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Kawasaki’s theory of Origami crane variation and its extension to
Four-Dimensional Origami

KAINO, Keimei
National Institute of Technology, Sendai College, Aobaku, Sendai,989-3128

Abstract: Dr.Toshikazu Kawasaki (1955-2026), a origami theorist, who was known for “Kawasaki’s rose”
discovered theorems of flat Origami and Origami crane variation. A regular tetrahedron is folded flat by
using bisector of dihedrals but it cannot been folded flat continuously. As expected from Kawasaki’s theory,
a kite-like octahedron of four-fold symmetry has three bird-center curves and a bird-base center where
three bird-center curves cross. It is noted that bird-centers curve are hyperbola.

Keywords: Kawasaki’s rose, theory of Origami crane variation, kite-like octahedron, bird-center curve.
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3D-Printed Models of Stellated Polyhedra (Part II):
Considerations on Line and Point Contact in Relation to Chirality
Yoshitaka Miura
Nissan Motor, 560-2 Okatsukoku, Atsugi, Kanagawa 243-0192, Japan

Abstract: In stellated polyhedra, edge- and vertex-based connections of certain constituent elements are
among their geometrical features. However, in the fabrication of physical models using 3D printing, line
contact and point contact present significant challenges. These contact conditions are closely related to
the emergence of chirality in stellated polyhedra. This paper describes the fabrication of chiral stellated
polyhedra and discusses the relationship between line contact, point contact, and chirality.

Keywords: 3D-printed model, Stellated polyhedra, Icosahedra, Chirality, Contact condition
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Various derived regular polygonal spirals

Shingo Nakanishi
Osaka Institute of Technology, 5-16-1, Omiya, Asahi, Osaka

Abstract: This study displays mainly various derived regular polygonal spirals. One of them can
be shown several spirals by combinational shapes. Some of others are related to derived equiangular
spirals. We focus on various types of regular polygonal spirals using several specific numbers.
Keywords: Doubling Ratio, Golden Ratio, Silver Ratio, Bronze Ratio, Plastic Ratio, Super-Golden
Ratio, Garsia numbers

1. Introduction We can deal with several types of equiangular spirals using similar metallic
ratios such as golden ratio, silver ratio, and so on using the designated polygons. We can show the
constructed combinations and curves for the other types of regular polygonal spirals.

2. Equiangular spirals on the regular polygons  The golden ratio spirals, gy(x), onthe regular
decagon [1,2] and the silver ratio spirals, si(x), on the regular octagon are illustrated in Fig. 1.
Single and double octagon spirals are also displayed in Fig. 1. As visualizing double spirals with
Fibonacci and Lucas sequences, there are two equilateral and hexagonal spirals shown on the right

side in Fig .1

Single regular octagonal spiral =
X =x+(1+2) ) §
L x = 1.587647156003677 -+ L\ -
(Single silver ratio) 751
3 \:f/ :\ / / cci sequ Lucas sequence & Regular hexagons
I NL— A~ <
Regular heptagonal spirals
P \ ) R
) = @ (sin(SaG =) # 15 (;m - mj),

k=12-,7.and d = 4.048917339522305 -

Rotationally symmetric spirals with regular hexagons & They will be one flesh.
©Shingo Nakanishi, OIT, Japan, 2024, Title: “My command is this:

Japan Fibonacci association. Love each other as I have loved you.”
John 15:12 NIV

AN

Golden Ratio Spirals ____silver Ratio Spirals /
on the regular decagon using related regular pentagons  on the regular octagon using related squares /

96(x) = Xy, (m (én’(x - k)) +icos (én’(x - k)>)

k=12,,10and 2% 1y = 1-Aq + 1 olden ratio spir:.lls
145 1 . 1 3 :
"'A“”:E*T: — Az V=2 ——————— /‘,”’,EAT,:Jril
S T B T R S— Primary Metallic Ratios
1 Harmony i1 ) 1 Golden ratio 0.618-:1=1:1.618
\+% between 1+ V2 and V2 24— Aoy =3 Aan +1 ,,% Silverratio  0.414--:1=1:2.414
1+ 2+ 3+ Bronze ratio 0.303--:1=1:3.303-

Fig. 1 Several illustrative regular polygonal spirals.

3. Constructed combinations and shapes for the polygonal spirals There are various three
types of single, double, triple equilateral spirals [4,7] and interesting regular hexagonal spirals in

Fig. 2 [3-7]. One of them brings us super-golden ratio spirals in Fig. 2 [5,7] using Garsia numbers.
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~ For single spiral using equilateral triangles -
~ pa = Plasticratio = p,v pligy = 1-pap + 1 N
or i pfuny = 1opliy +1

P(2) = Golden ratio = ¢ = A1),

For double spirals using equilateral triangles < J
“Plony = 27 P + 1and 2y = Aqay+l

For triple spirals using equilateral triangles
P p(32) = Second ratio of secondary metallic ratio = 2 = A, ),

3 3 2
. =3- + 2 and A7 2y = A 2)*+2
Golden ratio P32) Pi2) 2 and A02) = A2y

Ayp) = 1618
= o
H Hi
H ]
=
H i
=
H 7
=l ]
= e mem
S Emcem
= o
2 -1y g2
| e
¢
Squre of golden ratio Bronze ratio (0 upward) 2= Z 2 (1 upwards) (4 upwards) . Z o
2 = e =7 = e - -
2, = 2618 Ay = 2414 Agp) = 3302 pa 4 " 4
N\

©Shingo Nakanishi, Annual Meeting of JSGS 2024, RIMS, Kyoto univ. 2024,
Single regular hexagon spira I: Japan Fibonacci Association workshop 2025
209+ x*—(1+0)x* —2x2—x—-1=0
x = 1.1857495537663425 --- Ref.[3]

S=1-p+1-1

N N } Another of Garsia numbers Another of Garsia numbers  One of Garsia numbers
P Btxt=23 42 +xl +2 xt=x?+x+2 O taxt=xt+x+2
‘\ O~ x = 1.4925727132384519 -+ x = 1.5663832772661919 -+ x = 1.2055694304005904 -+
P
@

The geometric characterizations
about regular hexagon spirals
using times from 1.0 through 2.0

© Shingo Nakanishi, OIT, Japan, 2026 &
The 100th Symposium
of the Society for Science on Form

Another of Garsia numbers (2 upwards)

x3 = 1x? +1
xt=1x2+1x+1 1 x
Super-golden ratio x=10

\ x = 1.46557123187676
N\

©Shingo Nakanishi, OIT, Japan, JSGS, 2024

‘We can create [
various hexagon spirals
using the ing x.

Another of Garsia numbers Another of Garsia numbers One of Garsia numbers
< x?=x+2or Btxt =20+ +xl +2 xS 4xt=x2+x+2
X3 =x?+al+2 x = 1.4925727132384519 - X% 4 x7 = x5 +x* + 23
XS +xt=3x3+ 23 +x2+x+2 x84+ x7 =223 +x2 +x +2
o x=20 x = 1.2055694304005904 ---
Another of Garsia numbers (6 upwards) Others of Garsia numbers (n upwards)
X7 =x6+1 xMl=x"4+1 (m=1)
xZ2=x0+x5+xt+x3+x2+x+1 - B ) =
x = 1.25542287107684 1= Z x x = Z x! ©Shingo Nakanishi, Annual Meeting of JSGS 2024, RIMS, Kyoto univ. 2024,
j==7 k=0 Japan Fibonacci Association workshop 2025

Fig. 2 Various illustrative regular hexagonal spirals.
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Revitalizing the Shugendo Culture of Mt. Hiko
Through Art , Engineering , and Scientific Methods
Mikako Tomotari
Kyushu University, Faculty of Design

Abstract: Due to the destruction of Buddhist artifacts, the Shugendo tradition has
nearly been lost. Therefore, this study restored and analyzed the destroyed cultural
properties by combining 3D data with artistic techniques. Furthermore, based on an
investigation of sacred tree worship using DNA analysis, wooden Buddhist statues were
created to contribute to the revival of the cultural value of Shugendo of Mt.Hiko.

Keywords: Shugendo, Restoration, Art, 3D Data, Forest Culture
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Forms Found in Nature and Ferrofluid Art
Sachiko Kodama

The University of Electro-Communications

Abstract: Magnetic fluid artworks reveal forms commonly found in nature, such as circles,
hexagons, spheres, spindle shapes, stripes, spikes, cells, and labyrinthine patterns. The author, a
creator of ferrofluid art, further considers the spiral to be one of the fundamental forms
underlying the emergence of life in nature. In natural environments, transformations of form
often occur over long periods of time. In ferrofluid art, however, such transformations emerge
rapidly through the dynamic balance among magnetic force, surface tension, and gravity. In
addition to the intrinsic properties of the material, the artist can intentionally control magnetic
forces to generate morphological changes within extremely short time scales. This presentation
positions ferrofluids as a medium situated between inorganic and organic matter, and discusses
symmetry in nature and art, as well as the role of electromagnetism in living systems. The
presentation also introduces a series of ferrofluid sculptures and artworks created within the
ferrofluid art project, including works that combine ferrofluids with a variety of other materials
and technologies.

