ISSN 2433-6165 (Print)  ISSN 2433-6173 (Online)

BOREOURDDLEEFRE  Vol.9 No.1 (202446 A)

Proceedings of Symposium of the Society for Science on Form, Japan

& 96

KOFEE ORI L

g REEHERE LT DR

=5 BAPRXY AEL7RFvU/RR

=Hi: 2024 & 6 A 22 A(L), 23 A(RA), 24 H(A)

RO FR

https://katachi-jp.com/



%96 [ HOBEY VRV T L [FHRE L BERE L Z OfFNT)

[E’] BoRys

[#7%] B R EE > 7 —

[£#] 2024 £ 6 H 22 H(+), 23 H(H), 24 H(H)

[&453] Bl R ErJi$y /32 B 5fE 202, AT AE
T669-1330 fefllk = W2 E Ly 5 1%
RAVEZ e K2 PREAEAPRRL R

[REMFEA] BT 5%

TEL: 079-565-8918
[

[
€

7

Jn

L

oW
it > g

o

VB EE] % 5000 [, %24 3000 [
[WEB ¥+ K] https://katachi-jp.com/sympo96

A=A
(EHEENDIHENHL £77)

6H22H (1)

9:00— =Zf+
10:00-10:05 BHEORE

tyav 1l e HERE & O

JER - B

10:05-10:30  (25min)

IRV NFEEET L E R BROBRK
RRilER (RLEERRT) | BKidhvE (B9
Be k7). HLRE (F). KEgE— (F) -+ 1

10:30-10:45 (15min)
IVYNRFERIZESEED
ANFE (LR RS, e (F) -0 3

10:45-11:10  (25min)
TUIHLVHEROBRE (27 F 2T H X
77 R

FEFAIR GREEHERSZRT) oo 5

PREE 11:10-11:25

D

E-mail: shoji@kwansei.ac.jp
] 28 - FSE L HIT—# 5000 M, %24 2000 H
] 202446 H 22 H (4) 1800 kv PBIFE Pt #oOM

(T 77 AORFRE TREOD 7 —MEIXIZHEHT)

BrFRE  JER B

11:25-12:15 (50min)
SYNRFRBE 7 0 AR ANRFEOHEIEY OILER
b

1E7,7§TJ§H_1 (*EF)Ej('_%A) .................. 7

12:15-13:40 BAKEH ((EEEES)

by

oy a2 T DORE— %

R EILER

13:40-14:05 (25min)

fRDOIGRZ W= 2 Bk FRARIZB T 5
fig DIFFIZ BT DT

[t (BPEEBERSE) e 9

14:05-14:20  (15min)
BZ SR OFIRET V& FWTZEIRE I BIT 5
FHRAVEAIZ DN T

Fr RS (B ERERT) . B (F) 11

14:20-14:45  (25min)

B RHUE IR 2R EH 0T — F Lk & 7
L— AT — X OBRIZONT

WA (@R . &S (F) - 13



R

(F VBB 5 4.
14:45-14:50  (5min)
RIEAE T D SLARZERS D BE%E IV

WHHHE (TETERY) ., FIREE (F)

HREREL)

14:50-14:55 (5min)
SN DINEFAR DRI 3D 22 7Y — /R XL D BR%E
1

TRRREAR. (FREITIERE), h Bihm] (L
WEFERT) . i (F) . FIREE (TRELEX
BE) e 17

14:55-15:10 PARHER

tyvar3 BORFE#K

R - FUEE

15:10-15:35  (25min)

X BBV FRITICBT AT Ve T T v T r—
A D5y DTE R
RFEFI—BS (B2 7 7 > —/%eET) -+ 19

15:35-16:00
BTRZEDOTE
fE%%% (*%#j(:—%‘») ................. 21

(25min)

16:00-16:25 (25min)
KRB EAS L I v o —= D R X (1696)
*22&@” (*qg%g}”j(:—%‘») ................. 23

16:25-16:35 {K&

16:35-17:35 A%

18:00-20:00 ZR#S

B BEEEREREE RO

652308 (B)

9:00- AF

tyiar 4 JPRELERE & £ OfRYT

JER - BiER

9:30-9:55 (25min)

ZEJEBRENZ D < BT F AR AT B 7Y R —
SSUINE SOl £

RS (BILRSIRY) . AKhia ().

?J”ﬂl% (ﬁ) ...................... 25
9:55-10:20 (25min)
N2 MRATEORIE ~AEHERENE
e L HERE, DT HI~~

A BIEEHERT) oo 27
10:20-10:45 (25min)

PR O S BRTE — FARAT
BRMA (FRETERS) . FUBHE ()

10:45-11:00 PRTER

D%
JER AR
11:00-11:25  (25min)
P10 MU D ARER & Z OELBR
HEEP AR (il & 5 5 P e 4 B R)

vy alb

11:25-11:50  (25min)

ANLHFRIZ EDERB R LT —Z b D CT
{5 D FEBL

MHE REBESERKT) e 33

12:50-13:20 B AIRE



JEHE L BRE & £ DT

R BFIER

13:20-13:35  (15min)

AIASET WA K D DB AZEAE T — 2 OB LR
Br

Pely g (B FRe K)o BFisE ([F)

Ty alb6

13:35-14:00 (25min)
WS KiLV— 7 OTERL
RERF (WP R, BYLEZERT) -+ 37

v a7 Forum

JER - RS

14:00-14:20  (20min)

TR 38 % P T I BRI R ZE L O BH 3
Bk (B Ry) . BriEs (F) 39

14:20-14:40  (20min)
FFIRN O BARIMAE R >~ T — 7 D 3 IRt ]
BUET =Y R 2

e AR —RS (BB RT) . EahE (7).
%%{%%ﬁ ([a) ......................... 41

14:40-14:50 {K&

MG R B TR
14:50-15:40  (50min)
N E Y — g b O J7 s & S
BpRS s (BAVEFBE RS -veeee e 43

15:40-15:50 {K&

tyvar8 BORFEK
JER AR
15:50-16:15  (25min)
EALRDIE I (FEE N HAT) OJKRHERY)
P PE LT R FUER BT
HIZE (F1IR=7) | Ak ([[) 45

16:15-16:40 (25min)
B Pantanellium J&O4b gD 1D 2D #
HH%k

HEPFE GRYERY) . R CIRRY) . Aot
sole (JAMSTEC) . FAIE T (BT FBERT) - 47

16:40-17:05 (25min)
PETEREDPAR K > T
A G RSR)

17:05-17:30  (25min)
REAL LT JRAR DR GAEER ~ OFTE N B4
LW (20 4) GEREFEY Ol Lk L OEF
FIxIT 57 v — MER

/NEFERR T GIESRT) . IR ( (BK) HKS BR
BAEY) | AT ((BR) BAERRED | R
AT (B—HJL R BE) coeveeaeeanennn 51

6H 248 (H)

9:00- At

tyvar9 L
R - BFIER

9:30-9:55  (25min)

77 LEEEE do - TEOfEFIL

faE — (BERFLAEHR). B E—
(GenoLife 5}11:77%/&\) ...................... 53
9:55-10:20  (25min)

ES TR W AN

WnEd gPoftes 2K e 55

10:20-10:45  (25min)

D U= S UL AR E SN
v
HUBST T (IR TEEREE) cvrveeenenes 57



10:45-11:00 {K&

tyiar10 BORE
JEE 1A ST
11:00-11:15  (15min)
7T 7 BRI E O RFIEE RE i & D A
71 = R LHER
ANEpA (BT FEER) . BFiss ([F) 59

11:15-11:40 (25min)
BROEHEOR Y ~BEREZICLD 3D k&
FR M F L O Horton RIIZTEA Lo
IR OUNKSE) . AR —ER (PR .
INIEE OuIRS) . LB (R . R —ER
(F) . M mE (F) , AR (F) ., ki (e
ARF), HPRE, B — (ERKT) 61

11:40-12:05  (25min)
Horton HIJZi& M L 7o Rets o R{r] ) i O fig
BT & D ELBLG DO RO T A

LHK B FRFERZR) oo 63

PR OFE

[F5RL]
i L FRZEN (Call for Papers) -+ - -
‘\/‘/ﬂ‘i"‘/"?.b\ﬁ%)\@%% ...............



96 2024 6 22 ~24

LHBIINRFERETNERFHREOEK
2IIER", FKILFRME"?, b, REs—
U LERR R SR B A, ] L R (L AR R ORHT 1-1
m-kageyama@ous. ac. jp
<2 BV P R R B B e ge R, SR = ek b 1
< BAVE S Pr R B, Se R = TR o

Isotropic bee comb construction model and formation of the
anisotropic comb
Maya Kageyama™, Takumi Akiyama, Junpei Inoue and Koichi Osaki
* Faculty of Science, Okayama University of Science, 1-1 Ridaicho,
Kita—ku, Okayama—shi, Okayama

Abstract: Skarka-Deneubourg—Beli¢ introduced a mathematical model describing the
interaction between two differently oriented bees and wax to reproduce the process
of the comb construction. We consider an isotropic bee comb construction model
that removes the anisotropic component, that is, the direction of the bee in the
model. In this presentation, the stability of the solutions to this model and some
numerical results will be presented.

