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Nonlinear difference equation with bi-stability

as a new traffic flow model

Kazuya Okamoto!, Akiyasu Tomoeda 2

! Department of Mathematical Engineering, Graduate School of Engineering, Musashino University

2 Faculty of Informatics, Kansai University

Abstract

Among mathematical traffic flow models, macroscopic models have the advantage of reducing
computational costs in large-scale numerical calculations such as transportation network sim-
ulations. In this study, we focus on bi-stability, which is a general feature empirically observed
in a traffic flow, and propose a new nonlinear difference equation that describes a traffic flow
at the macroscopic level. We found that the parameters in our model have the potential to
eliminate traffic jams from the perspective of stability of a homogeneous flow. Moreover, ultra-

discrete and continuous limit results are presented to investigate the correspondence between

the proposed model and other models.

1 Introduction

The dynamics of traffic flow includes instabilities
as the average traffic density increases. In other
words, a free flow is stable when the vehicle den-
sity is low, but becomes unstable when the vehicle
density exceeds the critical density. In the latter
case, the traffic flow transits from a free flow into
another stable state, which corresponds to a jam-

ming flow observed as a spontaneous traffic jam.

As an example, Gasser et al. [1] proved that the
instability of a free flow is understood by Hopf bi-
furcation; they numerically showed the global bi-
furcation structure possessed by the optimal ve-
locity (OV) model [2]. The OV model is a car-
following model describing an adaptation to the
optimal velocity that depends on the headway be-
tween two neighboring vehicles; it is well known

for its successful explanation of the mechanism of



spontaneous traffic jams. The results of Gasser et
al. show that the Hopf bifurcation behavior is lo-
cally supercritical, but macroscopically exhibits a
subcritical structure. The optimal velocity model
reproduces “ bi-stability ” at a certain density re-
gion, in which free and jamming flows coexist. It
should be emphasized here that this bi-stability
is a general feature empirically observed in traffic
flows [3].

proposed to reproduce traffic flow. These models

Many mathematical models have been

can be approximately classified into three types:
(i) density wave model/gas-kinetic models (par-
tial differential equation), (ii) car-following mod-
els (ordinary differential equation), and (iii) cel-
lular automaton models (max-plus algebra/master
equation/rule-based algorithm). Our interest is in
designing a precise traffic flow model and the rela-
tionship between these descriptions. For example,
the cellular automaton model derived from par-
tial differential equation with bi-stability. Further-
more, the correspondence also facilitate the devel-
opment of a mathematical analysis method for a
cellular automaton model for which analysis meth-
ods have not been developed. Clarifying the cor-
respondence, and understanding the structure of
the solution, are extremely significant from an al-
gebraic point of view. Hence, the aim of this study
is to propose and analyze a new nonlinear differ-
ence equation with bi-stability, and to then show
both models obtained by continuous and ultradis-

crete limits.

2 A new mathematical model
considering past weights

2.1 Proposed model

We propose the following nonlinear difference

equation as a new model:

t+At _ t t 1t t t
T =Pz — p;cbac + px—Axbaf—Aar

(12)
by =(1 - P;+Am)

< f1- (-2 apzal)
(1b)

where p!, is the density at a lattice x and a time ¢
and « is the parameter takes the value (0,1) and
bt is the transition rate of vehicles at a lattice x
and a time t. In this model, one-dimensional road
is divided into a lattice, and the conservation law
of vehicles for each lattice is described. The effect
of {1 - ((1 — a)pl At + ap;;%tw)} is to decide
whether to move to the lattice in front depend-
ing on the congestion in the vicinity. The effect of
(1 — plya,) is to brake suddenly when there is a
leading can p!, 4+Ae = L. a represents the strength
of the dependence on congestion in the vicinity of

the driver’s own location.

2.2 Numerical experiments and lin-
ear stability analysis for the new
model

We focus on the bi-stability as the model to con-
firm the validity of the traffic flow model. First we
numerically investigate a homogeneous flow with
a perturbation. In our numerical experiments, we
impose the periodic boundary condition, and then
set Aw = 1,At =1,z € {1,2,3,---, L}, where L
is the number of lattices. The initial value of p2 is

set as follows:

2mx
—_— 2
=, 2)

where pg is the density at « € {1,2,3,--- , L}, and

P2 = po + Asin

A is the amplitude of the perturbation. We assume
that p? = pl as the initial value.

We found that the model (1) shows bi-stability
at least at py = 0.5. It was found that, if the per-
turbation is small, the density wave converges to
the homogeneous solution; However, if the pertur-
bation is not small, the density wave converges to a
traveling wave solution, which is expected to be an-
other solution. In the latter case, as shown in Fig.1
(b), the initial perturbation grows into a traveling
wave. This traveling wave solution is observed to
propagate in the direction opposite to the direction
in which the cars move. This feature is consistent
with the fact that a jam cluster in a real traffic jam
propagates backward [4].

Next, a linear stability analysis was performed

on the model. The bi-stable region was investi-
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Figurel: Numerical solutions fortwo cases (a)
A =01, (b) A =03 with po = 0.5,a = 0.2.
The dashed line is the initial value, and the solid
line is the converging numerical solution plotted
at ¢ = 10, 000.

gated numerically. The results are shown in Fig. 2.
From these analyses, it was found that the unstable
region of the homogeneous solution disappears for
a > 0.401. This suggests that by controlling the
parameter « in the real traffic flow, it is possible to

always maintain the free flow.
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Figure2: Graph with L = 100. The solid curve
represents the neutral stability obtained by the
linear stability analysis. The points represent
the bi-stable region, which is obtained numeri-
cally.

