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Data Assimilation: Challenge for Big Data through
Numerical Simulation
Tomoyuki Higuchi
The Institute of Statistical Mathematics,
Tokyo,Japan
E-mail:higuchi@ism.ac.jp
Abstract
Both theories and experiments have been widely accepted as the driving force to
promote research in any fields of science. It passed about 40∼50 years since a computer
simulation is called as the third method of science. A recent explosion of data, so-called
big data appearance, strengthens the research domain to study a method of tools for
analyzing big data such as statistics, machine learning, data mining, and visualization
technologies. This phenomenon is called the fourth paradigm after a publication.
The data assimilation (DA) is a synthesis technique based on the Bayesian filtering
method by embedding observation/experiment data in a numerical simulation. DA is
an emerging area in earth sciences, particularly oceanography. Its research motivation
is easily understood simply if we notice that there are too many uncertainties in the
model such as the boundary condition, initial condition, unknown parameters, and
unknown dynamics. It yields an accommodation ability to make a simulation real, and
the better initial and boundary conditions can be automatically obtained.
Major objects of DA can be categorized in the following five aspects: 1) To produce the best (better) initial condition for forecasting. It is actually realized in the
real weather forecast. 2) To find the best (better) boundary condition in constructing
a simulation model. This procedure includes a setting of appropriate boundary conditions necessary for dealing with the coupled phenomena. 3) To attain an optimal
parameter vector that appears in an empirical law (scheme) employed for describing
complicated phenomena which possesses the diﬀerent time and spatial scales. A validation of the empirically given values is regarded as this problem. 4) To inter/extrapolate
(estimate) physical quantity at times and locations without observations based on a numerical simulation model. This procedure is called a generation of re-analysis dataset
(product). This dataset is used to discover a new scientific finding by general geophysical researchers. 5) To conduct an experiment with a virtual observation network
and perform a sensitivity analysis in an attempt to construct an eﬀective observation
network system with less budgetary cost and less consuming time.
DA can be applicable to any scientific domains involving numerical simulation models. In statistical methodology, DA can be formulated in the state space model that
draws much interest of the researchers in various domains such as the time series analysis, signal processing, and control theory. A numerical simulation model is usually
carried out with the discrete version of a partial diﬀerential equations (PDE) which
is assumed to represent a real system. In this talk, we give a brief introduction to
DA within a framework of the statistical modeling and demonstrate our several examples to show how we can extract useful knowledge from big data through numerical
simulation.
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Expanding applications of inverse problem in industry and
environments: case studies

