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Vibration response analysis of rotor system with initial
thermal deformation
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Abstract: Uneven temperature distribution of an aero-engine during hot restart can lead to initial thermal

deformation of its rotors, which causes excessive engine vibration, or even a start-up failure. In view of the

problem, this paper takes a typical rotor in aero-engines as an object, establishes its dynamic equation based

on the effects of thermal deformation on vibration, and analyzes the effects of thermal deformation on vibration

response of rotor system through modal coordinate transformation. The results show that thermal deformation is

equivalent to additional excitations acting on the rotor, that is, initial shaft bow excitation, additional unbal-

ance excitation and additional gyroscopic moment excitation, all of which are synchronous with the rotating

speed. Moreover, the amplitude of unbalance and gyroscopic moment excitation is related to the rotating

speed, therefore influencing rotor vibration response at different critical speeds to an equivalent extent, while

that of initial shaft bow excitation is not related to the rotating speed and the response of low-order critical rota-

ting speeds is more affected.
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Fig.2  Comparison of attitude angle error in Case 1
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Filtering algorithm of NFOV star sensor measurement delay
QTAN Huaming® , WANG Di, WU Yonghui, HUANG Zhikai

( College of Automation, Harbin Engineering University, Harbin 150001, China)

Abstract: Aimed at measurement delay in the narrow field of view (NFOV) star sensor used for attitude
estimation, a robust extended Kalman filter ( REKF) algorithm is proposed to solve the measurement delay.
According to the minimum mean square error criterion, the minimum upper bound of the variance is solved
and the filter gain is determined by the minimum upper bound. The designed REKF algorithm can effectively
solve the problem of measurement delay and improve the accuracy of attitude estimation. Finally, the simula-
tion results show that the algorithm is superior to the conventional additive robust extended Kalman filter
(AEKF) , robust finite-horizon filter ( RFHF) and robust Kalman filter ( RKF) algorithm, which can better
solve the problem of measurement delay in nonlinear systems, and the effectiveness of the algorithm is veri-
fied.

Keywords: narrow field of view ( NFOV ) star sensor; attitude estimation; extended Kalman filter

(EKF) ; robust filtering; measurement delay
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Elastic-liquid coupling in aerospace rigid-elastic-liquid coupling system
LIANG Lifu”, GUO Qingyong

(College of Aerospace and Civil Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: This paper focuses on the elastic-liquid coupling problem in the rigid-elastic-liquid coupling
dynamics. It is an important topic related to researches on mechanism and large-scale modeling and calculation
of liquid-solid coupling in the aerospace rigid-elastic-liquid coupling system. Based on the analysis of the func-
tion of the quasi-variational principles for the rigid-elastic-liquid coupling dynamics, characteristics for rigid-
elastic coupling, rigid-liquid coupling and elastic-liquid coupling in the rigid-elastic-liquid coupling system
were illustrated. Inter-element boundary conditions were plugged into the function by Lagrange multiplier
method and the mechanization of the elastic-liquid coupling was illustrated step by step through the identifica-
tion of Lagrange multipliers. Solving stationary values of function shows that inter-element boundary conditions
convert from preconditions to stationary value conditions. It realizes the transition from compatible element
model to the hybrid element model. Through analysis on stationary value conditions before and after identifica-
tion of Lagrange multipliers, it is shown that the identified Lagrange multipliers can effectively reduce the de-
gree of freedom for calculation.

Keywords: aerospace liquid-filled system; rigid-elastic-liquid coupling dynamics; elastic-liquid coupling

mechanism; liquid-solid coupling modeling; inter-element boundary condition
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Optimization of fuel heat management system for high-speed aircraft

PANG Liping"*, ZOU Lingyu', A Rong’, YANG Xiaodong’, FAN Jun®

(1. School of Aviation Science and Engineering, Beihang University, Beijing 100083, China;
2. Institute of Manned Space System Engineering, China Academy of Space Technology, Beijing 100094, China;
3. Beijing Electro-Mechanical Engineering Institute, Beijing 100074, China; 4. Army Aviation Research Institute, Beijing 101121, China)

Abstract: With the rapid development of multi-electrification of aircraft and airborne high-energy elec-
tronic equipment, the design of fuel heat management system has been paid great attention to. The most criti-
cal factor is the thermal load capacity of fuel. For jet propulsion high-speed aircraft, this paper presents a
multi-objective optimal allocation method for a large-scale and multi-task fuel heat management system. The
thermal carrying capacity of fuel decreases with the increase of flight time, due to the dual effect of airborne
thermal load and aerodynamic heating. In this paper, the improved genetic algorithm NSGA- I is used to opti-
mize the design of two targets under different flight mission planning. The objective function is heat sink effi-
ciency and fuel compensation loss. The optimization variables are the maximum flow rate of the fuel cycle, the
consumption of coolant and the heat load on board. The objective function Pareto optimal solution set is ob-
tained to meet the expected model selection principle of the fuel heat management system. By analyzing the
correlation between the optimized variable and the optimization target, the optimization configuration criterion
and the minimum fuel compensation loss can be quantified, and the airborne efficient heat management system
supporting the multiple heat sink reconstruction is designed.

Keywords: high-speed aircraft; heat management system; fuel heat sink; flight time length; expendable

coolant
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BDS/GPS integrated navigation satellite selection algorithm based on
chaos particle swarm optimization
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Abstract: In the process of signal receiving, global navigation satellite system ( GNSS) receiver will be
affected by factors such as building blockages and signal interference and will not be able to obtain all the visi-
ble satellites; moreover, in order to reduce the processing burden of multi-constellation receivers, the fast sat-
ellite selection algorithm using partial visible satellites to achieve positioning solution is investigated, and the
BDS/GPS integrated navigation satellite selection algorithm based on chaos particle swarm optimization ( CP-
SO) is proposed. First, the visible satellites are continuously numbered and randomly divided into groups.
Each group is regarded as a particle. Then, chaotic maps are used to select several groups from all grouping
spaces to form initial population. The geometric dilution of precision (GDOP) is chosen as fitness function to
evaluate the particle’ s quality. In addition, the particle’ s position is updated by the velocity-displacement
model of the PSO algorithm, and it gradually approaches the global optimal solution of the satellite combination
with better geometric distribution of the space satellite. Finally, using real navigation data, the algorithm is
verified by simulation experiments. The results demonstrate that when the number of selected satellite is more
than 5, the time that the proposed algorithm takes to select satellite once is 37.5% of the time that the traver-
sing algorithm takes, and the GDOP error of the selected satellites is between 0 and 0.6. Moreover, the pro-
posed algorithm can be applied to the case of different numbers of selected satellite in BDS/GPS integrated
navigation.
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Table 3 Correlation matrix of anti-deforming ability optimization

SR R, R, 4, 4, TD_Max ™

R, 1 0.0068 -0.01 0.041418 -0.017436 -0.155

R, -0.00680 1 0.0078 0.095346 0.010111 -0.144

A, -0.01419 0.0078 1 -0.01088 0.9987 -0.954

A, 0.041418 0.0953 -0.01 1 -0.0012963 0.0946
TD_Max -0.01743 0.0101 0.998 -0.00129 1 -0.953
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Table 4 Error verification of response surface of anti-deforming ability
i Al S Bk a5 (A BRITIH5) W) Sz 5 o o7 TR 35 ARXT IR 22/ %
e A, 7(°) A7 (%) TD_Max/mm TM/kg TD_Max/mm TM/kg TD_Max ™
1 61.162 40.402 0.019226 340.94 0.019409 347.24 0.95 1.8
2 58.68 40.591 0.019436 336.93 0.019601 341.92 0.85 1.5
3 52.027 39.633 0.018195 343.12 0.018297 351.98 0.56 2.6
4 52.043 41.095 0.020178 335.41 0.020183 340.56 0.02 1.5
5 57.758 39.611 0.01813 350.49 0.018293 355.54 0.90 1.4
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Table 5 Design results of anti-deforming ability optimization
i A & Sk s (A IRJCHH ) Mg 187 s (L TG 50 AHXF R 22/ %
e
A /(%) A,7(°) TD_Max/mm T™M/ kg TD_Max/mm TM/kg TD_Max ™

1 51.278 38.531 0.016908 345.57 0.016 859 346.917% 0.29 0.4

2 57.409 37.955 0.016 546 361.77 0.016267 350. 65 1.69 3.1

3 50. 646 37.806 0.016264 360. 55 0.016174* 351.24 0.55 2.6
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Table 6 Correlation matrix of mechanical environment adaptability optimization
S R, R, A, Ay TD_Max ™ C_S
R, 1 0.024 -0.050 0.0006 -0.37273 -0.17 0.050 649
R, 0.024 1 0.0038 -0.012 -0.12857 0.175 -0.12987
A, -0.05 0.003 1 -0.007 -0.58961 -0.94 -0.96104
A, 0. 006 -0.01 -0.007 1 -0.463 64 0.042 -0.17143
TD_Max -0.37 -0.12 -0.589 -0.463 1 0.679 0.7039
™ -0.17 0.175 -0.949 0.0428 0.67922 1 0.92727
C_S 0.051 -0.13 -0.961 -0.171 0.7039 0.927 1
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Table 7 Error verification of response surface of mechanical environment adaptability
Pl s it B UE s (A7 BROTTHED) IR ATTRA =) AHX 1% 22/ %
Hi's
Ay /(%) A/(°) TD_Max/mm TM/kg C_S/(r+min~') TD_Max/mm TM/kg C_S/(r-min~') TD_Max TM C_S
1 52.929 36.22 2.1446 353.95 14543 2.1548 350.05 14769 0.48 1.10 1.55
2 52.953  40.724 2.1754 342.91 13536 2.1422 339.45 13812 1.53 1.01 2.04
3 59.483 36.251 2.1038 354.49 14 146 2.1234 351.71 14555 0.93 0.78 2.89
4 59.015 40.384 2.1855 344.37 13391 2.1105 341.85 13672 3.43 0.73 2.10
5 50.621 40.172 2.113 343.94 14662 2.186 341.87 14 255 3.45 0.60 2.78
x8 NFNREENHRAMULETER
Table 8 Design results of mechanical environment adaptability optimization
o e s i B0k S (A BRICTH5E) W 17 s, (o 7 TR ) A X1 22/ %
A
A7(°) Ay/(°) TD_Max/mm  TM/kg C_S/(r+min~') TD_Max/mm TM/kg C_S/(r-min~') TD_Max TM  C_S
1 60.774 42.296 2.1357 340.04 13620 2.0132 338.79 13342 5.7 0.37 2.04
2 59.369 42.266 2.1241 339.97 13662 2.0198% 338.29* 13335 4.91 0.49 2.39
3 56.195 41.615 2.1597 341.37 14307 2.0806 343 14569 ™ 3.66 0.48 1.83
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environment adaptability optimization
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Table 9 Parameter correlation matrix
S8 A, A, R, R, TD_Max
A, 1 0.275 -0.0286 -0.125 0.214286
A, 0.275 1 -0.0321 -0.0035 0.78571
R, -0.028571 -0.032143 1 -0.1714 0.20357
R, -0.125 -0.003571 -0.1714 1 -0.04642
TD_Max -0.214286 0.78571 0.20357 -0.0464 1
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Optimized design method of aero-engine rotor structure layout
LI Chao” , JIN Fuyi, ZHANG Weihao

(School of Energy and Power Engineering, Beihang University, Beijing 100083, China)

Abstract. Structure is the comprehensive embodiment of aero-engine function, performance, and reliabi-
lity design level, and all technical requirements, performance indicators, strength indicators, or structural
safety and reliability should be based on reasonable structure layout design. This paper puts forward the view-
point of the layout and optimization about the aero-engine rotor structure. Taking the structure configuration of
the high-pressure rotor of a typical turbofan engine as an example and based on the response surface method of
the design of experiment (DOE) , the finite element method is used to calculate through multi-objective genet-
ic optimization algorithm. Relevant optimization calculations are carried out from the aspects of deformation re-
sistance, mechanical environment adaptability and rotor structural efficiency respectively. It is demonstrated
that reasonable structure layout can greatly enhance the mechanical properties of rotors. The research method
is of great guiding significance for the initial structure layout design of the aero-engine rotor system, which can
significantly reduce the number of iterations and shorten the design cycle.
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Jr % M (FRSA) 77 i o B 4§ K # J5 #h FRSA 77 3 & T Bl RVE & %M 07 i 5 # T £ & RVE
P % AT AR B K B A B F Bt ] b 3R T A R AR AW LR T R M (BORSA) 77 % R 4T I 4%, E A

T FRSA 7 o e 9k 1%

X B W BEAENELSME; REAME; EARFRM (RSA) ¥ ik; tifk; 4

%I HE
hEYES: TB332
MERARIRED: A

LT 8 08 52 5 B R HAT L R L L NI R
R AT B P SR SRR R I A R
SR BT AN A A )z
PR AR i 1 T 2 T Y I N A, R Y T
W J7 A A kT AR 2 Pk R BB T (Repre-
sentative Volume Element, RVE) 3 *" & Horp |
RVE % B N &R £, 68 4 1 9000 A R v, 02
FHE I 7 25 o @80 @ Sr RVE & 3E 47 b R
A TI0I ) 265 — 20, W2 AP0 ME AL

FIHTEE 7 R 2T 43 988 52 5 M6 RVE 1905 vk
A FEVLITF % ¥ ( Random Sequential Adsorption,
RSA) 7k BT RSA B4R 44 K™ 4
SRTIPIL RSN AN {2 (A RESE
Jrk O MERE AR S, Hd RSA Jr ik
FEAR HCBR A B 5 T F 5 R /N B B2 1
ZITIE RO e B AE RVE IO N A i A Bl

NXEHS: 1001-5965(2019)02-0277-06

B I Ia] 22 45 72 R R BEBIL 0 Al 19— AR EF 4 I, )
BT 4 AR 2T 4 J2 5 22, A S A A Z2 i A
AR YT AR AE T RVE 06 50 0 3o % 3 £F
ARBUPBOR B E M N IR . FEMZ S E
5 FR B A W 3 5 S LA ik e L g )
UM J7 sk A 2% BB K, Liu 2607 SR A A
IR I8 507 VR P W 2T 4 S 5 A A, dE 4R T AR T
iR iz B0 B ML W% B ( Boolean Operation
based Random Sequential Adsorption, BORSA ) 77
ko ABJE AR BRI WA FE R BB K, JF B —
B A S PR L B G R 2F e AT A ks A
B0 T RVE IS A%,

ARSCX Liu 57 07 5 EAT T Bt 78 %) £F
Y PEAT AR 2Kz SR BT RT , A TR A e S B AR
UERYIL OB, B O BN T E FE R N
PEAT A IRz 58, L R BE AL A AT A B X AH