3 Ultra-discrete and continu-
ous limit

3.1 Ultra-discrete limit

As one of our aims, we would like to see the corre-
spondence between the ultra-discretized model and
the cellular automaton model. Using the variable
—Ur /e —V' /e

transformations p!, = e J—pl =e

e~A4/¢ 1—a = e B/¢ and taking the limit £ — +0,

7a:

we obtain the following ultra-discrete equations:

UMttt = min|U} + Uy, B+ V3 + U+ U

-1

A+ViL+ U7+ Ul

-1

A+U + VI + VI
B+UR, + VP + Vi, (3a)

1. -1

Vit = min| Vi + VI A+ VI Vi + U,

B+ Vi, + V] + U},
B+ Vi + U, + U,

A+V]P4+U + U}L‘l} , (3b)
0= min [Uj', Vj"}, (3¢)
0= min [A,B} (3d)

where {0,00} in UJ' and V/* correspond to {1,0}

Note that
Ui, V', A, B € Ry U{oo} owing to the inequality
0<pl,a<l.

in the cellular automaton models.

3.2 Continuous limit

We are also interested in the correspondence be-
tween our model (1) and previous density wave
models.

We perform the Taylor expansion for (la) and
take the terms of the second order. If we take the
limit Az — 0, At — 0, keeping the maximum
velocity Vinax = Az /At finite, we obtain

b
2 Vo2 (@)
where b = b(x,t) is the limit of bt.. Setting v(x,t) =
Vinaxb(z, 1), we obtain the continuous equation:
9 _ _9(pv)
ot ox
Substitution (1a) into (1b) gives

- Vmax

(5)

bt;_At _ {1 _ (ptz — p;b; + ptz,AzbifAz)}
X {1 - ((1 —a)pl + api+m) } (6)

Adding —b%, + (b, A, — DL A,)/2 to both sides

of (6), performing a Taylor expansion, and setting



1/7 def Az/At?, we obtain
ov ov
- o = Vmax 1-
5 T V5, (I—-p)
X (’U — 2Vmaxp2 - 3Vmax - anax)%
v 1 Vip)—v

=+ Vmaxp(l - p)% + Vo,

(7)

where V(p) = Vinax(1 — p)?, which is the optimal
velocity in a homogeneous flow. Thus, the contin-

uous limit of model (1) is

dp _ 9(pv)
ot oz '’ (82)
ov ov
E + 'Uaix :Vmax(l - p)
X (U - 2Vn1axp2 - 3Vmax - anax)%
v 1 Vip)—w
+ Vinaxp(1 — P)gfz + Vo
(8b)

Note that the third terms on the right-hand side
correspond to the self-driven force (inner-force)

term used in the models of previous studies [5, 6].

4 Conclusion

In this study, we proposed a new traffic flow
model described by a nonlinear difference equation
and investigated the model both numerically and
analytically. As a result, we analytically obtained
the linear stability condition and numerically clar-
ified the existence of the bi-stability region, where
the solutions converge to different flows depend-
ing on the magnitude of the initial perturbation.
Moreover, the parameters in our model have the
potential to eliminate traffic jams from the per-
spective of a homogeneous flow stability. We also
investigated the correspondences of our model with
other models by taking two limits, that is, the ul-
tradiscrete limit and a continuous limit. However,
the specific correspondence with other CA models
and density wave models has yet to be confirmed.
Future studies will include analytically finding the
bi-stability region and confirming a more detailed
correspondence between the ultradiscrete and con-

tinuous limits.
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Pattern transition of injected fluid into a granular bed of

highly-swelling gel particles
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Abstract

Saline water of sodium chloride was injected with controlled injection rates into a granular bed

in a quasi-two dimensional cell. The granular bed was made of dried highly-swelling gel particles

whose swelling rate was controlled by the salinity of the injected fluid. For high injection rate,

injected fluid percolated between gel particles isotropic manner.

For low injection rate, the

anistropic finger-like structures of injected fluid front was observed. The transition of the

injection pattern can be understood by the ratio of characteristic timescale of swelling and

injection.
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History-dependent rheological property of wet granular materials

Kiwamu Yoshii, Michio Otsuki

Department of Mechanical Science and Bioengineering,

Graduate School of Engineering Science, Osaka University

Abstract

We numerically investigate the rheological property of wet granular materials. As the shear

rate sequentially increases, the granular materials exhibit shear thickening, where the shear

stress abruptly increases. As the shear rate sequentially decreases from the high shear rate

state, the rheological property shows a hysteresis, where the shear stress remains even in the

limit of 4 — 0. It is also shown that the history-dependent shear stress corresponds to the

change in the coordination number.
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Quantification of final epidemic size on a Small-world network with time-varying its
short-cut links

Kensuke Ikeo !, Shinobu Utsumi 2, Yuichi Tatsukawa 2, Jun Tanimoto >3

! Undergraduate School of Engineering, Kyushu University
2 Interdisciplinary Graduate School of Engineering Sciences, Kyushu University
3 Faculty of Engineering Sciences, Kyushu University

Abstract

Multi Agent Simulation; MAS, applied for epidemic spreading on a complex human network, usually
premises a time-constant underlying network, although a human physical contact complexly time-varies in
daily basis as the reality. We analyze a disease spreading obeying to SIR process on Small-world (SW)
network of which short-cut links daily change. Our MAS result reveals that the Final Epidemic Size; FES,
and peak epidemic size increase by presuming such a daily dynamic SW vis-a-vis the conventional SW,
which depends on both short-cut probability and average degree. Which is brought by the mechanism that
the daily dynamic SW refreshes I-S links working as a trigger to spread a disease, which makes containment
difficult in a time-evolutionary process.
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Impact of Quarantine, Asymptomatic infected, and its Time delay
on Disease spreading in Small-world Networks

