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LI Xiaobo. Professional English for urban rail transit vehicles.
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Y AO Huiming. Urban rail transit vehicle braking system
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LIAO Aihua. Urban rail transit vehicle maintenance technology and equipment
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HUANG Lixin. Urban rail transit vehicle fault diagnosis
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FANG Yu. Introduction to Urban rail transit vehicles
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CHEN Xiaoli. Urban rail transit vehicle electrical
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YU Chaogang. Elecworks 2013 -Electrotechnical drawings.
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Study on the vibration suppression of a %&%ﬁm
flexible carbody for urban railway vehicles A e piin
with a magnetorheological elastomer-based 2.7 = o
dynamic vibration absorber $SAGE

Yongpeng Wen ©, Qian Sun, Yu Zou and Haoming You

Abstract

Magnetorheological elastomer is a new kind of intelligent material that mainly incorporates micron-sized ferromag-
netic particles into a polymer. A dymamic vibration absorber that is based on the controlable shear modulus
of magnetorheological elastomer is widely used in vibraton systems. In the study, a flexible carbody model with a
magnetorheological elastomer dynamic vibration absorber is established. A design method of a semiactive dynamic
vibration absorber that is based on magnetorheological elastomer is introduced, and the operational principle of
the semiactive dynamic vibration absorber is also discussed. To improve the vibration absorption performance of
the magnetorheological elastomer dynamic vibration absorber, via multiple regression analysis, the optimal design
frequency expressions for both the rigid vibration and the elastic vibration of the carbody are fitted. Parameter deter-
mination for the magnetorhedogical elastomer dymamic vibration absorber is investigated in detail. Then, the effects on
the rigid vibration and the elastic vibration with the magnetorheological elastomer vibration absorber both with the
passive vibration absorber and without a vibration absorber are amalyzed. Finally, Sperling's riding index is used to
evahate the feasbility and the performance of the magnetorheological elastomer dynamic vibration absorber in a
practical application. The resuits demonstrate that the vibration of the carbody can be effectively reduced by using
the magnetorheological elastomer dynamic vibration absorber instead of the dynamic vibration absorber without the
magnetorheological elastomer. The magnetorheological elastomer dynamic vibration absorber that is modified by
the optimum frequency provides superior vibration reduction performance and improves the riding quality of the
railway vehicle.

Keywords
Railway vehicle, magne torheological elastomer, flexible carbody, dynamic vibration absorber, vibration suppression, riding

quality

Dam receiwd 2 February 2019; accepted: 26 June 2019

Introduction To improve the riding comfort of passengers, the

The rapid development of urban rail transit is an inev-
itable trend in the process of urban modernization.
The comfort of urban railway vehicles has gradually
become an important issue of public concern.' In the
operation of urban railway vehicles, due to the short
distance between stations, it is necessary for urban
railway vehicles to start, accelerate, bend, and brake
frequently, which affects the riding quality. In view of
the changes in the working conditions of urban rail-
way vehicles and the complicated vibration of the car-
body, a dynamic vibration absorber (DVA), which is
an effective technology for suppressing the vibration
of the carbody, will directly influence the running sta-
bility of urban railway vehicles and the riding comfort
of passengers.>’

vibration absorber technology has been widely used in
the field of vibration and control of railway vehicles in
recent years. Zhou et al. proposed the optimal fre-
quency ratio and damping ratio for the design of the
DVA of the carbody and determined the suppression
effect of the passive DVA on the elastic vibration of
the carbody via the fast algorithm of stationarity.**
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Corresponding author:

Yongpeng Wen, Shnghal University of Engneering Sclence, 313
Longmng Road, Shanghai 201620, China.

Email: yp_wenl) 163 com



Appendix D - Essays

Hindawi

Joumal of Advanced Transportation
Volame 2018, Article ID 1752070, 13 pages
httpe//doiorg/10.1155/2018/1752070

Research Article

)

Hindawi

WILEY

A Novel Prediction Model for Car Body Vibration Acceleration
Based on Correlation Analysis and Neural Networks

Shubin Zheng (), Qianwen Zhong (", Xiaodong Chai, Xingjie Chen, and Lele Peng

School of Urban Railway Transportation, Shanghai University of Engineering Science, Shanghai 201620, China
Correspondence should be addressed to Shubin Zheng; shubin.zheng@sues.educn

Recetved 31 July 2018; Accepted 2 December 2018; Published 27 December 2018

Guest Editor: Luc Chassagne

Copynight © 2018 Shubin Zheng et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestncted use, distribution, and reproduction in any medium, provided the onginal work is properly ated.

