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Characteristics of vehicular traffic flow at a roundabout
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We construct a stochastic cellular automata model for the description of vehicular traffic at a roundabout
designed at the intersection of two perpendicular streets. The vehicular traffic is controlled by a self-organized
scheme in which traffic lights are absent. This controlling method incorporates a yield-at-entry strategy for the
approaching vehicles to the circulating traffic flow in the roundabout. Vehicular dynamics is simulated and the
delay experienced by the traffic at each individual street is evaluated. We discuss the impact of the geometrical
properties of the roundabout on the total delay. We compare our results with traffic-light signalization schemes,
and obtain the critical traffic volume over which the intersection is optimally controlled through traffic-light
signalization schemes.
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I. INTRODUCTION important characteristics that distinguish the modern round-

Undoubtedly, traffic management is nowadays consideregbout from the nonconfqrming traffic circle, which doe; not
as one of the basic ingredients of modern societies and lardéve these characteristics. It has always been a subject of
sums are invested by governments in order to increase i@'gument whether to control an intersection under a signal-
efficiency. The rapidly growing volume of vehicular traffic ized or nonsignalized scheme via roundabouts. Apparently in
flow, limitations on expanding the construction of new infra- low-volume situations, nonsignalized methods seem to show
structure, together with unfavourable delays suffered in conbetter performance; whereas, in high-volume traffic, one has
gested traffic jams, are among the basic features which néo apply traffic light signalizatiorj20-24. The basic ques-
cessitate the search for new control, as well as optimizatiotion which arises is: Under what circumstances should one
schemes, for vehicular traffic flow. Inevitably, this task control an intersection by signalized traffic lights? To address
would not be significantly fulfilled unless a comprehensivethis fundamental question, we try to explore and analyze
survey of vehicular dynamics, within a mathematical frame-some basic characteristics of a typical roundabout, such as
work, is developed. This has motivated physicists to carryflow and delay, in order to find a quantitative understanding.
out extensive numerical, as well as analytical research, in thé what follows, we try to illustrate these fascinating aspects
discipline of traffic flow theory The statistical physicists through computer simulations.
contribution to the field has accelerated since 1990's when
computers prqvideq th(_e possibility of simqlating traffic_ flow Il. DESCRIPTION OF THE PROBLEM
through the discretization of space and time. Ever since, a
vast number of results, both analytically and empirically, has We now turn to discussing the simulation of traffic at a
emerged in traffic discipling1-13. Broadly speaking, the roundabout. A roundabout is a form of intersection design
traffic flow theory can be categorized into two paiftigh-  and control which accommodates traffic flow in one direc-
way trafficandcity traffic, and now there is vast literature in tion around a central island and gives priority to vehicles
both domains. In this paper, we focus out attention on awithin the roundabougcirculation flow). Let us first discuss
particular aspect of city traffifl4—19, the so-calledound-  the basic driving principles applied to roundabouts. In its
about We try to present a numerical investigation on con-most general form, a roundabout connects four incoming, as
trolling urban traffic via roundabouts. Traditionally, the con- well as four outgoing flow directions. In principle, each in-
flicting flows in urban areas were controlled by signalizedcoming vehicle approaching the roundabout can exit from
intersections. Ever since the installation of first traffic light in each of four out-going directions via making appropriate
New York in 1914, the subject of urban traffic and its optimal turning maneuvers around the central island of the round-
control has been intensively explored. Nowadays, the traffi@bout. Figure 1 illustrates the situation.
in most urban areas is controlled by signalized intersections. The rules of the road give the movement priority to those
Modern roundabouts have quite recently come into play asehicles which are circulating around the central island. The
alternatives to signalized intersections, which tend to controhpproaching vehicles should yield to the circulating traffic
the traffic flow more optimally and in a safer manner. A flow in the roundabout, and are allowed to enter the round-
roundabout is a form of intersection design and controlabout, provided that some cautionary criteria are satisfied. In
which accommodates traffic flow in one direction around athis paper, we only investigate a simplified version in which
central island, operating with yield control at the entry all the streets, including the circulating lane around the cen-
points, and giving priority to vehicles within the roundabout tral island, are assumed to be single lane. Let us explain the
(circulation flow). Yield-at-entry is the most important opera- entrance regulations in some details. Each approaching ve-
tional element of a modern roundabout, but it is not the onlyhicle to the entry points of the roundabout should decelerate
one. Deflection of the vehicle path and entry flare are als@nd simultaneously look at the leftward quadrant of the
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better performance. Conversely, in relatively low traffic vol-
ume it is likely to find a large space gdby fluctuation in

