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Strategies for reconciling tradeoff between conductivity and
swelling in alkaline polymer electrolytes membrane

XIANG Yan ™, SI Jiangju

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

Abstract: Alkaline polymer electrolytes membrane fuel cells (APEMFC) have been investigated as an
alternative to proton-exchange membrane fuel cells (PEMFC) because of their compatibility with nonprecious-
metal catalyst, favorability toward fuel oxidation, together with the lower cost, where the charge carrier is
OH ™ rather than H". However, the performance of APEMFC, especially the conductivity, has thus far lagged
that of PEMFC because of the intrinsic lower mobility of OH ™~ than that of H*. The improvement of ion-ex-
change capacity (IEC) by increasing the grafting degree (GD) of cationic functional groups can, to some ex-
tent, solve this issue; however, a high IEC is always accompanied by excessive water uptake, swelling, and
backbone degradation. Balancing the ionic conductivity and the dimensional stability in APEs has been a for-
midable scientific challenge. Here, we reviewed the research progress of the strategies for reconciling the
tradeoff between conductivity and dimensional stability. These strategies include physical stratigies, such as
blending and filling pores to restain the swelling, chemical cross-linking, enrichment of quaternary ammonium
cation groups in the side chains and constructing efficient ionic channels by hydrophilic/hydrophobic phase
segregation morphological structure like Nafion® membranes to enhance the mobility of OH ~. The strategies
mentioned above can all realize high ion conductivity and low water uptake and swelling at the same time to
some extent.

Key words: alkaline polymer electrolytes ( APE) membrane; ion conductivity; water uptake; cross-

link ; hydrophilic/hydrophobic phase segregation
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Fig.1 Photo of superalloy honeycomb panel and

schematic diagram of its sandwich
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high-temperature speckle pattern fabricated on its surface
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Fig.3 Schematic diagram for non-contact high-temperature 3D deformation measurement of superalloy honeycomb panel
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superalloy honeycomb panel sample
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Table 1 Maximum values of detected 3D

displacement at each stage
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900 0.84 0.89 1.66
1000 0.84 0.89 1.62
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3D thermal deformation measurement of superalloy honeycomb
panels in time-varying thermal radiation environment
PAN Bing” , JIANG Tianyun, WU Dafang

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

Abstract: Superalloy honeycomb panels with the advantages of light weight, high strength and excellent
heat-shielding properties have been widely used in the field of aeronautics and astronautics. Deformation meas-
urement of superalloy honeycomb panels due to transient thermal loading is essential for the design of heat-
shielding structures. Firstly, a self-developed infrared radiation transient aerodynamic heating simulation sys-
tem was used to simulate conditions similar to transient aerodynamics service conditions and a novel active ima-
ging three-dimensional digital image correlation (3D-DIC) method was used to measure 3D thermal deforma-
tion of a superalloy honeycomb panel sample with a size of 210 mm X210 mm at different times in time-varying
thermal radiation environment. Secondly, to ensure the reliability of measurement by using 3D-DIC, a new
technique for making large-area high-temperature speckle pattern on a test sample was proposed. The high-
temperature speckle pattern stayed stable throughout the experiment and could be used as an effective carrier of
thermal deformation. Finally, the largest warping displacement was also calculated by Hoff” s equivalent stiff-
ness theory. Study results indicate that in-plane thermal expansion is homogeneous when the panel is heated
one-side by radiation heating, while the out-plane displacements show evident axisymmetric warp deformation
with the largest warping displacement of approximate 1.6 mm at a temperature of 900°C. The experimental re-
sults agree well with theoretical predictions made by Hoff’ s equivalent stiffness theory.

Key words: superalloy honeycomb panel; three-dimensional digital image correlation; three-dimensional

thermal deformation; high-temperature speckle pattern; Hoff’ s equivalent stiffness theory
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Discrete element simulation of mechanical characteristics of
sands under principal stress axes rotation

TONG Zhaoxia® , WANG Bo, ZUO Zhaokun, YAO Yangping

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

Abstract: The mechanical behavior of sands and other granular materials subjected to rotation of principal

stress axes is significantly dependent on the micro fabric properties and their evolution. The discrete element

simulation for sands under cyclic rotation of principal stress axes was validated by comparing the numerical

simulation and laboratory test results on the development of two normal strains, the relationship between shear

stress and shear strain, the evolution of the volumetric strain, and the effects of initial void ratio and stress ra-

tio. Four variables characterized by the spatial distribution features of particle major axis orientation and inter-

particle contact normal directions were used to describe the fabric properties of granular materials. The evolu-

tion of the four fabric variables in a single cycle was studied for granular materials subjected to cyclic rotation

of principal stress axes. The effects of initial void ratio and stress ratio on the evolution of fabric variables were

also investigated in detail.

Key words: principal stress axes rotation; discrete element numerical simulation; sand; mechanical

characteristics ; micro fabric properties
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Head bone tissue extraction algorithm based on CTA image

CAO Chunhong*'?, AI Liang’, XU Guangxing'*

(1. College of Information Science and Engineering, Northeastern University, Shenyang 110819, China;
2. Key Laboratory of Medical Image Computing of Ministry of Education, Northeastern University, Shenyang 110819, China;

3. Information Computing Institute, Shenyang Railway Bureau, Shenyang 110001, China)

Abstract: Vascular tissue and bone tissue cannot be clearly separated based solely on grayscale informa-
tion in images of computed tomography angiography (CTA). The algorithm based on the growth of three-
dimensional (3D) region improved bone tissue outside the bone contour extraction and the extraction algorithm
based on improved Snake model combined with the characteristics of CTA grayscale images were proposed.
Combining the knowledge of probability theory to improve the accuracy of determining condition of the region
growing, fast skeletal regional seed extraction method of 3D region growing was proposed. It made it possible
to obtain more accurate bone tissue area. After the Snake model was selected and some improvements were
made to the model, energy image information items were increased, so that the model can better solve the cur-
rent problems. Finally, the experimental results were given and compared with results from the traditional al-
gorithm. It is confirmed the proposed segmentation of bone tissue extraction algorithm works well.

Key words: bone extraction; 3D segmentation; computed tomography angiography ( CTA); region

growth; medical image segmentation
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Table 2 Main parameters of pedal model

F=F, +F. = (9)
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Table 3 Basic parameters of pedal simulator
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Fig.5 Simulation pedal force at typical braking conditions
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Table 4 Evaluation of “braking feel” on different

parameters of simulator
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Pedal simulator and braking feel evaluation in brake by wire system
JI Fenzhu ™', ZHOU Xiaoxu®, ZHU Wenbo'

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

2. Shanxi Transportation Research Institute, Taiyuan 030006, China)

Abstract: The pedal characteristic from experiments for target, a pedal simulator with elastic components
and hydraulic unit as the basic simulation unit was designed, which based on the analysis on the pedal charac-
teristics in traditional hydraulic braking system. The “breaking feeling” evaluation index was analyzed. The
simulation model of pedal simulator was established by using AMESim and Matlab/Simulink. The pedal char-
acteristic was simulated. The simulation results show that, the pedal reaction force increases with the increase
of the pedal stroke, the pedal characteristics could be able to change following the target pedal characteristics
the different pedal characteristics could be obtained by changing the stiffness of elastic component and the
pressure of hydraulic cylinder; the “breaking feeling” index was evaluated on three different simulators, and
the maximum braking feel index value is 92.4 points, which means a “good” brake feeling. The pedal charac-
teristics could adapt to different vehicle or meet needs of different drivers by adjusting the parameters of simu-
lator.

Key words: braking by wire; pedal simulator; pedal characteristics; brake feel; evaluation
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New control technology for visible light reflection characteristics of
space target
HUANG Chen®', WANG Jianjun' , XUE Li', GAO Xin', SONG Ping’

(1. Beijing Institute of Tracking and Telecommunications Technology, Beijing 100094, China;
2. Xi’ an Satellite Control Center, Xi’an 710049, China)

Abstract: For geosynchronous (GEO) orbit space object’ s detection and recognition is mainly dependent

on analysis, identification and judgment of reflected sunlight photometric curve. Based on analysis of visible

light reflection characteristics calculation model of space target surface diffuse reflection properties, a study on

different shape reflector light reflection characteristics was carried out. Moreover, a different shape reflector

method was proposed to control space target light reflection characteristics. Taking an example of a GEO satel-

lite, simulate and analyze the effects of cone, sphere and cylinder as reflection control body on satellite reflec-

tion characteristics by using Monte Carlo non-sequential light tracing method. The results show that the method

can change the satellite original visible light reflection curve, reduce the probability of being detected and rec-

ognized, and improve the invisibility of space object.

Key words: space object; light curve; visible light reflection characteristics; reflection control body;

satellite visible light stealth



2015 4 6 H
F414E 46 1]

tEMEMRKEFER

Journal of Beijing University of Aeronautics and Astronautics

June 2015
Vol.41 No.6

http : //bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2014.0519

jbuaa@ buaa. edu. cn

ET oS ERERN L B AR EEE SR

Y 1 iy | 2
%;k B AR AET
(1. A Tl db st as MR 2 B, db st 1000955 2. dbsTAiaS Al K k2% ML TR & A sh k2B, db st 100191)

i B AT LEMGRENRELE, SRALTABERENARE T A0, F
ERBTWEBR AT AL R, M TR EF B R H T Mk bk,
BUT —ARBELRENAS LA AL AR EN A S AERE T RN AALERES
R AR LAWY E TR, R T AALERERN N E, HHRH T ET Snell £
Bt A R S T kB A A IR 2 A By kA Bl A K HIE B L T
BRMEE S ENERN, EH LB BRELARNZE, BIE R 2 RESH — 5.
FREV RN NS AILERE TR T LI LA H 6y 4 4.

£ @ W HEE; BRI LEME; BURE; #ALE

thE 43S, V250.2; TB553
SEAFRIEAD: A

AT 20 AR, A B R P ARG B AR DL R
T T ARG 43 25 A SRR e DA SRS ) R R PR
S5 UL H, B A R I I Al T R
Hi''. 2004 4F, #[E Bristol K21 Holmes 25
T —Fp T 2 B £ J7 ¥ (Total Focusing Meth-
od, TEM ) f AH 42 M5 8 77 1 400 28 AR AG I AR, 1% 4%
AR BB AL K 932 B AL BEARE 7, X AR 4R B
FH R BE i T A S B T N7 IR R L AR S
(17 PR A B 54l ) R A AH A2 B IR AR 5 i 55 K
P Ak B, DAL P e 78 AR X345 o7 i R AU
5, DT 52 R A4 A 0 A0 ke i 40 531

VT BEAE | [ T R DU A 58 AL AG XA 4 FE
PR UL MR I B R S OIE R T R E T
Pt 3 AR v A S T 4 R Y L R AR
B SELT T $R A R T D TR
"B RILRH 2 0 R P G ) 5k B ) G I S R R B
(RGN 43 B 07 5 4 00 1) i 4 B AR T 5 ((Vector
Total Focusing Method, VTFM ) """ ] o ff 46 4 &1

NXEHS: 1001-5965(2015)06-1000-07

/N TP B Y FL 2R B B, 0 TR 5k B Y R RE T
T AL T R P3[R R BOR ZE R T 4R N B
TR 2 HCB ARG D T 2 e A, B
& 110 0 T A Je i i

SR, 24 R F 42 3 46 J7 15 X0 52 A 08 R Bt T ik
FEEAT UG AG U I, i T 1 0 3R PR AR 52 2,
T B B B 5T R A 1) 7 S 4 A R BT Ak AR
g P B 4 L 2 T 2 WO/ AT B A R AR 4 Ak
I DX 358 v 2% 3R £ A, W I 084 KT 43 i e 0 KA oh
R 7 AL A 1 B 06 JB M A B R R P Y
AL A I B), A B BRAT AR B A I S5 2R O T
TR AR T X A 0 45 2R A 5, R T — R g
AR RET L, TIEFLIE (aperture ) J& F5 FH 5
W45 e e HH AR AR A JLASFETT il . 107 2 AR Al
S B G I AT 5 1) RE — R ST vk D R 3 25 A B A
DRI A 5 R R R i I T e ) L AR AR S
K LA L B P R I DX R A % 5, O e 2 1 3l 25
FLAR K A0 2R £ 7 12 8 R 4 R i 7 A F 5

WS EEF: 2014-08-22; FAHHE: 2014-12-05; M4 4 AR AT iE : 2015-01-09 1659
P 2% H Rt HE : www. cnki. net/kems/detail/11.2625. V. 20150109. 1659. 002. html
* BIAEH : RIB(1985—) , % Atk & A, TR, bjxuna@ 163. com , 3= A5 J5 ] Sy 75 TG A5 .