Keywords: ferrofluid art, ferrofluid sculpture, forms in nature, electromagnetism and life
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X2 WRBEZF (/L7347 —(Morpho Tower)) 2006 Eif|{fE (ArtFutura Frjek)
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K3 WEFET (VAR—2 (Ribome))
SAVIT AT 4 7 E 4R 20H$A¥%F f 25771 (2016 ) 7 —> F{UH 3331 2T
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LML, BN 5 EDOMS 282 =B, @ﬁz§%@6§ﬁkiﬁ®~§+%ilﬁl@ R H
DO IINIREED TR L - THIE S Hu, VKRESHENMS [T BEEHLTEET,
Zef T EHT R | ﬂ/ﬂ®3§b\mt%§%$bfb\éﬁﬁ IO ES, 20Xk D REENHET D
WAL, WHmREo R34 73 4% (Rosensweig instability) &L CEHHNTWET, [9]
(CENVT7 BT —/ZODNTHR) EWVHIEHTIE, Z20 TFEALTHFTU—] BNEADILO
Rl L TEY, Z2ORME T, BHEREO N7 4ABY ELEB D IZEEEL E3, 2 KOk
DET—|21E, KA FHOmE TEBIEFOENRA TN TWE D, REEMEN D HBL 5 BT
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(IREV S 2 —BEIZHH YV (BEZEM)) LW OEMSTIL, EH, £ AT (ChatGPT) 12X 251
VEG v arFEAMALE L, BHOF TP o iTldo TEBENGE LT - EEOKRFIG
Lo Lo, MoFOEMEFRENENC X HITRb £ L,
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Mz & o TR, KBOoaa Mol SN b@miRO 77 X~ Th 5 KRS KEEL, HER
EoAEmiT, HEKOBHIZL > TFLNLTWET[10], BET2LFHEME T, EHAOB
ENEMICEZDREBIL, BEEZEL HMEMENRFMOME CRENZ ERDLNY ET,

BHERART — F2 R Z8I2L->T, T OB N ~OHFEGFLREENLTHIL, BARR
THERBEET D L AL, AMICALND O I E I EREOHMEO R ST 3 2 FR 00
WELZEEREV, bbb, ENERFPEINREROWTEENDI AT 4T 7 — MO &
BTGB 2 i 1T TV & E T,

(5 & 8]

(114 /=Y v [HdaofR & AT ] 53 E, 1956.

2]k TRBOHER LRS-~ 7 Uy hOETF—7ICLHEZR] $hEELE, 1983,

[3]Minako Takeno, Appearance of Magnetism 3 - Shape using magnetic fluid, (This
work was awarded as the Best Artwork of "Katachi U Symmetry” Conference (Univ.
of Tsukuba, Japan, 1999). https://www.mi.sanu.ac.rs/vismath/takeno/index. html

[4]Takis ¥ 1968 5 1969 FITB W T MIT @ CAVS(Center for Advanced Visual
Studies) \ZWF(E L, BEMEVRIA Z FIV 5 7R S 2 6il4E L 72,

[5]Sachiko Kodama, Minako Takeno, Protrude, Flow, SIGGRAPH’01 Art Gallery, 2001.

(6] R Ez7, MR, BA VR #2510 Bk CGRECKRY) 2005 9.

[7]Sachiko Kodama, Morpho Tower, SIGGRAPH 2006 Art Gallery, 2006.

(81 EE+T (ESHDEE) ,2021. https://vimeo.com/1091848625

[9]R. E. Rosensweig, Ferrohydrodynamics, Cambridge University Press, 1985.

[10J R EwF (KB LEDOME) (£ AX L —1 a3 rBLOBE), 2023 S (XEME W -
JAXA, BRIRBFHY ., BIEHRMEZESE. https://www. youtube. com/watch?v=4FloczLnI9w

[11]@&#w~”7— 7 =A 7 1, Mon Takanawa [< %< 2Rl L >33 NHOWE] T

(ENT BT —/ZDODNTHil) ZEaAH (2026 43 A 28 H~20264F9 A 23 H)

[12]4bTuM i BE 2 A X — 2 LABO T (Ribome) (2022 ) % k@R,

https://www. totalmedia. co. jp/info/interview—0003-kitakyushushi-spacelabo/
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Universal Natural Shapes - new models
for the sciences

Johan Gielis

Generalized Conic Sections

The Superformula, introduced in 2003, is a generalization of Lamé curves (superellipses), and
of conic sections. It is a single compact formula capable of describing an astonishing variety of
natural and abstract shapes.

While the Superformula has its origins in the description of botanical shapes, it is a
fundamental equation that can be applied in many areas. The past two decades have seen it
used in a variety of papers, books, theses and patents, in the fields of mathematics, physics,
biology, technology and education'. Citations in education, psychology and cognitive science
papers indicate the application of the Superformula in these less obvious fields, showing how
it can change our perception of shapes based on similarity rather than differences.

Systematic empirical validation has demonstrated that the Superformula accurately models an
extensive range of biological forms using only a small number of parameters. More than
50,000 biological specimens - including leaves, seeds, flowers, starfish, tree rings, petioles,
diatoms, eggs, and the apical meristems of both roots and shoots of plants - have been
successfully fitted. The original idea of using Lamé curves to model square bamboo stems
has been corroborated using over 1400 stem sections of Chimonobambusa quadrangularis
(Gielis et al. 2021). Starfish and stem sections of Philodendron melinonii and rhubarb
illustrate how small parameter variations reproduce the observed morphological transitions in
plant organs. However, in many cases, only two to three parameters are needed to accurately
describe many natural shapes, their development, and the main functional characteristics of
all the specimens analysed.

Technological applications

The parametric flexibility of the Superformula has enabled concrete engineering advances, for
example in CAD design (Beirinckx, 2023). Over 100 papers have been published in the field
of antenna and waveguide designs, with multifold improvements in efficiency, fractional
bandwidth, directivity, beam shaping, and sidelobe control, even with reduction in size and
volume. Applications include WiFi, [oT, and 5G and 6G. (see www.antennacompany.com
which I co-founded). Other fields where the Superformula led to various improvements

include antenna measurement technology, gear design, lasers, topology optimisation and game
design.

!https://researchoutreach.org/articles/superellipses-superformula-impact-gielis-transformations/
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Results in geometry

From the start, the Superformula attracted the interest of geometers and applied
mathematicians. It inspired mathematicians to generalize methods for solving boundary value
problems, for generalizing minimal and constant mean curvature surfaces (Koiso and Palmer,
2008), to model seismic wave propagation (Yajima et al., 2009), and to study some
geometrical properties (Matsuura, 2015). The idea of stretchable radii, the hallmark of the
Superformula, was codified by defining the inner and vector products (Parlak & Ozdemir,
2025).

Recently, a unified superelliptic framework has been developed (Ozdemir et al., 2026)
providing all the necessary tools for differential geometers. The framework defines
superelliptic inner and cross products, a star derivative, and a complete superelliptic Frenet
frame for curves and surfaces generated by the Superformula. Curvature, torsion, and intrinsic
metrics are thereby expressed rigorously for the entire family of Gielis transformations.

One major result is that even highly singular or non-convex Superformula shapes reduce,
within their internal non-Euclidean metric, to the geometry of a circle. This internal
equivalence supplies a regulatory layer that eliminates the geometric effects of singularities
while preserving external morphology, enabling consistent treatment of many complex forms.
These advances supply exact analytical foundations for variational problems, boundary-value
computations, and numerical simulations involving natural shapes. It can be concluded that
the Superformula has matured from a descriptive observation into a multiply validated
powerful new model for the sciences, and has already become part of the history of geometry
(Verstraelen, 2014)
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Remarks on the Geometric Properties of Gielis Curves

Masaya Matsuura
Graduate School of Science and Engineering, Ehime University,
2-5 Bunkyo—-cho, Matsuyama—-shi, Ehime

Abstract: We consider Gielis curves (supershapes), which generalize Lamé curves
(superellipses). Lamé curves are plane curves that have been widely used in
product design. They enable shapes that lie between ellipses and rectangles. On
the other hand, Gielis curves, invented by Johan Gielis, can represent even wider
variety of shapes, such as polygons, star shapes, floral patterns, and heart
shapes, within a unified mathematical framework. In particular, they can generate
a rich variety of shapes in which curves and straight lines coexist. In this talk,
focusing on this feature, we analyze Gielis curves from the viewpoint of the
harmony between curves and straight lines, with particular attention to geometric
properties such as curvature

Keywords: Gielis curves, supershapes, Lamé curves, superellipses, curvature
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[1] J. Gielis, Wiskundige supervormen bij bamboes, Newsletter of the Belgian
Bamboo Society, 13, 20-26, 1996.

[2] J. Gielis, A generic geometric transformation that unifies a wide range of
natural and abstract shapes, American Journal of Botany, 90(3), 333-338, 2003.

[3] G. Lamé, Examen des différentes méthodes employées pour résoudre les problémes
de geometrie, Paris, 1818.

[4] M. Matsuura, Asymptotic behaviour of the maximum curvature of Lamé curves,
Journal for Geometry and Graphics, 18(1), 45-59, 2014.

[6] M. Matsuura, Gielis’ superformula and regular polygons, Journal of Geometry,
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Packing Theory Derived from Phyllotaxis and
Geometric Self-Organization of Forms
Ryoko Oishi-Tomiyasu
Kyushu University, 744, Motooka, Nishi-ku, Fukuoka, Japan

Abstract:

Phyllotactic patterns observed in plants, such as the Vogel spiral generated by
the golden—angle method, exhibit highly efficient quasi—-periodic arrangements
despite their simple generative rules. Building on this classical construction, we
develop a new theoretical framework for point packing generation based on number
theory and differential geometry, which produces aperiodic point configurations on
surfaces and higher—dimensional manifolds, including Euclidean spaces.

