < S_PARA < 1 (6)

LA 78 LA b 20 B b ok 25 18 A% 1R I SE )
AL X JE T AVLC Jois B Wiah A, i >R Rl il 1o
B ME AL A A #7520, T AVLC # A DA s J]
IFa) B 12 LA B 18] B ok B JEE A AR 4G VDL2 Ak 55 19
B, K AL AE 10 7 ot g b i VDL2 TAEFEE
IX (100 ~500 km) {5 [B A, A f 3 (D63 ) 19 15 46
AL 7E 10 AR R b, 5 R ) I H A T 2 g
At

2 VDL2 fiE#E#E

A4 EE T OPNET i 50°F- &, DL S8 A 35 17
VLI DLS 72 il iR VDL2 iy g i e
AR B T OPNET = 2% gt R HL 71 - W 2% 2%, FH
TSR LA R M T S A 4K 4 T A
B 5 47 A5 9%, T DR SR DL B B AT 22 8] B B8 4 3 A
W SN TR R, A BRAR S HL AT i
B RAE T SLHERRAT .

2.1 EEZEHER

VDL2 52 0] 43 Sy Ml 181 B9 125 o 992 /i
[ 7 1 b T3 (GS) 1 A B S5 AT 3 i &
HLCAC) 5 55k . GS Al AT AH B3 15 3 AC HAg S
GS SLHIE S ,AC Z [ R BEM AR . A SCHES. T 84
GS F1Z A~ AC(16 42K HL) I VDL2 ¥ 5t , 18 M1
LS 1) 28 N A

M A 38 R 5 7E B0HE B O 5 ) (DLS
J2) 2 E AR CR IR AC FE 24 GS [ D) 4
R, RSy 17— GS ¥ A, HARBE GS A0
—A~25kHz 1) VHF Bt Bz, 3 B ik 1 b 25 99 ) 14
VME SE4&. S F Al 5 vk & DU 38 R R

FERb ), 5P HZ I MAC )2 B 3 A OG5 A SO
P Z M MAC F)21E T 58 850, gt 724
AC 5 81, IBLIULE 18 46 FH 55 4

EY R B e AR SCR T OPNET IR (R
BUBLH , PTH2 4 g P A5 TE AT IR GE 3t Y5 i
25 R g o B, O EC AR 7 A AR B G i
RZ, A8 by S Ry o IR, 0 B N R 7= A
HIE NGl L R LS DLS B
S o I NI s 1 = T= I T S T o v R
DLS, 2y F 3 0 53 v B2 B4 . otk A, i 400 % A
Kk Ty R A 32 B I R AR R F AL S
[ iR

G 5 B )2 3 S MAC B AL DLS £ k.
MAC S 8 P-CSMA Pl Hodz ok § DLS 4
Peit) AVLC i i, AEAAE U5 [l 42 1), AS VAR o] 1
M. DLS BEHSZ L AVLC Ppisl DL e AR SCHY S i i
EFL . DLS (A 2 i 7 R 2 BB 4R it 1
EAE T TR DIER(SE /s n it

AC = A 2l 234 ok A5 W L 728 16 R 22385 3 4L
ML ZR G g e AR AR K ), AT 3555 Ak K8
AR T R ek e VR RO S T BR TR
RO SCE R RAL Y s O IR SO BE R
i zs SEBRG B0, FEAT B h ik B AC 1Y AT &
BE 4 10 km, GS A& AL A 30 m.
2.2 DLS 2

£ DLS EFE A A v, BE%F GS F AC 5 g4y
BIEEAEL. LGS il DLS 4 fi], #R 4% VDL2 $pi, GS
il DLS £ 521/ DLE Ml S ik LLC DL K & 3%
BAF K4 . — 4~ DLE 824X} R F GS Hl AC Z [H]
11— 55 3% B8 7 S B, P A B U AL, S8 B T TN
S Wi FE N T LLC 171 57 32 5 5 B% 1) A 3, 28 58
U it () B2 USRI AL B Sy TR A 2 R N R R 5
BOR AR SOR S SRR D7 A S Bk R R
# N7 DLS ACHERE , 5 H AC 1 B2 7E ) IR R &5 (INIT)
Higs7 LLC F1 DLE P28 7 #EF2. DLE 7 1 R AR 4l
Hi VME & 2% 1Y 55 B% 15 5, 2h 88 B FE . Y S B
B ST 7R A — A XF A DLE 7 3F B2 24 i i
BT, B 8% i o 7 1 T R

DLS AR 1 s R4S u_UPDATE i
b Ab BER ) B A AT R G A S Y
038 ) 2w RS pro_doy 1 37 AR 4fE B #% 5
B3 AE B DLE F#F#2. JRZS INVOKE F 2 4R
P ol & Hp WE ARG T 28 Y R AR R B T F R
ENDSIM 1 57 W AR ff L4t it &

£ DLE TRk R b, R & 3% 0 1 i A 2]
KILAFIHEBN. £ AVLC PRUAER T, L FIFO J5



202 G| AN T N N = 4

2015 4¢

A MAC 7 JZ A Jdi . 72 A BRAR S HLan
Bl 2078 . T, FEAGE AN S Wiah ik A 15 05 5
%75 I_RETRANS FI S_SEND R 25 52 .

K1 GS il DLS )2 DLE 4t #2
Fig. 1 GS DLS sub-layer DLE father process

2GS DLS F)2 DLE i 2
Fig.2 GS DLS sub-layer DLE child process

AC Ul DLS 7 JZ 5 GS fll#£ DLE |- & A< 44
o, = FE ) T LLC: 7248 25 B A5 18 V) #1510
T, AC MALAFTE — 2538 HE S BE K

3 fEXW

A6 L LS S0 UE I AR I A
AR T AL E WA S Wi s B v % 2R e M BE G kA
FH,IF3F18 S_PARA (1% B [n] .

3.1 FEMriEREIER

R ik o A AL ZE B AR Ol R BE O A 48 A

mr.

