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Table 2 Comparison of simulation results of

different orbital heights
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500 62.7134 0.0582
800 87.8328 0.0803

1100 99.1255 0.0869
1400 123.5050 0.1094
1700 165.6077 0.1300
2000 192.3637 0.1415
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A building method of high-precision landmark library for
landmark autonomous navigation
YANG Bo* , ZHANG Dianlyu, ZHAO Xiaotao

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract . Satellite autonomous navigation based on landmark information can be used for all kinds of sat-
ellites which can periodically obtain images of earth surface for its high accuracy and independence. This
method has been restricted by landmark selection method and the establishment strategy of landmark library,
which affect the navigation precision and hinder the popularization and application of this navigation method.
To solve these problems, a method for establishing global high-performance landmark library is proposed. The
global landmark library could be automatically generated by using global landmark control areas to select high-
quality global landmark samples. To verify the feasibility of the proposed method, a simulation program was
designed. The results show that the position error of the landmark navigation system based on the new land-
mark library is about 99 m, and velocity error is about 0. 08 m/s. The proposed method can provide high-pre-
cision autonomous navigation for spacecraft fast and accurately.

Keywords: satellite autonomous navigation; landmark navigation; landmark library; grayscale field

characteristic parameter; maximum correlation coefficient (MCC) algorithm
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Fig. 10  Large stroke parallel micro-positioning

platform parameter model
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Fig. 11  Finite element model of large stroke

parallel micro-positioning platform

®1 HBEEESERTOFTE L

Table 1 Comparison between transfer matrix method and finite element analysis

Suy/N 0 50 100 150 200
u, HRRITE/ um -2.03063 1.55645 5.14353 8.73061 12.31770
u, BIERT/ pm ~2.09430 1.30869 4.71168 8.11466 9.81616
u, fEIEJG/pm -2.01307 1.41088 4.83482 8.25877 11.68270
u, BIEHTR 2/ % 3.135 15.918 8.396 7.055 20.309
u, BIEJGIRZE/% 0.865 9.353 6.002 5.404 5.155
u, A RICHE:/ um 7.18439 6.17025 5.156 11 4.14196 3.12782
u, BIEHT/ pm 6.80597 5.75883 4.71168 4.18810 3.14065
u, BIEJE/pm 6.84790 5.84136 4.83482 3.82829 2.82175
u, BIERR %/ % 5.267 6.668 8.619 1.114 0.410
u, BIE IR/ % 4. 684 5.330 6.231 7.573 9.785
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Fig. 12 Unit a,b structure chart
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Abstract; A parallel micro-positioning platform with folded beams was designed, which has characteris-
tics of large stroke and low resistance. Stiffness was solved by transfer matrix method. First, transfer matrix of
flexible subunit was established. The transitivity characteristics became available by taking advantage of the
common node belonging to adjacent elements. Finally, the stiffness matrix between input force and output dis-
placement of flexible mechanism was solved according to the force balance equation and compatibility equation
of deformation. A method to solve the stiffness of compliant folded beam and compliant prismatic pair consider-
ing full flexibility was put forward. The result of deformation error is less than 20.5% compared with finite el-
ement analysis. On this basis, this method ignored the correlation between the subunits because the modular
stiffness analysis method regarded each subunit as independent. A modified method considering each subunit
dependency was put forward, which reduced the error to less than 10% and made the results better meet the
actual engineering needs.
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A coupling analysis of multimodal transportation demands
based on TVP-VAR models
MA Xiaolei, SUN Shuo, DING Chuan®, WANG Yunpeng

(School of Transportation Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Under the condition of multimodal travel choices in large cities, there is a close relationship of
traffic demands among subway, buses and private cars. In order to explore the coupling relationship and time-
varying feature among multimodal traffic demands, with road congestion index representing the traffic demands
of private cars, this paper adopts the time-varying parameter vector autoregressive ( TVP-VAR) model to ana-
lyze one-month travel demands of subway, buses and road congestion index on weekdays. The empirical re-
sults of two traffic zones demonstrate that: Depending on different land use types, the relationship among sub-
way demand, bus demand and private car demand does not significantly change in trend, but varies in time
scale; In urban traffic zones, there is an interactive relationship among traffic demands of subway, buses and
private cars. As subway demand increases, less passengers will switch to buses. When bus demand increases,
subway demand will increase correspondingly. The increase of private car travel demand will increase the sub-
way travel demand but reduce the bus travel demand. The research is helpful to understand the coupling rela-
tionship among different travel modes in our country at the present stage, and thus to better cope with the issue
of urban traffic congestion.

Keywords ; traffic demands; multimodal travel choices; time-varying analysis; coupling influence; TVP-

VAR model
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Fig. 1  Topographic correction flowchart
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Table 1 Absolute radiometric calibration coefficients

for ZY3-01 satellite images

wom ow g  OWEE/ERRE ERRL
pm T R
Band 1 0.45~0.52 0.2330 0
Lo Band 2 0.52~0.59 0.2162 0
" Band 3 0.63 ~0.69 0.1789 0
Band 4 0.77 ~0.89 0.1949 0
21 Pan 0.50 ~0.80 0.1708 0
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Table 2 Comparison of statistical eigenvalues

before and after correction for multispectral images
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10-2 10-2 EX 4 10 2 107 R

1 0.407 0.420 1.032 0.505 0.420 0.832
2 2.339 0.832 0.356 2.529 0.757 0.299
3 2.400 0.655 0.273 2.630 0.579 0.220
4 29.049 5.722 0.197  31.469 5.107 0.162

x3 L2EERIZERENGHRITHMEEI L
Table 3 Comparison of statistical eigenvalues

before and after correction for panchromatic images
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Comparison of X and Y direction profiles
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Topographic correction method for high-resolution remote sensing images
DING Yifan">* | YOU Hongjian' , ZHANG Hao’, CHEN Shuangjun®, XU Bin'*, SUN Tao'

(1. Institute of Electronics, Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing 100094, China;
4. School of Geo-spatial Information, Information Engineering University, Zhengzhou 450052, China)

Abstract: Topographic correction is critical to the accuracy of the earth’ s surface quantitative remote
sensing. Traditional topographic corrective models are not so suitable for high-resolution remote sensing ima-
ges. In order to address the problem, this paper proposes a topographic correction method based on radiation
transfer model and strict control over error sources. High-resolution panchromatic and multispectral images of
ZY3-01 satellite were taken as examples to conduct relevant experiments, and the topographic correction of
high-resolution remote sensing images was realized with subjective and objective analysis and evaluation. The
analysis results show that the problems of poor correction effect without absolute radiometric calibration coeffi-
cient in topographic correction of panchromatic remote sensing images can be effectively solved and the detail
of high-resolution remote sensing images can also be maintained by the proposed model and method. So it is
more suitable for high-resolution remote sensing images than traditional methods.

Keywords: high-resolution remote sensing image; topographic correction; radiation transfer; absolute

radiometric calibration coefficient; digital surface model ( DSM)
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Experimental study on electromagnetic noise suppression of
atomic spin gyroscope heating chamber
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Abstract; Atomic spin gyroscope is the latest type of gyroscope, which has ultra-high theoretical preci-
sion. Alkali vapor cell is the sensing element of atomic spin gyroscope, which carries the atomic spin effect.
Electric heating makes alkali attain saturated vapor pressure, which will introduce electromagnetic interference
and other noises, thereby affecting the accuracy and sensitivity of atomic spin gyroscope. To reduce the influ-
ence of heating chamber electromagnetic noise on the atomic spin gyroscope, the electromagnetic noise sup-
pression experiment was studied from two aspects of heater structure and heating driving signal. A special
shaped heating film with magnetic noise suppression was designed. A high frequency sine wave was designed
as the heating driving signal. In addition, a non-magnetic heating system of alkali vapor cell was constructed.

"2 and the temperature stability of

The test results show that the equivalent magnetic noise is within 17 {T/Hz
the alkali vapor cells is within +0.006°C , which provides a reliable guarantee for the performance improve-
ment of atomic spin gyroscope.
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Fig.1 Schematic for proving Lemma 1
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Fig.2 Distribution results of the first iteration
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Time windows distribution algorithm for real-time harmonic-period
partition system on uniprocessor platform
SHANG Lihong" *, TAN Te', ZHOU Mi’

(1. School of Computer Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Reliable Avionics Technology Co. , Ltd. , Beijing 100192, China)

Abstract: Recently the avionics system is quickly transferring to integrated modular architecture. To pre-

vent the mutual interference between different applications, IMA software usually adopts partition mechanism.

Due to the “time partition” , the traditional real-time schedulability analytical method is not applicable. This

paper researches a class of special partition system, which is called harmonic-period partition system on uni-

processor platform. This paper gives the formalized definition of harmonic-period partition system and the nec-

essary and sufficient condition of schedulability of tasks in harmonic-period partition system. On this basis,

this paper proposes an algorithm, which is called time windows distribution algorithm. This algorithm distrib-

utes multiple time windows for each partition in the main time frame. This algorithm must be able to find a fea-

sible schedule table for a harmonic-period partition system if this system is schedulable theoretically, and all

tasks in partitions will not timeout if the global scheduler schedules partitions according to this schedule table.

The algorithm proposed in this paper can be applied to practical engineering.