Within this generalized framework, classical golden—angle constructions, and
circle packing or mesh generation based on quasi—-conformal mappings, can be
understood as manifestations of a common underlying principle. We further discuss
deformations that preserve or improve packing density, providing a mathematical
perspective on the geometric self-organization of forms.

Keywords: phyllotaxis, aperiodic packing, lattice reduction, geometry of numbers,
discrete geometry
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[1] A. Lodkin. Multidimensional generalization of phyllotaxis. Cybernetics and Physics, 8(3) :153-
160, 2019.

[2] Shigeki Akiyama. Spiral Delone sets and three distance theorem. Nonlinearity, 33(5) :2533-2540,
2020.

[3] D. P. Hardin, T. Michaels, and E. B. Saff. A comparison of popular point configurations on
S2, Dolomites Research Notes on Approximation, 9:16-49, 2016.

[4] S. E. Graiff Zurita & R. Oishi-Tomiyasu, Constructive Approximation 60(3), p.515—-545 (2024).
[5] H. Davenport, On the Product of Three Homogeneous Linear Forms (II), Proc. Lond. Math. Soc.,
s2-44 (1938), 412-431.
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Backlund transformations for curves, and their application to
semi—discrete K-surfaces

Shogo Shimada, Masashi Yasumoto
Graduate School of Science and Technology for Innovation
Tokushima University, 2-1 Minamijosanjima, Tokushima, 770-8506, Japan

Abstract: We introduce Béacklund transformations for curves with constant torsion. It
i1s shown that two types of semi-discrete integrable equations arise from these
transformations, generalizing those obtained by Calini and Ivey [1]. Furthermore, we
show that semi-discrete surfaces with constant negative Gaussian curvature can be
obtained by applying iterated Backlund transformations.

Keywords: differential geometry, transformation, semi-discrete surface
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[1] A. Calini and T. Ivey, Biacklund transformations and knots of constant torsion, J.
Knot Theory Ramifications 7 (1998), no.6, 719-746.

[2] J. Wallner, On the semidiscrete differential geometry of A-surfaces and K-surfaces,
J. Geometry 103 (2012), 161-176.
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Discrete minimal Darboux transformations

Sakuma Takeshita, Masashi Yasumoto
Graduate School of Science and Technology for Innovation
Tokushima University, 2-1 Minamijosanjima, Tokushima, 770-8506, Japan

Abstract: Using a quaternionic calculus, we introduce the permutability of
transformations for discrete isothermic surfaces. As an application, it is shown that the
corresponding discrete Gauss maps of a pair of discrete minimal surfaces related by
Darboux transformations satisfy certain difference equation. Furthermore, by applying
the higher dimensional permutability, we obtain a superposition principle for discrete
minimal surfaces.

Keywords: differential geometry, transformation, discrete surface
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[1] A.V. Corro W. Ferreira, and K. Tenenblat, Minimal surfaces obtained by Ribaucour
transformations, Geom. Dedicata 96 (2003), 117-150.
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Kotani’ s Ant Problem of regular polygonal envelope

Sayaka Ueda, Yoshikazu Yamagishi
Ryukoku University, 1-5 Yokotani, Seta Oe-cho, Otsu, Shiga

Abstract: We study the limit sets of the farthest point map on the doubly covered
regular hexagon, pentagon and square. For the hexagon and the square, the limit
set is the union of the main diagonals. For the pentagon, the limit set has a
positive measure.

Keywords: regular polygon, farthest point, Voronoi tessellation, Delaunay

triangulation, doubly covered polygon
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Applications and Ecological Evaluation of EEG-Based Neuro-Biofeedback
Hikaru Miyagi', Hiroki Takada'
1 Department of Intelligent Systems, Graduate School of Engineering, University of Fukui, 3-9-1 Bunkyo, Fukui 910-8507, Japan
mf260308@g.u-fukui.ac.jp

Abstract: A neuro-biofeedback system was developed that modulates dynamic visual patterns generated by the Boids flocking model
and the Gray—Scott reaction—diffusion model according to the EEG alpha/beta ratio. Physiological responses were evaluated using
electrocardiography (ECG) and heart rate variability (HRV) indices. Significant increases in AHF were observed particularly at cycle
3, suggesting intermittent parasympathetic activation.

Keywords: ECG, HRV, Gray—Scott model, Boids model, EEG, Neuro-Biofeedback

1. Introduction

The concept of inducing mental relaxation through skeletal muscle release originates with Jacobson’s Progressive Relaxation [1].
Previous studies have demonstrated relaxation effects using muscle, HRV, and EEG biofeedback [2—5]. However, the temporal
structure of relaxation onset during intermittent neuro-biofeedback remains unclear. This study developed an EEG-based neuro-
biofeedback system that modulated Boids and Gray—Scott visual dynamics according to the alpha/beta ratio and evaluated autonomic
responses using HRV indices.

2. Methods

Eight healthy adults participated. The protocol comprised a pre-rest period (1 min, eyes open), a task-type neuro-biofeedback
session (5 min, five alternating 30-second Focus/Relax cycles), and a post-rest period (1 min eyes open). During the task phase, the
EEG alpha/beta ratio modulated two visual stimuli: (i) the Boids flocking model and (ii) the Gray—Scott reaction—diffusion model.
ECG and EEG were recorded throughout (Fig. 1).

3. Analysis

PSD of RR intervals was computed using the maximum entropy method (MEM, AR order =31). LF (0.04—0.15 Hz) and HF (0.15—
0.4 Hz) components were extracted. The HF ratio per cycle (AHF = HFrelax / HFfocus) was calculated; AHF > 1 was defined as the
responder criterion for parasympathetic dominance [6].

4. Results and Discussion

MEM analysis revealed low-frequency spectral peaks associated with the task cycles, indicating periodic oscillations in cardiac
rhythm induced by intermittent feedback. Individual AHF trajectories (N = 8) showed that the responder count peaked at cycle 3 (7/8
participants) with the highest median AHF. Wilcoxon signed-rank tests confirmed AHF significantly exceeded 1 at cycles 1 and 3
(p <0.05), verifying parasympathetic dominance during Relax phases. A sharp RR-interval prolongation from Focus3 to Relax3 was
also observed. These findings suggest intermittent parasympathetic activation, with enhanced responses at cycle 3 possibly reflecting
biofeedback learning effects. Future work will examine phase-dependent stimulus timing effects.

Experimental Protocol

Pre-rest Neuro-biofeedback Task Post-rest
1 min 5 min 1 min

! | 1 |

0 min 1 min 6 min 7 min

Task Structure: 30-s Focus / 30-s Relax repeated for 5 cycles

Focus 1|Relax 1|Focus 2| Relax 2 |Focus 3|Relax 3 |Focus 4 |Relax 4 [Focus 5|Relax 5
30s 30s 30s 30s 30s 30s 30s 30s 30s 30s
Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5
Input Signal Visual Stimuli Evaluation
Real-time EEG alpha/beta ratio Boids model / Gray-Scott mode! ECG and HRV analysis (HF, LF, AHF)

* During rest periods, participants maintained eyes-open fixation. During the task, participents concentrated during Focus phases and intentionally relaxed during Relax phases.

Fig.1
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Effects of Gaussian-filtered visual stimuli on visual acuity and electroencephalographic
activity
Munetoki Tokunagat, Hiroki Takada!

1Department of Intelligent Systems, Graduate School of Engineering, University of Fukui, 3-9-1
Bunkyo, Fukui, Fukui 910-8507, Japan

mf260227@g.u-fukui.ac.jp

Abstract: This study investigated the effects of dynamic visual stimulation using Gaussian-filtered
videos on visual acuity and brain activity, focusing on its potential for amblyopia recovery. Landscape
videos were progressively transformed from blurred to clear images to encourage neural plasticity
through active recognition. Visual acuity and EEG were measured before and after the task;
specifically, the EEG analysis focused on identifying characteristic changes in brain wave patterns
induced by the de-blurring stimuli. These measurements were conducted using a portable EEG device
to evaluate the immediate neural impact of the training.

Keywords: amblyopia, perceptual learning, Gaussian-filtered video, visual acuity, EEG
1. Introduction

Perceptual learning has attracted attention as a treatment for amblyopia[1][2]. However, effective
visual stimulus conditions for inducing neural plasticity remain unclear. In this study, we investigated
the effects of Gaussian-filtered dynamic visual stimuli on visual acuity and EEG activity.

2. Methods
Eight participants (21.8 + 1.3 years) viewed Gaussian-filtered videos while EEG was recorded

using a portable two-electrode device (600 Hz). Visual acuity was measured before and after the task.
The experimental protocol is shown in Fig. 1.

(DPre-measurements | (2)Visuospatial Training (3)Post-measurements

Visual acuity test Normal video viewing
Resting-state EEG recording (EEG recording)
Viewing Gaussian-filtered

video(EEG recording)

Fig. 1 experimental protocol

Visual acuity test

3. Analysis

Visual acuity before and after the experiment was statistically compared using the Wilcoxon
signed-rank test, which is a non-parametric method suitable for paired samples. A significance level
of p<0.05 was adopted. EEG signals were analyzed using FFT, and spectral power changes in each
frequency band were compared across conditions.