This paper aims to create a prediction mode for car body vibration acceleration that is reliable, effective, and close to real-world
conditions. Therefore, a huge amount of data on railway parameters were collected by multiple sensors, and different correlation
coefficients were selected to screen out the parameters closely correlated to car body vibration acceleration. Taking the selected
parameters and previous car body vibration acceleration as the inputs, a prediction model for car body vibration acceleration was
established based on several training algorithms and neural network structures. Then, the model was successfully applied to predict
the car body vibration acceleration of test datasets on different segments of the same raifway. The results show that the proposed
method overcomes the complexity and uncertainty of the multiparameter coupling analysis in traditional theoretical models. The

research findings boast a great potential for application.

1. Introduction

Passenger comfort is an important indicator of the operation
quality of passenger trains. Previous studies [I, 2] have
shown that passenger comfort can be estimated indirectly by
parameters like vibration acceleration of the car body. Based
on the estimated passenger comfort, it is possible to identify
the warning signals or system statuses needed to ensure the
smooth operation of the train.

Much research has been done to forecast the vibration
acceleration of trains. For instance, Shafiullah et al. [3]
predicted the forward and backward vertical acceleration
conditions by popular regression algorithms. Zhai et al
[4] created a comprehensive train-track dynamics model to
predict the ground vibrations of high-speed trains. Inspired
by the dynamics model, Czop et al. [5] proposed a rail
irregularity detection method based on the bearing box
acceleration during train operation and successfully applied
the method to recognize the rail regularities of a typical
railway in Poland Qian et al. [6] established a model to
predict the vibration acceleration of high-speed trains based
on nonlinear autoregressive neural network with exogenous
inputs (NARX NN) and multibody dynamic model and

10

proved the prediction accuracy of the model through experi-
mental analysis.

In addition, some scholars have attempted to infer impor-
tant parameters of railways from vibration acceleration of
the car body. For example, Connolly et al. [7] assessed the
effects of vibration acceleration on passenger comfort and
track performance. Koo et al. [8] put forward theoretical
derailment coefficients for single wheel pairs, considering the
impacts from lateral vibration acceleration and gyroscopic
factors as well as flange angle, friction coefficient, wheel
unloading, wheel radius, gauge, and bearing position. Navik
et al. [9] developed a new sensor system that captures the
dynamic behaviour of high-speed rail with several sensors
placed at an interval of 150m and predicted the maximum
vertical displacement, train speed, dynamic behaviour, and
quantification modal parameters with vibration acceleration
time series.

In general, the previous research into vibration accelera-
tion had concentrated on the traditional multibody dynamics
modelling, and the research results were mainly derived
through simulation. In actual operation, the train is faced
with a complex environment and uncertain track conditions.
Thus, there is always some gap between the simulated state
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Applications

Modeling and analysis of the
electrical braking energy of

urban railway vehicles RoE

Jian Yang, Yue Hou, Ruigang Song and Tianchen Yuan

Abstract

In this paper, the energy distribution of electrical braking for an urban railway transportation system is studied. In order to
calculate the percentage of regenerative and resistance braking energy, line 2 of the Shanghai Metro traction power network
is modeled through an analysis approach. An effective method is proposed to establish the equivalent models for each part
of the traction power network. The parameters and conditions are based on real parameters from the Shanghai Metro line 2.
When the departure interval is 200 seconds, the regenerative braking energy accounts for 71.8% of the total electrical brak-
ing energy based on the simulation data and 69.3% of the total electrical braking energy based on the measured data. This

paper can provide a theoretical basis for energy-saving evaluation of urban railway transportation systems.

Keywords

regenerative braking, resistance braking, traction power network, simulation, urban railway vehicle

. Introduction

In recent years, energy has begun to play a more important
role in the world. The rapid development of urban rail transit
brings more demands for energy.! To improve operations
and save energy, the modeling and simulation of urban rail-
way network systems i1s important to the analysis of urban
railway network syﬂems,")’v In an urban mailway network
system, trains accelerate and brake frequently.' The main
braking mode of urban railways is regenerative braking.
However, the regenerative braking energy cannot be
returned to the traction network, and 1t 1s wasted n the brak-
ing resistors. As a result, the kinetic energy of the train is
tumed into heat.™” The electrical encigy is wasted in the
resistor in the form of heat, and the resulting increase in the
temperature of the railway tunnels brings problems to train
security. Therefore, 1t 1s important to study the energy distri-
bution problem to improve the performance of the energy
storage apparatus for electrical braking.” Some studies only
focus on the munning state of the tram and the characteristics
of the fraction motor, without considering the total traction
network.'"'* Research has shown that it is necessary to
establish the traction networks for further study "¢

In this paper, the traction supply network, trains and
substations are modeled using real data obtained from line
2 of the Shanghai Mefro. The model shows the behavior
of the traction network, train operation and braking

performance of the train especially. The network model 1s
simulated in the ““Numerical method’” section (3.2).