the circulating direction and, hence, the possibility of en-
trance for the block direction increases. This increases the
efficiency of the roundabout. The roundabout efficiency sig-
nificantly depends on the incoming fluxes of cars and statis-
tics of space gaps. The basic question raisetigler what
circumstance the self-organized control scheme becomes in-
efficient?In order to find better insight to the problem, we
have simulated the traffic flow and have investigated the
roundabout performance for various traffic situations and
geometrical sizes of roundabout. In the subsequent sections,
we present our simulation results.

Traffic approaching the
roundabout slows and
yields to traffic in the
circle

Arrows show the
direction of traffic
flow around the
circle

Central
Island

Ill. FORMULATION OF THE MODEL

In this section, we begin with the simplest flow structure
of the roundabout. In this case, the roundabout connects two
single-lane one-way to one-way streets. With no loss of gen-
erality, we take the direction of flows to be northward on
street A and eastward on street(®&e Fig. L Also we give
a permanent priority to the flow of street B, i.e., those cars
which are driving on street B can enter the roundabout with-
out any caution. On the contrary, the flow in street A should

roundabout. If there is a vehicle in this quadrant, then the/ield to the flow of street B. A-vehicles should observe the
approaching vehicle should come to a complete stop until thiield-at-entry rules. They are allowed to enter only by gap
inside vehiclés) leaves) this quadrant. The stopped car is fluctuations in the B-flow. Correspondingly, no delay is
only allowed to enter the roundabout provided that no vewasted for B-vehicles. In order to capture the basic features
hicle appears in its left side quadrant; otherwise, it has t®f the problem, we have simulated the traffic movement in
slow down and stop. The stopped direction can flow as soothe framework of bottcellular automataand car-following
as the front car finds no car in the left-side quadrant of theapproaches. In what follows, we briefly explain the models
circulating lane. rules and the numerical values of their parameters.

This is possible due to stochastic fluctuation in the space
gap of the flowing direction. Once such an appropriate space
gap has been found, the stopped car is allowed to enter the A. Modified Nagel-Schreckenberg cellular automata
approaching vehicles. Now we return to those vehicles whichyye giscretized in such a way that each street is modeled by a
are moving around the interior island of the roundabout,ne_gimensional chain divided into cells which are the same
Once a vehicle is permitted to enter the roundabout, it cong;, ¢ 44 4 typical car length. The circulating lane of the round-
gr:aupisnc?iqnog;”gr? tﬁgtlé}e::?:ghoeui-;%igz gi'gggoﬁx'éa%';ei%tt'gﬂbabout is also considered as a discretized closed chain. Time
vehicle moves a portion of the way around the E:entral islandirs assumed to elapse in discrete steps. We take the number of

cells to bel for both streets ant, for the interior lane. Each

These turning movements are classified as: Right-turn . .
straight ahead, left-turn and U-turn. For those who tend t ell can be either occupied by a car or be empty. Moreover,

make a U-turn, the whole circumference should be travelecgach car can take discrete-valued velocilieB, ... pmax TO
The interior vehicle can freely move around the roundabouP® More specific, at each step of time, the system is charac-
until it reaches the desired exit. The above-mentioned drivi€rized by the position and velocity configurations of the cars
ing rules establish a mechanism responsible for controllin@n each road. We note that due to the turning maneuvers, the
the traffic in conflicting points. This mechanism blocks anymaximum velocity of circulating cars should be reduced.
direction which is conflicting with a flowing one, thereby Here we assume that the maximum velocity for interior cars
producing waiting queues in blocked directions. In contrastakes the value of 40 km/h. The system evolves under a
to signalized intersections, intersecting streets througlgeneralized discrete-time Nagel-Schreckenlgbi) dynam-
roundabouts are controlled via a self-organized mechanisncs [25]. The generalized model incorporates the anticipation
of blocking. It is evident that in congested traffic situations,effects of driving habit§26]. It modifies the standard NS
where the in-flow rates are high, the probability of finding amodel at its second step, i.e., adjusting the velocities accord-
large space gap is low. This leads to global blocking of otheing to the space gap. We recall that due to the regular driving
directions, which in turn gives rise to the formation of pro- at the roundabouts, there is no need to use all aspects of the
nounced queues. model introduced irff26], such as adaptation time-headway,
In this situation, the roundabout performance is ineffi-brake-lights, etc. The implementation of the modified gap is
cient, and apparently, a signalized control strategy shows sufficient for our purposes here. Let us briefly explain the