Wi BEH. 2018-05-22; RABHE. 2018-07-28; M4 H kT E ;. 2018-08-01 11:16
M 2% H R # ik ;. kns. enki. net/kems/detail /11.2625. V.20180731.1717.002. html
E£mB: ExARB¥E4 (11772028,11702012,11572058,11372020)

+ @I54EE. E-mail: frliu@ buaa. edu. cn

Sl A FE, P, BWE, & —HLXELENEFEREL LM HRVE ## 7 []]. HEMEMRAFFH, 2019, 45
(2):277-282. LIU F R, PIAN R, ZHAO L B, et al. A filter based modeling method of RVE for short fiber reinforced composite
[J ]. Journal of Beijing University of Aeronautics and Astronautics , 2019 , 45 (2 ) : 277- 282 (in Chinese ).


qwqw
新建图章

http://kns.cnki.net/KCMS/detail/11.2625.V.20180731.1717.002.html?uid=WEEvREcwSlJHSldRa1FhdXNXaEd1OFVCUGpSR2dqb2ova09jQTdKaWFqVT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=MzI0ODlMTDdSN3FlYnVac0ZpM2xWTHpCSTFvPUp5ZkRaYkc0SDluTXFJeEVaT3NPWXc5TXptUm42ajU3VDNmbHFXTTBD

278 G| AN T Nl N = 4

K

Ab At 4R

2019 4¢

T Uk T BE B AR R T T 4, E T A
T2 B IR R BEALIDUS I B (Filter based Random
Sequential Adsorption, FRSA) K . R )5, % H
RVE A: g5 B 36 UE T 773 1 Je ittt

1 BORSA Fix

Liu 5 J& 1 1) BORSA J7 ik~ . %58
BT 5 ) £ A AR R » B Ve T R AR L AL &
Y542 D, PR 4ERFR V, Fl RVE SR (98
m (LW H)ES 8, E SCHER LT 4E 5 A28
Y0 = e BR (a0, y,2) , S HERI R AE XOY
FETN B S X B s 0, R ez S Z
Il oo BEDHESHPETEE v e (0,L),
ye (0,W),ze (0,H),0 e (0°,180°),¢  (0°,
180°) , ME R KMI/RIBHE KB N T,...
RVE i f £ 4 20 BT

1) Aps 1 MREFYE £, (i = 1) o BENLA AT
B RE L AR DL E S E (v, y,,2,) L Bl
BUAE AT G AR L eR R ) 288006, @) , IR
R AR AT 4

2) 5 RVE YATLF4efR a5 Ve, V. <
Vel =i+ 1, AT AL BR 3) 2 Vo = VT i
WA AR RVE HERLLE T

3) BEMLA A4 £ S8 (x,,y0,2,0,0) o
BEA RIZHIRE T =0,

4) T=T+1 K44 f, m( +£L,0,0),(0, =W,
0),(0,0, +H),( L, +W,0),(0, W, +H),
(£L,0,+H),( =L, =W, +H)3 26 P H .,
SRIG AT AT R B33 ] 27 DI Er 4 f, WA 1 @ -
IARSR4E, Y i -1 RAGEMRIRAEBNT G -1V,
W, R ARG M C R, TP IES) i -1
IR AEMFIRARET (-1 V, i IAHE 4/, 5
Y f( =12, ,0 - 1) BRHZE, HATHHR6) .

5) M T<T, WK f F#B RVE NEEHLL
ELORIPER4) 2 T =T, W, W B A REAE Y
R R Fh i AT 4T 4, RVE AR R W, 45 0

6) MRAFLT4E f, R IR BIPER2) .

Y b3 B AT L, A 2R A — AR T 4 Bl % 2T 4
AT — UV B, T AT — IR KRB, H T
Y7 BEAIL AR B R, He v SR A TR B A R 1
4IR.OALE 5B 48O HE T ML, T
W/ T 25 4 B A, I 098 2 4E 6 98 5 AT 21 4
AAAZ o G0 53 i 18 Aok 108 R SCAE A %o 3k 35 4 41
Y AT B AT AT R 0B 5, W AT DL | RVE A2
B,

2 FRSA 7%
2.1 FRSA FHik/EE

J TSI g, U AE A S A
AT B /IME d, K
d, = min(d,;) (1)
S d, R AT SR DB
dy = J(x, —x)" + (y, —y)7 + (2, -2)° (2)
I SEAT AR R s AT W d, 2w N T — A
d.(d, MIEFIEE) . M d, <d, B, NI AT
MRER . M d,=d, BN LT RE 5
AT S B0 2ok 0 4 — 3 A £F 4
2.2 IRSREEES d, ¥t FRSA AEHIRM0

(A 2 DNEFYERIE S d AETE 2 AN FRRIRIE L :

1) Xd, =D B, UL B ORI 4E N D)
BRAR 5 LA S T8 0 S BR OO 19 £F 4 N U0 BRI AH SR DT
mE 1 s,

2) Y d, =D/ + A BEf AN ERIK S £,
WA PIERAAR AR SN D), s 2 BOR .

HRARE ks 2 Fheis o0 ] DL 21 4k 22 18] 16 A 28 %
R R IRAAZE WK A ZE AT BEAHAS 3 i I«

1) Mo<d, <D Wt,f, KWHVIERIK S £ A
PIBRUAHZE B0 f; 5 f, b 8R A 22

2) Y d, > D1V + A BEf W AN BRI £,
WA UIERIAR AR ES , BD £, 5 f, WeSRARAHAE .

3) Y D<d, <D/’ + AL ,f 5 f B bIEk
AR A VI BR R AT 22,/ 55 f, AT REARI 22, d,
/I AHZE AT RE P IR K

W d, WHE 2 S 304 PP i8R

1) 240 <d, <D, ot I8HH £ B—ES f
FHAC ) AR —E 5 f AEE ) f, Rt iE s,

F 1 f WOIBRIR S f; NI ERE AT S )
Fig. 1 Circumscribed inner spheres of f; and f

Fig.2  Circumscribed outer spheres of f; and f;



552 ]

XU 2 Tt o U () £ 4 48 3 A bR RVE g op [

279

2) Md, =D A UERW S RS S MR
1,9 H— 5 f, AH3SH f, Bwkad ng 4,

3) Y D<d, <DJ17 + A} I G UEHLT 4t
AWAE f M52,

4) M d, >D/1" + AL B, A AT RELS £ M 5E
[ f; FRE It U T o

MR il R d, <D, WSS f b
SRANZE B f, R UEHE, BT LA d, B9 /IME R S Do
AR 2) M 3)BR Tk i T A ARG f AHAC
S RS U EOR S f, AHEE R f,, e i UK fE
SN B S AR AR (R S BRAR LT 4 07 5
AIATI, BEAR RVE 1) $5 R £F 4k 7R B2 4 %, BRI 32
HYBL RVE (2R e 40 96 2 o d, B0 UM 0 AR 5 i
SRR K, R0k FRSA J 3k By s i B2 3% 6 5
) d, BUHE .
2.3 FRSA Fix$ R

FRSA J7 o6 E il RVE By 38 4) ok 38
L5 G=12, 0 - D) BOHENRE/AME d . Y
d.<d, BT HES), Md,=d W, T=T+1,%
4 f w1 ( £L,0,0),(0, +W,0),(0,0, +H),
(=L, +W,0),(0, +W, +H),( +xL,0,+H),
(L, =W, xH)3t26 A Jrm V%, K5 HATA
IRIBEE ] 27 BT 4t f, WORA 1 i - 1 R4,
-1 R TR RAEBUNT -1V, B, 3R
UM A RR,HFTHLES) i -1 R
e R RERRET (- 1)V, B IR ER 4 f, 54
e f,(j=1,2,,i- 1) ¥R, HITHLH6) .

T S B, O TR ROR, kT
Pt d, B ECR X I R AR TR AL B

12

3 FRSA FiEFEHMRIE

3.1 BB TH FRSA ikt I8

WHE RVE 40, L4 542 D =20 pm ,RVE
K e KB (L, W, H) ¥ 10D, 4 KAt Lk A, =
2 EFHEARBN B Ve =8% o WEITIESH A
KA JRIEHRHL T, =10"d, =/5D,

B E PRS2 BRI TK TS e R € €7t =1
BRI, B 3 45 >R A BORSA J5 75 F1 FRSA
Jrk, A 1 A RVE BRI 2B pl A AR 2F 4 11

mP 3 AL, Vet =8% it , —4~ RVE Fi 5
B 51 FREF4E, BORSA Jy ik h AR il 1 MR 4T 4
f AT IR 38 SR B K ol 9 Uk, T FRSA 5 2 A i
Z N3 W BARRTE ,FRSA J5 ik B s /b T &F 4
A 7K 38 B B

K2 Bk A A 10 A~ RVE, F 5 A %
—A> RVE [ S A7 /K38 Bk 8L, JF % 10 4~ RVE B
SEXIME, 7T BORSA 73k fl FRSA J7 kA4 il — A~
RVE {375 /K8 HR B4 5k 87.5 Fi161.8 1K,
ik J& FRSA J7 ik A /R 2 S I B 7 BORSA Jy
21 70. 6% .

RO (Y B A 46 A R BT ], LB ER 2 Ah
Ty 145 2 B 10 AN B3 i S Bt 1], & 3 BORSA Jf
EFERT 1079 s, Btk f5 FRSA J5 B kERT 921 s, 7] i,
AEAGE R [R] R Oy i 7 k1 85.4% B B4R = T RVE
) AR

K FRSA J5 36 4 U — 4~ RVE 4 4 fr
N AT DL R AT 5 2 A BHE R 43 T

[ BORSAJN#:
10+ EarF

S

%

T Hf i 43
e
T

HHHIHI Wmmjﬂ]{ﬂ]ﬁ{mﬁ IHE_ _W |

31 36 41 46 51

£Fofe e

B3 Bkl 2 RhJ5 kAR — > RVE 5840 b 45 4R 21 48 19 A 7K 58 33 0 8

Fig.3  Number of Boolean operation times per fiber in one RVE example with two methods before and after improvement

3.2 RVE S¥f7 %S Hxt FRSA 75k R
A

T v R A A [ 2 R AR O Ve

MARRAZ Ay 9 RVE; 5350y 2.2 5 Al 01, Il

SRR d, X FRSA J7iERUCRA R, AR 55 78

AT VE™ d, F A BUE TR XS FRSA J5 i A

RFATOIIE
3.2.1 ViU P B AR

PEHC Ve BB N 5% ~ 11% , 45 Ff %
PEE AR 10 4~ RVE, 3H5 R FRSA ARl — 4>



280 G| AN T Nl N = 4

b AL AR

2019 4¢

RVE #4709 40 /R i S 8L T FR F BORSA A 1
—~ RVE HEAT A AR /R 8 W T L (e ( T/
T") , &K H FRSA A4 i{—~~ RVE it F i [a] ¢ F1k H
BORSA Az i, —~~ RVE it FH B [H) ¢"f9 FUAE (¢'/1")
JEXF 10 WAL I A HE O 418, 45 R TR 1. H
1AL FEARTE VES B0 FRSA J5 v n R A=
B RVE B 75 1 /K iz B R B R AR 18% ~29% , Jir
TERET AR AR 14% ~15% 00 EmH  ,

L
£ H

B

£ 4k

& 4 FRSA J7iE/E i RVE
Fig.4 RVE generated with FRSA method

#1 TE VIR TH RVE ZEHE I

Table 1 Comparison of RVE modeling efficiency for

various V™
Vit /% T/T" v/
5 0.76 0.86
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A filter based modeling method of RVE for short fiber reinforced composite

LIU Fengrui'*, PIAN Rong', ZHAO Libin', ZHANG Jianyu’

(1. School of Astronautics, Beihang University, Beijing 100083, China;
2. College of Aerospace Engineering, Chongqing University, Chongqing 400044, China)

Abstract: The representative volume element ( RVE) method is a common numerical modeling method
for predicting the material properties of short fiber reinforced composites. The RVE generation efficiency is an
important factor affecting the efficiency of the property prediction. For the problem of too many Boolean opera-
tion times which cause low efficiency of Boolean operation when the existing random sequential adsorption
(RSA) method is used to generate RVE, the centroid distance calculations between the lasted randomly gen-
erated fibers and the existing fibers are introduced. Using the centroid distance, some randomly generated fi-
bers, which are intersecting with the existing fibers, are filtered out to reduce the number of Boolean opera-
tions. And a filter based random sequential adsorption ( FRSA) method for modeling RVE is presented. By
comparing the number of Boolean operations and the time cost for generating RVE, the FRSA method has been
verified, and the verification is performed with different RVE parameters and method parameters using im-
proved FRSA method and Boolean operation based random sequential adsorption (BORSA).

Keywords : short fiber reinforced composite; numerical modeling; random sequential adsorption ( RSA)

method ; filtering method ; centroid distance of the fiber
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Table 1 New moment-independent importance measure
indices of numerical example computed by DLRS

MC and ARBIS methods

DLRS MC J7#& ARBIS J5 3%
8/ /1077 SD/10 2 8771072 sp/10 -2
X, 0.0610 0.010 0.0582 0.048
X, 0.2264 0.007 0.2167 0.013
X, 1.2572 0.035 1.2174 0.039
AR 446 000 2619
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computed by DLRS MC and ARBIS methods
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Fig.3 Schematic of automobile front axle structure
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Table 2 Distribution parameters of input variables of

automobile front axle structure

Wi B A% ¥I1H bR
a/mm 12 0.60
b/mm 65 3.25
t/mm 14 0.70
h/mm 85 4.25

M/ (N - mm) 3.5 x10° 7.5 x10°
T/(N + mm) 3.1x10° 1.5x10°

%3 DLRS MC 77571 ARBIS Fi%it &R E
BIHIEIRE R
Table 3 Results of indices of automobile front axle

computed by DLRS MC and ARBIS methods

Bé AL DLRS MC J5#: ARBIS J5
AS i st sp/10 -3 5F sSp/10 -?
0.0049 0.276 0.0047 0.249
b 0.006 4 0.394 0.0062 0.333
t 0.0163 0.546 0.0157 0.608
h 0.0014 0.173 0.0013 0.149
M 6.49x10°° 0.092 1.95 x10 7% 0.012
T 0.0095 0.426 0.0092 0.321
s 446000 4475
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A new moment-independent importance measure analysis
method and its efficient algorithm
GONG Xiangrui">* , LYU Zhenzhou®, SUN Tianyu', ZHANG Leilei' , FENG Lei'

(1. Xi’” an Institute of Modern Control Technology, Xi’an 710065, China;

2. College of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: In order to analyze the effect of input random variables on the failure probability of structural
systems more reasonably, a new moment-independent importance measure analysis method is proposed in this
paper. The traditional importance measure index can only estimate the influence of input random variables on
the output response of structural systems at fixed points, while the new index proposed in this paper can fully
reflect the average influence of input random variables on the output response of structural systems when they
change in all reduced intervals of their distribution areas, which is more in line with engineering practice. See-
king to find the new index, this paper presents two algorithms: the conventional double-loop-repeated-set
Monte Carlo ( DLRS MC) method and adaptive radial-based importance sampling ( ARBIS) method. The re-
sults of DLRS MC method can be used as a reference solution, yet its calculation process is slow and strenu-
ous. Under the condition of the precision of solving the new index is met, the calculation efficiency of ARBIS
method is greatly improved. Finally, a numerical example and an engineering example are given to illustrate
the significance of the new index and the efficiency of the proposed algorithm.

