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Quasi—incompressible Cahn—Hilliard fluids and topological transitions
J Lowengrub, L Truskinovsky - ... of the Royal ..., 1998 - rspa.royalsocietypublishing.org
Abstract One of the fundamental problems in simulating the motion of sharp interfaces
between immiscible fluids is a description of the transition that occurs when the interfaces
merge and reconnect. It is well known that classical methods involving sharp interfaces fail ...
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ABSTRACT -In this paper we extend the Van der Waals-Cahn-Hilliard theory of phase
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By finding the saddle point in the expression derived in Paper | (see reference 8) for the free
energy of a nonuniform system, we have derived the properties of a critical nucleus in a two-
component metastable fluid. At very low supersaturations, we find that the properties of the ...
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M Buber - Pastoral Psychology, 1958 - Springer

.. DR. BUBER comments . . . | thank you for sending me the two statements. With the history
of the "dialogical principle” in the two last centunes | have dealt at some length in the postscript
to Die Schriften liber Das Didogische Prinzip (Heidelberg, 1954). ...
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[24] Unified Modeling Language Reference Manual, The

J Rumbaugh, | Jacobson, G Booch - 2004 - dl.acm.org

... | have been involved with the UML specification process for some time, but | still found mysealf
learning things while reading through this book-especially on the changes and new capabilities
that have come with UML." %4 1% 1% 134 754 134 134 194 1% -Ed Seidewitz, Chief Architect ...
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Energy-Efficient Scheduling and -
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OFDMA Networks With Base Station
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This paper addresses the problem of energy-efficient resource allocation in the downlink of a cellular
orthogonal frequency division multiple access system. Three definitions of energy efficiency are

Eégﬂ Emal

considered for system design, accounting for both the radiated and the circuit power. User scheduling
@ and power allocation are optimized across a cluster of coordinated base stations with a constraint on
Prnt

the maximum transmit power (either per subcarrier ar per base station). The asymptotic noise-limited
regime is discussed as a special case. Results show that the maximization of the energy efficiency is

(00| Request
Permissians approximately equivalent to the maximization of the spectral efficiency for small values of the maximum
transmit power, while there is a wide range of values of the maximum transmit power for which a
Save fo
Project moderate reduction of the data rate provides large savings in terms of dissipated energy. In addition, the

performance gap among the considered resource allocation strategies is reduced as the out-of-cluster
interference increases.
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Abstract

In this paper, we review the recent development of phase-field models and their numerical methods for multi-
component fluid flows with interfacial phenomena. The models consist of a Navier-Stokes system coupled with
a multi-component Cahn-Hilliard system through a phase-field dependent surface tension force, variable
density and viscosity, and the advection term. The classical infinitely thin boundary of separation between two
immiscible fluids is replaced by a transition region of a small but finite width, across which the composition of
the mixture changes continuously. A constant level set of the phase-field is used to capture the interface
between two immiscible fluids. Phase-field methods are capable of computing topological changes such as
splitting and merging, and thus have been applied successfully to multi-component fluid flows involving large
interface deformations. Practical applications are provided to illustrate the usefulness of using a phase-field
method. Computational results of various experiments show the accuracy and effectiveness of phase-field
models.
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Conservative multigrid methods for ternary Cahn-Hilliard systems [PDF] (Z 7 : projecteuclid.org)
J Kim, K Kang, J Lowengrub - Communications in Mathematical ..., 2004 - projecteuclid.org

Ahstract We develop a conservative, second order accurate fully implicit discretization of

ternary (three-phase) Cahn-Hilliard (CH) systems that has an associated discrete energy

functional. This is an extension of our work for two-phase systems. We analyze and prove ...

61 IE 2 Herts ®HAl 2 HE UE OHE

MNumerical simulation of phase separation in Fe-Cr binary and Fe-Cr-Mo ternary alloys with use

of the Cahn-Hilliard equation

M Honjo, ¥ Saito - ISl international, 2000 - cat.inist.fr

Résume/Ahstract The Cahn-Hilliard nonlinear diffusion equation for a binary alloy system

was extended to a ternary system. Mumerical model based on the Cahn-Hilliard equation for
multicompanent system was applied to the prediction of microstructural evolutions in Fe- ...

52% UE 2K Ezils HHl M HE UE O HET =2

A numerical method for the ternary Cahn—Hilliard system with a degenerate mobility [PDF] (&4 165.132.10.17)
J Kim, K Kang - Applied Mumerical Mathematics, 2009 - Elsevier

We applied a second-order conservative nanlinear multigrid method for the ternary Cahn-
Hilliard system with a concentration dependent degenerate mobility for a model for phase
separation in a ternary mixture. First, we used a standard finite difference approximation ...
143 212 23A sh=rtz i 6 HE 2UE HE

Conservative multigrid methods for Cahn—Hilliard fluids [PDF] (£ : uci.edu)
J Kim, K Kang, J Lowengrub - Journal of Computational Physics, 2004 - Elsevier

.. Recent applications of Cahn—Hilliard fluid modeling include simulations of the two- and

three-dimensional Rayleigh-Taylaor instahility {eg [5]. [7] and ... This alternative approximation alsa

allows us to extend systematically the discrete system to the case of ternary mixtures [3]; the ...

1702 2= 2K Hertz S 2N HE UE HE

hMultimaterial ctriictiiral tnnnlnme anfimizatinn with a neneralized Cahn—Hilliard mndeal nf
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The numenical solution of Cahn—Hilliard (CH) equation in one, two and three-dimensions via
globally radial basis functions (GRBFs) and RBFs-differential quadrature ..

M Dehghan, W Mohammadi - Engineering Analysis with Boundary ..., 2015 - Elsevier

... The CH equation was originally proposed by Cahn and Hilliard to model ... Some applications of

the CH equation are pointed in [53] such as the phase separation of binary and ternary liquid

mixture [1] and [70]. multi-phase fluid flows [9]. [57]. [54] and [55], Taylor flow in mini ...
g HE

Phase-field modelling of spinodal decomposition in TIAIN including the effect of metal vacancies
K Griinhagen. J Agren. M Odén - Scripta Materialia, 2015 - Elsevier

... In this model, (TiAlVall is approximated as a pseudo-ternary system consisting of AN, Ti:M and

Wa:l where the composition of M is supposed to be homogeneous throughout the system, ie

we present @ Cahn-Hilliard model [25] that is expanded to a substitutionally ternary ...
olE HE