Shinobu Utsumi*!, Jun Tanimoto*2

*1 Interdisciplinary Graduate School of Engineering Sciences, Kyushu University
*2 Faculty of Engineering Sciences, Kyushu University

Abstract

By means of Multi-Agent Simulations; MAS, we explored how each of the 3 significant factors
controlling a pandemic (i.e., quarantining rate, asymptomatic rate and time-delay of monitoring
infected individuals) quantitatively influencing on a disease breakout. We presumed Small-world
graph as an underlying networks. To take into account above 3 factors, our model defines two
probabilities; asymptomatic rate, quarantining rate. The results indicates that the case presuming
asymptomatic-infectious being more than 60% goes serious situations irrespective to quarantining
rate. Furthermore, even though a higher quarantine campaign is adopted, some parameter region
significantly improved by reaching to disease-free though, other region cannot improve Final
Epidemic Size, which brings an ironical situation where disease up-surges very much besides huge
fraction of quarantined-infected people. Finally, we validated our MAS results by comparing with the
theoretical results coming from quasi-analytical approach (Ordinary Differential Equations, ODE).
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Interface Effect on Persistence of Cellular Mutually Guiding

Katsuyoshi Matsushita, Naoya Kamamoto, Maki Sudo, and Koichi Fujimoto
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Abstract

In this study, we investigated the effects of interface tension on the persistence time of the
collective movement of mutual guiding in a model cell cluster. The model cells based on the
cellular Potts model reduce the persistence time of the collective movement as interface tension
decreases. Finally, collective cell rotation appears for large values of interface tension.

1 Introduction

Eukaryotic cells collectively move through bio-
logical processes [1-3]. During these movements,
cells guide their motion through their cellular con-
tacts, such as leader guiding [4] and mutual guiding
[5] mechanisms. These guidings lead to an order in
the directions of motion. In contrast to the leader
guiding, our simulation for mutual guiding showed
that confluent cells in the periodic boundary condi-
tion exhibit long persistent time beyond an obser-
vation time scale in movements [5]. The result does
not directly explain natural collective movements
because the interface of the leading edges shown
in Fig. 1(a) may reduce the persistence time. In
natural systems, cells form finite-size clusters ac-
companying the interface. Thus, the movement
reflects the interface of the leading edges, which
affects the guiding efficiency. For instance, leader
guiding promotes interface fingering, which affects
the movement [6, 7].

We consider two mutually guiding cells on the
leading edge of the cluster to intuitively estimate
this effect of the interface tension. On the interface,
we assume that the two cells, 1 and 2, contact each
other and they have a receptor on the leading edge
and ligand on the membrane, as shown in Fig. 1(b).
The leading edge of cell 2 extends along the surface
of cell 1 by exerting tension when the receptor rec-
ognizes the ligand. During the movement due to
the guiding, the interface tension g and the in-
tercellular tension ¢ also affect the motion of the
leading edge as shown in Fig. 1(c) through Young’s

law [8]. Assuming that the friction i proportional
to the movement velocity v, it follows that

(1)

where dq is the guiding tension owing to mutual
guiding [5, 9]. In this equation, we count both the
tensions from cell 2 to cell 1 and cell 1 to cell 2. §
is the tension per receptor, ¢ is the receptor con-
centration, and 6 is the contact angle defined in
the figure. This equation estimates that the in-
terface tension affects the mutual guiding. This
effect becomes complex in persistence because ¢ is
an active degree of freedom for cells with persis-
tence [4, 5]. To elucidate this effect beyond this
estimation, such as the dependence of the persis-
tence time on vg, we should simulate the collective
movement of the mutual guiding.

In this study, we theoretically investigate the ef-
fect of interface tension on the persistence time of
the collective movement of a cell cluster. We used
the cellular Potts model [10] by incorporating mu-
tual guiding [5]. We observed a short persistent
time [11, 12] for relatively small values of g, in
contrast to the long persistence time in the previ-
ous investigation. Additionally, we observed that
the persistence of movement disappears with the
motion transition to a collective rotation for large
values of the interface tension.

2 Model

In this study, we focused on the surface tension
of a cell cluster. One of the well-describable mod-

v x 2(0g+ vE)cosb — e,

-23-



els for surface tension is the cellular Potts model,
which reproduces cell sorting [13, 14] and adhesion-
inducing developmental processes [15-18]. The
model can reproduce the mutual guiding using cell-
cell adhesion [5, 19]. This model considers the
Potts state m(r) at site r on a square lattice with
linear size L and periodic boundary conditions.
m(r) takes 0 for the case without cells. In contrast,
m(r) takes a number in 1, 2 ... N, corresponding
to the cell index. Here, N is the number of cells,
and it is constant in this simulation for simplic-
ity. Each domain of Potts state m expresses the
cell shape for the mth cell. In this interpretation,
the Monte Carlo simulation of this configuration
expresses the dynamics of the cells.

The Monte Carlo simulation is based on the
Boltzmann weight w = exp(—8H), where 3 is a
parameter of cell motility. H is the Hamiltonian
and it consists of three terms

H=Hs+ Hv + He. (2)

The first term denotes the surface tension [10]

Hs =c Z N (r)ym () 0m () Tm ()0

rr/

+E Z N (rym () [Som(rr) + Om(r)o] -

rr/

3)

The summations of 77’ represent those over the
nearest and next-nearest sites. The same symbol
hereinafter is used in the same manner. ¢ and
~g are the surface tensions. 7, denotes 1 — §,n,
where 9,,,,, is the Kronecker’s §. Herein, we focused
on the vg-dependence of movement persistence.