Keywords: Social insect, Beehive construction, Anisotropic construction, Partial

differential equation, Pattern formation
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[1] Skarka, Deneubourg, and Belié, Mathematical model of building behavior of Apis
mellifera, J. theor. Biol., 1990, 147, 1-16.
[2] Narumi, Uemichi, Honda, and Osaki, Self-organization at the first stage of

honeycomb construction: Analysis of an attachment—excavation model, PLoS ONE, 2018,

13(10) : e0205353.
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Learning from honeybee nest construction

Ryo Ogawa, Takayuki Narumi
Graduate School of Sciences and Technology for Innovation Yamaguchi Univ.,
Tokiwadai 2-16-1 Ube Yamaguchi

Abstract: We address how honeybees construct their combs in a regular pattern. The
mechanism behind the cell’s regular arrangement, particularly during the vertical
extension, is poorly understood. This research aims to explain the overall nesting
behavior by extending a mathematical model for the initial construction process. In
addition, we conduct experiments with 3D-printed foundations to observe how

honeybees build combs in various shapes.

Keywords: pattern formation, self-organization, mathematical model, 3D printer

;I’Ellﬁ% SYUNRTFNELZN= T DEEITES DO ANEEZBR T L CE N, BERAI=X A
FEEICIEMH S TV AV, BHICET 5T TIZEEN D L 2 ICNATFICERK
éhéﬁ#{&%m&ﬁofwéﬁ ZHZHLREADNHEAICE S A T = X LB 50
2o TV WM/ NE S FMBE W I Y ARF R RER LICEED Z L TNDE I ENnD,
BRIV — VR E T EEMETIE RV RTREME A m

HHY: 5 S 13 H MR bR K-S & BRI R C R I B A LA AE
DATEI L — L ZRE LIz [1], L2s U, BEAERE 7 ISR O8N 5 8 B rp ]l F2 DLRE C B XAy B
RIFJIZE 5 A 1 = R AIEMH STV 2Ry, RFZE T, PIEREROET VA2 KT L
THEET VOERZE U, RE2EECRANHAMIZIES A =X A0 %  BET,

Fik: OIMERREOKIE T NV EIE L, SAE T IO BTN 5 5B E T
AR LT, BERMZRITEIL — V2 RETHI LT, BRAD =X LMW ZBEIET., £
T ATENL— VDR E S THTmOICFEEDO I Y ANFOFENITK LT 3D 7V > ¥ —THER
L7tk x RGROBBEEZHWIZERZITO BEBRICSCZEROKRFE2BIEL TWVD,

FETIE, HFZEOBLR E L THRANRAMIZE S A = X LCBES 2178 L —vico
WTHEL, MBSO IO THER L2V,

Reference:

[1] "Self-organization at the first stage of honeycomb construction: Analysis of an
attachment-excavation model," Takayuki Narumi, Kenta Uemichi, Hisao Honda, Koichi Osaki:
PLoS ONE 13, ¢0205353 (2018).
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Taxonomy, phylogeny and ecology of the subfamily Pselaphinae
(Coleoptera: Staphylinidae)
Shota Inoue
Tokyo Metropolitan University, University Education Center; The 1991 Hall, 1-1
Minami-Osawa, Hachioji, Tokyo, 192-0397 Japan

Abstract: The subfamily Pselaphinae, called ant-loving beetles, containing ca. 10,500
species from worldwide, and ca. 370 species are known from Japan. The members of the
pselaphine rove beetles mainly inhabited in the leaf litters, decayed wood, ant-nest and termite
nest. However, their taxonomy, phylogeny and ecology are poorly studied. In this study, I
reported the results regarding the species diversity, morphologies, and immature stages which
I have studied. Also, reported the result of study that evolution of myrmecophily and
termitophily focusing on the genus Tmesiphorus and allied genera.

Keywords: Staphylinidae, myrmecophily, termitophily, taxonomy, phylogeny, ecology, larvar
morphology
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[1] Parker, J. (2016) Emergence of a superradiation: pselaphine rove beetles in
mid-Cretaceous amber from Myanmar and their evolutionary implications: Cretaceous
Pselaphinae. Systematic Entomology 41, 541-566. https://doi.org/10.1111/syen.12173
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Convergent Evolution in Nest Building among Honeybees (4pis) and
Social Wasps (Vespula)

Tatsuya Saga
Kobe University Graduate School of Human Development and Environment, 3-11
Tsurukabuto, Nada-ku, Kobe, Hyogo, Japan.

Abstract: Smith et al.'s 2023 studied the nest-building behaviors of honeybees and social wasps,
which have different evolutionary origins. The research focuses on how these species overcome
geometric challenges through variations in cell sizes within their combs. Honeybees and social
wasps, known for their hexagonal cell structures, face issues when aligning cells of two different
sizes side by side in a comb—a problem rooted in tiling geometry. To address this, both species
integrate pairs of pentagonal and heptagonal cells, or alternatively, intermediate-sized hexagonal
cells, particularly in the transition areas from smaller to larger cells within the comb. These
findings highlight the complexity and ingenuity of nest architecture in these social insects. By
understanding these adaptations, the study enhances our appreciation of the evolutionary pressures
and ecological demands shaping the behavior and physical structures of honeybees and wasps. The
incorporation of variously shaped cells to form a cohesive and functional nest structure is a
remarkable example of natural engineering.

Keywords: Nest structure, Convergent evolution, Honeybee, Social wasp, Geometric challenges
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Peters, R. S., Krogmann, L., Mayer, C., Donath, A., Gunkel, S., Meusemann, K., ... & Niehuis, O.
(2017). Evolutionary history of the Hymenoptera. Current Biology, 27(7), 1013-1018.

Smith, M. L., Loope, K. J., Chuttong, B., Dobelmann, J., Makinson, J. C., Saga, T., Petersen K. H.,
Napp, N. (2023). Honeybees and social wasps reach convergent architectural solutions to
nest-building problems. PLoS Biology, 21(7), e3002211.
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Study on blow—up of solutions for chemotaxis systems

by profiles of solutions
Yuya Tanaka
Department of Mathematical Science, Kwansei Gakuin University,
1 Gaguken Uegahara, Sanda, Hyogo 669-1330

Abstract: In this talk we consider blow—up solutions for chemotaxis systems with
logistic source by using profiles of solutions. For a minimal chemotaxis system
with logistic source, Winkler [5] showed finite-time blow-up by deriving a profile
of solutions. Our purpose is to obtain results on finite—-time blow-up for a
quasilinear chemotaxis system with logistic source by using corresponding profiles.
Moreover, we give a result on blow—up of solutions for Lotka-Volterra systems
with chemotaxis terms.

Keywords: chemotaxis; blow-up; profile

1. ¢

A RRAR &L, MR ES B L ERSN LD EICs EFELEL L
GEfetk) clRZZ2E%08H% (K1) 2R LAEZEET L THY, 1970 (2 Keller &
Segel IZX o THEEINT=([1]). ZOEMEFEXROHEIZBNT, ZTOEYOEE
DRKREPEEFR & EBICRELS LD L&, BHPENITMOBERE L THEBMF T VD, —
F, REP W bR THEMOEEORKENH LB N2 &%, BOFHRMEL
LCHRBDITTHRY, MOBEEAGRMEICET IHENLATON T WD, RIFJE TILFE
2, OB - WL BB LT, n Y AT v 7 HE L OEMEFRELRICBT O
IRR B LT,

Lol PERE B 2SR & D AR T
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2. B VAT 4 v 7 BHELOEMMESFEBRXRICBITHHEOESR
EALEDOEEORGT M NEM ORI LW E BB LI-ROT AT v 7 IEE L OE
IbE R 2, PSR OF R Neunann BB R GEHF0H L TEZ 5.

{ u, = Au—xV- (u(u+ 1)) + Au — pu®, x € Bx(0), t >0,
0=Av—v+u, x € BR(0), t> 0.

2%, Bg(0) TR REZ T LT HFEERDBIK, x, a 4, up>0,
K>1 [ IEHTHY, w v ZENENLE x, FEZ t 28T 5
OB, (LFEWEOREZHRLTN5D.
FROFEARICITHEE —pu NEENTNDE LD,
BE XLV GMOBRITEZ DI WK EEZLNS. LL
a=1 Ok X, Winkler [4] FfO7Tu 77 A L Z2EHL, A
FREFZ CIBEE T DO GFIEEZ R LTz, AT, fEOBREN
IhlcEZIVIE< WEBx LR EMMEOTH VLS (0<a<1
) BEZ, METAMOT 0T 7 A0 (02) ZEHLT, FIH j-ﬁfﬁ;‘;”g”
%) TR B R D AP AE % R LT ([3]). usCrEer=0
S5, 2B OAEMOBES %tk L7z Lotka-Volterra i & & 7 /W E{LMEIE Z B0 L
2RO F AR E, VIS K OFF K Neumann BEREHDOH & TEZD.

U, = Au— 1V - (uWw) + pyu(1 —u~t —aq;v*171),  x € Bg(0), t >0,
v, = Av — X,V - (WVW) + pov(1 — apu’2~t —v*271),  x € BR(0), t >0,
0O=Aw—-w+u+v, x € BR(0), t> 0.

ZI2TC, XuX2M g, Gy,a3 >0, KKy, 41,4, >1 (ZEKTHY, u v 132 HEOEYMDEE,
w T EFMEDORELZRL TS, ZORMBEICEAL TIX, I E THOARMESCERE
WIROZEMICET IR LMGEON TV RS2, T TAMAETIHBIOFREZD &
2, AMEICH L TbMoT e 7 7 AV EEH L, FHICMOBERORREEHET ([2]).
AFEHTIZINDO OB WTHET S, 72, BETIFERICZOVTHLRNT 5.

B E TR

[1] E. F. Keller, L. A. Segel, Initiation of slime mold aggregation viewed as an instability, J.
Theoret. Biol., 26 (1970), 399-415.