SIAWE: i, AA R, AEF. ETHSAERENL ZHHMEEZEFRNT]. R EMKAFF#H,2015,41(6) : 1000-
1006. Xu N, He F C, Zhou Z G. Ultrasonic phased array inspection of L-shaped components based on dynamic aperture focusing
[J]. Journal of Beijing University of Aeronautics and Astronautics, 2015 , 41 (6 ) : 1000- 1006 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/kcms/detail/11.2625.V.20150109.1659.002.html

5 6 3]

TR, 55 L T Sl A FLAR R AR B L AU AL 1 AE 45 B B 75 A DU 1001

1 HEAEREFELH

1.1 £EEHERE

A R I AR AR A I 7 R UL SR AR A T R
ROFERE. 4 50 % 2045 % 4£ ( Full Matrix Capture,
FMC) J2 5 18 4o 4 1) A 42 2 i 7 4 8 45 v 4% B o
s P AR U Rl R R R U R I 8 BE A v 4
W e Sy B R 75 [ A A B R AR AR, B
AT B S5 R A A A SR R R R L X TR
TR 42 o P A ) 5 AR v P TR i e S SR A Y
ARAT 1 P A1 A 40 T S ek o) 4 R A A S
R T B5CHE Kb LR 1T A

W1 FR , B MR A% th N AN T A
T 2R, A Rl B0 SR B G R T AR - o,
55 1 AR T 0 88 75 I, 4% B T i) 2 Wi Tl g
155, W I 3R A5 1Y [l K4 vl & R S, (M) (r =
1,2, ,N) 5045 N 88, Kb v R E4H
7 (] Y0 AR R B RS IR 45 B T o)
SR S Al 5L, 5 45 B ST o3 ] M IR A 5 e
WEIT w S0 B TG, M T r S I ST, U BT 3R
3 B L Rl Al e OO S, (M) L IRk, 24 B
A BT 53 0k S AR SR RN T, 9T AT B T i) %
WOl ATl A A e, A RE BE BCHE AT L
S, (M)(w=1,2, ,N;r=1,2,-+,N) G —
AN XN x M) =454l

3 oY EU R €IS Y

Fig.1 Schematic diagram of full matrix capture
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Fig.2 Schematic diagram of total focusing method
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inspection for L-shaped component
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Fig.5 Detection result for simulation data
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Ultrasonic phased array inspection of L-shaped components based on
dynamic aperture focusing

XU Na*', HE Fangcheng1 , ZHOU Zhenggan2

(1. AVIC Beijing Institute of Aeronautical Materials, Beijing 100095, China;

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

Abstract: When L-shaped component is detected by ultrasonic phased array inspection technique based
on total focusing method, wave propagation path in the specimen became more complex to increase the compu-
tational difficulty of propagation time due to the complicated geometries of component. To solve this problem,
a dynamic aperture focusing method, adjusting focusing program according to actual samples dynamically, was
proposed on the basis of the total focusing method using full matrix data. Then, the dynamic aperture focusing
program was designed for the surface characteristics of L-shaped components. A calculation method of wave
propagation time was posed up based on the Snell’ s principle. Finally, a couple of full matrix data was simu-
lated using the finite-difference time domain method to validate the dynamic aperture focusing method. The in-
spection experiment was carried out to image the defect in customized L-shaped metal specimen, yielding ex-
periment results that are in good quantitative agreement with the true values. The results show that it is feasible
and effective for dynamic aperture focusing method to test the L-shaped components.

Key words: phased array; ultrasonic testing; L-shaped components; virtual focusing; dynamic aperture
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K- interaction in finite volume and the K™ resonance
ZHOU Dan, CUI Erliang, CHEN Huaxing” , GENG Lisheng, SHEN Chengping

(School of Physics and Nuclear Energy Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Firstly, the K-7 interaction in P-wave in a finite volume using the chiral unitary approach was

studied, to find an efficient strategy to obtain K-7 phase shifts and thus the K™ meson properties from energy

levels could be obtained in lattice calculations. This method has been applied to provide K-7r shifts in infinite

space very successfully. Secondly, the energy levels, which are functions of the cubic box size and the pion

mass, were evaluated, and the K-77 phase shifts were evaluated based on the physical properties of K™ meson.

Finally, in order to compare with the lattice quantum chromodynamics (QCD) results, non-physical pion mas-

ses were adopted to calculate energy levels of the K* meson. Comparison shows that results from approach

mentioned above agree well with those from lattice QCD : using pion mass 266 MeV, we obtain two energy lev-

els, 924.0 MeV and 1483.0 MeV respectively, which accord well with the lattice QCD results, 915. 6 MeV

and 1522.3 MeV respectively.

Key words: chiral unitary model; lattice quantum chromodynamics ( QCD) ; K-z interaction; scatter-

ing; B-S equation
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AR SCHEI 9 WL BE G 5 S PEAN X 4, SR IO
SR A R M T A — Ak 45 W 4
L35 VT e iE (B 57 X 7 A T 22 4 R O G B £
F VPRI AR Hh A4 WL BE g 1 14 A R BOR T
GL K" SR A, 33z FBEH BT 8 3807 5
R ATFAN 25 2R O 1 Sk 2 4 L0 o 1Y 25
PEANBERL Y AT M, R XS B E s K E AT
NS 2E G VA R A b, R T — i S BT
AB (P T P F s & AT oR B i
S ERE R WA IR AT 55 STROE A I
A B 2 (B A5 IR 3038 BRI A RO A P I e
Fa bR 0 i) T 23 ORIt A R AT T T
W%,

1 ETHAESHEMNTHGER

AR I A A X0 K R S 50 B
P GE T2 4 R R LAY B Al | B IO R BT 1Y
WRBCRA 35 5w 0 g A% R, T T
718 ST 22 AERL S 9 B 25 5 DO R AL, DL TS0 e 3F
Al 25 e s S B 4
1.1 ZEGEKRKBERRKRBEEITNEHERE

HEHE O A WFFT 45 R, 0k O 18 7R B T8 52 Wi
EANINCIE T N 5 AP ST i R L VA O E N E TS|
K. T 248 S i B A AT B B R
B G AT B8 — I B AR M. O T T o A A L
B RO, A SCE I T — M55 81850k (Inte-
grated Performance Values, [PVs) Xt £ 4k #1L 5 4 5%
FR R AE AR AT IH — Ak A 47 2800 L s s B 5
RS AE T Gt 5 X, 95 O 2% 0 b
AR e P A, 2 P <0.05 mf a4 3%,
0.05<P<0.10 Bf HILE R E,2 P>0.10 B K
AN QS R S, 18 AN KT 8] TE B 3 B N
(P S8R 25 1 20 B 6, 6 > 10% Sy Ak 3,
8>5% WA W E 6 <5% WA W A 5L
BIAR A b 348 D DU 25 4% B 0 20 B 1) 01 — e AR A
Lty

m

[8 8
Vo=2 mln{ﬁ + ﬁ’lo} (1)

mo@g-mmVJ
= ! =2
Un max V, — min V, " 3,0e,m

i i

(2)
AV, RIS R m A KT 125 A
MEAH (A V, =0) P FIP 35S i 5 -1 40K
S 6] T 6 4RSS I 4 5 R PR S) FS) 4
RS i~ 1 AN KT 1) TE 8 2 R R 1 o ok

DR R ZE A B, BV, A L A5
189 (A, AL 18 40 e 1) B
T 58, 43 AT 25 B A B 2% AR e K A [
5T A A 20 5 1 B85 HE AT 8 — B8 A R/
BERE LA Ry R R, O AR A R (3) B
G- A L T N A S T S
A (4) frs. Hu, A () fa(2) w5 A
YN G T T SO S S 0 SO 7 T BT SCRik [ 4-14 ]
H 2L 2 B 1) St ORI | AR AT 2% L0 G 4 ) 25
B GUSCRFE(E.
a=2arctan( H/2D) (3)

T= jil{[lb(l/Pl)]/TR (4)

Kfa A, (), B (1/60)°; H A4 4L 4 1A 7
ity o5, 1 LR HE B, 75 5 B An D 5 Hh il R R R A
W BE D IR sn SR ECE P, N FE 0 R
HIMESE Ty PR RN 5 T R {5 B AR 3, bit/s.
1.1.1 5/ KD

R B B A RN HEIR S RO R T
TRAT B U R S R S L R AR
FAFR/ANGE B GUBCRRAEAE o, W3R 1R, A
SPSS 47— Ju g Pk [nl 1 43 #r 15

"= - 54.17 +6.68min{«,23.07)  (5)
F1 FEFHRNG

Table 1 v“ of different character sizes

() s | () e | () s
6.74 0.0 13.80 50.0 19.40 81.3
8.66 4.2 16.04 62.5 20.63 85.4

10.78 6.3 17.52 70.8 22.52 95.8

11.46 14.6 18.33 79.2 32.09 100.0

1.1.2 & ke
P8 2 A e B BF 5 B9 — S EE O T, WoR
LT b A B B 6 DT BC RE A5 1 R /AT 01 1A B BE
PR A5 B (Y B D B0 45 B SRR AT A
o' g 2 ~ % 4 = (6) R,
®2 TALEGHY

Table 2 v"' of different background color

WHEEO EO REGC WE Rao Eaf 6 RO

o' /%% 90.0 82.5 81.0 75.0 60.0 22.5 0.0

x3 NATEREHTRM
Table 3 v” of 30 different color matching

Iy % 1 9,13,26 12,29 1424 28 4,6~7,25

o2 /4%  100.0 91.7 83.3 75.0 66.7 58.3

3,517~ 2,11,
FE L oa gy 10,830 15 22 16,20

/4y 50.0 41.7 33.3  25.0 16.7 0.0
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Table 4 v” of object and background color matching ?E{E,%%%@ﬂ@'ﬁ%?&ﬁ(@ﬂ@*ﬁﬁﬁﬂﬁ11"1 —
” 100.0 4350 Y HARBE (5 b 30 A ¢ 07 2 145
b e B SO T 0" o A 55 7 4 VG 2 00 55 15 4
BAn, TR AL S RE) [FREN T e
AR A 100.0 66.7 91.7 79.2 83.3 BUFFHEAR.
RN 45.8 85.4 87.5 50.0 83.3 1.1.3 #HAHEE
4 9.2 25.0 58.3 5.0 0.0 - 1 P NN A
He 7 ’ = R R RN 1 AT BB BRI S
o' = (0" 0" ") /3 (6)  Jh R f945 A SR AE (I o, W32 5 BT,
x5 AEAHBELEMN
Table 5 v° under different layout positions
-_— iRy T % 7 ralyi)
A
Y% v & F K - H F £ r A& F &£ t H F
v/4%  70.8 50.0 16.7 25.0 25.0 75.0 4.2 0.0 25.0 83.3 75.0 50.0 100.0 91.7 70.8 100.0
1.1.4  Z & HH&k ZEA B IEY o T FR.
H AT CALE R a5 H B 210 8 28 IR A 40 ®7 TEFHMEL Y
AL ﬁ%ﬂﬁﬁ?i%%fﬁ\ﬁﬁﬁﬂmﬂﬁ( Table 7 v" of different kinds of characters
. ZERIR M L5 G BRI o B R 5 TAOPI %X ey e o« 6 B A
AL AR X R R A SR, SRIE I EE A " =100 4, a0 25 54.2 70.8 100 100 100 100

S N 05 1 o i 1) AL, IR JE 20 A 0" =
100 43, 26T 0 0. FH I, 0" = (0" +0™) /2.
1.1.5 ® & &

S AR B 2 R ] DL R I b B v RAT AL
A IZ AR B O R B, DA PR X S A
B R, ik AT E ER . R RS AR R
PR Z5E BIRURR A R o A TE 58 7R U o
S 100 43, &0 o R 0.

1.1.6 FHhFH

T SO AR R AR SR RR A, S SR
B WA Arial , TNR ( Times New Roman) FlI Cali-
brit MR S0 4 M £ A SRS, AR
FARFIEX R o, g 6 FiR.

®6 TEFEFHMY

Table 6 v under different character fonts

. LLD'S [/
Fik
S 45 AR Arial TNR  Calibri
s 0.0 100.0  91.7 0.0 91.7  100.0
1.1 £35%

i

I PGP AT BB B AR R A A BB
SR, ok S8 S A0 Y 28 i SE R YRR TR R B
N A B A I T Y R 4 SR AT B o
TE 600 mm AYALEE |, 221 55 FE 1 mm 1 0° 25 0,2
1 55 B 2 mm (1) ¢ h 83 4.

1.1.8 FH#HX

FAFRNE AL G 3 S0 BT A TR

RAGS T LA SO T AT 3 A A K Y

1.1.9 fZ&ARE
AP E B R AR R B E BOR{F AR
RO A B0 R R L S R T A
BAGEER T RIS 2 50 25 A SO AR A o',
% 8 fiR, 25 SPSS ) —Juk M [l ) ] £5
v'=118.68 - 25.61max|{min{T,4.63!,0.73]
(7)
®8 AEEERBERNY

Table 8 v’ under different intensity of information flow

T/(bit - s™") o/4 [T/ (bit « s™') o'/4 || T/(bit - ™) o'/4

0.942 100.0 1.695 91.7 2.807 50.0
1.293 87.5 1.873 66.7 3.170 25.0
1.585 83.3 2.084 66.7 5.170 0.0

1.2 Gl ZHENERY

ARSCRHIEE T “ IR g 8l 7 B G1 i i
KRB %07 402 )2 0 M7 1% ((Analytical Hier-
archy Process, AHP) i) —Fl 0t 77 i , AL ST IR T
AHP 75 5 3R 7 vk b R sl B, T R AR PR 8K
g LR TR AR O G (k=1
2, m) X2 B 7S ST S e F) R R AR
V¥ s @24 Hh AR &I A0 5E G A% [] A X o 2 B ) LL
HIWE @ EAUE R AL

wm:(1+ZHri)_ (8)
- 1,-,3,2 (9)
AP w, R m APUSE g5 HE T R AL R
K H GL ik, 22 i & 4% 9 PPl vk b i) 8
FEVEHE P I 1 B AR R R (8) . (9)

w, | =r,w, k=m,m
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Table 9 Weight coefficient of visual coding

Ei:R 7N E SR 7R ES 4 EER7n S

FRAR/N 0.1401 || ZIELILR 0.0912 || TS 0.0828
BFEULH 0.1451 || {5 SR 0.1307 || F45F12E 0.0765
fmAE 0.1322| FEFIE  0.0650( ZEE  0.1364

1.3 BRHMNFHEFHIGEITNHFRE

TR 25 8 VAN B 7 A A AL 25 &
5 AR A 25 5 vk 1 AR R AL ZE 5 1
B SR AR SO 1o o 45 Bl O IR Y 43
A EC AL, B RE R T 3% 7 4k A A5 20 0 ) 25
PR B B

MZZWXQUX x =a,b, i (10)

A cw, F 0" ST G T o RO BB 255 Bt
RURFAEAR s © BRI 1, 76 HAR T 58 i 2R A
WA B35 s M oy 7R 5T 2 4 L5 4 T 25
AP BLAR EAE 2 (0.0< M <100.0) , 5 73 5
DU B b2 4 78 ST OE A B B

2 ERFEHMRALILIT

K1 (a) AT 1 (b) 43 /& R ] GL studio F
U A7 B T #5719 U 3 B787 Flas % A380
b ST 4 B A AR i s LT £ 4 R0 G
T 2 4 D 4SS R 0 34 45 9%, U B B787 Fil A380
R B G S e BT A 1 (e) iR
A4k AL, id S AB.

Bl eoR A
Fig.1 Virtual display interface

FH 3 s ST 22 4 000 2 5 25 5 PR R A5 1
B787 (A380 il AB 1) £5 HL 5t 4w A5 43 {H 4N 3% 10 P
ARG IF IR B Gy My, = 7406 43, Moy, =
T7.1 455 M, =84. 1 43, @ dL ] UL, L fb 1 AB
9508 B e, BRI T AT By HAREIR.

