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Crossover of Collective Cell Movement
from Suspended to Aggregated States
Katsuyoshi Matsushita, Taiko Arakaki, Naoya Kamamoto,

Maki Sudo, and Koichi Fujimoto

Department of Biological Science, Graduate School of Science, Osaka University.

Abstract

We investigate the effect of the transition between the suspended and aggregated states on
collective cell movement. To examine this effect, we consider high-density cells in the cellular
Potts model with mutual guiding. We calculate the ordering of the guiding direction of cells
in this system. As a result, we show the crossover to the order from disorder occurs steadily,
which is in contrast to the abrupt transition in the equilibrium. This effect reflects the effect

of the guiding force in the collective cell movement.
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Anomalous phase transition in self-propelled hard disk systems

Nobuaki Murase, Masaharu Isobe

Graduate School of Engineering, Nagoya Institute of Technology

Abstract

In this study, we investigate the phase behavior of the self-propelled hard disk systems with
the Vecsek-type interaction via event-driven molecular dynamics simulation systematically. In
addition to the ordinal order-disorder transition of the collective velocity filed known in the
original point particle of the Viscek model, we observed the novel competition driven by the

global positional order (so-called Alder transition), which cause anomalous phase transition

and transition shifts.
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String-like traveling by autonomous traveling of skid-steering 2D

robots using neural network

Takaya Furusawa!, Yasushi Honda 2

! Division of Information and Electronic Engineering, Graduate school of Engineering, Muroran

Instutude of Technology, Japan

2 College of Information and System, Muroran Institude of Technology, Japan

Abstract

We have developed autonomous traveling algorithm using neural network by camera one-

dimensional data. We comfirmed that automous traveling is possible on a circular course.

At the same time we have developed 2D optimal velocity turning algrithm for four-whells driv-

ing by skid steering. We observed emergence of stiring-like motion using 2D optimal velocity

turning algrithm. However, it was necessary to adjust the parameters in an ideal envioment

in order to perform string-like motion. The purpose of this study was check if the string-like

motion can be observed autonomous traveling algorithm using neural network. As a result,

string-like motion was also observed.
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Quantification of lockdown effect for a disease spreading on a Small-World network
with time-varying its short-cut links

Kensuke Ikeo!, Shinobu Utsumi!, Yuichi Tatsukawa'2, Jun Tanimioto!?

Unterdisciplinary Graduate School of Engineering Sciences, Kyushu University
2 MRI research Associates Inc.
2 Faculty of Engineering Sciences, Kyushu University

Abstract
The diminishing final epidemic size and peak infected fraction brought by a lockdown is quantified by Multi Agent
Simulation; MAS. We presume that a disease obeys a SIR process spread on a Small-world network with time-varying
its short-cut links. Lockdown is emulated by sudden reductions of average degree and short-cut probability.
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Y/<k >4 THEAD. T Y — NI, 91
BYHE S =—V 2 N RAAL Vv BIZT v
A LICELE L, O3 R % Gillespie
ETEBHT 5.

Lockdown (XX 1 D X O ITHHELT=. D
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TEY =T, BEERDPBADICHTD
tecERT D BUE (B Dlpreshora) % LIE
S TelE, IR BE < k >40, 1D < k >plT,
short-cut FEZRZpge s> Hpp ZHITET 5. 7
i 1% Default @ fx#&&de#E %1 X (Final
Epidemic Size; FES) & e KIEGF L (Peak