Keywords: global sensitivity analysis; importance measure; failure probability; adaptive strategy; impor-

tance sampling method

Received: 2018-03-15; Accepted: 2018-09-14; Published online: 2018-10-18 11.09
URL: kns. cnki. net/kems/detail/11.2625.V.20181012.1103.002. html

# Corresponding author. E-mail: gxruil991@ 126. com



2019 4 2 A
F45 45 H2 )

tEMEMRKEFFER

f7. 22 1

At 5 February 2019
I

Journal of Beijing University of Aeronautics and Astronautics mE 15 Vol.45 No.2

http: // bhxb. buaa. edu. cn

jbuaa@ buaa. edu. cn

DOI: 10. 13700/j. bh. 1001-5965.2018. 0273

S E KITRR RS/ S HR B AT

%;k WA, BIRL, BR A
] E.o44 N R VTR EEAE FHEMEFRNE/EEREANELE, BB T —

(W R Tl K% R 2B, W /R 150001)
MET QR QMBI RN BHEUTHORA/ SHRBREHEIT T H, &%, BT T NIR 5B R K,
BRA/ S H G T ALY EEREHE G N, 6454 40 32 iR 5 3 3t 1
B, e, fAMEs ANXNER, BB ARNMN T EEM N FADAZFEA, #FFH QR 2 #
HARBNTALHETET QR 2 FEHB X RN EFH T E. IHERENRSD H R A7 &
MAELER MO L HIANTRENG BRE THIITREEREE, FEEREH R
BAETHEEWERTY EFRERE, EXT QR BN ARNEF FEEHEE LT
R ETEITERZH T Z WA ARMNEH T %,

X B W mEUATE; MM R m AT RAMEI; S8 & QR 2

hE4FES. V249.3; TN713

XHkERIRAD: A XEHE. 1001-5965(2019)02-0291-08

e RAT AR 9 R AR AT AT B R R AT
PRUE AT B AR R bk R BT PR SRR A
AU A Hh TR A P AR R R L Y
AR AR B, BILAR 0 T A of H R A R
M ) 2R e B A AT ) DA AR R
P B BFST 20 B AR B R 1R T O
T 1 LA S FROR B0 SRR R AT 7R
ARG RE , (ELRFE LA i o o 7 3o 52 R 47 o) G 2 25 PR B
B R AT A ORI
o P 8 285 T ) ASE TR O 42 ] 45 S A 7 3%
X Bty G| AKE LR 12 0 A 5 IR S A
Bt DAL o M U SR S e AT A T B BR
SRR SRS A1, SRR IR Bl 19 A 5 2 Bl g
SEAPARGEW A r E2 B T AT 4R Ak
BEiZ Wi o5 o 1A 005 5 TRAT SR A AR O, 7R /AT
T AR PO AR R R, R L AT A T s B
M. 2 b, % BEOP T ok kAT AR RS 28
BA s

M Sy — ol A5 250 A 338 0] O A, B R R OR
g I (EKF) F) ] — B £k Pk Ak 19 7 v 0 R 2K 22 g
P (KF) #EATH R, 2 S R7H B R T2 1
WA/ ZHAH T BAR EKF ] LUE S 3
B R R R 0 07 A S B AT A A Az R
F 1 AR R DAL T B AR S8 0 A, EKF B
A BEOR A R 2 R TR B Al
(MHE) J7 3 W M S A 75 o ) 550 1) £ 8 oy %27
IHFI ARSI R mE " i i SR A G Ak 1) RS B
AR/ S EB AN T 5 PRV sl i Sk Al 1 BE 08 A 4y
i Ah P 24 580 Ak T TR AR FR A/ S 8O A Al
)RS T A ok 15 3 ok Mz 64 B . S ik
(9 TN TR By S A 117 b Ao A AR e 1y
T A A T — M RSB, SCER[ 10 ] 7E
A2 TR () B ) VR 3l B Sl Al 3 AT RS S
B AT, SCHRT 11 )8 78 8h B 38045 3+ F
REFLE ST AL AR SR IE . SCHk[ 12 ]
W BIF 5% T ML B N B 22 5 SRR R TR Bh i s A

W BEH. 2018-05-15; SR BHE. 2018-07-28; M4 H kT E . 2018-08-22 18,07
M 2% H R # ik ;. kns. enki. net/kems/detail /11.2625. V. 20180820. 1755.011. html

ES&WE: ERHARERSE (11572097)
= WIS {EE. E-mail; jingwuxing@ hit. edu. cn

SIHE: BMARE, AR, BKE BUEBECTENRA ZHRAMASEIT[T] L FhEhXAFFEHR, 2019,45(2);:291-
298. CHEN E K, JING W X, GAO C S. State/parameter moving horizon estimation for elastic hypersonic vehicles [] ]. Journal of
Beijing University of Aeronautics and Astronautics , 2019 , 45 (2 ) : 291- 298 (in Chinese ).


qwqw
新建图章

http://kns.cnki.net/KCMS/detail/11.2625.V.20180820.1755.011.html?uid=WEEvREcwSlJHSldRa1FhdXNXaEd1OFVCUGpSR2dqb2ova09jQTdKaWFqVT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=MjU3NTA5TXptUm42ajU3VDNmbHFXTTBDTEw3UjdxZWJ1WnNGaTNsVkwzSUpWWT1KeWZEWmJHNEg5bk1wNDFGWk9zSFl3

202 b5 = MK K % F M

T

2019 4¢

[

X R Bl IS A T B I 5T AT g3 S R 2« Bk
ACHT BT A AL 1R A SR A o B IRAC M B0 5
ELHEOC R BV Sl AN T v P AR E . S
R L7 ]9 S 1 7 3 i Al 3 A 2 1Y 58 0 A A, 3R
R A T B8 B 7 22 B T S B A AU, Xl R
FATTH S 2 A AU A 0 . R T SCHR (7 110
BFFERCR, SCHRL 13 2R AR 78 = BB B i iR 2 T 7
ZEFE MR B R AU, SCHR [ 14-15 ] F 1 EKF 1
B EAACH, SCEk [ 16 ] 0 A G 3 R IR 2 08 I
(UKF) i+ 52500 .

CLE T LA B R S ST A R, B
IR IR sl g Al o i 45 51, R g 02 — 2R T 36
A E R ACH 5 T7 i, AN H T i — 2 3R A R
JE o B R — A, AR SO 3 25 R R R A 6
B 3K AN B9 T 5 AL S de /s 3R IR A, O
QR Zrfif gy i3 73k o 7 K e B AU A9 11
Sk AR P T OB A A, BRI T S AL
il AT 4 A RS B S R

1 BEEECITHREFER

AR BRI S 3 R AT B 1 2 TR
SHCA )L, e B T 3 g
SR

ﬂV@ = L — mgcos 0

= .
= M/I, (1)
-0-a =0
I%[ +2%wm, +wim, =N, i=1,2,-n
Arhom S AT &R BT R VO R AT g U R
O N FGEAA L A TE ) s g E IR B 59 I
AR 5. D URAM AR B2 5 MO AR 3 36 5 1. e 5l
Wi o A, ¢ o BTN, 5350 055 0 By # v
B AR bR (B B A R A g
ARIFHE 2 ML IRAS T E T %, TR 1R
WA RS M EERS o, Wi #EE

=)
N o

[RLeIEL

"ode,(x,) .
:a)z+ ;godx)’ﬂl(t)
n ) (2)
Zgoi(x@)ni(t)

g

K @, (x) 55 @ B PR S A IR 2 5 v, 15 )%
o BBl ) AR 5, Sl WA 27 A ) 2 2

— e, SRR AT A AL — B RS

E000G0

=n, +

R 432 3l K fa il 2 g f T AR SR
ZE A, 2R R B R AR
A AR AR, 4

x=[9 w. 7 7 o]

y=lo, n,7]" (3)

u =9
A6 g CATER B ME R AR o

T %8 2 SR 4 ) 2 e A A s 3 (R Sk
) FUG 2B (B3R ) 19 2 2 ppag

" de,(x,) .
%m = w, t Z; gol(ixh >77i,(t>
=) - (4)
" de,(x,) .
%mz =w, + ; ¢l(§xs >T]i(t>
a3 5Pk R AR SR 2, A5 2] 5 NIlKIZ 3 T
KWMMAREFET A8 o, 23 MERE ST
P AREET I E o,:
[ | w, tw, (5)
wo= 5
A #F AT 4>
x=[7v o 771 wl]T
[y = lw, ]" (6)
u =95
g b B R AT A BRI LR
{x = f(x,u) (7)
y = h(x)

2 ET QR SREEEBNEE AT

2.1 SR
XFR(T) B g R G, v R 200 2

HFTHE A I E A S (8) iR B LR 4t

x,, =F(x,,u,) +w,

{y,i = H(x,) +v,

(8)

Arfow, Fow, 235y F GE R R R 5 AR g RS
FE A, 38 I B B 2 RO S8 0 i 307 40 A
w, ~ N(0,0)
{vk ~ N(O,R)
Horbr:Q FR 5350 by 25 8 W 7S R U ISR 7S A B 7

I,
F 5030 (8) MRS A T 1)@ a] e 4k 4n F 4k

e Ta) .
min“@,,(xo,{wk}) (10)

X0, 1wyl =0

qre

(9)



:ll:éi-%—*&

52 ) WRIRHE 5 - 0 0 T B RS 5 MO A 293
D, (xy,tw, 1) = |x, —J?O\If,o_. + MR P 51T 1) 3 25 90K J B A A5
" -l CT—NH(xT—NH) = min( ”xT v~ X \HPT §
Slvilas + 2wl (11) 2 v
k=0 k=0 HvT—N”R" + ”wr-w”Qfl

Horr TN YT %0 5%, R GRS WE B9 AT
s Py N ox, B9 O 2240 155 llz ], %R 2'Uz;s
[fw, | om0 B 23] T -1 i %0 1 e 7 51

P Ak ) 0 (10) i) T 438 1 I 4540, P
P4 fE BAlit. &M
Fhy R T TR S0 K B TE VR B 2 b A, B S A
VR Bl o} 3SR s LA PR 4 A5 AN T 0 4 %, T BUR
St A T . RS T 7 vk R H bR R L
D, H

(pT(xT—N’{wk}) = CT,N(XT,N) +

Z vl + Z Iw, 1l (12)
K€y (x, \)ﬁ@J KA, AR i R 3l 2SR
R R, HoE L
C,(z) =

min_||x, -
X0, [wyl A 0
T-N-1 T-N-1

2 vl + 2 Iwilly
k= k=0

b x(Tox,,iw,l) =2 (13)
Hrp, x(r x,, {w, ) RRTEWIHE N x, H 23| M
FFES {w, | B BLT 7 B 22008 25 B A (.

A2 (13) AT, BLA AR & — A RE IR H

SRR B . R, — R AR R e B0

Fom 2R
O,y (x,) = @iy + x,y —x, B (14)
K@, R T - N w2 A T8 b5 19 S R AE 5%,y
H T -1 8205 T - N i ZPRS AT Py A Al
THi5 22 P B A

SRR N O v T = | B AW 5 T
BMERUE x, AP, HEIZHECSCIKRZ KA R
IR 12 i U I LR 25 Wy 26 W o A AR B ik
PR AR T 3 AR VR 20 I S 3 i 25 21 SR
TG TR B R0 B 4 v o AR SO Ak ) K A
M BE R A, h i T —FP 3T QR 23 11 B 25 4R
Witk
2.2 EF QR A4BHEERMITESZ

‘;:0 Hi’o-] +

wET+1 W%,
Dy (Xp s iwi ) = Coy (X y,,) +
741 T
D v+ X lwlly =
E=ToN+1 E=ToN+1
CT-W(xT-N) + ||vT—[vai’1 + ”wT-w ||2Q’1 +
T+1 T

S v+

ﬂﬁt NFHJC(M)FJ?/TIZ@MEHJr?EU

X Iwillo (15)
LAV

BT R b T

Won =Xp 00 — F(x, 4,0,y
v {vm =Yy - H(x(r-v) b as
XA FE P, R™' A1 Q' A Cholesky 43
fi# A
P, =P, P,
R' = (R"'R"' (17)
o' =(@"H'0"’
A7) ,:0(16) AT H
Croya (Xpyyy) =
P, (x,_y —x,_,)
min R (y,y - H(x,.,)) (18)
Q' (x, v, —F(x, yu, ),
Azl For 2"z,
A5 30 =X (18) J 7 Jme Pt Ak 0] 8 ) fige A i, 76
TR 3 I S Al A5 3 09 B UL S T X, A X R 2t
PR F A H 44k

2

oF

X,y = F(x, ) +°— (X, =X, ) =
X |, -
T-N
x+Fx, (19)
A
aF s
% F(x1 \) - ox . \x'l‘—N
. (20)

1
% oF

ox
T N
[Fi] ] 75
H *
Yroy = H(x1 \) +L (xT-w _xr-w) =
ax xf_y
H + Hx, ., (21)
A
(F - H(x ) -H| x|
= ax |, (22
1 )
_ oH
%x Coox |-
T-N

e (19) Fs (2D AAAK(18) Al 1
1 Pl \}1 N

|
|
T\+l(fo\I)_m1n§ (Yroy — H)E
-0'x U
S ’
—1 xT—N
RH 0 % (23)
%JF ~ Q’I DxT—NH
2
%