Masahiro Yamamoto
Graduate School of Mathematical Sciences, the University of Tokyo, 3-8-1 Komaba, Meguro-ku,
Tokyo, 153-8914, Japan E-mail: myama@ms.u-tokyo.ac.jp
Inverse problems have been widely studied not only by mathematical interests but also in various
disciplines such as mathematical physics. Such comprehensive significance of the inverse problem is
immediately understandable because the essence of the inverse problem consists in determining invisible
causes or shapes, etc. by measurable results for phenomena under consideration.
In addition to the above-mentioned traditional interdisciplinary studies of inverse problems, inverse
problem methods have recently attracted vast attention in wider fields and industry, and we, researchers
for inverse problems, are more and more requested to provide trustable practical methods, that is, our
time is when researches of inverse problems should be carried out drastically.
The author’s research groups have been working for industrial inverse problems since 1999 and
several inverse problems after the Fukushima disaster in 2011. The main purpose of my talk is to
show such case studies of practically important various inverse problems and to convince especially the
younger audience that there are tremendously many inverse problems which we are requested to solve
and the mathematicians can create reasonable solution methods.
I present some of practical inverse problems with numerical tests involving real data such as
• Risk management and maximum efficiency in operating blast furnaces and related technology
• Laser hardening
• Parameter identification for better long-term prediction of air pollution by cesium-137
• Parameter identification for more effective decontamination of farmlands in Fukushima prefecture
In many practical inverse problems, we do not know governing parameters and we have to identify
them by usually very poor available data. We need to choose relevant methods according to the inverse
problem.
** (expanded abstract is linked from Table of Abstracts.)
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Characteristics on Sensitivity Matrix of Projection
Filter Used as Inverse Analysis Procedure on Structural
System Identification
Ryuji Endo
Faculty of Science in Manufacturing Engineering, Polytechnic University of Japan,
Tokyo,Japan
E-mail:endo@uitec.ac.jp
Abstract
Inverse analysis to identitify every lateral stiffness of 3-story frame models were performed to study the characteristics of the projection filtering algorithm that is used as
the inverse analysis procedure. Natural frequencies and lateral stiffness were adopted
as the observations and unknown state vector, respectively. As the projection filter
is given as a very simple function, it is possible to obtain characteristics of various
kinds of filter, especially Variable Parametric Projection Filter (VPPF) proposed by
R.Endo and N.Tosaka based on the characteristics of the projection filter to use as an
iterative calculation. For these reasons the characteristics of projection filter are studied from point of view of calculation method on sensitivity matrix in the filter eqation.
The sensitivity matrix is responsible for controlling the change of unknown vectors
in iterative calculation algorithm based on filter equation. Then in this study, as first
step, we show the mechanism of unstable iterative calculations, next we propose the
stable inverse analysis technique due to method for the configration of the sensitivity
matrix and setting method of the initial values.

References
[1] R. Ghanem , G. Ferro 2006 Health monitoring for strongly non-linear systems using the
Ensemble Kalman Filter. Structural Control and Monitoring 13 245-59
[2] Y. Ikeda , R. Endo , N. Tosaka 2014 Characteristics of variable parametric projection filter using identification of lareral stiffness of 3-story frame models.Transaction of JSCES
2014 20140009 (in Japanese)
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Development of Multiple-Precision Arithmetic
on MATLAB for Numerical Computations
of Ill-Posed Problems
Hiroshi Fujiwara
Graduate School of Informatics, Kyoto University,
Kyoto, Japan
E-mail: fujiwara@acs.i.kyoto-u.ac.jp
Abstract
In this talk we will introduce a new multiple-precision arithmetic environment on
MATLAB which is widely used for scientific and engineering computing. It enables us
to approximate real numbers and their arithmetic with an arbitrary accuracy, and to
realize reliable computations for numerically unstable schemes arising from ill-posed
problems [1, 2].
In the standard computing environments, the double precision arithmetic [4] which
has approximately 16 decimal digits precision is commonly used. In numerically unstable processes, the rounding errors grow rapidly and the standard double precision is
not enough for reliable computations. Although regularization schemes are applied to
relax instabilities, some important information such as discontinuities of the solutions
are not recovered [3].
Exflib [5] is a multiple-precision arithmetic package for fast scientific computations
in the programming language C++ and FORTRAN90, and it is effective to treat
numerically unstable schemes directly. The proposed multiple-precision environment
leverages exflib with MEX (MATLAB Executable) files, and it runs on MATLAB
(2015a) on 64-bit Linux or MacOSX at present. Comparisons between VPA (variable precision arithmetic) in MATLAB Symbolic Math Toolbox will be presented, and
demonstrations on MacOSX will be also exhibited.