[2] M. Mizukami, Y. Tanaka, T. Yokota, Can chemotactic effects lead to blow-up or not in
two-species chemotaxis-competition models?, Z. Angew. Math. Phys., 73 (2022), Paper No.
239, 25.

[3] Y. Tanaka, Blow-up in a quasilinear parabolic-elliptic Keller-Segel system with logistic
source, Nonlinear Anal. Real World Appl., 63 (2022), Paper No. 103396, 29.

[4] M. Winkler, Finite-time blow-up in low-dimensional Keller-Segel systems with logistic-
type superlinear degradation, Z. Angew. Math. Phys., 69 (2018), Paper No. 69, 40.
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A Self-organized Rectification Using Pattern Formation
in a Reaction—-diffusion system for BZ Reaction
Tomoya Murakami, Hiroto Shoji

Kwansei Gakuin University Graduate School, Science and Engineering
1 Gakuen Uegahara, Sanda, Hyogo 669-1330

Abstract: The mathematical model of the BZ reaction has been utilized in the development
of computational algorithms. Here, we focus on the area where the signal propagates to
transform the spiral pattern to the target pattern, i.e, rectifying the patterns. By
changing parameters of shape of area, it became possible to correct the signal’ s shape from
spiral to target patterns. This analysis can help rectifying the propagating waves in
medias.

Keywords: finite element method, arithmetic algorithm, mathematic model.

1. (I

Belousov—Zhabotinsky (BZ) R i, WE IR E R E MBI E L L, & OIRE) O3 A ZE M8l 5 b+
RIRT, RO XD RIEHALIHEER FROKSIEBET L E LTRED Z ERMBNTWD[1].

ou/ot = D,V u+u(l—-w)(u—a)—v
ov/0t = D,V?v + e(u — yv)

INET, ZOETNVOREEER L, AR CIGHREZREFE 7 V32U XAORFENTHhNTE 1]
FOBRBORTH = hNRXE =V B A XL STANRNAL TNUNRE =B LLTLEIZEND D
T, HBOBREEN ST DL LICEST, AL TARE = NHE—Fy FE = ETETE D
TAITY RAOR%E CERIER) O—hicnsd 2 & 22 KPR TS, AL T ALERD D& Sh,
Ribgw, AL Z N OREERYED 3 SOEHICERL, TN ENDOELK L BFEMEMNOBEEEICONTE
B215D.

t=0 t=1 t=2 t=0 t=1 ' t=2 i
N |

X 1 :FreeFEM++[2]IC K DEH D 1 BEORFMBRE, £ AL TANRE = fF: 42— v hRF—,

11
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2. B—F v bRE—V~FEHT DEBRRE

BZ KIS THIEMICHERIND AL TNANRNE = nb X —Fy
MRE = ~OEBRETITZD, K 2D X1, AL TV ERA
RO D X ) Il 2R ET S, =72 L, 55 =[0,10] x [0,10]iC 3
WTC,5<x < 10DEBOBIRITEZ Vb D LT 5.

ANA TGN D MR (E=0)D FEEE % {(x,Y0);0<x<1,45<y, <
55}, ANRAL TNANRE =V NHHE =y hXF = ITEBREND R
W& 2w, AADyEEZhE L, D,ODICEHT DA T —HEk: T 5. k
WEANRL TNOEEERAMEZETTLBICHWD. £, H£RHICD
WTHIMNTEL. AL TARE =N H =y hXZ—
T DM A, A X — 7 > MR ET B AL, Al — 7 v PRET AR %2 L B<.

A3
2 BOE L wEIIK,

3. hwkEEBHERL OBEFKAM
ANRA TGN =2 F B =y bR =B SE, =7 v A, AaD 2 JRICEET S (t, &
DR ZEZ /N2 T5) Sk E AL TV OREEZLUTOO~@I /51T TER L.
@ R(ARNATNERDDES) LERIEAOBEREIZOVT
w=1k=05THEHEL,h#55<h<10DFiH T
H—2Fy G = ~DOECOBEFRE BRT 5.

y =0.0536In(x) - 0.0427

ALY, Minjt; — 6| L 2 D hiITh=55TH Y, Bk o] TN .
W B BRI RIE Lty — OIS < 72 % N
HEMERE N EBIDND. oo

@ w(RIg) & Bk ER OBFRME

0.18

h=10, k=05THE L, "iFwxt1<w < 9D i 0.6
0.14
TH =5y hRE— v ~DOEAORARESZES 0.12
0.10
5. ty —t, 008 | .
006 |/ :l.,.,lf,.”
HX LY, Min|t;—t,| & 72 2wiEdw=1T& YV, X 004 [ o
002 [
TEAIE Ety — t, DT/ & < 72 B ATHEME DS B o-ooo’ - ; - : ,
ZERGNB. w ' RiE

® k(R4 ZNVOEIEEM) & EFRIEROBARME

O, QRN L, h=55w=1D & &, dv=kdu
MR D LB, &t ORI E N RN 72 Bk | k> 01 '
DA CHRT.

Min|t; —t,| & 72 2 kixk=21TdH 0, BIFRR N H
WIE L —,DEIF/NEL 20N, @mTEHL, t5<
tERDATEMEN M2 E BTN 5. k: duddvicBT 3205 —%

y =-0.02In(x) + 0.0183

t3 =1t 0

235 Sk
(1] &EP¥E R, AIfEEIN & L CoORISIERGR, RIMS WFFE4E SR 4E 1937, pl42-148, (2015)
(2] REEZ - ®maR8, FRERECTESBS EHH -FreeFent+ + I E T 0 /s 7 I v 7 —
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Relationship between data augmentation for joint trajectory and frame
data in machine learning
Fukami Sawaki!, Hiroki Tkada'
"Department of Fundamental Engineering for Knowledge-Based Society, Graduate
School of Engineering, University of Fukui, 3-9-1 Bunkyo, Fukui-city, Fukui 910-8507,

Japan

Abstract: In recent years, the increasing workload on rehabilitation therapists has
become a significant issue, and using head-mounted displays (HMDs) for
rehabilitation offers promising effective treatment and reduced therapist burden.
Combining virtual reality(VR) with treadmills has shown improvements in muscle
strength and alleviation of phantom limb pain. Convolutional neural networks (CNNs)
are widely used in medical image recognition. Previous research visualized joint
movement trajectory data during VR viewing using HMDs into images and achieved
high classification accuracy using CNNs. However, further investigation is needed on
the impact of different datasets and affine transformation parameters on classification
accuracy. This study explores the potential for improving image classification accuracy
by adjusting the data length of joint movement frames and affine transformation

parameters.

Keywords: virtual reality (VR), treadmill, head-mounted display (HMD), data length,

convolutional neural network(CNN), data augmentation(DA)

1. IC®HIC

WA, BPRE L~ NAH OISR E O Gl EOMBENBEE{L L TV,
INHOMBEIZX L HMD ZH WU B U 7 —3 g VEBIZL Y . R 1E9 N il EE
Thd, T, FEL~OBHERBAYHHEIND VY, 2o 0EMITERAGICBVLTY
ISP TS, BRICIREBREE Py RI NV EAAGDEZIEFEECE WY X, 1T
MZElic L0 Z0FAERRESHTEBY, VR U FT—2 9T hdkE, BN
MLz R sk 2,

I, EREBOHN e EICBWTIX, BHiAAr=a—TF vy FT—2 (CNN)
PR LZEBERENZS AN Z ENEL o TND Bl

JeATAIE TIL. HMD % W CEF 72 VR B & 50972 VR B 2 R S 72 B o H (K
DL OBENIYS 7 L — AT — %% 0 B, 100 B, 210 B0t ED 3 >DOXMETT —
2 F 40 ORI THEB/IEL, ZOEGIEN G EHAE L TWAIEOEBTHDINE
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HIBIF D CNN 25 L2 W, 22T, mWHBIEE Bl cE =8, Ao HIC
MO DT — %% v h T, HENEIN ARG EZER L TV DEOEER TH D 0% 15
TORBEICOWTHRNEZITOLEND D, £7-. MOBITHETIZ, 77 4 VEHBEITD
BROPEK - e/, [, PATBEIORK T A — Z 8% il 72 I3 E L DA B o) BIHS B
IZOWTH, EELEOLPHER I, BEIRI L ICKERNT A —FMERH D Z L 0BR
e X 7=,

ZZTCAME T, F#ESSOBEBIE 7 L —AF — X 2 HBLTIEOTFT— X E L
T T4 EBROBEEDRT A — F A il e EICERET D T LA K0 BB O R EE 23
LT oA RE AR LT,

2. EBRFE
AT, BHEREEE 8 AN(22.7208 )X RICL T, EREITo72, — ABHHEAD
Fri-M & 3 km/h, 5 km/h, 8 km/h TENENHRITT HEEOBAL %, FEFEiES HMD % 2 H
LHRBEESHEZRET, Ly RV E%E 5km/h OB T 300 BREHTISEE6, MLy R
SNV EOWEBREE, Web I AT EHWTIRE 21TV, WBREOHIKD 17 &FT ONLEF H
DO HETE D AT HE 72 PoseNet & H W CREI O E TR OHEE =17 - 72,

3. R¥rHiE

WeBRE Z L2 PoseNet L H I SNTFBEHIOT—4%2 1 DOFT—H |25 0 . 100
. 210 B oihES 3 DOXBETHMH L, Z0E4 5, 10, 20, 60 D 4 FEHOT — 4 K
THH LEZoblc, 7 v rvligibazito7= 7, ki, 8 AMBRET —4%5H 6 ADT
— 2 ERERAT =4, 2 AODTFT—4%T A MHAT—ZIZHELEE, Z0%, K% CIX
PRGN E B 72 VR B L #if07e VR BB 2R L TV AR AR 7 L—AT — %
ZHBIT D0, KSWRENFILEZHIE L2546 L. SITEHHERELZHE0T — X4
TI_XNAFITZE LTl EEITo T2, BT A NHT — X 2388k S8, JEK - #i/h,
Alfis, PAITBRENO T A= EEZ(EEOMEIZHEE L, CNNZHWTEERLRHHT 5,

4. EREOEE
FER R OEBROFEMITHERICCRET D,

B E Uk

[1] =z, =ML, BRJIME, fBHER. “~y R0 8T 0 A7 L A (HMD) % fl W 7o AR 8L 52
T4 —=F Ry 7 UANEY TR AT LD ETHEREESES, pp.24, (2018).

