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(Condensed Matter Physics)

1. A Historical Sketch of My Studies

1970-1975: School Days (Kyushu Univ., Fukuoka)
*Critical Phenomena, Phase Transition in Low-Dimensional
Magnetic Materials (KCuF3, K2CuF4, etc.) : Period O

1976: First Assignment to Yamaguchi University (Ube, Japan)

u

woxs

1976-1986: Period I (+ Biomedical & Information Eng.)
1987-1995: Period I (+ Nonlinear Sci. & Image Proc.)
1987: Post Doctoral Fellowship in MPI (Dortmund, W-Ger.)

* 1996-2013: Period IIl (+ Perceptual Sci. & Design Eng.)

The thermal

0. 1970-1975: Heat transport by magnon in KCuF3

Doctor Thesis (1976):
Anomalous Thermal Conduction Induced by Critical Dynamics
of Spin Waves in the Order of Low-Dimensional Magnet

JOURNAL OF THE PHysiCAL SocieTy oF JAPAN, Vol, 38, No, 5, May, 1975

Evidence of the Diffusive Thermal Conduction in a
One-Dimensional Antiferromagnet KCuF; above Tx.
Hidetoshi Muke and Kazuyoshi HIRAKAWA

Department of Electronics Engineering, Kyushu University, Fukuoka
(Received November 21, 1974)

chain,

KCUF, has been measured. A large enhanced conductivity in the direc-

tion of a linear magnetic chain is observed above Ty. The results of
analysis based on Huber's theoretical prediction and the dynamical
scaling hypothesis indicate that the behavior of the enhanced conduc- ¥
tivity can be understood as an energy diffusion in the linear magnetic
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Fig. 3. The temperature dependence of the thermal conductivity of KCuF
K¢ (heatichain)

of a quasi

: K, (beat | chain)

I . 1976-1980: Cholesteric Liquid Crystal

JOURNAL OF THE PHYSICAL SOCIETY OF JAPAN, Vol. 44, No. 5, May, 1978

The Instability of Planar Texture
in Ch ic and Nematic Mi:
with the Neg; Dielectric Ani: Py

Tatsuhiko Koo, Hidetoshi MK and Yoshio EBINA

Department of Electrical Engincering,
Yamaguchi University, Ube

(Received December 15, 1977)

The induced patterns under ac. electric field are cxamined in the dilute choles-
teric and nematic mixtures with the negative dielectric anisotropy. The instability
in the planar texture is triggered by a material flow at threshold voltage and
regular periodic patterns can be observed by using the polarizing microscope.
The patterns are deformed due to the formation of axial disclinations with
increasing the field. The deformation is stabilized by making the new planar
texture under the applied field. The number of twists increases in the new planar
texture. When we increase the field further, the instability occurs in the new
planar texture. A new mechanism for succeeding transitions is proposed. Both
the electrohydrodynamic instability and the contraction of the cholesteric pitch
are important in the mechanism
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IT. 1983-:

Image Sequence Processing (Early Stage)
JaraNEsE JOURNAL OF APPLEED PHYSICS
Vot. 23, No. 6, JUNE, 1984 pp. L379-L381

HEGNE 1

New Dynamic Image Processing Technique for the Analysis
of Texture Movement: Study of the Dissipative Structure in
the Electrohydrodynamic Instability of Nematic Liquid Crystal

Hidetoshi Muke, Syunichi Ikemoto, Kouji OcHial,
Hajime Hasnimoto and Yoshio EBiNa

Depariment of Electrical Engineering, Yamaguchi University, 2557 Tokinadai, Ube 755

(Reeived March 16, 1984; accepied for publication May 26, 1984)