References
[1] H. Imai and T. Takeuchi, Some advanced applications of the spectral collocation
method, GAKUTO Internat. Ser. Math. Sci. Appl., Vol. 17 (2002), pp. 323–335.
[2] H. Fujiwara and Y. Iso, Application of multiple-precision arithmetic to direct numerical
computation of inverse acoustic scattering, J. Physics Conference Series, Vol. 73 (2007),
Article No.012007.
[3] H. Fujiwara and N. Higashimori, Numerical real inversion of the Laplace transform by
using multiple-precision arithmetic, Lib. Math. (N.S.), Vol. 34 (2014), pp. 5–21.
[4] IEEE754 standard for binary floating-point arithmetic, IEEE std 754-1985 (1985).
[5] http://www-an.acs.i.kyoto-u.ac.jp/~fujiwara/exflib/
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An iterative reconstruction method for optical
tomography and detection of tumor in human neck
Koh Hashimoto1 , Hiroyuki Fujii2 , Satoru Kohno3 , Eiji Okada1 ,
Shinpei Okawa4 , Yukari Tanikawa5 , Tetsuya Yoshinaga6 , and Yoko Hoshi7
1. Department of Electronics and Electrical Engineering, Keio University,
Kanagawa, 223-8522 Japan
E-mail:hashimoto.koh@okd.elec.keio.ac.jp

2. Faculty of Engineering, Hokkaido University
3. Institute of Biomedical Sciences, The University of Tokushima
4. Department of Medical Engineering, National Defense Medical College
5. National Institure of Advanced Industrial Science and Technology (AIST)
6. Institute of Health Bioscience, The University of Tokushima
7. Medical Photonics Research Center, Hamamatsu University School of Medicine
Abstract
The development of an iterative reconstruction method for optical tomography
based on the time-dependent radiative transfer equation is reported. Obtaining a 3D
image of a human neck and detecting tumor in it are the main targets of this study.
In the current stage, a numerical simulation of a 3D human neck model using timedependent radiative transfer equation has been conducted. The reconstruction scheme
of this work consists of three steps. (1) Predicting the time-series data observed by
the detectors which are located on the surface of the neck. The 3D time-dependent
radiative transfer equation is used for a forward model that describes the propagation
of photons and predicts the temporal profile of detected photons. (2) Measuring the
difference between the predicted and the detected time-series data of the detectors with
an objective function. (3) Updating the distribution of the absorption coefficients using
the Gauss-Newton method. The numerical simulation reconstructs the distribution of
the absorption coefficient in the region and succeeds in detection of tumor that are
embedded in the thyroid gland.

References
[1] Chandrasekhar, S., 1960. Radiative Transfer. Dover, New York.
[2] Kim, H. K., Charette A., A sensitivity function-based conjugate gradient method for
optical tomography with the frequency-domain equation of radiative transfer. Journal
of Quantitative Spectroscopy and Radiative Transfer, Vol. 100, No. 1, pp. 24-39 (2007).
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Numerical computation for checking smoothness
Hitoshi Imai and Hideo Sakaguchi†
Faculty of Science and Engineering, Doshisha University ,
Kyoto, Japan
E-mail:himai@mail.doshisha.ac.jp
† Institute

of Technology and Science, Tokushima University ,
Tokushima, Japan
E-mail:sakaguchi.hideo@tokushima-u.ac.jp
Abstract