[PDF] The Dynamics of Nucleation in Cahn-Hilliard-Cook Systems

M Mamazi - math.gmu.edu

... Similar research has been done on ternary alloys [1]. Our interest is in looking at the effect of
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sraTte T2 SHRO| HMZIOE 27| Sha M ST [ 244 IHE MEE S AUSLICH
L A TH Conservative multigrid methods for ternary Cahn-Hilliard systems
J Kim, K Kang, J Lowengrub - Communications in Mathematical ..., 2004 - projecteuclid.org
Abstract We develop a conservative. second order accurate fully implicit discretization of
D= o ternary (three-phase) Cahn-Hilliard {CH) systems that has an associated discrete energy
o functional. This is an extension of our work for two-phase systems. We analyze and prove ...
2015 27H 6151218 RHE sfentz M 6N HE UE HE
2014 H2E
2011 925 A numerical method for the ternary Cahn—Hilliard system with a degenerate mobility
7|ZHF J Kim, K Kang - Applied Mumerical Mathematics. 2009 - Elsevier
We applied a second-order conservative nonlinear multigrid methaod for the ternary Cahn-
Hilliard system with a concentration dependent degenerate mobility for a model for phase
SEHEE EHE separation in a ternary mixture. First, we used a standard finite difference approximation ...
SHIrE B 143 212 24 Eheftg HAl I WA 1E HE
Conservative multigrid methods for Cahn—Hilliard fluids
Ml &= J Kim, K Kang. J Lowengrub - Journal of Computational Physics, 2004 - Elsevier
Fh=2 & We develop a conservative, second-order accurate fully implicit discretization of the
Mavier—Stokes (MS) and Cahn—Hilliard {CH} system that has an associate.
1708 UE 264 etz HHl 2002 HE USE HE
v S5 T
VM EER TE Multimaterial structural topology optimization with a generalized Cahn—Hilliard model of multiphase

transition

S Zhou, MY Wang - Structural and Multidisciplinary Optimization, 2007 - Springer
B2 =2 - Kim {2002) and Kim et al. {2004a.b). The nonlinear multigrid method is an implicit

salver for binary and ternary Cahn-Hilliard systems in the absence of elastic strain

en- ergy. The discrete scheme inherits mass conservation ...

683 21 2HH EheRtE HHl VHE HAE UE OHE

Local discontinuous Galerkin methods for the Cahn—Hilliard type equations
Y Kia, ¥ Xu, CW Shu - Journal of Computational Physics, 2007 - Elsevier

In this paper, we develop local discontinuous Galerkin (LDG) methods for the fourth order
nonlinear Cahn—Hilliard equation and system. The energy stahility of.
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Title: A second-order projection method for the
incompressible Navier—Stokes equations



Abstract :

In this paper we describe a second-order projection method for the
t ime—dependent, incompressible Navier—-Stokes equations. As in the
original projection method developed by Chorin, we first solve
diffusion—convection equations to predict intermediate velocities
which are then projected onto the space of divergence —free vector
fields. By introducing more coupling between the diffusion-
convection step and the projection step we obtain a temporal
discretization that 1s second-order accurate. Our treatment of the
diffusion—convection step uses a specialized higher order Godunov
method for differencing the nonlinear convective terms that
provides a robust treatment of these terms at high Reynolds
number . The Godunov procedure is second-order accurate for smooth
flow and remains stable for discontinuous initial data, even in
the zero—viscosity limit. We approximate the projection directly
using a Galerkin procedure that uses a local basis for discretely
divergence-free vector fields. Numerical results are resented
validating the convergence properties of the method. We also apply
the method to doubly periodic shear—-layers to assess the perform—
ance of the method on more difficult applications.



Abstract :

In this paper we describe a second-order projection method for the|
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discretization that 1s second-order accurate. Our treatment of the
diffusion—convection step uses a specialized higher order Godunov
method for differencing the nonlinear convective terms that
provides a robust treatment of these terms at high Reynolds
number . The Godunov procedure is second-order accurate for smooth
flow and remains stable for discontinuous initial data, even in
the zero—viscosity limit. We approximate the projection directly
using a Galerkin procedure that uses a local basis for discretely
divergence-free vector fields. Numerical results are resented
validating the convergence properties of the method. We also apply
the method to doubly periodic shear—-layers to assess the perform—
ance of the method on more difficult applications.
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Abstract :

In this paper we describe a second-order projection method for the
t ime—dependent, incompressible Navier—Stokes equations. As in the
original projection method developed by Chorin, we first solve
diffusion—convection equations to predict intermediate velocities
which are then projected onto the space of divergence-free vector
fields. By introducing more coupling between the diffusion-
convection step and the projection step we obtain a temporal
discretization that 1s second-order accurate. Our treatment of the
diffusion—convection step uses a specialized higher order Godunov
method for differencing the nonlinear convective terms that
provides a robust treatment of these terms at high Reynolds
number. The Godunov procedure |p—osond_nec

divergence—-free vector fields.|Numerical results are presented
val1dating the convergence properties of the method. We also apply
the method to doubly periodic shear—-layers to assess the perform—
ance of the method on more difficult applications.




Abstract :

Energy-efficient wireless communication is very important for battery-
constrained mobile devices. For mobile devices in a cellular system,
uplink power consumption dominates the wireless power budget because of
RF power requirements for reliable transmission over long distances.
Our previous work in this area focused on optimizing energy efficiency
by maximizing the instantaneous bits—per—Joule metric through iterative
approaches, which resulted in significant energy savings for uplink
cellular OFDMA transmissions. In this paper, we develop energy
efficient schemes with significantly lower complexity when compared to
iterative approaches, by considering time—averaged bits—per-Joule
metrics. We consider an uplink OFDMA system where multiple users
communicate to a central scheduler over frequency-selective channels
with high energy efficiency. The scheduler allocates the system
bandwidth among all users to optimize energy efficiency across the
whole network. Using time averaged metrics, we derive energy optimal
techniques in “closed forms” for per—-user link adaptation and
resource scheduling across users. Simulation results show that the
proposed schemes not only have low complexity but also perform close to
the globally optimum solutions obtained through exhaustive search.



Abstract :

Efficient utilization of radio resources in wireless networks 1is
crucial and has been investigated extensively. This letter
considers a wireless relay network where multiple user pairs
conduct bidirectional communications via multiple relays based on
orthogonal frequency-division multiplexing (OFDM) transmission. The
joint optimization of channel and relay assignment, including
subcarrier pairing, subcarrier allocation as well as relay
selection, for total throughput maximization is formulated as a
combinatorial optimization problem. Using a graph theoretical
approach, we solve the problem optimally in polynomial time by
transforming it into a maximum weighted bipartite matching (MWBM)
problem. Simulation studies are carried out to evaluate the network
total throughput versus transmit power per node and the number of
relay nodes.