F10 REEEHUIHLEE

Table 10 Integrated performance values of interfaces

) LR B BULRRIE(E/ 53
S

o o o ol o o€ oh o

B787 91 94 100 100 50 50 100 83
A380 100 83 100 50 100 100 100 83
AB 100 100 100 100 100 100 100 83

S o of =,

3 LWAHIE

3.1 fFE#BRIT

O 6 UE 7% S T 22 A A 5 2 A S R A A S R
Ao of kR, S ok AR S RRAT 55, AL 1 o
fY 3 A M AUt 7R ST 2R AR AT 50 T B AT T
I AL A0l . SC g S R BLAE o B R
1440 x900 f 17 H~F (1 i =2. 54 em) 3 & 5

7 b, A B N A E AT ANAILAE L. S SR
Fit it A 42 fih X Z0 AR IR Bl 4L Smat-eye Sk g 5% Bl it
4 R LA R L 0. 3B R A A A
8, AT I S 7R S50 s A% A, S X B A e
2 {ARRAS T IR BB gk [ e 12 38 B 35
BrC HL AL FX-7402 52 53¢ 93 1 I S48 A 1
FEE R-R (8] B 19 F5 #E 22 ( Standard Deviation of
Normal to Normal , SDNN ) 5.0 4% B Z % ( Coeffi-
cient of Variation,CV). SZ 86 57 52 A 3R 8% 5 TR R A
PREFAAE -2 BREE 600 Ix A 45
3.2 # i

SEEG R 22 44 A6 SO 2SR R S AR AL
FAECH 11 %4, & 11 4,22 ~25 %, S H 4R
23.5 %), HA WA Js 5, A 8, 8 88
ERL IR T H .
3.3 Xmwigit

MRG58, LI BT R e A
Vo ok B O R FHE B 5 ANE B (IR AT AR R
Weff s T I AR ) HEAT WAL AN BRI

SEE R WA RO N B, IR 1o R
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FUTI AT, 3 A4S K OF- 43 1 5 B787 . A380 Fil ABj; [
F 2 A TSR B £ G S B ],
N 3s 2 BIAS KT g i Bk 2 ST 5% R 5 Ak
37 36 R F) 15 22 , S I SR B T 5 it

3.4 RBSE

Iy FE , IE 2050 g ik 7 b g 7 2 U0 M R B
T, 24 S A BRI o bt e o 7. 7
e T 6 41505, A4 S B 4R 42 10 min, 8] g
PR, 10 min. 52 5 5k A2 o B 20 A3 A0 B A b T 52
A3 BRS04 oIS 1 X 4 7 58 i 32 A
AR %A 0 ~ 100 434 20 4 TR 1A
P30 R S A ERHTITE.

4 ZWHERESN

4.1 ZHENEHEDBEREBELERLIRE

& 11 iR by 3d ik R BT 22 2 A0 g i AR
Y580 T A5 0 B Tt {8 K S 56 BT SR FH 1) 4% 7
PG & AR bR GE 145 2R AT SPSS AT IR
7220 M B AE 0. 05 (% 3 K F b, 15 B iR
FERN R X T 5 Ry B 48 AR 0 FE RN i (P <
0.001) 5 & 7~ A1 KR X F ) W i (P =0.025) |
IER# (P =0.003) , E M4 (P <0.001) | i L
HAE(P=0.028) JEMAE] (P =0.038) #8451
F RN B 2 T A 0 FL B S FE AR SDNN (P =
0.247) 1 CV(P =0.349) i 30 R B %

11 FAEFAHEEHMNEREXBRAEVGEHETER

Table 11 Theoretical prediction and various experimental indicators of different interfaces

B o 1T 55 BT 15 ESp NSNS MR 2 A P A HEL A B
W RS RIS WO AE Sy —— ——
IET R S /ms  EMIEH /Y AL E R/ wm PN E/ms  SDNN/msec CV/%
B787 74.6 0.796 £0.075 1032.5+131 66.82+13.14 2103.2 +542 228.2+109 42.18+13.5 5.28 +1.42
A380 77.1 0.814 £0.072 1055.0 £106 73.09 +15.4362357.6 +540 270.0+92  44.64 +16.8 5.53 £1.93
AB 84.1 0.847 £0.061  990.9 +110 83.45+8.91 2094.0 +448 216.9 =107 49.59 +13.9 5.99 +1.48

4.2 MHEXMESH

N 25 T I 7 B T 22 2 R A A TR (1 3L T
DA 55 552 56 it R FH 4% ol Dy 32 040 00 6 &5 2R 43 ol 1 47
Pearson ¢ 43 M. BRAE WO 5 [ #1 K (r =
0.995,P =0.063) , EMIFM (r =0.992,P =
0.080) 0> A5 5 SDNN(r=0.997,P =0.048)

I CV(r=0.995,P =0.062) & & iF 16, 1fi 5
MBT(r=-0.820,P =0.388) fEfL H % (r =
-0.293,P =0.810) fFE MBS [E] (r = - 0. 453,
P =0.701) 5147 A0 .

3 21 R S SR T A 22 4E I S i A AR
PR F50 I R 5 ST 50 0 1 45 04 A (E AN 1 2 Fs.

P2 BTN (B 5 I i 25 5 AR A 22 Al L

Fig.2 Trend of theoretical prediction and various experimental indicators

P2 rp ot b B o, RS TI0I (L L LE B R
WLV AT 23 A0 AL 5 AR B AB AR F ok,
15 BT87 Aibdge /), T S IO I I L A8 0 3 A0 i)

TES I AB Ab f /I, £ A380 Ab e K. 45 2R Rk
PR LAL S AB 5 B787 il A380 A HL, A B
I .
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5.1 X(TFLBMEBEFNITE

ASCRATT 3 Fhoy i I R A B AT 45 R
X3 AN R ST A FE R RCR . AR A
Fh T AR SC 4% 5286 K ) R A7 R AR 3R %% AR
3£ 4455 ThT B 22 S, AT Ik 2 00 9 3 A 6 B NASA-
TLX EMTEH i 3 6 A4 B (1 S 755k % s
JiE IR ) 5 5K L Bk K S il g SR AN 32 1 AR )
Hh R iR T3 7 SR R A2 R RO R AR B SR AT
VA 45 B I R IE A 0 R AR £ 5 A I B e 7
LU AT 45 HEAT I B A7 5 R R 7S G RS R . DR I
TEH 2 = (55 1F 0 00 07 Uk + MR A R I iz Ik
) /(55 MUB + W BB |, B = HYBE
& 5 ) TE B 2 B 10 1 24 L B B B4 A
FL L A% 5 ) A AT 55 ¥ o L R 11 7 B 4
B, K BT 52 45 S e W], 1A S0 7 K, A 55 e
i L B A 2 AR A8 K T T A (1) £ Bl =2 72
R RN o H PR B S A R R O BT g 4 SR R
B, N B T B B, o BT g RGO s R
SRS R R I AR SCE L S AL TR
Bl O HLFE BRI AT B L5 A3 40 B DA Xt B8 I A £
Al LA — 5 B
5.2 EAFHEMBEEHMNESIHERNITE

SR R TEAT 55 SR E AT A 5 R 3 45 R
S DL R0 R AR R R R AR R
DRk LT AB Y N I R, IE R R s, LS
Sy U W AL B A% R0 B ] /), SDNN Rl CV
B B3 AN E IR 2 TR S I 2 2 e D 4
VA TR 50 B TR A5 4 R 3h A1 14 52 36 4% 5
FEAR I (2 K B A (el >0.8) . f el
DU , ol o S T AB 25 s A ok 19 T AR i A0
PRI J7He A380 il B787 AR, 85 A T 4k ik % 3
AT TR B HER T 00 T %88 A A Ak
P (LR 20 00 225 R 5 9 T (6 AR OGP L A
%, 3 AT A J2 R A i L 2 4% 0 T 00 i 2 )
W RS A 1 SRR AR O R L AT
S PR TAE B0 4 45 o 04 I JRUER R IR A5
P G 5 T6 6, A5 7 A A5 70 4 500005 Bl 1, ATt
R A B0 5 AT 55 T %% g ¢ W R s L
DRI 17 2 B 1 s L LA A8 K, ) 28 4, DT o
A5 7 S B0 235 5 5 TS TN 1 P 4 G
5.3 XTFEISEBESTFENITE

A SR B4 SR ST 22 4 L S T 45 S TR
BERIE DFSAM £ %) 6 Al - AR T — & i ok
P e AR T AR A — 1R Ak £ i L G B AT

ER 2RGSO, T 258 BRI 23 U 18 2
P AR EE TR 23 A5 G APU 0 Y LR 5
U, DFSAM #2701y 8 Fift {7 A% 30 A 5 TR 2% L 5=
BTG IRITER Bk Z U@ VLI 7R 78 2 ik
i TT 2R, AR R MY 9 il L0 4 i X 327K
7 W78 45 B BT ST 2805 RO, AR BERLR G
5B A 58 7 BEAT @ AL, M L T DFSAM
FO TR B PR AN 7 3k, 25 25 08 T 4% 052 2 B o
7% B RS2 R eAh AR RS R TR
WL R 2t A5 57 X B G F2 3800, T 2 4 5t it Y
5 B gm0y 30, B hn s =4 R AE LLUCEA]
HL AR 28] A S8 HL O e R AR S S AT K
— LG o AT I A S5 SCHRORITRCHE oK 5¢ 38 5
LR VM B B 4 ]

6 % it

1) 255 2 408 2 B 0F S 75 B T 9 52 0, i
TR TR S B R TN AL E A B Y
LR VRO B AR

2) MRHEGE T I 35 P R S R X 4 A
RO RS AR T 2R BUROE LA DAY g e T
5 W5 i 1 9 8 — B A ) L, H A 0 e ) AT

3) WIARSCEE Y A 22 4E WL G B 25 4 VF i A
B, 258 P M AS 8 3 AT o B R BT A
o Aty SR A R A S T, X R HIL 2 B AR S S
BT A —E I E % M .
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Comprehensive evaluation model of multidimensional visual coding on
display interface
XIAO Xu, WANYAN Xiaoru" , ZHUANG Damin

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

Abstract: To predict and evaluate the effects of multidimensional visual coding on pilot’ s information
identification, a new comprehensive evaluation mathematical model of multidimensional visual coding on dis-
play interface, which adopted meta-analyses and integrated performance values (IPVs) for the unitary quanti-
fication of multidimensional visual coding, and combined the weight coefficient determined by G1 method with
fuzzy weighted average operator, was proposed based on a large number of existing research about single-di-
mensional visual coding. In order to verify the validity of the model, interfaces of Boeing and Airbus were
comprehensively evaluated, based on which optimized interface was designed. 22 subjects performed an instru-
ment supervision task under different display interface. Subjective evaluation, performance measure and physi-
ological assessment, including eye-movement tracking and electrocardiogram ( ECG) time domain index, were
introduced to record the experimental data. The integrated experimental results reveal that theoretical predic-
tions calculated by the model is significantly correlated with the practical experimental results, and the opti-
mized interface provides performance advantages, especially for more difficult tasks. This comprehensive eval-
uation model of multidimensional visual coding on display interface will provide a reference for the optimized
design of aircraft cockpit display interface.

Key words: display interface; visual coding; comprehensive evaluation model; physiological measure-

ment; ergonomic
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Swing motion control of lower extremity exoskeleton based on
admittance method

LIU Difei, TANG Zhiyong* , PEI Zhongcai

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

Abstract: To solve the problem of the pilot motion intent’ s identification and tracking during the swing
motion of lower extremity exoskeleton, a control algorithm based on admittance method was proposed at first.
This control method used the admittance characteristics between the force and velocity of moving object. And the
interaction force between pilot and lower extremity exoskeleton was converted into the desired motion trajectories
via the reasonable design of admittance parameters. Then the traditional control was employed to track these traj-
ectories accurately. Finally the coordinated movement of pilot and exoskeleton was achieved. The human-ma-
chine system model including interaction force information was established and the simulations were conducted
according to the system model. The results show that the interaction force between pilot and exoskeleton is re-
duced by 85% compared with the unpowered exoskeleton under the normal swing frequency, and the accurate
tracking to pilot’s motion trajectories is implemented successfully with the error ranged from —0.3° to 0.3°.

Key words: exoskeleton; admittance control; interaction force; human-machine system; trajectory

tracking
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trajectory control system

2 BnESRZSH

H Pt & %2 ] ( Active Disturbance Rejection
Control , ADRC) 15 5% H1 1 [ B} o7 B 8 BB "2 W 52
I s s PR B AR T R S O 2
LI ARG IR WAL T, B AR R g8 AL
HATR o i) &, B B ST 042 i i HEAS 25 4
e 3R

B3 Ay d g A
Fig.3 Structure diagram of active disturbance

rejection control



1028 G| AN = T Sl N = 4

2015 4¢

3 EBEFNREEMMERES

M (3) ATE L, e K ATa 2 — 1 HA 6
A rh R 4 AP il A R SR Bl R G, A
SRR TRAT I ) O AN LA R T O e 3 AT
i AL AR i DL S A ] o Bl R RS
iff b s ) AT R A, AT DL S BT AT AR A
I B A R ORG R E  AR SCi o — A BT ADRC
PRI IR R RS WIEE LS F ARG
FREmTE R,

b=—J, 020+ 0 (1 —1)/1 +lu,/I,

0= J, 2 + (1. = 1) /1, + lu /1, (5)

G=¢0(1, -~ 1)/I +u,
Bl (5) g AT P

o 6 (6.0.0,0 0 O
Ao (o0 m%BD H(6)
Y Hp.op.0H HU
itl:'j:
L1 d,0,0,02) =~ 17,00+ 651 -1)/1

(b0, 2) = = 1 b + i (1~ 1)/
%ﬁ¢ow¢n=¢ﬂa—1»ﬂz
Oyl 0 00

(7)

] W2 (5) & — MIMO ( Multiple-Input Mul-
tiple-Output) L MRS RS, & L b, =U/15b, =
U130, =1 fi(i=1,2,3) RGN 3B ST,
ARTCR M A PO H PPk R S 0 g
(Extended State Observer, ESO) % 3l 2 #1 & %8 4
PEAT P BRI A, T, O A 4 ) R O S AR S
TR O3 AT T2 A SRS X 4 i AR AT AR VAB I,
W ALK MIMO A 2k 1 28 G256 e i Tk 57 19 STSO
(Single-Input Single-Output ) £& V£ 7 & &4, th 7] #K
Jooh A b £ L Mk Ak T e 3R R 25 K &
’l 4 fiR.