Keywords: partition; real-time; harmonic-period; schedulability; time window
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Analysis of rigid coaxial rotor unsteady interactional aerodynamic loads
TAN Jianfeng"* | SUN Yiming', WANG Haowen®, LIN Changliang’

(1. School of Mechanical and Power Engineering, Nanjing Tech University, Nanjing 211816, China;
2. School of Aerospace Engineering, Tsinghua University, Beijing 100084 , China;
3. Institute of Aircraft Design, AVIC Harbin Aircraft Industry Group Co. , Ltd. , Harbin 150066, China)

Abstract; The maximum forward speed for helicopter increases by adopting rigid coaxial rotor system,
while the vibration load in rotor system obviously increases. In order to analyze the vibration characteristics of
high-speed rigid coaxial rotor system, it is necessary to investigate unsteady aerodynamic loads of rigid coaxial
rotor with aerodynamic interaction. Therefore, a rotor reverse flow aerodynamic model is established based on
an unsteady panel method through satisfying boundary conditions of blade leading-edge and trailing-edge to re-
flect the influence of the reverse flow on the retreating side of the high-speed coaxial rotor. Moreover, a rigid
coaxial rotor tip-vortex-blade aerodynamic model is added to describe the influence of aerodynamic interaction
between the coaxial rotors. Coupling those models with the wake model of coaxial rotor based on a viscous vor-
tex particle method, an unsteady aerodynamic analysis method under aerodynamic interaction of high-speed
rigid coaxial rotor is established. The aerodynamic load at characteristic span of X2 rigid coaxial rotor is simu-
lated during forward flight, and compared with the results of PRASADUM and CFD/CSD based on NASA
OVERFLOW and CREATE AV Helios to validate the effectiveness of the present unsteady aerodynamic analy-
sis method. Compared to PRASADUM, the present method better describes the variation characteristics of un-
steady airloads of the upper and lower rotors on the advancing and retreading sides, and the results agree better
with the computational results of CFD/CSD. Finally, the influence of aerodynamic interaction between the X2
upper and lower rotors on the unsteady aerodynamic loads is analyzed, and the difference of unsteady aerody-
namic load between the single rotor and coaxial rotor is also investigated. It is shown that the unsteady aerody-
namic load of rigid coaxial rotor is affected obviously by the tip vortex of coaxial rotor at low speed, while it is
influenced by coaxial rotor blade at high speed. The characteristic of aerodynamic load of coaxial rotor is radial
distribution with number of blades at high speed.
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Parabolic equation based land clutter power map modeling for
low-altitude surveillance radar in urban areas

LEI Peng"* , RAN Zhigiang', WANG Jun', LIU Xiaomin’

(1. School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. China Academy of Electronics and Information Technology, Beijing 100041, China)

Abstract; Land clutter power exerts a strong impact on the performance of low-altitude surveillance ra-
dar. Especially in urban areas, skyscrapers and atmosphere conditions complicate the radar signal propagation
and the electromagnetic scattering from land surfaces. This paper presents a land clutter power map modeling
approach for low-altitude surveillance radar in urban areas by using the parabolic equations (PE). It could
theoretically contribute to the performance prediction and field deployment of such radar systems as well as the
analysis of urban clutter characteristics. The proposed approach exploits wide-angle PE to take into account the
reflection, diffraction, refraction and multipath effects in low-grazing-angle radar propagation related to tall
buildings and atmosphere conditions. After the 3D approximation of aforementioned 2D wide-angle PE, the
propagation factors could be obtained in the 3D environment. Then according to the radar equation, the power
in every clutter cell is calculated. Finally, numerical simulations are carried out to demonstrate the influence
of different architectural appearances and urban skyscrapers on radar signal propagation and land clutter pow-
ers.

Keywords: low-altitude surveillance; radar signal propagation; parabolic equation ( PE) ; propagation

factor; land clutter power
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Fig.3  Structure of computation mesh
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Table 1 Validation of mesh size

RPN 48] 4 LA C, Cp
[ #% 1 907 563 0.4112 0.02163
[ #% 2 1378251 0.4137 0.02071
[R5 3 2055448 0.4160 0.02056

x2 BEEAMEEERIE
Table 2 Validation of wall grid height

%W’Jz% E.%ﬁl@’r%%‘fﬁ/m C/, C/)
™ 4 2 5%x10°* 0.4137 0.02071
R 45 4 1x1073 0.4148 0.02052

[ #5 5 3x10°* 0.4139 0.02076
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MR E B R IE AR 1 8 S EAE I BF R X 4, I
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25 AR T AR OB =50,
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Table 3 Actual changing interval of parameters

% ¥ P, [P, -1, P, +u]
1,(i=1,2,3,4) 0.047 [0.007,0.107]
v (i=1,2,3,4) 0.29 [0.25,0.35]
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Table 4 Effect of £, on aerodynamic coefficients

t, C, c, Cy
0.007 0.4113 0.01972 0.0376
0.047 0.4137 0.02071 0.0449
0.087 0.4164 0.02202 0.0527
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Table 5 Effect of x, on aerodynamic coefficients

Xy C, Cy Cy
0.25 0.4135 0.02070 0.0447
0.29 0.4137 0.02071 0.0449
0.33 0.4137 0.02068 0.0448
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Table 6 Interval sensitivity order of basis

design parameters

Z o) Cp
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(a)x‘=0.5 (b)x,=0.29 (c)x,=033 ' A 0.0686 0.04
B T AL Ak 3 A1 0.0195 0.024
K8 x, AL Y IR ) 2 P i 2k 14 JR T AR S A 0.0068 0.027
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Aerodynamic design of nacelle of blended-wing-body
aircraft with distributed propulsion
XIANG Yang, WU Jianghao® , XIONG Junjiang

(School of Transportation Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Nacelle design has a significant effect on aerodynamic performance of blended-wing-body
(BWB) aircraft with distributed propulsion. To clarify the effect and its reason of primary nacelle design pa-
rameters on aerodynamic performance of BWB aircraft with boundary layer ingestion ( BLI) effect, a detailed
study was conducted by computational fluid dynamics (CFD) method and Morris sensitivity analysis method.
Sensitivity order and coupled effect of primary design parameters on aerodynamic performance were obtained.
Flow details of higher sensitivity and greater coupled effect parameters were analyzed under baseline and alter-
native condition. The results show that the relatively most significant parameters are the maximum thickness of
section 2 and 3. The main reason is that local thickness and camber increase, and pressure distribution of
whole nacelle surface is changed. Leeward local stall will occur as the maximum thickness increases configura-
tion when mass flow rate decreases and inlet location along the chord direction moves forward. The coupled
effect of the maximum thickness of section 2 and 3 on aerodynamic performance is relatively significant.

Keywords: blended-wing-body ( BWB) configuration; boundary layer ingestion ( BLI); computational

fluid dynamics (CFD) ; sensitivity analysis; nacelle
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Y R/NCHEBS ) x i) /(m xm) 200 x 200
9 2 ik it/ MHz 0.683
TR TE L/ s 1.46
FHEHE (m-s™") 58.50
Z: % RHE/ km 11.31
g 0.50
5 ik b 5 2K/ kHz 341.46
HBBE S HE SR (BE RS 0] x Jr Azl )/ (m x m) 0.30 x0.36

40

-60

I 1kiF {i/dB

~80T o A B
e )

-100 =50 0 50 100 150 200 250
s /m

K2 275 543005 3 HARIE s B L
Fig.2 Comparison of target range profile between classic

method and proposed method
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Fig.3 Imaging result of proposed method
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Table 2 Target point spread function results of

proposed method

H 4 BB B om J5 AL

Fe PSLR/dB ISLR/dB PSLR/dB ISLR/dB
1 -13.3820  -9.8576  -13.2776 —10.2258
2 -13.3835  -9.8487  -13.3035 -10.2092
3 -13.3820  -9.8576  -13.2776 -10.2258
4 -13.4625  -9.8955  -13.2834 -10.2257
5 ~13.4701  -9.8851  -13.3262 -10.2283
6 -13.4625  -9.8955  -13.2834 -10.2257
7 -13.6196  -9.9601 -13.2921 -10.2213
8 -13.6249  -9.9522  -13.3064 -10.2165
9 -13.6196  -9.9601  -13.2921 -10.2213

®3 ZAFTFARABAIEER
Table 3 Target point spread function results of

classic method

H 45 s Ji A 1

Fris PSLR/dB ISLR/dB PSLR/dB ISLR/dB
1 -13.3103 -9.9574 -13.2031 -10.2182
2 -13.3129 -9.8400 -13.2035 -10.2189
3 -13.3140 -9.7712 -13.2743  -10.2215
4 -13.3003 -9.8955 -13.2130 -10.2172
5 -13.3876 -9.9664 -13.2212  -10.2208
6 -13.3200 -10.0090 -13.2303 -10.2175
7 -13.3103 -9.9619 -13.2134  -10.2213
8 -13.3903 -9.8569 -13.2021 -10.2206
9 -13.3196 -9.9854 -13.1984 -10.2191
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Fig.4 Comparison of back-projection imaging results

between classic method and proposed method
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Imaging approach for frequency-stepped SAR with virtual array model
RAN Da'?, YIN Canbin® ", JIA Xin®

(1. School of Space Information, Space Engineering University, Beijing 101416, Chinaj
2. School of Space Command, Space Engineering University, Beijing 101416, China)

Abstract: Aimed at the problem that frequency-stepped synthetic aperture radar (SAR) images obtained
by classic inverse Fourier transform method have a limit on unambiguous range, a new model which takes the
pulse sequence of frequency-stepped SAR as an along-track virtual array radar signal and its corresponding im-
aging method for frequency-stepped SAR were proposed. Meanwhile, unambiguous imaging using modified
back-projection method is realized. The virtual array model for frequency-stepped SAR signal was established
and the synthesis method of high resolution range profile based on this model was presented. By embedding
range migration correction and secondary phase compensation into original back-projection algorithm, a precise
two-dimensional image of the target was also obtained. All the results show that the virtual array model based
imaging method for frequency-stepped SAR is not restricted by the theoretical limit of frequency-stepped sig-
nal’ s unambiguous range and can get images without range ambiguity for wide swath imaging rapidly.