A Typical
Roundabout

FIG. 1. A typical roundabout with yield-to-entry rules. Street A
is south—north and street B is a west—east one.
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updating rules which are synchronously applied to all the TABLE I. Model parameters and numerical values.
vehicles. We denote the position, velocity, and space gap

(distance to its Ieadlng cpof a typical car at discrete time Parameter Value Unit
by x¥, v and(g The same quantities for its leading car

are denoted by;~, b andg . Assuming that the expected Xneutral 25 m
velocity of the Ieadmg car, ant|C|pated by the one followmg, Xt 233 m
in the next time stept+1l takes the form uI Umax 17 m/s
—mln(gl ,vI Y), we define the effective gap ag —gm a 0.1 s
+ma)(U|(;m| gaRecureo) in which QaRecure is the mm'mal Chias 0.913

security gap. Concerning the above-mentioned consider- At 0.1 s

ations, the following updating steps evolve the position and
the velocity of each car.

(1) Acceleration:™3=min(v®+1,0mad, tion, the probability that the space gap between the car en-

(2) Velocity adjustmenty®23=min(g\s ¥, v ®1/3), tering the intersection horizon and its predecesson b

(3) Random breaking with probabilitp: if random<p p(n)=A"e™/n!, where the parametex specifies the average
thenv™Y=maxv™?¥-1,0), and as well as the variance of distribution function. The param-

(4) Movement :xD =x0 45D, eter 1A is proportional to the traffic volume. At the end of

The state of the system at tim¢ 1 is updated from that in  each time step, we evaluate the position of the most remote
time t by applying the modified NS dynamical rules. Let us car to the roundabout border and denote itxqy, We then
now specify the physical value of our time and space unitsdraw a random integer numbex, from the above-mentioned
The length of each cell is taken to be 5.6 m which is thePoisson distribution and create a newly entered car with
typical bumper-to-bumper distance of cars in a waitinQu,ey=vmax at Xpew=Xasr*N Provided the conditionk,e,<L
queue. Concerning the fact that in most of urban areas holds. Otherwise, the creation is rejected.
speed-limit of 60 km/h should be kept by drivers, we quan-
tify the time step in such a way that,,,=6 corresponds to
the speed-limit valuéaken as 60 km/h In this regard, each
time step equals 2 s; and therefore, each discrete increment A substantially different approach in modeling the vehicu-
of velocity signifies a value of 10 km/h which is equivalent lar movement is based on the idea that each driver controls
to a comfortable acceleration/deceleration of 1.4 m¥¥e  her speed under the stimuli received from the preceding car.
have also set the streets lengthslas70 cells and gap.  These car-following models are mainly formulated within
=1. We want to emphasize that the roundabout size, i.e., thédne framework of differential equations. Among various
circumference of the central island is a crucial parameter antypes of car-following modelgptimal-velocity(OV) models
should be carefully treated. At the end of each updating stefhave proven to successfully describe many realistic features
we evaluate the aggregate delay of street A. During the peof traffic flow [28,29. Here, we have considered a coupled-
riods of the flow of B-vehicles in the interior lane, the map version of the OV model introduced [B80Q]. In this
A-vehicles are hindered, and accordingly, should stop beforeoupled-map OV model, the vehicular dynamics is governed
the interior island; hence, a queue will be formed. As soon aby the following Newtonian-type differential equation:

