lREIWXZEZFH

¥ 46 % % 7 H 2014 % 7 H 30 B ¥ ik
B &
— AT H SRR AE B E T
......................................................... BEE, BUAE, A #, FEdE (1)

..................................................................... Bk, EZRM, 2 2 (8)
A8 M AR B 2R v A e A O B R 0 AT
.............................................................................. Bl E4h, TR (14)
LB R TR AR AL S AR R A T B v
.............................................................................. IhE, EXA (20)

IF 5% B & 3 — 23 7 i 09 A BRI R
............................................. MR, B R, KK, BI, ERY (25)
= B AE TCRER HR T R AT

......................................................... BERE BEHKE, A, TKE (32)
BT i X W R R DB R e RANME T &
......................................................... AR, S B, M, 4] (36)
VO TGk 24 3R By AR AR 2 IR B B R
.................................................................. A kB, N A (40)
GPS/SINS # % 4 & % At & 5 B & bR & 8 ) H %
..................................................................... BER, B 4EH, I £ (47)
T A KT AE B AR B B E R F Rk
..................................................................... Lewm, FH5M, X A (53)
NBRRABNEG A& B PR B8 R
......................................................... kAR, REERS BORR, Y (60 )

H vt ] 2 AR (B £ O 40 00 T 5 O BE R = AT

............................................. oA B FORKEX, Al FEE(69)
.1



7 REHRET =B i E %

......................................................... REE, K A, EVE, B B (76)
AT A K 2 3 3 K 8T 4%
......................................................... BEK IR, KT WA (81)
T LR MEAABEREHNEH B ATREHL &
.................................................................. hAE, B, AAE (87)

= A 1 R PR T AR M M R B R IR R AR
............................................. FAR, BEA, BER, R, HAEM (95)
BAR S K AR F AL H, B 2 F

............................................................ IRE, KBK, H K, A £ (101)
W/ Cayley P By # 7€ M /N HE 5 ] 25 48 A
..................................................................... X HE, FEA, K% (107)
B 3 B4R AN AR T 8 I 4 e R A
......................................................... MR, LI, REH, THA (112)
Jork 28 £ 5 IL L A micro-EDM fik v B JR
..................................................................... FIRE, X E & kEA (118)
FREFERTLAERBENERERS
......................................................... & JF, FAET, B 4, 2 (123)

BAFIELASET. CN 23-1235/T # 1954 % m * Ad * 128 * zh = P % ¥20.00 * 1500 * 21 * 2014—07 AHRERE KW

2.



Journal of Harbin Institute of Technology

Vol.46 No.7 2014-07-30

CONTENTS

Analysis of kinematics of a five-axis hybrid manipulator

...................................................... GAO Yunfeng, LU Mingrui, ZHOU Lun, LI Ruifeng ( 1 )

........................................................................ QIAN Libing, JI Zhenzhou, WU Hao ( 8 )
Analysis of tip leakage vortex of different blade in ducted propeller
.............................................................................. ZHOU Junwei, WANG Dazheng ( 14 )
Influence of polarization potential on tribo-electrochemical material removal properties of silicon wafer
.................................................................................... WANG Jinhu, ZHAI Wenjie ( 20 )
Line segment detection using sinogram unite-and-divide method
---------------- YANG Tianbo, FENG Xing, ZHANG Yongqiang, CHENG Dansong, SHI Daming ( 25 )
Flow field analysis of Micro-V shape riblets airship surface
------------------------------------ TAN Huifeng, KANG Jingtian, WEI Jianzheng, WANG Changguo ( 32 )
The effect of springback of CNC bending on hydro-formed sub-frame and compensation methods
................................................ ZHANG Weiwei, HAN Cong, XIE Wencai, YUAN Shijian ( 36 )
Cubature Kalman filter with quaternion constraint and its application
.................................................................. QIAN Huaming, HUANG Wei, SUN Long ( 40 )
An adaptive revising filtering method for GPS/SINS ultra-tightly coupled system
.................................................................. ZHOU Weidong, CAI Jianan, SUN Long ( 47 )
Image adaptive segmentation algorithm for unmanned surface vehicle targets
..................................................................... MA Zhongli, LIANG Xiumei, WEN Jie ( 53 )
Immersion and invariance adaptive backstepping attitude tracking of micro-spacecraft
--------------------------------------- ZHANG Chao, ZHANG Shengxiu, CAI Guangbin, HOU Mingzhe ( 60 )
Tooth surface and pitch error analysis of elliptical bevel gearing by additive manufacturing

--------------------------------- LIN Chao, FAN Yu, ZHANG Zhengwen, CAI Lizhong, LI Zhonghua ( 69 )
.3,