2. Model for traction power
supply systems

The traction power supply system of urban rail transporta-
tion systems 1s composed of a traction substation and con-
tact system, which provides clectricity to trains. The
traction substation is the core of the traction power supply
system. The electrical energy is transmitted from the trac-
tion substation to the contact system and trains by the fee-
der circuit, and the energy is returned to the traction
substation through the steel rails and loop current line.
The fraction power supply system consists of the contact
system, loop line, steel rails and feeder circuit.' Figure 1
shows a schematic diagram of the traction power supply
systenm.
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Sound field reconstruction with sparse sampling and the ) |
equivalent source method e ‘
Ding-Yu Hu ¥, He-Bing Li, Yu Hu, Yu Fang
School of Urban Rail Transportation, Shanghai University of Engineering Science, Shanghai 201620, China
ARTICLE INTFO ABSTRACT
Artic{e history: The equivalent source method is reformulated under Lthe compressive sensing (ramework
Received 7 December 2016 for tackling with the spatially extended sound source. The sound field to be reconstructed

Received in revised form 13 February 2018

is (irst modeled using Lhe equivalent source method according Lo the Lopology of sound
Accepted 14 February 2018

source, and then the singular value decomposition is used to obtain a scries of orthogonal
basis of the sound field, Ulilizing the sparse property of the basis and combining with the
compressive sensing theory, the sound field is finally reconstructed from sparse sampling.
[ts performance is investigated by using simulations and an experiment, the results show
FquivalenL source method that the sparsity of the solution is greatly enhaqced by using tl1§ proposed method, and the
Compressive sensing sound field can be accurately reconstructed with sparse sampling.

Singular value decomposizion © 2018 Elsevier Ltd. All rights reserved.

Keywords:
Sound field reconstruction

1. Introduction

Nearfield acoustic holography (NAH) was first proposed in the 1980s, and one of the main advantages of NAH was that it
broke through the restriction of the wavelength to the resolution of the holographic reconstructions |[1|. In the original NAH,
the pressure was uniformly sampled at the hologram, and the minimum resolution of the reconstructed sound field was
equal to the interspacing between the spatial sampling points, according to the Nyquist theorem [2]. Thus theoretically,
NAH possesses no intrinsic resolution limitation of sound field reconstruction as long as there are enough samplings.
Nevertheless, an increase of the sampling leads to an increase of the sampling cost.

With the development of NAH, the methods applying to arbitrarily shaped sound source have emerged, such as the
boundary element method | 3], the Helmholtz least square method |4|, the equivalent source method (ESM) [5-7], to name
a few. These methods do not require measuring the pressure with a uniform measurement interspacing, and the random
microphone array can also be adopted [8]. Traditionally, these methods solve the reconstruction problem in a least square
sense, and the number of the sampling points should be no less than the unknowns. For example, the sampling points should
be more than the equivalent sources in the ESM, and in the Helmholtz least square method the sampling points should be
more than the spherical waves used for reconstruction, Efforts have been made to reduce the sampling points while keeping
resolution unchanged. In a previous study, Leclére proposed a combined criterion for selecting the regularization parameter
to solve the under-determined inverse problem [9].

Abbreviations: NAH, nearfield acoustic holography; ESM, equivalent source method; CS, compressive sensing.
* Corresponding author.
F-maii address: dyhu1987@sues.educn (D.-Y. Hu).

https://doi.orgf10.1016/1.ymssp.2018.02.031
0888-3270/© 2018 Elsevier Ltd. All rights reserved.
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Robust neural tracking control for switched nonaffine
stochastic nonlinear systems with unknown control
directions and backlash-like hysteresis

Yanjun Shu*, Yanhui Tong, Chaogang Yu

Shanghai Universily of Engineering Science, 201620 Shanghai, China

Received 21 June 2019: received in revised form 15 October 2019; accepted 4 December 2019
Available online 13 December 2019

Abstract

This paper is concerned with the tracking control problem for a class of switched stochastic nonlinear
systems 1n nonaffine form with both unknown control directions and unknown backlash-like hysteresis,
and a novel neural tracking control scheme is proposed based on backstepping technique and Nuss-
baum function. Dynamic surface control (DSC) is adopted to overcome the problem of complexity
explosion of the traditional backstepping design. High-order neural networks (HONNs) are utilized to
approximate the lumped unknown nonlinear functions, and only one adaptive parameter needs to be
updated. Stability analysis shows all closed-loop error signals are semi-globally uniformly ultimately
bounded in the fourth-moment (or mean square), and the system tracking error is ensured to converge
to a small neighborhood of zero. Finally, simulation results illustrate the effectiveness of the proposed
scheme.
© 2019 The Franklin Institute. Published by Elsevier Ltd. All rights reserved.