Abstract :

We consider molecular communication, with information conveyed in the
time of release of molecules. The main contribution of this paper is
the development of a theoretical foundation for such a communication
system. Specifically, we develop the additive inverse Gaussian (IG)
noise channel model: a channel in which the information is corrupted
by noise with an inverse Gaussian distribution. We show that such a
channel model is appropriate for molecular communication in fluid
media - when propagation between transmitter and receiver is governed
by Brownian motion and when there is positive drift from transmitter
to receiver. Taking advantage of the available literature on the IG
distribution, upper and lower bounds on channel capacity are developed,
and a maximum likelihood receiver is derived. Theory and simulation
results are presented which show that such a channel does not have a
single quality measure analogous to signal-to—noise ratio in the AWGN
channel. It is also shown that the use of multiple molecules leads to
reduced error rate in a manner akin to diversity order in wireless
communications. Finally, we discuss some open problems in molecular
communications that arise from the IG system model.
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 We develop a conservative, second-order accurate
fully implicit discretization of the Navier-
Stokes (NS) and Cahn-Hilliard (CH) system that
has an associated discrete energy functional.
This system provides a diffuse—interface
description of binary fluid flows with
compressible or incompressible flow components
[3]. In this work, we focus on the case of flows
containing two immiscible, i1ncompressible and
density-matched components.
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 We develop a conservative, second-order accurate
fully implicit discretization of the Navier-
Stokes (NS) and Cahn-Hilliard (CH) system that
has an associated discrete energy functional.
This system provides a diffuse—interface
description of binary fluid flows with

compressible or incompressible flow components
[R. Soc. Lond. Proc. Ser. A Math. Phys. Eng. Sci.

454 (1998) 2617]. In this work, we focus on the
case of flows containing two immiscible,
incompressible and density-matched components.
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The remainder of the paper is organized as follows.
Section II introduces the system model and problem
formulation. The graph based approach is detailed in
Section III. Section IV provides simulations to verify the

effectiveness of the algorithm. Finally, we conclude the
paper in Section V.
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28 “Energy Stable Schemes for Cahn—
Hilliard Phase-Field Model of Two—Phase
Incompressible Flows” &} =%9 Introduction
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The phase—field approach for multi—-phase
incompressible flows have attracted much
attention recently (cf. [11, 2, 16, 12, 15, 26]
and the references therein).
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Since the phase-field (or diffusive interface) model can
be considered as an approximation to the sharp interface
model, one can use the gradient flow based on either the
conserved Cahn—Hilliard dynamics (cf. [5]) or the Allen—
Cahn dynamics (cf. [1]) with a non-local Lagrange
multiplier, leading to the Cahn—Hilliard phase-field
model and Allen—Cahn phase-field model, respectively.
Both models, at least in the matched density case, can
be derived from an energetic variational approach. Thus,

they ac

1t an energy law, making it possible to design

numerical schemes which satisfy a corresponding discrete
energy law that automatically ensures their numerical
stability (cf., for instance, [7, 14, 3, 25]).
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However, most of the analysis and simulation of the
phase-field model for two—phase flows have been
restricted to the matched density case or with a
Boussinesq approximation. The main difficulty for two-
phase flows with different density is that the standard
phase- field model with variable density does not admit
an energy law, making 1t difficult to carry out
mathematical and numerical analysis. In a recent work
(cf. [23]), the authors proposed a phase-field model
with variable density which admits an energy law, and
constructed efficient and simple energy stable time

discretization schemes for the corresponding Allen—Cahn
phase-field model.
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The main objective of this paper 1s to construct efficient
and simple energy stable time discretization schemes for the
Cahn—Hilliard phase-field model with matched density and
variable density. The main additional theoretical and
numerical difficulty associated with the Cahn—Hilliard model,
as opposed to the Allen—Cahn model, is that the fourth—order
spatial derivatives are involved in the Cahn—Hilliard
equation for the phase function. By using a mixed formulation
for the fourth-order Cahn—Hilliard phase equation and using
the chemical potential to reformulate the surface tension
term in the momentum equation, we are able to extend the
results presented in [23] for the Allen—Cahn phase-field
model to the Cahn—Hilliard phase-field model.
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5. 259 outline

The rest of the paper is organized as follows. In
the next section, we present the Cahn-Hilliard
phase—field model for two—phase incompressible
flows with matched density and variable density.
Then, 1n Section 3, we construct several
efficient time discretization schemes for both
matched density and variable density cases, and
show that they are unconditionally energy stable.
Some numerical results and discussions are
presented in the last section.




Equation (1.1) with 6 > 0O arises as a phenomenological continuum model for phase sep-
aration in glass and polymer systems where intermolecular friction forces may be expected to
be of importance. See Novick-Cohen [7] for a derivation of the model and Novick-Cohen and
Pego [8] for more physical motivation. The viscous Cahn—Hilliard equation, which is viewed as a
singular limit of the phase field model of phase transition, has been studied by Bai et al. [9]. They
have studied the similarities and differences between the Cahn—Hilliard equation (6 = 0) and
Allen-Cahn equation by using the viscous Cahn—Hilliard equation (§ > 0). Metastable pattern for
viscous Cahn—Hilliard equation has been studied by Reyna and Ward [10]. Using explicit energy
calculations, Grinfeld and Novick-Cohen [11] have established a Morse decomposition of the
stationary solutions of viscous Cahn—Hilliard equation. Existence theory of the solution of (1.1)
has been shown by Elliott and Stuart [12], using semigroup properties.

The equation (1.1) arises as a phenomenological continuum model for phase
separation in glass and polymer systems where intermolecular friction forces
may be expected to be of importance. See Novick-Cohen[13] for a derivation
of the equation (1.1) with the term dug,,; which reflects some viscous effects
that were neglected in Cahn and Hilliard[3]. Also see Novick-Cohen and Pego
[14] for more physical motivation. The viscous Cahn-Hilliard equation, which is
viewed as a singular limit of the phase field model of phase transition, has been
studied by Bai, Elliott, Gardiner, Spence, and Stuart [2]. They have studied the
similarities and differences between the Cahn-Hilliard equation(d = 0) and Allen-
Cahn equation by using the viscous Cahn-Hilliard equation(d > 0). Metastable
pattern for the viscous Cahn-Hilliard equation has been studied by Reyna and
Ward[15]. Using explicit energy calculations, Grinfeld and Novick-Cohen|[12]
have established a Morse decomposition of the stationary solutions of the viscous
Cahn-Hilliard equation.

Existence theory of the solution for (1.1) has been shown in Elliott and Stu-
art[10]. Choo and Chung[4] have investigated the exponential decay of the clas-
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— To the authors' knowledge this is the first time when
neural networks are being applied to resource discovery
problem.

— To the authors' knowledge, there has been no trial to check
the accuracy of the SDS model.