2]& R B EERKERICEIT S VRIEH?. Y "BV T —Ya -2 =7 U 7 ,Vol.37 No.3,
pp.133-136, (2022).

[3] KiLZ. “ZhnbOEFRICEBIT D Al OFFH &8, ERMLEHRTE, 19%, 35, pp.NI-N3,

(2017).

(4] EHER, FHESE, SHEHES. “T—vardFy 7F v —LlBEE2 A0 VR BEER T O
BATEICHB T DHMNGHTICET 280987, AERETLY VAR Y U L1065, PP1SI, (2023).

(5] wm e, “MESBE 7 L — A0l EICBI 2T —ZIRICE T 28987, W KT, (2023)
(6] MMM, =R, HEAH, mBEE, PGS “AR ZRAM LEEREA—S2ERSE5 ML
— =YV VAT LAOMREE XOZ ORI, Ty N AR—Y R, B 43 &, pp.62-70, (2022). DOI
https://doi.org/10.57488/descente.43.0_62

(7] BRI, “BESBE 7 L — 2A0MMERICB T 27 — 2 BRICBET 20587, #H KT, (2023)
(8] B, “E—var¥x 7 Fy—ZH\z VREEIZE T 2EEAR - BulRICET 28787, W
H K, (2023)
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Development of three-dimensional teaching materials
to learn wooden joints IV
Yusuke YAMADA & Yoshinori TESHIMA*
Chiba Institute of Technology, 2-17-1 Tsudanuma, Narashino, Chiba 275-0016, Japan

*yoshinori.teshima@it-chiba.ac.jp

Abstract. In previous study, we had developed 67 kinds of 3D models for traditional wooden joint.
In this study, we generated 3D shape data for 27 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

HMREREEN

R LT R OO 2 DTS 2869 2 71T, ARIZEND & DI5HN 724
HEThD, 2O LOEMERFHFANCH S HIEEILEOHEEHEAMHT LIFO, £
TN S HIEFE T ILE O A0 LIRS, RIS U TSR ENER ST

2 < OFEER & 51, F L noPITEMRBEZR>b 0L H Y | Ml Lo

K720 CERET 2 DIIREETCH D, Fo, BRI KREREEET VX LT —2 L L TR
THIELIWTERND D, £ TR TIE, CAD V7 M &M L THET &0 255 L
7oth, 8D U X B U CERRER A ERLL . AR B & LR T 5,

INETICH 2 OBZE 7 L—13, 67 FEOMKT 72130 235 L, ST 2 (Rl
LCx7=[2l8][4], AwrsETix, b (67 FkE) UANOMT E /3N Zi®E L, %3
B IOV OVER 21T - 7,
RFELLOOERERDOFIR

k1] DX A2 212 LT, 3D-CAD(Fusion360) 2/ L. M E TEM L2 HikeEkL
Too NAKREH & FICE S TEIET 2BEOR2MESZE L, ATOHREY 217572,

FEt L7cBkT — % % 3D 7'V > # (AFINIA H+1) Ci&EB L2, SRR L2~ «
T AV MIABS, BEY Y FI1X0.2mm, BEIZX20%E L1,
T =A—=2a v DIER
T =A—3 3 0% Fusion360 D7 = A —3 g UHSEAZ AW TER L=, Zhizcky ., #kF
LA OfRD I, S LT aN0RT eoT,
T
AWFZETIRAEE 27 M G 3 . 0 24 flH) O 21TV, SEARER A ERLL 72,
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[1] By B, KR K ToOMTF &40 GEMB). 4 — 2£:(1980).

[2] KRFIH., FUG, REMRFOT 22 b L REUE TEOR YL o ARG THRIZE, 5-1 (2020) pp. 1-2.
[3] BRAE. PG, AREfkF OSLIRBHR OBRFE I, ORE S v ARG TR, 7-2 (2022) pp. 24-25.
[4] ERNI. TS, AERTONARERT OBRFE 11, FORF L > RiE TRafE, 8-1 (2023) pp. 35-36.
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Development of a turn-style 3D jigsaw puzzle with cubic outer shape III
Kuon SAITO!, Yuji IKEGAMI?, Kenji YAMAZAWA? and Yoshinori TESHIMA!®
'Department of Innovative Mechanical and Electronics Engineering, Faculty of Engineering,
Chiba Institute of Technology, 2-17-1 Tsudanuma, Narashino, Chiba, 275-0016 Japan
2RIKEN, 2-1 Hirosawa, Wako, Saitama, 351-0198 Japan
*yoshinori.teshima@it-chiba.ac.jp

Abstract: In previous study, we had developed a rotating 3D jigsaw puzzle with a cubic piece
shape moving along a circular tenon, up to a size of 3x3x3. In this study, we have successfully
developed several rotating 3D jigsaw puzzles with a size of 4x4x4, which has concentric triple
circular tenons.

Keywords: 3D jigsaw puzzle, circular tenon, 3D printing,

XL ®IT

2000 i Bic ko TR SN EX 3D Y7 Y — XX [11k, B — ABRMBL S
BIZ7e-oTHBY, BHMHRIZZIZH - TENT LT, E—RXADOPREDARRIZHR > TWND
(X 1(7), 0%, MIEOIEZIZHh> TENT 2L TE—2ROPEEITH ZENTE SE
R 3DV Y — AN I Nz, K 1(FRIC 1 2 0EoREEX 3D v 7 Y — X
v[2], 1CE)IC 1 # 3 EloEEiEX 3D ¥ 27 Y — R A3l &4, AFFETlE, 1# 4
SEND 3D VT =X ANVDOREEIT I,

4 N //A\\ A=Y
s
NV
N A NI A4 hITA
M1 (N 2BOEMAT A KR 3D V7Y — 2 M2 (Ze)1 B 2 sy El o #sE(2],
() 18 2 pFIOEEE 3D ¥ 7 Y — /320 [2] (th k) 18 3 2%l o> i (3],
() 18 3 S EOMEEN 3D ¥ 7 Y — %1 [3] () 18 4 580 Pl B

1#BAHoEERID V7Y — X ALDFE

iR 8D V7 Y — XX T, EEBETEZESTHDIC, H#AHERICETOE —
A BHEI)BHBEDIZFLENRITONLTWS, 20ENTART L HIT 1 B 2 ElT
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OMHELEIX 1 2 THo7o, K2 (FR) IZRTEHIICTIHE3HETOMELEZ 2 DO
Tholz, 2200RLHOMEET 1#40RORTZITO &, AHERETOEY—Z %
BOT, ZEPCEPNENE—ZANRELCTLEI> S, E—AMOMBENTERY, £ITK
WFFE T, 20ENCRT L O 3 DORMHOMEGEEZH WS Z &2k, ZOMEE
ik Uiz,

3EEo 1 BR49EoRIERX 3D V7Y — ¥

AR TIZ 1A DBEORER 3D PV Y — X% 3FEERFE L, ROICBEFRL
A4 T AT 1IESEIBIZRERCHFLELOTHDL(KI(E), A4 T BiEXA T A%
KR L, 90 EU LoEEEZME LEboTHD(K 3(hR), ¥4 7 Clx¥A 7 Ar%E
L., ZRE2HS L7-b0TH DX 30H)),

-y

X3 (EE)¥A T A, (b)) % 1 7 B, B) #147C

EERHELZ DT TWRWEEL R DN HIRDZERFE L 0% & L, TNENOKEE & 22K
RERLICELEDT,

£1 1 4NFOEEERX 3D U7 Y — /X X)L O ZE MR O g

A (mm?) | ZEFR (mm?) Z2 B3 (%)
FHE L 70 B3R 512000 0 0
247 A 488886 23114 4.51
2 A4 7B 468700 36200 7.17
247 C 499542 12457 2.43

EJRRS

AR TIZ 1 ANEOEER 3D U7 Y — A% 3HEEHZ AT A, X4 7 B, %1
F OB L, NALVANEICHEEL TV ERE ST 5 2 L ITRI L,

BE R

[1] Watanabe, Y., Ikegami, Y., Yamazawa, K., & Murakami, Y., World of Scientific Puzzle Art Using
Layer Manufacturing, Forma, 21, 37-48 (2006).