A dynamic texture image processing technique is developed. A moving texture is sampled every 0.42 s and a time serics of
128 dynamic frames is obtained. Each frame is constructured by 32 x 32 pixcels with 64 gray scale levels of brightness. From
the time course of ach pixcel's brighincss, andav
“variance image™ of the moving “This techs

thena and
is applicd to the analysis of di ¢ structures in

Fie. 1. Block diageaen of the dynam: image peocessig sysem. i 2

instability of

bout dynamic behavior is obtained

Sampéing pevcedure of the
ture is sampled every 0.425. and

Each frame is consiracied by 3
beightaess

II. 1987-: Nonlinear Sciences (BZ-reaction)
EZRIGITHESTRIARRR &/ E— U AL

OSCILLATORY HYDRODYNAMIC FLOW INDUCED BY CHEMICAL WAVES

Hidetoshi MIIKE !, Stefan C. MULLER and Benno HESS
Max-Planck-Institut fii i 201, D-

Received 30 December 1987

1, Federal Republic of Germany

Hydrodynamic flows in a reactive liquid induced by the propagation of waves of chemical activity are investigated for the
ferroin-catalyzed Belousov~Zhabotinski reaction in thin Layers by microscope video imaging techuiques. The motion of added
spheres is observed with laser light illuminatioa. Oscillations in the hydrodynamic flow were detected in rotating.

polystyrene
spiral waves with an open liquid/gas interface.
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Emerging Phenomena in Nature
(BRRIIBIT2EHLERIERR)

* Chemical Reaction

¢ Convection, Tornado,

Self-Organization
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j : II. 1999-:Nonlinear Science & Image Processing
(EREHEEERLT IEZOE)

II. 1986-: Image Sequence Processing
(Developing Stage) BIE{§MMIET
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s L. S Edge Detection Algorithm Inspired by Pattern
Formation Processes of Reaction-Diffusion Systems

ESEVIER
Atsushi Nounira, Makoto lehikawa. Koichi Okada, Hidetoshi Miike and Tatsnari Sakunai

Determining motion fields under non-uniform illumination

Atsushi Nomura *, Hidetoshi Miike ®*, Kazutoshi Koga ©

* Depariment of Cultural and International Studies Yamaguchi Worsen's University, Sakurabatake 3.2.1, 753 Yamaguchi, Japan
* Deportment of Elecrical wnd Electronic Engincering, Yamaguchi Universicy, Tokiwadai 2557, 755 Ube, Japan
 Deparmens of Compuier Science and Sysiems Engineering, Yamagucht Universiy. Tokiwadal 2557, 755 Ube. Japan

Received 30 October 1993 revised 26 Septerber 1994

Abstract

Two realistic methods based on a generalized conservation equation of image brightness are proposed for the accurate
determination of motion fields under non-uniform illumination. The conservation equation includes spatial and temporal deriv-
atives of image brighiness, a motion vector and a rate of brightness generation. The term for the brightness generation rate can
represent non-stationarity of a brightness pattern during its mation under non-uniform illumination. By introducing an optical
model and prior knowledge of non-uniform illumination the conservation equation can be solved. One of the two proposed

methods assumes a stationary motion field under spatially non-uniform llurminstion. The other assumes local canstancy of

motion field unde temporally pon-uniform illumination. The application to srificial and real image sequences confirms the
usefulness of the proposed methods.
Keywords: Motion ield; Noaaniform illuminaion; Local opeimization; Temporal optimization: Coaservation cquation

Q( Geometric Optical lllusions (E8 R D F}27) Lr

II. 1996-: Perceptual Sciences and Design Engineering
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Angle Illusion

2. Recent Interests and Topics 1) Motion lllusions: Footsteps Illusion

(BEDEE) i
* Understanding visual function and visual illusions I
inspired by nonlinear science.
1) Visual (Optical) illusions

=Mach band, Muller-Lyer illusion
*Simulating footsteps illusion > 7"<

2) Motion Sharpening

* Modeling motion sharpening
Developing a new method for motion sharpening

S. Anstis, Footsteps and inchworms: Illusions
show that contrast affects apparent speed,
Perception,Vol.30 (2001), No.7, pp.785-794
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Modeling Footsteps lllusion

* An Extended FitzHugh-Nagumo (FHN) Model with
Continuous Input.