Fast subspace DOA estimation algorithm based on acoustic vector sensor array
................................................... LIANG Guolong, ZHANG Ke, AN ShaoJun, FAN Zhan ( 76 )
Cavitation collapse load characteristic research in the out-of-water process of vehicle
--------------------------------- ZHAO Jiaolong, SUN Longquan, ZHANG Zhongyu, YAO Xiongliang ( 81 )
Robust object tracking based on online update of multi-feature template
......................................................... CHEN Dongyue, CHEN Zongwen, SANG Yongjia ( 87 )
Finite volume method for three-dimensional anisotropic functionally graded materials
--------------------- XUAN Lingkuan ,MING Pingjian ,GONG Jingfeng ,ZHANG Wenping ,HAN Chunxu ( 95 )
Stochastic H_ preview control with state-dependent noise
................................................ WANG Hongxia, ZHANG Huanshui, CHEN Xin, YU Li (101)
Deterministic small-world network model based on minimal Cayley graph
..................................................................... LIU Yanxia, XI Jianging, ZHANG Qin (107)
An adaptive wavelet transformation used on interference hyperspectral image compression
................................................... WEN Jia, MA Caiwen, ZHAO Junsuo, WANG Cailing (112)
Research of active pulse parameters matching micro-EDM pulse power supply
.................................................................. SUN Shufa, LIU Meishuang, DI Shichun (118)
Wireless sensor networks system of forest habitat factors collection

............................................................ LI Dan, SUN Lixin, DAI Wei, WANG Nihong (123)



%

ot ]
FTEZER
BlEEER
Z 5
* 4

(WS IRTE Tl R
| — | = =1
+ —EREZXTR
HEX  EMHEHF K A
BT H o kAP
THE % W L
A N B BREN
s O REER HkEF
ZHE  HEH KREE
AL WNEIL O HREF
NEL  HEBE = 4
= A FH4F REkF
EEH# 47K K.L.Teo

EFA

5
=y
=

i
Ttk
S

N

=
MY b
A\
QT'

2

N
2

R A
o E g
T K A

& 77
TR K
1B X M
T B
X
BK B



T %% T 5 B4 5 O TR B

FE( TR (Ei Compendex)
FE (b 3CH) (CA)

e[ (B30 ) (INSPEC)

H A CRHE SCHR ) (JICST)
W ST AR ) (AT)
EEEEATR) (MR)

P 5= 30 ) (ZB1 MATH)

BmRIEIWXFFHK
Harbin Gongye Daxue Xuebao
(BT 1954 F£617])

Fd6E FTH 201457 30 BHAR

F I (BIRRRF27 A% ) (CSA)

FE R 12478 ) (AMR)

2 [ B 23 AR SCH) (TAA)
BB ) (CMP)

Hh B2 | SOOI 122 (CSCD) 20 1l
HEREI ST E(CSTPCD ) %0 TH)
Hh [ 22 AR P25 PP £l 22 ( CAJCED)

Journal of Harbin Institute of Technology
( Monthly, Started in 1954)

Vol.46 No.7 2014-07-30

FERAM, A RILHE T AE B

F AL /R LR

*  Hwm: B

B (PRI Tl K22 4R ) iR 6
ey IR T P 1 X PG R BT 92 5 (150001)
HHL G 0451-86414260 , 86414135

E-mail ; hitxuebao@ hope.hit.edu.cn

Http . //hit.alljournals.cn

R B4R ;A R I Mk R 2= B T

E R EIT: MA/RIET BB

EshET: TEERE A S AL T
(db5t 399 f546)

Supervised by ; Ministry of Industry and Information Tech-
nology of the People’ s Republic of China
Sponsored by Harbin Institute of Technology
Editor-in-Chief DUAN Guangren
Edited & Published by Editorial Board of Journal of Harbin
Institute of Technology

Postcode: 150001 E-mail ; hitxuebao@ hope.hit.edu.cn

Http . //hit.alljournals.cn
Distributed by China International Book Trading Corporation
(P.0.Box 399, Beijing, China)

ISSN 0367-6234
L g O UODITHIT
FEMRAEZESEHRYS CN 23-1235,T

.6 -

MRS

N 14-67
F4h 928 M

20.00 7T/

B M 40.00 90



&

&

&

&

&
N

4
N

S
N

%
~

ey

o

ey

ey

o

£y

ey

el

i

M

M

i

R E G

G0

WEGR

R E G0

TR

HIR

PR

TR

1O | HEPm

11O | HEPm

11O | HEPm

11O | HEPm



(MREI W KRFFHY)ERE

(IR Tl R 24l F2 B T8 H AR} 2 U ) S il L0 | TR B 15 1 I D T F4) e 0T 5 o
UGB (F) L BUR GBI H (R A ARk 54 (863,973 1 b k& 45) MBS, i
5 AR AR MU RER 31 AP BT RE ST AL LT A TR AT
ORI |2 1 s ) Gl S AR S R AR o AT S U R