[2] IR, moAR, b, LR, FE SNBSS G EROREERA 3D V7Y =R XLOR%E, o
By R Y w AEE TR, Vol. 6, No. 1, pp. 1-2. (2021 4 6 H)

[3] K, # b, [, B, AP HFEOEERR 3D U7 Y — XL ORF I, BEOR T
VIRV T LEE TR, Vol. 8, No. 1, pp.31-32. (2023 6 A)
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The effect of shapes on dispersion surfaces in cases of Laue and Bragg X-ray

dynamical diffractions.
Riichirou Negishi
Research Institute for Science Literacy, 6-15-7 Kamishiba-nishi, Fukaya, Saitama 366-0052, Japan

Abstract: Through the Laue and Bragg X-ray dynamical diffractions, the shape of dispersion
surface appears similarly in both resonant scattering and asymmetric diffraction. The effects of X-
ray diffraction can be understood by shapes of the dispersion surface.

Keywords: asymmetric diffraction, dispersion surface, Laue and Bragg cases, resonant scattering,
X-ray dynamical diffractions

FERITUE G D % BEAGL 2 0 R & 32 X MBS~ T BEGR < 12k 1228 (B ZE]) <
WS e T N-7y i VL REMTHGMT S EmA-F VoSV O 2 35, ZOWE
IfMNEFF RO L P el > = YA F-F v T 5, BWIXOEZR Y ¢
Af%l‘d%m LB B 7 — ) AT O PR & R OBIEIE 2 MRS 5 < & & QILIGHEL % f
o X BB B cosiimoEtEZ RS 2 LT,

1. 78K 2
NGBS Ll 1 2H - T, 17
O TIHZ TAEIIcBEDb Y, Kokl
Zili7e L72% { ORBRF R 2z S CE 5 2
PRl e 2 O FBHICH A O B adidg - 22
DT EE Z P D . .
X 1(a)(b)iZ= 7 v FDEIE L 72{EXZET
B &7 SN HmaEkRT, 2ok (@) 7 e e
ELYANFBREICERFA H CORFEA ®1 @350 eis Lz e x oR%0 Lk T em okt
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Forms of quantum spacetime
Yuki Sato

Department of Human and Artificial Intelligent Systems, Graduate School of Engineering,
University of Fukui, 3-9-1 Bunkyo, Fukui-shi, Fukui 910-8507, Japan
Department of Physics, Nagoya University, Chikusaku, Nagoya 464-8602, Japan

Abstract: According to Einstein’s general theory of relativity, spacetime is a dynamical entity and
changes its form. In this talk I wish to introduce various interesting forms of spacetime induced in
particular by effects of quantum mechanics, share some ideas in this field and discuss possible future

directions.

Keywords: dynamical triangulations, fractals, wormholes, self-organization, quantum criticality

1. A

RO 2B 2R & ERIX 2 NE N B 2 M L 2T AL, BV AVWEL LS
ZHEETH D, 2DOZNOLEFTLOTREREIFRL, B 52RO W TEAICE
MR ENT VD, 7Ty 7 F— N EMEN S FRERRZEE I ZO—FlTh Y. ZDRINARTE
ROZACIIBD CERBEEICEMINZYWEICLVEIZRI I NS, 2O X5 ICKRFZERIRIE, KZE
CHEET A BPERP AL T —IC X VBT 2 & v ) O KRR QMR T H % — AR
DERTH 5,

— 7 TV I AE I IZ R T J15 & WEE N B — AR R B R & 13 B e 2 BEGR CIERE IC Rl T &
AL NT VDS, ZDORZES BT IFRNREZZ T, — AR < I35l < % 7
WERZ RS LB PEING, LA L, —iRAENEEGR & B 2 WAL X & 7 BER I R TE K
THYH., ZDDREFINFNNREZ T -RECTH 2 ETREDE 2 EmT 5 C & IINETH
o 72720 L 7R BERERAS N ODTEE L. B4 DEZYPEIC O WTHRITEA R INT W5, 3#
A IERH ON, BFZE 2 AR CHERL T 2 T TH 2 HEMEASEZ TR TREO L 2
DHEICOWTIEZITo T 5,
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Astronomical-Observation Based Cassini’s Map of the World (1696)

Takeshi Sugimoto
Kanagawa University, 3-27-1 Rokkakubashi, Kanagawa Ward, Yokohama

Abstract: Italian astronomer Giovanni Domenico Cassini aka Jean-Dominique Cassini is the first
director and founder of the Paris Observatory. Cassini was not only an astronomy but a surveyor.
He had drawn a single-lobe planisphere of the world on the floor of the Paris observatory. That is
his answer to the longitude problem. He made use of eclipses about satellites of Jupiter. He had
raised his offspring in astronomy and land survey as well as G. Delisle in cartography.

Keywords: Era of Exploration, Cartography, Longitude Problem, Azimuthal Equidistant Projection,
Satellites of Jupiter

1. WeE<H

# /N U X3 H K Geovanni Domenico Cassini aka Jean-Dominique Cassini (1625-1712)i&,
ZUT AN, Ar—=x ERMEOAL ARSI VLA TCHELZ TN, SLTiEAV,
T AETENA U EMAR T B A R—= DL EICE Yy FT IR EY EVDOT-
ODIREELE LTIy v —=lCHPORNP Yooz, X, 1669 Flihr—=x EHbH,
TR KX BEZSLH EF T HOBET - BRETO4IRBT TEREZ K THD T,

2. RREVERME T OH &Y

2.1 KEDOHERIC XD REREEDHE

KMTHERFARIT . B OWREIXRMR O KB 572, BEOROED L2 WEEGF A H i
TRRT 2 DN, T 18 A% E TR O R WHETE - 7,
AKEOHEREZRFHRDVICHE - TREZFHAI L VOIDIX, HEEZRALELG H Y L
ADTATTEN, F77—0Z3EEEFELRNATY LAICHBIXRW, By vr—=3R
H— =% ZFEOHMFEICIT, HMEORWAEODHERTHMAHEKTELHETITR > TV,

B, DL LbORXFREEHE ST, DHLILOREEEI Y T 720572,

2.2 & F ORI TR L — B RA

[E] # O I 41 T 5 Azimuthal Equidistant Projection (IE#E A7 X1E) % fF 21X, i
MuzOEEDLTHIT D, KB v —=1F, 1679 F=15 1690 F 2/ THE L 7= R E OHE
IZHS & RICE 3MERICER 7.2m O {5 A #i 7o BERED N A 72 0 T B F D Jacques

(1677-1756) 7% 22inch DU J7 D #E X 2 i 42 = L. #iIXEf o J.B. Nolin (c1657-1708) A3 #iHk (1C

HIVH L72(Fig. )e 2D/ F v, RICKA vy —=J0THELEZT,

2.3 BT DOFEMEMC OM T OB EMES W

KAy v—=n, BREZRLFHCETCEOEEI» TTHLRWVA, FBROEE RS Z L En
Rble o Tz, 1690 FRIZ, E O W HIKIAT Guillaume Delisle (1675-1726) (2 5 o
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Figure 1. Cassini’s World Map of Single-Lobed Planisphere

The map is designed by azimuthal equidistant projection (1696).
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Figure 2. Map of France
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Geometric Pneumatic Deformation of Kirigami-shaped Soft Gripper and Ring-
shaped Auxetic Structures

Hiroshi ENDO, Yuki HONDA, Kazuma MORIKAWA
Toyama Prefectural University * 5180 Kurokawa, Imizu-shi, Toyama 939-0398, Japan

Abstract:The fabrication of shape-changing structures has been positioned as a core seed for future
technologies that will contribute to the development of aeronautics and minimally invasive surgery.
In particular, the use of soft gels and elastomers can be expected to enable rapid and diverse shape
deformation. Furthermore, it is possible to dynamically control the deformation from a two-
dimensional sheet to a three-dimensional structure by introducing air. It has been reported that, for
example, a camouflage structure by pneumatic control inspired by the skin deformation of an
octopus, and a Gaussian surface that can be freely deformed by devising a flow pattern. In this
study, we fabricated a structure with auxetic ring structural deformation and soft gripper using a
3D printer and investigated the mechanical 3D deformation.

Keywords: Soft robot, Soft gripper, Kirigami, Auxetic structure, Pneumatic control

[(BE] Y Lo T A b~v—¢s VooV ES ITMEZRA LY 7 haRy M,
N R B TTHDL LR AR EAL TS, V7 bRy b OBRENIRIZEE 4
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Wn. ftkouRy hOETE—F —PNE&RRICHREIATHDIDICHL, bV EARY b
CIXTRE & R A R 2 5 2 LM TE 5.
COFMEECTHREIRZY 7 br Ry FO—FELTY T R Y v RX—=RY T F
VRPEHEINTWD., MEYOHFEFOWMEELITIEEN R Yy bOEHHR (= Ko7
=7 VI TV R —= T, BEBEH T IRV EREREERITO L THLR
TWo., Y7 87U o R_X—CIFEMmESC I FREICN ., MOWElERTRESERETHZ
EHLEIELRD. F2 Kirigami(8) 0 #OMEE L, MEO ZHRMEEZ K& < EB(L S FK
IEWEG 2 D%MFEY—LELTERBINTEY, HHERATREMRBETMERVED.
— 5, Auxetic & CIFADORT VY U EFALTREY, —HRICHE - [EfsE5LE, £
AUCER L THTBEN LT 52 & TERFMICHILR EMINHHED Z & 27,
BHFFRETH T E TIZ, Auxetic EEEIBHREOT —~v— FE AN T, " —XHF o
— 7RI L L2y ) o —REEAT, ZZEBRENC L S BT & ARIT R RE 2 T
L C&7Z[1].