du =d,(U —4U)+1{U(u—a)(1—u)—v+| }
dt &
ﬂ:dv(v —4v)+u—bv
dt
— Variables:u= ui‘j(t), V= Vi,j(t)
— Input: 1= Ii‘j(t)
— Output:u;(t) 1202 *
— Initial Values: uj;(t) = v;;(t) = 0 :igé

K. Miura et al., IEEJ Trans. EIS, Vol.129 (2009),
pp.1156-1161

* Parameters for Input /(t)

— Stripe : Width10pix. Brightness 0.1 & 0.9
— Moving Object: Width 23pix. Brightness 0.2 & 0.8

il

Input /(t)

Output u(t)

We have to visualize intermittency of the motion.

Results: Image Sequence of Output u;;(t) 'L

Dependence on the Brightness
of the Moving Object b
WETKF

* Visual lllusion: Depends on the Contrast Change

AN

Brightness 0.2 Brightness 0.5 Brightness 0.8
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Higher Contrast Brings Clear Intermittency.

Discussion: Cause of Motion Illusion

r.9

Map

Interpretation by Sunaga et al.(2008)

— Dislocation lllusion Induced by the Stimulus Image
is the Main Cause of the Motion Illusion.

Characteristics of FitzHugh-Nagumo Model

— Smoothing Effect (controlled by £du)

— Contrast Enhancement (Threshold Firing)
du 1
E:du(u —4u)+;{u(u—a)(l—u)—v+|}

ﬂ:dv(v —4v)+u—bv
dt

Characteristics of FitzHugh-Nagumo Model
Enhance the Dislocation lllusion.

Summary :Footsteps Illusion

Characteristics of Footsteps Illusion are Reproduced
by the Extended FitzHugh-Nagumo Model.
Reproduced Characteristics:

— The Less Stripe Width Brings the Less Illusion.

— The More Brightness of Moving Object Brings the More
Intermittency of the Motion.

@
— Brightness Change Appears in the Moving Object.

A
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2)Emergence in Vision: Motion Sharpening \
* Best Example of Motion Sharpening:
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Faint Pattern of Spiral Flow Waves is
Clearly Imaged in Our Vision System.
How to visualize the spiral flow waves ?

Image Sharpening Algorithm:

* Unsharp Masking in Space (USM)

N @
:|

(a) Original Image (b) Unsharp Mask (C) Sharpening Image

¢ Unsharp Mask= Smoothing + Reversal Processing
(negative to positive)

* Convolution Carnell for USM: ERE)
Moving object looks sharp than still image. 1) 51
Ramachandran et al.(1974), Bex et al. (1995), S
Hammett & Bex (1996)- - - Proposed USM in Time o -1] 0

Realizing Motion Sharpening & Enhancement :

The reason why USM brings sharp perception:
* First, we proposed a motion enhancement method

* Chevreul Brightness lllusion / N to visualize a faint nonlinear dynamics (PRL, 1999).

H —_—
(Mach Band Effect) [ ] = —
* USM Enhances Lateral Physical Brightness 2 S B g -
Inhibition Function of Retina Cha”:J_,__ i
(LOW Level Vision). Motion enhancement for preprocessing of optical flow
Lateral Inhibition detection and scientific visualization
‘ Hidetoshi Miike **, Lin Zhang *, Tatsunari Sakurai ®, Hidemi Yamada ®

USM is an image enhance method G sl nd Exgimrig, Temagich U ———

Ali—p T . Visual * Tokupam Coliexe of Technology, Tokuyuma 745, Japan
utilizing lateral inhibition function perception Rt 7 My 99, e e fom 2 ey 1959
observed in Chevreul Illusion.

Abstract

We introduce i simple method for mation enhancement. The method enables us 10 realize brightness enhancement of

Chevreul illusion moving objts, 1o reduce the influcnce of noa-uniform llumination in motion analysis and 1o visualize dynamic
streamlines in fluid flow analysis. © 1999 Elsevier Science B.V. All rights reserved.
\ (Mach Band Effect) /
Keywonds: Motion enhancement; Optical flow; Temporal ihering: Image sequence: Piel based processing

Pattern Recognition Letters 20
(1999) pp. 451-461

Realizing Motion Sharpening & Enhancement : \

¢ Second, we proposed a temporal unsharp masking
method (t-USM, A. Osa, K. Otaka, et. al., 2009)
to realize motion sharpening effect.