Infected) 73 lockdown |2 & > T EA 72T HIE

EN7=mE 100 T —ROT7 %7
T E RS TR S,

I number <k >def o<k ZLD
Pder = PLD
1(t)
Ithreshald
I(t) with LD
ﬁ) Time

2 Lockdown O 7 AL HEEE

3. WRRUVEE

[¥ 2 {Z FES OHITEER (£ T L), B—
BYE ORI (G177 L) 2 R~e, 1—
Puo/Paer E1 =<k >p/< k >q05 D 2RITF-
HOE—h~vy 7L TRLE. A3k
25 BB esnoia ' FHFRN D 1%, 2%, 5%,
10%TH 5. b Ei LV Lockdown (1%7%7—
R) T, FHEREE 50%LL NIl 5
& (1 —<k>p/<k >z >0.5) FES [IZ
EEEORDU D, WD, EEREL 30%
LU oMifilRcix, 1&& /I/ ERNEINEND
7L 7B, 1% — A TIIZhRA BIX %
HHEIB R ICx L CRIBICELT D03,
lockdown ¥ ARMEZFEfT 5 LA (F
R BES AN IR L, bR R sEK)
BESRN EJ (K0 K& 72 R BHEIEEE O
) L BTSN s.

il

4. %
COVID-19 O X5 2 w7 T, £ET
lockdown 23 iEfT I Av7-. AR CTIELIET FHHE

N=10000, ensemble=100
Default settings : p=0.50, <k>=64
A FES A Peak Infected
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Y
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= 06875
Vi 03125 s .15
3 —I —
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BTy |
~ Iy . .||‘ 005
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. _ — | l 0.20
9 0.25
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005
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0.15
06 |

0.20
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09 00°0.160.32 048 0.64 08 096

0.0 0.16 0.32 0.48 0.64 0.8 0.96

1 —pLp/Paef

B 1 Lockdown (T & 2 ek zh 5

E%TKJ: DN, BENIBIMIICHIT S U

. B LV lockdown 238 A ST, BLSE

JEGER DAL 72 LIRS B0
ﬁé&’)é@ Zi iE%‘:FEﬁLﬂz)‘H: I, TINHDHE
5 C1THI 7= lockdown D A 7 — VE, %)
KBTI DL, KFO TR RITRH A K
PR A &> D Db EFL72 . G )
LUV B SW OSEER¥L L short-cut
HCRGT HMEITINZ, BEED MAS 1T X
DIBYHUES 2 2 L—3 a3 D% FRERAE
F v hU—27 To—V = OWEEh %
KL TWDHZ LDYMEZE, Mm%, i 2
WENHDHTZAD .

23 SR
[1] ¥EEE, N, SOl DA ; Short—cut &
I XA 2 5 small-world (2815
B SR A X’\@Eﬂiﬁk%@‘ﬂﬂﬁ
% 27 Bz & B CBRENRL TR D>
N T NESCEE, 2021.

-12 -



\

HANEAELTT A HESHEIERE O TR

JIIA A, R A
I FEALARSE A R AL NER
wE
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DERPIE A TE, BEHEIIHEZET T 200 FRITHL3, Sz EITT5Z8
WZRIL T BT O
(ZT ATy =" AT FREATV, 7 —ZIELT, £

Hb 2\, AWFIECIIAEEITT 2 AR HNERR |

FR—RAET NOIE 2 — v ar w R LT,
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FONIZT —Fablil, AR ET NV ERAIANT

Pedestrian Recognition of Cyclists on Sidewalk

Toshihiro Kawaguchi', Tsukasa Sera'

! Department of Safety Management, Faculty of Societal Safety Sciences, Kansai University

Abstract

In recent years, dangerous bicycle driving becomes a social problem. In particular, the number of delivery services

using bicycles increase under COVID-19. Though cyclists in principle should drive their bicycles on the roadway,

they often drive on the sidewalk, which causes collision accidents with pedestrians. In this study, a field work and an

experiment using an eye-tracker on pedestrian recognition and avoidance of cyclists are conducted. A

dynamics-based numerical simulation with a virtual spring model was also performed.