Keywords: frequency-stepped synthetic aperture radar; virtual array; back-projection; fast Fourier

transform ( FFT) ; space time adaptive processing ( STAP)
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Nonlinear robust control method for maneuver flight of flying wing UAV

LI Jiguang', CHEN Xin"* | LI Yajuan®, ZHANG Rong'
(1. School of Automation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, Chinas
2. School of Electronic Engineering, Nanjing Xiaozhuang University, Nanjing 211171, China)

Abstract: As flying wing UAV lacks manipulating ability, a control strategy combined with fluidic thrust
vectoring-turbocharged engine ( FTV-E) technology is proposed. In this paper, the control scheme is de-
signed: the inner loop compensator is used to eliminate the negative coupling term of system; the outer loop
compensator used backstepping tracking algorithm; the particle swarm optimization ( PSO) compensator to
compensate the disturbance and coupling term that cannot be modeled. The control structure’ s stability is
proved. Based on the traditional backstepping control methods, the proposed controller increases the inner
loop compensator. The proposed inner loop compensator retains the aerodynamic damping term which is favora-
ble to flight. This compensator not only can reduce the conservatism of the outer loop controller, but also is
convenient for engineering realization. The simulation results show that the proposed control scheme is effec-
tive.

Keywords: FTV-E technology; maneuver flight; control structure; input linearization; backstepping

control; PSO compensator
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Experiment and numerical simulation of liquid nitrogen
tank atmospheric ground parking
LI Jiachao, LIANG Guozhu "

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: In order to study the progress of the cryogenic propellant during atmospheric ground parking, a
visualization liquid nitrogen tank experiment system was designed. The experiment researched how the filling
rate and ambient temperature affected the evaporation mass of liquid nitrogen, and measured the fluid inside
tank and the wall temperature outside tank which changed with the time and location. The experimental results
show that during atmospheric ground parking the phase transition mainly happens in the wall and gas-liquid in-
terface, air pillow zone has temperature levels, and the air pillow temperature increases with the decrease of
the distance from the exit. The liquid stays in the saturated state with almost consistent temperature, and the
outer wall temperature distribution of the tank is significantly different in the axial direction and lower in liquid
zone. The heat and mass transfer between liquid and gas is deduced from the Hertz-Knudsen equation based
on the molecular dynamics theory. According to the temperature boundary conditions acquired from the experi-
ment, physical process of 30 min in liquid nitrogen tank during atmospheric ground parking was simulated
using mixture model. The simulation results show that the deviation of volume vaporization rate between simu-
lation and experiment is within 5% , and the deviation of temperature simulation and experiment in the liquid
zone is about 0. 15 K.

Keywords: cryogenic tank; atmospheric ground parking; phase transition; heat and mass transfer; mix-

ture model
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Sea surface salinity determination method assisted by
spaceborne GNSS-R

WANG Feng, YANG Dongkai*

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

Abstract: Global navigation satellite system-reflectometry ( GNSS-R) is a new remote sensing way which
is passive radar and could be used to improve the retrieval precision of the sea surface salinity (SSS). The
model of brightness temperature and the scattering power model of GNSS-R were reviewed, and the spaceborne
simulation scenario was developed in this paper. Based on those, the performance of GNSS-R aiding radiome-
ter to determine SSS was first explored. Although it is possible to decrease the mass and power consumption of
spaceborne equipment by sharing the antenna and radio frequency font-end between GNSS-R and radiometer
working on the frequency of GPS L1 1575.42 MHz, when SSS is larger than 25 psu, the sensitivity of bright-
ness temperature to SSS reduces by about 0.1 and 0.08 K/psu for the vertical and horizontal polarization sig-
nal respectively. The distortion of reflected GPS L1 signals on the measurement of the brightness temperature
was analyzed. It is found that under the condition of the simulation scenario for 1 K variation of brightness tem-
perature , reflected GPS L1 signals introduce error less than 2.5 x 10 ~* K. Subsequently, the sensitivity of the
GNSS-R observable to the brightness temperature variation for the vertical and horizontal polarization signal was
explored. The results show that when incidence angle increases, the sensitivity of the horizontal and vertical
polarization signal show falling and rising tendency respectively. Finally, the relationship between the sensiti-
vity of the observable to the brighiness temperature variation and the spatial resolution was analyzed. The con-
clusion is that the study of retrieval algorithm having high accuracy and spatial resolution is crucial for space-
borne GNSS-R aiding radiometer to determine SSS.

Keywords: global navigation satellite system-reflectometry ( GNSS-R) ; sea surface salinity ( SSS) ; as-

sisted determination; sensitivity; spatial resolution
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Incremental and parallel algorithm for anomaly detection in dynamic graphs

HAN Tao, LAN Yuqing® , XIAO Limin, LIU Yanfang

(School of Computer Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Financial fraud behavior, network intrusion and suspicious social actions can be detected by
structural anomaly detection in graphs. The existing anomaly detection algorithms require high computational
complexity and cannot process large-scale dynamic graphs. So an incremental and parallel algorithm is pro-
posed to discover and detect abnormal patterns in dynamic graphs effectively and efficiently. The whole graph
was partitioned into subgraphs by time sliding windows. N subgraphs in time sliding windows were processed in
parallel by minimum description length (MDL) principle to discover both normal and abnormal patterns. Struc-
tural outliers can be detected gradually in parallel based on normal patterns. The results of experiments conduc-
ted in multiple large-scale graphs show that the precision rate for detecting the abnormal patterns of dynamic
graph reaches 96% , recall rate reaches 85% , and running time reduces by an order of magnitude. The impact
of the size of sliding windows and the number of parallel on running time of the algorithm is also discussed.
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Three-dimensional modeling method of GNSS sea surface reflection signal

QI Yongqiang, ZHANG Bo, YANG Dongkai®, ZHANG Yanzhong, ZHANG Jianmin

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

Abstract; In the application of global navigation satellite system-reflection ( GNSS-R) technology, the
GNSS-R signal simulator is needed to test the reflection signal receiver in order to reduce costs. A modeling
method of global navigation satellite system ( GNSS) sea surface reflection signal based on the principle of
bistatic radar is presented. First, the remote sensing principle of GNSS-R bistatic radar was analyzed. Then,
according to the distribution characteristics of the delay and the Doppler frequency on the sea surface, the
reflection points of the sea surface were selected, and the area of corresponding reflection units was calculated.
Subsequently, the calculation of the scattering coefficient was carried out. Finally, the simulation verification
of the multiple combined signals was conducted. The simulation results indicate that the correlation coefficient
of the simulated ocean reflection signal’ s correlation power curve and the theoretical curve of the ZV model is
better than 0.92, which can be used to generate the GNSS ocean reflection signal effectively.

Keywords: global navigation satellite system ( GNSS) ; ocean remote sensing; reflection signal; bistatic
radar; ZV model

Received: 2017-01-16; Accepted: 2017-02-15; Published online: 2017-04-28 15:12
URL: kns. cnki. net/kems/detail/11.2625. V.20170428. 1512.001. html
Foundation item: National Natural Science Foundation of China (61171070)

* Corresponding author. E-mail; yangdongkai@ sina. com



2018 4 1 A
F44 4 1

KRB EHRA SR AL LY January 2018
Journal of Beijing University of Aeronautics and Astronautics Jﬂ 15¢] Vol.44 No. 1

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2017. 0031

jbuaa@ buaa. edu. cn

21 35 % H #R A0 B B — iR £ S A1

SCEL

BXE, TRt

(BHETRKE B G206, 9% 710051)

i B A4 AD(ECOO) N MER L X2 RFAEUA Ko XN
B,EMR S K RPENARF B, AT #E ECOC iz I f, xF ECOC 2k 22 & iy it
A AEAT T A MR — B LB K 4 3t ECOC iz (LM sk 34T it . @ — (LOO) iR £ 1k
Az AR W R, BT % T ECOC B —R 2 R it A, L% T ECOC & —ik £ W
RETREX, BB T A2 XBEHNXFEEN(SYM), 7 & & ERKE KBS
W,ECOC ¥ —ZZM L R TR, £ AT ##E R UCI &4 % LI LH LW ,ECOC § —i%
EZMERT U ESRBNSKEE, B HE ) RBFRITTURSE ECOC Wz LE#, I
b, ECOC 89 453k = 7 LLfE & ECOC F —ix 28 T, xf ECOC § —i% = T R oy 7 % 7 LU 1F

AR T o

X # W BRARA; SR % A dAE (ECOC); g (LO0); ¥ —Rr=

hESES . TP39I
XERARIRED: A

FEBL S e, AR 22 5 R T 1 %5 £ H bRl
SR, Hon, AR TS R iR e
A AE AR R A L A R S X 2
A HARHET RGN T 228 K 8, T E i 2
KAy HKas . BUA WD kb A — ST DL
IO FH T A v 22 285 43 2 [ BT, LG s e S A R
e P A L (E M — S BB P RE AT B
27 v M DL BB R B 22 2 4y S L B e
SHE AL (SVM) A Adaboost ' 45 A11)E T
TSRS T LU G A e 2 IR,
T RTT Y B 2 2 4 FE AT 1 — ol i e S
B, 32 SR AN T 3 22 B0 SR, S 224 Kl
O R A A A I, R A 26 4%
K7 TR Y Ty R BT M R R A
LRI P A AT S