Smoothness of solutions of diﬀrential equations is one of important topics in thoretical analysis. Sometimes, smoothness is related to existence of solutions. From a
view point of the versatility, it is necessary to develop numerical methods for checking
smoothness. Here IPNS(Infinite-Precision Numerical Simulation) is applied for checking smoothness of functions and solutions of PDEs. Numerical results for functions are
mostly satisfactory, but those for solutions are little complicated.
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Numerical realization of the diffuse optical tomography
based on time dependent measurement
Yuusuke Iso
Graduate School of Informatics, Kyoto University,
Kyoto, Japan
E-mail: iso@acs.i.kyoto-u.ac.jp
Abstract
The diffuse optical tomography (DOT) is one of the developing medical technologies of future, and we hope that success of DOT will enable us to visualize activity
of the human brain in vivo. We formulate DOT as an inverse problem to determine
both the attenuation and the scattering coefficient in the transport equation, and we
have succeeded its numerical realization for a simplified 2D model using time dependent measurement data on the boundary. We show some numerical results in the
presentation. This work is a joint work with Dr. Daiki Tanaka and Hiroshi Fuiwara.
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Data Assimilation for Aeronautical Fluid Analysis
Hiroshi Kato
Japan Aerospace Exploration Agency,
Tokyo,Japan
E-mail:kato.hiroshi@jaxa.jp
Abstract
An new approach for the study of complex turbulent flows of aeronautics that
integrates experimental fluid dynamics (EFD), employing methods such as wind tunnel
experiments, and computational fluid dynamics (CFD) by using a data assimilation
technique is propsed. This study aims at representing complex turbulent flows more
accurately than conventional EFD and CFD approaches by estimating the proper angle
of attack, the proper Mach number, and the proper turbulent viscosity, which are
the three uncertainty factors in EFD and CFD. To this end, the ensemble transform
Kalman filter (ETKF), a sequential advanced data assimilation method, is employed
for the estimation and applied to transonic flows around the ONERA M6 wing. The
results computed using the angles of attack, Mach numbers, and turbulent viscosities
estimated by the ETKF diminish the discrepancies between the results of standard
computations and experiments. This finding shows the effectiveness of this approach,
which combines EFD and CFD using data assimilation to represent complex turbulent.
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Regularity of solutions to the stationary transport
equation and its application to DOT
Daisuke Kawagoe
Department of Informatics,
Kyoto University,
Kyoto, Japan
E-mail:d.kawagoe@acs.i.kyoto-u.ac.jp
Abstract
Recently, Diffused Optical Tomography (DOT) has been expected as a new medical
technique for noninvasive measuring of the brain function. Our goal is to realize DOT
based on a mathematical theory and an accurate numerical computation.
According to Chandrasekhar[1], light propagation in n-dimensional space obeys the
Radiative Transfer Equation (RTE), which is an integro-differential equation:
1 ∂I
(t, x, ξ) − ξ · ∇x I(t, x, ξ) − (µa (t, x) + µs (t, x))I(t, x, ξ)
c ∂t
Z

p(t, x, ξ, ξ 0 )I(t, x, ξ 0 ) dσξ0 = 0,

+ µs (t, x)
S n−1

where µa (t, x) and µs (t, x) represent how much light is absorbed and scattered at the
time t at the point x, respectively, and p(t, ξ, ξ 0 ) is a probability where photon changes
its direction from ξ 0 to ξ. In this talk, because the changes of optical properties in
a human body take much longer time than one of photon density, we consider the
stationary case, whose equation is called the Stationary Transport Eqation (STE).
Some mathematicians consider DOT as an inverse problem of the STE to determine
the coefficients µa , µs and the integral kernel p from “observable” boundary values.
Choulli and Stefanov[2] proposed the reconstruction way of the coefficients and the
integral kernel under the assumption that we know all the relations between some
boundary value and the other boundary value, which is impossible. So, we want to
propose an altenative way of reconstruction.
Fujiwara, an associate professor in our group, proposes another method of reconstruction, which is aided by enormous numerical computations. In this method, we
require regularity of the exact solution to the STE to guarantee that we can compute
the STE with some accuracy.
In this talk, we discuss regularity of solutions to the STE in a very simple case.

References
[1] S. Chandrasekhar 1950 Radiative Transfer Dover Publications, Inc. New York
[2] M. Choulli and P. Stefanov 1998 AN INVERSE BOUNDARY VALUE PROBLEM
FOR THE STATIONARY TRANSPORT EQUATION Osaka J. Math. 36(1) 87-104
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Determining scatterers using topological optimisation
methodology and boundary integral method for
wave equation in 3D
Ryo Terasawa1 Hiroshi Yoshikawa2 and Naoshi Nishimura3
1. Graduate School of Informatics, Kyoto University,
Kyoto, 606-8501 Japan
E-mail:terasawa@acs.i.kyoto-u.ac.jp

2. Graduate School of Informatics, Kyoto University,
Kyoto, 606-8501 Japan
E-mail:yskw@i.kyoto-u.ac.jp

1. Graduate School of Informatics, Kyoto University,
Kyoto, 606-8501 Japan
E-mail:nchml@i.kyoto-u.ac.jp
Abstract
We discuss an inverse problem of determining scatterers using a physical quantity
governed by the scalar wave equation. We use the level set methodology developed
by Yamada et al.[1] as a topology optimisation technique. Namely, we describe the
scatterers as the level set of a certain function which is governed by the heat equation
with the topological derivative[2] as the source term. The time domain boundary
integral equation for the wave equation in 3D is utilised as the solver for the direct
problem. We present a few simple numerical examples to test the performance of the
proposed method.