A fu s 4R
NEEEE

294 A - PPN 2019 4
%:[xm] g b BRI A O R R
O Xy Jﬁq%l %%IJXT)FXE%E%PT N~ Ril*ﬂ Qil'ﬁE
[ I T N 0 MO Cholesky it , 7185 P,_, . R '"F1 Q"
Eﬂ_g*m 0 5 (20) HB2 R F M H,
g @_]Fx -0 ' {xrwn =X+ Fox; y
g ] PT%\J;CT " ] Yooy = H + HxxT—sv
2= &G, -0 HW3 HREHIE A FIb,
1 ] _ Q*li 0l (| DPT—\ 0 |
A PR EB R MER RO ey 5
R B i/~ e ) O g s
Crovt (%) = minlb - AX; ) B R -eH
R A (25) BT s i B/ jﬁlﬁjﬁ Xt A VE g | PTW}T N |
] _ O
QR 43fif . %= g"(ym -mg
|__IF1 R12|:| O | _ Qil.;c O
A = LE) Rzé (26)
5 o O B4 XA AT QR 2,
AL O IE G SR, AR, L AR A_Lﬂ‘Rﬁg
R - Rzg
%%%%%ﬁ@dﬁ 0
IRt e
2 9 O
g @ 7 L'b = Ezm
|
O
+¢it(26)ﬂrt(27>fhﬁct(25)‘T+f ’ N
TS i+%:xT—EV+I§FuPT—EV+IO

Cronva (X y0) = mln”b _AX”; =
*r-nN

Iﬂl R12|:| ’
min || b —LB) R, E
Xr-N q) |:|
& R,
minLe - R, H
Co o O,
' 00 R Ry,
min 4.4 R, @
Q3D q) T-N+1
mln( Hcs ”2 ” -R 2 X \+1||2
||c1 - (Rx, y +R,x, ) H ) (28)
X (28) AR RAA x,_, B i /D — 5
5] 5 1) it R
Xp oy = Rl_](cl _RIZxT—NH) (29)
F2(29) fR AL (28) 7T
CTfNJrl(xTﬂ\’H) = ”03 ”; + ||xT—N+l _Rglcz‘|22Rz
(30)
53 (14) & B ar 45 21 21 35 48 0 18 58
T
;‘TWH = Rz_lcz
{ | (31)
PT—N+I = RIRz

X, v = R'e,

B 52 5 X 31 2 1 B T
2.3 RFHEHE M E K R

Hp 2.1 15 2.2 CF5 R B AT R
SR 785 i 1) B Sy R 5 A 8 0 P A P L L 3K
BN R GOR A B A HE AT R RE R I X T
KT I — MR R G, R N O
1, 2 55 77 PR ) B A

% 15 Z G Ak 4k VE R L SR RE S %, R
b T P S A T S LG B A T & AT
Vo ZoTEFTHIVE 70 S5 BE A0 B HOT AL XDIRA
14 S ek 30 AT B, DA A 408 4 A ] o A
YT A5 b bR 2 R 5 0 24 SR, BTG S B 3
R0 B B AL, B LK R 25 A I R e R
2 (32) F 7 1 A 2 4 0 ) i

"T—;’\'vl‘ll:’i’rl[;%'—w||x7‘ N xT N HP, X
T _
3l 3 Il )

{xk+l =F(x,,u,) +w,
s. t.
y, = H(x,) +v,



b AL AR
G A HE 26 - P 7 KT RS R A 2 e s i g LT 5

o 295
A SR R S B 91— WO R O v 3R A 12 — MHE-QR

1 24 e ALK I B RG (32) e | =
L b IR EN BTk I A = &
ST WM. % P R0 W =

BT x, MRS DR N, fi i

B2 4 k<N, A EKF 554K
PR THE x, AP 2250 P,

W3 Y k=N, A F S RO 5k
SR A AR Ze e R ] 2 (32) o

WA R 2.2 g Wy 20
MG X, (R P, o

WB,S ek + 1 B2 RAGEW y, A 1E B
FEMEIEE Y v 0 Yo Vi ) RIIEER 3,

3 HESH

W B N =15, REEEAM Ar =15 s, 5l
MR P T 22 MM R = diag([2.5 x107° 2.5 x
107°]) , RGMEFE D 7 25 B8 Q = diag ([ 1 x
107° 1x107° 1x107™° 2.5x107° 0.36]).
REMAESWE 1R, N T RIEASR AT
TPk ERE  TERT 25 s NIESZ(E S, 5 25 s T
Ao AN, R T 56 E VR 3l ksl 1 05 2 3 2 50
fli TR, 6T — B L A A A A% I A T IE 5%
mahfEs.

A 2t 0 EACHE A TR0 0 A [ 1 R, i
K EKF | EKF 5237 2] 55 18 4 1978 3l i) 384 11
(MHE-EKF) Fl QR 43 5558 21 35 % 198 ) B
Bl (MHE-QR ) X 5 ¢ g €A T 4% A9 IR A5 F—
I L P A Y T A R R AT A T

TEAGIRAR L BT 22 1 A B s 00T, 43 i %
3R 3 Bl 3 9E 4T 100 YK Monte Carlo 5 B, il
145 B a0 ) 5 AR 1% 22 (Root Mean Square Error,
RMSE) A 2 Fizs .

M & 2(a) ~ (d) AT 1,2 AR g i 5 AG 11 Jr
2 BB AR 22 ¥ W] /N FEKF ; H 37 25 F ik

1.0

W
o.afl ’ |

-0.5

RIRIRIEY
LU

0 10 20 30 40 50

H1 EAGS
Fig. 1  Input signal

w B ZE(107(C)s™)

i, WX L2

i, WA iR s

o W5 RIS Arad-s)

0 10 20 30 40 50
tls
(a) SAYH ARl

——MHE-QR
10t - —-MHE-EKF
-EKF
8k
2 L

0 10 20 30 40 50
tls
(b) e, 135 Ji HLiRDE
10
| ——MHE-QR
| — —~MHE-EKF
08§ EKF
U.(\ K
04}
02} _
MANSVIAAA G
0 10 20 30 40 50
tls
(c) n, A9E iR 2:
30
—— MHE-QR
— — ~MHE-EKF
-.~EKF
20H
LOf L
(AR i3 "
P AN i WAV g
0 10 20 30 40 50
tls
(d) 7, s iR 2
10
MHE-QR
gl ——-MHE-EKF
EKF
6F
4}
2}
MM\"’W\“\M* LRI e

0 10 20 30 40 50
ts

(e) o, AYE T HLIR2E
{2 EKF MHE-EKF fil MHE-QR J7
i 25 2R i X 7 AR 22
Fig.2 RMSE of estimation results of EKF,
MHE-EKF and MHE-QR methods



296 IR S TP EE g5 2019 4¢
(BB TR B B A T 00 W S i E b T » _
EKF, i 2(e) 0 %1, 7 R4 H AN 0 LIS CMHEQR?

EKF S 8 M A5 285 00 22 00 A 11 25 1 s 31 7 i
G, 01 BB AS B X O AR AR 25 KR Bl 5 TR
BEAG IR R Z B R G AR, UL S5 R
i DR 3l i WAL T O PR RE UL T EKFL
Ab,E I 2(d) "] AL EKF 508 2N S LT
0, [ 07 MR 1R 22 7E B JLAS B 20 A7 7 98 R 3 K Y
T B0, 3 A T T 5 3 3k AN A7 7 i 22 5 UL
& R AR 22 3 K, M7 QR 3 fife 558 B kAR 1R
BTG T R X R R 4, R QR 43
T ) IR AN P RCR T 4F

FIH MHE-QR 77 143 S A AR IR 25 A5 8 T %8 1
(MHE-QR1) Ff& J& 4% 11 ' J7 % 2 (MHE-QR2) &
#E4T 100 ¥k Monte Carlo fj5 B, i 1145 5 (4 1 757 AR
RZEWE 3 frR,

HE3(a) (D) ATAL T I Mo, , TE25
T A R LR, K 3(c) ~ (e) ATAHL
TRE2Xn m Mo, WATFERET IR X
TR 2 WA EER BRI T AT AR R
RUE R N BT AT A 5 BBl Bk — 25 42
F T A ROR S

F 1R BRI EAETRIRE 2, A RE
A TE PR RS R By M, R 1 R Bk T HAR
THRAS 5 09 7R 3 i 354G 11 J7 % (MHE-S) F1 EKF
(EKF-S) i35 75t 22 BMH o

H 32 1 A %1, MHE-QR fI MHE-EKF [ 85 B
Bl 5 T EKF, H MHE-QR Xf o, #4145 B i
{5, MHE-EKF {44 111% 22 KX F MHE-QR, 1fif EKF
X, BAGTHH I TR KIIR 2. XEH TR
BTG 0, HOR — AP R B R A 5

FUZRPRME T2 o, BUE I T B, X o, 894 1T
A AR B BRIl EKF ¥ o, FAIERE &, X
FCA AR TR BE AR T AL A E L B IX R S8
(98 AL I A AEAE AR AR DAt EKF AR X 7 5
flit 28 24, A, R HIRAS & 9 MHE-S
HEKF-S {352 22 ¥ W] i K T FHoAth 3 % W] B £ 11
SRR S 5 09 J7 ¥, U0 I A8 46 19 2 8 i 17 A
TR,

F2 WoR T3 RO EAER, fF HAIE
Windows 10 % 4t ( CPU 3l i5-7400, F #ii K
3.00 GHz) /' MATLAB R2017a 33 F 52 %, EKF
W #E 5 B @ /8 T MHE-QR fl MHE-EKF, MHE-
QR M-F-¥ i+ FE i) % T MHE-EKF, H MHE-QR
14 B KT B FE IR TR A JA 0, B W g 5 i
MHE-EKF 5 K- 3 B IR TR AE i 9, (H 5

SR HRZEA107 (7))

o, (¥ HERIE (107 C)s™)

0, W R 1, {9 I iR

w ¥ LR 25 (rad s )

] n M L " L L L N

] 10 20 30 40 50
/s

(a) SRYEY izt s

T

——MHE-QRI
- “MHE-QR2
2.0 -
0 10 0 5 - J
1ls
(b) @, 935 Jr KR
0.15
——MHE-QRI
~—~MHE-QR2
010} o
0.0s |} f] \
’ 30 30 <
s
(c), IR
05
——MHE-QRI
0'4 ~ - MHE-QR2
0.3 J
1 W I ﬂ\M
\
o I I i
’ # 30 40 50
tls
(d) 7, i34 Jy iRz
15
M‘*\M
—MHE-QRI
-~ MHE-QR2
0 m = - " |

tfs
(e) @, AYH R 2

3 AN[FJ; %t MHE-QR J5 # A i1
SERAYB J5 MR R 2
Fig.3 RMSE of estimation results of
different schemes using MHE-QR method



552 ]

Je A 4R
G A HE 26 - P 7 KT RS R A 2 e s i g LT 5 297

®1 ARAFAEHHERNHFTRIEENE
Table 1 Average RMSE mean values of estimation

results of different methods

RMSE
Ty e/ . o/
(10_3(0))“0‘:(")- Ul ull (rad - 51
s™h)
MHE-QR1  0.536 3.4 0.0377 0.15 0.87
MHE-QR2  0.472 3.3 0.0296 0.097  0.62
MHE-EKF  0.548 3.4 0.0390 0.17 0.90
EKF 1.2 5.2 0.0883  0.47 2.86
MHE-S 3.2 5.7 0.39 1.41
EKF-S 3.5 7.0 0.37 2.47
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Table 2 Run time of different methods
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State/parameter moving horizon estimation for elastic hypersonic vehicles
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Abstract: Considering the nonlinearity, uncertainty and rigid/elastic coupling of elastic hypersonic vehi-
cles, a state/parameter joint estimation method based on QR decomposition and moving horizon estimation is
proposed. First, this method transforms the state/parameter estimation problem into an optimization problem
with fixed-number variables by introducing moving horizon strategy, and it can deal with the time-varying pa-
rameter estimation better than Kalman filter. Second, by utilizing the forward dynamic programming principle,
the computation of arrival-cost is converted into a least-square problem that is solved by QR decomposition,
and the arrival-cost update algorithm based on QR decomposition is given. In this way, the moving horizon es-
timation is based on optimization, and the feedback mechanism is introduced to improve the estimation accura-
cy and speed. The simulation results demonstrate that the accuracy of moving horizon estimation is obviously
higher than that of extended Kalman filter, and the arrival-cost update strategy based on QR decomposition is
better than the traditional arrival-cost update method based on the estimated error covariance in speed.
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Optimal design for digital phase-locked demodulator

LI Yong, LIU Ze" , ZHAO Pengfei, HUO Jiwei, LIN Yang

(School of Electronic and Information Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract. Digital phase-locked demodulator is an important method for weak signal processing in electro-
magnetic non-destructive testing. For its performance optimization, a digital phase-locked demodulator with
Kalman filter is designed, which has strong anti-noise ability and good dynamic tracking features. By using the
characteristic that the cut-off frequency of Kalman low-pass filter decreases with the number of iterations and
combining with the zero frequency, we design a low-pass filter in a digital phase-locked demodulator and then
realize very narrow phase-locked bandpass, which improves the ability of strong noise resistance. In addition,
using the predictive-update feature of the Kalman filter, the smaller response time of the digital phase-locked
demodulator is realized, thereby improving the dynamic tracking characteristics of the digital phase-locked de-
modulator. Simulation and detection experiments show that the designed digital phase-locked demodulator has
high noise immunity and good dynamic tracking response. It can accurately and quickly capture the defect in-
formation contained in the detection signal in electromagnetic non-destructive testing.