a car comes to a halt, it contributes to the total delay. In order

to evaluate the delay, we measure the queue Igiig¢hnum- d_U(t) = aAfVorima AX(D)] - v(1)} (1)

ber of stopped caysat time stept, and denote it by the dt optima ’

variableQ. Delay at time step+1 is obtained by adding the
queue lengthQ to the delay at time step i.e. delayt+1)
=delay(t) +Q(t). This ensures that during the next time step,
all of the stopped cars contribute one step of time to the
delay. Let us now discuss the entrance of cars into the roun
about. So far, we have dealt with those cars within the hori-
zon of the roundabout which goes up to the boundary points Umax AX = Xneutral

located at sited. upstream from each incoming flow. It would Voptimal= o t 22— |+ Chias 2
be illustrative to discuss the entrance of cars into the round-
about. We take the distance of the boundary position to be 70 The model parameters have been calibrated to the empiri-
cells, equivalent to 400 m to the central island. The timecal data[29]. Their numerical values are shown in Table I.
headways between entering cars at this entry location vary in In Table I, At is the updating time interval for discretiza-

a random manner which consequently implies a random digion of the dynamical equation. We have chogdras 0.1 s
tance headway between successive entering cars. As a cdn-our simulation. Entrance of vehicles are analogous to the
didate for describing the statistical behavior of the randonCA formulation. Before turning to the simulation results, it
space gap of entering cars, we have chosen the Poisson digeuld be illustrative to discuss the nature of vehicular dy-
tribution. The Poisson distribution function have been usedamics at the roundabout. Contrary to traffic flow at high-
in a variety of phenomena incorporating the modeling ofways where interaction among vehicles gives rise to complex
“queue theoriesT27]. According to this distribution func- spatiotemporal traffic patterns, in the roundabout the traffic

B. Car-following approach: Optimal velocity

wherex(t) anduv(t) denotes the position and the velocity of

the vehicle at time, respectively, andx(t) is the space gap

to the preceding car. The vehicle tries to keep a gap-
Gdependent OV which is induced by the OV function. We

adopt the same OV function as [80]:

Xwidth
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FIG. 2. Velocity of the approaching car to the queue. The lower

inset graph shows the space-time diagram. The upper diagram FIG. 3. Velocity-time plot of four standing cars after being per-
shows the gap_vek)city curve: is chosen at 0.1. mitted to moVe(by the fluctuation of flow in the perpendicular

direction). « is set to 0.3. The inset shows the space-time trajectory

. . . f the pi i hicle.
flow is much more regulated. This regulation appears as the ' Ploneering venicle

result of traffic rules at the roundabout. Yield-at-entry makes
the vehicles slow down their speed in more or less the sam

manner. Our every day observation of traffic flow at rc’und'metric traffic states in which the traffic conditions are equal

abouts confirms this picture. Besides, the traffic VOlumefor both roads. In this case, we load the streets equally with

Clonty. A wil be seen from our resut, the effcient i flow 22PTOAChING cars, spatally separated by a random space gap

rates c,:ould be regarded, to a very good extent. as a free flo Poisson statistigfrom e_ach other. Figure 4 depicts the totall

(we describe this point,later in more detaxilﬁzérrespond- elay curves as a funpﬂon of average space gap of entering
cars\a=Ag=N\ for various roundabout sizes. Vehicular dy-

ingly simple models are sufficient to describe such an YNy amics is modified NS. All vehicles leave the roundabout

compllcated' vehicular dynamics. We recall .that when th.ealong the incoming direction viz. they are not permitted to
congestion is above the free flow, the vehicular dynamic
turns out to be so complicated that simple dynamics, such
normal NS types or even optimal velocity types, fail to re-

produce empirical observations. In those cases, one has t

fesults of 50 independent runs. Let us first consider the sym-

resort to realistic multiparameter models such as the three 50000
phase cellular automata model introduced by Kerner, Klenov,
and Wolf [31,32. A successful modeling of roundabout 0000l T

should be able to correctly simulate the braking of cars upon
reaching the queue. In Figs. 2 and 3, we depict the results 0@
a single car braking upon approaching to a queue. We as“E’
sume the car is driving at,,,,=60 km/h. Its initial distance =
to the queue is taken as 300 m. g
As can be seen, the car driveswgt,, up to a safe dis- ®
tance. After reaching this distance, it brakes. The braking
acceleration is comfort and is of order 1 m/$igure 3
shows the velocity-time diagrams of four vehicles stopped at
a queue from the momeiit=0) when the queue is allowed
to move. The results are consistent with everyday
experiences. 0