N LA R o ), R TR ARG X BK S Y
S A FRHT TP A= . B P A R L 4 3
F Ay
3.1 ZHITELR

1R GERY T A 25 77 AR W 7S ROV, LA &= T
JCYE AT, ADRC R HT 9 A 153 14 25 4 gt 22 22 0k
SR S DRE , n] A A% R DR MR P RSO, — [ R

P4 i 3R TR AT i 4 A A R £ ) 45 4
Fig.4  Structure diagram of quadrotor aircraft

attitude decoupling control
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Hovering experiment of quadrotor aircraft
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Robust trajectory tracking for quadrotor aircraft based on
ADRC attitude decoupling control
YANG Liben” , ZHANG Weiguo, HUANG Degang

(College of Automation, Northwestern Polytechnical University, Xi’an 710129, China)

Abstract: An attitude decoupling algorithm based on active disturbance rejection control ( ADRC) was
designed for underactuated quadrotor aircraft. The algorithm can overcome some shortcomings of traditional
control method for underactuated quadrotor, such as strong coupling between system states, weak anti-interfer-
ence ability and high sensitivity of tracking performance to modeling errors, etc. The state coupling was
tracked and estimated by extended state observer (ESO) , system interference can be estimated by ESO at the
same time. The interference of the system includes internal and external disturbances. The nonlinear multiple-
input multiple-output (MIMO) system was transformed into linear single-input single-output (SISO) system by
dynamic feedback linearization. Then using the nonlinear feedback control law to achieve high quality control
of the attitude system, and study the robust trajectory tracking problem of the aircraft based on the attitude de-
coupling control algorithm. The simulation results show that the above attitude control algorithm can improve
the robustness of the trajectory tracking system. The algorithm does not rely on the accurate system model, re-
duces the difficulty of practical application, and has strong anti-interference capability and practical applica-
tion value as well.

Key words: active disturbance rejection controller; quadrotor; dynamic feedback linearization; decou-

pling; particle swarm optimization; interference estimation
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b,k 3 iR,

M5 2.3 3 FIE 6 J1, 4 45 48 18 4 /b it 4
A6 I 1) 5 2 384 o 5 Bt Y S 0L 1 3G A 1 )
BHTEAL, Ik T IR 448 I GE T 17 ¥ 415 nf
[ 5 248 U 3 3k 3] — e i S, B0 R TE A Sk R
i B Wi T 0.

qeiBRe ))& — A BR T R B REA Y
A 8 181, 38 5 A A e SR % ml R 1 B 3k R
YA, B, SO de B me I B 1ELR & B IR T %
PR SR SN AT A& BE 1 A . BT 45 Y
AEABRIERCH 2 ~5,FRABMN 0.5 ~2.0 A2 fb it
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Table 2 Repair time of spares

D I % LRU, LRU, SRU,, SRU,, SRU,, SRU,,
T PR 3 A A 1 IA] /R 0.6 0.5 3.0 4.0 4.0 4.0
ERE A TSR 2 2 2 3 2 2
1 IR R 0.6893 0.5231 4.2349 4.3137 5.3620 4.5091
i 2 W)/ R 0.6893 0.5273 4.2349 4.3137 5.6989 4.6109
e ﬁ§2%%£ﬁ§ 2 1 2 2 2 2
i 1R/ R 0.6893 0.8621 4.2349 6.2500 5.3620 4.509 1
i 2 WA/ R 0.6893 0.9174 4.2349 6.2500 5.6989 4.6109
ERE RS 3 2 3 4 3 3
i 51 IR/ R 0.6105 0.5231 3.1714 4.0529 4.1862 4.0571
i 52 B )/ R 0.6105 0.5273 3.1714 4.0529 4.2361 4.0719
M EE NIV N 0.3 0.2 1.0 2.0 2.0 2.0
IEVE 3 YA U AL 2 2 3 5 5 4
16 IE i i) / K 0.3024 0.2011 1.0220 2.0253 2.0357 2.0354

%3 FARGEEEHETHEHARENE

Table 3 Average repair time with different amount of repair channels

. : 4 BB/
[ VACII N
1 2 3 4 5 6 7
0.9 0.7299 0.5127 0.5008 0.5000 0.5000 0.50 0.50
1.2 0.8621 0.5231 0.5018 0.5001 0.5000 0.50 0.50
1.5 1.0526 0.5370 0.5035 0.5003 0.5000 0.50 0.50
2.0 1.6667 0.5698 0.5080 0.5009 0.5001 0.50 0.50

Hi &7 A, BE A A5 R T SRR, A (W] 4t &
WA B AT B 1 4 2 A 1) [ 127 398 24 45 R
T DI - 5 YE A I B] 3 AR s 41 R A &
BF, SF- 35 4 A5 B 1] 3 i 22 18
4.2 BEHEGHFREEMRSN

BT 2 B IE B ] HEAT A PR B LA,
KD RG] HEEIRF] 0. 8. iz H L bR
ST IRACAG SR A, 15 3 45 5 288 1Y e i #% 1F e
TEME R 4 Fron, Horp gy 28 1 ~ 3 RS ] 1y 4
BREHETE, 2 WK 2, 5% 0 AR TR 4

R4, EBEERD, FEMFEE
25, B T 8 5 3R JE B2, bR 4 i TG R 4
BRE. LR B REEARERATRL ~
3,93 R T LPRORBERCR, i3k S s, |
RSAALE4BREBER DN HZEZHZH %
1 TE BB AR B AT A5 R I U0 Ak 52 PR AT R A
i, AR AT &5 T oK. K b, 78 4815 R &
I, 5 S0 A R ZE A5 B ) A AL BE AT TE £
JE O TORR A 5 U GE B R R AR, LR A
A i AR

PLASR T 5000 J7 e £, DL K AT B

B 7 R TR T T2 4 4 ] JEARE, 2 B T EE TR 0 ~3 BLE A&
Fig.7 Average repair time in different average demand rates P PEAE T 3R 6 T/

Bl 6 AN [R5 I8 1B BOR 5 5K 2T 107 34 4 45 ) )
Fig.6 Comparisons of average repair time with different

repair channels and demand rates



1040 E AT =N N N = <= - 14 2015 4
R4 EHEEREFE

Table 4 Allocation schemes of spares

LRU, SRU,, SRU , LRU, SRU,, SRU,,
- vl uh wliou vl uh vl ul who vl uh 30 T T
PR e om s w8 M A A W A s & kw4 o /% BRITT
1 2 1 2 1 2 1 2 1 2 1 2
0 0 6 4 0 5 4 7 5 0 5 4 6 5 3 3 80.73 4100
1 0 6 4 0 6 5 7 5 0 5 4 6 6 3 3 80.19 4250
2 0 6 4 0 6 5 0 8 6 0 5 4 0 6 6 0 4 3 80.35 4420
3 0 6 4 0 5 4 0 7 5 0 5 4 0 6 5 0 3 3 80.27 4100
%5 FRBEREHETRIFYR 1% 6 1, 76— B2 R | B 75 e 1 3 5
Table 5 Actual effect with different amount of s T HERT [ A , (B B3 F 22 ) 3
repair channels AR5 U1 s A ARSI B I, 8 1 S B

SRR RWAEESE TR W2 OWED AR R e T 6 T RE. 8 TE B 4k 1 3 4%
PPREARAE 8172009 210103300 8302 R f e R A T RAR A SRS TR 1 -3, 78
A/ % 80.73 8.02 5.61  80.2 e o s O .
o ’ ! ! BRI R ST BB, I T R

x6 FEHMERE

Table 6 Allocation strategies of spares

LRU, SRU, SRU,, LRU, SRU,, SRU,,
Wk Wk [T Wk Wk WO e .
FE e om om omm m A MW M 4 BB A & M s m sm m A /% BRI
1 2 1 2 1 2 1 2 1 2 1 2
0 0 7 5 0 6 5 7 6 0 7 6 6 5 4 3 91.02 5000
1 0 7 5 0 6 5 7 6 0 7 5 7 6 4 3 89.16 4980
2 0 7 5 0 6 5 8 7 0 6 5 7 6 4 3 87.08 4960
3 0 7 5 0 6 5 0 7 6 0 7 6 0 6 5 0 4 3 90.73 5000
RT AEHKERETRTRRHR 1) HIRAEB LT, B hE iRk, sk
Table 7 Actual effect with different repair FRIZEE” Z 2k 25 PR B A g g 22 W ad Xt g
channel plans B A 5 2 0 B R0 0 A7 38 PR OE 42 8 T & 1 e
bR MBI iRl ke g EECR RS EOR.
WG BE/E 3.6933 4.4572  5.3567 3.8189 2) BHE AEERE ST B, SR 1 2 1 ) R
] i/ % 0.9102 0.8922 0.8750 0.9073 ?“%Bﬁﬁlﬁ”gﬁﬂéﬁjlﬁl,Eéﬁ{@}ﬁ%ﬁﬁ%ﬁ‘]‘,ﬁf
M 22 7 50, % TG BR 45 1% U8 38 4% 18 I3 A7 S W 38 DL ABLE T TCBR IR T8 22 9% 44 T AR AR
FHF AN TR 406 42 38 )57 S8 i, 52 B ] JH B 5 24 oji At 3) B SR SRR 448 U TE RO Y i 4 15 ik

TR SR E B AT S W 0T R B R — 0, Ui e —  JTEVBNE N R A% A 1R I AR U BUIR A
S P20 45 4 00 300 26 16 00 8 AR 2 M i xR AR R 1R 5 B8 T 5T A2 3 TR R 2R
RS PO LR, PR 40 M U TR0 (1 e g e L ASTRIIC R PR AE R IR BRI CR

FLAT B R385 1 P L, 78 4% 4 1 904 0 R 308 S 9 2 A6 SR Ty 22 TR B 7 52 30—
PIER TR AIOE SN U & T e S R D
1 W R IS, T A R PR e pg b TRRA SRR RIE B L B A Y 1

RS AT 46 P PR AP DR, ph 7 PR 4 0 3 4%

P s e B 0 00, 46 AT R % 4 T Ml R E R AOAAH AR, SRR E
FiE M1 T 0 P 2 A U 3 B 4 53¢ I T T e 2% FWBHE . BB 4 £ T SUHE R w3 B
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Optimization of carrier-based aircraft repairable spares inventory
systems under limited maintenance ability

ZHANG Shuai', LI Junliang', LYU Weimin®>, TENG Kenan *’

(1. Graduate Students Brigade, Naval Aeronautical and Astronautical University, Yantai 264000, China;

2. Department of Strategic Missile Engineering, Naval Aeronautical and Astronautical University, Yantai 264000, China;

3. Training Department, Naval Aeronautical and Astronautical University, Yantai 264000, China)

Abstract; The repair capability of carrier-based aircraft is constrained by finite repair channels. To make

Palm’ s theorem and Metric theory applicable to the optimal allocation of carrier-base aircraft repairable

spares, the modified accommodative models of repair and supply channels under conditions of dedicated chan-

nels, general channels and hybrid channels were researched and proposed by making the sum of actual repair

time and waiting time under finite repair channels equal to the repair time under infinite repair channels based

on the queuing theory. According to the modified accommodative models, the mean and variance models of

two indenture spares in repair and supply channels were found. Combined with the application instance, the

impact of spares demand rate and the amount of repair channels on the repair time were analyzed. The applica-

tion effect of the stockpiles programs under the finite repair channels model and infinite repair channels model

were compared and analyzed. The applicable conditions of each model were given. And the results show that

the modified accommodative models are effective.

Key words: repairable spares; optimal allocation; demand rate; repair channel; carrier-based aircraft
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(Evolutionary Structural Optimization, ESO) ¥ | [&]
14 4% 18] [R] 4 #4 HE §7] ( Solid Isotropic Material with
Penalization , SIMP ) 13§ 2% #4450 U LA K2 it 37 7% &8 e Bf
D7 T SR 3R A e L 045 A S
TR RERG A i ik 45 44 0 4K (Additive Evolution-
ary Structural Optimization, AESO) J5 % , #f — 5 42
TR RE T B A ME S, O 08 1% T 1 A 4R
1L L5 K 1 F B4k i B 17 . Gao 2610 LB
55 B O H bR o6 K, 5 T ESO 32 42 O i e 1 AR
A% S 1) b AT Y AR D AR O M R) G, T gk RE
24 OV 5 AT A N b R I LS T 25 AR
i H b5 eR BT T B A 5 ) AL

12 DLE 9 28 T 22 WA O A B 5E v, TR 2
H G TEAE N 2 ) 2APERE R, Z2 ALY 2 W
HEAT LS b H5 4 1 # B L OC TR WL L
S A XA AR 5 R A R ) 5 el I S A Sy T A
G WAL T 55 A XM B F 1 S e, 5 DL
T3], AR SCADL R T ik e 2 WL B AL S 25 1 1 A
PR S5 A0 T Je Xof Jo] 0 M A BAObE e g BF 5L 3 T
5 ST S A% I R AR R Sy S R 0
GER K S5 R R o3 Sy A AR TR T DX, O EOR 3 T
ARS8, AH 2 T B ) S0 24 T e e SRR A D
4375 #% ( Partial Differential Equations, PDE ) 7 [ A
AR S I b8 AR AV . SR ] — 4R 45 A BUE A1, e
I3 B A [) 5 DX I A B, A R) 38 far T 00 1 9 44
(e RN E RN R

1 BEHEERAEREETE
1.1 ET SIMP Wjfe e i (L @ 4R
O AL A4 9 A FROC R I8 A
KT =P (1)
max(x,,, (1 - m)x")
24 = B (BP Yy

min(1,(1 + m)xi(k))

APk B kAL ERE R m NS IR
n NBHE 28, m K& o H TSI R R et
B, 2 B R 0.2 F110.5.