4. Results and Discussion

Visual acuity improved in 6 of 8 participants, although no significant difference was observed
(p=0.08). EEG analysis showed increased beta- and gamma-band activity during Gaussian-filtered
video viewing, suggesting enhanced visual cortical activity.

References
[1] Rodan A, et al. An updated review about perceptual learning as a treatment for amblyopia. J
Optom. 2022;15(1):3-34.

[2] Li RW, et al. Video game play induces plasticity in the visual system of adults with amblyopia.
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The Beauty of Use and Enduring Form of the Asakura Triple Water
Wheels
Yomei Ishigami!, Ma Jiangling®, Sun Yida®, Tomo Inoue®, Ryoichi Tsutsumi’
! Faculty of Education, University of Teacher Education Fukuoka, 1-1 Akamabunkyo—
machi, Munakata, Fukuoka, JAPAN
“Department of Design, Graduate School of Design, Kyushu University, 4-9—-1 Shiobaru,
Minamiku, Fukuoka, JAPAN
SFaculty of Design, Kyushu University, 4-9—1 Shiobaru, Minamiku, Fukuoka, JAPAN
'KYOWA BOUSAI Co., Ltd. 3-22-14 Doi, Higashiku, Fukuoka, JAPAN

Abstract: This work presents a 1/10 scale wooden model of the Asakura Triple Water Wheels,
based on precise 3D measurements of the original structure. The model demonstrates that the
form of the water wheels is sustained by structural rationality that supports efficient material
use, ease of repair, and long—term operation through practical use. Understood through the
Japanese craft concept of the Beauty of Use, this work functions not only as an analysis of
enduring form but also as an archive for transferring structural knowledge to future generations.

Keywords: Beauty of Use; Craft; Water Wheel; Sustainability; Structural Form
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Exhibition of 3D-Printed Models of Stellated Icosahedra (Part IT)
Yoshitaka Miura
Nissan Motor, 560-2 Okatsukoku, Atsugi, Kanagawa 243-0192, Japan

Abstract: In the fabrication of 3D-printed stellated icosahedron models, line contact, point contact, and
non-contact regions are major challenges as described in the previous report. This report exhibits 14
models: 8 reflection models of No.12 to No.19 and 6 chiral models, left and right, of No.33, 34, and 45.
Keywords: 3D-printed model, Stellated polyhedra, Dodecahedra, Icosahedra
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Development of an eyeball model for tactile learning
for the visually impaired.

Rei SATOH!, Sayaka TERAGUCHI?, Yoshinori TESHIMA ",
! Chiba Institute of Technology, 2 Hiroshima Central Special Support School

*yoshinori.teshima@chibatech.ac.jp

Abstract: We have been developing tactile 3D teaching materials that are useful for the visually
impaired when learning anatomy. This time, we developed an eyeball model. The model has a three-
layer structure, allowing visually impaired individuals to peel off the layers from the outside inward to
observe the internal structure.

Keywords: additive manufacturing, anatomical 3D model, simplified shape, tactile 3D model, tactile

teaching material, eyeball model

1. IC®IC

PR X AR OBIRFIC W TIE, DAE~y - VIFERPC. VX WS A%z Hi5
THEEIR. AMEOREE L BEZHRE T 2 -0 il 22508 R D 5, RAE, HEREES
DI EE CHE BB DEF A E DR % 1T o T B [1][2]e KWL Tlx, JA B YRR S 858 18 2
LK EZ T, HEREEPMECHEL M CX 2 MKEM 2 /ER L 72, Kt X UER
TR, R @Y YA XCciRET L b RYok e @R ICligltd 52 L BAEET
H 5, MIROIRKE PR~ DEMEBZSF I L TEMZHFEL 72,
2. BEBEORF

RERIZ, AEZR LT E 200 ETH Y, IR - IRAEIE - M2 & 72 5 =@ hgd & fL K
ELlTwz (K1) 3l Z0b=ZEHEZRIT 2L L bIic, AR, ILE, BERMAE. KA,
PR FLEE ., EBErh O, R L o e FERE 2 R L 72, KT CFER & 72 IRER Y
ETIRMORIRBETR A SFIC L, TAEKEILrL N —ODBEBICH T 2MESZE T CH
bW, ZNOLEWET DL LI ICARMEICH T 2 RERBI 2 EREHL 72, FAMBERE L TiE, K
HC TR I N RERE I3 Lo RICAE R R A4 L Cwid, BmEHS 25 W
BAN—YBETTE2RBERD o7, £, MRMOBEIRICE L TiE-¥— Y D223/ &<
oo nFE, FARIEE S MBS KL L Th ., SHHRE VWEORELH - 72,

AMEL ZZRERBEIR (N =P 2 v 1) IR LT, KEIXALORRa XY P2 RTE+THR%E
fTofze TNZEHEVIEL, REMICAA=Ya v 3 BRI L, X"—Y 3 v 3oEM%EZK 212K
E

29



100 2026 6 6 -6 8

M1 IREROFEES]

LUDOHNE / MEE (H) %4 L7-iREE

R () #ALERE IR EBREZHALIRE

RA&RR (%) #5% L7oiRiE
B2 AL CFER L ZRBRER (N—2 3 v 3)

3. ¥t®
HEREEPRROME 2 i E CER R OB 2 FR L 72, fERBIR (7 BB KT O

HIERR) o E % Rl L7228, A ol (BWEREIC X 28MERE) I5%OEETH 5,
;EE AWFSIZ JSPS BIFZ 24H00162 oK 2% T Tw 3,

% 3k
(1] TG, B, N, fR. SFH SRS H M 2 2 50 O SLAREH OB 3.

Eordy viRY v L5EHETRE Vol. 9, No. 2, (2024) pp. 7-8.
[2] FOF. SFO. FIB, RRREER O R O BEIAEE O RS : fiFERMERT, 7 v v B

MER T JE DRI Y v R Yy LEE THRE Vol. 10, No. 2, (2025) pp.9-10.
[3] 7 L A fR#ES 5 4 hi (2019)

30



100 2026 6 6 -6 8

RIEMETF DILIEBH DBEFE (5 6 )
IINRFSER . FIREE
THETERY L5 BE AR LR, 2590 - P8R IR
T275-0016 TIERE LB hEHE 2-17-1

Development of three-dimensional teaching materials
to learn wooden joints VI
Shuuto KOBAYASHI & Yoshinori TESHIMA*
Chiba Institute of Technology, 2-17-1 Tsudanuma, Narashino, Chiba 275-0016, Japan

*yoshinori.teshima@chibatech.ac.jp

Abstract. In previous study, we had developed 135 kinds of 3D models for traditional wooden joint.
In this study, we generated 3D shape data for 40 kinds of traditional wooden joint, by utilizing a 3D
CAD software. They were materialized as small models by a 3D printer. In addition, we have created
animations to help learner understand the behavior of each wooden joint.

Keywords: traditional wooden joint, 3D shape data, 3D printed model, animation
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Geometry of “aesthetic curves” based on a symmetry of a
class of curves originated from shape analysis of actual
cars
Shun Kumagai®', Kenji Kajiwara™
*'TFaculty of Engineering, Hachinohe Institute of Technology, 88-1 Myo
Ohbiraki, Hachinohe, Aomori, 031-8501, Japan
“Institute of Mathematics for Industry, Kyushu University, 774
Motooka, Nishi-ku, Fukuoka, 819-0395, Japan

Abstract: The Log-Aesthetic Curve (LAC) is a class of curves proposed by Harada et al. (1995)
based on the analysis of keyline curves in actual car shapes and formalized by Miura (2006).
In this talk, we will introduce how the symmetry “self-affinity”characterizing LAC is extended
to include conic sections and the resulting development of a new geometry of “aesthetic
curves.” The extended symmetry is considered in the context of similarity geometry and

equiaffine geometry, which will be unified in Mébius geometry.

Keywords: &(n[ "2 fZ R AE R, RHECRIEM AR, xERRPE, A B0 20, ARG
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Shape generation with orientation—based area distribution
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Abstract: In this talk, we present the shape generation method for discrete
surfaces based on the flow defined by the anisotropic energy which controls the
area distribution of the surface. The energy density is parametrically determined
by using so—-called Gielis’ superformula. Some numerical examples generated from
the given boundary planar curves, which are not limited to graph surfaces with
convex boundaries, are shown. The examples indicate the new condition for the

existence of CAMC surfaces.

Keywords: Form—finding, Architectural geometry, Constant anisotropic mean

curvature (CAMC) surfaces, Anisotropic mean curvature flow, Energy minimization.