——&—— roundabout size= 28 cells
——— roundabout size= 32 cells
——=e—— roundabout size= 36 cells

20000

10000

20 25
Average space gap (cell length= 5.6 m)

IV. SIMULATION RESULTS )
FIG. 4. Total delay vs the average space gap of approaching cars

We let the roundabout evolve for 1800 time steps which isfor various sizes of roundabout. The vehicular movement is evolved
equal to a real-time period of 1 h. We have averaged theccording to the modified NS dynamical rules.
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turn right, left, or U-turn upon circulating the roundabout. 35000,
According to the graph in Fig. 4, the delay shows a rapid
decline for light traffic states. This marks the high efficiency
of roundabout in low-volume traffic situations. In the heavy
traffic situation, corresponding to short we see the rapid
increase of the delay. This is due to gridlocking in street A __ 25000
which appears as a result of scarcity in space gap ot2
B-vehicles. Roundabouts are designed in different sizes tc_"g’ 20000
serve various objectives and conditions. Even miniround-g,
abouts are effective at reducing speed and improving safetyg
Our simulation results confirm that roundabout size plays a‘g“ 15000
dominant role in its performance. Figure 4 suggests the
short-sized roundabouts operate more optimally. The reasol
is that for a short-sized roundabout, it would be easier for a
waiting A-vehicle to find an empty quadrant than the one in
a large-sized roundabout. This is due to fact the quadran 5000
length is shorter in small roundabouts and that statistics of

; 15 20 25 30
the headways in B-flow does not depend on the roundabou Average space gap (cells)
size.

30000

i1

/

——A—— Indicator off
o Indicator displayed

:
i

Walting time (s)

L

20 25
Average space gap (cells)

——e—— indicator off
A indicator displayed

10000

FIG. 5. Delay vs average space gap of approaching (sgrs-
A. Right-turn permission metric in-flowg for two cases of indicators displayed and @GS

At this stage, we remove parts of the restriction on the_dynamics). The right-turn probability is equal to 0.5 for approach-

exit direction and enable each car to leave the roundabout 49 cars of_both streets. The inset sketches the above conditions in
its first exit i.e., a right-turn. This implies that the south-north OV dynamics.

direction (street A is equipped with an extra south-bound

lane along which the incoming B-vehicle can leave the _

roundabout through a right-turn. Analogously, the approach- B. Left- and U-tun around the island

ing A-vehicles can leave the roundabout through the exit leg Let us now consider a more realistic situation. In its most
of street B via a right-turn maneuver. Therefore, for eachgeneral form, vehicles can enter from four directions, i.e.,
incoming vehicle, we assign a parameter which determinemorth, south, east, and west, to a roundabout. We denote
the vehicle’s decision to exit along the incoming direction orthese entries by ;S N;,, W;,, and E,, respectively. More-
leave the roundabout at its first exit by making a right-turnover, there are four exit directions denoted by,,SNyy.
maneuver. We denote this right-turn probabilitydyandog ~ W,,, and E,. Entering vehicles can exit from any of the
for incoming A- and B-vehicles, respectively. Before pro- outgoing directions by making an appropriate turning ma-
ceeding further, it would be illustrative to discuss the effectneuver around the central island. Let us assume that vehicles
of displaying indicators. By the usage of indicators, eachenter only from $ and W, but can exit from every out-
approaching vehicle can inform the others of his exit direc-going directions upon their decision.