References
[1] T Yamada, K Izui, S Nishiwaki and A Takezawa 2006 A topology optimization method
based on the level set method incorporating a fictitious interface energy Computer
Methods in Applied Mechanics and Engineering 199 5239–54
[2] M Bonnet 2010 Topological sensitivity for 3D elastodynamic and acoustic inverse scattering in the time domain Computer Methods in Applied Mechanics and Engineering
195 2876–91
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Fundamental studies on quantitative biomedical
photoacoustic imaging
Shinpei Okawa1 and Takeshi Hirasawa1 , Seishiro Tatsukawa1 ,
Kiguna Sei2 , Toshihiro Kushibiki1 , Miya Ishihara1
1. Department of Medical Engineering, National Defense Medical College,
3-2 Namiki, Tokorozawa, Saitama, 359-8513 Japan
E-mail:okawa@ndmc.ac.jp

2. Department of Obstetrics and Gynecology, National Defense Medical College,
3-2 Namiki, Tokorozawa, Saitama, 359-8513 Japan
Abstract
Photoacoutic (PA) imaging has garnered attentions as one of the optical biomedical imaging modalities. By exploiting the sophisticated optical and ultrasound technologies, the PA imaging has provided precise morphological information in biological
tissues and organs such as micro-blood vessels [1]. The PA pressure wave generated
by irradiation of pulse laser light depends on the optical properties of the target and
background tissues. The optical properties such as the scattering and absorption coefﬁcients reﬂect the concentrations of the photon absorbers in the biological tissues, such
as oxy- and deoxy-hemoglobin. We have attempted to measure the optical properties
quantitatively by the in-vitro and in-vivo approaches with the PA measurement.
In the in-vitro approach, we proposed a method to estimate the optical properties
by comparing the measured PA pressure wave with the lookup table which related
the PA pressure waves to the optical properties. The samples of rabbit organs were
measured. By the in-vitro approach, the optical properties of the normal and diseased
tissues will be revealed.
In the in-vivo approach, we tried an image reconstruction of the absorption coeﬃcient. The inﬂuences of some approximations used in the algorithm were investigated
numerically and experimentally [2]. The eﬀect of the regularization minimizing L1 norm was also investigated [3]. By the in-vivo approach, the target tissues surrounded
by the background tissues will be diagnosed noninvasively and quantitatively.