1. Introduction

During the past decades, because stochastic disturbance commonly exists in engineering
practice, e.g., aircraft, biology, and many kinds of process control systems, stochastic nonlin-

¥ Corresponding author.
E-mail address: shuyanjun@sues.edu.cn (Y. Shu).
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0016-0032/© 2019 The Franklin Institute. Published by Flsevier Ltd. All rights reserved.
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[Receied on January 3, 2018, accepied on June 10, 2019)

Resistance spot welding (RSW), as one of the most widely used processes in sheet metal fabrication,
is a complex electromechanical coupled nonlinear process, and weld quality is influenced by various pro-
cess conditions, noise and errors. Therefore, inconsistent quality from weld to weld is a major problem
for RSW process. However, so far there is no satisfactory non-destructive quality estimation method to

evaluate the weld quality.

The objective of this study is to explore a quality estimation system for RSW. In order to build the gual-
ity estimation system, the relationship between varicus variables during RSW process and weld quality
was studied by lots of experiments. Test results showed that the system built in this study could accu-
rately estimate the weld quality and the maximum estimaticn error was only b.6%.

KEY WORDS: resistance spot welding; weld quality estimation system; BP neural network.

1. Imtroduction

Resistance spot weld (RSW) has been an irreplaceable
material joining process and has been widely used in many
areas over the past decades, such as automotive, aerospace,
railway car and electrical industries, due to its advantages of
automation, high production efficiency and low cost. How-
ever, in the actual procuction, the fluctuation of weld quality
15 common even though using the same weld parameters.
The main reason for the inconsistence is that the weld qual-
ity is nfluenced by the complex electromechanical coupled
nonlinear process and various process conditions, noise and
errors. In order to increase the reliability of each spot and to
reduce the risk of part failure, a number of studies had been
conducted in the past to perform destructive and nondestruc-
tive ispection of the welds.

In the previous studies, various electrical and mechani-
cal variables, such as welding cwrent, electrode voltage,
dynamic resistance, and electrode displacement, have
been researched to monitor and evaluate the quality of
the RSW.'® Dickinson ef al® observed the relationship
between the dynamic resistance and the phenomena occur-
ring during spot weld formation (surface breakdown, asper-
ity collapse, heating of the work pieces, molten nugget
formation, nugget growth, and mechanical collapse), based
on the pattemn changes of the dynamic resistance. Chien ef
al.™ found force signal during welding process provided the

* Corresponding author: E-mail: wangchunsheng@ecccar.com.cn
DOT: https://dot.org/10.2355/isijinternational ISTINT-2019-002

2073

most information on nugget formation. C.T. Ji® character-
ized dynamic electrode displacement and force during RSW
of aluminum alloy sheet and discussed possible strategies
for process monitoring and control.

Recently, the artificial intelligence {Al) technique has
been applied in the area of welding control and quality
estimation, including RSW. Dilthey” used a neural network
to estimate the tensile shear strength of the welds. Cho
and Rhee'® developed a Al quality estimation system of
RSW by using Hopfield neural network, and the dynamic
resistance, which included the information of nugget infor-
mation, was applied to the system. Podrzaj'V used a LVQ
(a linear vector quantization) neural network to detect the
expulsion for different materials, and pointed that the elec-
trode force signal was the most important indicator of the
expulsion occurrence.

In this study, an Al weld quality estimation system for
stainless steel was researched and established by using a
BP neural network and various welding parameters and
dynamic signals which provide important information of
weld quality were applied to this system.

2. Experimental Procedures

The experiments were conducted on TDZ-3X100 three-
phase secondary rectifying spot welder. Input voltage of
the spot welder was 380+ 10%V and the frequency of input
voltage was 50 Hz. The electrodes used in this study were
radius tips with 100 mm radius and 20 mm end face diam-
eter. The material for electrode was Cu—Cr alloy. Figure 1

© 2019 ISlJ
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Considering the hooming development of electric vehicle (TV), this arficle presents a novel control scheme analyzing EV multiple
mode application in a number of distributed photovoltaic (PV) systems, which rationalizes the energy flow among the energy
system participants containing a power grid, a grid-connected PV system, power consumption devices, storage batteries, and
EV. Based on the control scheme, the authors propose two day-ahead optimal control strategics with different objective
functions: ene is minimizing the daily electricity expense of an individual distributed PV system and the other is minimizing the
daily total expense of distributed PV systems which EV can be connected to. The model has been verified by the actual data and
forecast dala, Iespe;;Lively. The results show under the individual ubjecLive, in the distributed PV syslem with EV, the elecLIi::ily
expense <an obtain an annual reduction of 27.18%. Furthermore, in the distributed PV system with a storage battery as well as
EV, the electricity expense can obtain an annual reduction from 30.67% to 81.49% with a storage battery capacity changing
from 1lkWh to 20 kwh. Under the total objective. the total expense and even the individual expense have different degrees of
reduction. However, the specific benefits should be rerationally distributed by balancing the interests of all the distributed PV
systems. In addition, besides the application in the distributed PV systems, this model may have some potential on the
C{CV(’.’LUP“ICHL UE a I::giulml cncIgy Hyﬁlt][l.

