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Using the cellular automata model, we numerically study the traffic dynamic in a single lane roundabout
system of four entry/exit points. The boundaries are controlled by the injecting rates oy, oz and the
extracting rate 8. Both the system with and without Splitter Islands of width Lg, are considered. The
phase diagram in the (o, 8) space and its variation with the roundabout size, Pagg (i.e. the probability
of aggressive entry), and Pt (i.e. the probability of preferential exit) are constructed. The results show

that the phase diagram in both cases consists of three phases: free flow, congested and jammed. However,
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as Lsp increases the free flow phase enlarges while the congested and jammed ones shrink. On the other
hand, the short sized roundabout shows better performance in the free flow phase while the large one
is more optimal in the congested phase. The density profiles are also investigated.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

To understand the traffic problems more thoroughly in mod-
ern society, many scientists in the fields of statistical physics
have carried out many studies with different methods such as
fluid-dynamical method, car following, and cellular automaton (CA)
[1-7]. The CA model developed by the Nagel and Schreckenberg
(NS) is intuitive and it can simulate complicated phenomenon (e.g.
congestion, accidents) observed in traffic flow, due to its simplicity,
flexibility, and its fast performance in simulations [1-3].

As an important factor in the traffic dynamics in the cities,
intersections have attracted the attention of researchers. The in-
tersections include traffic circle, roundabout, T-intersection, Y-
intersection, X-intersection [8-18]|. Among them, the roundabout
in particular has been widely studied [10-17], because it ensures
smooth mobility and has a larger capacity. Fouladvand et al. [10]
studied the waiting time of traffic caused by a roundabout on both
framework of car-following and CA models; Ding-Wei Huang [11]
has investigated the emergence of gridlock at a traffic roundabout
in the framework of CA model; Wang and Ruskin [12] propose a
CA model with Multi-stream Minimum Acceptable Space (MMAS)
to examine unsignalized multi-lane urban roundabout. Lakouari et
al. [13] studied the characteristics of the traffic flow at single-lane
roundabout as well as traffic circle using a CA model. Chen Rui-
Xiong et al. [14] studied the traffic dynamics in a roundabout with
inner-lane and outer-lane using a CA model.
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Usually, roundabouts have Splitter Islands, i.e. a painted or
raised area between two successive exit and entry points, used
to separate exiting from entering traffic, slow and deflect incom-
ing vehicles, and provide the opportunity for pedestrians crossing
the road in two stages, this issue has seldom studied in previous
works. In this paper, we investigate the traffic behaviors on round-
about system with Splitter Islands. Furthermore, the effects of the
roundabout size, the probability of aggressive entry P,z (i.e. when
vehicles ignore the priority rules at the entrance points), and the
probability of preferential exit Peyj; Will be studied. The paper is
organized as follows: Section 2 we explain the model. Results and
discussions are presented in Section 3. The conclusion is given in
section 4.

2. Model and method
2.1. Model

We consider one-dimensional closed chain of L cells (circulat-
ing lane) with four entry/exit points which are equidistantly lo-
cated respect to each other. The Splitter Islands of width L, is
designed between two successive exit and entry points. Vehicles
enter from odd-numbered points and exit from even numbered
ones. In the circulating lane vehicles move orderly and counter
clockwise. Fig. 1(a) shows the sketch of the roundabout model. To
describe the motion of a vehicle, we use the NS model [1]; where
all vehicles are handled in parallel during one time step according
to the four rules:

R1: Acceleration: Vj — Min(V; + 1, Viax)
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Fig. 1. (a) Sketch of the roundabout, (b) entry rule, (c) exit rule.

R2: Deceleration: Vj — Min(V;,d;)

R3: Randomization: V; — Max(V; — 1, 0) with the braking proba-
bility Pp.

R4: Movement: x; — xj + V;

Where V; and x; designate the velocity and position of the vehicle
j respectively. The maximum velocity and the headway are de-
noted as Vimax and d; respectively. In this paper we take Vmax = 2.