BRER

L JEAMEE S, A AU, B A58 e T 58 ORI A B 2 R B R SCTORTR  n]
AL

2. B RA GIENE, ARS8 5T UM RAT O SRR ARAEAT A 1E 2 R b P (191 T A
KI2IW2BOE A ) AR —HE i,

3. 3RS T E A AR HLE AN R L

SEEXR

1. Ttk A Word 4 HERR , — % 6000 F 24247, BOESCEI4, ,5~8 AN SO, B SCHiEE
KA W BN EE R SR IR IUE R, K 200~300 5, AN EAR HER, V)22SR 3
JUREZ i

2. SCHRERS L B TP SCr s 2 A R EBRITAN . FRrb et B AR B s 2k, . A
BRI ZN N ¢/s BE 1/ min B o/h AR TN o/ (m - s7")

3. B—AVEE G E S A T A R0 IS T (R4 M) AR PR 2R el
D7 S E-mail ) 3 QI3RS 0 BY  TETE SCR 1 UL AR R I H 2 RN GRS IR A OSCEE AR
WA EE AT H |, AS SRR S 58 B B 2 0 AR i s e B O IS AR TR I AR M 4 X E-mail
Hodk

4. B SCHRIITUR N T e ead 1 SCiik , 22 SR 51T 4 5 . 76 SCH bR ) SCHER 5, BR A0 SCRkME B
RSO, U 15 NSOk, 9530k | 60% 4247

T AR bR 2 R, 45 Sk SR S

1) BF. [PSIEEEA. BAIM] AR B ARCE , R E 5UAS - 1k GRS,

2) M) [ S MMEEEA S SCEE[T] T, AR, &) BT - R T,

3) VOB [JF S IES A B SCEH [ Cl /8 CHES . R RE B RAE B - 1k
U,

4) Mt B A e S [ 7S (MEE WA S SUE B [ D] R AR

5) HLFSCHR: [ P9 ] FETHUER . T SCHREIA [ H - SCRRIS T/ e 7 SCR AR A . o SCHR I 1 4
ol ] RAS bl & F s H /5 B B () .
FL T SRR AR ARS8 2 DB AL CP 5 B TN 45 EB.
HL T SCER AR AR R A CHE y  REAT MT; BE#%: DK OG4E CD BRHLIMZS OL.

6) LR [ 5 ] LR A& LR LR ED . RSP, AR H .

MG Ve Te A PR TR MR nT S TR

B i%

T AT A R Tl R 22 AR Tl o0 (hitp ./ /hit. alljournals. en/ ) #EA WG R Tolb R 22247 ) B 11
(http ://hit.alljournals.cn/hitxb_cn/ch/index.aspx ) , TAEZAAMG RGN " EE Bk — R T80 (B BT
L), A PSS B MRS H B SRR SR AS P 1 A6 s 5
AL IR O A4 B P, 1R ELRALRE K, DL Gt TR
THEUOH AR R

.8



— ML EHERBKISEAEHZESH

mEME, BWE, A b, Fid
(MR ol K2 HLES ABFFTAT, 150001 MA/RTE)

W OE:NTEILNBANCER R E bk R, 04— 08 dERRKINE AT T M. 2L D-H 47 R
RERGPAT RN AL R — 2T PAUL 38 8 30k 09 B L8 A 2835 2 F 3 WMWY KA o 7 %, kB il 2
ANBIIZ o) F 3 MR AT BN B4 RIAE T W B e ek MR 2 M. 2 R 0 45 3890 7 E R K K B B Y A By AR 1A
BT, W T ZAAE AN LA R T A F U &7 kR LB A R TR A, h 4t fris 20 45 4
7 K.

KER: BBV EAN ;B F; B M, TEFE; XT%E

hESZES. TP242.2 XHERARERD: A XEHS: 0367-6234(2014)07-0001-07

Analysis of kinematics of a five-axis hybrid manipulator

GAO Yunfeng, LU Mingrui, ZHOU Lun, LI Ruifeng

(1. State Key Laboratory of Robotics and System, Harbin Institute of Technology, 150000 Harbin, China)

Abstract ; The structure of a novel 5-DOF industrial manipulator was analyzed. The homogeneous transformation
matrix of the manipulator was obtained by establishing a series of D-H frames. Based on Paul’ s inverse
transformation, an analytical method that could direct the solution of inverse kinematics problems of series
manipulators was proposed, and the closed-form solution of inverse kinematics was derived. Computational
simulation results indicated that the algorithm was efficient and real-time. The enveloping surface of the local
joints’ workspace was specified using envelop theory. Working dexterity of the manipulator was discussed. The
dexterous workspace of the manipulator on which the structure design and motion control were based was
established via geometrically overlaying the enveloping surfaces of local joints’ workspace.