1. Mathematical formulation

A geometric realization of an abstract simplicial surface in R® with non-
degenerate triangles is called a discrete surface, denoted by M. For a positive-
valued smooth function y:52 > R.,, we define the anisotropic energy and the
(algebraic) volume of a discrete surface M as follows

1
F M) = Zy(NT)Area(T), Vol(M) = Z Z det(p, q,7).
T T=(p,q,r)
Here, T is a triangle in the discrete surface M, N = N; is the unit normal and

Area(T) is the area of T. Their energy gradients are given as follows:
1 1
VE@=5 ) §Mx@-@), Wl =z > gxr

T=(p,q,r)Estar(p) T=(p,q,r)Estar(p)
Here, &:5%2 > R3 is called the Cahn-Hoffman map defined by

§(N) =Dyly +y(N)N,  NE€S?,
where Dy|y denotes the gradient of y on $? at N. A discrete surface M has

constant anisotropic mean curvature (CAMC) if there exists a constant A such that
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VF,(p) + 2AVVol(p) = 0,
holds for any interior vertex p. Such a discrete surface is referred to as the
discrete CAMC-A surface. Our shape generation method is obtained by combining the
energy minimization process with the above—mentioned gradient introducing the and
some regularization method. Moreover, by using the Gielis’ superformula, we

introduce user—controllable parameters into the energy density function

2. Examples

Examples of shapes obtained using our method are shown below. Further details

will be provided during the presentation.
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Non-Overhang Conditions for Warping Curves Derived from Exact
Formulations of Design Methods for Zshigaki (Stone Walls) in Japanese Castles

Toshitomo Suzuki
Mukogawa Women'’s University, 1-13 Tozaki-cho, Nishinomiya, Hyogo, 663-8121, Japan

Abstract: This study focuses on three design methods for ishigaki (stone walls) used in Japanese castles and
clarifies the conditions under which the warping curves derived from exact formalizations of these design
methods do not result in overhangs. The results show that, for two of these design methods, treating n as a finite
constant leads to less stringent conditions for preventing overhangs. This approach increases design flexibility
when applied to ishigaki and retaining walls.

Keywords: overhang, itial gradient, lower-third average gradient, finite constant, digamma function
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Designing 3D geometrical shapes through mathematical extrapolation
and tactile impression analysis to create comforting experiences

Kaori Yamada, Masatomo Nagai
Osaka Metropolitan University, 1-1 Gakuen-cho, Nakaku, Sakai, Osaka

Abstract: This study explores the relationship between human creativity, computational
technology, and affective design. As product differentiation based on functionality alone becomes
increasingly difficult, emotional values such as reassurance have gained importance in product
design. In particular, tactile impressions strongly influence users’ feelings of comfort and trust. By
generating diverse 3D geometric patterns and analyzing their tactile impressions, this study aims
to clarify the relationship between shape and tactile perception and to provide design guidelines
for products that evoke reassurance.

Keywords: Computational Design, Affect, Tactile Impression, 3D Geometry shapes, Reassurance
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Spatial Clustering Characteristics in Multichannel
Electrogastrography Using Autoencoder

Shunsuke Imaif, Fumiya Kinoshita

Division of Electronic and Information Engineering, Graduate School of Engineering, Mie University

Abstract: This study investigated spatial clustering characteristics of multichannel
electrogastrography (EGG) using a convolutional autoencoder. EGG signals from 15 healthy
subjects were recorded using 30 abdominal electrodes. After preprocessing, latent features were
extracted from EGG time-series data and analyzed using k-means clustering. The results showed
that spatially adjacent electrodes tended to be classified into the same cluster, particularly on the
anterior abdomen. These findings suggest that the learned latent representations preserve the
spatial continuity and signal characteristics of gastric electrical activity, demonstrating the
potential usefulness of autoencoder-based analysis for multichannel EGG.

Keywords: Electrogastrography, Autoencoder, Latent Feature Extraction, Spatial Clustering

1. IIT®»IZ

WA, AEERRXOZICtEy, TEBENZREORHE] BDEL2EaEEE L Tn5.
HCHMRENET « AT U7, SEHEFEN VI HL20b b TEBEN R E O R REE
ET2HRABATHY, TOZKIIMBZICEGET H[1]. LrL, MBICXs2HIEHEOEH
WZEAESNDTE, KVHELS CEBMRFMEFIEOHLNERE TH LS. 22T, HLEHE
R AED —2Ic, BHoEREHZ2AERENONET 2HEXLH H[2]. HEMIL,
i B 5% 7 (BB & B A3 5 720 THILE RTRE 2 7200, FRIR B oK B H IBTE B & 4R T
5. —F, HERIZESRENKH R0, /A4 AOEBEZZ 304, BWESHITR
EWTHDH., 22T, AMFRETIEHENOLZT v o X AFHAICA— b a—F 2 MAab
bt b Z T, HEXOEBER/BANT & BEmELERECICBET 2 Ra 21T - 72,
2. ik
2.1 EBRFHE

BeBRE I, EREFERE1SH L L., MEKSRICIE, A —AMAT 4 v 74480 DC
T UH VLB T 7 Neuro-DCamp 36 ZfEf L7=. AREBRCIIHEEXFICK T 5
i 7 BBARELE & MR D 72, BT A Atk A2 A B LY BT T 30 HETICALAT L
7=, HEROFH S ITARIEER 7 0 L Z 0.01 Hz, &I IER~ ¢+ V% 02 Hz & L, Hi
30 AR, PRFEE 101 KOWRRINT — X gk Lz, MIEESBE, bz ALk
W CORERIENL L L, BRI f#EE 250 Hz T 30 400 B EX R Y| 2508k LT-.

41



100 2026 6 6 -6 8

2.2 BiRFIT — & ORLE T

Bt U7 HEBXEERPNCKR L, i 0.015-0.15 Hz DX KRR 7 o VX Z5@ L,
250 Hz THUSG L72BERY T —Z X EHIC 10Hz (Vo F U o7 Lz, iz, Vo7
VI %ROERERINT — IR L, TRENOFY L EEREZFEH L, EECQARE L
L7z, Z20%, X TORERINTKL, 54310 Hzx300 F> = 3,000 ) DK% % 2 47 30
PRI (10 Hzx150 B> = 1,500 s CTHEIT 52 & T, 1 KOWERII BTV, 11 RO 53 E| R
RN G L. DLEOREIZ XY, 2K TE 23,580 KOFET—Z 2 ELT-.

23 BEETNVOEE

AV A2 i L7728 T — 22T, BARAAL— b a—FIck2%EHET VO
FKr Ll REBRCTHERATLIETNVEIIBO | KBRS — b a—FE2HMAL,
AT E & 3,000 ORI T —2 ThbH. KEHFAREDO 7 4 VEZEIZTEHELN S, 16,
32 L, =Y A RFTT_T10 L L. EHIEEEEICIE ReLU BB Z A L, &8
TIHEA M TA RHNEBRIAREIT) Z LI L BEBAICBERII~DOEM 2T, T =
— X TIIHRE & A A & (ConvlDTranspose) & W5 Z & CTHRERVIEZH It L, AT —H &
FILEIDETZHMERTHMEE Lz, 281X TensorFlow & W THEE L, Hi#EL7 v
Y X LIZIE Adam, FERBABUICIIMSE 2 L7z, UL EDOKREIZLYD, = a—F7b
BONDEERIIL, £ X 3,000 DO AICx L, WERIZIE 5%32 = 160 KT OEER Y
MLr& LTRBE INT.

3. R -BE

HAGFHE TS L7 4,950 ROKRERY T — 2 2B EHA— v a—XIT AL,
BRI I T D 160 IRTTDEEIERT A EZERG L. F ¥ RV 2 LT 15 45 DETE
R MVEEEHTDHZET, HF ¥ RNICHT D 160 RTOFRFH~7 bva2FH L.
HFOINTHRFEARY FIZK LT k-means E2 @A LR, 779 AZBEET LEEAT
b, EEMICEET 2 EMMAFE— 27 7 A XIZEI NS MEA MR S 72, Rl A i E R
TiE, ETFFHMICHET2EMAE LN EB L7 7 AX B INDBEEN AN, 2
NHLORERIY, BOEBKIEEIIARE R FICERBESGEMEL S > THOM L TV S ATREMER
IRSNTe. F, TEEMECE -7 ZAZRERINEZIEND, A— b a—F(Z
L ABERRANEMEEZREL TCVWD I ENRBENS. S50, #HBRER TEYLE
1ToTBOLEE LT T AZEERNGEONTZZ LD, ERZE%2B 2 7m0 22 A%
DAFIET DA ERE X NS, —JF, ERMIGEEL TV T R D7 T AXICHHES
NHEMbMER SN, ZNOOHEETIE, BOBHEXREZRH Y, HO5WIEHER L
DT —=F 777 "OREBLBIZT TCOLARENRDD. BT, 77 A ZHOHIMICHE
VY, ARSI ERBRO AT TE WY AL EE LR INT. o2 &n
O, BERBICITEMMEL T TR, BERISOENVEKMIN TN EEZLND.

B E I

[IHARWLERF PR, “BESAL ZFREOIZDOBRENET « AT T A K 20237, HARW
L& 2, 2023.

[2] W.C. Alvarez, “The electrogastrogram and what it shows”, Journal of the American Medical

Association, Vol. 78, No. 15, pp.1116-1119, 1922.

42



100 2026 6 6 -6 8

GP ¥#13 Bio-Hash] B#k : 7*/ L DK E A5

pEiE Th—', B £
"B SLER R (BRE#EEER) . A Y RARSt
' T602-8566 FUAR T b 5 X {A] SR BT 38 s /N B D AR BT 465

L cochangreen2@yahoo. co. jp

The GP method is a “Bio—-Hash function” : It generates the
fingerprint of genomes.
Koichi Nishigaki!, Keiichi Hamano?®
"Kyoto Pref.Univ.Med. (VP) *Spiddos LLC.
'Kamigyou—ku, Kawaramachidori-Hirokoji—Agaru Kajii—Cho

Abstract: A Bio-Hash function can transform a large amount of information, such as a
genome sequence, into a compact representation through molecular computation, which
is a non-mathematical computational procedure. Spiddos, the Bio-Hash value obtained
from a genome using GP (a type of Bio-Hash function), exhibits essential characteristics
including many-to-one correspondence, irreversibility, manageable output size, and
functionality as an index. This talk discusses the less-recognized Bio-Hash function GP

and its potential role in the future development of molecular computation.