The second term in Eq. (2) is the volume con-
straint,

- 4

6mm r
Hy =R 3 (1 - Sl
where xk and A denote the volume stiffness and the
reference area of cells, respectively.
The third term in Eq. (2) expresses the mutual
guiding

He = =0 ) Nu(rym(r)Tom(r) ()0

rr/

< e+ g 5)
Here, the receptor concentration is given by ¢, =
1+DPm(r) €m(r), Where py, is a unit vector denoting
the density gradient of receptor molecules, e,,(r)
is a unit vector from R, to r and R,, is the center
of the mth cell. Additionally, the sensing occurs in
the direction of p,,, which represents the leading
edge of cells. In this term, the receptor molecule
reduces the surface tension by sensing with contact-
ing cells. As a result, it aligns the moving direction

¥V Ligand
guiding tension d¢q

Fig. 1: (a) Cell cluster. (b) and (c) show the
contact region of the leading edge between cells
1 and 2. (b) Motion guiding by cell 1 for cell
2 with their receptors and ligands. dq is the
guiding tension, and p,, is the direction of the
receptor concentration gradient of the mth cell.

(c) Interface tensions. ~c and g denote the
tension between cells and between cells and un-
occupied space, respectively.

of the cell in the direction of the sensed cells. The
derivation of this equation is based on [20, 21].
Here, we consider that sensing occurs at the lead-
ing edge of the cells. To express this situation, we
assume that p,, obeys the equation of motion [22],

dpm 1. dR,,

Ta L L o BT ©)
where t, ®, I , and 7 denote the time, the tensor
product, the unit tensor, and the time scale ratio
of dR,, /dt to dp,,/dt, respectively. The ratio de-
termines the persistence of motion.

Based on H, we consider the following con-
ventional Monte Carlo simulations [10]: A single
Monte Carlo step (MCS) consists of 16L? copy tri-
als, and it is the unit of time. In the copy trial,
the state at the randomly chosen site, r, changes
to the state of a randomly chosen neighboring site.
The copy is accepted with the Metropolis probabil-
ity, min[1, w’/w], where w’ is the Boltzmann weight
with the state copy. p,, and R,, are constant in
these copies and they change once after the single
Monte Carlo step, by according to Eq. (6) and R,,
= > T0mm(r)/ Doy Omm(r), Tespectively. The Eu-
ler method is used with a time difference of 1/7 =
0.2.

For the examination, we set N = 64, A = 64, k
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Fig. 2:

(a) MSD as a function of ¢ with vz sweeping. (b) Snapshot of cell configuration for vz = 2.0. (c)

Snapshot of cell configuration for yg = 7.0. The black domain and other colored domains represent the
unoccupied space and cells. The arrows from the center of the domains represent the p,, for each cell.

=642, 7 = 5.0, = 0.5 and 3 = 0.2 as empirically
known parameters to observe the collective move-
ment. We consider v¢ = 2.5 to choose the transi-
tion point between the dispersing state of cells and
the aggregating state around the range of g from
1.0 to 2.0. Here, the dispersing state is the state
where the cells do not form contacts and separately
take an individual random walk. To investigate the
effect of interface tension, we consider vg from 1.0
to 8.0 and observe the collective motion.

3 Results

To investigate the persistence time of the collec-
tive cell movement, we calculated the mean square
displacement of the cluster as a function of MCS ¢,

MSD(t) = <[/t+ti dt’% de(t’)r> . (7

ti

Here, we relax the state during tg MCS and then
calculate MSD from ¢ = ¢; tot = t;. We take t; =
10* MCS and ty=5x 10* MCS. d,, is the displace-
ment of the mth cell for 1 MCS. The angle bracket
(...) represents the average of the eight trajecto-
ries. The MSDs for various yg values are plotted in
Fig. 2(a), where the diameter of the cells, 24/ A/,
is unity. At yg = 1.0, the cells were in a dispers-
ing state. In this case, the MSD is proportional to
the number of MCS ¢ in the data. This behavior
reflects individual random walks of cells.

For vg > 2.0, the cells take an aggregating state.
At yg = 2.0, MSD behaves in the superdiffusive
motion like a ballistic motion with MSD =~ ¢2 up to
t ~ 103 MCS and then crossover to a random walk
as MSD ~ t. The ballistic motion in a short time
originates from the memory effect in Eq. (6) [5].
This behavior is the same up to vg = 6.0. For these
data, the long persistence time previously observed
is absent. This result indicates that the interface
of the leading edges reduces the persistence time.

A distinctive observation is that the time scale of
the superdiffusive motion steadily decreased with
~vg from 6.0. Additionally, a subdiffusive plateau
was observed in MSD for yg ~ 7.0 in an intermedi-
ate time scale longer than that of the ballistic mo-
tion, like glassy liquid systems [23]. For vg > 7.0,
the subdiffusive plateau also appears. This result
indicates that a large interface tension suppresses
the persistence time.