1. Intreduction discuss a two-stage renewable energy generation parking lot

economy [ramework for EVs. The [irst slage processes uncer-

Due Lo electric vehicles (EVs) in the past several years show-
ing an explosive development, researchers have found that
these mobile distributed storage units have great potential
in energy systems in future power gjids, e-;per_ia]ly when
coordinated with renewable energy. Therefore, the literature
onh the rational p]a.nh?hg, upﬁmzﬂ operalion of EVs, and
renewable energy sources has mushroomed these years, Wu
ctal. [1] briefly analyze the possible scenarios of using renew-
able energy to charge EVs. Chen and Duan [2] deal with the
daily TV mileage uncertainty by Monte Carlo simulation and
design an optimization and integration method of EV in
microgrids with minimizing the total cost of clectricity as
the goal. EINozahy et al. [3] also use Monte Carlo simulation
to provide a probabilistic planning and scheduling method
for an energy slorage syslem inlegraling EVs arnd p|1n1.nvu|

taic (PV} arrays in a distributed power grid. Guo et al. [4]

tainty of renewable energy, and the second slage controls EV
charging operation based on a predictive model. Considering
the smart grid with EV and PV power generation in an
tslanding operation mode, Tang et al. [3] provide an online
reinforcement learning method called object representation
adaptive dynamic programming, which is for the adaptive
islanding control unit in smart grids. Hashemi ¢t al. [6] pres-
ent a sensitivity analysis on feasibility of users supplying
energy into power grids, to determine the minimum storage
system capacity with different positions of low voltage power
grid configuration. It prevents the overvoltage caused by PV
[ﬁgh penetration, which presents a definition named residual
power curve {RPC) Palerakis et al. [7] give a detailed family
energy management system struclure lo determine the best
home appliance scheduling strategy based on demand
response on the following day when the price changes and
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Micromechanical Modeling for
the Damage Accumulation and
Adhesive Wear of Metallic
Materials Containing Inclusions

Metallic materials usually contain some amounts of inclisions which are known to affect
their mechanical properties since the bonding strength af the mairix—inclusion interface
is relatively low, veids or cracks are thas easily formed wnder a tensile leading.
However, under o contact loading, the effects of subsurface inclusions on the sliding
wear of metailic materials are not thorowghly wnderstood. In this work, a micromechanical
madel is proposed to study the shear fraciure and wear of metaliic materials conraining
random inclusions. With the maodel, crack branching and crack aggregation during
contact loading are simulated, and the formation process of sheer-like wear particles is
clarified. It is demonstrated that the subsurface micro-cracks, particedarly those near inelu-
sions, and their subseguent evolution play a major role in the adhesive wear. This investi
gation is helpful in understanding the adhesive mechanism of wear, and the proposed model
could be a promising approach for the prediction of adhestve wear.

[DOL: 10,1 11571 4047666]

Keywords: adhesive wear, shear fractwre, inclusion, cohesive zone model, contact

mechanics, sirface fracture cracking, wear mechanisins

1 Introduction

The sliding contact between two solid objects canses friction and
wear. The friction sometimes iz hanmfil since it leads to the loss of
the energy which converts into heat and noise, vel it is also needed
sometimes because ol its various advantages such as traction drive,
stir welding, and braking. However, the wear does hanns but no
good. For example, in production, wear can cavse damage to
tools and equipment, and m human Life, wear can cause diseases
in teeth and joints. In reality, wear is also an extremely complex
behavior of the contact system, which depends on the material prop-
erties, loading conditions, environmental factors, ete. In order to
explain the wear phenomenon and prediet the weor results,
researchers all over the world in the past developed a large
number of wear mechanisms and models, ineluding adhesive
wear, abrasive wear, corrosion wear, faligue wear, [reting wear,
and so on. Among them, the adhesive theory of wear is now
widely aceepted thanks to pioneer researcher Archard [1] who pre
sented the wear equation V=LS/H, where V is the volume of
removed material, & is a wear coefficient, L is the normal load, §
is the sliding distance, and H is the hardness of the sofler material,