EX 1 Fk R K% R R 5[
A 2 L {5 I 2 i SR A R G B R AR i R
TE— T WA e AR 2 W R B AR [ —
THENN S, DT PR UEAS 7 A A ) ER

EX 2 NI KA IE I N K 3% O 7 A B
A5 B H2 0 T 18 2 4 A 380 32 6 £ B ] i) B

AR TE AR R W T R G R AR R 2 Pl
JEILRVE R 45 3. o T 40 A H 3 N B R R S
PEBERY S ), A SO AC & 8 # b, IF Bk T
VME, ] T3 B T 88 3l 15 a5 F U0 6 BT Ok 1
Tk
3.2 REEEH

TEE R E DL T A B2 OB AR 21 a8
MR AL FF A I A, HOR R A AHT. I8
RALE A o, 0 AR SRR AT Al ia = 170 Q4R
PP AL B R R R BRI R B K
ARG 0 ~8192bit FY¥5) 534, MAC 722
BB Pp BUER A A : P-CSMA B A $2 A HE % p
N 137256, Fx Kok %k 2Lk B M, 5 135. @DLS
TFESEHWON BINE : e KELREN, K6,
Wahdd DK N 4. @T, THaf &8 19 nl il & 2 50k
EHNBRINE T, . =1s,T, =15s,T,  =1.45s,
T, =1.7s.

3. FEATEXEELATERNERNERIE

ARSI H R B UE [ IE N AR I A T 5k
HDLC 4% & i 19 S0k 7R . SE 90 3 1 A K A
4> JE )i BB I_RETRAN_DYNAMIC _or_not, | L
i il e R o B PO A SR A E & N AG A
WA ok 0 X R F HDLG, & R H T U
0. 1 sAy ] [ 14 [ 22 3 % 2 B 5 i 05 B o 1 5% g
T AVLC, Rk T (1) ~K(3) WEME HIE
ML B RE 3 iR A B AR B
i 18] 247 30 min.

Bl 3 (a) 2y [ 3 N {5 38 Ak 1 5 1 e b
& 45 ) Dk o A ek i A R X B 1 R Rk
Ak 2 P A SRR AL TR I
L R AN AR AR ESET 7.6%.
& 3 (b) S BBl & A 1) 3 38 B X LY, 25 SR 3R B .
it 3 B S5 I RE B 4 /N T 910 ps.

EHARFEME, YA R 0.6 B, REHEF
i 5 A SE IR A R B R A A . O B
PR, EAR SRR T A KRR T
FIAE N BRI AL BE, TSR 8 T 5 05 K S 500
RAFVCEL. T AEME B, e n H 20T A
IR S AR IS H F AC B 57 B AR
R BEPLAE A RS SO AN AR R 8 AR AE . AR $2



552 3

TR B TR IE A T F & RS E B AVLC SR ML 1 2L 293

AMEZAY 5 B 45 5 13/256 WA 5286 45
JRW 78 HDLC S A% P i A 3l B s B8k, ]
A RUE R G RE.

3 T AL [ 3G 5Tk X B 1 52 R
Fig.3  Effect of retransmission adaptive algorithm on

performance

3.4 SWHENEEX RS RN

AL H A SRS S WU XS AVLC [ i
YERT, 3543 BT S_PARA 1 & 0] R 15 2y S i 5 12
F 2B KL flt, SC R Ak B UE TS it ER A £ R A AT

TR AR, B0 T LY DTS
WA AVLC w S it [ 5 0] B 8 2 5 o] (e S
22) W PEREXT LG (1l 42 DL 0. 1 s Sy [] B A il B 5
H, RN [ 5 (BB ) s @6 S TR S ot A 1 B

SRR TERE XS L (BT S LA 0. 1 s Ry la) fR, J S _

PARA fEHFEDT D)

N T WEGE S MUR P BE HY S W, SE B R BE T
S_SET A /8 B4 42 J&y {5 EC i, FTLAIF 5 S Wi J 4 4%
il : S_SET =1,4TJF;S_SET =0, < [4]. 7E Lk 5245
Hh R I A7 L R 7 ELIRE (] D 30 min.

Bl 4 S oS WA 8 € 8] B/ T 0.7 B S5 [
PN AT R R A i A A Y 0 B R B AT T 2 A
.S TR oS W E & N SEIEBOTE S Wi IE R W]
R RGNERE. L8 LTIE, 12 S WUEHTT, R4
PEREAE SR AR T 0 S ilis .

1S WU K il h , XF 4 FHE S A A

P4 i A 0 P E Y 52 T

Fig.4 Effect of static algorithm on performance

E I S Pr VA PP R A AL

Fig.5 Effect of adaptive algorithm on performance

IS S ASOGE o0 B, 6 TS T 1 3 R 59 A
SREA U AT RE %, Aok B E &
0.009, -2 4iE f J /N 1 30 pus. BL Ak, S W1 A 5 N
SRR ERBU T R AF Ak REAS E TE



204 G| AN T N N = 4

2015 4¢

MK 5 i S_SET =1 R4k #F S_PARA
B35 0.2 ZHT, PRl R RE 48 bR A8 2R 20 S 00K
PR R IE. X K R 7E S_PARA <0.2 X[ 4, S
it & kAR, 51 R - OF A S 8l T WUE & RIS A R
%3S Wi & A BN T 5T T R A
EOMOWILFEEMT , REMREa At , ®HU
KPR . B S_PARA [y ¥ o] A
7 285 LU ABAS W 184 R S it 1 A 36 IR AR 2 R I
MR I8 W e i/, SR G e et /RIN
RGETEM AETXE 0.2 LIE, REE TR
FE, M b S_PARA (W34 K i 2218 9/, AT R
GRS HEEYE. B T A AR R G TAEE R
AL, G6) 0 EARLT A BRI T, X
8 (0.2,1)J& S_PARA By & FHUE i [H.