Keywords: hybrid manipulator; kinematics; inverse solution; workspace; dexterity
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An improved model of distributed search engine

QIAN Libing, JI Zhenzhou, WU Hao

(School of Computer Science and Technology, Harbin Institute of Technology, Harbin 150001, China)

Abstract; To solve the problem of search performance in traditional distributed search engine, a non-
centralized high parallelization search model was proposed and the traditional model was improved in the index
structure and search algorithm. In the model, the index was classified according to document theme, bitmap
structure was employed for longer inverted record list, and parallel search algorithm ( multi max score heap,
MMSH) was achieved in index node by using multi-threading technology. Experimental results show that the
improved search model with index classification and bitmap strategy of the inverted list structure can enhance
the search pertinence in Merge layer, reduce CPU and memory cost. In the case that the inverted list can not
be completely stored in memory, MMSH algorithm can implement highly parallel search and its query
efficiency is higher than the classical term-at-a-time algorithm, which shortens the average search time and
improves the system throughput. Index classification, bitmap structure and parallel query algorithm can avoid
query blindness and improve the performance of distributed search engines.

Keywords: distributed indexing;index classification jinverted structure ; parallel search

<10 -



S HR HE R R SR RO TR it T3 44

B E45, TR
(MR Tl K2 (dig ) RS TR 2% BE, 264209 ILZR B )

M OE. TR BERNRSVIE, AR T SEERE PR EEL S S @ xRN B m, U RF
Bl Rrh o R AT S ERZFZ KB RARE T ENARET N SEE R ERGIHAT T HEN
AT BEREFR . SIBIE R P R BRI BRI RN W, R A E B YA E K, T A R TR R Y S
EAFZA, BESARRE; T ERB G oA R 2 18 B9 50 5T W04 % v A o R B9 R R T O R
WEZ B AT, AR ALE A R A R A

KB, FAAERE PR E W EE L AW SR

FESES: U661.31; U664.33 XERAREAD . A XEHRS: 0367-6234(2014)07-0014-06

Analysis of tip leakage vortex of different blade in ducted propeller

ZHOU Junwei, WANG Dazheng

(School of Naval Architecture and Ocean Engineering, Harbin Institute of Technology in Weihai,
264209 Weihai, Shandong, China)

Abstract: The effects of pitch ratio and blade area ratio on the tip leakage vortex (TLV) were studied in a
ducted propeller. Furthermore, the relationship among the TLV, tip loading and tip leakage flow (TLF) of
different blades was discussed. The flow field of the ducted propeller with several different blades was
numerically simulated and analyzed and the results showed that as the pitch ratio increased, the tip leakage
vortex moved away from the suction side of the blade, and the core cavitation number decreased. As the blade
area ratio grew, the vortex core trajectory did not alter, and the vortex core cavitation number rose. The TLV
was influenced by TLF through flow shearing, while the TLF was controlled by the tip loading, the velocity of
TLF at the position with heavier loading was higher.

Keywords: ducted propeller; tip leakage vortex; pitch ratio; blade area ratio; vortex core cavitation number
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Influence of polarization potential on tribo-electrochemical material
removal properties of silicon wafer

WANG Jinhu, ZHAI Wenjie

(School of Mechatronics Engineering, Harbin Institute of Technology, 150001 Harbin, China)

Abstract: To increase polishing efficiency and improve surface quality of silicon, electrochemical
measurements were used to study the influence of polarization potential on passivation of silicon wafer, based
on which tribo—electrochemical tests were done to investigate the effect of polarization potential on friction and
material removal. Results show that the passivation film with better corrosion inhibition effect can be obtained
under anode polarization potential of 1 V in alkaline CeO, polishing liquid. A higher polarization would destroy
the passivation film, while a lower polarization would suppress the formation of it. Moreover, the passivation
film on silicon wafer can increase surface friction coefficient as well as material removal rate.

Keywords: silicon wafer; polarization potential; passivation; tribo-electrochemical ; material removal
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Line segment detection using sinogram unite-and-divide method

YANG Tianbo', FENG Xing®, ZHANG Yonggiang’, CHENG Dansong’ , SHI Daming *

(1. School of Astronautics, Harbin Institute of Technology, 150001 Harbin, China;
2. Science and Technology on Electro-Optical Equipment AVIC, 471009 Luoyang, Henan, China;
3.School of Computer Science and Technology, Harbin Institute of Technology, 150001 Harbin, China)

Abstract: A fast line segment detection method, unite-and-divide (UND) approach, is investigated, which
includes two phases, namely the union of spectra in the frequency domain and the division of the sinogram in
Radon space respectively. In the union phase, for a given image, its sinogram is obtained by parallel 2D
multilayer Fourier transform, Cartesian-to-polar mapping and 1D inverse Fourier transform. In the division
phase, every peaks and edges of butterfly wings in its neighborhood in sinogram are firstly specified, with each
neighborhood area corresponding to a window in image space, and then, by applying edge-analyzing to each
sinogram of each windowed separately, the endpoints of line segments are extracted. Our experiments are
conducted on benchmark images, the results reveal that the UND method yields high accuracy, low
computational cost and is more robust to noise.