Keywords: Hash function, genome profiling(GP), genome information, spiddos,

molecular calculation

1. LI

Hash BARIZ L B DO vy FHI A R a1 Hash . CGEWEEM) ([CE#BT 50, £
RIIHHEN - —#NTHD, 20D, REPHESEEOEMITILI HNbN, A ¥
—F v MREROEE M L 2> T D,

=07 21 HALIC RS> TRED T ) AMERERGTE L X2 0 | ES - EMFESEIC
BT 5 GWAS (&7 7 L BEMEHNT) X CRISPR BEYEIT AW AR DB CORX X T
LN Z b5 . HAEM TR L RSB CHEHIR R Z TR TWD, InniEs /A
DNA O EFAIEREZ ANA T A v T+ —~T 4 7 AL VI T 5 EREL S 2 5,

. 7 DEERNE = v 7P, [ FEHE ] ICX Y Hash fE% K % Bio-
Hash Bi%k (3&) ZBHB LEMLL Tx, ZOHHTA GP(Genome Profiling)iETH D |
A ¥ R (species identification dots) 723% ® HashfETH %,

INET, GPEIZE L T BiocHash E WO BLATIXIZEAEHEM LTI RN, £
OBRIZIRZEDO Sy FHAELEEMTA2LOTHY, EEIO#EmT DI ETIOnEEZIA
FIEMEE L, BBICORITI2ERNODL EE XD,
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E-mail : k. okamoto@imakarasuugaku. co

The World of Visual Math Art
Kentaro Okamoto
Wakara Inc.
Creative Lounge MOV 8F, 2-21-1 Shibuya, Shibuya—-ku, Tokyo, 150-8510,
Japan

Abstract: This presentation explores the intersection of mathematics and art,
introducing various artistic expressions such as string mandalas, geometric shapes
generated by complex equations, and patterns based on matrices. Furthermore, we
discuss “multi-layered Kirie” (paper—cutting art) and propose a novel mathematical
theorem inspired by the practical efficiency of paper—cutting algorithms.
Specifically, we investigate the minimum total rotation angle required to cut out
a polygon, proving that for any polygon, this angle is strictly less than 180

degrees.

Keywords: Mathematical Art, Kirie, String Mandala, Minimum Cut Rotation Angle,
Coprime Graph
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Fundamental Study on Wooden Joinery Applying Sierpinski Carpets
Satoko ONO
KINDAI University, 11 — 6 Kayanomori, Ilizuka City, Fukuoka, 820 — 8555

Abstract : The objective of this study is to develop wooden building components Wwooden joinery)
that contribute to improving the structural strength of buildings. To this end, we
created aesthetically pleasing wooden components by applying a geometric pattern known
as the “Sierpinski carpet” to them. This paper presents the results of static cyclic
loading tests (full-scale experiments) conducted to assess the seismic resistance of
the wooden components developed in this study.

Keywords : improved seismic resistance, wooden joinery, Geometric patterns Sierpinski carpet,

full-scale experiments
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Method for Constructing Temporary Structures Using a Curved
Folding Structure

Yohei Yokosuka
Kagoshima University, 1-21-40, Korimoto, Kagoshima city, 890-0065, Japan

Abstract: Temporary structures that utilize curved folding which allow flat panels to be instantly
assembled into three-dimensional structures are particularly useful, because temporary housing
must be provided rapidly in large quantities following a disaster. In this presentation, I will
discuss the potential for constructing pillow-box-type curved folding structures that can be applied
to building construction.

Keywords: Temporary structures, Curved Folding, Rigid Folding, Pillow-box-type
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Application of Singular Generalized Miura-ori with Canonical and
Non-canonical Arrangements to Architectural Design
Hiroyuki Tagawa
Mukogawa Women’s University, 1-13 Tozaki-cho Nishinomiya Hyogo

Abstract: A total of 26 patterns of singular generalized Miura-ori in canonical arrangements,
including arc- and spiral-shaped variations, is identified. In contrast, there are 17 patterns of
singular generalized Miura-ori in non-canonical arrangements. These are derived by applying a
dual operation to Unit 2 and Unit 3 of the canonical arrangement, which entails swapping the
included and opposite angles. Within these 17 patterns, 11 can form a closed tower configuration.

Keywords: Rigid-origami, Singular Generalized Miura-ori, Architectural Design
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Hypercubes and statistical physics

Yoshiaki Horiike
Department of Applied Physics, Nagoya University, Furo-cho, Chikusa-ku, Nagoya, 464-8601, Japan

Abstract: Hypercubic representation of state space and state transition diagram has been applied in an
increasing number of research on many-body systems, ranging from physics to biology. Although
projections of hypercubes are vital to comprehend the state spaces of many-body systems, projecting
hypercubes is, in general, difficult. Here, we introduce a method for projecting hypercubes using
principal component analysis (PCA). We find that projecting hypercubes via PCA is unsupervised,
interpretable, and reproducible. Owing to its linearity, we analytically characterize projection quality
via inner-product error between the original and projected space. As applications, we analyze the
nonequilibrium dynamics of three systems through probability fluxes on hypercubic state space:
relaxational dynamics of spin ice, thermal/quantum annealing dynamics of the Ising spin system, and
the human brain fMRI signal. With visualizations of probability fluxes by our suggestion, we find that
the probability fluxes exhibit non-trivial patterns as pathways or cycles. Those patterns reflect the
underlying interaction networks among the elements of the many-body systems. Projecting hypercubes
using PCA reveals the hidden pattern of statistical physics of the many-body problem.

Keywords: many-body problem/physics, nonequilibrium dynamics, Ising spin systems, brain
dynamics/networks, thermal/quantum annealing
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Shikoku Pilgrimage Route in the Shikoku Seiyo Geopark, Ehime Prefecture and
GeoTour on the Togano Group, Jurassic accretionary complex
Atsushi MATSUOKA, Takumi SAKAKIYAMA, Tsukasa TAKAHASHI
Niigata University/2Chiba Institute of Technology
3Shikoku Seiyo Geopark Promotion Council/4Shikoku Seiyo Geo Museum

Abstract: The Shikoku Seiyo Geopark is one of Japanese geoparks and is assigned to the
entire area of Seiyo City, Ehime Prefecture. The Shikoku Pilgrimage Route runs the western
part of the geopark, passing through the Uwa district. The Meiseki-Ji Temple, No. 43 of the
Pilgrimage Route, is located within the Uwa district. A small-scale pilgrimage route was set
up in the district about 200 years ago. Geologically, the area is occupied by a Jurassic
accretionary complex called the Togano Group. A geo-tour enjoying the group is planned in the
route.

Keywords: Shikoku Seiyo Geopark, Shikoku Pilgrimage Route, geo-tour, Togano Group,

Jurassic accretionary complex
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Geometry of Singularities of Developable Surfaces Arising from
Gluing Two Surfaces
Junzhen Li
Graduate School of Science, Kobe University, Kobe 657-8501, Japan

Abstract: In this talk, we study the geometry arising from gluing two smooth
surfaces along a curve, called the gluing locus. In particular, we focus
on singularities appearing in developable surfaces constructed along the
curve. By introducing a Frenet — Serret type moving frame along the gluing
locus, we define invariants describing the geometry of the curve and
construct associated developable surfaces. These surfaces are frontals and
exhibit singularities such as cuspidal edges and swallowtails. We provide
criteria for these singularities in terms of the invariants and investigate
how the angle between the unit normal vectors of the two surfaces affects
the geometric properties of the resulting developable surfaces.
Keywords: Developable surfaces, singularities, gluing of surfaces,
cuspidal edge, swallowtail

1. Introduction

Developable surfaces and their singularities, such as cuspidal edges and
swallowtails, have been extensively studied in the context of frontal geometry.
However, when two smooth surfaces are glued along a curve, the resulting geometric
structures have not been fully understood. In this talk, we investigate the geometry of
the developable surfaces constructed along the gluing locus and analyze the singular
phenomena of that surfaces. More concretely, let y(t) be a curve on a frontal, and
consider a Frenet-Serret type frame consisting of three orthonormal vector fields along
the curve. We define three invariants which describe how the frame evolves along the
curve by the Frenet-Serret type formula. Using this frame, and following [2], we
consider a height function along the curve, and we define two types of developable
surfaces as the discriminant set of the height function. By the construction, these
surfaces are envelopes of families of planes determined by the normal and binormal
directions. These developable surfaces are frontals and naturally reflect the geometry
of the curve. See [1] for developable surfaces along a curve from the view point of the
curved foldings. This talk is based on the preprint [3].
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2. Main Results

We describe the geometric properties of the developable surfaces in terms of the
invariants associated with the moving frame. In particular, the type of the surface is
completely characterized by certain functions derived from these invariants.

When one of these functions vanishes identically, then the developable surface is
cylindrical. If this function does not vanish but another function vanishes, then the
developable surface is conical. In the remaining cases, singularities appear along a
distinguished curve on the surface. Furthermore, we obtain explicit criteria for the
appearance of typical singularities of frontals: a cuspidal edge occurs when a certain
function is nonzero, and a swallowtail occurs when this function vanishes but its
derivative does not.