PR R BB A AT RS, S
A SRR PR AR 2 B R R T R R A,
HoZor Kk A T8 . S 1 ORAIE 2 T 4R35 X 48,
FFE S_PARA BUBCKRAR, Gn7E (0.5, 1) 35 Fl Ui

4 &

ARCHT AVLC/HDLC 42 i 1 S WisE if [ i
WA I IT e T 05 HOEE A 5 S0 5. 45 3R 3R .

1) e A7 ik 8 0 6 SiE IF 95 75 1T, AVLC 8 fiE 2
W] AL T HDLC. AVLC HAZfFIEM AL A A

2) A S WiE, Tt &5 AVLC/HDLC 5k
i 2 R A, BT e R R GE RS VERE.

3) S it [l NS A B AVLC A TR AR ik
M ELSE NP RE b 2 A I A A R R B
{E (0.2, 1) By B[] N, S W7 5 1 53 3 e 3
R A AR E

P FCR W, AR SCRT 4t B9 S it S i 5 12 B
AT AVLC 83k, nI R T VDL2 R4, ih
TR BEAERCAIE X b LU 50 R 40k 52 8L
0, B SR A JRy BRAE . = 52 b, ] 223 A B —
F14 bR RO 2R 3 T, LA SO A 8 T 4 A A AROR

S Z Lk (References)

[1] Steven C B,Robert W M, Vijay K K. Characteristics and capaci-
ty of VDL mode 2,3, and 4 subnetworks[ J]. Journal of Aero-
space Computing, Information, and Communication, 2005,
2(11) :470-489.

[2] Zheng H Y. Migration form ACARS to new VHF data link in

China[ C]//ITS Telecommunications Proceedings. Piscataway,

NJ:IEEE,2007 :1297-1300.

[3] B, s WL 3% B AT R 4P i ATN & VDL2 #i R
[J]. s iRFE A ,2003,53(3) :87-91.

Yang C L,Huang Z G, Zhang J. ATN and VDL 2 technique in
CNS/ATM system[ J ]. Telecommunication Engineering,2003,53
(3) :87-91 (in Chinese).

[4] RTCA DO-224C Signal-in-space minimum aviation system per-
formance standards ( MASPS) for advanced vhf digital data com-
munications including compatibility with digital voice techniques
[S]. USA:RTCA,2010.56.

[5] Jacques L,Guy P. HDLC throughput and response time for bidi-
rectional data flow with nonuniform frame sizes[ J]. IEEE Trans-
actions on Computers,1981,C-30(6) :405413.

[6] Daniel B, William H J. Verification of HDLC[ J]. IEEE Transac-
tions on Computers,1982,C-30(5) :1136-1142.

[7] Lv X Z,Su S J, Huang Z P. Influence analysis of HDLC frame a-
lignment and ESC on link transport efficiency of POS signal
[ C]//Internet Technology and Applications Proceedings. Piscat-
away,NJ:IEEE ,2010:14.

[8] R, Z&E. HDLC P il £ FPGA {5 R A& T AL B[],
HFEHLIE AT ,2009,29 (4) :1092-1094.

Song F, Li Z S. Implementation of HDLC protocol based on
FPGA in communication systems[ J]. Journal of Computer Appli-
cations,2009,29(4) :1092-1094 (in Chinese).
[9] B, Tk 27, 3k 75 fiit 25 e o A0 K 4 1 2 — A A I g
HBRFE[I]. R Ge05 H A% 42,2007 ,19(21) :5046-5050.
Jia X G,Zhang X J,Zhang J. Research on modeling and simula-
tion of aviation VHF data link mode 2[J]. Journal of System
Simulation ,2007 ,19(21) :5046-5050 (in Chinese) .
[10] BS54 %5, 5 2. B m B B A X — il S B
BrFTLI]. I E ALY £ ,2006,23 (11) :66-70.
Han Y Q,Zhang X J,Zhang J. Simulation research on parame-
ters of VDL mode 2[ J]. Computer Simulation,2006,23 (11) ;
66-70 (in Chinese).

[11] E s, k27, BTG, o m BUER R X 2 N 4% 05 B3
HrlJ]. RE05 E ¥ ,2006,18(3) :638-642.
Wang X L,Zhang X J,Jia X G. Research on simulation of very
high frequency data link network mode 2[ J]. Journal of System
Simulation,2006,18 (3) :638-642 (in Chinese).

(12] A AFRPL R 2 [M]. 4 R bt i 7 Tl AL,
2006 :83-87.
Xie X R. Computer network [ M ]. 41d ed. Beijing: Publishing
House of Electronics Industry,2006:83-87 (in Chinese) .

[13] ISO/IEC 13239 Information technology-telecommunications and
information exchange between systems-high-level data link con-
trol (HDLC) procedures[ S]. Switzerland ; [SO,2002 :71-73.

[14] Zakrzewska A, Michael S, Ruepp S. Modeling multistandard
wireless networks in OPNET [ C ]//Proceedings of OPNET-
WORK. USA:OPNETWORK,2011:1-5.

[15] Malhotra R, Gupta V, Bansa R K. Simulation & performance

analysis of wired and wireless computer networks[ J]. Interna-

tional Journal of Computer Applications,2011,14(7) :11-17.



552 3 TR B TR IE A T F & RS E B AVLC SR ML 1 2L 295

AVLC retransmission mechanism simulation based on
adaptive channel estimation algorithm
GAO Lin*"?

(1. School of Polytechnic, Tianjin University of Finance and Economics, Tianjin 300222, China;
2. School of Electronic Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Aviation VHF (very high frequency) link control (AVLC) is the data link service protocol of
VHF data link mode 2 ( VDL2) which will be the next generation civil aviation dada link. To increase the
AVLC retransmission control efficiency and reduce the mistaken retransmission possibility, the adaptive sur-
veillance frame delivery algorithm was proposed based on channel estimation. VDL2 architecture was estab-
lished with physical layer, data link layer and sub-network layer on OPNET platform. By dynamic process
modeling, AVLC model was built. Contrast simulation was carried out through setting up models of none sur-
veillance frame, surveillance frame delivery static algorithm and adaptive algorithm respectively. Experimental
results show that surveillance frame retransmission control has validity in improving VDL2 performance and the
adaptive algorithm has superiority over the static algorithm. Experimental results also show that the proposed
algorithm can increase the throughput and lessen the packet delay efficiently, as well as enhance the system
stability under wide reasonable coefficient range.