References
[1] L V Wang and S Hu 2012 Photoacoustic Tomography: In Vivo Imaging from Organelles
to Organs Science 335, 1458-1462.
[2] S Okawa, T Hirasawa, T Kushibiki and M Ishihara 2015 Inﬂuence of the light propagation models on a linearized photoacoustic image reconstruction of the light absorption
coeﬃcient Proc. SPIE 9323, 93231X.
[3] S Okawa, T Hirasawa, T Kushibiki and M Ishihara 2014 Image reconstruction of the absorption coeﬃcient with l1 -norm minimization from photoacoustic measurements Quant.
Imaging Med. Surg. 5(1), 78-85.
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FOURIER PHASE RETRIEVAL WITH A SINGLE
MASK BY DOUGLAS-RACHFORD ALGORITHM.
Pengwen Chen
Applied Mathematics, National Chung Hsing University,
Taichung, Taiwan
E-mail:pengwen@nchu.edu.tw
Abstract
Douglas-Rachford (DR) algorithm is analyzed for Fourier phase retrieval with a
single random phase mask. Local, geometric convergence to a unique fixed point is
proved with numerical demonstration of global convergence. This is joint with Prof.
Albert Fann-jiang.
The preprint can be found in http://arxiv.org/abs/1509.00888.
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Diffusion MRI of complex axonal fibers
Wen‐Yih Isaac Tseng, MD, PhD
Brain is a giant network. It is composed of approximately 100 billion neurons. Each
neuron extends a process (i.e. axon) to touch other neurons in order to transmit
signals. Diffusion MRI is the only imaging tool that can probe the geometry of the
axons non‐invasively. Such information is of great value in understanding: 1) the
principles of fiber organization, 2) the structural backbone of functionally related
brain areas as a network, and 3) the relationships between fiber integrity and
neuropsychiatric disease. Diffusion MRI can probe the geometry of the axonal fibers
based on a unique relationship between the diffusion signal and the local average
propagator of water molecules. If fibers don’t cross, the average propagator
resembles a 3D Gaussian, and it can be adequately modeled by a diffusion tensor.
However, fibers do cross, the average propagator is no longer 3D Gaussian, and it
requires more advanced modeling to solve the fiber geometry. Many methods have
been developed, and they can be categorized into model‐based approach or
non‐parametric approach. With accurate information about local fiber orientation,
we are able to reconstruct 3D fiber pathways more reliably, and start to investigate
the questions about fiber organization or structural connectivity as described above.
In addition to reconstructing 3D fiber pathways, diffusion MRI is also promising to
measure microstructural components (e.g. axons, dendrites, cells and interstitial
water) within each image voxel. Again, it requires model‐based techniques to relate
microstructural components with the measured diffusion signal. The indices
obtained from the modeling would provide information about fiber density, axonal
diameter, free water fraction etc., and has implications in neurological diseases such
as Alzheimer’s disease, multiple sclerosis and traumatic brain injury. To date, this is
most feasible in fixed specimens in which more stringent acquisition and long scan
time can be performed. With the advance of MRI technology, it will be possible to
obtain 3D fiber pathways along with microstructural indices from human in vivo.
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On the Interior Transmission Problem and Its
Applications
Lung-Hui Chen
Department of Mathematics, National Chung Cheng University,
Min-Hsiung, Chia-Yi County 621 ,Taiwan
E-mail:mr.lunghuichen@gmail.com; lhchen@math.ccu.edu.tw
Fax:886-5-2720497
Abstract
To determine the inhomogeneity defined by an index of refraction, we send the time
harmonic wave-fields into the perturbation. The inverse problem is to determine the
index of refraction by the measurement of the scattered wave-fields in the far-fields.
The study of inverse scattering problem is the core in various disciplines of science
and technology such as sonar and radar, geophysical sciences, medical imaging, remote
sensing, and non-destructive testing in instrument manufacturing. The scattered wave
field is modeled by the following scattering problem under suitable assumption:

2
3

 ∆u(x) + k n(x)u(x) = 0, x ∈ R ;

u(x) = ui (x) + us (x), x ∈ R3 \ D;
(1)


∂us (x)
s
 lim
|x|{
− iku (x)} = 0,
|x|→∞

∂|x|

where
u(x) is the total wave;
us (x) is the scattered wave;
ui (x) := eikx·d , k ∈ C, x ∈ R3 , d ∈ S2 .
We reduce the inverse problem (1) to the homogeneous interior transmission problem.