1 [FCHIC

H R X2 £ T2 ENFRAITHD GERE AL
WE 17 55 1 ) 3, ARBEER ETL VD BRI
VY, ZO78 | HBREICET D BRI T OBl
VN ASCAAN

ERNBIEANE BB T8 T7#H & A imfiEs
BNENENSERREECAIEEECBIL CERBRIBIOE
HFRAAAT o7, ZOFER, HIRHEREE I TE L
6 m DL FICHER TAUTRE T 150D 5 R ETHDHE DR
T,

AMFFETIL, A0 Lo B R HEERE DS T &[]
WELARD D IRHE I B35 EHFAE AT o7, F7o, &
B 2T 5 BR IR E OB TH
TANTY 1 —% AW R EAT Tz, SHIT, BEEE
FIERIER VI IIFER—=ADBTHE T Ial—ay
\ARAR R R IRA AT BT ABINCEY, #0E Eick
WTHERH S TENRELI RN BT 5%
ATz,

R A MO ANEN

SHITERBDOEMAE

HEEITT 2 A IR HERE )N TE 2 R 5%
OV CEMPFAEEIT-7-, KIRFEMTioT L -
TIVEMD 2 BEOLEE R L, ZOMURNGH
s B A S L OY A i BOERR S S T 2 (BB LARD
éké‘r@*ﬁ%‘iﬁ@ﬂﬁ%ﬁ%ﬁ&ﬁ:o HEIZHED LT
WA 30 cm DFANVE H 2L TR KD AR
DAVE Sl el Sl e ol | 1Byl LA AR BT Y e A B
7=

i L P [ BR AR BERE O BIFRA I 1 IR T,
EHOXIREVHOD, AERHHE D HEL 2D
AUTCIEGREBAAEREEDS B 2R DA 3 DD T LD 0D,
ZOZEFEEANC G IRRE R THLELEDIC, RO
SIOFHARERES EMEIC—EL TS,

F7-. [EIEEBRAAREREE 6 m R OT — XX~ THER
HL[FE G EOBITE 2B T EROL D THY . %A
FTHBITHELTIVEIEIZIE 6 m LA B ) o [AT0E
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RHFRIERE m
L]

A N % ©

[N
w
IS
v
S

X 2: A%

<]

TENRE R TE TR
4 BELSaL—
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& 10 NOBTHE (FHEhi 1) ZEE LT, BiREEE
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(1] RAEFAT, BIEE—, TR, ARG
WFSERm SCEE, 26-4 (2009) 791.

[2] PA.Cundall, O.D.L.Strack, Geotechnique 29-1
(1979) 47.

(3] IR, % 20 BIAZEROV =2 —ar iy
RUT LGRS (2014) 83.
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Cellular automata (CA) &7 /U2 LV, FEEIHEROFEAL ST [ T=RiHI 2 B P 7200 FE ] PR AR 2 5% 1 T D 2 E DRI & L
TOEMEEZRFILTZ. ZORER, EO S E N RTS8 LR R B i KBS R 03 U i

RO A P EZ TR G ZED R

Microscopic Traffic Flow Simulation With Velocity Restriction

Junya Masaka' , Jun Tanimoto'~
nterdisciplinary Graduate School of Engineering Sciences, Kyushu University
2 Faculty of Engineering Sciences, Kyushu University

Abstract

We built a specific cellular automata (CA) model so as to explore the effectiveness of putting gradual max-velocity reducing
areas prior to a jam region. Numerical result reveals that the average jam length, number of emerging jams and maximal jam
length are all ameliorated despite none of significant improvement of flux.

1S

IR AT T DRERRE R R & LT, RFZEIEE 5
PR AR R A MR L, O FRMANT i s 4 B
BEEOIZH & T T DT & T s O A&l R 957 3R
NHDH[1]. AETHE, Cellular automata (CA) E7 /L&t
FLT, ZOHMMEERETLT.

2.CA ET VERERIFEAL—/V

JEIEE S (1 8 3000 &/1) Z38 FH L 7= Revised S-NFS[1]
EBT VAR, FERFR AP OFRALIT IR T
FHMNZ —EDOTI) 7 Z g% T EHIR A — VA2 T 5.
2.1 Revised S-NFS E7 /L

Revised S-NFS E7 /L% Sasaki, Nishinari H[2]IZ&-
T /RSN S-NFS E7 /UL, TUH AT L —FDH
[FIEREEAR 725 [ 9% Z & NaSch (Nagel-
Schreckenberg) S2E7 /L[3] Tl L CTE 72\ Kerner D
3 FHEEGR[4] TD Synchronized ViZ mifEEIZFELIT%
CA 7 /L THD[5].Revised S-NFS EF /L1FLL FITH
SND 4 DONL—UZHEST 1 time step = &IT H AR H
FEZRPRTE L, 2 e RIHERS 32 X148 Bl 3 B B 5
5.