Key words: aviation VHF link control ( AVLC) ; adaptive channel estimation algorithm; surveillance

frame timing; dynamic process; reasonable coefficient range



tEMEMRKEFER

Journal of Beijing University of Aeronautics and Astronautics

2015 4 2 A
FA14E 24

February 2015
Vol.41 No.2

http : //bhxb. buaa. edu. c¢n
DOI. 10.13700/j. bh. 1001-5965.2014. 0154

CR AR PWM T 3 T e i S A e R
S R, BAR, BAR

(1. JEmt iz AR ARk 5o TR A Be, dbat 1001915 20 JERATZS ALK R BT RE A S %, Jbat 100191)

jbuaa@ buaa. edu. cn

i o B x R GRS R 2 A ook 5 R # (PWM, Pulse Width Modulation) 7F %
HHERERABRFIEALEBRREAATERURTSF A, RET —MAETRAADKE
By R Rk EEET ABA RANDKEE, RABDHEF SRR R E
Bk B | PR PR A 4 B B O R LI S MR R B S R SR R ARG T RN AR R B R
GELETENBE, A EEN DR BER. LRAEA, R D R LN EREEETUARK
HEBRGHEREE XM RARTEAHATES RN, FFERTHEHEMER AR

REERNH LI HALT A4

X 8 W AN BEARG SHER; TR R ER

mE4SFES. V221°.3; THI33
XERARIRED: A

FH T il R EL A T R GBS L I R E
P Bl AT 2 0 2 A R v T R AR SR AR A, B 2R
T 22 % 2 1l 07 HE B SR R R AR AF A R 2 AT AL
H ' 32 PWM ) H BT 6 M R MR
HL - T A 1 R 7S DL R R AR RS 1 A T A
SRR W, (A G Al R PWM T S5 D)L IR A
AR MR DT ™ FE 52 i 21 R B TR B 0 4 T
K s gAY

XPFAES LM GEEE T, TS pE R —
P 4R v TR A, AT L3 AT D AR AT IR,
1T 3 3810 90 o3 oo A0 M 7 5 5 1) E Y. X R O IR TE R
BT 5 R MR A PR A A B 43 B ) R i A8 4R
15 OB 1 2o MR Ak SR HUE XS 8 R 5 IR 7S
S5 BT AR B A B DU AR R A 2

28K, /NS BT B LS 7R B2 W A
AR AR AL PSS L RS B T )T Iz N
P AN AR A L 4R TN i e B
AV 20 R AR 2540 W7 B s B KL R is

NXEHS : 1001-5965(2015)02-0296-06

AN TR e Ay ST = A B A L )
B R A IS /N A 2R B, T LA
FFEXT 2R GE 7 9 52 e B/ N A R SEERHE S Y
A 5 g e

SCHRTO T HE il B 35 /DN i A % 23 5 1 93 i
FHEE B 1 R I 1530k XoF VL I 0 s Bl 5383 45 5 a0 A 7 g g
Ab PR, B ARAT T ARAT L B A W L, HL AR AL Hh
PRBE A 5 5 SRR 10 BT XHE SR 1% [ 38 B J7 1] $2
Fh/Np AR 45 (ADL-DW'T ) 59 75 5 43 9 6 18 S AR
FE 45 HR R A A B 3k e v 1), 2 — OB 1 3
77 1) T P B /N i AR 4 (DP-LWT) B3k S 1
155 47 B R G AR DR R RO A Sk [ 11 ]
1 4 B2 T /N i A8 4 Bl Sobel-Tenengra 85+ 45 AL 41
BHEH T — R R RPN R A, R TR
REE HMERERSE , W 2 T B A sh TR,
AT R RAEROR. LL b SOk B AR R A R T
IINE S B S AR MR o B (R AR R A B 2R AT
HEAT I, I AN BB 55 T AT 52 B R I 5 5 15 0 g &%

WiEEH: 2014-03-25; RAH: 2014-06-23; 4 H AR E . 2014-07-08 1507
P 2% H R 3k : www. enki. net/kems/doi/10. 13700/j. bh. 1001-5965.2014.0154. html

EEWHE: FHRKARPAEERIIH (61203203) ;5 fizs Blae 4k 4 6T 0T H (20122B51019) 5 b 5T 28 i K K4 24l BHIF Ak 55 2% 30

H (50100002014117012)
EEBN: BREE(1985—) , B W FE il A, 1+ 4, tang. forever@ 163. com
* BWAEE : A (1965—) , 5, ILAKRIEYT N, # 4, Fangjiancheng@ buaa. edu. en, FBWF5EJ7 8] A ff Rl 42 ) 5 00 K &% S -

SIRAH#E: GBI, FRK, BHK #HAPWM JFX I B Lo R[] A FAE AR A F##, 2015, 41 (2) : 296- 301.