Keywords . digital phase-locked demodulator; Kalman filter; anti-noise; dynamic tracking; electromag-

netic non-destructive testing
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Table 1 Objective evaluation result of foggy image 1

JRE RS S bRiEZE FERN/bie WM AL BET ]/ ms

T 151.5  22.9 6.5 6.0

WEEEY: 98.3  36.7 7.1 10.2 2185.0
HE %% 129.1 68.9 6.4 10.6 4.1
MSRCR 3 136.4 45.4 7.4 13.9 68.7
A 128.2  52.8 7.5 17.6 39.2

2 EREKRLENEMER

Table 2 Objective evaluation result of foggy image 2

R EEY: R bR EEM/bit WWWiE AR E/ms
JE 145.5 24.4 6.4 1.4

WG 94.8  38.3 6.7 2.1 1.845.5
HE 23 129.4  72.9 6.3 2.6 3.9
MSRCR % 133.8  46.6 6.5 6.2 56.5
R 129.3  61.0 6.9 6.4 33.4

®3 EXEGIEZRTENER

Table 3 Objective evaluation result of foggy image 3

R A SEEE bRdEZE fE 0/ bit TR AL BT[]/ ms
Jit & 139.6 57.7 7.2 2.5

R EE A 120.9  69.4 7.2 3.2 2 010.1
HE %4 3 128.6  74.1 7.1 2.0 3.0
MSRCR & 90.8 67.4 6.3 4.6 58.1
NGRS 128.0 75.2 7.4 5.1 33.8

x4 ZEXEBIEZNEMER
Table 4 Objective evaluation result of foggy image 4

SR RS S bR R B /bit W WTEE AL BRI E)/ms

JE 116.8 7.4 4.8 1.3

1% 38 3 vk 99.8 11.6 5.4 2.1 1564.2
HE 132.8 70.0 4.8 6.3 2.0
MSRCR 118.4 17.7 6.0 4.2 58.2
S 102.7 52.6 5.6 12.8 35.3
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Foggy image enhancement technology based on
improved Retinex algorithm
ZHANG Chi', TAN Nanlin', LI Xiang®, LI Guozheng' *, SU Shugiang'

(1. School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong University, Beijing 100044, China;

2. School of Transportation and Logistics, East China Jiaotong University, Nanchang 330013, China)

Abstract: In order to enhance the contrast, color and brightness constancy of foggy images, an improved
Retinex algorithm of foggy image enhancement is proposed. The algorithm uses an improved bilateral filter as a
filter function to remove the noise interference while maintaining the edge information. It uses the S-shape
function curve to restore image color by subtracting the incident light component from the logarithmic domain in
Retinex algorithm, enhances the contrast and the perceptual characteristics of the whole image, and restores
the color information of the image. The experimental results show that the improved algorithm proposed in this
paper can effectively improve the clarity and contrast of the foggy image. Compared with the original foggy im-
age, the image clarity is raised by about 200% , the standard deviation is raised by about 110% , and the in-
formation entropy is raised by about 10% . At the same time, it can maintain more realistic color information,
and the computational complexity is low, which meets the real-time requirements.
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Soft landing stability of lander in mode of shutdown at touchdown
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(1. School of Mechanical Engineering & Automation, Beihang University, Beijing 100083, China;
2. State Key Laboratory of Virtual Reality Technology and Systems, Beihang University, Beijing 100083, China)

Abstract; A lander in the soft landing mode of shutdown at touchdown is taken as the research object,
and the dynamic simulation model of its soft landing process is established. Based on the simulation model,
the parameters of the worst landing conditions are obtained by combining optimization method and multi-island
genetic algorithm (MIGA). The radial basis function ( RBF) neural network is used to establish a surrogate
model which reflects the mapping relationship between the lander’ s velocity parameter and the value of stabili-
ty indicator. The sample points are obtained by discretizing the velocity parameters of the lander, and the soft
landing stability performance of each sample point are calculated by using the neural network model. Based on
the calculation results, the contour and the three-dimensional velocity stability boundary of each soft landing
stability indicator are given, and then a comprehensive stability boundary of lander velocity is obtained. The
analysis results can intuitively determine the range of velocity for safe landing, which provides reference for the
rational control of lander velocity.

Keywords: leg type lander; shutdown at touchdown; soft landing; radial basis function ( RBF) neural

network ; stability boundary
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Abstract: The existing backoff algorithms of the medium access control (MAC) protocols cannot provide
the multiple priority differentiation, and the performance declines sharply under heavy loads in flying Ad hoc
networks (FANETs) , so a novel adaptive backoff algorithm based on multiple priority differentiation is pro-
posed in this paper. The algorithm adopts a busy/idle factor adaptive mechanism and an optimal contention
window (CW) adaptive mechanism, so the length of CW for each priority can be adjusted in real time with the
busy degree of channels and network state parameters. Meanwhile, the CW can quickly converge to the best
state in every backoff stage, and the multiple priority differentiation can be obtained. Furthermore, the best
system throughput performance can be achieved by modeling. The three-dimensional Markov chain model of
the backoff process for different priorities is established and the adaptive factor under the saturated throughput
is solved by theory. In addition, the mathematical expressions of system throughput and mean MAC delay are
also deduced. Simulation results show that the algorithm can achieve the multiple priority differentiation and
availably enhance the system throughput, and its performance is superior to the priority adaptive backoff
(PAB) algorithm and adaptive CW backoff algorithm for QoS (Q-ABACW).
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Table 1 Comparison of quantitative analysis
& WIEH &Sl WM W= ENS'S
R I 8 EiiKIE I 8 Bk
MAE 0.0274 0.0268 0.0257 0.0252
MSE 0.0026 0.0021 0.0020 0.0020
PSNR 25.9162 26.7568 27.0400 27.0521
SNR 18.0160 18.8565 19.1397 19.1518

£2 4 WEXH MATLAB & 1T R E % bk
Table 2 Comparison of MATLAB running

time among four algorithms
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I M AT 13.73
=R AG (E 25.66
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SoC collaborative acceleration design method for image scaling algorithm
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(1. College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;

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

Abstract: Aimed at the problem that a large number of images need to be scaled in the visual algorithm
for the runway detection, recognition and tracking of the unmanned aerial vehicle with high real-time require-
ment, a new image scaling algorithm suitable for hardware acceleration is proposed based on the mapping rela-
tion of the input-output pixel. By simplifying the algorithm structure and using the field programmable gate ar-
ray to design the hardware function of the module, the algorithm accelerates, and the real-time image process-
ing system is built by the software and hardware cooperative architecture. The experimental results show that
the improved scaling algorithm has high precision and less time consumption, and it can speed up by 171 times
with the hardware logic. The hardened system can get the image data through the camera, and the real-time
processing is displayed in the monitor, which has 30 frame/s processing speed. It can be applied to the image
processing algorithm with high real-time requirement.
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Table 2 Simulation test results of alert method
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Helicopter forward looking alert method for low-altitude flight
based on terrain matching

ZHANG Shuoyan, LU Yang”

('National Key Laboratory of Science and Technology on Rotorcraft Aeromechanics, Nanjing University of

Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to solve the problem of terrain awareness when helicopters fly at low altitudes, a for-
ward looking terrain avoidance method is presented using terrain matching, which can correct the relative posi-
tion error between helicopter and terrain. First, the recovery trajectory of a helicopter is predicted by the heli-
copter flight dynamics model, based on which the alert envelope is generated. The elevation data of terrain da-
tabase and radar detection are transformed from airspace to frequency domain. Then, by using the terrain
matching method, which is based on cross power spectrum algorithm, the relative position error between the
helicopter and the terrain is calculated to obtain the accurate relative position. As the effect of terrain matching
can be influenced by topographic relief amplitude, the terrain entropy selection method is adopted to remove
the matching area with less topographic relief before terrain matching. Then the matching accuracy is im-
proved. Finally, based on the flight dynamics model of the UH-60 helicopter, 1 000 sets of control case simu-
lation are conducted to verify the alert method. According to the results, the proposed alarm method can sig-
nificantly reduce the nuisance alert rate by about 16% and increase the successful alert rate greatly by nearly
30% , compared with conventional alert methods. It is shown that the forward looking alert method proposed in
this paper can effectively achieve the helicopter collision avoidance alert at low altitude.

Keywords: helicopter; low-altitude flight; forward looking alert; terrain matching; successful alert rate;

nuisance alert rate
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Fig.6  Schematic diagram of map information fusion

based on Hadamard product
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Cooperative area search algorithm for UAV swarm in
unknown environment

HOU Yueqi'®, LIANG Xiaolong'*>** , HE Lyulong'?, LIU Liu'"

(1. National Key Laboratory of Air Traffic Collision Prevention, Air Force Engineering University, Xi’ an 710051, China;

2. Shaanxi Province Lab. of Meta-synthesis for Electronic & Information System, Air Force Engineering University, Xi’an 710051, China)

Abstract: Aimed at the problem of cooperative search for UAV swarm in an unknown environment with-
out prior information, a cooperative area search algorithm for UAV swarm with coverage rate as real-time
search rewards is proposed. First, coverage distribution map (CDM) is established to describe the mission ar-
ea, and the rapid update of CDM is realized by using Hadamard product. Then, the coverage rate is calculat-
ed based on CDM to describe the search results quantitatively. Considering UAV swarm as a control system, a
predictive model of the system is established based on the distributed model predictive control theory, and the
maximum increment of coverage rate in the predictive period is determined as a reward function. The optimal
solution, as the optimal input of system, is obtained by differential evolution algorithm. Simulation results
demonstrate that the proposed algorithm can complete the coverage and search of region effectively. In the
event of emergencies, its area coverage rate is much higher than that of the parallel search method.

Keywords: unknown environment; UAV swarm; cooperative search; Hadamard product; coverage rate;

distributed model predictive control
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Visual guidance algorithm design for autonomous
landing based on two points in space
WEI Xianghui, TANG Chaoying, WANG Biao "

( College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: In order to increase the landing efficiency, improvements are made in two aspects: landing ve-
locity vector field and guidance law design. Landing velocity vector field is designed based on ellipse curve for
the requirements of shorter flight path and less maneuverability. Meanwhile, the flight path azimuth angle
command is generated based on the relationship between the image coordinate system and the body-fixed
frame. With reference to the tangential direction of the ellipse, the flight path elevation angle is tuned and
combined with the cooperative vector features. Speed command is calculated using image information. Finally,
the requirements of the traditional trajectory and the proposed trajectory on the directional maneuverability are
compared in theory. The relationship between the trajectory parameters and the UAV turning performance is
then shown. The system simulation platform is built based on Simulink, and the required cooperative vector is
calculated. The results show that the UAV accurately lands on the target with curved trajectory, which meets
the needs in practical applications.

Keywords: VTOL UAV; autonomous landing; vision-based guidance law; velocity vector field; turning
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A new simulation method of non-Gaussian random vibration signal

XIA Jing, YUAN Hongjie " , XU Ruyuan

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

Abstract: The traditional environmental vibration tests usually assume that the random vibration signal
follows Gaussian distribution and power spectral density (PSD) is used as the test conditions, while in prac-
tice, lots of vibration excitations to the structure are non-Gaussian distribution and PSD can only describe the
low-order statistics of signals but not for the high-order statistics of the non-Gaussian signals such as the kurto-
sis and skewness. So a method based on amplitude modulation technique (AMT) of window function to gener-
ate the non-Gaussian signal with PSD and kurtosis is developed. An approximated simulation method is provid-
ed to generate the modulation signal. Two kinds of statistical distribution, Beta and Weibull, are used to con-
struct modulation signal, the relation between target kurtosis and modulation signal distribution parameters is
explored, and the suitable kurtosis range of two distributions is discussed. A case study is presented to show
that the synthesized non-Gaussian signal has the same PSD, probability density function (PDF) , and kurtosis
as outfield measured data, which verifies the correctness of the method.

Keywords; amplitude modulation technique ( AMT) ; approximate simulation method ; kurtosis; Weibull

distribution ; Beta distribution
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Structural reliability algorithm based on improved dynamic Kriging model
WEI Juan'?, ZHANG Jianguo'** , QIU Tao'”

(1. School of Reliability and Systems Engineering, Beihang University, Beijing 100083, China;

2. Science and Technology on Reliability and Environment Engineering Laboratory, Beihang University, Beijing 100083, China)

Abstract: For complex aerospace machinery products, the limit state functions are often implicit and
highly nonlinear, and the reliability calculation usually requires time-consuming finite element analysis. In this
paper, the particle swarm optimization-simulated annealing ( PSOSA) algorithm is applied to the optimization
of the correlation parameters of the dynamic Kriging model, which improves the prediction accuracy. At the
same time, with the dynamic update mechanism, sample points are gradually added to reduce the number of
function callsas much as possible, thereby improving the calculation efficiency. The algorithm is applied to the
structural reliability analysis. The Monte Carlo method, response surface and other classic algorithms are com-
pared ,and the results of the proposed algorithm are closer to those of Monte Carlo method, and the calculation
time is greatly shortened, which shows that the efficiency and accuracy of the algorithm are improved signifi-
cantly.
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Experimental research and statistical analysis of fracture failure for
interconnected structures in electronic chips
CHEN Yaojun, JING Bo", HU Jiaxing, SHENG Zengjin, ZHANG Yulin

(School of Aeronautic Engineering, Airforce Engineering University, Xi’ an 710038, China)

Abstract: Aimed at the problems of complex failure mechanism of interconnected structures in electronic
chips, difficulty in obtaining lifetime data, and lack of a theoretically supported life distribution model, a sta-
tistical analysis based on degraded experimental data was conducted. First, an electronic chip reliability evalu-
ation testbed is built, and the daisy-chain test chip is used as the test object. Degradation data and lifetime
data of interconnected structures are acquired. Then, based on the theory of fracture mechanics, The failure
mechanism of interconnection structure is analyzed. The theoretical basis of the two-parameter Weibull distri-
bution of the life distribution of the interconnection structure of electronic chips in BGA package is given. The
life distribution model of the interconnection structure of electronic chips based on the life data is established.
Next, using the distribution of degradation, a lifetime distribution model of the interconnected structures in
electronic chips is established. Finally, the two statistical modeling methods are compared. The results show
that the lifetime distribution model based on degradation data is in good agreement with that based on lifetime
data.

Keywords: interconnected structures; Weibull distribution; distribution of degradation data; random vi-

bration; failure prediction and health management
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Fig.4 Hovering formation configuration of

electromagnetic spacecraft
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A robust coordinated control method for hovering of
electromagnetic spacecraft formation
ZHANG Yabo', SHI Peng"* , ZHANG Hao>, ZHAO Yushan'

(1. School of Astronautics, Beihang University, Beijing 100083, China;
2. Key Laboratory of Space Utilization, Technology and Engineering Center for Space Utilization,

Chinese Academy of Sciences, Beijing 100094, China)

Abstract: Aimed at the problem of near-Earth orbit hovering of electromagnetic spacecraft formation, a
coordinated control method is proposed in the absence of accurate information of reference orbit. The relative
motion between spacecraft is described by the TH equation, and the circular orbit of the same cycle as the ref-
erence orbit is selected as the nominal orbit. The deviation of the reference orbit from the nominal circular or-
bit, the Earth’ s non-spherical gravity, the atmospheric resistance and the other celestial gravitation are classi-
fied separately, and they are considered as uncertain and constitute an uncertain system. By introducing the
consistency theory, the robust coordinated control law is designed for the target of spacecraft formation hovering
under the condition that the electromagnetic action model and the dynamic equation are all uncertain. Consid-
ering the optimal and balanced energy consumption and the decoupling of orbital attitude, a scheme of magnet-
ic moment distribution through optimization is given. The simulation results show that the designed robust coor-
dinated control law can achieve high-precision hovering of electromagnetic spacecraft formation. The proposed
magnetic moment configuration scheme can realize the rational distribution of magnetic moments.
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Semi-codeless based P(Y) code autocorrelation GNSS-R
sea surface altimetry method
FAN Mengwen, ZHANG Bo" , WANG Feng

(School of Electronic and Information Engineering, Beihang University, Beijing 100083, China)

Abstract: In this paper, the semi-codeless based P(Y) code autocorrelation sea surface altimetry method
was studied due to the fact that the conventional GPS C/A code delay altimetry method is less precise, and
that the signal-to-noise ratio of delay waveform in interference altimetry method is low. First, the height meas-
urement accuracy of the C/A code and P(Y) code was compared and analyzed through theoretical model for
describing the height measurement accuracy. Then, the architecture of semi-codeless based P(Y) code auto-
correlation processing for L1 and L2 dual-frequency reflected signals was described. Meanwhile, the altimetry
model and dual-frequency ionospheric time-delay error correction methods are discussed. Finally, using simu-
lated L1 and L2 reflection signals, the measurement accuracy is compared and analyzed regarding the proposed
method, C/A code autocorrelation method and signal cross-correlation method. The results show that the accu-
racy of the proposed method is 3.97 times and 1.47 times higher than that of the C/A code autocorrelation
method and signal cross-correlation method, respectively.