A R 4 T (ECOC) $HE T — Rl AT 1% 43

NEHS: 1001-5965(2018)01-0132-10

FRAEZE AT LUK 52 4% 10 22 25 43 25 R L3 fif o — &R
FIRG —25 J 1M . [ 1995 4 i Dietterich il
Bakiri "' & UCHR LK, 5B T AR Z 2 H K,
AR R, A O 22 3 0 ¥ O T 9% 9% 12 B
R (o TN I =% 0 N B S WU
ECOC {72 AL B 7, B ECOC X o %1 2 3] BF A% 1y
WMAE J1, o ECOC ZIhBE NN R 54
3G R R KR BT A T . X
LY P AT AR B I R s . TR
5 ECOC Kz AL PERE 1R 22 2 5 o 4 T 7 1 i i it
JEHEAT T HF5% . Bautista 28" BFSY T 3 Tk
B R AR R T i A R T T
Y I 23 V) 8 P 23 G 7 9 R 6 T S 43 1 0 A
TR 014 J2 VR ] R i e 2 A 3 D s R T 4R
L T B2 SR R Sy 2 ST HE 2R i i 2 >0 75 3
WA ERY ) i o B4, Tsmailoglu 25 BF 5% T 3 18

B 201701-17; EABH: 2017-05-12; M4 HRRATIE: 2017-06-19 1553
W 4& H R bk kns. cnki. net/kems/detail /11.2625. V.20170619. 1553. 004. html

E&TH: BHXARR¥E4E (61273275, 61703426)
= BIS1EE. E-mail; wang_afeu@ 126. com

SIAHEN: BXE, T/ HEMLHTHE —REREH[I] AFEMEAKA FFR, 2018, 44 (1) : 132- 141.
XUE A J, WANG X D. Leave-one-out error bounds estimation for error correcting output codes [J ]. Journal of Beijing University of
Aeronautics and Astronautics , 2018 , 44 (1 ) : 132- 141 (in Chinese ).


Administrator
新建图章

www.cnki.net/kcms/detail/11.2625.V.20170619.1553.004.html

513

B2 45, 55 - O B i o o T 1 B — R 22 A T

EloF e F
133

BB X 53 25 25 Pk BB E AT 75 570 04 I AU A# 5 7 75 5 Pas-
serini 25" $ T S 00 ME 2R 5 1 5 15 AE 1L
SR b RS AN SO L R S A S S
fift it AR P 56 T gy Tk RN ik S 4
MIZRR AT IS H SR 17 ] 0 Rl 58 TAE A
i1 4 = ECOC Mz AL MERESR AL 1 A e JEL 3% o

ERHIF A BT ECOC 4 28 88 (0¥ i1 56 7E
B/ e A SRS L B T B 5E . 2002 4F, Cram-
mer F1 Singer' " X BLAT 14 24 5 iy th) 4 7 07 o R AT
TN BT 3 A, o 22—k
S 4 7 G R A o] R B 08 43 KA R SR AN Y
— U TR AR . A AR T ) R S 7
T 0 B 24 R W AR T, 40 4oy 3 21— 4 e 4 1 3 43
Fdn 15 ECOC Mz fb iR 22 fe /N 2004 4F, Pas-
serini 25" X} ECOC 343 2% 2% 1 ¥ 3 1) L k17 7
WEE B T 5650254580 SVM I (1 S 45 e 5 1) L

A H B 5k & 7E Passerini %‘%‘[15] T AE iy 4t
fih I, %F ECOC 3 73 2 48 9 15 1 ] T J it — 25
IRIESE , AR ECOC 172 Ak v BE M — & 1 ot
MR ARt ny B s 2/ ECOC iz fhiR
2RI, i P ax — 1) R A 6 B k2 T i 5
ECOC M7zt i 25 . A i FFE A B9 2 Aii J& oK 0
1, ECOC H 3 iy iz A i 22 FE A1 M LAt 58, A I,
SEBR RN B3 2R 00 T 0 20z Ak iR 25 Ak T
fHo B—(LOO) %22 0] DL iz fb iR 22 () — Fh
T AT o AR 2 RR A I B0 B R R iR
2T BT R I A] . — PR AT 0 A o S8 B
ST — IR, R B — 322 A xt ECOC
M7z At REUEAT Al T . AR SO B TAE R & 45 1
ECOC i —i® 2 kit

[l s, A 7 ] A, AR S s B X 3 4 K
o SVM B (I T EATF 98 . 243640 254 SVM
B, TR ] A gl e Qo] 3 49 e A0 19 2 50 I A, 3
S B RA FE A S RO IE N 2 8 AR Z 5
T3 AR Iz AL RE S AN TR, HE I 2 ECOC
Rz ERE . 53 A8, X T ECOC i, AL 4325
WS EEEEA 2 ST — A KA
AR, 75 2 53 590 A B A B A e R e 1
(S50 IR TR A 23R S B R), w] LA
BT B3 R B RIS, B4R,
FHWMEREE I K TRE. W, A SR A 1
By KA EA M S8

RXEANAHT ECOC HEH RIFHE T
ECOC B — iR 2218 S0, I 5E SCH &, 43 3 45 1
T ECOC 8 —iR M LA T At &5 4
TR G 0.

1 EHH ARG

ECOC J2&—FpF) Fl — 70 8% = 7T 1 J 12 5 1
25y J () 43 i SR T 24 2 ) L 1 i
SEARME B, Hoh, TOn g RS AT DL R OR R
Me | =1, +1} "7 k2%, S h i B, 4
T2 A A T AR R R — 28, 4 A 6 7 1) B0 A 6 — A
TR - 1V R ORI AEAT X B R AE R
R gl ] 4 S s+ 17 R H I AE AT A R
2 AE Z 20 43 v Rl R 43 SR GE 2 5 =00 g 1 O
AFERA Me | -1,0, +1]7° Hh 0" R
HRTTEAT M R I 287 28 oy h g 2w, [ 1 45
BT 4 FpE WL ECOC gafS 7 i, il —Xf
27 Yk X " g b % A B AL R L B
Mg, B 1R +17 % 17 [0 4351
i BRERKaRR,

ECOC fif gt 22 25 43 25 [n] U, 58 8 ] DL &I 43
=AY B dn i B B IR B B AR RS B B, FE
it B B I A 20 43, RS 280 43 % i
—ANTRG RS IR B AR 2R 4y
Az B 43 4 1 I R B0 4R, 58 IR i 4 25 4
(s=1,2,-,S) Wil Z, Blan, 7’ 1(d) otk
Oy SRR Sy BEATUNZR I, BE B (1@ Xt R €, R IE
e, BAAXT R C, Ry 2 4 B R B 4 | T 22
W K €45 L 25 €, Fi G

(c) AR ML

Bl 1 4 LK ECOC
Fig.1 Four commonly-used ECOCs

(d) Frsft PR



134 Jb 5B AL R K ¥ ¥

Abft 5 4R

2018 4F

TEfRA B B, R 2 J 00 R 19 70 F A5 R
) FHRE ol e % O 0 5 5 W) 74 3 e 28 1) 70 2K
g fln e 1 (d) g — I AS X A
FHVNZRAT 20 L 73 2 f 0 e A7 0 28, 4 R O —
W i (v, vy, 2 ,2,) (Hfr e, e f -1, + 1),
AR B 5 1) k- 2 08 REL R A 7 22 1) 194 /N D W B
KA R

2 ECOCE—RERLTHRmMIT
2.1 ECOCHIB—RE

B RRE HEAR x i 24y KR
g(xy) =d, (m, f(x)) —dy(m, f()) (1)
Kb
pzargq#n‘jin d,(m, f(x)) (2)
m, O B0 RE AT 1] A5 o (o) O B 0 26 4 o 1)
fad, (-) WEMEIR R BRI

MG ECOC AR RS RLI , 24 g (x,y) <O I,
A x WA s g (x,y) =0 B FEA v BOEHH 7
o skl W ARG 2 0y 2R EE g (o, y) BB,
A LARAEA » 15 ECOC B i 73 28 k47 A .
HET T I 25 46 vh B BT A AR A, ECOC 1Y 28 9 15
F=LINVSE|

T Y 0= eCrr) (3)

K€ WGP FERB DBy, AR x, 9K
As0( - ) h— kg, HoE
x>0

1
m»={
0 3t

2% ECOC 2 45 1% 22 19 5 X, n] DL 4y iy
ECOC f — iR Z WY& Lo B A B — il ad 72
HOREAR x, SR BRI BR O REAS o I, B BRAE A S
P BB 0 DI G B R RE AR A EO € - 10 ZEFTY
YR EIIZE ECOC, I 2R )5 15 3] — 2 B 73 K e
RO ) o 5T ORFH £ 53 2 0] B 3 REAS x,
Je i ECOC H iR JhAT FIMr o B BRFEA «,
(243 R ERRIC R &' (x,,y,) , HoE LN
g (x,y) =d (m, f'(x)) —d (m, f'(x))

(4)
e
pi:ar%#r‘pindlt(mq,fi(xi)) (5)

R, AR B ECOC 9 Je s ML, 24 &' (,,
y;) <OBF FEAS w, BEREEIR 20 28 & W FEAS «,
WAEH S BIARYE & (x,\y,) MU, AT LAST A
A oo, 78 B — IR G R PR T s B R R AT

FIWE. T, X145 36 o 0 7 A1 B A, ECOC 1
B — 22 T L1 S
T - (50)) (6)

W B BN R B — iR 20 LR fE— 4
2 ) BEVRIZ AR 25 (0 TS A 1, W] DA Ak 4R S
)R SRR RE . (HAESEBR R 1A
BRI R 20 A AR L I R R A AR
Ko MBI — IR RREARA B €, W53 5
—BIEM R IR W EXE I BT €
ko Ry, SR EE b R REARBR K, 5
)RR R — RN T R BE S8 AT 55 .
PR, 7 e 52 o ) S, BHBIE N R 2% 80 T 3
A IR, R X — FHE R S RE R B —
WRZEPEATAG T, A T THZ 2% 2 BRIz AL iR 22