Tang E Q, Fang J C, Han B C. Real-time de-noising of PWM switching amplifier current in magnetic bearing [J |. Journal of Bei-

jing University of Aeronautics and Astronautics , 2015 , 41 (2) : 296- 301 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/kcms/doi/10.13700/j.bh.1001-5965.2014.0154.html

552 3

7RI, 2 -l R PWM I 5C Ty I R I S5 e Mg 297

e A T SEBUXHE 5 00 S e Mg, SClk [ 12 ] 3
1o SR I SR 2 1 T 3, RS S I /) I8 o e
FLUE ]S I MR ) 2808, 5 SCHIRT 13 1 3% T TN B
PR T — P 4k A RE L o A e N R 98 2 %
T B (1 SE I oy 28, S T RO AT B R 5 1 5
I 2 M, AR P, SR

ARSCHEET dB4 $ETH/N I FL ok I Sh B
T OR300 5 R R A TR R 5 5 B0 T SR S
TN R Bl R PWM T S B i v AL FY) S IR R IR S
B UE ] T R T /I D0 S5 I A MRk 4 A 2K 1

1 PWM FXIIM RS
il R PWMLTF 36 3 B R S5 B 1 R

PWM FF Gy 0™ Az ) 4 1 L O A 5 222k 4 A
MOSFET(G,,G,,G,,G,) % — &8 T/ 7 X T
B LW RS . B PWM JF LT S % A
G AR R R R B R W R
RSN M55 % 7 A T R I T AN 6 W 7= A 1 A B
(3 e VR 3 ) i N el N el Ll
TR T L e A ) 1] s (R R
P A4S LT B, 10 D) 00 75 R AU A T v B, T
B AT AR BN A R B DR I A fof P 6K 3 U O S
{ELXE L 3K 31 35 P 1 98 0t sl 2R 348 4 R AT T e P 9
114 R % 0 J3E R AT 9, 3860 2R G 1 M A TS, DT
i) 22 e R . AR SCHULR FH 42 T /0N D A8 4 X6 2y ik
HL R AT B M, ST IE A 1% vk A SO

L, —BF /AR, L— Rl R 4 Vel B v B Ao s U— WL K, — LU B R BIG K, — BT R BL
K1 iR PWM JF LI R 5

Fig. 1 PWM switching amplifier of magnetic bearing system
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square error (RMSE) with different filtering methods
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Real-time de-noising of PWM switching amplifier current in
magnetic bearing

TANG Enqiong'?, FANG Jiancheng ">, HAN Bangcheng'"’

(1. School of Instrumentation Science and Opto-electronics Engineering, Beijing University of
Aeronautics and Astronautics, Beijing 100191, China;

2. Science and Technology on Inertial Laboratory, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: As the traditional digital low-pass filter has difficulty in balancing the de-noising performance
and the bandwidth of the system in de-noising process of the amplifier current, the real-time de-noising method
based on lifting wavelet transform was proposed. Firstly, the dB4 lifting wavelet algorithm combined with slid-
ing data window, symmetry boundary expansion and mandatory noise reduction with threshold value was adopt-
ed to achieve the real-time de-noising of the amplifier current. Secondly, the suitable wavelet decomposition
layers were chosen according to the relation between wavelet decomposition layers and cut-off frequency. The
experiment results show that the proposed method can not only reduce the current noise effectively, but also af-
fect the bandwidth and response speed little, and is suitable for the magnetically suspended high-speed rotor
system which has high requirements for real-time, signal-to-noise ratio and robustness.

Key words. lifting wavelet; magnetic bearing; real-time de-noising; switching amplifier; current

de-noising
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Fig.1 Influence of number of nearest neighbors K for

classification performance
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classification accuracy in Caltech-101
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Fig.3 Influence of feature selection for

classification time in Caltech-101
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Fig.4 Influence of reducing feature numbers of

training sets while ¥, =90% N, and F, =80% N,, for

classification accuracy in Caltech-101
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training sets while ¥, =90% N, and F, =80% N,, for

classification time in Caltech-101
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Fig. 6 Influence of feature selection for

classification accuracy in Caltech-256
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Fig. 7 Influence of feature selection for

classification time in Caltech-256
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Fig.8 Influence of reducing feature numbers of
training sets while F\, =90% N, and F, =80% N, for

classification accuracy in Caltech-256
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Fig.9 Influence of reducing feature numbers of

training sets while F\, =90% N, and F, =80% N,, for

classification time in Caltech-256
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Accelerated image classification algorithm based on
naive Bayes K-nearest neighbor
ZHANG Xu'?, JIANG Jianguo', HONG Richang™', DU Yue’

(1. School of Computer and Information, Hefei University of Technology, Hefei 230009, China;
2. Department of Computer, Army Officer Academy of PLA, Hefei 230031, China)

Abstract: Naive Bayes nearest neighbor ( NBNN) classification algorithm possesses merits of avoiding
feature quantization and image-to-class distance measurement, but it faces limitation of slow speed and low
classification accuracy. To address the problem, a naive Bayes K-nearest neighbor classification algorithm was
presented, where K-nearest neighbor searched by fast library for approximate nearest neighbors(FLANN) was
employed and the influence of background information was removed. In order to improve the running speed
and reduce memory cost, feature selection was included for reducing feature number of test and training ima-
ges. And an attempt was tried to balance the contradictory between classification accuracy and classification
time by reducing feature number of test image and training images simultaneously. The algorithm retains merits
of original NBNN algorithm and requires no parameter learning process. Experimental results verify the cor-
rectness and effectiveness of the algorithm.

Key words: image classification; nearest neighbor; K nearest neighbor; image-to-class distance ; feature

selection



2015 4 2 A
FA14E 24

tEMEMRKEFER

Journal of Beijing University of Aeronautics and Astronautics

February 2015
Vol.41 No.2

http : //bhxb. buaa. edu. c¢n
DOI. 10.13700/j. bh. 1001-5965.2014.0116

jbuaa@ buaa. edu. cn

SERENE SRR R E % 1S8R 2

e 1 \ 1 — 1 1 2
£ Aa, AEA, HEA', TOh, KE®
Q ﬁ (1. dEntizs ik RS MBS TR, dbat 1001915 2. Jbstiias #ORAFSEBE , b st 100095)

] E.ATHGOE FBRNENE AR wEMAFE C T3 WM F &, x4
AARME RT KEFRH>ERENEGHBRERBETTELERBFR, dRBF LW
TERES BT B ERARFAZH#T T AR N AR HLERA. Z6RXRER, LT
3HARW2EY RERX, A ETHET REX 2N T FTER G EMARZFIALH & LM
B &6 RRBAL  BILBREFARE D RAUALS 2 EY AT REEAFRE 4
R AZIN T 2R E M EREHEERN B E. FRERTHEL &M HE BB