— To the author's knowledge, the present study is the first
attempt to use the IBM method.
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— RMSBE of GRLSM -
— RMSBE of VLSM

Root mean square biased error
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The RMSBE values of GRLSM(the red solid line) and VLSM(the blue
solid line) during the evolution. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of
this article.)
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e According to the numerical studies, several issues have
arisen which motivates further studies in order to improve
the predictability of the simulations. The most important
one 1s to obtain suitable material parameters, especially
the free energy function and its parameters. Also many
materials used in the microfluidic device are of biological
nature and hence non—Newtonian, the current model using
Newtonian rheology for each fluid might not be accurate
enough depending on the material and flow regime. The model
could be improved further in this respect by employing, for
instance, a viscoelastic constitutive model for more
rigorous modeling of the material characteristics. In
addition, surfactants are present 1n practice, which are
known to have a large impact on drop dynamics; future work
will be devoted to add surfactants as an additional
component. From [Jang Min Park and Patrick D. Anderson, A
ternary model for double-emulsion formation in a capillary
microf luidic device, 2012.]
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5. Conclusions

In this article, we proposed a new phase field model for
the incompressible, immiscible ternary fluid flows with
interfaces. The model consists of a Navier-Stokes equation
with an extra surface tension term resulting from the pres-
ence of interfaces and a Cahn—Hilliard equation with the
corresponding transport term. We used a recent chemical
potential [5] and continuous surface tension force formula-
tion [20], which has the capability to generalize to multi-
component fluid flow models. We presented several
illustrative numerical examples which exhibited various
physical mechanisms of the model and demonstrated its
robustness and versatility. In upcoming work, we will
investigate the cases with more than three-component fluid
flows with surface tension. In that work, we will generalize
the continuous surface tension force formulation to multi-
component (more than three) fluid flows.
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Appendix A. Ternary Cahn—Hilliard system with
advection — a nonlinear multigrid method

In this section, we describe a nonlinear Full Approxima-
tion Storage (FAS) multigrid method to solve the nonlinear
discrete system at the implicit time level. If the nonlinearity,
f(c) in Eq. (19), is treated using one step of Newton’s iter-
ation, we obtain Gauss—Seidel-Newton relaxation. See the
reference text [34] for additional details and the following

1 wisd
We set the initial guess, ¢] = ¢/ and u,° = u, . Now, define

the FAScycle.

Step 1 — Pre-smoothing:

{c’" i } = SMOOTH" (¢, 4 *, Ny, 67, y7) on @, grid,

which means performing v smoothing steps with an initial
approximation cJ’, I %, ¢}, and the SMOOTH relaxa-
tion operator to get the approximation {c, ji, } One
SMOOTH relaxation operator step consists of solving
the system (A.l) and (A.2) given below by the 4 x 4 matrix
inversion for each ij. First, let us discretize Eq. (18).

CZ+ 4 ‘Ill{-=¢{,‘+’,§]1}+”‘ |J+’lldfl+,‘ldl
At BPe v W’ Pe

(A.1)

Next, let us discretize Eq. (19). Since f(¢}}) is nonlinear with
respect to ¢, we linearize f(c}}) at ¢}, ie.,
of(¢?)
=M\ ~_ m =m __.m (1
f(Cij) o f(C’.j) " (c,'j ij de )
ACAREACH

of (e & a
ot acy acy
where o | o opem |’
of(cjj) 2é . (A.2)
_om i T
°u( 2%e 113) Thy
1 of (c}})

=¥yt~ 5
52

J7(cu]j+c

i~ ]j+ctj+l+c1/ ])



notations. The convective CH Egs. (18) and (19) can be
written in the form N(c**!, g"*?) = (¢",y"), where the non-
linear system operator (N) is defined as

N(c'"*] ”n_+%) _ Cn+| B l Ad
¢ At Pe

and the source
1f(e") — SAL").

~ In the following description of one FAS cycle, we
assume a sequence of grids Q; (2, _, that is coarser than
Q; by factor 2). Given the number v of pre- and post-
smoothing relaxation sweeps, an iteration step for the non-
linear multigrid method using the V-cycle is formally
written:

FAS multigrid cycle:

l -‘)
”n-f’}’”n%} _ Ef(cn” )+ %Adcn-f 1)

(¢".¥") = (£ — (u- Vae)",

term is

m-4 m—y n o gn
{CZ’”, u, *“} = FAScycle(k, ¢, p, *,Ni, o, ¥, V)
on & grid.

T i -
Thatis, {¢/', u, *} and {¢""', u; *} are the approximations

n+d

of {¢;""(xi,3,), #, *(x;,»,)} before and after an FAScycle.

Step 2 — Compute the defect:

PR o |
(defy,, def?,) = (¢, ¥;) — Ni(cl', i 7).

Step 3 — Restrict the defect and {¢]', i, J'}

1=

)-

— S— m—i Ry B e e,
(def},_, defy, |, &, i) =1 (def},,def3,, &', i,

Step 4 — Compute the right-hand side:

L il m—i
(Ph1s Vi) = (def},_;, def5k — 1) + N1 (€, 1)

1
Step 5 — Compute an approximate solution {& |, ji, ;} on
Qk—l-'
m—% n n
Ni. l(cz_,p . 1') — (4)/.-.-1- '/’/.-,.1)- (A.3)

If k=1, we explicitly invert a 4 x4 matrix to obtain the
solution. If k> 1, we solve Eq. (A.3) by performing a
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FAS k-grid cycle using {é;f‘__,,ﬂ;"_f?} as an initial

approximation:

m-1
2

(& gsilly 1’} FAScycle(k — l~éﬁ|»ﬂ4 N1, 5 1:¥5-15)-

Step 6 — Compute the coarse grid correction (CGC):

| |
m-x ~
1

|
= ~ M A
— Gy Wiy = By, —l‘l.l

.
Vi-1 =S

Step 7 — Interpolate the correction:
— E (3 "%
(V7 We ) = B (Ve Wih)-

Step 8 — Compute the corrected approximation on Q.

1 1 1
m.after CGC __ =m om mf—rafter CGC =3 M=
€ =€ + Vi, My =MW “+W "
Step 9 — Post-smoothing:
m +1 m 4 3 v m.after aGC  m-—- afterCGC
{¢f*!, 4"} = SMOOTH m Ny 6, 07)

on Q, grld.

This completes the description of a nonlinear FAScycle.
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an excessively complex or poorly written presentation can only obscure the
significance of the work described.

Care should be taken in the organization of the material such that contributions
of the work and a logical, consistent progression of thought are evident.

It is strongly suggested that material which is not essential to the continuity of
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submission, you will automatically be redirected to a fully digital version of the
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a series of questions and replies, determines the author's copyright status and
brings the author to the appropriate Form to electronically sign. As an
alternative, you can also upload a scanned copy of a signed IEEE Copyright
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Electronic Submission
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Submission instructions, including how to create an author account on the site
are available on line.
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Purpose of Peer Review

Peer Review serves two key functions:

 Acts as a filter. Ensures research is properly verified before
being published

* Improves the quality of the research: rigorous review by other
experts helps to sharpen key points and correct inadvertent errors



On Being Asked To Review

- Does the article you are being asked to review truly match
your expertise?

- Do you have time to review the paper?



- Are there any potential conflicts of interest?

A conflict of interest will not necessarily eliminate you from
reviewing an article, but full disclosure to the editor will allow them
to make an informed decision.

For example;

If you work in the same department or institute as one of the
authors;

If you have worked on a paper previously with an author;

or you have a professional or financial connection to the article.

These should all be listed when responding to the editor’s
Invitation for review.