__aCy, av
o Gxi/)\axi (6)
ftﬂP:S—XWMEﬁME;A ST s

BUART5 R F =00 R M
1.2 mERAEMMALFHBERRBERAR

AR TS B2 L% I A A Y I B 1 25 (A4 4
LA v 38 A7 B R A AR 2 B H iR UL Y

max(x,, ,(1

XK AR IAL SHE R T RS B P R
R A P

MR SIMP 4 fE 36, B0 A% g g ]
5h

k,=(x,)"k] (2)

ok, AT AL AR K N W08 BT g
AR 52, R EATT @ BRI BB s p MBS T

HESr 22 T AL S 45 4 0 9 F O A B o A
AR

S S N
minC= Y wT/KT,= Y Y (x,) wtkt,
j=1 j=1 i=1

H

t. V =fV, = V.
E (x) =fV, 2
l%‘<xmme,Sl

(3)

Kb C e MR e B S S TALEG) T
SN R BT HG 0 TR R G, W
BT MRS IV (2) RIS S5 MR R Y,
VIR G ARV, S BTT @ AR O IR
% 0 N E T B, S B7 1E O A 5, 8 0. 001

R 5L A 38 5 B T AH 0 %8 B TS G, W) o 1
BE o 1SS

%}i: - ;p(xi)”_lw/t;k?tij= -pC./x; (4)
Kb C TR . th =X (4) AT, B AT
PRIk O Boo i s i i RE0s e X

w7 UL $ M AR SR ik SRR A O AR HE U ( Opi-
mality Criteria, OC) ¥ M2 MU 5505 26 (i ik
P 0] 9 LA W S5 P L R R A i R H T
KL . AR X (4) SRR 15 B S, bs ifiE OC
WA R

" (BY)" < max(x,,, (1 —m)x")
-m)x ) < x(BP)Y" < min(1,(1 + m)x")

min(1,(1 + m)xi(k)) < xf“(Bfk))"

(5)
it I IE AL AR R B A SO0k R AR (2R
Jei b JEE T oo DB AR A e R R BN
PR N T2 W k22— B 5 5 T L
i & BUMCR i PDE 8577 3058 BL. i i 4 BUE AT
JE 3L U8 5K i PDE BEAT BUZ G JE A BT bR — 2K
(9, (0% A BROC T 2B HL PDE ] DUt H 5 254
I3 BT AR TA] A A A 5L, AR T8 R A g i s =X
] LU SR A O dR AT 4R SR ROR I TR
BRASE R k oR A o A

F 3 (4) AT % Bk T B o I G JEE , T
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AT DL G SR i PDE X 58 5T BiCRA ss BE aed 0 ok S
LA i 8.

BT A 55 B oo 0B SR IR 10 5 R Bk C B
AL

-R,VC+C=C (7)
I & Neumann 33 55 AF
aC
2= =0 8
on (8)

2 C Sy BT BRI AT TR 04 5 6R B
R, PDE S8, FoAE FI 25 6l F 4 AU o i o
(3 UE R T P RTINS R Y

rmin 9
s (9)

1.3 EEMENRERERELE
JE O 225 9 A TR A 44 T K 0N LA
AR 19 3 $M T 28 3 T — A~ = 2 B 35 ) 2,
LR 46 B B 4K m, xm, AN F KB, m,
U m, 580U BRIy S0 T X AN B0

YL 2 R E ST 0!
O R (10)

q q q

S BB (1), (2), e, (G, xom,) g KB
g = 1,2, 0, 300 = AT R
IR TEH

1 JE S R R

Fig. 1 Illustration of periodic structure
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TCHURE 5 AR s (=X (4) T, Hfs it — 200 A2
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m - T Conpxim,)
q q q
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S 0 24 SR B R s Rk O
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~ e
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E BT 4 BC R OC RO GS BE 2 5, R4 X (4) |
F(5) o 7 ) T 550 5 T B % R0 B B T AR X
JE . H T I I A DI [ — A 0 B T AR
55 AR [, RIVEECRE R ], 50 mT LA S B ] S0 P 45 4

e E R T, R Bk OC 5k AT
AR o, L2 1 A2 A SIHE )

0 — x® ||

—Hx(“l) ” <c¢ (13)
AP ox HH BT AE R «, A E. BT
SR A A A AR DR R R ) R e,
T B A SRR, Dy 1 4 313 M A9 46 L
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IR BUEA TR ETE IR, e WE N 0.5% s TR 1L
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2 HBEEHRTE

NI VI N 3 I I T U 7 = I
MATLAB 2 v 4 it 52 BT WU 1k DU i JE
TG B LA | 22 S A RS Bk Rk iy, BT R/
0.25 x0.25, 76 LT BB, WA R ik vl B, B
By & R v S AR, p =3, = L5 BB T
X Ja AN B4 22, A 1 X3 P B A B8Ok 9 U D
T TR G SRR B E 2 T, S TSRS, ) BT
B A, SR SCHR [ 27 1 o4 B B4 J Ab B 5 3%
Ty N OV EEIN ELR

BHI1 WE 2 s, SRR SE 180 x
180,4 ™A 5 i FEE1H SRy O, B8 -1 45 K 1 22 Ak
AR LS, TN B AR B A B R (82,80) , U R A
10, FRERECH10. & m, =m, =m ,RTERE, (L5
Hm, H1~69.10.12.15.36.40.48 Fi1 60 )7 W .
IO S 10 ¥ 8 B Ko B0 Ak 45 2R . s 0 9 F0 18 Y 4
B 3FrR. 25 A E A 55 BE B m, 19 AE Ak R e an (5] 4
JIR AR 0 A HL R R RE I T LA g1

P2 B ESEB 1 32 3T 45 R B
Fig.2 Ilustration of heated plane structure in

numerical example 1
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B3 RS pl 1 R [ 5 A Hry
FaAMIC A T R4S 4+ Y
Fig.3 Optimal topological configurations and
microstructure configurations with different numbers of
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Topology optimization for periodic thermal conductive material using
SIMP method
JIA Jiao', CHENG Wei*', LONG Kai’

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

2. State Key Laboratory for Alternate Power System with Renewable Energy Sources, North China Electric Power University, Beijing 102206, China)

Abstract: In order to obtain periodic material microstructure under macroscopic thermal conduction con-

dition, the optimal topological model of periodic structure was built by solid isotropic material with penalization

(SIMP) method. The volume fraction was referred as constraint and minimized thermal compliance was taken

as optimization objective in this model. To satisfy the periodic constraint, the designable domain was divided

into a certain number of identical unit cells and the thermal compliance was reallocated. The filtered variable

implicitly as a solution of a partial differential equation (PDE) was applied to eliminate the checkerboard pat-

terns and mesh-dependence problems efficiently. The optimal topological configurations were analyzed and

compared with different numbers of unit cells and different load cases. The numerical results indicate that pro-

posed periodic model is valid in design of periodic material microstructure with macroscopic steady state ther-

mal conduction condition. Microstructure configurations are different when number of unit cells changes and it

reflects the influences of size effect to periodic material design. With an increasing number of unit cells, the

optimal results gradually converge to the results using homogenization method.

Key words: topology optimization; periodic structure ; size effect; material design; steady state thermal

conduction
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Fig. 7 Schematic diagram of Coulomb blockade effect
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Conduction mechanism analysis of modified polyimide composite

LEI Weiqun, WU Jiang, PENG Ping, YANG Pei, ZHENG Xiaoquan "

(State Key Laboratory of Electrical Insulation and Power Equipment, Xi’ an Jiaotong University, Xi’ an 710049, China)

Abstract: Firstly, semi-conductive granules in different diameters from nanometer to micron were used to
modify polyimide resin that strengthened by glass fabric. Four kinds of polyimide resin with non-alkalis glass
fibers were produced, including the original, micro-filler, nano-filler, and micro/nano-filler modified sam-
ples; besides, one kind of polyimide resin with glass fabric that contained small amount of alkalis was pre-
pared as well. The dielectric properties and non-linear conductivity property of all the samples were tested. As
a result, it is discovered that the size of filler has little influence on materials’ dielectric properties. However,
fillers in nanometer decrease a bit of the volume conductivity of the materials, while those in micrometer not
only make it increase obviously but also change it into non-linear conductivity. Furthermore, comparing with
samples strengthened by non-alkalis glass fabric, the threshold electric field of non-linear conductivity of the
polyimide resin strengthened by the glass fabric with small amount of alkalis has a distinct decrease.

Key words: modifier; polyimide; glass fabric; dielectric property; non-linear conductivity characteristic
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Table 1 BWB integrated model parameters

S BWB
HIE/m 68.2
HLE K E/m 44.6
2% B/ m’ 560
LIS M/ () 37
TR K/ m 10.2
R K E B/t 230
FEOFEATSEE B/ m 27.3
HEH B AT 2% B B/ m 35.6
W RFE K/ m 6.0
ek R G TEE/m 21.0
HE AL/ m? 18.6
5§ 11 7 AL/m® 14.7

2 F G KAfEdt RGTTE BWB LRI X 7
Fig.2 Cabin/cargo and propulsion system position on BWB
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Table 2 Flight conditions

- I i W/
AR GHE B PP R 14)
g+ m
AT 0.85 11 22700 216.70 0.3649
K 0.21 0 101325 288.15 1.2249
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Fig.6 C, and C,varied with MFR in cruising

7 AL TR E K B MFR 922 1
Fig.7  Lift-to-drag ratio K varied with MFR in cruising
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Fig.8 C, varied with MFR in cruising
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Fig.9 Pressure contours on upper surface, and sectional
characteristic pressure distribution with
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Fig. 10  Characteristic sectional pressure distribution with different MFR in cruising
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Fig. 11 Velocity profiles V,/V, at intake plane

varied with MFR in cruising

®3 EEHAFRE MFR THSEHRE
Table 3 Aerodynamic coefficients varied with

MFR in taking off

MFR c, Cy C,
JE 43 A5 2 ik

=l 0.80887 0.08201 0.22833
0.4 0.72637 0.07291 0.23595
0.6 0.79065 0.07868 0.22281
0.8 0.83766 0.08593 0.19967
1.0 0.87507 0.09276 0.18052
1.2 0.91156 0.10036 0.160 80
1.4 0.94817 0.10876 0.14036
1.6 0.98641 0.11886 0.11541

BE#HE MFR 3K, C, AW, [ C, 3
s34 MFR >0.7 i, RELTH A R % C, BRER] R T8
oA ACHE S A9 T 1 R B MFR = 1.6 B, T &
Ben s To o A AHESERS 9 1.2 4%, 300 T4 w6
LR RARE. 7350, BEE MFR B8, RALE)
WA I HE R C, D X AEAT P B4 5

8T B MEFR XoF 8l 1 52 ) £ JE B8 2
oL, I A R G Xt RAIL AR I B A AT T 4 o)
T R A 16 Bl B B A 3B JE 1) 3 B0
MFR A, WA FH ol 5, AT S 350 ROBL B 3%
1T DX R, TRALT Ty s . 53 4h, el A4

BILAE 5B A B DX 30 38 KT 5 B, R A AR Sk
JIHE RGN, R AR Sy B 12 R KA R
[f] MFR &, R AE 48 T8 R 77 43 A XF b ap O, 55 385t
BT B % MFR 3800, QML (& 12 (a))
b KUTE R B 2, DT BEL 7 1 i

F12 R TREAR R MFR R AE T 23 A X e
Fig. 12 Characteristic sectional pressure distribution with

different MFR in taking off
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Fig. 13 Velocity profiles V,/V, at intake plane
varied with MFR in taking off
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Effects of distributed propulsion crucial variables on
aerodynamic performance of blended wing body aircraft
YAN Wanfang, WU Jianghao, ZHANG Yanlai®

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

Abstract: Based on a 350-passenger blended wing body (BWB) integrated aircraft with a distributed
propulsion system, effects of crucial design variables of distributed propulsion on aerodynamic performances of
the aircraft are studied by a computational fluid dynamics method. It is shown that the effect of the mass flow
rate (MFR) on aerodynamic performance in cruising becomes more obvious when the propulsion system mov-
ing forward along the aircraft and the aerodynamic efficiency increases with the increase of MFR as well. With
the intake location of the propulsion system moving backward along the aircraft, the lift-to-drag ratio increases,
but the non-uniform intake flow also increases which decreases the efficiency of the propulsion system. It needs
a trade-off to determine the intake location. The aerodynamic efficiency of the aircraft can also be increased by
a suitable intake height of the propulsion system meanwhile maintain a uniform intake flow. The lift can be en-
hanced by up to 20% with a larger MFR in taking off, compared with the aircraft without distributed propul-
sion system.

Key words . distributed propulsion; blended wing body ( BWB) ; integrated layout; computational fluid

dynamics; aerodynamic performance
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Fig. 1 Clamping and loading system of open-hole

compressional experiment on open-hole composite laminates
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Fig.3 Phenomenon of progressive damage at edge of hole during loading procedure of

compressional experiment on open-hole composite laminates
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Fig.4 Results of X-scan at edge of hole and

SEM-scan at fracture of open-hole composite laminates
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Fig.5 Detail amplification image of delamination

location at hole edge of open-hole composite laminates
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Progressive damage analysis of open-hole composite laminates under
compression load

ZHOU Rui', GUAN Zhidong "', LI Xing"?, ZHUO Yue'

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

2. Department of Strength Analysis, Beijing Aeronautical Science & Technology Research Institute,

Commercial Aircraft Corporation of China Ltd, Beijing 102211, China)

Abstract: Firstly, compressional experiments were conducted on open-hole composite laminates. The

progressive damage during the loading process and the final damage mode of the specimen were detected with a

digital microscope, scanning electron miroscope and an X-scan equipment. Damage initiation and delamination

between layups of 45° and 90° were observed during the experiments. Secondly, the failure modes of compos-

ite laminates are divided into intra-laminar failure and inter-laminar failure. A multiscale model based on the

micro-mechanics of failure MMF3 theory and the interface cohesive element method for the damage analysis of

open-hole compression laminates was developed. At last, the initiation and propagation of the damage and the

failure modes of the laminates were predicted with the model. Numerical results such as the damage initiation

position of fiber and matrix, the delamination propagation process and the final failure modes are in good

agreement with experimental results, which indicates that the model is applicable to analysis of progressive

damage of open-hole composite laminates under compression load.