AR Bt R AR AR

X ¥ W EAHME 2BV E; FEREM,;, —KRAR; REHR

mESES . V257; TB330. 1
MHEAFRIRED . A

SR YRR A PR EA L SR BE L LI R
B A, BT N T RALA . &2
BB SR A 3 b ol R i S B 23 )2 45
P i 52 & B 45 F 7 I 2 A Jm 38 1 J2 O it A
R S 4 R Y AL G b RS R
Y R4 PERE RN AR 0 2. R N A2 CIF R TR
A TAE, @ U A BROCTHH RS T & )=
e B S5 2 R T 4 P RE

Whitcomb ™" {ff Fi = 2 47 B G 4% AR X 2% ) 81
AT TIRAMEIE, (BT 5T 46 b T i e i i 5 28 £
A1 JiE b B A ) S AT, O RORE 3 SRR ok
PN AT AR BE R A BT vk
BRSO E TR JE # AT B YR R
AR R AT T R SNBESE, oA 10 )2 B R
ZIN AL BT AR 4 BE AL (ELAIT S e = i —
IR R A s R e A AT BT
EETE T I J2 AL B AR /N 2 B 4 56 1 52
W, AH R A 2 BRI B . Asp T

NEHS: 1001-5965(2015)02-0311-07

Abrate" """ K 9t 0 45 3 50 58 1 1K 5 07 8k AF
GET 53 2 /IR T2 U JRE 2 i 1) 8 %k 52 5 sk
J2 A 46 P R 1 5 ) (EL 3R 36 U - B A B, 4
K220 43 J2 0k J2 W i B ASE I 4 2 R 1 40 M BE 1Y
SO, A VS S B 2 e il U R A T A R o
P EEHRS.

AR SCEE ] 2 CCF300/ 3048, 5 4 b RHIE % 1]
) M 2 2 0, 45 A A RO - B, 64T T — &40
R4 R 5, 5T T F2JE M. kR R i 2
EI i TN e S R o T 1 7 0 = AN N Y2
BB G MR AR 4 M BE 1 R

1 {BENEEAR

1.1 R{Ex&

N SE BT 50 T2 X S A5 R AR R A TR RE Y
A e B S W I N C PN L A i
il 73 2 B JZ AT IR 45 X T 5. B A R [
7= CCF300/3 & 41 K. iR 14 $9 2k FH [45/0/ — 45/

W B R 2014-03-12; R A EH: 2014-06-12; B4 HARAS ([ : 2014-09-04 11:19
P 2& H AR 33k . www. enki. net/kems/doi/10. 13700/j. bh. 1001-5965.2014.0116. html

EEWA: H%K 973 iR % BB H (2010CB631103)

EERB N : A (1989—) 55, M TTI RN, il 122 | jianghuaiyidao@ 126. com
# BIAEE : KER(1964—) I I T, #4Z , 2dguan@ buaa. edu. en, TEAFFLI7 0 AT &L SRS 30 A pp 2.

SIABR: AE, XEFK, TxM, % 2EGBXEEHHERERER-GZH[I]. RFEMEMKAFFH, 2015,41(2): 311-
317. Zhou R, Guan Z D, Jia Y C, et al. Effects of delamination on compressional properties of composite laminate [J . Journal of

Beijing University of Aeronautics and Astronautics , 2015 ,41 (2) : 311- 317 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/KCMS/detail/detail.aspx?QueryID=2&CurRec=1&recid=&filename=BJHK20140904002&dbname=CAPJLAST&dbcode=CJFQ&pr=&urlid=&yx=&uid=WEEvREcwSlJHSldTTGJhYlNxQnpac3FsNGhxN3h0aFMvN2JUM3A3L0EvRmMvdENhOFo4Mzk0WGptNFZkU3pqeHA5OD0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=MDI2MzRYTXBvOUJaT3NOWXc5TXptUm42ajU3VDNmbHFXTTBDTEw3UjdxZVl1WnNGeWprVzcvTklWcz1KeWZEWmJHNEg5

312 G| AN T N N = 4

2015 4¢

90 ], A% 1w ] P Al J= 07 =X
x1 SRHSEESHHERIKEIIR
Tablel List of composite laminate specimens with

artificial delamination
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Fig.1 Dimension of the composite laminate

specimens with artificial delamination
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Fig.2 Schematic figure of the measuring system of

Shadow Moiré
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Fig.3 Stress-displacement result of specimen No.4 in

the Shadow Moiré measurement experiment
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Fig.4 Different Shadow Moiré morphologies of

specimen No. 4 under different compressional stress
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Fig.5 Arrangement of strain measurement points on
the surface of composite laminate specimens with

artificial delamination
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Fig.6  Stress-strain results of 4 types of composite specimens with artificial delamination under compressional load
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Fig.7  Failure morphologies of composite specimens with

different artificial delamination
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different compressional stress conditions
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Effects of delamination on compressional properties of composite laminate
ZHOU Rui', GUAN Zhidong*", JIA Yunchao', WANG Kailun', ZHANG Chengian’

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: Compressional hehaviors of composite laminates were experimentally investigated based on
three measuring methods, Shadow Moiré measurement, strain measurement on the surface of laminates and C-
scan together with multi-stage loading. Laminates with artificial delamination of various depths, sizes and
quantities were studied. The buckling of sub-layer, the extension of delamination and the instability phenome-
na during the experiments were observed, compared and connected. Three different modes of the extension of
delamination were summarized based on the experimental results. The mechanisms of the buckling of sub-lay-
er, the instability of the laminates, etc. were analyzed based on the three modes. The critical buckling stress,
the final failure stress and the delamination extension extent through the vertical direction were compared and
combined with the experimental phenomenon to analyze the effects of delamination on compressional properties
of composite laminate systematically. The results can provide guidance for the damage tolerance designing of
composite structures.