Keywords: line segment detection; radon transform; fourier transform; unite-and-divide (UND)
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Flow field analysis of Micro-V shape riblets airship surface

TAN Huifeng, KANG Jingtian, WEI Jianzheng, WANG Changguo

(Center of Composite Material and Structure, Harbin Institute of Technology, 150001 Harbin, China)

Abstract; It is a viable form of drag reduction for airship to use airship envelope with micron-scale grooves. In
this paper, the k-w SST turbulence model is used to analyze the V-shaped micro-riblets. The velocity and
pressure field are obtained using this model. Both the drag reduction mechanism for micro-grooves and the
influence of different groove size are analyzed by the streamline pattern and the drag reduction rate. The results
show that the streamline pattern is an important reason for drag reduction ability, and the grooves with
appropriate size can reduce the drag between fluid and wall.

Keywords: micro-riblets; airship; drag reduction; envelope
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The effect of springback of CNC bending on hydro-formed
sub-frame and compensation methods

ZHANG Weiwei', HAN Cong', XIE Wencai’, YUAN Shijian'

(1.School of Materials Science and Engineering, Harbin Institute of Technology, 150001 Harbin, China;
2. FAW Car Co., Ltd., 130012 Changchun, China)

Abstract; The springback of CNC bending reduces accuracy of tube bending, which leads to the wrinkle
during subsequent hydro-forming, and to avoid the defect during hydro-forming, springback compensation is
necessary. In this paper, theoretical model of tube plastic bending and strain hardening model of materials
were set up firstly, and then the value of springback angle was derived. Meanwhile, several groups of
experiments were carried out, and linear fit formula between springback angle and bending angle based on
mathematical statistics was also obtained. Finally, the hydro-forming experiments show that the wrinkle can be
avoided by springback compensation during CNC bending, and the dimensional accuracy of hydro-formed sub-
frame is acceptable.

Keywords : sub-frame; hydro-forming; springback ; plastic bending
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W OE a4 LERURAEARSZETFAUTEARNER, BRET A ETHGRTHERFRERKE
( quaternion constrained cubature kalman filter, QCCKF ) & 3% . 2 F 4% /N 49 AR A & 20, K F = W 2k 0 — 48 42 2B 40 0] 22 03
BERGERAWERHER T £,%4 8 7 QCCKF JE 3 # A X% 1T 89 QCCKEF & 3 ¥ DU 2 b xR A AT/, 77 &
T CKF oy 5 fl 36 Bl Jo 2 R AT B AN R A SHATHE, R EREN , AR EIHRE R T % #L CKF An 3 0 T #
&1t 7% (unscented quaternion estimator, USQUE) , 3 7% & 19 L3 4 K 41, BT ik T E LM A R F A W T 4 K 0
AL BT T B R R R A
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FESES . U666. 12 XEARER: A XEHS: 0367-6234(2014)07-0040-07

Cubature Kalman filter with quaternion constraint and its application

QIAN Huaming, HUANG Wei, SUN Long

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

Abstract; Aiming at the case of the state vector with quaternion constraint in some nonlinear systems, a
quaternion constrained cubature Kalman filter algorithm is presented. Based on a minimum constrained cost
function, this algorithm uses three-degree spherical-radial cubature rule to approximate the posterior mean and
covariance, and gives the QCCKF recursive formula. It can estimate the state effectively, and extends the
applications of the cubature Kalman filter (CKF). By simulating for the spacecraft attitude estimation system,
simulation results show that the proposed algorithm is superior to CKF and unscented quaternion estimator
(USQUE) in precision, satisfies the quaternion constraint, and solves the problem that the nonlinear system
has quaternion constraint, which show the validation of the proposed method.

Keywords: cubature Kalman filter; quaternion constraint; minimum constrained cost function; three-degree

spherical-radial cubature rule
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An adaptive revising filtering method for GPS/SINS
ultra-tightly coupled system

ZHOU Weidong, CAI Jianan, SUN Long

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

Abstract; In conventional feedback filter, the feedback from some unobservable system states will lead to the
divergence of navigation errors. Further the measurement equation of global positioning system/strapdown
inertial navigation system ( GPS/SINS) is nonlinear, and it increases the complexity of the filter. To solve
these problems, a linear measurement equation was derived in this paper. As a complement to this
measurement model, a composed adaptive revising filtering method based on the observability of states was
presented as well. The eigenvalues and eigenvectors analysis method of error covariance matrix was chosen to
analyze the observability of system states as a result of the comparison of three popular observability analysis
methods. The feedback factors were thus designed according to the analyzed results. As a consequence, errors
from the original data of SINS and GPS receiver can be corrected. Simulation results demonstrate that our
proposed method is effective and can improve the estimate accuracy of the system in incomplete observable
condition.