Key words: composite ; open-hole laminates; compressional experiment; progressive damage ; multiscale
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Fig.8 Curves of K, and x_; changing with angle of attack
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Fig. 9  Flow structure at different angles of attack
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Curves of K, and x; changing with angle of

attack at different jet locations
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Numerical simulation of lateral control in supersonic cross jet flow
LI Yachao, YAN Chao” , ZHANG Xiang, MENG Jun

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

Abstract: To investigate the effect of angle of attack and jet position on the lateral control force in the
cross jet flow, the paper firstly simulated the supersonic cross jet flow by the numerical methods. The calculat-
ed longitudinal wall pressure distribution agreed well with the experimental results. Jet force amplification fac-
tor in longitudinal direction and center of interaction force were used to evaluate the actual performance of lat-
eral control force in jet interaction. Moreover, normal interaction force accumulation coefficient was introduced
to analyze how four characteristic areas on the body surface affect the lateral control force in jet interaction.
The numerical results indicate that the lateral control force in jet interaction, which is equivalent to a normal
force, together with a nose-down moment around center of jet, are not equal to the jet force in design. The
wake zone of low pressure is a determinant factor affecting the actual performance of lateral control force. As
the angle of attack increases, the strength of the interaction pressure in the wake zone decreases, which will
enhance the lateral control force. With the jet location moving backward, the scope of the wake zone dimini-
shes, which will improve the actual performance of lateral control force.

Key words: cross jet; lateral control force; angle of attack; jet position; wake zone of low pressure
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Fault case information extraction method research based on ontology
KE Qianyun', LI Qing"', SUN Yong

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

2. Comprehensive Security Department, AVIC Chengdu Aircraft Design Institute, Chengdu 610000, China)

Abstract: To solve the accumulation and reusing problems of fault case knowledge that are described as
unstructured and unnormalized information in the current maintenance support activities of aircraft, research on
the knowledge representation and information extraction method of aircraft fault case was carried out. Firstly,
ontology model of aircraft fault case knowledge was established according to the particularity of aircraft fault do-
main and the actual demand of knowledge sharing and reusing. Then with Chinese segmentation tools and gen-
eral architecture for text engineering ( GATE) frame, semantic annotation and rule based information extrac-
tion technology of aircraft fault case documents were studied. Finally, the hidden knowledge was discovered by
using apache Jena inference engine, and knowledge base was expanded by the new knowledge found in the
process of information extraction. Moreover, the prototype system for information extraction was developed and
was used to extract structured fault case information from different types of documents, the information was
then stored and managed by using database. This method was proved feasible to improve the reusability of fault
case knowledge.

Key words : information extraction; ontology; general architecture for text engineering ( GATE) ; knowl-

edge management; fault case
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Fig.3 Moving and resizing the video avatars

2) ViR
7514 B O RLASE DA 2R o, 75 04 ok BT
PSSR AR o SR T R SR RS T S B
STFREH, REVGT T TR AT
SBT3 I T ARG R
oy X o £ 0 TR 4
ﬁ%iﬂﬁﬁxujﬂﬂ%ﬁﬂﬁJ@DZL i £ 4 1 1A
WA 3 1 O R R R 1 O 67, 52 B 55 L
14 0 S 0 B, AP 4 %, 91 1 A
0T B H S LT T8 % S B B, b
AR BRI (2 8) J R

PR 4 T 30 B30 % 1Y At AR 4
Fig.4 Flow control based on menu selection

B R0 Oy A% T A T B SRR T
B SR S I AR Y] e , A0 Thumb up 78 Y)
PR AR 2 Thumb down 371 5C P BUbR 58 2045 55

3) JH 7R SORY A S R

TR = 5 T, R it 7 WA
SO Ve A5 1 1 3 = SO B4 o 5 S SO A T
4 T S ], T HBH LA B AR S B bR, 8
WAEH o TEE. FRERRELSME 1 s,
2.2.3 A%

1) LS 585 sg .

MEME B 5 37 5 58 e mil s S ik 5 5
Y5t 2 6] 1) 28 LR R RE. TE AR E AR &

F1 BETRNHEEREBHNESFRHIES
Table 1 Full set of gestures to control powerpoint

selection and slideshow

* % T4 Tyt
Peace FTIF SCAF L 4%
Swipe left g H
Swipe right TEHF
A A Thumb up HeArk sl & E—A 3ok

Thumb down AR s & T —A S0k
Peace FITF3CHF (ke PPT)
Big5 O PR S e B A
Swipe left B [E] F—A~ gy ]
Swipe right T —A~ghm
TR SCRY Swipe up E—ut
Swipe down =71
Big5 il

B LA K TE =Yk A b i Al 2 b 0 R T
Wit RGB Kz b, v LLTG 5 fE U 1k & RGB [
Borb T3 10 o0 AR B[R] I, FE T R4 0 A R
AT LR AT HE DA B 1R B N e A A
A, il DUR T R S04 B 1) B AR5 S, 5 R AU
ST EAE  HARBIAL .

XF TS Ar S=g B L S iR, kLR B T
VLB A T8 72 S0 Bt AT S 55 W]
AT LA T4 2 5 i 3 b i R AUUBRE B 5
i HE Y SC A

XF T AR AR B, A 6 fi s, RN Y
B RRAR S Wtk XUT7 X n] LA T B A B 1A 4
ok 5 HE UL BR A BE A7 R 48 [ B XU R LA B Bk
PR 5E W — R B 28 145 WAL 55 . A0 T 301 23
Yy, Ui X 5t 5 R B4 1 SR S TR A
X7 HEAUAE B BT 36 [ fE 40037 55 b i X A st
T 1 G i DM T A S )2 R T I AR
PR A 30 58 1 £ A B TR SRR



5 6 3]

X R RT , S < B T L RE UL B ) 3 A AR P A 1091

BS PUBUE E B T 5 5 AR

Fig.5 Hand-writing and keyboard-typing of video avatars

6 ML 1 B 0T B 1A 0 1) B

Fig.6 Cooperations using avatars’ body contours
g P g y

2) RS Z AL H.

R G I TR B AL 8 3 8 N9 7 %, AT L s
B RE U0 Ak B F A DX 00 IR A . M X — e
Z 58 T LS B M 40 Ak B B B A i, dn 4R T
(P 7) 2 B e fioh o A% 9 2 7 A A6 5 b T
SR, HEE AT AE 58 B 23 B0 5 b 8 B
EHJ7 A RGBS IR B i S AL 22
AT DU A% H i T3 5 U5 (9 MR DR JEK

7 RS R 01 B 22 [A] £ T A 4 fk

Fig.7 Body touch between video avatars
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Fig.8 Remote interactions based on physical objects
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Fig. 9  Transfer of virtual objects
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Fig. 10  System hardware equipment diagram

ARG ) W RGEFG L 3D $%1B
SR = GEEGRAR B BT S8 B R
DR G B T FR T4 00 B U Sk
R SERT TR A I B AR DR 2R 4 i B A
T, R AR A 11 FrR.

K11 R

Fig. 11  System flowchart
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Video avatar-based remote video collaboration

LIU Siqi, YU Chun® , SHI Yuanchun

(Department of Computer Science and Technology, Tsinghua University, Beijing 100084, China)

Abstract: Most existing remote video communication systems are confined to how to accurately deliver ad-
equate information in real time, but lose sight of communicators’ interaction demands. Meanwhile, traditional
2D-based video communications cannot make full use of people’ s 3D information, which shows great potential
for video communication to achieve immersive, natural and efficient interactions with 3D technique. To en-
hance the immersion sense and expand interaction modes in video collaboration, the design goal for ‘immer-
sive’ video communication systems was proposed and a novel, avatar-based remote video collaboration system
was designed and implemented. Specifically, using Creative Senz3D depth camera, the proposed system ex-
tracted people’s foreground images through background segmentation as their video avatars, and located the ava-
tars together in a common virtual scenario. Natural and immersive interactions among people and between people
and virtual scenes were also well designed, which expanded modes of interaction and collaboration in video com-
munication. Finally, a user study was conducted and the result indicates that the proposed video avatar-based
remote video cooperation mode can effectively enhance people’s sense of immersion in telecommunication.

Key words: video avatar; video collaboration; immersive; gesture control; virtual reality
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Fig.3 Trend of credibility factor

2.2 ERRBREURETEHESR
T F e ) B O S B B T RE VA A R A
Kl 4 .

P4 Tk SR B Pk RE YA R

Fig.4 Flow chart of radar anti-stealth performance evaluation
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Fig.5 Projection drawing of decision vector
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Table 1 Radar parameters'"’
Hik TR AW R /dB RAEUE/dBm TAEREB WK e HBIUMER RKREMEE/kn
1 6 40 -150 S MLk Z itk 0.60 45
2 5 35 -130 S E[Eg Ak 0.80 40
3 10 38 - 128 L E231) SRR AL 0.65 50
4 0.05 24 -125 VHF Lk £k 0.56 53

T IR TR B O A M B R TR I BEES L H AR 1000 km/h, ik ol 45584 1000 Hz, HARTE LS BB F 19 RCS 5 0.1 m?.

x2 FEERBRFSHHEMAIEES RS
Table 2 Credibility factor and improved BPA
R FHik 1 Fik 2 ik FHik 4 A RE S AEEHT
x, 0.0284 0.1728 0.0598 0 0.7390 0.2610
%, 0.07838 0 0.1477 0.0098 0.7638 0.2362
x5 0.0733 0.0669 0.1030 0 0.7569 0.2431
X 0.1845 0.1012 0 0 0.7143 0.2857
xs 0.0963 0.0977 0.0752 0 0.7309 0.2691
Xxg 0.1179 0.1110 0.0473 0 0.7238 0.2762
X 0.0377 0.1529 0.0706 0 0.73838 0.2612
Xg 0.1129 0.1146 0 0.0280 0.7446 0.2554
W R 2 ooy ~ g S IR RE L T B K S B B PR BRI AL F8 7 2, ~ xg.
x3 WEERHRYEARE
Table 3 BPA and utility interval
ik AT 5 BE 3 e R A A4CH X [ Tl B vk R
1 0.2893 [0.2893,0.4802]
2 0.3415 [0.3415,0.5324]
0.1909
3 0.1688 [0.1688,0.3597]
4 0.0095 [0.0095,0.2004]
x4 TEAREEEIBREE R
Table 4 Conclusions of different fusion algorithms
- AT BE S T ok B S
T ik Wik 2 Fik 3 k4 e
WS 0.9716 0.0284 0 0 0
SRR 12 0.5917 0.4080 0.0002 8.82x10 M 1.56 x10 "
ENS @ R7 0.2893 0.3415 0.1688 0.0095 0.1909
SRR ~EK 4 TSR LA AT

1) AT BE A 72 %) 48 A o2 B Y 255 )
e, A ORI 52 S8R5 28 Y e B, LR/ 5 s A B
SR TR B 2, 25 3 b AR 32 3245 R AL
AR /N TR AT AT A JEE DA 1 REAR 4 M 5 B2 8
HOR , ELRER 2 B — 48 AR 0 T ST Al 45 51 19 5Tk
T B RIAN B 5 2 8, P T 20 WL 3B A 2R T HE AR S T
TR P RO R ). 3R 2 A A AR R Y
T JEE TR 24 O T i A A 32 S AR R, HLAR 22
ARG BIAE 0. 25 Ze gy, Ul W T 4% 45 bn H 257 1 A
2, Xt M TR Sz e T AR B 2k O SR ik
B B

2) MAEER 3 M (18) il Z54 HE 4% 18
B RE L BTy ik 2 > Wik 1 >FHik 3 >
B 4. M SEBRGETH R vl % A5 18 S S BR TE

3) Wk 4 s FEAF A s R B BT
KA G Bl & L TR AE R m' (A,) =
0.9716,m'(A,) =0.0284, A% M 0, Xk 5L
PRAE DLAAT , oA BE S e 4% 75 8 1 S B B PR g, 1l
BT IR wh 20 BT A2 SRR A Bk A AR
14 e R

SCHRL 12 ] Bl O 6 BT fa 4 R 5 e e ik 26
L, Fk 1.2 flt G 4R BOR, I8 3.4 Fila 45 R
AN E BEB/IN , Tovk UL 4% B IS Y SRR B PERE . X
el TR ik FUR S T Al B IR 1 R
1 PRRR 2R, AR bR B 2 I, P A A — Al BR U B
ARG /N, e aT A5 BE 3 (i 4 b B2 K (0. 98 72
A1) TEE T AT A RE Sy T pR RO, At 23 T e
I 00 i 9, TGk S BGE E 5 5 AT A5 L A B E
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A B 0 e PR 22 548 K (0.05 2 47) , ik 3
W, A 4 B /N(0.0095) R E R 0.1909),
AENF A, P 2 U4 o 7 3K 1) S B B Mk e

ZE LR A ST B e AL A R 2R
PESF AERR P = AT SRR

4) F—FE R IS B S I R X AR bR xt
TLR G VEAL 0 R BR 1, oA — e oK. b5 J5 i fs:
AN A FE SR X AR AR o8 A TR SR G R St A —
ML/, 2R 2038 4TI, B — 8 AR 0 R B E B
—MEAE 0.75 LA, Wi fil G )5 9N B 22 BE R 0. 19.
P LM 150 BT AR S e B ik 1 AT A P R A

4 %R IE

JE VAL O B B P R R I8 I I
T B A S B O A5 D A P R R R
SC. 855 TR I R B R RE VAL 95 b AR R AL T
TUESE BEE B P REPE A AR, AT SE B T 2K
207 % 2 SR LR PRAl 5 38 I SO A A
2, el TR b g MR IR AT R T
RS B AT BE . HLiZ 7 121 B80T BR, B 2 0L Ml XA
[l R B H bR AT 25 5 VAl 7 LA SR ULH 13205
LB AT AT PR S (B P e 5 T R LU P
A TR - — S VTR A8 B 9 e 436 107 45 5 S B ) v 2R
BEURAE , B DR A6 b (19 52 200 5 — R A [ T 231 1]
SR {7 IR LS & B DR PAL (9 5
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Evaluation method for radar anti-stealth performance based on
evidence fusion
SHI Junpeng, HU Guoping”® , WANG Xin

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

Abstract: Aiming at the phenomenon of complicated process and imperfect algorithm in the evaluation of
radar anti-stealth performance, a new method for the evaluation based on improved evidence theory was pres-
ented. Firstly, to overcome the shortcomings of strong subjectivity and weak correlation, the credibility assign-
ment function was corrected in real time according to the relationship among credibility factor, entropy weight
and supported coefficient, which is based on the objective analysis of entropy theory and Euclidean distance.
Secondly, combined with the multi-hierarchy indexes of radar anti-stealth performance, the rank order of
whole radars anti-stealth performance on utility interval was attained. At last, an objective and accurate as-
sessment results were obtained. The analysis of theory and simulation proved that, in contrast to other fusion
algorithm, the improved fusion algorithm had better ability of assessment and better robustness.