B2 Tk, ECOC B —iRZE M E L &, 7
et ECOC (B —iRZEM LR A,
2.2 ECOCE—REWLFAMTHRMAIT

flitt ECOC 8 — 1% 25 1 A1 SC S #E T, ]
FIWT IR FEAS x, 78 87— 3 2o B v 2 75 4
WA X — AT DL I 2 2K B g (x,,
y ) BUER IR . 2 g (x,,y,) <O B, 50T
PUA R FEA x, 76 B — W0 32 2 v e 48 1% 0 2%
UL, Al T ECOC 1 B — 15 25 AL 1 In) 8 5k 5% 1 A
Wit 40 KM g (x,,y,) 1A ) L

R TSR ) R A SR A A T O 4R A
o R I

d(m, ) ==m, - f== Y m,J (1)

ULEE, 25 200 g (x,,y,) AT LS H
g(x,y) =m, - f'(x,) -—m, - f'(x) (8)

(e B — 0 AR, g S B e — S AR AR AR
O GE— f (), X EFEITAE—iR
EFES bR R EZ A, Fk, b 17k 5E
TFRS, T EBR (- )R KRG ¢ (x,,y,) B
HAZ M, s fy 2, SCERL 1S T g 5] 3 1 g
TCHEC ) ZRMWBER, BT fC-)NFH
BAER AU 4L B g — ik, B, 2R R
FOOREF o) Mg Bk, B EE %A 4
£ Bl ZE— ¥k ECOC, gt n] LA Ky T 5 FEAS 1) 2
Iy25IE b g (o, yy ) BOBUME . AT, K R/ i
VAR:ERS

SIE 1YY RS — N EEA YIS I
SRR EI SYM, £ O BBk s A «, J5 7658 1Y VI 45
£ EINIZAFRIE SVM, A0 (9) BT
yif(x) =G, <y f(x) <y flx) (9)



513

B2 45, 55 - O B i o o T 1 B — R 22 A T

A
135

Ao, SR A A 0] A5 31 %) P s B H R B
G, =K(x;,%,) ,K( -, ) NEERE

IFE T AR AR SR (15 ] #gl B 1
BT T ECOC fy5 — A2y 26488, AN 55 50 (9) o]
PIES N
filx) =f.(x,) —-Am s e {1,2,-,8}

(10)

Kp:r, el0,0:6; ],

KR (10)IRAZ 5 KB &' (x,,y,) B RE L
ARV

N

g (x,,y,) = z (m,, - mp,s)f:(xi) =

s=1
S
D L0m, —m)f () =m, (m, —m,)A,]
s=1

(11)

WRE L TEZ Y MG g (a0, y,) BOAE SO T
BRTF0C ) M. (AR T A R 1
RID) A A2 DS RO EE R, 2 52 p'
FA, o X 2 S HU R FE , T BTG T 114 75
B2 A0 &' (x,y,) BIBUE . N G, A S0 i
X2 or AT B g (v ) B4, Xk 22 43 25 ) I
g (xyy,) W BUE HE AT A 31, 23 3145 3] T ECOC 11
B iR F SRR R

e, B 2K g (v, B
M4 S ECOC B — i 2% b AR B2 il fry 1é
Fo BRI & (x,y,) BB T
MR, B H W 2K MR ¢ (x,,y,) B HUE 7E
X[ [A,B] .,
A<g(x,y)<B (12)
A A R B B AT LR E R . X RE, BT A
B AT LIS 23 KMk g (x,,y,) BOHUE o

Yo' (x,y,) <O B, —EH A <0 K7 HE
RZMARSK, 2 A <0 B, F—EH g (x,,7) <0
ST o PR, AT LR 258 A <0 S g (x,,y,) <0
JIST F 6 A T AR FE A S F o E— B, TR AR
5 A U ECOC () B — 2 22 ME A7 A6 1, 15 3
ff)— & J& ECOC B —iR 21 B3 Mg

%Zg(_Ai) B%ZG(_gi(xny[)) (13)

A, NI TRA «, THEREI A,
55—, Y4 B <0 W, —EH g (x,7,) <0
TR Z Y g (x,,y,) <O B, R—E4 B <0
7. L, T IS 458 ,B <0 & g' (x,,y,) <0
JRSL B FE oy S T AE b B S . HE— 25, IR AR
i B (I EUEXT ECOC 1y 8 — i 22 #E 474k 11, 15 2

1) —& & ECOC B —iRZEM N A BIA
%ZM-&><%ZM—yman> (14)

KB, WETFAR « IHEHRINW B,

A LA LR Wl 4R B 558 1 A B 215
F| ECOC 4 —iR 25 AR B0 S, )2 A 3
O F AR ), T e B 1R B 2 )
At ECOC B —2E ERM PR,

EIE 1 I AA N SVM, iR i Jr ik h &
PEF K SRR RS B, ECOC [958 —1% 2% Rk

1 o < .
X 0| min ¥ [(m, —m, )f(x) +
i=1 ‘1*9’i$:1

mwmmﬁ—n%>mcm)

EB HAEHEm, (m,, —m,) WEE. m,,
I m, #RAT 3 FETREAY A, 402 + 1,0 F -1,

4 m, =0 Eﬂ’,m},ﬁ(m},is -m,. ) =0,

B m,, = +1 1,

0 mpi_\, = + 1
m),i‘\,(mw - mpfc) = {1 m,. = 0

2 m,; =-1

%/[ m)'l_\‘ =-1 HTJ‘a
2 m,, =+ 1
mws(mm - mp’s) =41 m,, = 0
0 m, =-1

Biblom, (m, —m,,) fHUERARE S. [
o I A, < [0, 6], A

g0 =Y Gy = m)f i) =
> [ Omy, = m)f () = m, (m, -
mm)/\s] = Z [(mm - mm)fs(xi) -

- m) iG]

Artp 500 M, DAL,

Sk ,p AU T R RE M R — T,
QR

g = Y Lm, = m)f(x) -

m, ) f.(x;) - m},ib(mw -m, )G ]
Mg (x;,y) <O B —EH

s
minz [(mns - m,,j)fs(xi) -
97y s=1

m, (m —m )a;G;] <0

L, Al DL A 3]
Ai =1;£P2 [(mw - My )fé(x‘) B



AL LF R

136 b 5OML A ML R K % % R 2018 4
m, (m, —m,) oG] IE B PAEY L N TBUREI Y 5 BREA, 5251

EIE 2 MILArIEER N SVM, RIS ik bk
P45 e B BRI I ECOC MU —iRE T R

T X o(min Y [Om, om0 () ]

5=

B HIEE m (m - m,) A, B R
P, 47

g = Y (my = m)f () =

Z [(mhs - mp‘b)f;(xi) - m)’,é<mh3' -

moA] = 3 [, = mu)f ()]
FIRER b (03 T SRR M 31
e A
§xr) < minY [lm,, = m,)f(x)] <

S [(m,, = m)f.(x)]

W win ¥ [ (m,, = m,)f(x) ] < 0 B

HTJ"—/:‘_‘E%‘ gi<xi9yi) <O ﬁ‘zjo
RYCIRYECE
B =min ¥ [(m,, —m,)f(x)] i b

s=1

SRR R — AU, € B2 45 i i ECOC
M—ImZM T HRAU#E—-LER
2Zle(minz[(mqs_mhs)fx(xi)J =

i 9FYi =1

S

¢ b
gze(rﬁélilgm‘lf*(xz) -

Z mﬁ'i‘f‘(xi) ) - %Z 0(dL(m.h’f(xi)) -

—_

4 Omy o f(x))) = 4 3 0= gx)

(15)
HI AT LA ), ECOC B — iR 2 1 F A 5L b
e ECOC Wy iR 22 , AR Il gRiR 2
B, ARSI B 4 T ECOC B —iRZER) |
FEANTR o T R SR X 2 A S A R
PEAT BIE o

3 % W

TSI RS SR B LA RS A R
Sy Hr 3 AT I X SRR AT A 4 .
3.1 KEHRE

S B S — A N B 4R 2 4> UCT %

BEARAHO S0, 46 I HCR A1 I 2 B o 15
AR B4 B 2, B b 5 FL A F,
B I LRI &40 JEHER 8 SOl
p(x|C,) =

IR BRI IE R S)

i=1,2,.5 (16)
Al g A O 6 g, P B T 3
o 2 45 SR B e 1

Sl Bk UCK B S SR T 6 % %
MBI S, 42 T RS SR 4 R B A B K
I AFEGEAO 4RO B2 23000 4

10
*
% Y >
* "ﬂp |:D D:.ﬂb:%b
J F 3 3
* t*‘“ntm, & } b
+* ﬁ?‘m g
(2 o
:+ a &Jné:f? Duoq.oﬂ %oo g
+ + *tH @ ¢ o
0 R +§o *’%;ﬁa@bo@
+ + R T
Hra 20y
. o
-5 0 5 10
F
+ * o C B C o’

2 = ’ 53
B2 A B 4 ) Kl o3 A
Fig.2 Data distribution of synthetic dataset

F1 AIBEEHSHRE

Table 1 Parameter setting for synthetic dataset
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Table 2 UCI datasets used in experiment

B 4 FEAA B T AIF 2% %5 5 %K
vowel 990 13 11
balance 625 4 3
glass 214 10 6
vehicle 846 18 4
letter 1214 16 26
segmentation 2310 19 7