Keywords: semi-codeless; P(Y) code; sea surface altimetry; dual-frequency; ionospheric delay correc-

tion
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Table 3 Throughput under non-uniform
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Packet scheduling algorithm for integrated unicast and multicast traffic
based on reducing HoL blocking
YUAN Long, XIONG Qingxu” , XIAO Han

(School of Electronic and Information Engineering, Beihang University, Beijing 100083, China)

Abstract: In view of the problem that few researches have been done on the mixed scheduling of unicast
and multicast traffic for the combined input and crossbar queued ( CICQ) architecture, and there is no re-
search on the head of line (HoL) blocking problem, a new scheduling algorithm for mixed multicast and uni-
cast, i.e. unicast with low HoL. blocking (MULHB) algorithm, is proposed, which aims to reduce HoL. bloc-
king so that the switch can operate in work-conserving state as much as possible. In addition, to avoid the
phenomenon of " starvation" , the proposed algorithm considers the difference between unicast traffic and multi-
cast traffic and uses weights to complete the arbitration between unicast and multicast. At the same time, this
paper also proposes a dynamic multicast cell assignment algorithm named dynamic muticast queuing ( DMQ) ,
which allows the arrival multicast cell to select the appropriate queue without disorder. Simulation results show
that the performance in terms of through rate and average packet delay obtained by DMQ-MULHB is much bet-
ter than that of the existing popular algorithms under the different traffic patterns, and especially under the
non-uniform traffic pattern, the performance is close to the output queuing (0Q) scheduling.

Keywords: packet switching; combined input and crossbar queued (CICQ) ; work-conserving; schedu-

ling algorithm ; muticast; HoL blocking

Received: 2018-05-23; Accepted: 2018-08-10; Published online: 2018-09-04 09 .09
URL : kns. cnki. net/kems/detail/11.2625. V. 20180830. 1513. 003. html
Foundation item; National Natural Science Foundation of China (61271196)

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



2019 4 2 A
F45 45 H2 )

> b
EEA TR K E 2 QEIERY February 2019
I
Journal of Beijing University of Aeronautics and Astronautics mE 15 Vol.45 No.2

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2018. 0314

jbuaa@ buaa. edu. cn

EFAVSIMM EHBEFIERBAN

=N
SCEL

(1. Z= T RER: BT, V4% 7100515

5 H AR R BR

Wae, W, FRARY, 24F

2. SETRRY PissRS%6, W% 710051)

i B HARESEFEEFWREXSBRA(IMM) v FEEBHEL S,
EAZBEFSBOREAFERRGF A, £8ENFNERXERSEE (ACIMM) & i oy 2 3
P REBT - MEENEEMR IR SEB(AVSIMM) B ZREHEFRBENEAE AT R
BEAFEALGABNRAER LU RSHAZES K Ao ENAELIHZARE R
FABME R, X ACIMM B2 FEA W M T EASHARERKEG FREA
W AVSIMM H ik B BA RS R E R R EMA N EREN AELIT X B EHENR
o WEEREKV, 5 AGIMM H kA0t , Frit it B9 AVSIMM S 3 fF (XU 45 fn S 8 8 Lo &
EHEHENE ARG T ER BN RE/REMRERE,

x &
ENRABERERSZEA (AGIMM) & %

hESES: TI765. 1

MEKARIRAS: A

PEAE R I 3T 25 [R] ey P SR AT A 1 PR
JE X e ] 1 2 K B A 2 A Al T AR R Rl L T
JR&BEO6E O 26 v B H bR 09 2 4K SR B 0T 9T 8 7R JE
W S K ML bR L K B 2K H AR R
7] , e 8 7 2 P A #1247 2% (Hypersonic Re-
entry-Glide Vehicle, HRGV) B E#HLsh . & 4T
T B AR R L BB B LT T B R S e g o8
RO H B 2 84T 55, SO 98 HRGV b |5 (Y [ B
FlAERERE L,

HRGV (ML} A 5 L 1] 20 ~ 60 km 25 %,
s i ) I 3 25 TA) P, KA T R BE AR PR, 5 R ASA BLAR
FHIE LSS 85 19 45 01 7 A8 T U 8 0 45 R K 1 F
WG/ G2 G W (R I T R 0 1 2 SR
B R R A R X R O L [R] B A
T Bl e sk 28 A5 R P 5 0 e R E A A B Bl BR A

W AR E; BEARRE; BE; BENEEMREKXNSHEE (AVSIMM) ; A

NXEHS: 1001-5965(2019)02-0413-09

FE— 2 0 BB P EL A S R AL
SNRE S A PR o X L BRI R Sy R R E R 0 R
Pt 7R . HRGV fy i 28 AX 3 J2 56 [ %2 BA AT o)
B = R 7 B R K AT #% (Hypersonic Technology
Vehicle, HTV-2) 15 9t /= #8 75 33 1 #% ( Advanced
Hypersonic Weapon, AHW) | J it AHW [H H /ME
SR 3 A R A, S R . AR SCLL AW
HWETEXS RIETF L

A A p iz i X 28 iz g ey
PR B A R E LA DL EC , HL H AR iz 3l B PR R
DAL X s R S 0 e DAl 2 2 A oK
ST AR ER RS B, P AR OG SCRR 32 SR R
BEITVE S H iz sh i B R IF Y .

15 F ARz gy #5574 77 1, SCHK [ 6 ] B x4 J& 1)
P B 8 BRAIL BN 14 i T s 8] e A H bR, it 1

Wi BEHT: 2018-05-30; SR HHA: 2018-08-10; M4 HAEATIE : 2018-09-03 11:00
M 2% H R H ik ;. kns. enki. net/kems/detail /11.2625. V. 20180830. 1541. 005. html

EEWMHE: HEARFEIES (61573374,61503408)
= BIS{EE. E-mail; gracefull001@ 126. com

SIAHEN: HER, FH, TR, ¥ EFAVSIMM HF ey 4% £ HENEA B RE]] b FRMEMEAFFR, 2019,45(2)
413-421. XIAO CH,LIJ, LEI HM, et al. Hypersonic reentry gliding target tracking based on AVSIMM algorithm [ ] ]. Journal of
Beijing University of Aeronautics and Astronautics , 2019 , 45 (2) : 413- 421 (in Chinese ).


qwqw
新建图章

http://kns.cnki.net/KCMS/detail/11.2625.v.20180830.1541.005.html?uid=WEEvREcwSlJHSldRa1FhdXNXaEd1OFVCUGpSR2dqb2ova09jQTdKaWFqVT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=MTUyNzNMTDdSN3FlYnVac0ZpM2xWTHZJSkY0PUp5ZkRaYkc0SDluTXA0eEZaT3NNWXc5TXptUm42ajU3VDNmbHFXTTBD

T

414 b B = R KR 2019 4
— iz SRR R R N R A IE X U EHRIE Bl B, A U598 R CT LR B
FIAHSCH) Z B REPL I A2 o STk 7 ] 56 T 4 R AR GE YAz B o 1R R AT 98 I, U2 X g g

GEIT AL ALY AR B2 T — R AT SC B IR A A
A8 S 2 B (IMM) B9k, FH T w80 4 74 3
Hbr R ER o H L EAFFR T80 B — B A
1T HAR IR, Jovk 58 4 78 55 5 75 3 H bR i AL 3l
Wi, B ok I 2 R} i E H A AT R B . 3¢
FR[8-9 ] # 1 MR P B AU (4 3 (CV) BEAY
B (CA) KA ) 5 Morkov 3o F A Y (411 Singer £5
A AHSE A 3 T 3T CV-CA-Singer (1) IMM 2
W A0 BIXE X-51 TRAT 2% B4 1 TR I A A i
i B LKW R SHL B AT B A AR AT R
Bro SCHRL10 ] WFESCHER[ 6 ] i Al bt % 7 BR =X
BLEh A 7 58 H AR o IE X A A 5 eVt
CA' R 4 B IMM 3%

SR A R A 45 0 1 22 B £ B A
(FSIMM ) 533k | B 70 42 v 4R Z2 450 18U 7 RE 2 119 i) 1]
WE RGN A B ZN KR, Hix s 27
TR0 S 06 B ) 5 S AR T R R i o R e
TR RIS R 10 25 4 SR BCBR ) T FSIMML 55 3% 114
T o W, Ao 4R T T AR A Y S
AL (VSMM ) B 1 B8 355 07 15, DAL ZE % FSIMM
B RR IR TR R AR, o,
SCERLIS 18 T 3 BRI AE 7 3% B 7 ik e A
6] 181 (AD) J7 %, 11 18 I A% (AG) J7 3%, A 11 |
P4 (DS) ik, Cmk[16] 36 F DS Jy ik A F i
T 55 R SR AR TR () S 0, ) AR AR B TR Y
5 ME 58 X A5 Y SIS s A U A, DA S AT AR
A5 A I A AR 25 R B o (R TR ] kA 1 B
A BB, BIAT 1 PR g R [ S, 1 1 O 7 R
ZMRTA MBS E A, 5CH[16 ] 41
o, SClk [ 17-19 ] ¥ 345 17 8Bk 09 H 3E N M, IF ik
WA B ST S, Horh SCHR[ 17 T2 41 T )
FH A 0 A% 22 B 22 80 (AGIMM ) 550 3% R 5
FIHLSHAR A . SCHk [ 18 ] I 2 T SCk (17 ] /9 8
HL 8 AGIMM 5 1255 F 31 X I 305 2% i) 25 4 7 3
H bR i BRER a3 4 A R S N LB R T 2
UKL U8 I Ak AR A RN A vh 3 MR S 4k,
T 52 0 99 R B B0 9 4 1O B, SR [ 19 ] 3
FA B e, R R 2P AR AR T —
Fob f T 3 E  J7  , F AR U A B 9 0 0 IE
Aia & BSCER[17-19 ] B 8% h B A 18 8 2
U8 e AR Ry B — | JC vk 57 4 A 5 i A HL Bl 5
MR I . AGIMM 8k v 4 AN A TR (1432 2 BR It
I R 2% SR FH 11 S A0 B 25 (CT20 ) D R T
YA R RAR N BT T O I, A E AR IS B i

G o BT iR AGIMM 33 iz 2y 4 58 1 i
—, JeRkIE T B A s sl AR R TR, AR SR Y T
— VAR 6 5 L 22 SRR (AVSIMM) Bk
SR v B R AR (] B P B G A B i Bl A
FUGFBEAT HOA, 308 0 X O 90 3k 5 R A Y ) XL
G R A AR T AR R R O kB R R
PERE o

1 SBFEBREHFEEE

e R P AT A AR DN 1] SF TP AR LB I
iR Hoaz sh RS T g R
X(k+1) = F(b)X(k) + T'(k)w(k) (1)

BHARARE RN X = [x,2,y,5]" B R
BAEGN R G A« y T B0 E R F
h F G0 AR S B R LI T ) Oy MR S R I IR
wey ~N(0,Q¢) ,wer, ~N(0,Q,,) Fon i R AL
MRS, Q KW J5 M R AR CV R CT, 4351 3RoR
CV FEHEIF — 4 CT KA,

WGBS 2R G0 ok F 8 3 (CV) B2 R R 5 3l i 25
(CT) BRI PR A7 H Ar R e i B35 28 4 19 SR A e ]
B T, Hbr 525 3 o, W 5 5809 2 HE
R B A B Ry

0 T 0 0O
O
F. = % b 0% (2)
% 0 1 T
=
ld o o 1
FCT2
% sin(wT) 0 = (1 = cos(wT)) O
) w ]
O (]
0] cos(wT) 0 - sin(wT) |
- (]
% 1 - cos(wT) 1 sin(wT) .
) w ]
| |
Ld sin(wT) 0 cos(wT) L
(3)

M HFRIR S A X =[x, %,%,y, 7,7 )"
R 5 43 B0 T P Ly B o
FE I BE B W ~ N(0,Q4) s Wer, ~ N (O,
Q..,) , Fh# Singer 1 CT, 43 3327 Singer {7 il
Sofe CT ORI, i 4 R 5% A CT B A Sing-
er ™ R 5% 2 45 I RAK I D 1AL B 8 T, AR
R 25 0 R T N o, IR 2R 5 10 5 A IR 25 0
BV N



w2 ARG 36T AVSIMM 35 0 58 7 P A T D g VS 415
-aT
g ¢ el=-l+e™ 4 0 -
C aT [
] —al [l
g L= 0 0 0 O
|
_ % 0 e 0 0 0 0
FSinger T O O (4)
al -1 +e™"
@ o 0 1 7 £ """ "% MO
O (XT [
I:l 1 _ e—a'l' l:l
@ o 0 0 1 O
| a =
I% 0 0 0 0 ool ]
0 sin(wT) 1 - cosz(wT) 0 0 0 -
[ ® P O
(| ) O
g cos(wT) sin(o?) 0 0 0 0
(| I3 O
a1 . l:l
FCT3 _ % - wsin(wT) cos(wT) 0 0 0 = )
% sin(wT) 1 - cos(T)d
0 0 1 » d -
1 w O
i |
% 0 0 0 cos(wT) M 0
] ® -
l% 0 0 0 - wsin(wT) cos(wT) L

s AL A 1] K )85, T AL B 1A R
S H bs AL sl i [ 45 22 1 K A K

2 AVSIMM Hi%

iy fif e AGIMM 5532 vh i Bl 27 U8 i 455 A P —
(1 [ B, 2% JE U N CV  CA | Singer 453z 8l 2 i Bl
Tk Bk iE sh B RIVE N RGN . (H7E B
BN 1z By 2 AT [) B, 2 14 0 A5 A A v i A5 7R
B, T AR R 2 ) (Y 55 G 06 R R IR B B RS
BE R E T — R AVSIMM B3k 8 A G i
(14 1T B AFL L 224 08I0t 5 7 45 31 1) o A/ T T IR
(B , 30 N e B IR B R G 138 sh“# ALl CV |
CA Z¥ Singer B, &, 7R B R 4L S50 [ 35 [ (1)
SEmh b, SCE T SR AR Y B A .