To elucidate this suppression, snapshots for yg =
2.0 and yg = 7.0 are shown in Fig. 2(b) and (c), re-
spectively. The configurations of the arrows of p,,
largely differ in these snapshots. For vg = 2.0, py,
exhibits an ordered state and drives collective cell
movement. In contrast, p,, for yg = 7.0 forms
a vortex and drives a rotational motion similar
to that of Dictyostelium discoideum in the mound
stage [24]. The rotation direction exhibits per-
sistence for large vg in our observation time and
merely changes at vg = 7.0 through stochastic
transitions between a translational motion to the
rotation, which is the origin of sudden changes in
MSD in Fig. 2(a) The emergence of this rotational
motion is an origin that suppresse the persistence
of the collective cell movement.

4 Summary and Discussions

We investigated the effect of the interface tension
of the leading edges of cell clusters on the persis-
tence time of collective movement. The interface
tension reduces the long persistence time previ-
ously that was observed even for relatively small in-
terface tensions [5]. In contrast, the large interface
tension inhibits the persistence. This suppression
originates from the emergence of rotational motion.

Additionally, long-timescale persistence appears
for excluding volume-interacting cells with periodic
boundary and confluent conditions [25-27]. There-
fore, the corresponding systems with the interface
may change the results. However, these works as-
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sume the repulsion in contrast to the case with mu-
tual guiding; hence cannot realize the cell cluster.
Therefore, another method that incorporates an in-
terface is necessary for the examination.

Finally, we consider the emergence of rotational
motion for a large interface tension. In our simu-
lation, a large interface tension resulted in a large
6. Here, large 0s’ values of near m/2 correspond
to the smooth interface shown in Fig. 2(c). The
smooth interface aligns the force from tensions g
and dq in the tangential direction at the interface.
Therefore, the guiding of dq induces torque on the
interface around the center of the cell cluster. As
a result, it leads to collective rotation.

Notably, this mechanism of rotation differs from
those of already known cell rotations, which origi-
nate from chemotaxis [28, 29], flocking interactions
[30], anisotropic apical constriction [31], contact
following [32, 33], and minority control effect of
leader cells [34]. The mechanism through mutual
guiding is one of the collective rotations unknown
so far in the sense that cells make good use of the
surface tension.
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Erratum: Interface Effect
on Persistence of Cellular Mutually Guiding

Katsuyoshi Matsushita, Naoya Kamamoto, Maki Sudo, and Koichi Fujimoto

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

In the paper[l], equation (1) and Fig. 1 are inconsistent with Eq. (5). Because Eq. (5) is correct as
the mutual guiding [2, 3], Equation (1) and symbols in Fig. (1) should change as listed in Table 1. The
paper is based only on Eq. (5). Hence, the results and conclusions in the paper are correct.

Table 1: lists of corrections

Error Correction
Eq. (1) vx 2(yg +0qg)cosh —yo v x 2ygcosh — (yo — 20q)
In Fig. (1) e+ dq YE
In Fig. (1)  ~c Yo — 204
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Analysis on a population-based epidemic model incorporating viral
dynamics in a human body
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Abstract
We establish a nested epidemic model in which an infectiousness () of infected individual is time-
varying depending on the viral load in a human body, and conduct numerical analysis based on multi agent
simulation. As a result, two equilibrium points are observed by the influence of time varying infectiousness:
disease spreading phase, phase of disease going to extinction. Additionally, to optimize time-evolution form
of [ during infected period with preserving time-integral  so as to maximize disease spreading, it turns

out that time-flat § having none of keen peak is best.
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Rheology of polydisperse granular mixtures

whose size distribution follows a power distribution

Taiki Yamaji, Haruto Ishikawa, Satoshi Takada
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Abstract

The rheology of polydisperse granular mixtures whose number of particles follows the power

distribution is described by the kinetic theory. We investigate how the viscosity of the system

depends on the distribution. We find that the viscosity converges to a constant when the

number of species of particles increases. We also show that the viscosity also converges to

that of a monodisperse system when the size ratio becomes sufficiently large. These results are

validated by performing the molecular dynamics simulations of the corresponding system.
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Abstract

We analyzed the ETC statistics provided by Hanshin Expressway Co., Ltd. for the period
2013-2020 in order to obtain realistic typical OD(Origin—Destination) demand that can be used

for multi-case parallel traffic simulation. The results show that there is a strong regularity in

the data, with a peak weekday usage rate of around 45,000 vehicles/hr, with periodic increases

and decreases between morning and afternoon, midweek and weekend. The number of vehicles

using each toll gate as an entrance and exit was found to have typical values for different dates

and days of the week. This allows to generate realistic OD sets.

In the case of disasters, a

sharp change in the number of users due to the Nothern Osaka Earthquake and a decrease and

recovery in the number of users due to COVID-19 were identified.
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Effects of Train Shape on Passenger Egress
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Abstract

Behavior of pedestrians around a bottleneck is complicated. Thus, the shape of railway vehicle can affect the passenger
egress at a terminal station. The behavior of the passenger egress is numerically simulated by using the Cellular

Automaton in this study. The effect of clearance between the door and the seat on the egress time is investigated. As a

result, the egress time from the vehicle without clearance between the door and the seat was shorter.
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Operation efficiency improvement simulation of 3 elevators

operated by Priority Queuing
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Abstract

The three elevators in Kurume Institute of Technology Building 100 are very crowded before
and after the lecture, depending on who goes to the lecture and who returns from the lecture.
Therefore, in this study, in order to improve operational efficiency, we investigated the im-
provement of the queue by simulation by using the PQ (Priority Queuing) method that uses

the priority class among the queuing methods. As a result, it was found that the operational

efficiency can be improved by designating the floor on which each elevator moves.
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String-like traveling of skid-steering 2D robots by Optimal
Verocity Turning Algorithm
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Abstract

We have developed the 2D optimal velocity robot which is made by incorporating a self-
driven model which is named the 2D optimal velocity model previously. And recently, we also
developed a robot that run by four whells with skid steering. Then, we derived a 2D optimal
velocity turning algorithm for four-wheels driving by skid steering based on the two-wheel
driving algorithm previously. In addition, by changing from the contact sensor to the distance
sensor, the algorithm also is changed to another algorithm which operates as robot’s direction
change before colliding with obstacles. The purpose of this study was to check if the string-like
motion can be observed by the four-wheels land-moving robot as same as two-wheels land-
moving robot. As a result, string-like motion was also observed with a four-wheel land-moving

robots.