Rule 1. “Acceleration”

v; (D= min[V; max | p; © + 1] (N

(Rule 1 is applied only if g; > G V v; (0) <vi—1 (0) )
Rule 2. “Slow-to-start”
vi@=min[v; D, x=5; 1 —x; 1 =8 ] (2)
(Rule 2 is applied only if random[0, 1) <q.)
Rule 3. “Quick start”

v =min[v; @, x5t —x;t=S; ] 3)
(In Rule 2 and 3, If random[0, 1) <7, S; = S; otherwise, S; =
1.)
Rule 4. “Random brake”

vi®=max [1,v;® - 1] 4)

(if random[0, 1) <1 — p;, Rule 4 is applied)
Rule 5. “Avoid collision”
v;®=min[vi®, x'i; —x— 1 +vO ] (5)

2.2 BEETHIROEE

Vmax2 Vmax3

Vmaxl Flow direction

=

@) 0000

zonel zonez | zone3 Jam

BA1 IR O
RAAWNT, ERaLR L7 TAZ— (ZD I
I TAB—HMIRREZE T TINTHE 72D, 00,5 B LA EEEEL
TWAEGAITEEE 1 DO TAS—L35) 22T
B, ZOFRHMAN B 1953 il Rk A 3 BepEi
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DI=>THIETH. Revised S-NFS &7 /MBI DK
WA S B/NEEZ 12,1 < Vmax3 < Vmax2 <
Vmaxl < 5%ifd. LLTDOI2b—i3 T,
Zonel, Zone2, Zone3 O /LE&4 K%, 200 /L, 100 &
IV, 50 BAZREE LT (RETIZLOD T Vinaxts Vimaxzs Vimax
DX EN LD 24 zone £ DRI A ORI K E72E
FEDTRNZEATERL TVD).

3. PFal—TariERLEs

250
—Default
200 - —Various Vmax = 3,2,1
150 —Various Vmax = 4,3,2
x
=
W 100 -
50 -
0 ; . ‘
0 0.2 0.4 0.6 0.8 1
Global density
M2 Wi
_120
@ 100 —Default
= —Various Vmax = 3,2,1
En 80 4 —Various Vmax = 4,3,2
é 60
Rud
o 07
oo
g 20 -
> P
<< i e L L L
0 0.2 0.4 0.6 . 0.8 1
Global density
3 PERRE R
200 -
" 180 -| —Default
£ 160 - —Various Vmax = 3,2,1
.0 140 - —Various Vmax =4,3,2
‘5 120 |
s 100
8 8o
£ 60 -
S 40 .
Ee 20 -
0 ' ‘ |
i} 0.2 0.4 0.6 0.8 1
Global density
B4 BEiE
300 -

250 - —Default
—Various Vmax =3,2,1
—Various Vmax = 4,3,2

Maximum jam length [cells]
=
(V)]
o

1] 0.2 0.8 1

0.4 0.6
Global density

X5 fe KPR

X275 5 (Vinaxt, Viaxzs Vina3)=(3,2,1)2(4,3,2)E L7z
r— 2O &, SRR (RSB 7 A% — D
AR, R (AN TR SR 7 T A
Z—DfE) , BORBR (Sl 7 22 — o
I RAE) 27 d. BRI R EL T, 2D XH7eE
272 [ B ) 3o P 1R BR =) 77 A AL 72\ V7 — A (Default) %
RLTND.