FRaEz, AETE, () OIVKTY o R—: T—LEHZ THERTIREEOL
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Mathematical model of paste—like artificial bone
~Form, Function and Prediction of the Material Properties—

Yu ICHIDA
Kwansei Gakuin University, 1 Gakuen Uegahara, Sanda, Hyogo, Japan

Abstract: Calcium—-phosphate cement (CPC) pastes are widely used as bone fillers due
to their biocompatible. However, the potential for fractures due to the formation
of voids and cracks in the CPC, called “fragmentation” , reduces the biomechanical
strength of CPCs. There is need to develop CPC pastes that demonstrate the
non—-fragmentation performance. Aizawa and his group [1] previously developed a novel
CPC using IP6 as a chelating agent. It shows non—fragmentation when IP6 is present
and fragmentation in the case of water (without IP6). Why is it non—fragmentation
in IP6? What is the mechanism? It is not solved in biomaterials. Therefore, we aim
to solve these questions from the perspective of mathematical modeling. In this talk,
we report our mathematical model and its simulation.

Keywords: injectable calcium—phosphate cement, mathematical model

1. 1ZCDIT

R TIE, X=X MRATLHOMEHE (Z 2 Tlid non-fragmentation EREICE R %2 H
T5) EX—ANDOEALEENCET S 1 DORBERTFORENOHRETDH. 23 kIT
MRNITHONTHERELEKE LT, IR 2B TRBE L ZHHEET L (2 2 TIERISIE
BARANEMFEND2WMa RO —F) LFFEN S b D& [1] & 138722 5418 ToBNE R
FERLEAT D LIICHEL TCHEY I 2L —Ya v a2froz2 tTHLND. K#EET
X, o, BFEET L, BEY I a2 —ra URER, BELoAeE N SENN DM
BHEFEDTZRE LHEREICEAT 2 m 2 G2 L & I, TRIEHIEE WO BLAND
22 M BB ~O IR I oW T H A Lo, RFEEEIE, MHESTK (HBRFES S
B ExosA, RFRERK (BERFPHETFR), WooFER (B RFPETR) & oliFE
i AP SO RGN

2. WHEOTE =

UrEghny st X b (CPC) N—A MIFMEAICEHIATEY, BFOKFEE
MEFEHTAHIANTHEELTHEHEI A TWD., BEICEAAREZR CPCR—RX MIHOWT, &
KR D DI D FPBHREE (B 21X, B LRER] - 5RER E) 2D X HITFd, £L T

27



96 2024 6 22 ~24

ENTETAET L0 T2 2 EREELPEE A TND., T2 T, RKOLADLMERD
1 2T % non—fragmentation BEICEF B 3 5. LATWSE[1]ICHl > T, a)EF - 7-% 12 CPC
PR ERSRNWI L, DEE->TWDHHEPIC CPC ICARRSERMIREETDHZ L, %
fragmentation & KM TIXTEFR L, Z DX DI & % non—fragmentation & FESZ & I12T
L. FATWIZENICEBWTA 2 v b= ol (BLF, 1P6) 2% L— RFIE L THWEH
7272 CPC ~—2A h DBA%E & non—fragmentation e & JEALBEAYICFIAMN 9~ 2 Tk 2 ML L T
D, IP6 Z# I ETe~— R ML non—fragmentation EZ R L, WICFNZE E 72\ water
H# A4 7Tl fragmentation Z/ R T 2 EDRREINLTWVDS.

3. MERE

ZOREKED, MEHEOESNS IP6 NENTWDL Z RN, RANLBEE L
T 728 1IP6 Z K2 G T 71T D I non—fragmentation Z T D0 LW RN AET
L. ZORMICEZDZ EIFHLOBETIP6 2 G0 L TMRAEZ > TWDHDO0%EH
SMNCT DI EICRIET D, L, BUREBRMICHOLICT 22 ENHLNE S
NTWnd. 22T, HF¥OHER - WFOSEIZL- T, ZOMBEOMRRE G225 LNAR
WROBETHS. ZZTVIRFOSENKBET L THY, L OMAT LiERORAEL
WIH ATy T EET D LN T D RBFZETIE, ~X— R ORI x G T D F BRI
MNOBEET N EERT S 2 ERRECTH S, AEHNLHER»OKHAET L E LT
FOSHEg e _R—2 L LTHBREXAZRE2YXTS. 2L C, 2oRYtr b2 5~<,
NAF=F VT AR L HE L CREETFAMRO D OF - 7BEMEREZIT> TS,

4. Bbbhiz

AW THER LB ET VIZY IR T vy s h—r R E RN D OGHE B T2
ROFTHHAP R FRERAEZX—RLLELOTHL. LL, ERTHEREZ LS 72BN
FEBR D DB D RERUKAE T DILHR B DO AR &, B OFBEmER 123 L 5 22 4F
MEbLRFObDOTHL. HHERBARNOARELREH L, Y 7P R 2 H
EMA DL CHMERBGOENIZRET LI LT EROBRMICEZ DT TiERL,
MBI ZRT L O LD, RFRICBTZ2HEEETLOFMEZDO Y I 2L — 3
VSR, EROERMA~D 1 ODEZITOWTILEEFFICIR R 5.

(2 & k]
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J. Ceram. Soc. Jpn., 125, 1-6 (2017).
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Experimental mode analysis for the cylindrical specimens
Yuta NAGAO and Yoshinori TESHIMA
Chiba Institute of Technology, 2-17-1 Tsudanuma, Narashino, Chiba 275-0016, Japan

Abstract: We have investigated the vibration characteristics of cylindrical specimens. The investigation
method is as follows. We conducted a vibration experiment for cylindrical specimens, and then used
MEscope for experimental mode analysis of the data obtained from the experiment. In MEscope, we
calculated the eigenfrequencies and visualized the deformed shape of each eigenmode. There were two
eigenmodes which could not be visualized by using MEscope. A simulation by Ansys Mechanical
suggested that the eigenmodes were a torsion mode and a stretch mode.

Keywords: cylindrical specimen, experimental mode analysis, bending mode, torsion mode, stretch mode

1. @FLoic
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Fixed point of Origami and its locus during Origami folding

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

Abstract: Brouwer’s fixed point theorem says that “Take two pieces of paper, scrunch one up and
place it beneath the original, so that no part extends beyond, then at least one point in the scrunched-
up paper is directly below its original position”. [1] Taken two pieces of origami paper, we can find a
fixed point in a paper randomly placed on the original paper by Nishiyama’s theorem. We will
observe how the fixed point moves in the original paper during folding the other paper under the
condition that no part extends beyond.

Keywords: Origami, fixed point, locus.
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Machine-learning Reproduction of CT Images from Information-deficient
Data

Tsuyoshi Ueta
The Jikei University School of Medicine, Division of Physics , Chofu, Tokyo 182-8570

Abstract: The radiation dose from a CT scan is approximately 5-30mSv per examination, which is
much higher than the approximately 0.06mSv from a chest X-ray. Many beams are irradiated to
make the image high-definition. To reduce the dose, we consider reducing the number of beams to
obtain images with sufficient resolution. In the present study, we consider to what extent the internal
absorption distribution can be reproduced only from vertical and horizontal beam transmittance
data. This problem is an ill-posed problem. By employing some machine learning functions in
Mathematica, we predict the internal absorption distribution and seek the optimal function and
method for that purpose. These results are also compared with those obtained by traditional
optimization methods based on the Monte Carlo method.

Keywords: Machine-learning, X-ray computed tomography, CT scanner, ill-posed problem
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Mathematical Analysis of Cancer Developmental Patterns
using Cell Linear Models

Eiki Sano
Kwansei Gakuin University, Gakuenuegahara 1, Sanda City, Hyogo Prefecture

Abstract: Cancer has been the leading cause of death among Japanese people for about

40 years, and it is known that detecting cancer is difficult. Cancer cells are
reproduced by mutation for some reasons. However, it isnot clear where cancer cells

are reproduced. In this study, we analyze where cancer cells tend to be reproduced

by comparing computer simulation and image analysis of the stained images of a rat
liver. We apply three cell linear pattern models that take migration and cell
cancelation into account

Keywords: Cancer, Cell Linear Model
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Loop formation of the large intestine
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 large-scale loop. Using a ribbon model the
mechanism of the loop formation is inferred to be transition between twisting
and looping, and confirmed by a mathematical model - vertex dynamics.
Keywords: large intestine; loop formation; mathematical model; vertex dynamics
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Appliation of CycleGAN for Cellular Diagnosis Fibrotic liver

Shota Wakitani, Hiroto Shoji

Kwansei Gakuin University Graduate School, Science and Engineering
1 Gakuen Uegahara, Sanda, Hyogo 669-1330

Abstract: When performing pathological diagnosis, special stains are applied to
extract the diseased area. However, these stains are complicated and time—
consuming. In this study, to overcome these points, we developed a disease—
specific virtual staining method using CycleGAN, a type of image generation AI.
Using Rat liver, the developed network transformed simple Hematoxylin & Eosin
stains to the staining images for disease determination quicker than doing it in
an experiment. The generated images were then evaluated using mathematical
indices.

Keywords: Mathematical index, image analysis, image generation AI, diagnostic

estimation
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Algorithm for Visualization of

3D Skeletonized Capillary Network in Liver
Soichiro Araki', Hiroyoshi Miwa', Hiroto Shoji?
!Graduate School of Science and Technology, Kwansei Gakuin University
1 Gakuen Uegahara, Sanda—-shi, Hyogo, 669-1330 Japan

2Graduate School of Science and Technology, Kwansei Gakuin University
1 Gakuen Uegahara, Sanda-shi, Hyogo, 669-1330 Japan

Abstract: The identification of the actual capillary network in the liver is
significant inmedical science because it enables us to understand how the liver grows
and develops its internal complexity. The capillaries in the liver form a
characteristic 3D network; however, the mechanism is not yet fully understood. To
elucidate this mechanism, identifying the actual capillary network in the liver is
necessary. In previous research, a skeletonized capillary network in a very localized
area has been observed manually. This is because a significant amount of time and
effort is needed to visualize the 3D capillary network over a wide area. In this paper,
we design an algorithm for visualizing a 3D skeletonized capillary network across
a wide area of the liver and implement the algorithm.