The mechanism of adhesive wear is somewhat similar o the
adhesion theory of friction, in which the wear particles arc
thought to be pulled out from the softer material due to the sorong
adhesion between contacting surfaces |2]. Howewer, it can be
noticed that the adhesion properties are not directly accounted in
the wear equation, and interestingly, the wear coefficient & in the
Archard equation is interpreted as probability of the adhesion at
ubpurily crcounier l:'.:iug strong enough (o pluck vul @ wear ['Jug
ment [2]. Similar to the coefficient of frichon (u), the wear coeffi-
clent (&) is not a material parameter, but a system parameier
whose value is rather difficult to obtain. For a long time, the tribol-
ogy researchers have designed a large number of experiments to

'Corresponding author

Caonfribnted by the Tribology Division of ASME for publication in the JournaL oF
Irmoroay, Manuseript received January 27, 2020; final manussript raceived June 19,
2020; publishad online July 16, 2020 Assoc. Editor: Yong Hoon Jang
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determine the wear coefficient. However. as pointed out by
Finkin |3]. the data produced by a laboratory test, which simply
rubs substances together, are ufterly useless unless the test condi-
f1ons actually simulate the contact sitvation of the intended uvse.

Althongh the adhesive wear and the Archard equation have
achicved a wide range of acceptance, they are not perfect. Suh [4]
indicated that “the Archard's theory is weak m that @ {a) It
completely ignores the physics and physical metallurgy of metal
deformation; (b} Many of the assumptions employed in the mathe-
matical derivation are unreasonable and arbitrary; and (c) The
theory does not provide any insight to the wear of metals under dif
ferent sliding conditions™ Thereupon, Suh proposed the delamina-
tion theory of wear [4]. which is based on the behavior of
dislocations at the surface, subsurface crack and void formation,
and subsequent joining of cracks by shear deformation of the
surface. And in their later works [5 9], Suh and his collaborators
made many atlempts o model and analyze the delarmnation
process of contact material by implementing the methodology of
fracture mechanics,

Basically, the delamination model can explain some wear phe
nomena. For example, it predicts that the shape of wear debris is
likely to be thin flake like sheets, which has been confimmed by
some carefully prepared experiments [4,9]. However, the theoretical
system of the delamination theory, developed till now, is still not
complete, and thus, some limiwations can be recognized. First,
under the contact loading, the hydrostatic pressure below the
contact surface has a significant effect on the nucleation and aggre
gation of voids. Therefore, the mechanism and exact location of the
crack initiation in contact solids need to be clarified in detail.
Second, in the presence of the voids and second phase inclusions,
the crack behavior is very intricate such that anificially define a
propagation path is unreasonable. Finally, as pointed out by
Alpas et al. [10] and Zhang and Alpas [[1]. the models based on
elastic fracture mechanics, considering the effect of stress intensity
factors at the tip of the crack as a driving force for its propagation,
are actually not readily applicable to the wear of ductile materials.

Despite the shortcomings mentioned above, the works of Suh and
his collaborators were still considered to be a great contribution to

JANUARY 2021, Vol. 143 f 011702-1
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Fast Sparse Reconstruction
of Sound Field Via Bayesian
Compressive Sensing

To cvevcome the contradiction between the resclution and the measurement cost, variors
algorithms for reconsinucting the sownd field with sparse measwrement have been devel-
oped. ifowever, Imited affention 15 purd fo the computation efficiency. in s study, o
fust spuarse recomstrucifon methold iy proposed bused on the Buyvesiun compressive
sensing. First, the veconstruction problem is modeled by a sparse decomposition of the
sound field vie singulav value decomposition. Then, the Bayesion compressive semsing Is
adapted (o reconstruct the sound fleld with sparse measurement of sound pressure. Numer-
ical resulls demonsirate that the proposed method is applicable to either the spaiially sparse
distributed sound sourees ov the spatiolly extended sound sourcas. And comparisons with
other two sparse reconstriction methods siiow that the proposed one has the advantages
in terms of reconstruction accursey and computational efficiency. fn eddition, as it is devel-
eped in the framework of pudtitask compressive sensing, the method can use multiple snap
shats 10 perform reconstruction, which greatly enhances the vobustness to naise. The
vealidity and the advantage of the proposed method are further proved by experimentol
results, |DOL: L0.1115/1.4043239]

Bayesian

Keywords: sound field veconstruction, nearfield acoustic  holography,

compressive sensing, acoustic imaging

333 Longreng Road,
Sharghai 201620, China
e-rall; “angyu@sues.adu.on

1 Introduction

The acoustic imaging technique [1- 5] has found wide applica
tons i many dustnes, and unaging the sound ficld with lgh
spatial reroluion has always been anioterest. As one of the acoustic
imaging techniques, the nearfield aconstie holography (INAH) [3-9]
1 altractve due 10 the advanmizge of Iugh spanal rezolubon
Heowever, the high resolution of MAI relies on intensive measure
ment and resulis wn high measurement cost. To reduce the measre-
ment cost, the interpolation techniques [10-13] and the combined
regularization strategy [L4] have been incroduced.