Conducting the Review

Reviewing needs to be conducted confidentially, the article you
have been asked to review should not be disclosed to a third
party.

Normally you would be expected to evaluate the article according
to the following:

- Originality
Is the article sufficiently novel and interesting to warrant
publication?

Is the research question an important one

You might wish to do a quick literature search using tools such as
Scopus to see if there are any reviews of the area. If the research
has been covered previously, pass on references of those works
to the editor.



- Structure

Is the article clearly laid out? Are all the key elements present:
abstract, introduction, methodology, results, conclusions?
Consider each element in turn:

* Title: Does it clearly describe the article?

 Abstract: Does it reflect the content of the article?
Where graphical abstracts and/or highlights are included, please check the content
and if possible make suggestions for improvements.

* Introduction: Does it describe what the author hoped to achieve
accurately, and clearly state the problem being investigated?
Normally, the introduction should summarize relevant research to
provide context, and explain what other authors' findings, If any,
are being challenged or extended. It should describe the
experiment, the hypothesis(es) and the general experimental
design or method.



* Method: Does the author accurately explain how the data was
collected? Is the design suitable for answering the question
posed? Is there sufficient information present for you to replicate
the research? Does the article identify the procedures followed?
Are these ordered in a meaningful way? If the methods are new,
are they explained in detail? Was the sampling appropriate? Have
the equipment and materials been adequately described? Does
the article make it clear what type of data was recorded; has the
author been precise in describing measurements?

* Results: This is where the author(s) should explain in words
what he/she/they discovered in the research. It should be clearly
laid out and in a logical sequence. You will need to consider if the
appropriate analysis has been conducted. Are the statistics
correct? If you are not comfortable with statistics, please advise
the editor when you submit your report. Interpretation of results
should not be included in this section.



 Conclusion/Discussion: Are the claims in this section supported
by the results, do they seem reasonable? Have the authors
iIndicated how the results relate to expectations and to earlier
research? Does the article support or contradict previous
theories? Does the conclusion explain how the research has
moved the body of scientific knowledge forward?

« Language: If an article is poorly written due to grammatical
errors, while it may make it more difficult to understand the
science, you do not need to correct the English. You should bring
this to the attention of the editor, however.



- Previous Research

If the article builds upon previous research does it reference that
work appropriately? Are there any important works that have been
omitted? Are the references accurate?

- Ethical Issues

 Plagiarism: If you suspect that an article is a substantial copy of
another work, please let the editor know, citing the previous work
In as much detall as possible

* Fraud: It is very difficult to detect the determined fraudster, but if
you suspect the results in an article to be untrue, discuss it with
the editor



Communicating Your Report to the Editor

Once you have completed your evaluation of the article the next
step is to write up your report. As a courtesy, let the editor know If
It looks like you might miss your deadline.

Some journals may request that you complete a form, checking
various aspects of the paper, others will request an overview of
your remarks. Either way, it is helpful to provide a quick summary
of the article at the beginning of your report. This serves the dual
purpose of reminding the editor of the detalls of the report and
also reassuring the author and editor that you have understood
the article.

The report should contain the key elements of your review,
addressing the points outlined in the preceding section.
Commentary should be courteous and constructive, and should
not include any personal remarks or personal details including
your name.



Providing insight into any deficiencies is important. You should
explain and support your judgment so that both editors and
authors are able to fully understand the reasoning behind your
comments. You should indicate whether your comments are your
own opinion or are reflected by the data.

When you make a recommendation regarding an article, it is
worth considering the categories the editor most likely uses for
classifying the article.

a) Reject (explain reason in report)
b) Accept without revision
c) Revise (either major or minor)

Last, clearly identify what revision is required, and indicate to the
editor whether or not you would be happy to review the revised
article.



Highlights

Highlights are a short collection of bullet points that convey the core findings and
provide readers with a quick textual overview of the article. These three to five bullet
points describe the essence of the research (e.g. results or conclusions) and highlight
what is distinctive about it. Highlights will be displayed in online search result lists,
the contents list and in the online article, but will not (yet) appear in the article PDF
file or print.

Author instructions:

Highlights should be submitted as a separate file in EES by selecting "Highlights"
from the drop-down list when uploading files. Please adhere to the specifications
below

Specifications:

Include 3 to 5 highlights.

There should be a maximum of 85 characters, including spaces, per highlight.
Only the core results of the paper should be covered.




Journal of Health Economics, Volume 29, Issue 4, July 2010, 524-535

Highlights

« We model two hospitals which have regulated prices and compete on quality.
« We examine changes in the level of information about hospital quality.

« Increasing information will increase quality if hospital costs are similar.

« Increasing information will decrease quality if hospital costs are very different.
« Welfare effects depend on ex-ante or ex-post assumptions about quality
information.
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where p1 and 1 for 1=1,2 are density and viscosity of fluid 1, respectively. There 1s
An-Aarea conservation is an important issue in modeling free interface problems.
If the area loss happensoccurs, it could increase a-the local curvature of the
interface and results in overestimating the surface tension force. An

oOverestimated surface tension force induces an incorrect wreng—velocity field

which moves the interface to the wrong position.
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#section{Numerical results} #label{numresults}

experiments: eentatatig—a convergence test; —a test of the

stability of the proposed scheme, a the-compartserison efthe

Dirichlet boundary and Neumann boundary conditions for

spinodat

—decompositions —and their effects on kethe increasing area

in a rectangular domain and complex domain, and

applications to models of biological membranes in confined

domains; and to a passively moving droplet in a wavy

channel.
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You are welcome to resubmit your manuscript. Should you do so, please en-
sure that every aspect of the manuscript is in accordance with the Guide
for Authors. You must also submit a separate list of responses to the prob-
lems that were raised. under the submission item “Responses to technical
check results”. We regret that without a completed “Responses” sheet, your
manuscript will not be further processed.

PLEASE NOTE: resubmission is not a guarantee that yvour paper will subse-
quently proceed to the peer review process, which is a decision to be made at
the sole discretion of the Editor.

Yours sincerely,

Comments:

1) Full contact addresses of only 3-5 potential reviewers including their e-mail

addresses should be provided.

2) Graphical abstract should be structured under the heading “Graphical ab-

stract”.




Graphical abstract

The effect of o on the finger shape for Marangoni-driven flow. (a) o = 0.175,
(b)) hoe = 0.20. and (c¢) hoe = 0.225. The evolution of the fluid front is from
bottom to top. The times are at ¢ = 1250, 1500. 1875, and 2500.

1

(a) (b) (c)

121 14.3: Graphical abstract
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Thank you for your recent submission to Applied Mathematics and Computation.

However, before we can send your manuscript out for review, please note that
we would like you to make the following changes/corrections:

1) Figure captions must be provided on separate sheet.

List of Figures

Figure 1. A double well potential, (¢ — 1)%/4.

Figure 2. Surface tension of nonlinear and linear cases with v =1, o9 = 1,
and 7 = 1.