∆w + k 2 n(x)w = 0, in D;




 ∆v + k 2 v = 0,
in D;
(2)
w = v,
on ∂D;




 ∂w = ∂v ,
on ∂D,
∂ν
∂ν
where ν is the unit outer normal, and n is the index of refraction. The spectra is
parametered by the k variable in C. We will discuss the spectral analysis of the interior
transmission problem and its applications in analysis and inverse problems.
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Significant feed-forward connectivity revealed by high
frequency components of BOLD fMRI signals
Yi-Cheng Hsu
Institute of Biomedical Engineering, National Taiwan University,
Taipei 10617 ,Taiwan
E-mail:yichenghsu@gmail.com
Abstract
Functional magnetic resonance imaging (fMRI) has become a prevailing human
brain mapping tool in cognitive neuroscience. When brain functions are represented
by brain activity at focal and spatially segregated locations, we may infer external stimuli and subjective experience based on spatial distributions of fMRI activity. However,
waveforms at activated brain regions and their dynamics are seldom used as to decode
conscious experiences or the exogenous input. One reason for not using fMRI temporal
information is related to the common belief that hemodynamic responses measured by
fMRI are temporally smooth. The other reason is related to the relatively low data
sampling rate ( 0.5 Hz) in conventional fMRI measurements. We hypothesize that
the relationship between stimuli, behaviors, and brain responses can be encoded in
fMRI waveforms features delineated in the sub-second range. To test this hypothesis,
we used magnetic resonance inverse imaging (InI) method, a fast fMRI acquisition
strategy enabled by massively parallel detection allowing up to 10 Hz sampling rate,
to investigate the causal relationships between areas subserving a two-choice reaction
time visuomotor task at frequiencies up to 5 Hz. Specifically, the spectral decomposition of Granger causality revealed that the fMRI signal at frequency up to 3Hz can
still be used to estimate significant dominant directions of information flow consistent
with results from the time-domain causality analysis. Our data suggest that hemodynamic responses carry physiological information related to inter-regional modulation
at frequency higher than what has been commonly considered. This result has implication that high sampling rate fMRI may provide extra information for human brain
decoding.
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A trigonometric identity related to an inverse spectral
problem on graphs
Chun-Kong Law
Department of Applied Mathematics, National Sun Yat-sen University,
Kaohsiung 80424,Taiwan
E-mail:law@mail.math.nsysu.edu.tw
Abstract
P
We shall prove a theorem that says that if the real series . N ai = 0, then the
i=0
P
identity . N tan(kπai ) = 0 holds for all k ∈ if and only if the elements in the set {ai }
i=1
are either rational, or pairwise rational. The theorem is related to an inverse spectral
problem on the edgelengths of a star graph.
This is joint work with Y.S. Choi (University of Connecticut) and E. Yanagida
(Tokyo Institute of Technology).
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Inverse scattering problem from an impedance crack
Kuo-Ming Lee
Department of Mathematics,National Cheng Kung University,
Tainan 70101,Taiwan
E-mail:kmlee@math.ncku.edu.tw
Abstract
The scattering of time-harmonic acoustic or electromagnetic waves from thin infinitely long cylindrical coated objects can be mathematically modeled by an impedance
boundary value problem for the Helmholtz equation in the exterior domain of a crack.
For a plane incident wave ui (x, d) := eik<x,d> with a unit vector d indicating the
direction of propagation and a wave number k > 0, we consider the following scattering
problem
Problem 1. (The direct impedance scattering problem)
Find a solution us ∈ C 2 (IR2 \ Γ) ∩ C(IR2 \ Γ) which satisfies the following conditions:
1. ∆us + k 2 us = 0 in IR2 \ Γ with a wave number k > 0.
2. For λ ∈ C 0,α (Γ), 0 < α < 1, with Re(λ) ≥ 0, it holds the following homogeneous
impedance boundary conditions
∂u±
± ikλu± = 0
∂ν

on Γ

(1)

for the total wave u := ui + us .
3. us satisfies the Sommerfeld radiation condition, i.e.


√ ∂us
s
lim r
− iku = 0,
r := |x|,
r→∞
∂ν
uniformly in all directions x̂ :=

x
|x| .