Keywords: observability ; GPS/SINS ultra-tightly coupled system; composed revising;eigenvalue ; eigenvector
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Image adaptive segmentation algorithm for unmanned
surface vehicle targets

MA Zhongli, LIANG Xiumei, WEN Jie

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

Abstract; Considering the large contrast changing of surface targets and sea-sky background and the obvious
difference of field depth, an improved image segmentation algorithm based on self-adaptive Mean-Shift is
proposed. Spatial bandwidths are adaptively computed according to the estimation of gray distribution around
the reference point; then the gray-level bandwidths are adaptively computed with a novel Bayesian theory in
the corresponding windows; and finally adaptive segmentation is obtained. In the experiment, both the close
and distant target frames, as well as target frames of different contrast, are extracted respectively from the
surface vehicle video sequence. Compared with the traditional segmentation algorithm, experimental results
prove that the proposed algorithm can effectively complete segmentation of surface target images.

Keywords: target segmentation; surface vehicle; adaptive Mean-Shift; bandwidth
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Immersion and invariance adaptive backstepping attitude tracking
of micro-spacecraft

ZHANG Chao', ZHANG Shengxiu', CAI Guangbin', HOU Mingzhe’

(1. Dept. of Control Engineering, The Second Artillery Engineering University, 710025 Xi’ an, China;
2. Center for Control Theory and Guidance Technology, Harbin Institute of Technology, 150001 Harbin, China)

Abstract; A modular adaptive controller is proposed for the nonlinear attitude tracking of micro-spacecraft in
the presence of uncertain inertial tensor, external disturbances and saturation constraints, which combines the
theory of system immersion and manifold invariance (I&l) and constrained backstepping. Firstly, the
spacecraft attitude is globally represented by modified Rodrigues parameters. Then the backstepping controller
is derived to implement any operating constraints and obtain the derivatives of virtual control easily by
introducing command filters and modified tracking errors. To improve the robustness of baseline controller, the
nonlinear estimator is constructed based on I1&I to estimate and compensate the time-varying total disturbances
on line. Because the I&I approach allows for prescribed uniformly stable dynamics to be assigned to the
estimation error, the resulting modular adaptive controller is easier to tune compared to classical adaptive
backstepping. And its performance does not suffer from unpredictable dynamical behavior of the estimation
laws. The closed-loop input-to-state stability and boundedness of the estimation error are guaranteed by
Lyapunov direct method. Comparative simulations state that the proposed controller is successful in achieving
high attitude performance and precise estimation of disturbance.

Keywords: attitude tracking ; modified rodrigues parameters ;adaptive backstepping ; immersion and invariance ;

saturation constraint
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Tooth surface and pitch error analysis of elliptical bevel gearing
by additive manufacturing

LIN Chao, FAN Yu, ZHANG Zhengwen, CAI Lizhong, LI Zhonghua

(The State Key Laboratory of Mechanical Transmission, Chongqing University, 400030 Chongqing, China)

Abstract; To improve accuracy and reduce processing error, the elliptical bevel gearing by additive
manufacturing is measured, and the causes of error are analyzed. Space spherical coordinate system, additive
manufacturing coordinate system, layers model, theoretical error model and error detection model of ellipse
elliptical bevel gear are established by the meshing theory of space transmission and the theory of additive
manufacturing. The pre-process of elliptical bevel gearing is analyzed, the process of additive manufacturing is
researched and the additive manufacturing method of this gear is obtained. The gears are detected by digital
microscope system and coordinate measuring machine, to analyze the surface precision and gear pitch error.
The analysis results show that the error of ellipse bevel gear is a little big by the use of material manufacturing
method. Optimizing STL model, reducing the diameter of metal powder, decreasing the effect on the processing
layer by laser radius and thermal effect, will contribute to raise additive manufacturing precision.

Keywords: gear; elliptical bevel gear; error analysis; additive manufacturing; precision
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Fast subspace DOA estimation algorithm based on acoustic
vector sensor array

LIANG Guolong'?*, ZHANG Ke'?, AN ShaoJun'?, FAN Zhan"’

(1.Science and Technology on Underwater Acoustic Laboratory , Harbin Engineering University , 150001 Harbin, China;
2. College of Underwater Acoustic Engineering, Harbin Engineering University, 150001 Harbin, China)

Abstract ; Against the problem of huge computation of high-resolution DOA estimation algorithm using acoustic
vector sensor array, a fast high-resolution DOA estimation algorithm was proposed based on the combination
processing of pressure and particle velocity. The algorithm selected the electronic rotation vector of the
reference element as the desired signal and MSWF ( multi-stage Wiener filter) was used to estimate the signal
subspace, which greatly reduced the amount of computation because it did not need to calculate the cross-
covariance matrix of acoustic vector sensor array and Eigen value decomposition. The algorithm is based on the
principle of coherency between pressure and particle velocity, which can suppress interference well in isotropic
noise field. Theoretical analysis and computer simulations show that the algorithm has good performance of
DOA estimation while it greatly reduces the amount of computation.