TR FEHIFRIC LY, Default (2L TAZ 1@ T &0 e
SNDMEFIA DAL, R TIIRL TWRNS, 2
BRRDIE TER AL MM 1 HfrE725 bottleneck 7% E LT
RIZHoTh, HERT Ty AL ENRITBIESIN )
ST EHEIZOWTE, WO —RCHLENED
N5, FHRERRICBEL T, 4,3,2)7—AT, FHIEE
FEBIT 1T D R ETARFIN R BIOND. B3, — T
(3.2, 1) 7 —AILHHEE (0.2 705 0.4 1Z0MF ) TIIzhH
(7273, TR I ClE Default KV ERAIZEAL 9 5. 20
AT, KRR ICBIL CHBIZREND. M EmIL,
THELERA L CREI DAL TWBINE THDH)
5, ERROHEERTOWRENRITE BT REEA).
ZOBENBIE, 32,17 —AN, (4,3,2)7r—AL0 B2
BRI A LD L TND.,

< —
4. &S
IR 22 ] 22 Bl 3 2 P i 8 A= A i 0 =R (80 L 2 3o 2 i) BR =
V7w B MERIE AT DI, B IO KRR,
B e mo TR E D UGEIZIT RN O A Z LD R
Sz,

BE CHR

[1] Han, Y., Yu, H., Li, Z., Xu, C,, Ji, Y, Liu, P. (2021). An optimal control-
based vehicle speed guidance strategy to improve traffic safety and efficiency
against freeway jam waves, Accident Analysis & Prevention 163, 106429, 2921.

[2] Sakai, S., Nishinari, K., & Tida, S. (2006). A new stochastic cellular
automaton model on traffic flow and its jamming phase transition. Journal of
Physics A: Mathematical and General, 39(50).

[3] Nagel, K., & Schreckenberg, M. (1992). A cellular automaton model for
freeway traffic. Journal de Physique I, 2(12).
https://doi.org/10.1051/jp1:1992277

[4] Kerner, B. S. (2004). The Physics of Traffic: Empirical Freeway Pattern
Features, Engineering Applications, and Theory (Understanding Complex
Systems). In Journal of Physical Oceanography (Vol. 26).

[5] Tanimoto. J.; undamentals of Evolutionary Game Theory and its
Applications, Springer, 2015.
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BHER > BT — 7 LEORBGAEIRIZHT T D/ v —a L —3 3 R
SO HE— 12, Md. Rajib Arefin®, &84 i 14

PRI RS REFEBER A TN A LR EIS
2T T T A VY —=F T Y A VRS
Ky R B SR
STUNRY: REBL T AIIERE  BRETEL Lo

B
B > N U —7 FOBYSERIRS A T 7 A% —aL— a3 VKL HHEGRET LT
FENT L, 2 DO MTH - DEREOBEA~DD 7 F o HEAE, i)Y OIRBE - 12 X 255
INHZh SR 2 MeEt Uz, BEEGE 7 LV OfEMTHE 2 Multi-Agent Simulation CTHEEL7= & 2 A, f#
W 13— B DKIEE THLREFITPOR T 23T LBV T Loy T2 b—a VR
ERS D ZEnibhole. £, SIMTRAIC & 2GHENHIRARD, 1) & i) [FIRHS S L
THEITEL 2, FRTU 7 F U OAZEDRENVIE ERGAERICER CIC S WER & 7o
7z.
Percolation analysis for epidemics on a complex network

Yuichi Tatsukawa'?, Md. Rajib Arefin®, Jun Tanimoto!*

!Interdisciplinary Graduate School of Engineering Sciences, Kyushu University
2MRI research Associates Inc.
3 Department of Applied Mathematics, University of Dhaka, Bangladesh
4 Faculty of Engineering Sciences, Kyushu University

Abstract
We analyze how two kinds of interventions; 1) letting neighbors of an infectious individual vaccinate,
ii) putting them to quarantine, suppress a disease spreading on a complex network by means of a link
percolation-based analytic approach. Our results show that simultaneous implementation of the two
interventions bolsters preventing epidemic outbreaks, and the vaccine efficacy enhances the effect

of confining a disease spreading.

1LFES
ARETIE, BREEOBA~DT 7 F 8%
Tl & Y OIRBBEIC X D G h R & <
—ab—3 g X AHERT T V[ TR
T 5.