tion. Displaying the right-indicator corresponds to the case in In this case, B-vehicles should also yield to traffic in the
which the driver intends to make a right-turn and leave theoundabout since those vehicles intending to exit from the
roundabout at the first exit. Those drivers who intend to exitS,,, have priority with respect to incoming cars from;W
straight ahead should not display their indicators. Indicatoentry, i.e., B-vehicles. Consequently, in this general case,
usage gives rise to an easier entrance to the roundabout andith B- and A-vehicles contribute to delay. Figure 6 exhibits
may seems that the usage of an indicator decreases the dhe overall delay for a 1 h performance as a function of
lays. Our simulation results, nevertheless, prove the contrargaverage space gap of entering vehigkeken equal for both
Figure 5 shows the waiting time for the symmetric situationincoming flowg for some choices of roundabout sizes. In the
in which the turning probability is taken equally as 1/2 for top graph, exit directions are chosen on an equal basis for
both A and B vehicles. Roundabout size is taken as 24 celldncoming carsPs=Pg=P,,=Py=0.25 and indicators are as-

In spite of a more convenient entrance to the roundabouwumed to be off. In the bottom graph of Fig. 6, the exit
by displaying indicators, Fig. 5 depicts that the impact ofprobabilities are chosen on a biased level. In the following
displaying an indicator increases the overall delay. This regraph(Fig. 7), we investigate the dependence of the overall
sult can be explained by the fact that although displayingdelay on the probability of exit direction in more details. We
indicators make cars enter the central island more conveassume there is a preferential exit direction while the remain-
niently, this leads to an increase of car density in the centrahg exit probabilities are the same. Total delay is sketched for
island. Since the circulating vehicles should move slower fosome choices of the preferred exit direction probabilities.
security reasons, this slows down the flow of B-vehiclesThe roundabout circumference is taken to be 24 cells and the
which intend to go straightforward. This slowing down af- in-flows are equal to each other.
fects the headway distribution of B-vehicles. It actually We see an interesting result. Under both NS and OV dy-
makes the headways shorter and this intensifies the blockingamics, the results predicts that over a certain traffic conges-
of A-flow and hence increases the delay. tion, the overall delay is minimized for the case where the
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35000 [+
50000 =
p— 30000 |
ao000 | ——=—— roundabout size = 24 cells 0
- A roundabout size = 28 cells o 25000k \ ——&—— straight forward prob= 1
% a0k \ ——e—— roundabout size = 32 cells £ s ——A—— straight forward prob= 0.6
2 N ——<—— roundabout size = 36 cells = ———»—— straight forward prob= 0.4
: 30000 g 200004 ——e—— straight forward prob= 0.2
q
% 25000 | ;
S 15000
20000 N
15000 10000 -
10000 E
£000 % 2
Average space gap (cells)
35000
50000
20000 ——m—— straight forward prob= 0.2
45000 <« ——»——— straight forward prob= 0.4
40000 \ —»—— straight forward prob= 0.6
_ roundabout size = 24 cells & 25000 ——<——— straight forward prob= 0.8
Z 35000 A roundabout size = 28 cells ° ——@—— straight forward prob= 1
g \ ——e—— roundabout size = 32 cells E 20000
E’ s000f ke < roundabout size = 36 cells E’
£ 25000 Na \ 2
$ © 15000
20000 (\ 2
|
— 10000
10000
L ) 5000
15 20 25 30 1 N 1 L L L 1
Average space gap (cells) 15 20 25
Average space gap (cells)
FIG. 6. Overall delay vs average space gapual for both FIG. 7. Overall delay in terms of in-flow for a fixed roundabout

streets. Exit probabilities are taken equal for all the exit directions size. Probability of forward exiting is varied. The probability of exit
(top). In the bottom graph, the probability of straightforward exit is from the remaining directions are taken to be equal to each other.
0.5 (preferential exit directionand the probability of exit from the The top graph corresponds to OV dynamics. The bottom graph is
remaining exit directions are equally taken as one-sixth. The graphbtained with NS dynamics.

has been obtained in NS dynamics.

about with fixed-time signalization strategy. Traffic volumes

straightforward exit probability is low. Within NS dynamics, are assumed to be equal for both streets. Furthermore, we
for light traffic states, the lower delay is achieved when thedssume that incoming vehicles cannot turn and should move

straightforward exit probability is high. This feature is not Straight ahead.

observed by OV dynamics.