Keywords : acoustic vector sensor array; combined processing; MSWEF; DOA estimation
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Cavitation collapse load characteristic research in the
out-of-water process of vehicle

ZHAO Jiaolong, SUN Longquan, ZHANG Zhongyu, YAO Xiongliang

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

Abstract; In this paper, the whole cavitation collapse process was divided into cavitation moving phase and
cavitation collapse shock phase based on the physical phenomenon of cavitation collapse process, potential flow
method and Nonlinear Doubly Asymptotic Approximation( NDAA) were respectively used to calculate the two
stages to make a mechanical analysis of the whole process to study the effect of theload of cavitation collapse on
the sailing body movement. A new method was established to calculate the load of cavitation collapse, and a
whole calculation method on the load of cavitation collapse was established. By comparing the results of
numerical calculation with the experiment, the reasonability of the method was validated. Based on it, the law
of the load of the cavitation collapse and the shape of the cavitation were obtained. Finally, the effect of elastic
vibration on the cavitation collapse was researched, and the elastic vibration had a little effect on the peak
value and periods of the collapse load.

Keywords: shoulder cavitation; potential flow method; NDAA ; cavitation collapse load
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Robust object tracking based on online update of multi-feature template

CHEN Dongyue, CHEN Zongwen, SANG Yongjia

(College of Information Science & Engineering, Northeastern University, 110136 Shenyang, China)

Abstract ; This paper proposes a robust object tracking algorithm under the Mean-shift framework based on the
online update strategy of multi-feature template. At first, to solve the drift problem caused by cluttered
backgrounds, the illumination invariant color features and the rotation invariant LBP texture feature were
extracted and were combined together with the BWH algorithm. Secondly, in addition to the traditional
convergence condition of Mean-shift algorithm, a histogram similarity checking step was presented against the
local optima problem. Besides, occlusion detection algorithm based on spatial distribution of the histogram
difference was proposed to enhance the precision of the template update. Experimental results showed that the
proposed tracking algorithm is robust and accurate against cluttered dynamical background, occlusion and the
object deformation.

Keywords: robust object tracking; Mean-shift; texture feature extraction; template updating; feature extraction

- 23 .



ZHFZE FEINRESE E M BlRF RERRE

E%%” REA, RRA, RF, A

2:Be, 150001 MR, 2. FF E AT SO, 430064 i)

‘}1.
S
Iw;
il
%
RS
hal
&
dr
=
=
bH
H-u:

W OB N THRZEEREI IR R0 B, KR — A e A ey A IR AR AR 7 ok i 7 o R R 0 R N
B, AR F R E R R ZR R R B EENAREREHATER, LS HE mEEEXET AL, N
M BEE X ERETEO LAAEETAR G E LRI AT ERBELERELRN, AT EHEERS
HMBE T EERY AR, ITERE R L NFHEED T DR AL = 44 ) 50 oh 86 B6 B A Rk oy 5 5] BT
KER. AW, EAE, ARERE, BT

FESES. 0343.7 ERPRAERRD: A XEHS: 0367-6234(2014)07-0095-07

Finite volume method for three-dimensional anisotropic
functionally graded materials

XUAN Lingkuan"?, MING Pingjian', GONG Jingfeng', ZHANG Wenping', HAN Chunxu'

(1.College of Power and Energy Engineering, Harbin Engineering University, 150001 Harbin, China;
2.China Ship Development and Design Center, 430064 Wuhan, China)

Abstract: A finite volume method ( FVM) is developed for elastic analysis of three-dimensional (3D )
anisotropic linear elastic solids with continuously variable material properties. The method employs tetrahedral
elements so that it owns adaptability to problems with irregular domain. A staggered unstructured FVM is used
for spatial terms. The displacement, velocity and acceleration are defined on the cell vertex while the stress
and material properties which are uniform in the cell are defined on the cell center. An Euler scheme is
employed for time dependent terms. The numerical results of the FVM agree well with the results of other
numerical methods, and the FVM consumes much less computational time and memory, which is able to
predict the 3D anisotropic linear elastic problems accurately and efficiently.

Keywords: anisotropic; functionally graded; finite volume method ; elastic analysis
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Stochastic H_ preview control with state-dependent noise

WANG Hongxia, ZHANG Huanshui, CHEN Xin, YU Li

(1.School of Information Engineering, Zhejiang University of Technology, 310023 Hangzhou, China;
2. School of Control Science and Engineering, Shandong University, 250061 Jinan, China)

Abstract; The paper aims to improve the H_ control performance of a class of systems. It is concentrated on
H,, preview control for stochastic Ito system with state-dependent noise. Associating game theory and dynamic
programming , we present the solvable condition and explicit controller of the stochastic H, preview control via
decoupling the coupled ordinary and partial differential equations and utilizing the characteristic curve.