2ET NV
2.1 Multi-Agent Simulation

MAS OPEAIE, HERIfERET LV Th
% Rejection Sampling Algorithm[2[\Z7€E 5. /
— FEN=10*, FHKRE<k>=8D
Barabasi-Albert Scale Free 7° 7 7[3] k% SIR
7'a - AANIHE S TEYYEMEIET 25 1 &

— R DHEAFT I AERET D, BT
V> TN 1- 7 — RBCTORMBEESIN
5HEL, BMEA S 1T D 2R
D Y= B[person " day 1] D#FI TIREYL L,
JERYARAR 1 1A HRy[day 1] CREIET 5.
MAS T X 2Bl I, WATH1 (¢ =
0) (ZHHAR YL E T, = 1% 7 X NTEE L,
R E DNFAE Le 72 Di2% 1| =&
V—RET5. b Hy=1L L, B%
AL &H T & & ORKIEGE A X (LU,
FES = R/N (Final Epidemic Size) 7272 L, R
IR DR EAED) 2 Rx 10t =y —
RCWYH % LV tbigis L3 5.
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[1]M. E. J. Newman,; Spread of epidemic disease on
networks, Phys. Rev. E., 66, 1, 016128, Jul. 2002

[2IN. Masuda and C. L. Vestergaard,; Gillespie
algorithms for stochastic multiagent dynamics in
populations and network, 2021.

[3]A.-L. Barabasi and R. Albert,; Emergence of Scaling
in Random Networks, Science, 286, 5439, 509-512, Oct.
1999.

[4]W. O. K. and A. G. McKendrick,; A contribution to
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-18 -



ISR IR A E B LU F RS — MBI A ST L U~ D45

PEATASE U, SENRE— 12, N !, AR 13

TUNRFRFERE A TN A TR
T =T A VI —F TV A (BK)
STUN RS BB T 9E e BREE L5250
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SEIRS %3\ MfE LA RE R RBITIN %, ABEE R iBZ G A LTz 3 /S— A NET LV TE
kL, T2 Bauch @ Behavior &7 /WIS T I F U PEfE A AT 7 A% ANBE L 7= Vaccination
Game #H#5LL7=. Social Efficiency Deficit; SED Zfi##T 52 L TET NH A FTIVADEHKIHE
SRV =N ELANEE BINZREIE LT, FORE R, MRE MY DB & 0F DRYGL 1D
B5| RIENIEER 2T 7 F LSO R IR IR 7 T R R T AR O e Dt v o~
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Social dilemma analysis on a vaccination game based on SIERS process plus
Behavior model

Itsuki Nishimura !, Yuichi Tatsukawa 2, Shinobu Utsumi !, Jun Tanimoto -3

!Interdisciplinary Graduate School of Engineering Sciences, Kyushu University
“MRI Research Associates Inc.
SFaculty of Engineering Sciences, Kyushu University

Abstract

A new SEIRS-base ODE (Ordinary Differential Equation) model is built, where asymptomatic and
symptomatic infectious compartments, hospitalized state and immune state are additionally introduced,
which is dovetailed with a behavior model that defines the vaccination rate as time-variable. We also
apply Social Efficiency Deficit; SED, and quantitatively identify whether or not social dilemma taking
place behind the model dynamics. As a result, SED with different breakdowns resulting from wasteful
or insufficient vaccination due to the rate of asymptomatic people and their discounted rate of
infectivity is confirmed.
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Stochastic resonance effect observed an Vaccination game with
Effectiveness framework for vaccination nresuming a scale-free
network as underlying network
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Abstract
We explored whether an additive noise to the transmission rate brings an advantageous
stochastic resonance effect to confine a disease spreading in the effectiveness model with Multi
Agent Simulation. We found that, with a higher vaccination cost and/ or a lower vaccine
efficacy, the stochastic noise has no gap of vaccination coverage with the default without-noise
case, but brings a less level of final epidemic size. In contrast, when a lower vaccination cost
and a higher vaccine efficacy would be imposed, the additive stochastic noise brings a smaller

VC that consequently results in a larger FES than the default without-noise case.
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