Recently, Chardon et al. [15] provided a detaled discussion of
the sparse property of the Fourier hasis for reconstructing sound
Geld and wtroduced the compressive gengng (C5)  wechmgue
[16,17] into NAII to reduce the number of samplings. It was
shawn thet the normal velocity of plates eould bz accurately rezon
sirocted with high spatial resolotien by nsing only a small number
of samplings, as long s the normal velocity can be sparsely reore
senled ina well designed dictionary. To apply the spame recon
struction W arbitranly shaped sound sourees, varous nethods
were developed, suneh a3 the compressive equivalent seurec
method (ESM) wloch was  swilable lor sparsely  distnbuted
cources [18,19], the acoustic radiation mode baszd methods pro
posed by Bi et al [20] and Hu e al. [21] for spatially exiended
sound soarces, the fast wideband acoustical bolograpay (WBH)
proposed by Hald [22], the Bayesian methods using sparsity enfore-
ing g prori [1,23], and sone other methods [21-29). The

ll:'wu.'spuuii.m, el
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centradicnon berween the resolution and the measurement cost 1s
preatly allevigred by nsimg the sparss reeomstrceicn methods
Howewver, except the waork by Tald [22], limited attention is paid
1o the computation efficieney i previous studics.

In the present paper, a fast sparse reconstucton method is
proposed hased on Bavesian compressive sensing (BCS). The
method consists w a SpE e l]l::zuml.)lﬂ.iﬂuu of the sowad field and
solving the sparse solution. The sparse decemposition is imple
mented throngh the singnlar value decomposition (SVI2), and dif-
ferent frome the Bavesian methods previously mentioned [L,23],
th= sparse soh:tion 15 solved hased on sparse Bayesian leaming
[30], which relics on a parametenized prior thal encourages sparse
solution. The performance of the proposed method s evalnated
numencally and expenmentally, and esmpanzons are made with
uther two spurse reconstruction methods W demonstrabe the advan
tege of the propoacd methad. Besidzs, the performance of wsing
multiple snapshots 18 alzo mvestigated.

This paper is outlined as fellows: A theoratical description is
given in Sec. 2. Tn Sec. 3, numerieal simulatioms are conducrad 10
cvalnate the proposed method by companng 10 the WBH [272]
and the compressed modal equivalent pont sonce method
(CMEPSM) |20]. The perfommance of the multiple suapshols s
also shown. The proposed meahod is futher validaed by cipen

mental resnlta i See 4 and the conclonson s deawn in See S

2  Theoretical Backzround

21 Sound Feld Reconstiuetion Modd, The sound field
reoonslnclon consisls 1 measaing he sound pressure (or parlicle
velocity] m the near Aeld of somund sonmees and recomstriching the
three-dimensicaal sound fleld using the measurement az the bound-
ary condition. The sound field radiated by actual sources can be

AUGUST 2019, Vol. 141 / 041017-1



Appendix D - Patents

WENG Yongpeng, ZHOU Weihao, et al. An invention relates to a semi-active magneto-
rheological elastomer dynamic vibration absorber and a selection and installation method.

Patent code: ZL201711133363.2
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Appendix D - Patents

ZHENG Shubin, PENG Lele, et al. An invention relates to a micro-grid solar charging

pile and a charging method. Patent code: ZL201610554009.6
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Appendix D - Patents

WENG Yongpeng, ZHEN Xiaoming, LI Fengen, ZHOU Weihao, ZONG Zhixiang, GUO
Lingsheng, YING Borun, JI Zhonghui, Qi Hui. A utility model relates to a 3S model

spokes structure of urban rail transit vehicle wheel. Patent code: ZL.201710585351.7.
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Appendix D - Patents

PENG Lele, ZHEN Shubin, CHAI Xiaodong, YANG Jian, LI Liming, YUAN Tianchen,
ZHANG Wenbo. An invention relates to a solar power supply device and a control

method. Patent code: ZL201610530460.4.
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Appendix D - Patents

PENG Lele, ZHEN Shubin, CHAI Xiaodong, YANG Jian, ZHANG Wenbo, WANG
Yuling. A utility model relates to an on-line monitoring device powered by solar energy.