1 Ui B. BA X2 DR TEIE 7L Th B Kkl

T -~ ST F L% 2 RICIHRE L 72 2 RICHEEE 0 Ry
BT ERWEMNE & o BTN, &tk RS
b BT L 2 (1]

HULIERL £ o CHCMBIIRENATIZTE s sefim ey P AT 2 2 & il

- 47 -



BIFRT %, AHETIE, AXy FAT7Y v 7 TE
fI¥2ury F2FEHLCERZ{T>%, AXy P
RFTFYLLEN, A%y R (D) EAFTY VY
(BEfie) L VI ERIAETH Y, EHDYA Y EZES
VRO ENT 5. Eftury P OGEENIZIL
THEATH (1] LR O S RETRER S 1 2 2
25 2 L2 RKAROBENE T 5.

2 “ROTREEREETIL
“RTERHEIEE 7L 1 DU OB R (1) X

TERING 2. AT Ry b OBE & FHEEED
DS, MEEERDZETVLTH S,

ij=a [Zv(rka‘af]’) - fj] (1)

k
V(rgj,t5) = (1 + cosbk;) f (re;) ng; (2)
f(rg;) = a[tanh B(r; — b) + (] (3)
V(e i) i jBHOU Ry 45k BHOT R
b 50 BRIEARAIATH 5. ny, 14 1y DI

I P NERT. O 3 jBHORKRY FOHER b
Nk, EMRE v D TATH D, (14 cosby;)

BT R THTH S (2) RBM). EFL LT
X, Ny =8 T'fj DHAIR 7 b )1/7‘1’:‘7\)3‘, Ry b L:;‘,fﬂ

AIALBRZ, ny; = (sin(by;), cos(fx;)) EITLIL 72,
f(rej) IEGEHEERIETH D, Ry b & DR Tkj
WKIB U CHINF R NZ2RET 288 TH 5 ((3)
RBH).

Atz Zoe T veiigdb L, Eftary b
DHEER 7 L ZETORy b ORIET 5 HE Lk
]9 2 RPEICZEWAT 208D H 5. At WD |, %
ML L TRk 2 E (4) REBD. (2) RND b,
1d 360° RIBTE LHPHH 223, vRy M
INTVE A X FDOMIAIZHR 104° TH S, LoT,
—52° < O); < 52° THIFIUE, A X T Tk
RIRTE R\,

4 Wi OEEHUE CTOMEE vy, vr & (7), (8) TR
5, ZITO v (FETIT A O HEORSE, ([
BRIC v 3 OB OMREZ 2T,

FEATIRZE [1] CIRAMEE Z W TEHE L Tk
23, AR TIIAEE w ZHvw2s 2 & L ((6)
2. ANEELZ TG L 2856, Efrury
MEIAF¥y FAT 7 TR 5720, 713 X4
FolEhRimE L v Ry b aMER LA havE
CTLEY). REGEDOLEEIZLD (7), (8) XHD
d I3 & v Ry b odil L OO (K1 21)

B, dRRBEOME) bRECT 22 ETE DR
VIR A BB £ 5 ICEH L, S [1] ©

1 d=0.065[m] & LT/, KFETIE, dZzik

M EFET 74 LTRHI T EIZL, d=5
ICHEE L 7=,

Pt + At) = () + At (1) (4)

r;(t+ At) = (&;(t + At), g;(t + At)) (5)

i (t + At)

w = arctan(—=———= PROEWNY ) (6)

1@@+Aﬂ:fﬂﬁ+Aﬂ+dau (7)

vp(t+ At) =7t +At) —d - w (8)

3 2RTTREBEREONY DA

AWZETlE 4 TmEE OEfTu Ry b THEEEIT
(K1 &), BfTi%E 1] TlE28me A — ¥ v A
¥ —TEITTIuRy b THo7D, K TIEA
Xy FRATT7I V7LD 4lgTEfTT 520 ARy b
ZHEHT 2. EAOHIIZZNZIhRo X v icE
BoTTC, 20D —KRE—F %Oz aliE
S5, 20 o Al N EEHE LB E LT, 2
fifi & X —LF ¥ 27 —CIFHIANICERZER MM S 5

BER—NLF Y AT =03 oo TLE). 4HHD

B2 LEBMEDE C, BEPMMYH 2545 TH
2 Wi AT & MR, HRIEEE L CGEITOIAIRETH 5.

AR CHHT 2 v Ry MICiE tof Hilfie > &
ARXZ, 20DF—=F %%, A7k Raspberry
Pi Camera £ \29) A X 5T, bRy bDJfHE
BB LT3, tof Bl i3 EfTe Ay b
& BEDAEMR & D OfEEZ HIE L T3, ETH
MIEMANC 12, ETAIERD 6 /4 45° SHMIlz A
kv 2EHIC1OT D, A3 2ESEL v
%, tof R v E A X T B o N EHRE A
HALTETERY ME22ODY—RE—F —2HHh
LAETT 5.