3. Application to Gluing two frontals

We apply these results to the gluing of two frontals along a common curve. Each
surface induces a moving frame and corresponding invariants along the curve. The
relationship between the two frames is described by a rotation, which corresponds to
the angle between the unit normal vectors of the two surfaces. We show that the
geometric type of the associated developable surfaces depends not only on the
invariants but also on this angle. In particular, the angle between the normals plays a
crucial role in determining the type of singularity that appears.
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The farthest point map on the regular icosahedron

Soma Nogawa, Yoshikazu Yamagishi
Ryukoku University (Seta, Otsu 520-2194, Japan)

Abstract: The farthest point map on the regular icosahedron is a piecewise rational
map, obtained by using the star unfolding and the Voronoi tessellation. Its
limit set is a l-dimensional graph.

Keywords: farthest point, star unfolding, Voronoi tessellation, limit set,

intrinsic radius.
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WRIZTORICEDL RN ENEL, R AGBROMBESPHELE 225 ([3]),

CCITCIHEQHEOEEE M LT 5, D 4 oD IE S HE KD FiE S BRIV TILEE
A ERTWE([4). M Lo p EREES)ORESIT, 7 p ICL2E2ERZ
Ko, wWicARe ) A 5ET2FIEEZELZ LTI VREEIND, ZEME ., @%ORMN
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We discovered a regular decagon in the internal structure, which
we believe to be a model of a quasicrystal.

Akio Yasoshima

SSDS Symmetric 2-19 Tonoshima, Mikuni-cho, Sakai City, Fukui Prefecture

Abstract: While observing a structure that I believe represents the central motif of a
quasicrystal, I discovered a regular decagon within its internal structure. Why is a

nn

"regular decagon" "visible" in this location? Because the geometric structure of this
object contains the properties of a "sphere." The "star shape" that can be recognized as
part of the internal structure of this central motif (quasicrystal model) can be observed
in 12 places, since a regular dodecahedron is the basic structure. The "star shape"
(shape of the gap) visible in the center closest to the viewer appears as an "inverted
star shape" when the sphere rotates 180 degrees to the opposite side. When you
superimpose the inverted star shape on the opposite side, rotated 180 degrees, in your
brain, you get a "regular decagon."

Keywords: Unit origami. Quasicrystal, regular decagon
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The Solution Space in the Kepler Problems

Takeshi Sugimoto

Applied Mathematician in the Watermill Cabinet
Abstract: The direct Kepler problem, which Newton solved for the first time in the human history,
is the task to induce physics behind Kepler’s first and second laws. Newton broke through the
problem by use of classical geometry and novel limiting operations. Today by use of vector analysis
a new passage of the solution starts from Kepler’s first law, by way of conservation of the
kinematics on the orbits, and arrives at the inverse-square law of gravitation as well as Kepler’s
second law at the same time. Kepler’s first law is revealed essential to generate everything. The
inverse Kepler problem is the task to look for the loci of the solution to the inverse-square law of
teh gravitation. This was solved in an incomplete manner by Jakob Hermann. This problem is also
rewritten by use of the vector analysis. The structure of the solution space in the direct and inverse
Kepler problems is shown. Kepler’s third law, derivative in its nature, is also confirmed within the
same formalism.

keywords: the Conic Sections, the Inverse Square Law of Gravitation, Kepler’s Laws
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Figure 1. The Structure of the Solution Space in the Direct and Inverse Kepler Problems.
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Separability criteria for loops via the Goldman bracket

Aoi Wakuda
Graduate School of Mathematical Sciences, The University of Tokyo
3-8-1 Komaba, Meguro—ku, Tokyo 153-8914, Japan

Abstract: Let X be an oriented surface, and let =n. denote the set of free homotopy
classes of loops on X. Goldman introduced a Lie bracket on the vector space generated
by m, called the Goldman bracket, which encodes intersection information of loops.
Goldman proved that if one of two loop classes is simple, then the vanishing of the
Goldman bracket is equivalent to the existence of disjoint representatives. However

Chas showed that this equivalence does not hold in general. In this talk, we provide
algebraic criteria using the Goldman bracket to determine whether two free homotopy
classes of loops admit disjoint representatives without assuming simplicity. Our
method uses powers of loops and hyperbolic geometric arguments. As an application, we
determine the center of the Goldman Lie algebra of a pair of pants

Keywords: Goldman bracket, free homotopy class, separability, hyperbolic geometry, Lie
algebra

1. Introduction

Let X be a connected oriented surface, and let the set of free homotopy classes of
loops on X be denoted by =.

Goldman introduced a Lie bracket on the vector space generated by m, called the
Goldman bracket, which reflects the intersection behavior of loops

If one of two loop classes is represented by a simple closed curve, Goldman proved
that the vanishing of the Goldman bracket is equivalent to the existence of disjoint

representatives.

However, this equivalence does not hold in general without the simplicity assumption.
This motivates the problem of finding algebraic criteria for separability of arbitrary
loops.

2. Main Result and Application

We study Goldman brackets involving powers of loops.

Our main result shows that for arbitrary loop classes, the vanishing of brackets of
suitable powers determines whether the two classes admit disjoint representatives

Thus, separability can be detected algebraically without assuming simplicity.

The proof uses hyperbolic geometry and geodesic representatives of loops

As an application, we determine the center of the Goldman Lie algebra of a pair of

pants.
We prove that it is generated by the null-homotopic loop and loops winding around a
single boundary component
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This extends previous work of Kabiraj and gives a concrete example of how separability

criteria describe algebraic structures of loop algebras.
References

[1] W. M. Goldman,

Invariant functions on Lie groups and Hamiltonian flows of surface
representations,

Inventiones Mathematicae, Vol. 85 (1986), pp. 263-302.

[2] M. Chas,
The Goldman bracket determines intersection numbers for surfaces and orbifolds,
Duke Mathematical Journal, Vol. 150 (2009), pp. 519-560.

[3] A. Kabiraj,

The center of the Goldman Lie algebra of surfaces,
Algebraic & Geometric Topology, Vol. 16 (2016), pp. 301-327

66

group



100 2026 6 6 -6 8

ZELEA THIZEFLLVEBLLR (B2#H)
Nk HE
—RFERIVEN RS B A SE AT
T 600-8427 FUER T T 4L AN JF I & L 78 AL EFEERT 294 22 L— AP EH  2F
Seiji.Yasaka@mac.com

The Toys Created by Children and Ai

Seiji.Yasaka
Kyoto Institute of General Science.Inc
294 Tamatushima-cyo, Shimogyo-ku, Kyoto,Japan
Abstract : In my presentation at the 94th Symposium on the Science of Shape in 2023%*1, I quoted Dr. Alan

Kay#*2, stating that “current PC technology has not yet implemented anything truly new.” As a challenge to
create something “new,” 1 conceived of a concept for generative Al (Chat—-GPT) and block toys created by
children, the most innocent beings. This report details the first stage of research conducted in a virtual space,
and [ am pleased to report that we have made some progress. The ultimate goal of this research is to provide a
new means of communication that conveys the “feelings” within one’s heart by thinking about shapes.

Keywords: # Generative-Ai ,# Children# NewTypeToy , # Beyond The Comon Messaging
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Evaluation of Methods for Determining the Embedding Delay 1 in Biological Time-Series
Analysis

Fumitaka Ishiwata, Hiroki Takada
Graduate School of Engineering, University of Fukui, 3-9-1 Bunkyo, Fukui 910-8507, Japan
mf250045@g.u-fukui.ac.jp

Abstract: This study investigates the impact of simulator sickness on the dynamic stability of biological signals
during VR immersion. We evaluated three methods for determining embedding delay—Autocorrelation Function
(ACF), Average Mutual Information (AMI), and Translation Error (TE)—to identify the optimal phase-space
reconstruction for center of pressure (COP) and gaze dynamics. Experimental results revealed a negative correlation
(r=—0.195) between the Largest Lyapunov Exponent (LLE) and SSQ scores, suggesting that a loss of adaptive
fluctuation in gaze and postural control is a key indicator of simulator sickness.

Keywords: Nonlinear time-series analysis; Embedding delay t; Phase-space reconstruction; Postural control;
Oculomotor dynamics

1. Introduction

The objective of this study is to clarify how simulator sickness induced by VR video viewing affects phase-space
reconstruction of biological signals. We focus on two physiologically distinct signals—gaze dynamics and center
of pressure (COP)»—and compare three methods for determining the embedding delay t: the Autocorrelation
Function (ACF) [1], Average Mutual Information (AMI) [2], and Translation Error (TE) [3]. We examine how the
degree of sickness alters the deterministic structure estimated from each signal type.

2. Methods

Thirty participants underwent the following protocol. Baseline COP was measured for 60 s (Pre). Participants then
viewed driving videos four times (20 s each) via a head-mounted display (HMD) and a large-screen display (LSD),
with gaze recorded by an eye tracker. COP was re-measured after all viewing sessions (Post). Subjective sickness
was assessed using the Simulator Sickness Questionnaire (SSQ) before and after exposure. Embedding delay t was
estimated from each time series using ACF, AMI, and TE. The LLE was computed using the Rosenstein algorithm
[4], with surrogate analysis applied to test for deterministic nonlinearity.