Patent code: ZL201610496527.7
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Appendix D - Patents

PENG Lele, ZHANG Wenbo, YANG Jian, CHAI Xiaodong, WANG Yuling. A utility model

relates to a PHOTOVOLTAIC DC charging pile system. Patent code: ZL.201610973550.0.
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Appendix D - Patents

ZHEN Shubin, LI Liming, L1 Pengchen, et al. A linear measurement method of rail space

based on visual and inertial information fusion: Patent code: ZL.201610349090.4
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Appendix D - Patents

WENG Yongpeng, ZOU Yu, JI Zhonghui, et al. A utility model relates to a built-in metal

vibrator structure for vibration and noise reduction: Patent code: Z1.201810549989.X
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Appendix D - Patents

WENG Yongpeng, ZHOU Weihao, ZONG Zhixiang, et al. A utility model relates to a
dynamic vibration absorber for vibration reduction and noise reduction of a rail vehicle

wheel set: Patent code: ZLL.201710647645.8.

iE B 5 % 3175936 &

- Bl I T

KO & FRe —FHUE AR IR MR B ) R A
KM A SUKEE; BfER REAE IIAE SE AR
% Fl 5 ZL 2017 1 0647645.8

F) i H: 2017408 H 01 H

£ R B A: B TREAKS

i hk: 201620 EHETTRATLIX el % 333 5
R A% H: 2018412 A0T H FRLA S S CN 107600098 B

B R 408 ERBRB Y AR EREFAZE#ITTFE, ATRTEAR, RALAEA
ERFAEARRELTARL, FARAKBRASZARAR., FHARPRA=TF, 8
vk B AR,

+AHE B AR R, FARGES. AT, Ak, Sk, REIAE
FIBAL L R G AR, B, o T EFEFRCKLEFABRTE L,

K (’?T‘?t,ﬁ?

$1WEE2 )

FFRLLN B

26



Appendix D - Patents

SHI Wei, HU Yu. WENG Yongpeng, ZHOU Weihao, ZONG Zhixiang, GUO Lingsheng,
JI Zhonghui, QI Hui. Urban rail vehicle control circuit and gas road semi-physical

simulation teaching equipment: Patent code: ZL.201610254744.5
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Appendix D - Patents

YANG Jian, CUI Qinxia, YUAN Tianchen, SONG Ruigang. A utility model relates to a
device for recovering the vertical vibration energy of car frame and bogie. Patent code:

Z1.201711063530.0
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Appendix D - Patents

Y AO Huiming, ZHOU Hongxiang. An air bag system in the carriage of a subway train:

Patent code: ZL201920879026.6
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Appendix D - Patents

SHI Wei, Dong Yijie. An invention relates to a surface temperature detecting device for

permanent magnet of
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Appendix D - Achievement Awards

Dingyu Hu (4/5) “Research on fundamental theories of sound quality evaluation and
vehicle interior noise control” , Shanghai Natural Science Award, 2019. Certificate

number: 20192016-2-R04
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Appendix D - Achievement Awards

YANG Jian, SONG Ruigang, YUAN Tianchen, et al. Research and application of braking
energy recovery technology based on on-board for urban rail vehicles, Third prize of
Shanghai Science and Technology Progress Award, The Shanghai Municipal People's

Government, 2018. Certificate number: 20184166-3-D01
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Appendix D - Achievement Awards

ZHENG Shubin. Vision and inertia fusion of rail geometric state measurement

key technology
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Appendix D - Achievement Awards

ZHENG Shubin, SHI Wei, LIAO Aihua, SHI Xuan, CHONG Lei, HUANG Yuanchun.
The connotation promotion and practice of urban rail vehicle engineering with the goal of

excellence plan. Certificate number: 063
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Appendix D - Achievement Awards

LIU Zhigang, CHAI Xiaodong, QIU Weihua, SONG Ruigang, HUANG Lu, CHEN
Wenjie, HU Hua. With demand traction as the guide, realizing the characteristic
innovation of the demonstration center of urban rail transit experimental teaching.
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FANG Yu, YE Huaping, ZHU Haiyan, SHI Wei, LI Liming, HU Guo, XV Jianhua.
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Practice education Center of urban rail transit. Certificate number: 043
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Appendix D - Achievement Awards

YANG Jian, YAO Huiming, Song Ruigang, SHU Qiping, LI Xiaobo, CHEN Xiaoli.
Teaching and Practice of urban rail transit vehicle braking technology. Certificate number:
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Appendix D - Achievement Awards

CHAI Xiaodong, FANG Yu, LIU Zhigang, LU Jiahua, HE Yuanlei, YE Huaping,
ZHENG Shubin, YANG Jian, XV Jianhua, LI Liming. Construction and Application of

teaching system of urban rail transit characteristic specialty group. Certificate number:

022
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Appendix D - Achievement Awards

CHAI Xiaodong, FANG Yu, LIU Zhigang, LU Jiahua, HE Yuanlei. Construction and
Application of urban rail transit Characteristic specialty group education System.
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