3.2 It
ALBBITA H RN TR R E M 1 E



513

B2 45, 55 - O B i o o T 1 B — R 22 A T

EloF T E

M) 137

M2 4K ECOC B —ik 22 B AR 1A 8K
PEo B —RERNARIERAEE R EMN ER
HETIRRAEE 52 M F 8 1T A2 4
P XRE, Y —IR 220 RN BN B
=T H B — 158 25 0 N 3% L AR D

21 RN B & 1T WO = S N @ e o £
200 ANFEAS, RIL, 76 N T 8dE 45 b kAT B — iR 22
M, e i SE PRy B8 — 1R 25 . % 18 3] UCT ¥l 4k
IREAAN B Z T B — R 2 M FE I AR, BT
PLLFE UCH s 5 b 77 20 828 IRk, DA AE X
B 45 ORI A B — 1R 22

SLEG LSS AR R SVM A% BRI BT R s 8T AR )
FERLREL . ST IR ARG — X 27 g R — X
— " YR o R VR O A R R U . TE
S H C MBS o AL FE R E R (277,
270 2% 0 N T RIS, A A K AR IE
Ak 2 BORAZ 2 8000 B8 A ]
3.3 XWERESW
3.3.1 ALKBEE

B3 23l g5 TS RS BORNE AL S8
M —RZEME %2 LT RWARE L, 5
RS RENP BB AN, B —iREME X

1.0 F=o—o—o—0
I’{
0gl o-f —iRa kA é
- -8 RLETH
i -~ "
) 06F Q ",
o J
04+
;
02F e
1.--‘- 0
’I
- _‘-’" i
-6 -4 -2 0 2 4 6 8
Iba
(a) “—R 2 G, RS
0.8
0.7F
I
0.6} i
o
[
U"? r J"
Q‘-u 'I
041 P
I”‘oh*
0.3F '
PN S
g R - S

% -4 -2 0 2 4 6 8
IbC
(c) "} 2 i, ARIEN{E S5

2 SR AR AR AR BOK, X UE BT 3 o X T
M 2 Bk AT Ak, AT DL &M 1R
ECOC [z b ERE. XK 3 (a) (b)) FIE 3 (c) .
(d) B — 2 22 8 Ak il 2 iy AR R B P 0, % =
ot ECOC 1) B — 158 25 195 i 22 K F IE Mk 2 40
M2 o 3% Ud B, X 4% 2 8 AT DAk X TR
ECOC Mz b PEfe s % .

HIE 3BT LUE ), B2 E A o ME B
MR 5 B — 1R 25 de/IME IR AL B R R R
UL, R B — 5 22 1 0] LA AR SO R et 1)
BSHRIENACSE . TLAUL, B 1T 25 i B —
WER ERRA R, FE, 8T U,
BB R 2 BT B AR B Ay R AR AR
AR EUNGR— IR AT S s b AR o

fAJE, B 3(a) . (b) 18— 2T A aEm/ME
R B A B 1R 2 /DML S B T B 2
RK. XULH], B — R 20 T AR A U 18
SEFERNSE. NiZEES, EM2 5 HME
—iRZ T ASChR ke ECOC il iRz, Xt
S T3 — A BB E T /MU ZRIR 25 TF AR — 8
REA% S/ IMETZ iR 25
3.3.2 UCI%34%&

4 S 43045 H T UCT Bl 4 B AR

1.0 —o—0—0—0
e
aal -l -V ]
' -8 BRETR
06F
At
04
0.2
0
-6
Ibo
(b) “—3— "G, RS
0.8
L8
0.7 -»-5 L,}r})[ bl ..lf’ﬂ
gl - BLTH o
O -k Pl
05k ,"'
& 1
04t [
03f
02t = e SR

6 4 2 0 2 4 6 &8
IbC
(d) R "G, a1 2%

B3 N LEE S AR R 2 B e WAL 2 8O0 B B — iR 2 I — ik 22 BT A

Fig.3 LOO error and LOO error’ s upper and lower bounds with different kernel parameters and

regularization parameters on synthetic dataset



EloF T E

138 s it 2 MK Ok ¥ ¥ e 2018 4
S T P WO g I
0.8 08t
06 0671

a’ B e’
0.4 04r
02F 0.2
0 0
-6 -6
b (a) vowel
1.0 1.0
0.8 0.8
0.6 061
af i a’ -
0.4 04}
0.2 02t
0
-6 0—6
|
L, (b) balance
1.0 1.0 oo o o <
I S [ 1] o
0.8 0.8
0.6 061
04 { 0.4
0.2 0.2
0 : ol
-6 -4 -2 0 2 4 6 8 -6
Ibo (© glass Ibe
1.0 i
08
0.6
0.4
02
0—6 8
Iba (d) vehicle Iba
1.0 1.0
0.8 081
0.6 0.6
o’ - o’ F
04 041
0.2 02t
0¢ 0
(e) letter
1.0 1.0
0.8 0.8
0.6 061
8’ I a’ F
04 04 r
02 02
0¢ 0

(f) segmentation
- H-RELR - BHRETH = 2003 Wik
B4 UCTHURE EAFBESHT 20 A XRIEM SR LB R L TR
Fig.4 20-fold cross validation results and LOO error’ s upper and lower bound with

different kernel parameters on UCI datasets



EloF T E

1 BETETE S L O BN L 2 T 10 B 3% 2 A3 IS 15 139
0.14 0.04
012+ B2 -i-l‘»:?f" !;‘;éﬂjz[l ’.J--&—o——o——o——o——> | 2 '.i'l' =" %ﬁﬁ'ﬁ
. '(' 003+
0.10 b Ty s
A 0.08 | .,;" © 0.02
-§ 1 o’ 002
006 | I
0041 & J 001}
0.02 b
0 bt pial” S ot 0 -T--’-h?'\ e i oo
-6 -4 -2 0 2 4 6 8 -6 -4 -2 2 4 6 8
IbC IbC
(a) vowel
0.4 03
03} L)
03}
a’ 0.2 a’ -
02}
0LF 0.1}
0—6 0—6
(b) balance
1.0
0.8 |
06
0.4 F
02}
0 i i
-6 -4 -2 0 2 4 6 E -6 -4 -2 2 4 6 ]
bC B bC
(c) glass
0.6 07—
05t 06
04t 05¢
. 03 . 04r
2’ 0. B
03}
02} o2t
0.1 F 0.1t
0 0 ’ v
'6 % -4 =2 2 4 6 8
IbC
(d) vehicle
0.5 0.7 =
04} |
L 0.5
03¢ . 04
R = o3t
r 0.2}
01 o1l
"““ - 0 - -
-6 -4 -2 0 2 4 6 8 -6 -4 -2 2 4 6 8
bC {e) letter bC
035 : 035
030 AET A 030}
025}F g‘. 025}
0201 % 0201
Yoas| ¥ 015t
15 ;T R 15
010t ™ S | 010t
0.05 0051
-t-o L
0—6 -4 -2 0 2 4 6 8 0—6
L (f) segmentation
- iR ER - R 20 R

BS UCIEHRSE EARIENAASHET 20 FA2 LEIEM LSRR E 1R %2 E TR

Fig.5 20-fold cross validation results and LOO error’ s upper and lower bound with

different regularization parameters on UCI datasets



140 Jb 5B AL R K ¥ ¥

e

2018 4F

ZRCAIEN L Z 80T 20 28 X500 i 45 1 S
—iRZE LT AWM. hE A LA SR
P B — R 25 B SR/ ME P RAER B — S AR/
1920 EAC IR IELE R, B RS H —wE LR
() 5 /MEL 5 20 28 B TIE 45 3R e /IME Z [ FEAE
—E WO 25 (AR A B — 158 22 b A/ ME X S 4L
HEATBROUATI SR AT AAR KRR B b 42 5 o3 8 iz 4k
AE ST R, AT AL, 76 UCT $dla 45 BB 1 44
(B8 — 1R 22 1 AL SR T LA 2 b R 4% 2 B0RT IE
WAL S B £

Jy—Jr i, NE 4 hal DUE 3,20 E AR XK
TIE 285 S 1 Fe /IME RN B8 — 15 22 1 B fe/IME LT 4B
WA TE - RZETAFETOWME L, Wit
WRiRZEN 0 ML E . XA AT LA B e/ ME
R 2 R MEZ IR Z LB & BIER
M. WAHBPMGEIE, K 3(c)  (d) FE S e
AW IENAESET, 58—k LR, 8 —
WETHAGSE R 2 #H 20 HL XKUFL;
R AR AR B JFH AR 3(a) . (b)
FE 4 v Y SO ECRRT B — 35228 BB
LT SRS T B — IR 22 80 20 E A LRIE
SERMMS . BT IR RN, BB BA S
Tk R B WA R R R, TR e e
225 B — iR 25 N ALAE ECOC BRI 36 £ b i1y
N 25 R B . (HSCHR[20 ] B &4 Lz
PRA5 22 TR A T AT R 46 22 56 XU Wi 85T 0
B R ) A 5 S L DT R L B AR I ) 1 A 2
FLMPERE . G, RSk X ECOC 988 — iR F
FHETHRAR TN 2 — s A ) AR,

4 &

1) A4 i ECOC BB —iR 210 b Aal L)
AR g T B R SRR o S
SRy A % ol N

2) RIS RERR RS T A
A4 ECOC iz fb g o

3) ECOC [ £ 50 15 22 5l & v I 45 1% 22 w] LA
£ ECOC B —RZEM T 7.