) e i 2, BURE 0% B 35 I A ML 3h 2 1] R )
MBI 3 MBS HON Dy = {o, 0,0, =

wmax
+

— Wiy

2
L) B %0, HARDL A S o (KA 7 [ 0,
@0 )T P BLBN . A PR 2 ) R B R
X, =l 0,0 | IRED T LHEEES NP, =
[pyopypi | BT B 50 Ry

%wmin sy @ pin s W ax fo % k(E =0,

A Pic Pur[]
P = %CL Pcc pc&% (6)
R Prc  Prr L

TEREA PGS ] 22 K (h—k + 1) A, BT 42

$iz W LLF A5 AT A A

SB1 EHEAA R DO o) S5
W = o, T o), o) (7)
R o), 0 o) | BB b uf Flp) i
)52 I 3 4 %

HEE2 AR AR L oy, TR
N

1) 27 = max gy g oy |, RIASEZE0 42 JE BE ER

c L
WDy ~ 5 My <
@H=[ 2 (8)
AR
c 3 R
Wt 5 M <L
Wy = [ 2 (9)
w:ﬂ +Alr: ;H;,T&
Arpdy =maxio) ~0,,8,1,A] =maxio, - o,

8,15 8, JMEALI /NI RE 51, Ay A P B
2) A = max g b BB G i A
B BR

Wi = 0L A (10)
C L L
Wp ~2A My >l
a);;l :{ c L H (11)
W, — A, HoAth

A e, KRN ERAE .
3) #wy = max {py ;) |, BV AE ) £y
Bk Bk



T

416 | R i N N = < 4 2019 4
wll:ﬂ :w:ﬂ _AAL (12) Pin\k _Fi+1Pi(Fi+1)T+Qk (18)
. wy,, +2A; Wy >t F 45 1 2 I T Sy
ot = {007 (13)
@i+ Ay HoAt ZA+1\1f _h(XA+1‘]) (19)
FUL R EHMBIIE D, = Lo, o0, 5 I05E PR T A
w?n } o Hk .= ah(x,v) (20)
W3 kW25 2 U 2 B 5 AR AL x ¥ =R i =0
fHA 5 . BRI 22
RAEHRZEW F ZHEME RN R BB S,. = H,,P, W]HAT-H +R,, (21)
R, AR R I — 2L B Oy
1) 345 k20 BT 4 HE R ), i.=7 - 22+1\L (22)
wl = %p,-j,ui. o= 1,2, r (14) REGRE T 24 R

Kefe, = Y oy WM B p, KB i
RSB j AORASHEAS M A PR A 00 8 o 47
3 ABIR HOR - =3, F SR

2) e i 20 A R AR 2 2% O
21 W R 1L

A\lf - z XA/-Lk“ ] = 1’2s' T
(15)
P(/:j\k = [P;k+(X2A.—ijk)(Xik_
=1
A‘k> ]/-LLI 1_1’2’ s T (]6)

SWAI EHREHBAER F,, .

HIEEH D, = lo),, o, 0, | &
5 1T B P, TR B A 3 MR A
A, BUIBR 6 =0.002 rad/s,

1) # oy, <G, MEHARSHBAMEF, ., HJ
AT R B 4858 3 (032 31 2% B8, i CV  CA  Singer
BRI RN BCR SR A F, Ry CT A,

2) #H ooy, <G EHF,, Nk HLs
BIIE 2R  WBOR A5 M F, .l CT
HLARY

3) H ooy, <G, MEH F,, NIk ELE
B35 B R 5 W HCIR S R R F, L CT
IR,

S5 PR ERSUEN.

3 90 X A5 T 5 o B 4R R AT R R R
ﬁ&@m»ﬁﬁt¢EMMﬁ*mﬁﬁ%m§
Bh o5 2% 4 MEfE GF L, B (X X!

XE+1\A}*H{PL+I7PC

k+1>

k+1\k, E+ 1| k>

PR

k+l%0

AGHRE SR ZE I =5

jw]‘/‘- :F;.c+l X;r (17)

~

X

XA+1 | k+1 T Xk+l | k +Pk+] | k k’+1(S2+1)_l%2+1 (23)

P, =

+1 k+l\A

(I Hk+l(Sk+l) HA+1PA+1\/()
(24)
Aei=1,2, 0, r AURBBIAE P RYES @ DAL,

F$B6 k+1 E#Z'Jm%’fﬂﬁ?%%ﬁl@%%#ﬂﬁ
THERS

1) AEAILER bR 250 B
LL1=\zwgﬂ\%ew[—%xig)WSLJELJ
i =1,2,-,r (25)
2) IR R
Moo = ,;L’hf, J=1,2,r  (26)

Z LA+17]
3) m%fbﬁ%%ﬁfgﬁ HREM AR

~

X [ kel = Xk+l | ks 1MA+1 + Xk+l | ks 1Mk+1 +

XII:H \MMEH (27)
P = Pl + Plapi, + Pl (28)

AVSIMM 875 R T 1 4z gh 5 80 5 P 8 7%
BRI [ IG5 AGIMM SE¥EAH LL, B 25 P i A
RUATE R F] CT LAY, T 7E 1 78 B 40 i, m] e 4%
CV .CA Singer #5571

Singer 51 I J& — A~ Markov i< F2 4% &Y | 38 oo 16
& Singer AP ZSE 0 < al < o , FEAL{IT Singer
BERA T CV BRR CA R Z ], Bz — %,
Singer 5 R HAT B G5 B9 B 36 - R, 75 G T
FARBL 3 A 7E 2 A5 8 2 O HE#f 19 15 00 T, AH
L3 CV \CA FAY, Singer #5271 2 fe FHAE A ALY

T ICKAE S T CT Singer BRI AVSIMM [
B SHET CT . CV AR AVSIMM 1T 553 DL K
SCHR[18 ] i HEL T CT B AL AGIMM 533k 1 4
FLARPEAT LR, [, 25 18 21 i 3 % [ g
AR5 8 AL B AR A — o 022 S



552 ]

A 2 T AVSIMM Bk () 5 7 A 0 b [

417

AR SCBE B 7 12 8BRS Al AN 2 X ) 1 3 23 1)
FIAR B, 85 7R BB I ik P RE , i K 5 3¢
KL 10 ] rb & X i 3 23 (8] i o A5 3 H A $2 1 R
IMM B33 A He A o

3 BEENESHE

AR ST BR B e 3 2 [A) gy B 75 380 A 3 4
AHW S BF5E 5 5t PIBLBT BT AHW (1% E 5 5
BB , o) 38 A €47 48 ( Common Aerial Vehi-
cle, CAV) R M 0y 22 | 45 & FEAC I 3h 1 2
778 T GPOPS ™ SR ST U100l AHW L
L . R E] AHW 32 22278 9 ) F 1 N K
Rl 09 Bk BR AL B, AR SCEF X5 Z 0L 3l O X 55 7 T N
b R B ] RO ] % ) A A A )
Y- THT PN OO e B A AT g R AT R, B H AR
1E(1500,60) km 4 IFEGHLSN , £ HAS 2 H bR i &
SRR 1R

TE eV N, L3l B br 5 5E uh #Y A X 2
HRRWME R, Bt d B S R Z 80
FHXTRE RS L @ D9 FAREAR Ff1, ML g 3040 IE o ik
A A v P A TR ) I T R

d = X +y2
(29)
[go = arctan(%)
Bk A5
zk = h(xk+|) + VA»+1 (30)
Ko,
hoa) =5 v g (31)
%rctan(a) 5
R
V.. = [ ke 0 (32)
0 R, (k+1)

HFr7E (1500,60) km &b 45 #1350, HE L5
WA 2 FrR .
v ~_Hiw

il
(@] X

FlL AHW [ R L5l A 7 2R 7
Fig. 1 Schematic diagram of relative position of

AHW target to base station

60

55F

50F

45t

ykm

401

35

30 i i i i i i
800 900 1000 1100 1200 1300 1400 1500
akm

B2 Hbris g B Seis

Fig.2 True trajectory of target moving

B WL K il AR BR Dl (0,0), BRI (R Dy
277 s, REEJEMI 9 T =0.5 s, & I B B bR i 22 4
50 m, JRFAAD A B9 B 4 22 D 0. 05°, RIFEE I Py 07 22 46
[y diag(0.05 km,0.05w/180 rad ) , [F] i}, % &
3| EXF 5055 00 R IR, T A B9 7 & RE 3
Hfr 24 km km/s km/s’,

AVSIMM | Bk, His RSB & X =

[ i 0y, t,y]  Wer ~N(0,Q0,) W, ~ N (O,
Qi) o BRI RS AL THE 5 RS TR
F[1500 +0.1, -3 +0.01,2x107* +107°,60 +
0.1,-0.1+0.01, -9 x10 " +107*]", ¥t s 74
BOHT P 7 2% 46 W R diag (0. 1,1077,107°,0. 1,
1072,1077)

AVSIMM I B ik, HER AR BB # N X =
[x,5,5,5]  Wer ~N(0,Qc0) ,wey ~N(0,Q0y) 0
BAL B #) s AR S AG T E SR E TR E YA
[1500+0.1, -3 +0.01,60 +0.1, —0.1 +
0.01]", 497 b #0505 By 7 22 46 By diag (0. 1,
1072,0.1,10 %),

2 i AVSIMM B335 XA AL A2 v 3 S AL (1) )
B R Dy = {wy, 0, 0 | = {0, 0, +
wmux_wmin
P S
K(2) ~x0(7) ,ZELREYIRRZ T 2ZH R
diag (0. 1,107%,0. 1,107%) . f /N5 70 6] 5 K

S, =0i;(;n- rad/s, KM T JFR ¢, =0.2s,1, =0.9 s,

Z MOk [18 ], AGIMM H kb, H AR AR
BHRX=[x,0,7,5] ,we, ~N(0,0¢) o REE
HAYMEACRSERH A1 500 +0.1, -3 +0.01,
60+0.1,-0.1+0.01]",

Z MR 10] T CV-CA-Singer 5 A1 1y

IMM Bk, HRR RS B X = [x, 4,0, 5,7,

@, 0 =1-0.3,-0.05,0.2}, W4




418 G| AN T N N = 4

b AL AR
A

2019 4

Yoy, ¥y Lowa, ~N(0,0,,),wey, ~N(0,0),
we, ~N(0,Q.,), b @, F ik 3k [ 10 ] fir
i, HCH B B LB A 1/200 Hz, i H A5 B9 fin 3
J¥ 2k 0,097, %ﬁﬁi%ﬂﬁﬁ[lwo +0.1,
-3 x107* +107°,3 x10°° +10°°,60 +0. 1,
-0.140.01,-107+107°,1.6 x10 > +107° ],

4 Fpo s BRI 3 AL R
WItE I Z) 3 A~ B Y ) 4 WE %€ [0..01,0. 98,
0.01]" . ) bh #E AU 5 RS AR S5 [l

985 0.1 0.5
Py B) 1 0.8 0.1 H (33)
Ld.os 0.1 0.858
BREE B s 0 AL B A A O Rk &
(RMSE) fyiT& AR
Pryse = {%; [ (x, _;Ci)z + (y, _JA/I»«,L')Z]}7
(34)
Vi = {37 2 L0 = 1207
(v, - v>]} (35)

3.1 BREHIBITLE

ML DL B BE 1 7 2% 1, 25 1 38 00 00 4 e
ML M, A EKF 33345 31 3 T AVSIMM |
B AVSIMM [T B  AGIMM & 3= IMM B 1
HARBRERBE . ST 100 IR K5~ B 5,456
PR ER H AR FL 558 s B0, 45 2% b an i 3 BR o

Hi &1 3 5 1, 4 Fof B30 10 0 e 6% 52 B I 3T 8
(i) 7o 68 75 T AR A R BR o A T SE RN 4 B
R — 20 A, R DR XS 4 R RR B R R 2
7B 1R 25 B B X O R 25 DL R A B A O AR 2
0 He B AT BAR S 5 T .

60

— HITBE el e
- AVSIMM I -9
B AGIMM | 45

AVSIMM
IMM 4L

50¢ 1020 1060 1100

45

wkm

40t

35

3 i

%UO 900 1000 1100 1200 1300 1400 1500
x/km

B3 Hbs HIEHGE S 4 F APk

Fig.3 True trajectory of target and estimation

trajectories in four algorithms

3.2 NESEEMMITIRELE R

BT AVSIMM 1 & 3k AVSIMM 11 5 %
AGIMM 53 DL K IMM B89k % H A5 A7 8 09 44 1 135
ZEME 4 FoR 3R GR 2E A T S R .

g4 1 MK 4 nf 1, AVSIMM Bk x Jf
W5y J7 A7 5 R 25 2N T AGIMM Bk
IMM B33« Jr il y 7 I AL B iR 22, thk 1
5 ST, AVSIMM 8.3k « J5 1] 55 y Jy ] 1Y) 34 )32
WZEE/NT AGIMM FLHL 1 « J7 10 5 y J7 [a] i) 3
FEVR2E 1M AGIMM B35 78 « J7 In] b 9 3 B 158 22
KT IMM B33, M HAE y J5 ) b A 08 458 22 )/
FIMM Bk, mgAaR1 54 K5 K
AVSIMM [ %3 5 AVSIMM 11 553k i 4o & 5 3 B
WZEAHL W E S B RES/NT RS,
é:%L AVSIMM T 553 iy 3 B2 55 7 8 15 2 de /D, IR

Hbﬂiﬁﬁ

R4 =X (34), AT LA 2] 3 T AVSIMM T |
AVSIMM I (AGIMM B3 L e IMM B3 1 B b oz
BRI 0 07 MR 25 (RMSE) , WKl 6 fis .

R4 X (35), AT LLAF B 3L F AVSIMM T |
AVSIMM 11 \AGIMM % ¥ | IMM & % 9 B 47 3 i

0.15

—— AVSIMM I
AGIMM
AVSIMM |

—IMM

*f ik 4

i iR 22 km

0 50 100 150 200 250 300

i [)/s
(a)x Jilnj
09
| =
rmi' "U o —— AVSIMM |
B L

{ir 52 km

0 50 100 150 200 250 300
LRI
(b) ¥ Jri

Pl 4 B bR A E R 2

Fig.4 Position error of target tracking



552 ] H 2

I, % BT AVSIMM 57 3% ) o A P 3 14 A 3 0 A R

419

IR (kms™)

M IE(kmes™)

0.16

0.12

s "W:"’ﬁ“i%fww@#ﬁmv ¥
MWM

0.0

.l:..