Key words: composite; extension of delamination; buckling of sub-layer; secondary instability; experi-

mental investigation
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Hybrid finite difference schemes without free parameters

WANG Lai, WU Songping "

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: A new algorithm was proposed to calculate the weights of sub-schemes in hybrid compact-
WENO (weighted essentially non-oscillatory) schemes. It used smoothness indicators of the stencils of hybrid
schemes as variables to work globally. The new weight algorithm employed none freely user-defined parameter,
making the hybrid schemes more robust and applicable. Two different 5th order upwind compact schemes were
coupled with a 5th order WENO-Z scheme respectively. The new algorithm maked the transition between two
sub-schemes more smoothly. Generally, WENO-Z could preserve the accuracy at critical points while compact
schemes were less dissipative in smooth area. Thus, these hybrid schemes with new algorithm maintained high
resolution and high order of accuracy qualities and shock-capturing abilities. Numerical tests were taken upon
benchmarks of hyperbolic equations to test performances of these two hybrid schemes between the new weight
algorithm and a typical one. Numerical results demonstrate that the new parameter-free weight algorithm per-
forms well.

Key words: hybrid scheme; no free parameters; weight algorithm; high resolution; low dissipation
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Fig. 1  Schematic of similar face retrieval
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Fig.2 Similar face retrieval on mobile platform
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Fig.3 Face alignment based on sparse cascade regression
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Fig. 10  Results of similar face retrieval based on cascade shape and appearance
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Fast similar face retrieval based on mobile platform
DENG Jiankang, YANG Jing, WANG Meng, LIU Qingshan "

(School of Information and Control, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract: The problem of similar face retrieval on the mobile platform was studied. For the mobile termi-
nal, sparse constrained cascade regression model was utilized to align the face image accurately, which could
not only select the robust features, but also compress the model size to about 5% compared to the original
size. Then high-dimensional texture features were extracted around some specific landmarks, and compressed
by sparse projection. For the server side, shape and texture features were cascaded to retrieve similar faces
efficiently. Faces with similar facial shape were selected by sparse shape reconstruction, and similar faces
were finally selected by sparse texture reconstruction. On the Samsung smart phone of Note 3, the alignment
time for each face image was about 10 ms. On the extended labeled face in wild (LFW) database, the retriev-
al time was about 1.5 s and the size of the whole model was only 5.4 MB. Extensive experiments show that the
proposed alignment method is accurate and fast with compact model size. Similar face retrieval is efficient and
the results are consistent with human visual perception.

Key words: mobile platform; face alignment; cascade regression; similar face retrieval; sparse

constraint
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Vernier ranging method for pulse radar based on motion constraints
CHEN Hao, GUO Junhai®, QI Wei

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

Abstract: Traditional pulse radar Vernier ranging method has the problem of coupled ambiguity in resol-
ving the ambiguity of Doppler phase and velocity. To solve this problem, the motion constraint of target was
applied into Vernier ranging and a new motion constraint Vernier ranging method was proposed. Accumulating
a period of measurement data, an unscented Kalman filter was used to estimate radial velocities with higher
accuracy. The high accuracy velocities were used to resolve the velocity ambiguity to startup the Vernier ran-
ging. The radial velocity of next time period was accurately estimated through UKF forecast on the Vernier
range, and the velocity ambiguity of next period was resolved. The coupling filter that could resolve phase
ambiguity and velocity ambiguity was built, and the random errors of pulse radar radial range data were greatly
eliminated using this new Vernier ranging method. Simulations of high-speed aircraft in boost phase and meas-
ured data of pulse radar prove that, this motion constraint Vernier ranging method greatly reduces the random
error of radial range from meters to decimeters.

Key words: Vernier ranging; motion constraint; phase ambiguity resolution; velocity ambiguity resolu-

tion; unscented Kalman filter
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Property evaluation on turbulence models calculation in
hypersonic heat transfer simulation
ZHANG Xiang, YAN Chao”

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Factors that influence the prediction accuracy of hypersonic heat transfer simulation under tur-
bulence were studied with the double ellipsoid model by the means of computational fluid dynamic. Four popu-
lar turbulent models, which include the Baldwin-Lomax( BL) model, the Spalart-Allmaras ( SA) model, the
Wilcox k-w model and the Menter shear-stress transport ( SST) model, were employed in the study of heat
transfer simulation, their performances were assessed, the dependence of heat transfer on grid Reynolds num-
ber was assessed. Besides, the connection between sweep angle and the heat in stagnation point was estab-
lished by simulation with seven different sweep angles in blunt fin. The results indicate that the Two equation
model, especially the SST model, is more suitable for the heat transfer simulation in reattaching flow than the
One equation model and the Zero equation model. The results also show that the maximum heat of blunt fin
varies non-monotonic with the sweep angle and reaches a peak value when the sweep angle is about 22°.

Key words: computational fluid dynamic; heat transfer; turbulent model; blunt fin; sweep angle
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Missile sliding mode guidance law based on extended state observer
ZHANG Yao, GUO Jie" , TANG Shengjing, MA Yueyue, SHANG Wei

(Key Laboratory of Dynamics and Control of Flight Vehicle of Ministry of Education, School of Aerospace Engineering,
Beijing Institute of Technology, Beijing 100081, China)

Abstract: Based on the technology of extended state observer (ESO) , a novel missile sliding mode guid-
ance law was derived to intercept maneuvering target. According to relative movement between missile and tar-
get in the process of interception, the difficult question was effectively settled that too large overload was re-
quired during terminal intercepting phase, which was addressed by currently estimating and dynamically com-
pensating to target acceleration via ESO. Thus, the goal of precision against target was achieved. Moreover,
accounting for the autopilot as second-order dynamics in simulation, three simulation experiments of different
interception strategies, which included head-on interception, tail-chase interception and head-pursuit intercep-
tion, were investigated in the two kinds of cases of intercepting periodic maneuvering target and aperiodic ma-
neuvering target. Compared with sliding mode guidance law based on finite time convergence, the results show
the strong robustness and validities of the proposed sliding mode guidance law based on ESO in the terminal in-
terception guidance.