3.1  {HARERE

AMATIFEBEOE T R Y ~ OEMTTE)Z B
T5., 20k, HEoOniy FEiFfloa Ry b
DXL & AA7IE 2 583k L 72 1 dud7e & 20w, g
RERFRICAE T % 4 X 7 1% Raspberry Pi Camera C
b5, AMETERIDAXZZMeTrRY b 1
KD fHFoner 2enhy 756, kg
DR EE & 2 7 R LT 5, EEEZ RO 288

-48 -



M1 fEAT 28T Ry F2E 2L RAEHE

12, ARTICESHEY 72D h v 7O 6 /)
ZHEEEHWT 74y T4 v BT 1,

3.2 HHZEFIRRRE & BRI MERREL

AT, WERREZIET 2 08D % 72
&, vRy MMIEEOME A2 BRI L TR 23
N B, BEDAMEA TV ABRICIE, ERGELE
19 72 I tof Bl > ¥ 63 o N B T —
OIF%Z (9), (10)XTkdD2, 22Ty =0.33
EL, 320 tof Hiffi ¥ 585N 2 HilET—
8 & GNE TR Z 1T [3). I T
ZHEHE LTIE, EEYIOEOVREEIS, X0 RIG
LT T80V,

de PRt vy Ot — 4, dp 135D
HilfE 2 > OElET— %, dp 134D v Y O
W7 — 4% Cdh 5. tof Hilfit ¥ 556 1 2
T — % DHALE [m] TH B,

dp, =dl xd;7

dp = d}, x djy " (10)

KIFFETIE, dp £72013 dg D302 LATIC % o 8
EZ2 DY Tdy & dg DIEDIKRE WA 0.3 R, H
77 100[%] CTH MRS 5. 2 O J5 sz HEITY
BAPERGEL & A2 T

4 FETER

AiftFeTlE, 2D F—FvHla—2, EToRy
k8 &M TETIRZ1T ). FMUDEEZNLE 2(m]
D, WHIDOEEZERE 1m] DFTTH 5. PIHHIRGE L
LG, a—RERIz4 B2REHRD ICEE, &) o4
B % EREEHR D ICHLE L CHEBRE (T, EfTFEERT
&, 2FEH D7 LY XL CTETI RS KT
3. 1OHO7 LY R4, HERSELO A TETT

X 2: Eiga—2%a—AhDE LS REEER
(O BIREFTIC S > T B 1REE)

Z7NAYALTHS. d, <0.2bL<Ikdgr <02
ThIuL, HEEELEZIT. 2SN OEAICILE
T MIER IS EITS 5.

2OHD T TY R4, 2 RICEEEE ER 7 L
Y RLTH D, A E AL AT
&, 2N OGEILET T IRIERNICEA, HFE
PREECHIMEHGL DTS, 87 A =%k a = 3.0[1/s],
a=0.15[m/s], #=8.0[1/m], b=0.3[m], ¢=1.0
TEBEEIT.

4.1 FHEAE
AEATIRBRIENE L & o 9 B P O R 12 3T
i ((11) ABM). (11) RHD8F R — 5 13 14
Afrr Ay b OMEME, ((min] @ FHIKFE, w[m] :
L 72— 2ADHEIETH 5.
l
” (11)
Fha— 2 (IX2) DA H 2 R D ER % FEAERR
L5, 2 OHMERAREE D (@R IR T %
LimEmEE 18l RKREEHE D (R EFRET) 1
9% LR +1 T 5,

5 SRERHER

WEBELD A & 2 RITH G EHER] 7L 3 X 4
TOETERITo 7, EBTIREEZERT VT 7 %2 3~
¥ 612K,

X3, K4D77 73870y b o LIFHED
BIfRIKICd 2. Bl [F5)], it i3 B 0rad)
Ths, M5 K6DTT7IEETERY b DR
ZAIC BT B a— 20l & OERHEEEZ £ L Tw»
% (UT R EELT2).

frate =

-49-



X 3D7 7 7 Tld, EEHR» K80 W E TIXEO
D77 7hEh TN o Tnws, Znidr Ry
PO TAA L TL B IRRETH 5. K9 80 LI 0
DB —ETH B 06, ZouaRy bIFFE
H D IEFTLTH S

%@ﬂﬂ@&f%ﬁLt% D777 THBHN 4
R L, EEKTETODT T 70 inhd- T
W5, 2 RITHGEMEEEREN 7V 3 A L TOETIC
R 2 EAREBETIRETH 5.

X326, 2 RITha#@EELER 7L 2 A LTI,
7 80 B LARECIRFEHII D ISEIT L T3, K524 %
&, EERBIERD 58 80 B % Tl 2 — AN %K 60cm
BEILCTWE I EXba5, Ziux, MNEETRHIC
fhoa Ry b EfEL WX S EE#ETEIE & o T
579, ROMEMPKELSEFHL T05. 80 L
W72, ROZABBAMEAICSH 2 Z Eh 6, fho
O Ry bz 278D e WETIRES LS 4

.%zm@u%io%%iﬁﬁﬁﬁgmt

HEPEELD A TET L 2 8& 1213 2 ROGHREmE
%ET»:uanm«f,%ﬁﬁTﬁifR@@
DRELEH LTS, AETHAT 22 —R1F
M2oMEa—2Thh, HIEWNEEIMEHI LD
SAEfTIRIZIX, a— AN IMIIcERET 5, T
zbt, 2ury PP -HATETL TW5DTIE