Key words: radar anti-stealth; evidence theory; credibility factor; multi-hierarchy indexes; utility inter-

val
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Fig.1 Basic composition of constant current source
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Fig.2 Main circuit topology of voltage source
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Fig.3 Characteristic curves of 2SK1217 power MOSFET
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Fig.4 Main circuit topology of current source
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Fig.5 Block diagram of voltage negative feedback loop
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Fig.7 Block diagram of current negative feedback loop
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Fig.8 Control circuit of constant current output driver
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Table 1 Data of output current at different time

142 11 6]/ min I/A ] 5 i 1]/ min 1/A
3 9.99 33 10. 00
6 10.00 36 10.01
9 10. 00 39 10.00
12 10.01 42 10. 00
15 10.00 45 10.01
18 10.02 48 10. 00
21 10. 00 51 9.99
24 10.01 54 10. 00
27 10.01 57 9.99
30 10.00 60 9.98
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Fig.9 Data curve of output current
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Table 2 Data of magnetic field intensity in center

HUPE/A RGN BRE/Gs || WBME/A  REEV 5/ Gs
0.5 2.69 3.0 16.37
1.0 5.43 3.5 19.11
1.5 8.11 4.0 21.82
2.0 10.92 4.5 24.55
2.5 13.62 5.0 27.26
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Design of constant current source to drive analog coil of
space magnetic environment
ZHANG Pengfei, QI Bojin, ZHENG Minxin* , ZHANG Wei

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

Abstract: To reach the requirements that the space environment simulation coil’ s magnetic induction
intensity can continuously adjust from 0 to 20 Gs, and the magnetic field stability can be better than 1% , main
circuit topology structure using a voltage source in series with a current source, combined with the voltage
double closed loop control and the current closed loop negative feedback control methods, achieved a stable
current output, reduced the power consumption of the metal-oxide-semiconductor field-effect transistor ( MOS-
FET), and improved the efficiency of the constant current source. The test results show that the constant
current source output current ranges from 0 to 10 A, Helmholiz coil’ s center magnetic induction intensity can
reach the design requirements of 20 Gs, the current stability is better than 0. 1% , and the magnetic field
stability is better than 1% .

Key words: Helmholtz coil ; constant current source; power metal-oxide-semiconductor field-effect tran-

sistor (MOSFET) ; proportion integration differentiation ( PID) control; magnetic induction intensity
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# bt &2 45 (Air Cushion Landing System, ACLS). [t
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FE N 2 RO T A Ry 5 AT 4
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T REEB IR G R IIME, ZIEHE T
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107 B, phy T R SR R, S O A
AT IXUTIR] 1 26 AR M 0 A DL i 3 2R AT
a9 S PERE , 100 R T BCE T 53 19 5 vk AT LA 3
G B Ay o 0 5 5O SOR TR AR
2 ( Computational Fluid Dynamics, CFD) Jy 3% %t F
SANTERR TR N B AR PE R HEAT T T, 0T S
WL RAEIEAT TR AT

1 ITE&RE

iz i} FLUENT X323 196 < 3l 413 Ja) S8 2k
17 BUE AR, I 5 5 F R A Jm B8 317 AL AR T
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ICEM X & 42 458U U0 3 A7 WA 3l 2o, A 2 e
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f9 10 5, I 75 BE 1 BF I A 15 ~ 20 )2 i BT & 19
BAF TR 2 e A TR A B TR TR RAT R AR 1 km A
AL AE 30 m/s, ARG A AT TR 8, R = 4
= ¥ N-S J7 & ( Reynolds-Averaged Navier-
Stokes equations, RANS) , % X Coupled 347 & Jj-
AR K

K1 RS SRS A

Fig. 1 Hybrid airship conceptual configuration

B2 IRa TR o
Fig.2 Meshing of hybrid airship
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Fig.3 Streamlines-pressure contours on

symmetric plane of hybrid airship envelope
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Fig.4 Stream-pressure contours on NACA4415 airfoil
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Fig.5 Pressure coefficient distribution on

symmetric plane of hybrid airship envelope
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Fig.6  Pressure coefficient distribution on

NACA4415 airfoil
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Fig.7 Streamlines on hybrid airship envelope surface
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Fig.8 Stream lines at back of airship envelope
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Fig.9  Lift coefficient curves of hybrid airship and

conventional airship
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Fig. 10  Drag coefficient curves of hybrid airship and

conventional airship
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Fig. 11

Pitching moment coefficient curves of

hybrid airship and conventional airship
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Fig. 12 Polar curve of hybrid airship
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Fig. 13 Polar curve of conventional airship
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Table 1 Aerodynamic performance comparison

between hybrid airship and P-791

G AR C,. K Cho
P-791 0.54 0.046 0.32 0.096
RA G 0.57 0.058 0.24 0.062
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Fig. 14  Aerodynamic-lift changing with velocity
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Fig. 15 Buoyancy ratio changing with velocity
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Fig. 16  Total-lift efficiency changing with velocity
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Table 2 Effect of cruise velocity on the airship

surface area
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10 16 804. 88 19383.77
20 16445.32 18263.16
30 14997.22 14234.26
40 11943.02 8599.27
50 8136.29 4348.09

WD/ % 51.65 77.66
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Fig. 19 Required power changing with cruise velocity
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Aerodynamic and overall parameters analysis of
buoyancy-lifting hybrid airship
MI Panpan, MENG Junhui, LYU Mingyun®

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

Abstract: In order to balance the aerodynamic performance and buoyancy-lifting characteristics of air-
ship, to make full use of their advantages and to strengthen the controllability, a hybrid airship configuration
which has combined envelopes that are based on high lift NACA airfoil was proposed. With computational fluid
dynamics (CFD) and FLUENT computing modeling, the lift-drag characteristics, longitudinal static stability
and buoyancy-lifting property under different velocities and attack angles of the airship were simulated, fur-
thermore, its overall performance was evaluated and lastly it was compared with conventional airship. The re-
sults show that the airship configuration with combined envelopes has good aerodynamic performance and effi-
ciency. It can produce three times aerodynamic lift than that of conventional airship under the same condition.
When the magnitude of cruise velocity is greater than 26 m/s, hybrid airship begins to have a higher total lift
efficiency and better buoyancy-lift property. Besides, the hybrid airship’s size is smaller than conventional
airship under the same design load, which contributes to increasing payloads. This can provide a reference for
low-attitude large hybrid airship’s research.

Key words: buoyancy-lifting; hybrid airship; aerodynamic performance; buoyancy-lifting characteris-

tics; overall design
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Fig. 1 Swirl cup structure diagram
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Fig.2  Primary swirl number change programme
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Fig.4 Inferior ignition boundary of three schemes
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Effect of swirl cup’s primary swirl number on ignition performance
LIU Guigui', LIN Yuzhen"', HU Haosheng’, WANG Xiaofeng' , ZHANG Chi'

(1. National Key Laboratory of Science and Technology on Aero-Engine Aero-thermodynamics, School of Energy and Power Engineering,
Beijing University of Aeronautics and Astronautics, Beijing 100191, Chinas
2. AVIC China Aviation Powerplant Research Institute, Zhuzhou 412002, China)

Abstract: All swirl cups have the same primary inclined multi hole and secondary radial straight blade
and a simplex pressure atomizer. The effects of primary swirl number of airblast atomizer on small combustion
ignition performance were examined. The ignition experiments for swirl cups with three different primary swirl
numbers were conducted under atmospheric pressure and temperature in a rectangular reflux combustion cham-
ber, and the pressure drop across the flame tube was between 0. 5% and 5% of inlet total pressure. The
experimental results show that the primary swirl number significantly influence the ignition performance. Under
the same pressure drop, within a certain range, the increase of primary swirl number affects the downstream
flow field distribution, which is beneficial for fire nuclear spreading along the upstream of recirculation region
and forming a steady flame in the swirl cup exit. So the swirl cup with strong primary vortex has better ignition
performance.

Key words: aircraft engine; small combustion chamber; two-stage swirl cup; primary swirl number; ig-

nition performance; experimental study
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Human action recognition based on locality-constrained linear coding
BAI Chen, SUN Junhua”

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

Abstract. Large intra-class variations of action features lead to low classification accuracy of action recog-
nition, on the other hand, current algorithms exist drawbacks in computational complexity and extension of
recognizable action classes. A method based on locality-constrained linear coding ( LLC) for action recognition
from depth images was proposed. In order to reduce the intra-class variations and increase classification accu-
racy, joints’ positions, velocities and acceleration features were concatenated to form local action features,
then LLC was used to calculate sparse representations of local action features. Analytical solution of LLC
ensures computational speed of our method is up to 760 frames per second. Dictionary is composed by sub-dic-
tionaries learned by K-means from features of each class separately, so global optimization is avoided during
extending recognizable action classes. Moreover, to avoid classifier to be over-fitting, a dimensionality reduc-
tion method based on labels of dictionary items was proposed. The proposed method was evaluated on MSR-
Action3D dataset captured by depth cameras. The experimental results show that the proposed approach
achieves classification accuracy of 85.7% .

Key words : action recognition ; locality-constrained linear coding; dictionary learning; temporal pyramid

matching; depth images
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Fig.4 Model adaptive control with limited

control surface (U =12m/s)
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Adaptive backstepping control of a nonlinear aeroelastic system

LIU Songdan, LI Daochun, XIANG Jinwu "

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

Abstract: For a two-dimensional airfoil with leading-edge and trailing-edge control surfaces, the nonlin-
ear aeroelastic equations under the supposition of quasi-steady aerodynamic forces were established and were
described in state space form. The control variables of the leading and trailing edges were coupled resulting
that the backstepping control method could not be used directly. To solve the problem, two equivalent control
laws were newly defined. Supposing that the system has parametric uncertainty in the cubic nonlinearity in
pitch, an adaptive control law was designed based on Lyapunov stability theory. In order to verify the valida-
tion of the control law, the dynamic equations were solved numerically by using Runge-Kutta method. The
simulation results show that the open-loop aeroelastic system is unstable with limit cycle oscillation, while the
close-loop system reaches to stable as a result of the adaptive control law. With double control surfaces, the
flutter critical velocity is improved after the control design. Taking the limits of the control surface deflection in
reality into account, the invalidation problems of the single control surface are discussed. Just considering the
effectiveness of the single control surface, the system using the trailing edge control surface is better than that
of using the leading edge control surface.

Key words : two-dimensional airfoil ; nonlinear aeroelasticity ; flutter; Lyapunov stability theory; adaptive

backstepping control
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Fig. 1 Output data transformed from originally

measured data of gyroscope’ s drift
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Fig.2 Non-mean data of gyroscope’s drift
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Table 1 Squre error contrast of gyroscope’s

random drift before and after optimized by GP + GA
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AR AL 1.3961
GP + GA # 1k 1.1834
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Modeling and analysis of gyroscope’s random drift based on
GP + GA method
LYU Lin'?, QUAN Wei"'?

(1. Science and Technology on Initial Laboratory, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Fundamental Science on Novel Instrument & Navigation System Technology Laboratory,

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

Abstract: Gyroscope is the key component in an inertial navigation system (INS). It depends on the
precision of the INS. In order to improve the gyro’ s operational accuracy and compensate the random error
caused by the nonlinear and weak-stability characteristic of gyro’ s random drift, the nonlinear random drift
error model based on genetic programming ( GP) + genetic algorithm ( GA) was established taking the time
series of gyro’ s random drift as study object. Firstly, the time series of gyro’s random drift were got through
analyzing and preprocessing the measured data of gyro. Then the model from the data based on the GP was
established and the nonlinear mathematic relationship between the current time and the former times was
obtained. Finally, GA was used to optimize the parameters of the mathematic relationship in order to get the
more accurate model. The experiment result indicates that compared with classical auto regressive (AR) mod-
el, this model can effectively reflect the characteristics of gyro’ s random drift. The square error of the gyro’s
random drift has decreased by 73.72% and the effects have increased by 4. 72% compared with classical AR
model. The establishing model method effectively compensates the gyro’ s random drift and improved the sta-
bility of the system.

Key words: gyroscope; genetic programming ( GP); genetic algorithm ( GA); modeling of random

drift; optimizing



2015 4 6 H
F414E 46 1]

tEMEMRKEFER

Journal of Beijing University of Aeronautics and Astronautics

June 2015
Vol.41 No.6

http : //bhxb. buaa. edu. c¢n
DOI. 10.13700/j. bh. 1001-5965.2014. 0468

jbuaa@ buaa. edu. cn

TENGHRHETAHENRERREMASTH

PR, BEE, X XA

(PR ML TR 2B, KD 410083)

1 B OIHRENSHEBAELR AN KR, A FE R AR
B AT ABRETEAE LT NEHBAE B ELRRELA PO ERLIRHATTH
WA T AN LEARERIMEL> A EREN . FEEAER IR HEEEN
WP Lok H B AR EAS A, A 65% B AR T FHME A T4 T0% 4T
G REH, ELrERAVA I EELA NN EN AT AR EN P HAEER WA
MRS, Sk HNEN T ERN NG, L0 @ 55 B AR FUR 8 0 4 4
AFMNEZR EREREALTZTEN KN EH.

X 8 W Bl ZEA; BN B BERETE

HESKES. V4l
TR A

BICABURL 5 3 A7 75 T H AR Frb s + 0
KL AT A A 22 R AR R A ORE 7R =T BT &
Az Bl HE FRRNER RE IS B G de R MR A T 4
K, AR B 2E S 5, 1 ) 5 EUAR URL 2
ZEI e RBIER T % &N 2 %8 B
FE S 52 MM CRA B TR 2K R ER R
) AREE o TR AN LR AT N T A I Ul o B @
HER R S R AT B B TR R R R
R Sy AR N R AT R B 4R Y
PR FIEER.