Keywords: Capillary, Liver, Visualizing, 3D skeletonized capillary network
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[1] Hiroto Shoji, “AReaction—-diffusion Algorithm for Segmentation of Confocal Laser
Scanning Microscope Images,” Forma, Vol. 31, No. 1, pp. 23-25, 2016.
[2] Ta—-Chin Lee, Rangasami L. Kashyap, Chong—Nam Chu, “Building Skeleton Models via
3-D Medial Surface/Axis Thinning Algorithms,” CVGIP: Graphical Models and Image
Processing, Vol. 56, No. 6, pp. 462-478, Nov., 1994.
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Topology Optimization Methodology and Applications

Katsuya Nomura
School of Engineering, Kwansei Gakuin University,
1 Gakuen Uegahara, Sanda, Hyogo 669-1330 Japan

Abstract: Shape is a crucial factor in determining function and properties. Physical
laws connect these aspects, often through mathematical models described as partial
differential equations. In computer simulations, these models transform structural
input information into performance output information. Topology optimization refines
structural input based on performance output while obeying mathematical models.
Advances in manufacturing technologies like 3D printing have brought significant
attention to topology optimization. It is also being integrated with machine learning
and applied to multidisciplinary problems. This talk will explain the methodology
of topology optimization, its connection to machine learning, and its potential
applications in engineering and science.

Keywords: Topology optimization, computer simulation, machine learning,

multidisciplinary problems.
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Land snail remain assemblages recovered from cave floor sediments
within Nanakubo-no-michiana Cave in Shimonita Town, Gunma
Prefecture, Japan
Masuyama, C. ! and Kashiwagi, K. %

) Graduate School of Science and Engineering, University of Toyama: 3190 Gofuku, Toyama 930-8555, Japan
2) Graduate School of Science and Engineering, University of Toyama: 3190 Gofuku, Toyama 930-8555, Japan

Abstract: Mixed assemblages of cave-dwelling and surface-dwelling land snails were collected
from cave floor sediments of Nanakubo-no-michiana Cave. The empty shells of surface-dwelling
species including shallow subterranean environments for their habitats were introduced into the
cave interior through narrow fissures, and mixed with those of cave-dwelling species. Among the
surface-dwelling species, the morphological characteristics of Hawaiia aff. minuscula were
examined. As a result, umbilical diameter (or umbilical diameter /shell diameter ratio), number of
whorls, and relative height of spires are important for species identification as well as for
understanding its growth stages.

Keywords: cave, land snail, umbilicus, spire, specific identification

BEXBIEE LI Cd 5 EAMROE I (FEE R MM HET) ORKHERD 6, /DAL S
B AL AR IS E S 5 | FE3TTER O MU PE BB B2 BREE U 7o, MU B e FORE R AT
FEEEMCIHIBITELL RV, BIEMEEOKRZ 7 F I~ 40 F 7 ¥l
Cavernacmella aff. kuzuuensis 735 © 2 L (§928%), M EBEMEF O v X 27 A Tl F
Hawaiia aff. minuscula (¥122%). %7 > 5 A $8 Carychium spp. (K921% ; 3fH), ~ ¥ 7 B K&
Euconulidae gen. et sp. indet. (J18% ; 8Ffi+) 25| e\ 7=, 5 L7z FEpE HFHEO N IEIX
REDPIHEIZEWE EBICIENDIZ 0 TE 5, @S Hmogkk & BT m ot M
AR 2 bR E K3 mmiZiifi7z 72 GkE &R O EHEIX, £ 41327 pmE 1286 pm), ik
A XOREZWUEERD S B, ZHEOF I Fa v hHAE (T 7V a~A~AF) O
KIEIELHE THR72 mm, —lHEO T Z 7R REFRMITHEZTRISmmTH 5,

B pE BFRE AR AR 13, HEiRmE MR & R ORIEREN O R D, AR OBE ITHE R
LA DAL R OTAKHERE D 2> B bl S L7 (FIARIE A, 2024 5 RIS AL B 2K L1 A5 0F
BHME) ZO XD RIBEHEOEHERE L LT, BAEMHENAEE T 2FERE TOH T
ZERNZ, MIRICHE U DR VWAEEZ B L T, MIRMEDORRE BFHOEENEAINTEEZDL
b, LABRDOERELREBIT, RERBESHEOZREITILT LEREm <RV, N
LR A O SAEFEIL, HERMIECTESHBT 25O MBS, AR ERE O N AR

45



96 2024 6 22 ~24

B B4
AR
e
RAmR ®a
e
o
° RIAER
0 —
@25
REH
WA
WILE
1 v Aany AU Hawaiia
aff. minuscula (Binney) O % &i8Fe, 2 REpE BB o B E HEE,

WL L CWE LETX 5, KRB FREZ A BHICE TolEE DBEEN, BINWIZIHEN
WA S, EREEEO LS &R LI L Al L,

MR CTEZE LI A a T TAELPEC X)L 8 X 27 T A Hawaiia minuscula
Binney[ZJEENELL T 5, B A a T AL, 200 RTHICTIEK S B ARIZE A I LTS
KFETH D, 5 TIEKRDHawaiia & DAL 22\ LSEER DS | {08 HERE 4 on) e HERE W 0> & Jn
HBILT&E7 (Fl 21X, Kano, 1996; =V ¥ 7 A ) , LARDIE IR Db A 27 T A LRI,
Mo NI LB L A 2 & IR MR G FE L2 2 & BEET720m O (L 5 JZ R AL E S
LT MG, ERFETH D LR L CRERV, R, /NS W8 28 OBk 0N
T, KEOZOEHWEHILEZ > & T, HET S tokEE B & LRSI T &
Do BT, BRFEDNKI23—-2563 pmE kR & R BB OEIKRZ GO K1), — .
DXEEZR N UKEEE T, BEOEBKGLEOMNICIME# < 2 &b Bk o fllx
BRDOMXH 72 K& SIRF L T\, & 2Tk, s, WAL, BB ZFHH 722V LG
BLREBBICBT2%FOBEEE ReT Lz X2), &/ — LA B X 1%, 3 £21800
umfF T & B, RO T AR OHMENHE 2 52 & 2T, HAARGREL
1. 1800 umffiE K 0 /N SWERT0.27-030%, KE WEKT031-038% 7~ L, #kf®
1800 pmfF T £ 0 KM D3k T AL BRI K L TR 725 2 L 2T, B ORE
BROBEMN—EERET D L, BHIROWIMIMEDOEREZINELS D L THHTES,
Fo BB OB EERBEOHEMITIEOMEEZ RT3, BLE2 5| 31800 umft it & HiZ %)
ik — B DN DR ~EAL T D & A ITHEE L TV D,

RO Aa g HA PR, SAREOE A a T T4 LBOBE CTREUT 5L O
O, FAROICE VIRV EZFFOA TR TE 5, ZOMEIIMRECHEATES, A
NG TTATAUFED i — H R, ik & 0 O S WL SR A D T hide A
any A OREICKET D, 2L, KOZFN LD L L IR WIREE 13, ghak— iR
R DO BPE A R TR L D, MAIC, EAanI TAGUEOREEICB VDT, 1L
£ (Fe UL AR R k), iR 5. B L OB oM<t B 7@ S8, A E & L CHEZ T
b5 LRI D,

46



96 2024 6 22 ~24

JXBH Pantanellium J& DHVBEAEED 1D - 2D RELF &
HEPE Y, R E Y, KooV, EARE Y
D) RFERT, 2)Fi KT, 3) JAMSTEC, 4) B FFt K%
1) tyoshino@tovyo. jp

The 1D and 2D Representation Methods for Cortical Shell
Structures of Radiolarian Genus Pantanellium

T. Yoshino”, A. Matsuoka?, K. Kimoto”, N. Kishimoto®”
1) Toyo Univ., 2) Niigata Univ., 3) JAMSTEC, 4) Kwansei Gakuin Univ.

Abstract: We propose two representation methods for the cortical shell
structures of the radiolarian genus Pantanellium. The methods enable us to
compare the geometrical features of the cortical shells.

Keywords: Pantanellium, radiolarians, skeletal structures, representation
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Sawane Dango Stones from Sado Island, Niigata Prefecture

Atsushi MATSUOKA
Niigata University

Abstract: Sawane Dango is one of sweets produced on Sado Island, Niigata Prefecture. It is
composed of mushed red bean inside with dark brown in color and a thin layer of soft rice cake.
Pebbles similar to Sawane Dango in appearance are found on Sawane Beach. We name this
kind of pebbles "Sawane Dango Stones". These stones come from biogenic siliceous mudstone
of the Tsurushi Formation accumulated on the sea floor of the Japan Sea in the Middle
Miocene. The entire formational processes from its deposition to the present occurrence of
Sawane Dango Stone is outlined. In addition, the future of the stones is discussed in the

framework of geological setting of Sado Island.