Key words: extended state observer; sliding mode control; observation; finite time convergence ; missile

guidance ; interception
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Table 1 Input data of multi-station multi-type LRU
LRU, mg,i/ W Ty./h 7,,:/h Tp,i/h 0p4,/h 0p9,:/h 04,0,/h ¢,/ TE C./JI Tt
110.9 17.5 30.2 30.7 33.4 37.7 33.3 4
LRU, 162.2 17.5 30.2 35.9 33.4 42.9 27.2 4
113.5 17.5 12.9 59.6 34.5 40.3 26.3 4
161.9 17.5 12.9 41.2 34.5 40.3 33.3 4
149.9 17.5 26.0 56.1 33.4 37.7 33.3 4
LRU, 115.2 17.5 26.0 52.6 33.4 42.9 27.2 4
153.8 17.5 27.3 35.9 34.5 40.3 26.3 4
107.2 17.5 27.3 50.8 34.5 40.3 33.3 4
134.1 17.5 20.3 53.4 33.4 37.7 33.3 6 100
LRU, 149.7 17.5 20.3 42.0 33.4 42.9 27.2 6
134.6 17.5 16.0 49.1 34.5 40.3 26.3 6
118.4 17.5 16.0 59.6 34.5 40.3 33.3 6
161.8 17.5 28.5 43.8 33.4 37.7 33.3 6
LRU, 120.3 17.5 28.5 45.6 33.4 42.9 27.2 6
125.8 17.5 30.9 55.2 34.5 40.3 26.3 6
133.1 17.5 30.9 33.3 34.5 40.3 33.3 6
*2 BELZWEHALRURRKEEES R3 BRUGERNEGRE
Table 2 Optimal level of repair of LRU Table 3 Optimal inventory allocation of each spare
in each station and each type o g g% HE%
LRU;  JtHh 2%
o B A h L o 0. 0, 04
LRU, A4 0, ILEE. 0 0 0 1 2 1 2
-RU, 0 0 0 2 2 2 1
HEY 0, LRL? AN LRU; 0 0 0 1 1 1 1
LRU; A0, LRU, 0 0 0 1 1 1 1
Y 1 LRU, A 0, R ] ]
! LRU, A 0, WK 3 Fras i EBO,-C i F1 EBO-C il k.
— Ll{liz A 0,
LRU, A 0,
LRU, A4 0,
LRU, gk I,
IR 0, LGS L O,
LRU, hakg I,
T LRU, A 05
2 LRU, A4 0,
3 D K3 %% LRU (b4
LRU, A 0,

Fig.3 Optimal curves of each LRU
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Optimization of repair level considering maintenance effectiveness
FAN Jiujiu, GUO Linhan”, YANG Yi, MA Lin

(School of Reliability and Systems Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Level of repair analysis (LORA) is an important method of maintenance decision for establis-
hing system of operation and maintenance in the equipment development period, but it can not decide the
spares inventory at each location in repair network. To this end, compared with traditional research, a jointly
optimization method of LORA and spares inventory considering maintenance time in equipment support system
was proposed and systematically analyzed. Thus the objective function and modeling condition of LORA opti-
mization model were decided, and then the transferring and coupling relations of random variables such as
number of failures sent to repair, spares demand, spare backorders etc. , in support organization of multi eche-
lon and multi station, were resolved. Maintenance time parameter was introduced into traditional quantitative
level of repair analysis and joint optimal model combining level of repair and spare stock was established.
Meanwhile, efficient convex optimization algorithm with multi-variable was designed by analyzing the charac-
teristic of optimization problem, which was highly effective when applied to complicated support system of
multi-echelon, multi-station and multi-spare. Finally, an application case of optimization method was estab-
lished and the correctness of algorithm and model were verified by simulation, which provides a feasible opti-
mization method for carrying out LORA.

Key words: level of repair analysis; inventory; convex optimal; multi-echelon; spare parts
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Rapid design algorithm for intercept missile trajectory
WANG Bei, ZHOU Tao, DONG Changhong”

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Traditional optimization algorithm always needs iterative calculation and consumes long time

when it is used to solve the problem of intercept trajectory design under the multi-constraints condition. In

view of this disadvantage, a rapid trajectory design algorithm for intercept missile was proposed. The new algo-

rithm was based on the nonlinear fit technique of artificial neural network. First, a sample was calculated off-

line through a general optimization algorithm. The target position and the optimized flight procedure parameters

in the sample were trained to fit the input-output mapping. Then the optimal flight procedure parameters could

be calculated fast in the condition that the target position was given, and the goal of improving the trajectory

design efficiency was achieved. Applying this algorithm to intercept trajectory design, while ensuring good hit

accuracy, the calculation time is greatly reduced compared with the traditional algorithm, and it improves the

timeliness of intercept trajectory design. The numerical simulation demonstrates the effectiveness of the algo-

rithm proposed.

Key words: intercept missiles; trajectories; optimization; design; neural networks
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Morphing technology for Chinese characters based on
skeleton graph matching

LIU Min', ZHAN Huanian', LIANG Xiaohui*', HU Jiajia®

(1. School of Computer Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. School of Chinese Language and Literature, Beijing Normal University, Beijing 100875, China)

Abstract: Automatically shape morphing for Chinese characters represented in different writing stages is a
challenging task. A novel method was proposed to solve this problem. Specifically, the source and target Chi-
nese characters were decomposed to corresponding components. And then, the components were decomposed
to strokes which were used to construct the graph pattern, and the stroke path similarity graph matching meth-
od was applied to establish an accurate correspondence between two graph patterns. Finally, according to the
matching results, isomorphic triangulations were established for the source and target Chinese characters con-
tours, and morphing animations were generated by using as-rigid-as-possible shape interpolation to the isomor-
phic triangulations. In the experiment, the stroke path similarity graph matching method was compared with
two existing methods, and some morphing animations were also presented. The experimental results show that
the proposed method can produce correct correspondence between Chinese characters from different writing
stages, and generate smooth deformation animations.

Key words: Chinese characters; correspondence ; graph model matching; shape interpolation; morphing ani-

mation
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