300

™ WM‘W Mok

/_J-_’_,.‘M M " N'M.MUM

0 50 100 150 200 250

Aif[i]/s
(b)y Jilnl
—AVSIMMIT  ——AVSIMM |
AGIMM ——IMM
E5 HbrdERzE

Fig.5 Velocity error of target tracking

F1 ME.FEMITREEXNEZ

300

Table 1 Sum of absolute value of position and

velocity estimation error

x JFILE y P E T By Jr )
Bk R/ w2/ B2/ (km - R/ (km -
km km s7h s™h)
AVSIMM [ 14.97 150. 44 8.11 27.02
AVSIMM 11 20.27 169.79 9.02 34.19
AGIMM 35.05 222.14 34.59 73.63
IMM 45.83 306.13 28.30 185.63
1.4
AVSIMM I
1:2 AGIMM
AVSIMM |
o 1D | IMM
< \ld'ill'f T
2 08 I‘\l""“ | 1|
E‘ ] II "lU ||J kl A L
| II
2 o6 . ) [P |‘ L"Hyntf“n o
4= Ly J{‘*
& { J
04ty A It, V Wi ina l
l *rar,.\ h,, l ,‘- N"‘kﬁ
0.2
0 50 100 150 200 250 300
B al/s

K6 figiygiymirs

Fig.6 Root mean square error of position

PR RMSE, I [&l 7 s .

4532 5K 6 A, AVSIMM B33 (1 i
B iR 222 /N T AGIMM 5.3k | 1 AGIMM 533
BB TR ZE NN T IMM Bk 45582 5
& 7 AT 1, AVSIMM &3 5 AGIMM & IMM 4
AR, AVSIMM B33 A 303 1 O A 158 25 Tl
FEt i 2 2 5% 6. & 7 AT, AVSIMM T 5751
MEHTRRESEREYHIRRZEYNT S
AVSIMM I 5.3 . [RIES 2% 2 55 0, AVSIMM 553k
i B B K BORG  F AGIMM 573, {2 AVSIMM
R S0 B R R 22 TN, H OIMM Bk
B 47 LI (] i, i AVSTMM 55032 7 B4y 1) ] Py
F B BRI S PR TSR . W AE Y, AVSIMM
I Bk R R 0% 5 T AVSIMM T8

0.7
—AVSIMMII
06 AGIMM
J AVbIMMI
7 05}
£ m % W Lﬁ
< 04} | H ’
g2 | l
3 0.3
& |
= 0.21
0.1 § '
0 50 100 150 200 250 300
A [i)/s
B 7 B TRIRE

Fig.7 Root mean square error of velocity

2 NEFEEWMARREZMERGERE
Table 2 Sum of root mean square error of position and

velocity and simulation time

\ for JEIE RMSE/  kf
ik RMSE/km (km - s™!) i 7l /s
AVSIMM [ 188.0 34.50 1.47
AVSIMM I 213.70 44.15 1.45
AGIMM 302.79 132.30 1.44
MM 3896.73 234.55 4.32
4 & it

AL T — R Rl B G54 5 280 A 1
1 A8 H 2 22 B A I e kG R U R WF SR T XTI
AT 43 [ o A 7 AT B 0 RS I

e EAE AT LA R AR 458

1) AVSIMM B3k e Bk 45 L B L T
AGIMM B3 5 3CHR[ 10 ] o 3 31 19 B 1l 3 25 (1)
o 7 H AR Y IMM B9k

2) AVSIMM [ Bk 78 iz gh A iR |- B 8
T AVSIMM I 59 . ik it i 2 ffr AVSIMM 573



420

b B = R KR

e A5 R

= 2019 4§

W AVSIMM T 536 B R B AR B o

AR SO H IR 1Ok e R A Y R R

o0, H5 I8 E] H AR A E LS S E R B
FI bR AL 00 58 56 A1 G  BOT — 28 T AR 25 J8oRt n
B E 5 T 2 By g RS b BEAT IR B R vk

Wit
S %3 Hk (References)
[1) 0 AR B3, 5. T BB 90 S A G

(2]

[5]

[9]

Fr a2 e[ J]. i as 2412 ,2014,35(6) :1651-1664.

LI H N,LEI H M,ZHAI D L, et al. Tracking oriented dynamics
modeling of air breath hypersonic vehicles[ J]. Acta Aeronauti-
ca et Astronautica Sinica,2014,35(6) :1651-1664 ( in Chi-
nese) .

GEBK BRI, o] FF . BE TR Ik BRLE 07 A U A
PRI € B Mk AR 4R BT L] A % i, 2012, 33 (10)
1370-1376.

YONG E M, QIAN W Q,HE K F. Penetration ability analysis
for glide reentry trajectory based on radar tracking[ J]. Journal
of Astronautics,2012,33(10) :1370-1376 (in Chinese) .
TAUQEER R S,HE L. S,XU D J. Optimal trajectory analysis of
hypersonic boost-glide waverider with heat load constraint[ J].
Aircraft Engineering and Aerospace Technology,2015,87(1) .
67-79.

ZHAO J,ZHOU R. Reentry trajectory optimization for hyperson-
ic vehicle satisfying complex constraints[ J]. Chinese Journal of
Aeronautics,2013,26 (6) :1544-1553.

BERDR [, TR AL R N A AT AR LR L S
il FLRAR[I]. F AR ,2014,35(4) :369-379.

HUANG C Q,GUO H F,DING D L. A survey of trajectory opti-
mization and guidance for hypersonic gliding vehicle[ J]. Jour-
nal of Astronautics,2014,35(4) :369-379 (in Chinese) .
EEZE,FRAN,FEUE, % LT SCT-IMM 1 I U5 %5 8] =
A AL B bR BR EE AR [ J]. BUAR R X ,2013,35(4)
15-19.

WANG G H,LI J J,LI Z H,et al. Tracking model based on the
SCT-IMM near space hypersonic target [ J]. Modern Radar,
2013,35(4) :15-19 (in Chinese) .

B, 22 B4R, R T8 IE B 2 Y (¥ 28 . £ 45 R R B
F[)]. BUARB B AR ,2015,43(3) :113-118.

MIAO W, LI C X, WU C. Interactive multiple model tracking
algorithm based on the modified model of turning[ J]. Modern
Defence Technology,2015,43(3) :113-118 (in Chinese).
SRR, BT, TR EORE , A5 — R R AT I R R AT AR R R
w1 iR A ,2011,51(8) :80-84.

GUAN X,ZHAO J,ZHANG Z C et al. A feasible tracking algo-
rithm for hypersonic aircrafts[ J]. Telecommunication Engineer-
ing,2011,51(8) :80-84 (in Chinese).

Rt 525 I =S ) H bR G2 B d RS IR R Tk (]
KRB A ,2013,42(4) 2227,

ZHANG Y, WU H. Study on modeling of near-space moving tar-
gets and its tracking algorithm[ J ]. Fire Control Radar Technol-

0gy,2013,32(4) :22-27 (in Chinese).

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[21]

R, EEE TR T, 4. I UL 2 i) 5 8 7 i R 3h
HAR B B fg IMM B9k [J]. i 5 # i, 2015,22(9) .
15-19.

LI J J,WANG G H,ZHANG X Y, et al. An IMM algorithm for
tracking near-space hypersonic target with slippage leap maneu-
vering[ J]. Electronics Optics & Control,2015,22(9) :15-19
(in Chinese).

ZHU W L,XU Z P, LI B, et al. Research on the observability of
bearing-only target tracking based on multiple sonar sensors
[ C]// Proceedings of 2012 2nd International Conference on In-
strumentation, Measurement, Computer, Communication and
Control (IMCCC) . Piscataway, NJ: IEEE Press,2012:631-634.
ZHU W L,XU Z P,LI B et al. Research on the observability of
bearing-only tracking for moving target in constant acceleration
based on multiple sonar sensors[ C] // Proceedings of 2012 In-
ternational Symposium on Information Science and Engineering.
Piscataway, NJ : IEEE Press,2013:3-6.

A A, O, S TR IR B Ak B R RE T M. bt
Tk i #2013 :36-40.

HE Y,XIU J J,GUAN X, et al. Radar data processing and ap-
plication[ M ]. Beijing: Electronics Industry Press,2013 ;3640
(in Chinese).

WA ORULHE, BOMOME, . ZUFE B A S [M]. 2 iR b
50 R AL, 2010 :1-14.

HAN C Z,ZHU H Y,DUAN Z S, et al. Multi-source information
fusion[ M. 2nd ed. Beijing: Tsinghua University Press,2010;
1-14 (in Chinese) .

LI X R,BAR-SHALON Y. Multiple-model estimation with vari-
able structure [ J ]. IEEE Transactions on Automatic Control ,
1996 ,41(4) :478-493.

A 2R TR BT DU, S I O AS ) R R R R AT A% DG-
VSMM BRERF 1 [1]. 536 2 42 ,2013,25(2) :22-27.

XIAO S,LI Z H,TAN X S, et al. DG-VSMM tracking algorithm
for near-space hypersonic vehicle [ J ]. Journal of Ballistics,
2013,25(2) :22-27(in Chinese).

JILKOV V P,ANGELOVA D S,SEMERDJIEV T Z A. Design
and comparison of mode-set adaptive IMM algorithms for ma-
neuvering target tracking[ J]. IEEE Transactions on Aerospace
and Electronic Systems, 1999 ,35(1) :343-350.
LR K BT AGIMM (1 13T 25 M AL 3 H A B
BRUEM A [T]. R TR 5 TR, 2015,37(5) .
1009-1014.

QIN L, LI J L,ZHOU D. Tracking filter algorithm for near space
target based on AGIMM [ ] ]. Systerms Engineering and Elec-
tronics ,2015,37(5) :1009-1014 (in Chinese) .

M, 4 % e g, A 2 T B IR A AR S5 M Z 8 H
FRERER S L[ T]. o 5 4H] ,2012,19(1) :46-53.

TIAN Y, JIANG H, LIANG G W, et al. Turn rate amended
VSMM algorithm for target tracking[ J]. Electronic Optics &
Control ,2012,19(1) :46-53 (in Chinese) .

LI X R,JILKOV V P. Survey of maneuvering target tracking.
Part 1 :Dynamic models[J]. IEEE Transactions on Aerospace
and Electronic Systems,2003,39(4) :1345-1353.

SINGER R A. Estimating optimal tracking filter performance for

manned maneuvering targets [ J]. IEEE Transactions on Aero-



552 ]

A 2 T AVSIMM Bk ) 5 7 A 9 b V(5]

AL ALF R

421

[22]

[23]

space and Electronic Systems,1970,6(4) :473-483.
WANG Y L, TANG W,ZHANG Y, et al. Geomelry parameter-
ization and aerodynamic analysis of a common aero vehicle[ J].
Acta Aerodynamica Sinica,2007 ,25(30) :368-371.
PATTERSON M A ,RAO A V. GPOPS- Tl : A MATLAB software

for solving multiple-phase optimal control problems using HP-

[25]

(7) :1234-1249 (in Chinese).

elpe e, jk R Bk — 0. NSHV M3l H br B ER 1) [ 18 L7 A5
AT RETRSH TH AR ,2016,38(3) :506-511.
NIE X H,ZHANG F M,XU Y M. Adaptive model algorithm for
maneuvering target tracking of NSHV [ J ]. Systems Engineering

and Electronics,2016,38(3) :506-511 (in Chinese) .

adaptive Gaussian quadrature collocation methods and sparse

nonlinear programming[ J]. ACM Transactions on Mathematical 1EE "N
Software ,2014 ,41(1) ;1-37. BER L, WA, BB I T S (A e
[24] ZF e, A3k BT 32 55X 2 85080 57 5k BRI O 25 ) B A H bR iR B

[J]. RG T 58 FH A ,2014,36(7) :1243-1249.

LI J L,ZHOU D. Tracking for near space target based on IMM ST I 7 e 6 N o A2 0 sl PR T B SR o

algorithm[ J ]. Systems Engineering and Electronics, 2014, 36

Hypersonic reentry gliding target tracking based on AVSIMM algorithm
XIAO Chuhan', LI Jiong”* , LEI Humin®, WANG Huaji'

(1. Master Student College, Air Force Engineering University, Xi’ an 710051, China;

2. Air and Missile Defense College, Air Force Engineering University, Xi’an 710051, China)

Abstract; Aimed at the decrease of filtering accuracy caused by too many models and competitions be-
tween them in interactive multi-model (IMM) algorithm for tracking hypersonic targets, an adaptive variable
structure interactive multi-model ( AVSIMM ) algorithm is proposed based on adaptive grid IMM ( AGIMM) al-
gorithm for tracking hypersonic non-powered reentry gliding targets. Based on the angular velocity parameters
of the real-time maneuvering state of gliding hypersonic target without power load, AVSIMM algorithm with va-
rious dynamitic models is designed to focus on the unicity of models in AGIMM algorithm. AVSIMM algorithm
realizes high-precision tracking through adaptive adjustments in both model set parameters and algorithm struc-
ture. Simulation results show that, compared with AGIMM algorithm, the designed AVSIMM algorithm not on-
ly is more adaptive in structure and parameters but also improves accuracy and efficiency in tracking hyperson-
ic targets.

Keywords: near space; target tracking; filter; adaptive variable structure interactive multi-model

(AVSIMM) ; adaptive grid interactive multi-model ( AGIMM)
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An improved car-following model considering effect of
pedestrians of adjacent lane on traffic flow
LI Honggang' , Gaohaer - DAWULI', WANG Shuai’ ", YU Guizhen', WANG Pengcheng'

(1. School of Transportation Science and Engineering, Beihang University, Beijing 100083, China;

2. School of Computer Science and Engineering, Beihang University, Beijing 100083, China)

Abstract; This paper proposes an improved vehicle dynamics model based on the current situation of
mixed-pedestrian-vehicle driving in real life. The model considered the influence of pedestrians, bicycles,
etc. on the adjacent lanes or in lateral directions on the driving behavior of the main road vehicles. Based on
the classical optimal velocity model, this paper modelled the actual problem and introduced the lateral distance
and longitudinal distance between the main road vehicle and the pedestrian as parameters into the optimal ve-
locity model, and expanded to obtain the improved model. In order to verify the stability and effectiveness of
the model, this paper used the linear stability theory to derive the stability and non-stable conditions of the
model, draw a neutral stability curve, and visually describe the size of the traffic flow stability area. It is
shown that the improved model considering the lateral pedestrian interference factor is more stable than the tra-
ditional car-following model considering only the single-lane vehicle factor, and the steady-state region caused
by the change of different parameters also changes. This paper adopted a more realistic optimization of the ve-
locity equation and described the driving behavior of the vehicle through simulation experiments. The simula-
tion experiment lists two kinds of practical scenarios:; when pedestrians are scarce and when pedestrians are
more. The velocity-time curve of the vehicle and the space ( distance ) -time curve of the vehicle were plotted
separately. The experimental results show that the lateral pedestrians do interfere with the normal driving of the
vehicle; in different scenarios, the number of pedestrians will also affect the driving behavior of the vehicle to
varying degrees.

Keywords: car-following model; optimal velocity model; linear stability theory; mixed-pedestrian-vehi-

cle traffic; lateral pedestrian interference factor
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