Figure 3. ¢, 1, and p are defined at the cell center. v and v are defined at the
cell edges.

Figure 4. Overlapped numerical solutions of the ordered parameter ¢ and
the surfactant concentration (a) with and (b) without Z at the steady state.
Note that we overlap equilibrium profile.

Figure 5. Overlapped contour plots of order parameter ¢ at four levels (a)
with, (b) without Z at the steady state. Note that we overlap the steady state
of without surfactant to compare results.
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Dear Editor

We submitted a manuscript six months ago. We would
like to know what i1s the current status of our
manuscript. The manuscript number is MATH01234567.

We are looking forward to your reply.
Thank you.

Sincerely yours,
J.S. Kim
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Dear Editor

We wish to withdraw our manuscript because 1t took so
long time since we submitted our manuscript. The
manuscript number 1s MATH01234567. We are looking
forward to your reply.

Thank you.

Sincerely yours,
J.S. Kim
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Revision cover letter

July 14, 2013
Journal A

Dear Editor:

According to reviewers’ comments, we have revised our
manuscript. We have enclosed the responses (which
summarize the revisions and corrections) to reviewers.
We are looking forward to hearing from you.

Sincerely,

Junseok Kim

Professor

Department of Mathematics
Korea University




Revision reply letter (1)

Junseok Kim

Department of Mathematics Department of Mathematics
Korea University,

Seoul 136-701,

Republic of Korea

July 10, 2012

Computers and Mathematics with Applications

Dear Editor

First of all, thank you very much for your detailed and thoughtful comments.

According to reviewer's comments which our manuscript could be stronger, we have
revised this manuscript entitled "A conservative numerical method for the Cahn-Hilliard

equation with Dirichlet boundary conditions in complex domains”.

The followings are the summary of the revisions.




Revision reply letter (II)

Q1. My biggest issue with the content of this paper is that no where in section 2 is
it discussed how the Dirichlet BCs are dealt with or why this technique is special for
Dirichlet BCs. As this is what is to distinguish this method, it should certainly be

discussed and with detail.

Answer: In Section 2, we explained how the Dirichlet BCs were dealt with and why this
technique was special for the Dirichlet BCs. For more details, please refer to Section 2 in

the revised paper.

Q2. The possible applications (and their importance) of the CH model with Dirichlet
boundary conditions should be highlighted and discussed in the introduction so that

the reader understands why this would be useful.

Answer: In introduction, we presented the possible application and their importance of
the CH model with Dirichlet BCs as followings:

The possible applications of the CH model with Dirichlet boundary conditions are a non-wetting
droplet dynamics in a channel, a red blood cell in capillary blood vessels, and deformation of
biological cell morphology in a confined domain [39-52].
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[39] Y. Liu, WK. Liu, Rheology of red blood cell aggregation by computer simulation, Journal of
Computational Physics 220 (2006) 139-154.

[40] WK. Liu, Y. Liu, D. Farrell, L. Zhang, X.S. Wang, Y. Fukui, N. Patankar, Y. Zhang, C. Bajaj, J. Lee, J.
Hong, X. Chen, H. Hsu, Immersed finite element method and its applications to biological systems,
Computer Methods in Applied Mechanics and Engineering 195 (2006) 1722-1749.

[41] ). Zhang, PC. Johnson, A.S. Popel, Red blood cell aggregation and dissociation in shear flows
simulated by lattice Boltzmann method, Journal of Biomechanics 41 (2008) 47-55.

[42] C. Migliorini, Y. Qian, H. Chen, EB. Brown, RK. Jain, LL. Munn, Red blood cells augment
leukocyte rolling in a virtual blood vessel, Biophysical Journal 83 (2002) 1834--1841.

[43] C. Sun, C. Migliorini, LL. Munn, Red blood cells initiate leukocyte rolling in postcapillary
expansions: a lattice Boltzmann analysis, Biophysical Journal 85 (2003) 208--222.

[44] C. Sun, LL. Munn, Particulate nature of blood determines macroscopicrheology: a 2-D lattice
Boltzmann analysis, Biophysical Journal 88 (2005) 1635--1645.

[45] R.M. MacMeccan, J.R. Clausen, G.P. Neitzel, CKK. Aidun, Simulating deformable particle
suspensions using a coupled lattice-Boltzmann and finite element method, Journal of Fluid
Mechanics 618 (2009) 13--39.

[46] H. Zhao, AH.G. Isfahani, LN. Olson, JB. Freund, A spectral boundary integral method for
flowing blood cells, Journal of Computational Physics 229 (2010) 3726-3744.

[47] P. Bagchi, PC. Johnson, AS. Popel, Computational fluid dynamic simulation of aggregation of
deformable cells in a shear flow, Journal of Biological Engineering 127 (2005) 1070-1080.

[48] C.D. Eggleton, A.S. Popel, Large deformation of red blood cell ghosts in a simple shear “ow,
Physics of Fluids 10 (1998) 1834-1845.
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[49] P. Bagchi, Mesoscale simulation of blood flow in small vessels, Biophysical Journal 92 (2007)

1858-1877.

[50] T. Ye, H. Li, KY. Lam, Modeling and simulation of microfluid effects on deformation behavior
of a red blood cell in a capillary, Microvascular Research 80 (2010) 453-463.

[51] A. Jafari, P. Zamankhan, S.M. Mousavi, P. Kolari, Numerical investigation of blood flow. Part II:
In capillaries, Communications in Nonlinear Science and Numerical Simulation 14 (2009) 1396-

1402.
[52] N. Minc, D. Burgess, F. Chang, Influence of cell geometry on division-plane positioning, Cell

144 (2011) 414-426.

Q3. In the introduction, the logic of the derivation of equations 1-4 is a bit backward.
One should start with mass conservation, then the definition of the flux, then the

computation of the chemical potential.

Answer: Following the reviewer's comment, we revised the introduction. Please refer to

Section 1 in the revised paper.

Q4. Additionally, a sentence or two stating the system is a gradient flow and what
that means before the energy time derivative calculation would help to motivate
why the calculation is shown and what is meant throughout the rest of the paper by

gradient stability.
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Answer: Following the reviewer's comment, we added several sentences in Section 1 as
follows: “The CH equation can be derived from a constrained gradient flow in the H™
Hilbert space and it guarantees that the total free energyE(¢) IS non-increasing in time
t[3]" And in Section 2.1, we showed the gradient stability with the definition of gradient
flow as following : “The unconditionally gradient stability of the discrete system is proved

in [53-56]. We define the discrete energy functional:

N, Ny

] \ 2
3 ((D%1, — B2+ (67,41 — 65)7)
=1

N | M

—

In [53,54], Eyre proved that if Pt is @ numerical solution of Eqgs. (7) and (8) with a

given " then Eh (¢"*) < &n(¢" ). The decrease of the discrete total energy
functional implies the pointwise boundedness of the numerical solution (please refer [56]
for more details and proof).”