V. COMPARISON TO OTHER CONTROLLING SCHEMES 35000

Let us now compare the roundabout performance with
signalized control methods of an intersection. This compari- 30000
son is our main motive for studying roundabout characteris-
tics. Let us replace the roundabout with an intersection with@ 54004
traffic lights. For simplicity, we consider the intersection of 2
two one-way to one-way streets which are assumed to direc=

. . . . =]
single-lane traffic flow. Basically there are two types of sig- £
nalization: Fixed-timeandtraffic adaptive We first describe ;
the fixed-time method. In this control scheme, the traffic flow ™~ 15000
is controlled by a set of traffic lights which are operated on a
fixed-cycle. The lights periodically turn green with a fixed
period(cycle length T. This period is divided into two parts:
in the first part, the traffic light is green for stre®t(simul-

LI (LN L

20000

10000

350001
300004\
——=—— roundabout (OV)
s 4~ roundabout (NS)
== —>»—— fixed-time
E 20000f P p
) \ ;’A\’b\,,’wn
B \ »”””>f—»,,*
£ 1s000f AL —>—
A
10000 |- 3 :\'\_\
% =
o0 N
L L Sy

5 20
Average space gap of street B (cells)

———— roundabout (OV)

—p—— fixed-time

A

roundabout (NS)

taneously red for streeB). This part lasts forT, seconds 5000
(Tg<T). In the second part, the lights change color and

15

20
Average space gap (cells)

movement is allowed for the cars of road B. The second part r|G. 8. In signalized controlling, the period of lights is 40 s and
lasts fromTj to T. This behavior is repeated periodically. In the green times are equally distributed to the streets. The inset de-
[33,34, we have shown that the optimal green time given toscribes an asymmetric situation in the in-flows. Average space gap
street A should be proportional to its in-flow rate. In Fig. 8, of approaching cars are fixed & =13 cells whilerg is varied.

we compare the performance of the corresponding roundRoundabout size is 24 cells.
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According to Fig. 8 in relatively light traffic states, char-
acterized by a large average space gap, a roundabout shows
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20000

organized manner. This result can be explained by noting% 25000

better performance and gives rise to lower delays. Con- 35000
versely, in more congested traffic situations, controlling the - -
intersection by signalized traffic light leads to better results. . F g [\ I ndabout (N8)
. . . . . [~ 2 —>—— intelligent scheme
Our simulation results give the critical in-flow rate below - 3 .
which the intersection should be controlled in a self- i e SR
- \\7*’\‘\*57—*,, N
y A —

that in sufficiently light traffic states, the approaching cars g \ ool ., R
can easily find the required space gap in the flow of conﬂict-‘c',',20000 r SheRme K o

= 1 L 1 1

18 2 22
Average space gap of street B (cells)

ing direction, hence, they can enter the roundabout withouts
spending much times, whereas in a signalized scheme the§
have to wait at the red parts of the signal even if the flow is
negligible in the conflicting direction. This proves that below
a certain congestion, the roundabout efficiency is higher thar
fixed-time signalized. We now discuss the traffic adaptive
controlling scheme in which the light signalization is adapted
to the traffic at the intersection. Nowadays, advanced traffic
control systems anticipate the traffic approaching intersec-
tions. These adaptive systems have the capability to dynami- _ )
cally modify the signal timing in response to fluctuating traf-  FIG. 9. Overall delay in terms of symmetric average space gap
fic demand. Traffic-responsive methods have shown a ver9f approaching vehicles. Roundabout size is 24 cells. The critical
good performance in controlling city traffic, and now a vari- cutoff length in adaptive strategy ls.=5. The inset describes an
ety of schemes exists in the literaty@8,24. There are vari- asymmetric situation in the in-flows. Average space gap of ap-
ous methods for the distribution of green times. In what fol-Proaching cars are fixed aj =13 cells whilexg is varied.
lows we try to explain some standard ones. In each schem
the green time of a typical direction is terminated if some
conditions are fulfilled:

Scheme (1)

The queue length in the conflicting direction exceeds Goundabouts is still under debate and many experts believe
cut-off valueL .. This scheme only adapts to the traffic states, y exp

that signalized intersections show a better performance in
on the red street. ? . .
most circumstances. To settle this debate, we have tried to
Scheme (2)