After solving the direct problem, we can consider now the inverse problem which
aim is to recover both the unknown impedance function and the unknown crack simultaneously if the type of the boundary condition is known.
Problem 2. (The inverse impedance scattering problem)
Determine the unknown impedance crack Γ and the impedance λ if the far-field pattern
is known for one incident direction d and for a fixed wave number k.
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Unique continuation property for the anomalous
diffusion
Ching-Lung Lin
Department of Mathematics,National Cheng Kung University,
Tainan 70101,Taiwan
E-mail:cllin2@mail.ncku.edu.tw
Abstract
The unique continuation for anomalous diffusion operators with fractional time
derivative of order 1/2 is proved by deriving Carleman estimates for the operators.
By applying operators which have negative sign in front of the diffusion terms of
anomalous diffusion operators, the anomalous diffusion operators are transformed to
parabolic operators of order 4 in the space variables. The Carleman estimates are
derived for these transformed operators considered as semi-elliptic operators. The
usual Calderon uniqueness argument for semi-elliptic operators does not work due to
the singularities in factors of the factorization of their principal parts. In order to have
smooth factorizations of the operators, we took into account the lower order terms of
the operators.
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Inverse Data Recovery and Its Application
Matthew M. Lin
National Chung Cheng University
Chia-Yi 621, Taiwan
mhlin@ccu.edu.tw

Integer data sets frequently appear in many applications in sciences and technology. Since integers are discrete in nature, none of previously proposed techniques
developed for real numbers can be successfully applied. To tackle this difficulty,
we propose a block coordinate descent method based on the integer least squares
estimation. We then demonstrate our numerical experiments on the application
of market basket analysis and compare our results with those obtained by other
existing alternatives.
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Strong Unique Continuation for a Residual Stress
System with Gevrey Coefficients
Yi-Hsuan Lin
Department of Mathematics, National Taiwan University,
Taipei 10617 ,Taiwan
E-mail:d01221001@ntu.edu.tw
Abstract
We consider the problem of the strong unique continuation for an elasticity system
with general residual stress. Due to the known counterexamples, we assume the coefficients of the elasticity system are in the Gevrey class of appropriate indices. The main
tools are Carleman estimates for product of two second order elliptic operators.
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Phase retrieval problem with random illumination
Gi-Ren Liu
Department of Mathematics, Tsing Hua University,
Hsinchu 300,Taiwan
E-mail:girenliu@gmail.com
Abstract
In this talk I would like to discuss the local convergence property of the error
reduction algorithm. For reconstructing the Fourier phases of real objects, we prove
that one coded diffraction pattern is sufficient when the oversampling ratio of the
Fourier magnitude data in each dimension is greater than or equal to two. As a byproduct of our analysis, we also propose a modification of the standard phase retrieval
algorithm, which can be applied to reconstruct the Fourier phases of complex objects.
The novelty here is that one random phase illumination is sufficient for successfully
reconstructing the unknown complex object. Numerical studies are carried out to
validate the theoretical results and evaluate the performance of our proposed algorithm.
This talk is based on joint works with A. Fannjiang (University of California, Davis)
and with P. Chen (National Chung Hsing University).
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Applications of the Signals Recorded by Infrared
Fingertip Devices
Yu-Chen Shu
Department of Mathematics,National Cheng Kung University,
Tainan 70101,Taiwan
E-mail:ycshu@mail.ncku.edu.tw
Abstract
In this talk, some applications of the signals recorded by infrared fingertip devices
are illustrated. The applications are projects with Sun-King company. The infrared
fingertip device made by Sun-King company provides a stable photoplethysmogram
signal. From the signal, we can extract the reflection index (RI), stiffness index (SI),
heart rate variation (HRV) and the frequency distribution of the heart rate intervals.
We have validated that the first quartile (Q1), medium, and the third quartile (Q3) of
SI increase with the ages. Therefore, it can be used to evaluate the age of the vessel.
In addition, we use the high and low components of the frequency distribution to
correspond with the autonomic nervous system of human. With a composite criterion,
we can evaluate the fatigue index. In addition, a real-time demo will be given in the
talk.
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