Keywords: Sado, Sawane Dango, Tsurushi Formation, Middle Miocene, Cenozoic
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Study on Utilization of Large-Diameter Logs for Structural Timber
Part4. Temporary building construction and results of
questionnaire for visitors
ONO Satoko, KATO Kenji, SUGIMURA Yasushi and ARAKI Mitsuko

Abstract : This research aims to design and construct non-residential buildings
using large—diameter timbers as structural members in order to promote
the use and expansion of large—diameter timbers. This paper reports on
the results of the construction of a temporary structure using large-—
diameter logs. In addition, the results of a questionnaire administered
to visitors who observed the construction are also reported

Keywords : large diameter logs, thick wood plank, construction of temporary
structures, questionnaire for visitors
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Genome distance dg. Reduction of Katachi
Koichi Nishigaki, Keiichi Hamano
Saitama University Emeritus Professor, GenolLife Research Group

Abstract: A practical measure for the genome difference is introduced as genome
distance dg. This parameter situates in the downstream of Nei’s genetic distance
which was defined for measuring the difference between genes. Genome distance
is far more practical and more universal than the genetic distance and enables us
easily to map a genome (i.e., organism) on the genome sequence space. It also has
a significance of reducing a substance (Katachi)-directing genome to a single
code.

Keywords: genome distance, genetic distance, genome sequence space,
classification, Species-identification,
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Shape comparison of Mt.Yotei and Mt.Fuji
Yoshihiro Yamaguchi

The shape of Mt.Yotei is approximately represented by the exponential function h(x) =
Aexp(—ax) where z is the transverse distance from the top of the mountain and h(z) the height
above sea level. In order to determine = and h(z), we use the map published by the Geographical
Survey Institute. For 144 directions, the coefficients a (0 < k < 144) are obtained. The coefficients
for Mt.Fuji are also determined. Let v, = 2|ax — agir2|/(ak + ar172)(0 < k < 72) be the ratio to
express asymmetry. The maximum value of ~; for Mt.Yotei is 0.14 and that for Mt.Fuji is 0.38.
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Projection Mapping onto a Sierpinski Tetrahedron.

Ritsuko Izuhara
Kanazawa Institute of Technology. 7-1 Ogigaoka,Nonoichi-shi,Ishikawa

Abstract: As a polyhedral version of the Sierpinski gasket with fractal structure, there is a
Sierpinski tetrahedron constructed from regular tetrahedra. This polyhedron appears as squares
when viewed from directions orthogonal to each face of a cube, since it fits within a cube. Therefore,
we set up an environment with two projectors placed in the positive and negative directions of the
x-axis to project images, and created a piece for viewers to experience Sierpinski tetrahedron
projection mapping by walking around the surroundings.

Keywords: Sierpinski tetrahedron, projection mapping

1. XFL®HIC

TSI RNEEEARTHY 2V AXF—DH Ay FOSLEKKE LT, ENHEKT
RSNy 2V A —UEEKR S 5 [1], MARAFBHKIT, ¥ =L B2 A% — KA
SAHRIZINED Z &G, ThE = 2OBEATT L5 HENLOHRE CTCIELSRIC/RDZ L i
L, A~Y TV —Fa—T 4T 02], 2OMENL, SAKRIZESFROTE LYY -
TbD%, Yo VEUAXF—WHEEEH D~ FHNOLIEFBICAZ LY, £7220
BRAOFENS R ZDELBOEICHOESEEGEZYVEY LT, £LEDGTRRD
EFFEAA—VRRZDY o VE A —UEEA 7V = Z2HELZ[3], ZOEHEH
ZIRIZLT, Vo LBV AXF—NUEEKRIIKT 270V var~y B 72OV TR
KREV#EREIN, ERHEHEEZITS 2 &iTheolz,

2. SINLNEVRF—mE®KITIOS a3 vy EVYEIERE
AEI6HOEMBEEFEZHELHM IO XL IR LY 2 v A — UK 2 HEL
72 TN HTRIZD 5N TWEENEL T, HFEROEZEIZH LEATT D HMENDE

K1 YTIEVRFXF—EEAERETIL K2 EARICRZBS—Y

57



96 2024 6 22 ~24

HAaEEFRICRAD (X 2), =2
T, M3wrT koic2t5nrey
T B XD TT AL~ A FRAF

Viewer
MICHLE L 2 T R A T~ Z
L. BEETAMEE > Ty =L &
EUAF—NHEHEKT e = v a v
~ v EUVITERTEELESZ EICL Projecter1 > Projecter2
- X —> X

,

Viewer

ZOBREICBWNT, 2 BEOT Y
=7 ZH 2 B HAWEWO BRI
L20DA A=V EBEET DL 2l
DT TAL~AFTAFHNDL AT
B, L2 1O EFEDOA A —UN
Rz5,

3 7OPz VA LBARDUMEBELEREBREDRAA

3. YILWNEVRXF—mE®KRTOS I3 vy EVTER

CORMEEN L CEETIMG (T—va vl T 7 4 v 7 R) BHIELEZ, MG ITHE
BOT—~THEL, ZO—2/X 2o HREnEnno s b1 S35008%8 % T
WE |, WO EITMEE S LICRD LIRS Tchd, £z, Hx OENEE
DEZAFEOHEHDIREZTEN LI KRB ZIE N LeRAREOE—va v 7T 7 4
v 7 A &HIME LT (1K 4),

N[N\
NN

NN
NN\N

K4 JOSzH2a3vIvbELTAL A=

&

U AR —HEIKIC 2 R G~ o B S SRR WNEM ARMETEX L,
SEARFBRCEICEH N LET, Fa. AEMBIEICEE 2 DI A T e R
TREOMEMEER, MR, A)lx, ERAL, HABEEZFE LW EFTET,

S & Xk

(1] S8 —, “ZmAEas” , LBHAR, pp.223-224 (2016).

(2] SERFH, “T7F7 72N A=V TV —Fa2—TOE”, BOBRFELURT T LHEEHT
e, Vol.8, No.1, p.30 (2023).

[3] SERFHH, “x b A —UmBRIZIREZIED ESEARFHRH. .7,

https://www. i. h. kyoto—u. ac. jp/users/tsuiki/sierpinski/sier-rev.pdf (2024 45 H
23 HZ )

58



96 2024 6 22 ~24

777 FNKREEHAWTZFBRRELEE E DX I =X LAHEH
ANIE P2
BE VG 22 e KR BE, T669-1330 JLiE L = Wi ZE Ly 7 1%
hxk43766@kwansei. ac. jp

The Comparison of Liver Morphology by Fractal Dimension, and
the Analysis of their Mechanism

Koyama Saho
Kwansei Gakuin graduate school, 1 Gakuenuegahara, Sanda, Hyogo 669-1330

Abstract: There are lots of fractal objects in the earth. In the previous research,
we estimated the morphology of rat liver have fractal nature. In this paper, we
compared with liver morphology in four species by using fractal dimensions. We
confirmed the difference in fractal dimensions among the species. Furthermore,
we investigated the factors contributing to these differences by using Diffusion
Limited Aggregation model and phase field model.

Keywords: fractal, liver, DLA model, phase field model, evolution
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The Science of Geometric Beauty of BONSAI

—3D reconstruction and skeleton detection specialized in bonsai
and tree structure analysis using Horton's Law—

Shinobu UTSUMI"T, Yuichiro ISHII"?, Kenshin KOYAMA ™, Hitoshi JONO™, Soichiro SHIN™,
Ken OKADA™, Taisei ISHIMARU™, Shinryu MATSUOKA™, Satoshi TANAKA™, Taichi ABE"’
*1 Interdisciplinary Graduate School of Engineering Sciences, Kyushu University, T 816-8580,
Kasuga-koen 6-1, Kasuga-city, Fukuoka, Japan, *2 Kobe University, *3,4 Kyushu University, *5
Kumamoto University, *6 independent researcher, *7 Fukuoka University

Abstract: We have recently launched a unique scientific project relating to bonsai, namely the
BONSAIENCE project, which aims to expand the possibilities of bonsai culture by combining
Japanese tradition and state-of-the-art technology. The project consists of the following four
subclasses: (i) Reconstructing the 3D model of bonsai utilizing photogrammetric techniques, (ii)
Developing the algorithm to detect the skeleton structure of bonsai, (iii) Quantifying and comparing
the geometric information of the variety of bonsais using the original methods inspired by Horton’s
Law, and (iv) Developing the suggestion system of pruning and wire-working based on the tree
structure analysis. Here, we summarize our recent activities and share further ideas.

Keywords: bonsai, 3D modeling, skeleton detection, morphological analysis, aesthetic
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Investigation of evolutionary phenomena through analysis of
geometric characteristics of phylogenetic trees using Horton’s law

Yuichiro ISHII
Department of Planetology, Graduate School of Science, Kobe University
1-1, Rokkodai-cho, Nada-ku, Kobe, 657-8501, Japan

Abstract: The branching patterns of phylogenetic trees represent the pathways of evolution. In this
study, Horton’s law and the bifurcation ratio (R») were utilized as tools to quantify the topological
properties of phylogenetic trees. Analysis of phylogenetic trees revealed three patterns of tree shape
changes associated with evolution: (1) the maximum order (n) remains constant and R; increases,
(2) n remains constant and R, decreases, and (3) n increases by one and R, decreases. An increase
in the bifurcation ratio is interpreted as a state where well-evolved taxa coexist with those that have
not evolved as much. A decrease in the bifurcation ratio is interpreted as a state where all taxa are
experiencing evolution to a similar extent.

Keywords: phylogenetic trees, Horton’s law, topology, evolution, branching objects
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