The global car density on the green street falls below thequantltat|vely explore the basic features of roundabout in

cut-off valuep.. Here the algorithm solely adapts to the traf- order to have b_etter insight into thg p_roblem. In' this Paper,
. . we have investigated the characteristics of traffic at an iso-
fic state in the green street.

lated roundabout in the framework of cellular automata and
Scheme (3)

Each direction is endowed with two control parameters gi:j-foalllr?;\lnr;% dm?hdeelse'r:fgrrr:;?\c%urg: ?ﬁé V\\llzr?::s ggvglgtzegf
and p.. The green phase is terminated if the conditiopfs: Y P b

) o roundabouts, the most important of which is delay. Our
<pc andL’= L, are both satisfied. simulation shows that overall delay is significantly affected
In scheme(3), the algorithm implements the traffic states Y g Y

in both streets. The superscripts’ and “g” refer to words by rou_ndabout size. Our 5|mulat|or_1$ gives th_e optimal size
e “ " . . for various traffic volumes. The major conclusion shows the
red” and “green” respectively. In Fig. 9, we present our

: . . . ... existence of critical congestion, dominated by the statistics
simulation results for some types of adaptive signalization

. f arrival space gaps, over which the intersection is made
schemes introduced above, and compare them to a self- - . o ; . .
. more efficient by signalization strategies. Below this traffic
organized scheme by roundabout.

Analogous to the fixed-time method, here we see that beqlemand, the optimal controlling method is unsignalized

. . . - roundabout. The critical demand is roughly 550 vehicles/h
low a certain traffic volume, roundabout is more efficient.

. . . orresponding to average gap of 21 celBur results shows
We note that in the adaptive scheme, the numerical value cf(ﬁat the implementation of different dynamical rules for ve-

critical \ is considerably reduced with respect to fixed—timehicular movement does not change general features of the
method. This is due to the advantage of adaptive schemesqjem . This supports the idea that, at least in noncongested
over fixed-time ones. This comparison has thoroughly beegjations, simple vehicular dynamics are able to simulate the
discussed irf34]. Fixed-time predictgby NS dynamics\c  generic aspects. In all of our graphs, we have not observed
=16 cells, while in the adaptive method it goesNg=21.  any substantial difference between the predictions of NS and
Predictions with OV dynamics give quite similar results with the optimal velocity models. In the efficient operation of
A shifted to 15 and 20 cells, respectively. roundabout, the space gap of entering cars are typically
100 m which ensures that the traffic is in free flow phase.
However, in this free flow traffic, it is not trivial which sig-
Traffic signal control is a central issue in the design ofnalization schemes acts more optimal. We have attempted to
advanced traffic management systems. In this regard, the middress this question by simulating the vehicular dynamics.

15000 ——=—— roundabout (OV)

——&—— roundabout (NS)
——»—— intelligent scheme

10000 -

50001 5

20 25
Average space gap (cells)

Erosimulation of city traffic could be of practical relevance
for various applications. Enthusiasm for safety and for the
high capacity of roundabouts has resulted in a huge increase
in the number of roundabouts. Nevertheless, the efficiency of

VI. SUMMARY AND CONCLUDING REMARKS
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In a more realistic situation, the flow can circulate around theena arise which we are currently exploring. Finally, we wish
central island via an additional lane. The interior lane shouldo say a few remarks on the role traffic demand fluctuations.
be used by those vehicle intending to make left or U-turnsQur results have been obtained under the assumption of
while the exterior one should be taken by those drivers wh@ather uniform in-flow statistics. However, the flexibility of
tend to turn right or move straightforward. The second intesignalized or the roundabout schemes under strongly fluctu-

rior lane may drastically change the behavior of displayechting demand has to be explored in more detail. The work
indicators thus leading to an improvement in the delay. In thyong this line is in progress.

present case of single-lane circulations, our simulations im-
ply that the injection of vehicles from more than two entries

leads to gridlocking and growing delays. This effect is due to
the saturation of circulating flow which hinders the incoming

fluxes. The implementation of additional interior lane will  The authors would like to express their gratitude to
certainly remove the blocking and give rise to realistic re-Gunter M. Schiitz for bringing this problem to their attention
sults. In this general situation, roundabout performance unand for his fruitful discussions. They also wish to thank
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