2.2. Priority rules for vehicles entry/exit roundabout

The rules of the roundabout give priority to the circulating flow.
To avoid conflict at the entrance, the incoming vehicle (i.e. vehicle
on the entry point) should yield to the cars in the circulating lane
and reduces its velocity. The incoming vehicle with speed Vi, =1
can enter the circulating lane with probability o1 or «y; if the
entrance cell (i.e. the cell that connects the entry point and the
circulating lane Fig. 1(b)) is empty and one of the following condi-
tions is fulfilled:

i. The oncoming vehicle (i.e. the leading vehicle on the circulat-
ing lane, in the left of entry point) uses the indicator when it
approaches to its desired exit direction.

ii. Otherwise, the incoming vehicle inspects the gap (dy) to the
oncoming vehicle; if dy > Vo + 1 vehicle enter the circulating
lane.

Here V, designates the velocity of the oncoming vehicle.

Simultaneously, an oncoming vehicle can leave the circulating
lane from its aimed exit point with probability g (i.e. there is no
other vehicle in the exit point) and if g, < V,, where g, is the
distance between the vehicle and its aimed exit. Otherwise, the
oncoming vehicle cannot leave the circulating lane with probability
(1 — B) (i.e. there is a vehicle in the exit point), here the oncom-
ing vehicle slow down and stop in the exit cell (i.e. the cell that
connect the exit point and the circulating lane) waiting to leave as
soon as the exit point will be empty (see Fig. 1(c)). The inclusion
of the exit probability 8 can be related to the traffic status in the
exit direction.

The exit point is selected for each vehicle with probability Peyit
(exit = 2, 4, 6, 8) upon entrance to the circulating lane and it re-
main unchanged.

2.3. Aggressive entry rule

We know that in real traffic aggressive entry commonly exists,
which means that there are some incoming vehicles ignore the pri-
ority rules to save time. For this purpose, we assume that cars
can ignore the entry rules with probability Pag; when two con-
ditions are fulfilled: first, the entrance cell is empty and second,
do <Vo+1.

3. Results and discussion

In this section, the simulation results are presented. The pa-
rameters L =40, Vmax = 2, P, =0 are used. The exit points are
chosen on an equal probability Peyjt = %. The results are averaged
over 40000 time steps after 5000 time steps for 80 independent
runs.

As a preliminary work, we consider the special case that there
is no splitter island, this means Ls, = 0. Also we assume that
o1 = . Based on the current in the circulating lane as an order
parameter, the phase diagram in the (o1, 8) plane is presented (see
Fig. 2(a)). The results shown that the traffic displays three different
phases. In phase I, the free flow state is reached, the vehicles can
move freely and the current in the circulating lane increases cor-
respondingly. However, in phase II the congested state is obtained,
here the current in the circulating lane decreases because the ro-
tary is dominated by clusters generated at exit points. In phase
Ill, the jams (i.e. the extreme congestion) appear in the entire cir-
culating lane because there are more vehicles than the circulating
lane can handle, here the current saturates. Note that both transi-
tions (i.e. from phase I to phase Il and from phase II to phase III)
are second-order transitions because the current is a continuous
function of the injecting rate o1 for a fixed rate g (see Fig. 2(b)).

It is interesting to point out that the maximum current phase
[19,20] cannot be reached due to the size of the system (i.e. shot-
sized system L = 40) as well the number and the rules of en-
try/exit (i.e. the incoming vehicle yield to the oncoming one and
each exiting vehicle select its destination with probability Peyit)
make the current on the circulating lane depend of the boundary
rates.

In order to get better insights into the traffic dynamics in those
different phases, we presented the density profiles of the round-
about with oy = oy (Fig. 3). In the free flow (Fig. 3(a)), the fluctua-
tion is observed, here the interactions among vehicles is extremely
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