[53] PC. Fife, Models for phase separation and their mathematics, Electronic Journal of Differential
equations 2000 (2000) 1-26.

[54] DJ. Eyre, Computational and mathematical models of microstructural evolution, in The
Material Research Society, Warrendale, PA, 1998.

[55] D.J. Eyre, An unconditionally stable one-step scheme for gradient systems, Unpublished article.
www.math.utah.edu/~eyre/research/methods/stable.ps, 1998.

[56]). Kim, Phase-field models for multi-component fluid flows, Commun. Comput. Phys. 12(3)
(2012) 613-661.
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Q5. The first sentence of section 2 states "we propose a new conservative numerical
algorithm for solving the Cahn-Hilliard equation with Dirichlet boundary conditions
in rectangular and complex domains.” However, there does not seem to be anything
novel about the approach on rectangular domains, thus the statement seems too
strong.

Answer: First, we modified the first sentence in section 2 as "we propose a new
conservative numerical algorithm for solving the Cahn-Hilliard equation with Dirichlet
boundary conditions in complex domains.” And our method is slightly different from the
existing method in treating boundary condition for chemical potential on rectangular
domains. Since we let the discrete boundary points be located a half space step away
from the true boundary points. It will be shown that this treatment of boundary points

make the solution algorithm be considerably simpler than standard treatments.

Q6. In section 2.2, the first equation should be made more readable, i.e. split into
more lines, and a comment leading the reader to understand where the last equal
sign comes from should be included.

Answer: Following the reviewer's comment, we split our derivation of the formulas into

more lines. Such as:




Revision reply letter (VI)

N \y ll—i—l
- (
L ll n+l
0=3"3"- ZZA A
=1 =1 g=19=1
N, N n+1 n—{—l n+1 n+1
Z Z Hiti, 1 —H i] o ,U-j_,' o :u‘i—l.j
B K h?
=1 =1
N '-A n+1 n+1 n+1 n+1
Hi j+1 —/’,:/ Hi;  — Mg 51
+355) ( T
=1 =1
N n+1 n+1 n+1 n+1
”(/’\ +1,_.“\ i M1 T Hoj )
9
121 h
n+1 n-+1 19 1
Fi Ny+1 — Hiny, /lﬁ _,“::fL
5> L)
i=1 L=

Where we have used Eq. (7) and telescoping cancellation. Furthermore, as can be

observed that due to the telescoping cancellation, the last equal sign comes.

Q7. Also, in this same equation, the sub-index of "0" seems to have no meaning in
this paper, so please be consistent in your numbering or give a definition of what

you are referring to.




Revision reply letter (VII)

Answer: We added that definition in Section 2 as following:

I = {(z0,v5), (TNz+1,Y;), (=i, 90), (Tiy ywy41)| 1 < @ < Ny,
Please see Figure 2.

e, 8,06, @ @, 0,06 0,0 0,0 0
- — — -

I'@jo|lolo o|lo]|lo|lo|o ¢
e

" (o} o o 0| O Q O|]O0 O (o]

'le'e'sa'e o'eo'e'eo'e o'e'e!

(a) (b)

Fig. 2. (a) Domain € with boundary 9€) and (b) discrete domain 2"
boundary 9Q".

Also the discrete boundary condition was defined as
1

=

with discrete

Po; = 9(a,y;), O, 415 = 9(0,¥;), dio = 9(is¢), O n, 41 = 9(xi,d)




Revision reply letter (IX)

Q8. The caption for Figure 5 needs to be greatly enhanced. Also, I think it is

examples of Wmu” {Wtilde}, not just Wmu.

Answer: We enhanced the caption of Figure 6 in this revised paper. Also we replaced
Wmu by Wmu” {¥tilde}.

(a) g #:?++11;
(b) gt = (uth; + pitl)/2, and (12)

(€) A = (uiy + By + w21 /3.

n+1 n+1

Ili.)+[ I“.J*]
P L L ] | ® |
Pay .4—1—:_‘, Fa l‘_l— FaN i‘_l_
I‘Z ' i ;.~.11.j I‘:; I T llq ﬂt}' M ;‘4'[1.,:'
A ® O A @ L ] I
T J’J 1
(a) (b) (c)

. > 2 . U T, 3
Fig. 5. Examples of discrete boundary point /1}3 in a complex domain. Each equa-
tion corresponding to each label is presented in Eq. (12).




Revision reply letter (X)

Q0. In section 3.1, I would think a better way to look at convergence is to consider a
solution from a very fine grid as "truth” and look at errors against that. This would
also give you more points to see for error reduction to help establish if you are

seeing the asymptotic regime.

Answer: With the mentioned method, we considered the convergence test in section 3.1.
Second-order accuracy with respect to space is observed, as expected from the

discretization.

Table 1

Error and convergence results with various mesh grids. Here, At = 6.25E-6.
Grid 64 x 64 128 x 128 256 x 256
l[o-error 3.90E-3 8.92E-4 2.07E-4
Rate 2,13 2.171

Q10. While a table showing spatial convergence is shown, the level of time accuracy

is stated but never shown.

Answer: We considered a test to show the first-order accuracy for time with the same

method as that mentioned in Q9. For more details, please refer to setion3.1.




Revision reply letter (X 1)

Table 2
Error and convergence results with various time steps. Ilere, a 256 x 256 mesh grid
18 used.

At 6.25E-1 3.125E-1 1.563E-1
lo-error 3.30E-2 1.61E-2 7.21E-3
Rate 1.03 1.16

Q11. In references [20-22], this scheme has been shown to be unconditionally stable
in the sense that the energy will always decrease no matter the time step. Thus
section 3.2 is a bit of misnomer, since to show the scheme is stable in this sense
requires showing the energy level over time, not looking at the final solution.

Answer: To demonstrate the stability of this scheme, we re-plotted the results by putting

the evolution for spinodal decomposition with large time step, total energy and mass

1

together.

—Total energy|

0.75

0.5

0.25¢

0

Fig. 9. The temporal evolution with large time step At = 10000.




Revision reply letter (X II)

Q12. At the end of section 3.4, reference is made to "phase membrane” and "plasma
membrane” without motivation. It seems to be a pre-cursor to section 3.5. Such
phrases should probably be introduced in the introduction when discussing possible

applications.

Answer: It is right. We moved that sentences and added the description of phase and

plasma membrane in the introduction.

Q13. In section 3.6, you should compare and contrast your method with adaptive
finite elements, i.e. required degrees of freedom, computational time, etc.

Answer: Since we don't have the source code of the adaptive finite element method, it is
difficult to directly compare the computational times, or other numerical measures. In
the future work, we will compare our proposed method with adaptive finite element
method and previous model in [**].

[**]A. Carlson, M. Do-Quang, G. Amberg, Droplet dynamics in a bifurcating channel, Int. J.
Multi- phase Flow, 36 (2010) 397-405.