7K, WEEFIREIC > T B HREESE W ES
25, ZDXIIT, 0 RO 7Mifihe, E£fF

oXy ~OETIREZ FHT 2 2 EHRETH 5.
it 8 RO EfTREI DO FIgiiL, ML A

TRELT L7563 6.9, 2 RoukotEd ELER 71 )
RALTEITLESEEIZ 82 Lo, ODLIRETE

IR E N7, 2 RumEEERER 7 L3 XA
DS HHPERLELD A & R THREDSHM T 5

6 XE&HESBRDEE

AFFENZ AT E DMER E LT, v e D
AT DOMAEEE L, TRy MIAFX Yy PR
T 7 ORI 5 2 &5, 2 RytkEEERER 7 v
IV ALEFFE L. 2 HO7ILTY AL (2 K7
B EER 7 L ) XL, SEEELO 22179 7
LTV ALY CETSE, s s ) BE TR
HiTol, RERE LT, 2 RoukhouE g 7oL
D ALTIE, OSREITHEIFE S 12 72 D WPEHLGEL
DADIGE L W L THRENI NG 5. Aok
9 2 RICHOEEFERER 7L T XL DIF X —F 1
DS, D85 X —% 2L FEEZiT-C

JAYH VA N VAN W W . W

Tsime[s]

4 3: TR OBSEZIC 51T 5 fIEZ (2dov)

; NS \Vamyi

] AW -

® 7 /
TN N N

. VN N S
I e

4: FEATHORHZIC BT % fAEEE L (HPEHGEL)

o ‘
_in r‘NWfM/q ANal
e W UMV ]
o P U
0 50 100 _lrﬂime[SZO]O 250 300 350
%1 5: AT ORI 51 2 FROEM (2dov)
;: f\(\ (%/‘Wx, 'V\M (\'fuw ,N\ P JW” ]
N inEd I M‘f I
gmwaw Umwthhuvwww
o iy MU/ ;b%VVuU I
o I R ———— | !
0 50 100 _Flome[sziﬂ 250 300 350

6: TR ORI BT 5 FERROZAL (HkEEEL)

WE 7z,
S X Ek

(1] IS ft, ETERE, AMZR, —KuREm
EEa Ry b oI ENETES, 23k
SE & OB TR0 v E D A RE,
p63-p66, (2018)

[2] AVERERE, &KIIsER, LR, Kantorovic-
metric Z FH\>72 2 X6 OV K7+ DI O I
FEMRAEME DT, 58 22 [IZSHENE & H CEREDR,
TR VRY Y LG, PA1-44, (2016)

(3] #A51E, fBJVEY, A%, JERIP G EHE)S
Bu Ry b OXEM -1 T EETRAN DR &
Vi D 2 — AR, 5 26 MIEGER & HE
EXBIRI R D > v R L, (2020)

-50-



HBVELREZZEEBLI-I7olBRET LD Ial— g9

KiE AL, MD. Anowar Hossain!, A # 12

PN REFER R A B L R R — LRI
PN RFRFRE G T JEbe BR 5T EL 5250 Y

B
bRVEHEZBE L — V2 M—AD /LA — v R E i ET /L% Revised S-NFS E7 /L& KT
W U725 I VB R 2 BT B B OB VAT 7 Bl (23 U, iRl A IC AR A B2 ThE D174 L ERL,Z
DEFBITHENEFIEEEL AT T Em EOHE Z I THEZONAEWNOHBVELRO A ELRE T
TNAVZALEE AL ZOT NIYALERERDOEFRET T VIV N, il a2t G b6 2 et
LA R WD A Tho ThHBVIEIR A Z B LI- 7 — A TIIR 58 & O & MK T 97528

DGyt

Microscopic Traffic Flow Simulation Considering Threaten Driving Behavior

Fumi Sueyoshi!, MD. Anowar Hossain', Jun Tanimoto '+

! Interdisciplinary Graduate School of Engineering Sciences, Kyushu University

2 Faculty of Engineering Sciences, Kyushu University

Abstract

We establish a new microscopic traffic flow model considering threaten driving behavior based on Revised
S-NFS model, one of the Cellular Automata models. We define “threaten driving” as forcing a preceding
vehicle, which hampers the focal vehicle to accelerate, to change to a neighboring lane. This action, to the
focal vehicle, is triggered by the preceding distance and the relative velocity to the preceding vehicle. This
model is simulated to compare with two cases; the conventional lane changing strategy that is spired so-
called ‘incentive criterion” and the case simultaneously considering ‘threaten driving behavior’ and
‘incentive criterion’. As the result, the cases considering threaten driving show lower time-averaged
velocity and flux than the conventional case. Therefore, we conclude such a driving behavior can be said
as anti-social on the meaning that the entire social efficiency is pulled down.
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Effects of preliminary knowledge for exits and guidance on
evacuation in a social force model

Yu Sugiyama!, Daiki Miyagawa!, Genki Ichinose!

! Department of Mathematical and Systems Engineering, Shizuoka University

Abstract

In evacuation, efficient use of multiple exits is an effective way to shorten the evacuation time.
A previous study used a social force model where the information of exits among agents is
shared. It showed that the density of each exit becomes uniformed, and then the evacuation
time decreases. However, in a real situation, it is necessary for people to know the information
of exits in advance as well as to share the information with each other. Also, if people who know
the information in advance guide the evacuation, the whole people can evacuate quickly. In
this study, we examined the effects of preliminary knowledge for exits and evacuation guidance
on evacuation simulations using a social force model. The results showed that such knowledge
improved the efficiency of exit use and shortened the evacuation time. Moreover, the evacuation
guidance was most effective when the fraction of people who has preliminary knowledge of exits
is small.
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