28 ff % A 5, Atwood-Stone il McEwen"’
WF9E & B B 5 R R T VD F i 22 B A AR AR, DRk
UNSEWIPOE-FSNETih-A RN e L P
SR AR A B R BE , Kleinhans 257 32 1, 4
SRAEAS Hh BRI HE N A H2 fik ) 15 B8 A B TR R B
NHEBMZIBMKER. HJE, BETRY TS b 2%
S ] 2 A AT R LI R ffe =2 Xk UL HE UL g A

NXEHS: 1001-5965(2015)06-1141-06

(CE=NERETR

URLHE A, JURLAH B 45 ik 117 8 ol ot 8 300 5 119
JIHE , 7B S P A TR R R R AR
T, H T HOABORL 22 52 1 B9 ovE M BE DL R4 A, &
i 1) 34 252 A J5 R AR B e AN 3 P T SORLHE 1Y g A
AR, TR I AN BV A 2t A5 LD IOUE g 2 A L. e
PRS2 95 55 T B AT LARHURL 2 finh 0 1) 1% 5 5 4 TR g
AT PR R (H S 0 R A —
JEAE Sk, B Bl B 0 ¥ ( Discrete Element Method,
DEM ) 32 ¥ % Ji& R A 5 HIC A JURL A4 % 10 T 2 0 (B
I T B AT DR X OB R SRl i S
J5T, 75 (6 b 3R A5 MO ) 2445 R AR Sl i DEM
ST AR BORL Y = 4 13 Sh A0, B T O (W) )
Sy v B BORE 9 3 B B A T R HE B 2
i LA e DI B H , oE 1E 4 AT T o g i A R 03 A
A, #7817 AN [R5 ) 375 vh JBORE 42 i 3 19 0 A R
K, 5 VAEBESEAR LG, DUBORL 2 T8 75 1 UKL HE

s A H. 2014-07-28; FFABEHI: 2014-08-22; W £& H {f il : 2014-09-19 1704
[ 4& MR E . www. enki. net/kems/doi/10. 13700/j. bh. 1001-5965.2014. 0468. himl
E&WAB: HEHARREIS (51275531,51374241) 5 ¥ & HF 50 £ BHF A8 51 H (CX2014B059)
TEET A M (1984—) 3, WIRG KM A, T+ WF55 4, csuchenh@ csu. edu. cn
* BHAEE . X XA (1955—) , 5, IR Kb A, #$2,ylliu@ csu. edu. on, FZEHF 5T H7 [6] Sh B0V JUR 90 5% 1) 15 445 TR LB

SIRER: W, BAETF, X BEHGFHETHEG L EARERG W] EFMEMKXAFFW],2015,41(6): 1141-
1146. Chen H, Zhao X Q, Liu Y L. Angle of repose and contact-force distribution in granular pile under variable g[J ]. Journal of
Beijing University of Aeronautics and Astronautics , 2015 ,41 (6 ) : 1141- 1146 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/kcms/doi/10.13700/j.bh.1001-5965.2014.0468.html

1142 G| AN T S N = 4

2015 4¢

FIEANPIEL YW
1 DEM gE#&
1.1 FRfLEshisE sl
TR URL 1 3E B2 Bl J8 T % 48 Wk iz 8, R

P AR J90RE e 7R B AN ORI 1 TR R
Jgom, RSN 1 WKL @ 7R s Bl ad B v 32 8
ZH ) m,g FEfL T FAE . S P4 UKL K& 2B il
T WORLRT 32 B S k) ) F L F 5 ) A8 TR
N B s M RE AR DG A SR 2 Al O G 4 DU 422 ik g
FEA YY) 4y d F F 0 AR AR R MUK (8] 7 i 2l B8 452
73,28 F R T AR 2 fk 250> A= 3 3l OR8] 1Y)
T IR Ty, T 52 iR 2 BE 2 I JE R BRI, T, K
TRBNE G kR D).

1 DEM ik #8175 5 15
Fig.1 Sketch of DEM model of particle

FH 3% 2 J0RE rfo A0 B fil 50 K B R OR
G /I R A ML AR R, 5 fl A
Mk 1 F 00 K/NSGE B AN B0RL @ 1952 Sl 45 i
J7 RN

d’r, -
m; dtzzmig+z(Fi]’+Fij) (1)
J

d’e,
5= ZT,.]. (2)
Aofrer, H1 0, 53500 R WKL 02 B 55 F 00 RS ;g
T3
A1) FI(2) o, B g 2 2A7 3 RS
15 B ) BB Hertg-Mindlin B8
M “ TG ¥ # Hertz-Mindlin A5 %17 AR #§ Alberto
ST B ST A R BORLAE Bl R Mk R
“JC#r ¥ Hertz-Mindlin 45 1" A {H 58 ffIE 71 50K
JE T HORT LAGEE i 22 i TR R, ) SR
FI* TE# % Hertz-Mindlin £281” 50, BAKINT

. SR G /10 .
Fij:?E R"7a? - ?,BA/S“m v (3)

Fl=-_ min{ ‘80* R 7a5 +

y

J2 s, bW

s My

T,=R, xF, - uF;RWw, (5)
\ o n e BB .
P ORI R R :R R «Tﬁ&gﬁ P A
_ i A5 2 L
_(%fﬂﬂ+ﬂ—§ﬂV£ﬂﬁ Tmm)”

St 2 e e v GiG/ 5
SR MR G = s B )

(1-¢)6,+(1-£)6,
Wi S, = 2E" (R o), ) 1 Wl B S, =

8¢ (R a)" ;B ERMB=— " %
(Ine+m )2

B 4 P 2 s T 8 43 8 UKL 22 I £
Y T it v T v 48 1 Sk TR 22 A R
VR 6 VI 16 s, S VR B R M, S O B
HERRL

Lkﬁ@§ P A A (1) Al (2) $E AT
sk DEM AR 8 vk R PR, B b g S

B oy ORI B i om MR R E AL £
WG FRH e TR ANEEE R, TV BN R B e,
1.2 FprERAS 2

Pk A Nakashima 25! 5256 o 5% FH G 43 95D
WERER d R Al e ER IR 2 E
%0 D RIEE AR . DEM H 4K S 50 80E I 3% 1
s, Hov s UKL | oM A A5 2 B0OR FE Sk
[4 02 5 Ry T2 JRGR R 1) 0 T 0k S AR o g,
B g, BB RTINS 0E, S8R, 38 K, P g, Y
TR AS 23 Xot JOURY Mk 22 ) B o 3422 fih ) i L% i

x1 HEBEBH

Table 1 Parameters of model

S8 BE
ORI R/mm 6
Wk 25 B p/ (kg - m™?) 2090
R - UL ) B 4 R e, 0.154
TR - ORL TR Bl B R B .,/ mm 0.025
UKL LR £/ MPa 57
BURL-TURLIK 5 R B e, 0.5
TR -JEAR K S R EL e, 0.3
IURLIE A L &, 0.25
JEARIARS L £, 0.3
JEAR AR B E |/ MPa 2000
TR -JFG W 78 Bl E 5 R % .,/ 0.3
UKL - JIG AR T 50 B 48 R B 1
JEMR B2 D/mm 700
HBH O H A2 d/mm 50
] 25 K At/ s 43,4

L s BT 3O 9 W A IR T
Bl B R S 2 M0 SR TG B AT I R
PR AT S A a2 Ca) B, UKL A A} 1 il
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Fig.3 Force chain of granular pile in cross section
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Fig.4  Probability distribution of contact-force
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Fig.6 Force chains of granular piles under variable g

P 7 g A TR S 3 5 v SR S ¢ fik g B R 20 A1

AR EE. AR 7 Ca) B 7, 4% fi 0 BE 5 = 7 i 38 K
48, 3 2 PR O R FE BN, ) i ) 4 28
I 2 S A S g L b SRR T T (b) e
N Z e B fih T o3 A MU PR e 2 Ak B DA
KLHE S meg EAT IO AL, b B Al e A 2
Jr 2 gk 7 R R 4 R o S JEE AR Eﬂi‘%ﬁﬂﬁ 1D
R %5 B2 R RS D L B O &R iE— B 2 b
n B9 A AL, ] 7 ( /)FJT/T,XIEJEJJ{’EJ%?,
A WURLIE m 199 50 A5 LA — 2, B3 i '5JfJJr'jjJ 5
RS WA = o [ S S L N S LB

Radjai 45! F 55 & BEAS ) R~ R0 BEBORL R 58 2

[ 14 42 fik 3 A8 23 o0 A FL A AL, iy LB 23 A AT
R, AN TR H 3 7 v ORL HE 1) 1 fih g A8E SR 00 A B
A .

Pl 7 4% 7 3 v UL HE Y 2 ik 0 B R 03 AR

Fig.7  Probability distributions of contact-force of granular piles under variable g
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Table 2 Physical parameters of sample particles
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Table 3 Angles of repose of all samples (°)

a

Wk FEA S o VEE A 22
0.1g, 0.4g, &o 28
S, 23.8 24.5 24.1 24.0 0.06
S, 29.7 29.8 30.1 29.5 0.06
S, 33.3 33.2 33.7 33.0 0.1
S, 24.3 25.0 24.8 24.6 0.1
Ss 29.4 30.0 30.1 30.9 0.38
Se 35.5 35.8 36.2 36.0 0.07

WUk FEAS S R/mm Pipp hrpp/ MM
S, 6 0.254 0.05
S, 6 0.254 0.1
S, 6 0.5 0.2
S, 4 0.254 0.05
Ss 4 0.254 0.1
S 4 0.5 0.2
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Fig.8 Probability distributions of contact-force within granular piles for all samples
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Angle of repose and contact-force distribution in
granular pile under variable g

CHEN Hui, ZHAO Xianqiong, LIU Yilun"

(College of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China)

Abstract: Taking the discontinuity and random character of granular system into account, a kinematic

model of particles was established by three-dimensional discrete element method in order to investigate the re-

lationship between angle of repose and gravity. Accumulation process of granular pile was simulated using the

model under variable gravity. The angle of repose and probabilistic distribution of contact forces were obtained

in the model. Results show that the force-chain formed from contact forces within particle pile has the charac-

teristics of structure of irregular mesh. Contact forces within particle pile are approximately log-normal distrib-

uted and there are about 65% of contacts carrying a force lower than the mean. Moreover, there are about

70% of contacts whose friction force are fully mobilized and the ratio of tangential force to normal force among

the rest of contacts is uniformly distributed. The distributions of contact force of granular piles in different

gravity field have similar properties. The contact forces, which are normalized with respect to particle’ s gravi-

ty, of piles with variable gravity have nearly the same distribution. The angle of repose is not affected by the

gravity, though granular pile has a randomness property of microscopic structure.

Key words: granular pile; angle of repose; gravity; contact force; discrete element method
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Table 1 Effect display of machine learning

45N 0.5 45N 0.75

B R # ) ERSTN 2]k 5 4% %
a DE i a DE {if a* DE {if a* DE
Pigeons 0.707 35.779 0.68 35.765 0.816 8.942 0.81 8.936
Ski 0.717 40. 142 0.69 40. 131 0.816 9.793 0.82 9.783
Soccer 0.667 21.618 0.65 21.615 0.833 4.923 0.83 4,921
Stair 0.677 32.924 0.67 32.924 0.844 7.846 0.84 7.834
Suffer 0.754 22.628 0.76 22.627 0.890 5.493 0.88 5.478
Suffers 0.725 10. 159 0.76 10.138 0.865 2.582 0.84 2.566
Tajmahal 0.662 25.389 0.68 25.378 0.848 5.616 0.85 5.618
Tiger 0.723 23.329 0.73 23.324 0.885 4.930 0.89 4.923
Tower 0.683 46.562 0.67 46.558 0.837 10. 655 0.84 10. 648
Trees 0.660 23.893 0.65 23.892 0.808 5.843 0.81 5.839
Towbirds 0.626 27.734 0.66 27.725 0.807 6.721 0.81 6.720
Venice 0.670 12.713 0.71 12.699 0.835 3.054 0.84 3.053
Volleyball 0.703 17.651 0.73 17. 643 0.874 3.829 0.86 3.809
Waterfall 0.668 21.983 0.70 21.945 0.841 5.214 0.84 5.216
Wedding 0.686 33.370 0.69 33.370 0.844 7.957 0.83 7.911

2.6 BERE
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EXERIE S g iObUR =)

I'(x,1)=0.3 xI(x,1) +0.7 x I(x,2)
I'(x,2)=0.1 xI(x,2) +0.4 xI(x,3) +
0.5 x I(x,4)

I'(x,3)=0.4 xI(x,4) +0.6 xI(x,5) .
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Fig. 10 Comparison of results using different methods
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Table 2 Comparison of distortion energy for ERCR I RTIR TS S ks, 5HAMA 7 EMH I .

a=a" and a =1 in different scaling factors

AR R 0.5 AR H 0.75

1% 44
a=1 a=a” a=1 a=a”
Pigeons 35.902 35.779 10. 865 8.942
Ski 40.282 40.142 11.848 9.793
Soccer 21.629 21.618 5.778 4.923
Stair 32.961 32.924 9.683 7.846
Suffer 23.368 22.628 7.064 5.493
Suffers 10.498 10.159 3.009 2.582
Tajmahal 25.413 25.389 7.399 5.616
Tiger 23.476 23.329 6.592 4.930
Tower 46.590 46.562 13.754 10. 655
Trees 23.898 23.893 6.894 5.843
Towbirds 27.740 27.734 7.590 6.721
Venice 12.751 12.713 3.942 3.054
Volleyball 17.843 17.651 4.866 3.829
Waterfall 22.044 21.983 6.614 5.214
Wedding 33.465 33.370 9.412 7.957
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Learning based intelligent image retargeting technique
LI Ke, YANG Yizhen, YAN Bo"

(School of Computer Science, Fudan University, Shanghai 200433, China)

Abstract: There has been a wide range of image retargeting (IR) approaches, in order to solve the prob-

lem of adapting images to different display resolutions. A fast image retargeting method was proposed, which

was based on image columns. Firstly, the method would calculate a saliency map of the original image. Sec-

ondly, a group of scaling factors were generated for image pixel fusion, which was used to get the result image

of the target image size. Each image column corresponded to its scaling factor. For different images, an adap-

tive upper bound was obtained by machine learning, for scaling factor assignment. This upper bound was set to

limit the column width and can reduce image distortion. The experiment results prove that this adaptive upper

bound results in a better performance. Moreover, this method has a low complexity, thus it calculates fast, as

it is based on image columns instead of pixels.

Key words: image retargeting (IR) ; image resizing; machine learning; seam carving; low complexity
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