Revision reply letter (XIII)

Q14. Reference 21 should be filled in

Answer: We filled in reference 21 as followings.

[21] DJ. Eyre, An unconditionally stable one-step scheme for gradient systems,
Unpublished article.

www.math.utah.edu/$Wsim$eyre/research/methods/stable.ps, 1998.

Q1. [Page 1] After Keywords: It will be nice if mathematical Subject codes based on
AMS classifications be given.

Answer: We presented mathematical subject codes based on AMS classifications.

Q2. [Page 11] Section, It will be more useful if the corresponding references in the

literature for the text examples be given.
Answer: This example is newly coined for convergence test in complex domain. The

reason why we chose that complex domain and initial configuration is that $g(x)$ is

always 0 in the boundary. 1t is simply to consider the convergence test.

Q3. [Pages 18-19] This referee would like authors pay attention to the following

references which can be helpful for the readers of this journal.

Answer: Following the reviewer's comment, we referred to these papers and cited them.




Ms. Ref. No.: EJMFLU-D-13-00026R1
Title: Buoyancy-driven mixing of multi-component fluids in two-dimensional
tilted channels European Journal of Mechanics - B/Fluids

Dear Prof. Junseok Kim,

I have now heard from the referees about your revised paper "Buoyancy-driven
mixing of multi-component fluids in two-dimensional tilted channels” which you
submitted some time ago for publication in the European Journal of Mechanics -
B/Fluids.

The referees are happy with the revision and recommend publication.

Below are comments from the editor and reviewers.

Thank you for submitting your work to European Journal of Mechanics - B/Fluids.
With kind regards,

Frederic Dias

Editor-in-Chief
European Journal of Mechanics - B/Fluids



Comments from the editors and reviewers:

Reviewer #1: The authors have discussed my questions satisfactorily in the
revised manuscript and their rebuttal. Thus I recommend this paper for
publication in EJMB/Fluids.

Reviewer #2: Compared to the original version, the paper has been improved in
several respects and useful additional information has been provided (the
number of figures presenting quantitative results has, for instance, been
increased very significantly).

We believe that these significant improvements make the paper suitable for
publication in the European Journal of Mechanics .
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In lines 278-279

As we can see in Fig. 8. the interface
length 1s the shortest when the wall

energy equals zero.
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Automatic Algorithm for Image Segmentation

Department of Mathematics, Korea University
Junseok Kim

Collaborators : HyunGeun Lee, Darae Jeong, and Dongsun Lee




# slide 1

I'm a graduate student at Korea University majoring in mathematics.

My name is Junseok Kim.

Today, I'd like to talk about “automatic algorithm for image segmentation”.
This work was done in collaboration with HyunGeun Lee, Darae Jung, and
Dongsun Lee.

If you have any questions, please feel free to interrupt.

The objective of my research is to remove noise in images by using a
mathematical model.

Left figure is a fingerprint with noise and the right figure is the fingerprint

after removing the noise.



Governing equation for image segmentation

« Mumford-Shah energy functional :

0.35

sto= [ (F0), 1768

F(9)o.2

0.15}
0.1+

0.05+

9

« Governing equation :

F'(9)

Qr = + Ag

T G(¢7 fO)) dX, "

0.25¢

F(6) = 0.25(% —1)°

+A[(1 = 8)(fo— )" — (L+ @) (fo — a1)].
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The governing equation for image segmentation can be derived from
Mumford-Shah energy functional.

In this functional, F of phi is a fourth-order polynomial as shown in this

graph.

By applying the gradient descent method, we have the governing

equation for image segmentation.



Proposed numerical method

e Operator splitting technique

Step 1) gb?j—l_l’l = e—)\[(fO—C?)2—|—(f0—63)2]At¢%

ny\2 n\2
_%(e‘“kﬁfb—%ﬁJQ+{fb—f€)2LSt__ 1)(jb _-Ci)g _'(jb _-Ci)g'
(fo— )+ (fo—c5)

¢n+L2__¢n+1J

Step 2) A7 = Adﬁan’Qa

¢n+12

Step 3) qﬁ”“ =

—oAt

\/e%ft 4 (¢nH12)2(1 — e )

if [¢"| < 1, then we get [¢p" T < 1.

Unconditionally stable scheme !!




# slide 3

The proposed numerical method is based on operator splitting technique.
Here, we take three steps to advance the numerical solution from time n
to time n+1.

And this method is an unconditionally stable scheme.

-Question (raise your hand)

What does it mean by “unconditionally stable scheme"?

Okay, that is a good question. She asked "what does it mean by
unconditionally stable scheme?

The unconditionally stable scheme means the existence of the numerical
solution does not depend on the time step size.

Does that answer your question?



Convergence test

1
Initial profile : ¢(x,0) = 5 (1 — tanh 2\% )
€

1 — 0.9
Analytic final profile : ¢(2.T) = 5 (1 — tanh xz\/i )
€

Parameters are used as : h = 2'7". ¢ = 0.015,s = 3/(\/(2)¢).
At = h/(40).T = 1/(2s).

128 rate 2b6 rate 12 rate 1024

| e |, | 1.320E-2 | 1972 | 3.363E-3 | 1.977 | 8.544E-4 | 1962 | 2.193E-4

|e™ || |5.334E-2 | 1.962 | 1.370E-2 | 1.975 | 3.486E-3 | 1.961 |8.953E-4

= second order accurate in space and time
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Now, in order to validate the proposed numerical method, we performed

the convergence test.

From the table, we can observe that this method is second order

accurate in space and time.



Image segmentation for a fingerprint

e5. At = 5E-6.tol = 0.25.\ = 1.5E5
(0,1) x (0,1) with a 256 x 256 mesh.

Parameters are used as :

on {1 =

with noise, numerical results after (c) 2 iterations, (d) 4 iterations,

Figure 1. Temporal evolutions of a fingerprint : (a) initial image, (b) image
and (e) 10 iterations.
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To test our proposed algorithm, we took a clean image of a fingerprint
(indicate image (a) with a laser point).
Then, we artificially added some noise in the image (indicate image (b)

with a laser point). (b) is the initial condition in our algorithm. (c), (d),

and (e) are the results after 2, 4, and 10 iterations.

From figure (e), we removed most of the noise after 10 iterations.



Summary
« We proposed an unconditionally stable hybrid

numerical scheme for image segmentation.

« We performed the numerical test with noisy
fingerprint image.

 In our future work, we will study an automatic
decision of the range of A.

_F(¢)

Qr = + Ag

+A[(1 = 8)(fo— )" — (L+ @) (fo — a1)].
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Let me summarize my talk.

In this study, we proposed an unconditionally stable hybrid scheme for

Image segmentation.
And we performed the numerical test with noisy fingerprint images.

In our future work, we will study an automatic decision of the range of

lambda.

b= L9 Ay

+A[(1 = 8)(fo—c2)” = (L+ @) (fo — a1)].




Thank you !
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Thank you for your attention.



AR