Time window 5T

* Models for the motion sharpening:
1) Padkkonen & Morgan Model: Bipolar Time Impulse Response
Function of Visual System (2001)
2) Hammett et al. Model: Magnocellular cell route in LGN* is
sensitive to motion but saturates easily to signal intensity (2004).
*Retina - LGN (Lateral Geniculate Nucleus) - Visual Cortex -> Brain

Soyn 9
I
—— S
. = =
i N+
i S il =
Lo ey 2
: — H Fig. 4. The enhanced images by the lemporal-domsain filtering S
2 (:‘ Wl T fused by Eq. (6)F ()3 = 3, 7 = 16 and (b) x = &, 4T = 32 e
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Paakkonen & Morgan : Bipolar Impulse Response Model

Proposed Method: Temporal USM method is modified based on J
the visual model by Paakkénen & Morgan.

WOxE
t-USM method
/o) Frame (Time)
e A FES
s, = Experiment Data s
ST : Time Window o 11’ © Fitting Function e
f(x,y, ) ; 1 /2 » sl
fo (o y,t)= > flay.t+] i
ST+1,5%), R AR
X Y,t)=L+a)f(x,y,t)-a f,(xy, T
ful y,t)=@+a)f (x y.t)-a f, (6 y.t) " !

Edge Blurring
,..,”””“»B [sm]
/\(t) A Simplified Impulse Response Function i(t) time [ms] ! “65;

Gl i Impulse Response of Visual System h(t o4
| Time i(t)=Positive Gaussian+ Negative Gaussian P! P 4 ) " Perceived Stimulus
G\J \/ 0, :Small 0,:Large i@
2
(1+0)f(y.0) h(t)=Positive Gaussian+ Negative Gaussian g o
Ut A Temporal Filter Equivalent to the 0, :Small 0,:Large

A "
| Frame | USM Method (t-USM) Edge Sharpening
L el I (xy.t) as
ST+1" Paakkonen & Morgan 2001

Result : Spiral Flow Waves in BZ Reaction )k

e

WOxs

(a) Original Image Sequence (b) Filtered Image Sequence by t-USM
(from K. Otaka)
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Summary :Motion Sharpening ,L
Wik
* Enhancement and/or sharpening of image sequence
is realized by a temporal USM (t-USM) method.

* Recently, we improved the t-USM method (t-USM’).

* Characteristics of the proposed method:
— There is no enhancement for the still objects in the sequence.
— Depending on the shape of edge and moving velocity, edge
sharpening and contrast enhancement are realized.

— Moving patterns hard to detect in the respective still image
can be enhanced by the t-USM’ method.

Our next subject = Finding nonlinear model to realize
motion sharpening in a self-organized fashion.

The 2™ German-Japanese Workshop on “Nonlinear Science and KANSEI-Informatics
29th August, 2013 (Yamaguchi, Japan)

3. Conclusion

ms

The remains of ancient Dazaifu (Tofurou Ato) =

3. Conclusion 'L

woxs
* We have proposed discrete FitzHugh-Nagumo models.
The nonlinear models show curious characteristics as follows.
1) Edge detection and figure-ground separation are realized
in a self-organized fashion by the models.
2) Footsteps illusion and its psychological features are
reproduced by extending the discrete FHN-models.
* Enhancement and/or sharpening of image sequence
is realized by the temporal USM (t-USM) methods.
* Thus, we believe that complex phenomena observed in our
visual system are explained by nonlinear dynamics. This can

be “Emergence in Vision”.
BRICHTDRIRHER

Emergence in Vision: Nonlinear Models for Motion lllusion and Motion Sharpening
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The remains of ancient Dazaifu (Tofurou Ato)

Thank you for your kind attention.