3. Results

Figure 1 shows the distributions of the estimated time delay (t) for both center of pressure (COP) under open-eyes
condition (left) and gaze signals (right). For COP, the autocorrelation function (ACF) yielded large t values (~100
samples), the average mutual information (AMI) produced moderate values (~15-20 samples), and the translation
error (TE) collapsed near zero, indicating difficulty in resolving a meaningful decorrelation lag in this low-frequency
postural signal. In contrast, for gaze signals, TE yielded stable non-zero estimates, demonstrating a clear interaction
between estimation method and signal characteristics. Figure 2 presents LLE distributions and surrogate Z-scores;
most values remained below the 95% significance threshold (Z =2.0), indicating weak determinism in COP under
VR exposure. Figure 3 demonstrates a negative correlation (r=-0.195) between LLE and SSQ total score for both
Gaze and COP at the Post condition.
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Figure 1. Comparison of Time Delay (t) Estimation Methods Using Autocorrelation, Mutual Information, and Translation Error:
Center of Pressure (COP) under Open-Eyes Condition (Left) and Gaze Signals (Right)

4. Discussion

The contrast between COP and gaze in TE performance highlights signal-specific method dependence. TE relies on
nonlinear predictability and is sensitive to the time-series length; the low sampling rate of COP lacks sufficient
temporal resolution for TE to detect a meaningful decorrelation lag, whereas gaze dynamics provide adequate
frequency content. AMI outperformed ACF for gaze owing to its sensitivity to nonlinear dependencies [2]. The
negative LLE-SSQ relationship is consistent with the loss-of-complexity hypothesis [5]: sickness suppresses the
healthy adaptive variability inherent in biological control systems. These findings indicate that appropriate selection
of the state-space reconstruction method is essential for the objective evaluation of simulator sickness.
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Figure 2. LLE distribution and surrogate Z-scores for Gaze (Pre/Post). Dashed line: 95% significance threshold (Z = 2.0).
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Figure 3. Scatter plots of LLE vs. SSQ total score for Gaze (left) and COP (right) at Post condition (r = —0.195).

5. Conclusion

The choice of embedding delay method critically affects phase-space reconstruction quality in biological signals.
AMI and TE are preferable for fast signals such as gaze, while ACF provides a stable conservative estimate for slow
postural data. The observed decrease in LLE with increasing sickness supports the hypothesis that VR-induced
simulator sickness impairs adaptive complexity in both gaze and postural control systems.
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Integrating Image Analysis and Mathematical Modeling to
Elucidate Liver Pathogenesis

Rikuta Tsushima', Hiroto Shoji'
' Kwansei Gakuin University, Gakuen, Sanda, 699-1330, Japan

Abstract: Liver diseases often progress through morphological changes in
tissue; therefore, accurately quantifying these changes is essential for
understanding the underlying pathology. This study proposes a novel method
to extract subtle morphological changes in liver tissue from stained images
and to quantitatively evaluate the degree of disease progression.
Furthermore, based on the acquired data, we compared and validated
existing models of morphological transformation from a mathematical
perspective, aiming to elucidate the mechanisms underlying disease
progression and to explore the potential for predicting future disease states.

Keywords: Liver Diseases, Image Analysis, Mathematical Modeling
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A Comparative Analysis of Two— and Three—Dimensional
Characterization of Fibrotic Regions and Their Growth Dynamics in Rat
Fatty Liver

Ageha Kondo'!, Hiroto Shoji'
' Kwansei Gakuin University, Gakuen, Sanda, 699-1330, Japan

Abstract: The liver is composed of hepatic lobules as its basic structural unit. To
analyze liver fibrosis at the lobular scale, approximately 100 serial sections with a
thickness of 10 pm are required, which imposes a substantial burden in terms of slide
preparation, imaging, and image analysis. Therefore, it is necessary to examine
whether a reduced number of histological images can be used as a substitute.In this
study, 2D and 3D data were compared using statistical methods. Furthermore,
Physics-Informed Neural Networks (PINN), which incorporate both data and physical

laws during learning, were used to estimate the growth dynamics of fibrotic regions.

Keywords: 2D/3D data analysis, image analysis, PINN

1. ELoic
gD 2 7 & IcBWnW T, MERZFLE LRy BT =2 X ZRTITHERL S
NTW5b, 207, TEOEEBZEAZT D 7-OI2iE, = RITTHY IR @BlE2 & it 5
VETHDH, RABMTHLIH/NEITIBLZ ImORKE 2L 00, koS
ZEZ DI, 10 pn EO#GY R THIIE, 100 IERTLILERNH D, Lo
L. ZHOUF OB L OMHTIL, ERVICHLETAEMICORE A LR D, L
TemoT, ZTNETHRIAKHWL N TE U EBIZRE R T —206 ED
FREARAENREREMECEDINEMRNT LI ENEETH D,

2. Fik
RS 2 VAT g — LB E kR 0, 438, 8, 12, 16 &G L=l
Moy bETAVEZ 2MEETHOERL, 1 EEKICOE 5 N DIFlEO — 280 L
oo WO OVERL « Yot T 2] ICFEdk S iz Fikic e » 7=,
A LEEOMEBICIE, BB/ AT —va DXy NU—7 O~ TH D
U-net Z M7=, 3D F— Z 3K A 100 Kb LTHERRK L, 2D 5 — &1L 3D 75— &

73



100 2026 6 6 -6 8

100 D D> BInD T o X AZHEMHE L72b DL Lz, 2D B3 T —FENE
A OWTHEEOFHEZITWV, R E1T o7,

HEALTEIK O E X A T I 7 2A0OHEICIZ, 7 — % EWEERIOW FI#EE3 25 &
IFEFTAH=a—TF )Ry T —2 Th D Physics—Informed Neural Networks
(PINN) & H W7o, PINN ICIZ B R & 7 — X KO E L TER I N D EEELR
BHY ., TR ERD L IITFET D, PINISHEHAATEIERNL, —i#&br
AT A TETI, DALY ETIV, T e NN BT T 4ETILD 3 OR
M7=,

3. MRLEBE

Kk G- ] 0 3D 7T —F 1T oW T, 2 fE K - KEEK 5 LETDEF 10 2 EnE R
T, G 100 O A SR L EHEOFEHB L0 a#aE R 1ITRT, sl T
X, 2D T—H DY T TR EEZGAE R L, 3D T4 &2 FOREE
MICEHILTE D%, MESCKREREL SO CTHEm T D, £io, EEFEHORKEMT
REEBE LM RAET AA~OmEEHEIZ DWW TH M L 72, PINN (2 X 5 f#fT
ERIIK LICRTEY Thd, 2FBRIIZ. Ebob—Ribke o274 v 7 ET L
NN E oz, EBIC, —BOKRMETIHID T —X LD 2D 7T — X O SN kB K
WNSL b Ebbol, TOMOFEMITFHERIC THRET S,

F 1 Kt G MM O 3D 77— % (10 %> 7)) BT 2 FEEOFEEE KOs
0 1 8 12 16 4

S (%) 0. 358698 0. 644683 6.297691 17.11005 25. 18375

Paise 0.072771 0. 394625 6. 297691 60. 09408 49. 29351
(a) (b)
s { © Data - 401 @ Data °
— — Generalized Logistic 3z | =1= Generalized Logistic
30 4 Gompertz e Gompertz
—— \fon Bertalanffy L 30 { =—— Von Bertalanffy .

25 A

20 A

15 4

10

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
t

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
t

B 1:PINN IZ L B EATAE R (a) 2D (7 > & A0 1 Kehl) (b)) 3D
2% Ok

(1] k@ #E - B7 B RO OSIEEESRIC X D IR E OB HER O E &R,
FKORSEY R AR TR, 10(1), p31-32(2025)

74



100 2026 6 6 -6 8

REORBREIL—TDEZIEI/ORIEVILGHMBOMETEED

KEAR
hihonda@hyogo-dai.ac.jp
PR R R e = T ZE R (= of v e XA BT 7-5-1)
AL ST A mBE R P v — (M AT R R X E AT 2-2-3)

The handedness of the large intestinal loop is defined by its microscopic cellular properties
Hisao HONDA

Kobe University Graduate School of Medicine (Kusunoki-cho, Kobe, Japan);

RIKEN BDR (Minatojima-minami-cho, Kobe, Japan)

Abstract: The large intestine forms a loop that extends throughout the body cavity. Despite its
large-scale size, it is neatly arranged in the form of a left-handed helix. We are wondering whether
the morphogenesis of such a structure could be understood based on microscopic cells. Recently, it
was revealed that the twisting of the tube can be understood through the anisotropy of its constituent
cells. Additionally, we know that twisting and looping belong to the same topology and can easily
convert into each other via “twist-to-loop conversion”. So, using a mathematical model (vertex
dynamics), we examined and confirmed that a long twisting tube representing the large intestine
would convert into a loop easily without any biological assistance.

Keywords: large intestine, twist, loop, helix
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Symmetry Festival 2027

Dates: Summer 2027 (possibly the last week of July or the first week of August)

Venue: Tokyo or its surrounding area
Organizer: The International Symmetry Association

Co-organizer: Society for Science on Form, Japan (JE DRl

The World’s Largest Interdisciplinary Festival in Symmetry Studies:

Celebrating Science, Culture, and Art
(Reference)

Symmetry Festival 2024 — Pisa

https://festival.symmetry.hu/
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