4) AL ECOC B —iR 21 T A7 5
S LR AT DL SE IS T LS B — 1R 22

AR T HE X ECOC iZALRE 1 1Ak 1R B2
T2 ECOC B — iR 2211 F A 2F A7 5 m B A iF
Fo WAP, MEA I LA SO [F B DF 5T
ECOC 384y 2 25 (1 B 1 ) 8 2 — 300 & A Pk R
PR TAE . B H B M ik T ECOC B —i%
25 S B AL T AT DAAE S AR 1 — AR 5E 7 1] o

[6]

[10]

[11]

[12]

[13]

[14]

[15]

2% ik (References)

NI J,XU X Z,DING S F,et al. An adaptive extreme learning
machine algorithm and its application on face recognition[ J].
International Journal of Computing Science and Mathmatics,
2015,6(6) :611-619.

QURESHI M S,QURESHI M B,NABI M G, et al. Handwritten
digit recognition system using neural network[ J]. Energy Pro-
cedia,2011,13:4326-4336.

BERKAYA S K,GUNDUZ H,O0ZSEN O, et al. On circular traf-
fic sign detection and recognition[ J]. Expert System with Ap-
plications,2016,48 :67-75.

NITHYA R,SANTHI B. Decision tree classifiers for mass clas-
sification| J | . International Journal of Signal and Imaging Sys-
tem Engineering,2015,8(1/2) :39-45.

PR, ak TOBESCHUN [ M. 2 . JEat: 35 A K 2% R
41,2000 :296-303.

BIAN Z Q,ZHANG X G. Pattern recognition[ M ].2nd ed. Bei-
jing: Tsinghua University Press,2000:296-303 (in Chinese) .
FREUND Y ,SHAPIRE R E. A decision-theoretic generalization
of online learning and an application to boosting[ J]. Journal of
Computer and System Sciences,1997,55(1) :119-139.
DIETTERICH T G, BAKIRI G. Solving multiclass learning
problems via error-correcting output codes[ J]. Journal of Artifi-
cial Intelligence Research,1995,2(1) :263-286.

BAI X L,NIWAS S I,LIN W S, et al. Learning ECOC code ma-
trix for multiclass classification with application to glaucoma di-
agnosis[ J]. Journal of Medical Systems,2016,40(4) .78.

LIU K H,ZENG Z H,NG V T Y. A hierarchical ensemble of
ECOC for cancer classification based on multi-class microarray
data[ J]. Information Sciences,2016,349-350.102-118.
BAUTISTA M A,ESCALERA S,BARO X, et al. On the design
of an ECOC-compliant genetic algorithm [ J]. Pattern Recogni-
tion,2014 ,47(2) :865-884.

A CEREE A T A5 S 19 ) 4 2
[I]. il 5 P9 ,2015,30(9) :1597-1602.

LEI L, WANG X D,LUO X, et al. Error-correcting output codes
based on feature space transformation [ J]. Control and Deci-
sion,2015,30(9) :1597-1602 (in Chinese) .

WH, LS, P A5 HET SVDD (12 W 2 4 i Hh 2 65 TF
L[] ARG TR 5 T HAK,2015,37(8) :1916-1921.

LEI L,WANG X D,LUO X,et al. Hierarchical error-correcting
output codes based on SVDD [ J]. Systems Engineering and
Electronics,2015,37(8) :1916-1921 (in Chinese) .

JEI R AL M o, A6 R T R 2 10 4% 1) 2 4 i LS 2 )
S LT] . 24,2013 ,41(6) 1114-1121.

ZHOU J D,ZHOU H J,YANG Y ,et al. Coding design for error
correcting output codes based on neural network[ J]. Acta Elec-
tronica Sinica,2013,41(6) :1114-1121(in Chinese) .
ISMAILOGLU F, SPRINGHUIZEN I G, SMIRNOV E, et al.
Fractional programming weighted decoding for error-correcting
output codes [ J]. Lecture Note in Computer Science, 2015,
9132.38-50.

PASSERINI A,PONTIL M,FRASCONI P. New results on error



AL LF R

%1 BRI, 25 0 G o SR 1 B — 1222 SRA e 141
correcting output codes of kernel machines[ J]. IEEE Transac- [19] ASUNCION A,NEWMAN D. UCI machine learning repository
tions on Neural Networks,2004,15(1) ;45-54. [D].Irvine: University of California,2007.

[16] ZHOU J D, WANG X D,ZHOU H J, et al. Decoding design [20] sk, fhos A, B gR (1) et S5Eht)]. T
based on posterior probabilities in ternary error-correcting out- TR 23] ,2008,25(1) : 19,
put codes[ J]. Pattern Recognition,2012,45(4) :1802-1818. ZHANG H,XU Z B. A survey on learning theory( I ) :Stability
[17] BF#, Foefh, W4, % ECOC 2R KMok [I]. BT and generalization[ J]. Chinese Journal of Engineering Mathe-
2472014 ,42(9) :1794-1800. matics,2008 ,25(1) :1-9 (in Chinese).
LEI L,WANG X D,LUO X, et al. An overview of multi-classifi-
cation based on error-correcting output codes[ J]. Acta Elec- EEBT:
tronica Sinica,2014,42(9) :1794-1800 (in Chinese). BEE U.WMEurd. FEOFIE AR
[18] CRAMMER K,SINGER Y. On the learnability and design of
output codes for multiclass problems [ J]. Machine Learning, FEEA 4,8, WS, SRS HLREE S

2002,47(2-3) :201-233.

Leave-one-out error bounds estimation for error correcting output codes
XUE Aijun, WANG Xiaodan "

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

Abstract; Error correcting output codes ( ECOC) is a decomposition framework, which can transform a
complex multiclass classification problem into a series of two-class classification problems. It can complete one
multiclass classification task efficiently. To improve its generalization performance, we studied the design of its
base classifier, which is also known as model selection in ECOC. The key point is how to estimate the general-
ization error of ECOC. Leave-one-out (LOO) error is an almost unbiased estimator of generalization error, so
we studied how to estimate the LOO error bounds for ECOC. First, we provided the definition of LOO error for
ECOC. And then, based on this definition, upper bound and lower bound of LOO error for ECOC was given
under the condition that base classifiers were support vector machines (SVM) and decoding method was linear
loss function. The experiments on synthetic dataset and UCI dataset show that the upper bound of LOO error
for ECOC leads to good estimates of parameters in base classifiers, and designing base classifiers can improve
the generalization performance of ECOC. Furthermore, we also report that training error is one lower bound of
LOO error for ECOC, and the application of this lower bound should be studied in the future.

Keywords: pattern recognition; multiclass classification; error correcting output codes (ECOC) ; gener-

alization performance; leave-one-out (LOO) error
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Strain measurement and stress prediction methods of
metal layer in fiber metal laminates

MENG Weiying'**, XIE Liyang">* |, HU Jiexin'*, LYU Xiao’, QIN Bo'>, WANG Bowen'”’

(1. School of Mechanical Engineering and Automation, Northeastern University, Shenyang 110819, China;
2. Key Laboratory of Vibration and Control of Aero-propulsion Systems Ministry of Education, Northeastern University, Shenyang 110819, China;
3. Shanghai MicroPort Medical ( Group) Co., Ltd. , Shanghai 201203, China)

Abstract; Fiber metal laminates, as a new-type composite material, have been applied in aerospace
field. Digital optical strain method is used to realize strain measurement of metal layer instead of traditional
method of strain measurement. Meanwhile, in order to predict the stress distribution in metal layer accurately,
the global stiffness matrix obtained from classic laminate theory is modified by the equivalent stiffness matrix
from sub-laminate stiffness theory. Taking 2/1 and 3/2 laminates of glass fiber reinforced Al-Li alloy as an ex-
ample, the stress distribution in metal layer of the laminates is determined based on the measured strain, finite
element analysis, classical laminate theory and modified method. The comparison of stress distributions
obtained from the measured strain and finite element analysis shows that the maximum errors are only 2. 12%
and 3.68% for 2/1 and 3/2 laminates, respectively, which verifies the accuracy and practicability of the opti-
cal strain method. By comparing the stress distributions from the optical strain method and laminate theory,
the prediction accuracy of the modified model increases by 2.91% and 5.83% compared with that of original
model for 2/1 and 3/2 laminates, respectively, which proves the effectiveness and advancement of the modi-
fied model.

Keywords: fiber metal laminates; strain measurement; stress prediction; equivalent stiffness; classical

laminate theory
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Table 1 Ranking in success rate
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Convolution representation-based object tracking
algorithm in Fourier domain
ZHU Ridong, YANG Xiaoyuan" , WANG Jingkai

(School of Mathematics and Systems Science, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: A novel object tracking algorithm based on convolution representation in Fourier domain is pro-
posed for object tracking. Object tracking question can be treated as a convolution representation model. By
finding the best filters, which reconstruct the target function with minimum loss, fast and robust object tracking
can be realized. When the optimal multi-channel convolution representation model is mapped to the Fourier
domain, it is equal to solving the least squares solution to linear equations. First, all solutions of the system of
linear equations can be expressed through the theory of pseudo inverse, which provide a general format of con-
volution filters. Then, filters updated in the previous frame and feature templates extracted from current frame
are used to generate current filters, and the pseudo inverse can be obtained fast through the full rank algo-
rithm. Finally, tracking filters are updated and applied in both translation and scale. Experimental results on
the object tracking benchmark (OTB) database show that our algorithm performs better than some state-of-the-
art tracking methods in terms of accuracy and offers a general format to design filters.