Keywords: H_ preview control; Riccati equation; stochastic system
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Deterministic small-world network model based on minimal Cayley graph
LIU Yanxia"*, XI Jianging', ZHANG Qin’

(1. School of Software Engineering,South China University of Technology,510006 Guangzhou, China;
2. School of Computer Science and Engineering,South China University of Technology 510006 Guangzhou , China)

Abstract: The research on deterministic small-world network model is an important branch of complex network
modeling. This paper analyzes the small-world property of the minimal Cayley graph and proposes a
deterministic small-world network model based on minimal Cayley graph. The model constructs a class of
small-world networks with high symmetry by selecting a minimal Cayley graph, and appropriately expands its
generating set. Compared with the existing models, this model can be used flexibly to get small-world networks
with const degree or variable degree, which is adaptable for the disign and analysis of the real networks such
as communication network and P2P overlay network.

Keywords : complex network ; small-world network ; deterministic model; Cayley graph
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An adaptive wavelet transformation used on interference
hyperspectral image compression

WEN Jia"* ,MA Caiwen,ZHAO Junsuo', WANG Cailing’

(1. Science and Technology on Integrated Information System Laboratory, Institute of Software, Chinese Academy of Sciences,
100190 Beijing, China; 2. Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences,
710119 Xi'an, China;3. School of Computer Science, Xi'an Shiyou University, 710065 Xi'an, China)

Abstract ; To get better performance of interference hyperspectral image compression, according to the imaging
principle ofinterference hyperspectral image, we propose an adaptive direction prediction wavelet transform
forLWT ( Lifting Wavelet Transformation) ,to get the best predicted values through adaptive direction in the
LWT on the frame direction, and change the order of the traditional wavelet transform.The experiment results
prove that the proposed method can get higher SNR at the same bpppb compared with the traditional method,
and can get smaller MSE in the recovered spectral curve.

Keywords: interference hyperspectral image; LASIS; spectrum compression; lifting wavelet transformation
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Research of active pulse parameters matching micro-EDM pulse power supply

SUN Shufa', LIU Meishuang', DI Shichun®

(1. School of Engineering and Technology, Northeast Forestry University, 150040 Harbin, China;
2. School of Mechatronics Engineering, Harbin Institute of Technology, 150001 Harbin, China)

Abstract; To improve the efficiency of micro-EDM, we designed a pulse power supply which can actively
match pulse parameters for micro-EDM. By using the processing method of equal energy, we conducted the
comparison experiments of processing efficiency in different pulse parameters, designed the structure, function
and control strategy of this pulse power supply, and carried out a machining experiment. The results show that
the highest machining efficiency can be obtained by selecting the appropriate pulse width and pulse interval,
making the electrode capacitance charge and discharge for only one time, and the pulse parameter of the pulse
power supply can automatically adjust to electrode voltage and capacitance. When machining the micro holes,
the power supply has good processing continuity, high processing efficiency and quality, and when used for
micro machining, the power supply can obviously improve the processing efficiency and get good processing
quality compared to the traditional power supply.

Keywords : active matching, micro-edm, pulse power, pulse parameters, machining efficiency
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Wireless sensor networks system of forest habitat factors collection

LI Dan', SUN Lixin®>, DAI Wei', WANG Nihong'

(1. School of Information & Computer Engineering, Northeast Forestry University , 150040 Haerbin, China;
2. School of Computer Science & Technology, Harbin Engineering University, 150001 Haerbin, China)

Abstract; To improve the method of collecting of forest habitat factors such as forest temperature, humidity
and light intensity, an automatic collection system of forest habitat factors was completed with the use of
embedded technology and wireless sensor network technology. This system used the LPC2148 embedded chip
as main control chip, MySQL as the system database AecGIS Server as GIS platform, to obtain forest
temperature, humidity and light intensity by the collection device composed of BH1750FVI light sensor and
SHT11 temperature and humidity sensor, to establish communication with the host computer by nRF905
wireless communication module so as to store data and real-time display of the dynamic changes of the forest
habitat factors in a web page. The test results showed that the data packet numbering mechanism and time
synchronization mechanism used into the communication protocol of sensor nodes could alleviate network
congestion and reduce the loss rate of the data packets. When the emission frequency of the wireless
communication module was set to 433 MHz, the transmission rate and emission power were set to 9 600 bps
and 10 dBm, the error rate of frames could be effectively controlled within the range of less than 50 meters.

Keywords: habitat factors; embedded; wireless sensor network ; automatic collection
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