Keywords: object tracking; convolution representation; Moore-Penrose pseudo inverse; Fourier trans-

form; optimal approximation
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Reconstruction and application of three-dimensional mesoscopic
model of aluminum foam based on CT
LI Houzhenqgiang'?, ZHANG Yadong"*, ZHANG Jinhua', JIANG Chunlin'

(1. State Key Laboratory of Disaster Prevention and Mitigation of Explosion and Impact, Army Engineering University of PLA,

Nanjing 210007, China; 2. Taiyuan Satellite Launch Center, Taiyuan 036304, China)

Abstract: In order to obtain a more realistic mesoscopic analysis model of closed-cell aluminum foam, a
new methodology for the finite element modeling based on computed tomography ( CT) images is presented.
First, the optimal threshold between base material and air was developed using Otsu algorithm by analyzing the
images obtained from the CT scanning of closed-cell aluminum foam. Then, the mesoscopic finite element
model was directly established based on the thought of mapping grid. As a result, the reconstruction of three-
dimensional mesoscopic analysis model of metal foams is achieved. Finally, the numerical simulations of qua-
si-static compression and dynamic test of closed-cell foam are carried out respectively based on the mesoscopic
analysis model. The results demonstrate that the internal deformation of closed-cell aluminum foam distributes
throughout the whole specimen, which is closely bound up with their 3D structure under quasi-static compres-
sion, while it is close to the loading end and remarkably behaves with localization under dynamic compression.
The methodology of modeling can describe mesoscopic structure realistically and provide a more detailed simu-
lation analysis on the stress state, deformation and failure of closed-cell aluminum foams under quasi-static and
dynamic loading.
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by epoch accumulation
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Table 3 Epoch accumulation results comparison for

symmetric and asymmetric cases of Crab pulsar
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Impact of pulsar angular position on pulse template and
its compensation method
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Abstract: Recovering pulse template is one key technology of X-ray pulsar-based navigation system. Its
precision is closely related to the pulsar angular position. First, this paper briefly introduced the theory of re-
covering standard profile. Then, the impact of pulsar angular position error on pulse template was analyzed
and its analytical formula of annual mean value and the integral for any arc segment were derived. Finally, we
proposed a feasible way that can significantly decrease the impact of pulsar angular position error. These re-
search conclusions and simulation analysis verify the effectiveness of error compensation method, which could
provide reference for optimizing observation task of X-ray pulsars and recovering X-ray pulse template.

Keywords: X-ray pulsar-based navigation; pulse template; pulsar angular position error; anniversary
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Table 1 Comparison of time consumption of feature

extraction among SIFT, SURF and ORB

VRS HRAE B i [A] /ms

171 18.89

SIFTL! 253 18.99

234 19.66

86 12.44

SURF[!! 254 16.21

187 13.86

168 2.82

ORB 299 4.11
251 4.7

FEAEN 128 ZEHHA T, i 4 512 Bytes %3 [A] ; SURF
FRAE Ny 64 iR 1, o5 3 256 Bytes =3 [a] . fij JH]
BRIEF i it 45 AL AL — KB 256 117 14
i ( CPERDE &) A7 #2510y 32 Bytes, FEAIR
TSRV B R I ) 52 2 B . LS ORB 4
Ik 32 BT 325 1 T # 5 0'6 U 9 e A0 2 BRI LA g
N [ 4
1.2 3t HY Lucas-Kanade %5532 B

BT HAE A B Lucas-Kanade 2 3 ( fij #% LK
R R A M R R 2 X R T LR
3 PR : H bR B 8 B — B R S ) i 2 AR
BAACAE W] B S, T(u,v,1) FoR ¢ B 2R R
S EHMEOR BEAE, 3 T DA BB AT LS BIR R A
F 5 S AE D7 B R
Lu+Iv+I =0 (4)
Ao cu Ao 5350 Sy G RE G ) SR (s s 1, AT, 4y
W AG R AL BEAE « Fy T7 ] B G 3 20 T, 1R
R A EBER ) S8 X AR u Fl o
HES HHE MR

LK B0 3 AR BTE S bRz 5 rh AR el 2
1% 58 11 e DR 125 A0 4 - O PR AIE 2 9% K 1 P45 i 3
F Q5 NG 4 3 38 1 XA [R] RUEE (9 R Y
JEU A ARIE 2P . O T B TS WURRE A
B HERA L, AR SCAE A% G2 07 1 19 Alt B SR FH i S
[ 3 B S s A Bl B R A — B8 I ( Random Sam-
pling Consensus, RANSAC ) £ 5 ¢ Wi 37 19 $2 B
K o

1) R 5 XL n] 38 B SR

WL s RIS 2 WUER B R B
1R B RRAE A5, 75 B AR AE 5 AL R R i 4
T LK SE AR 2 WA R A5 3 00 I 5 Ak AR
A BRI U5 B ORI 3B B . 25, BF A RHE
AR B IR IR 1 WUE B3 75 20 WA R AR S5
LN C 5 1B B .

SRR el A I e R SR 1 B |



e AL iR
A

178 1t M A B R K % R it
i 1)
2o e i I =1
B-1-1_[ |sm

H"‘"l‘ﬁ%

B 1 A E B s
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Integrated vision/inertial navigation method of UAVs in indoor environment
WANG Tingting' , CAI Zhihao'** | WANG Yingxun'"

(1. School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Aircraft Control Integration National Defense Key Laboratory, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)
Abstract: A new integrated navigation method based on inertial sensor, optical flow and visual odometry
is proposed for self-navigation indoor in GPS-denied environment. An ORB optical flow based method is also
proposed for estimating real-time three-axis velocity of the UAV. The algorithm improves the traditional pyra-
mid Lucas-Kanade method using sparse optical flow based on feature points. The tracking of feature points is
made more accurate by applying forward-backward tracking and random sampling consensus strategies. For po-
sition estimation, a visual odometry method with integrated vision/inertial navigation is adopted, which uses
the artificial icon method, visual optical flow information and inertial navigation data. Finally, the velocity and
position estimations from the proposed method are validated via actual flight test and via comparison with veloc-
ity measurement information from a PX4Flow module and a Guidance module and with locating information
from movement capture system.
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Determination method of equivalent initial flaw size for
crack initiated at hole chamfering

SUN Xiaona', HE Xiaofan"*, LI Yuhai’

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. Aviation Industry Corporation of China, Ltd. , Beijing 100022, China)

Abstract: Cracks often initiate at the chamfering for sagging holes. The initial fatigue quality (IFQ) of
this type of crack needs to be determined prior to economic life assessment. Firstly, finite element models with
and without chamfering are developed so as to investigate the effect of chamfering on the stress intensity factors
at the crack front. The results show that the chamfering imposes great influence on the stress intensity factors
of relatively small crack. Secondly, in order to characterize the IFQ of sagging holes, a circular-front crack in-
itiated at the intersection of the chamfering and specimen surface is taken as the initial flaw, with the radial
distance of crack front from the initiation site as the crack size. Finally, the crack growth equation for relative-
ly small cracks is employed to characterize the crack growth behavior, and the equivalent initial flaw size
(EIFS) distribution is obtained through back-extrapolation. Statistical analyses show that the EIFS distribution
parameters obtained by using the proposed crack size definition are independent of stress levels.

Keywords . initial fatigue quality (1FQ) ; stress intensity factor; finite element; crack growth equation;

equivalent initial flaw size (EIFS)
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A shoulder skeletal kinematic model based on spatial hybrid mechanism
NIE Chao', SONG Zhibin""* | DAI Jiansheng'~

(1. School of Mechanical Engineering, Tianjin University, Tianjin 300350, China;
2. King’s College London, University of London, London WC2R 2LS, UK)

Abstract: In order to represent the movement of the shoulder skeletal system, a spatial hybrid mechanism
model is proposed, which describes the articulation between the scapula and thorax as a kinematic constraint
similar to a cylinder-plane pair. Firstly, types of joints in shoulder are determined, and thus the degrees of
freedom of the shoulder girdle and shoulder mechanism can be analyzed. After the definition of local coordi-
nate systems attached to each skeleton, the vector theory method and homogeneous coordinate transformation
are used to establish the position analysis equation of the shoulder mechanism, and the closed-form solutions of
joint positions are obtained subsequently. Finally, to verify the validity of the mechanism model, the skeletal
posture dataset obtained from a shoulder movement experiment is used to inversely drive the model, the calcu-
lation results of the scapular posture are compared with the experimental data. The results indicate that the
mechanism model has achieved a good consistency in predicting the skeletal movement of the shoulder com-
plex. Furthermore, this model can be adapted for different individuals’ geometric skeletal characteristics by
scaling.

Keywords: shoulder complex; shoulder girdle; skeletal movement; homogeneous coordinate transforma-

tion; spatial hybrid mechanism
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Table 1

Optimal solutions of method before and

after improvement with different initial values

Mo Sep(x™) Siep(x™)
[56.5,50]" —-5582.658 4 -6968.5867
[100,100]" 1.9466 x 10" -6968.5868

[0,0]" -6289.1210 —6968.5866
[150,150]" 1.1289 x10'° -6968.5867
[ -150,150]" 1.1618 x 10" -6968.5868
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Stochastic optimization method based on improved cross entropy
REN Chao, ZHANG Hang, LI Hongshuang”
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Abstract; Cross entropy method is an efficient and adaptive stochastic optimization method and has im-
mense potential in complex optimization problems with high dimension and nonlinear constraints. However,
the traditional cross entropy method is lack of accuracy. In this study, both the concepts of current elite sam-
ples and global elite samples are introduced to extract more useful information from the whole iterative history.
Then, a new parameter updating strategy is established based on these two concepts. New adaptive smoothing
strategy and mutation operation are also applied to improve its computing performance. The proposed algorithm
is illustrated by three numerical examples. The computational results indicate that the improved cross entropy
method has higher calculation accuracy and better global search capability.
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