International Journal of Transportation Science and Technology 22 (2026) 213-230

international Journal of

Contents lists available at ScienceDirect i.E:s'Ei"@x,s =
International Journal of Transportation Science —
and Technology o

journal homepage: www.elsevier.com/locate/ijtst

Research Paper

COM-Roundabout: the first smart commutable and self-
regulating roundabout for HDVs and CAVs i

Marco Guerrieri *, Masoud Khanmohamadi

Department of Civil, Environmental and Mechanical Engineering (DICAM), University of Trento, Via Mesiano 77, Trento 38123, Italy

ARTICLE INFO ABSTRACT

Affidﬁ history: In the last decades, many new types of roundabouts and traffic regulation systems have
Received 31 December 2024 been introduced in several countries. However, some issues related to their performance
Received in revised form 20 February 2025 and safety remain. This article presents a new concept of self-regulating smart roundabout

Accepted 3 April 2025

Available online 11 April 2025 recently ideated: the commutable roundabout (COM-Roundabout), where the number of

active entry and circulating lanes is dynamically adjusted in real time, depending on the
measured traffic demand intensity. The COM-Roundabout utilizes vehicle and queue detec-

Ié?l’l V:Z:Ijj(;ut tors, smart cameras, light-emitting diode (LED) road markers, and variable message signs
Commutable roundabout (COM- (VMSs) to guide traffic into appropriate lanes dynamically. Performance in terms of capac-
Roundabout) ity, delay, level of service (LOS) and predicted accident rates is evaluated in many traffic
Capacity and safety scenarios, based on an extensive dataset of one million origin-destination (O/D) traffic
Smart road matrices (Mo)p), considering both human-driven vehicles (HDVs) and cooperative autono-
Traffic control system mous vehicles (CAVs), applying robust and widely used estimation methods (HCM and

HSM models). This research demonstrates that the COM-Roundabout could be used to opti-

mize real-time performance (e.g., capacity and LOS) and safety thanks to the numerous lay-

outs and traffic control programmes adaptable to specific traffic conditions.

© 2026 Tongji University and Tongji University Press. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

1 Introduction

Intersections play a crucial role in the functionality and safety of all road networks. Usually, road intersections are clas-
sified into two-way stop control, all-way stop control, signalized, and roundabout (Arshi et al., 2018; MUTCD, 2023). A
roundabout is a type of at-grade intersection that has been shown to enhance safety compared with other unsignalized inter-
sections (Orsini, et al., 2019). Extensive research demonstrates that under specific traffic demand levels, roundabouts can
reduce delays and congestion (Burdett et al., 2017). Safety is improved by the geometric layout, which reduces the number
of conflict points with respect to the other unsignalized intersections (Persaud et al., 2001), as well as by the moderate travel
speed of each maneuver. Safety analyses obtained from crash data have shown that converting unsignalized intersections to
roundabouts is associated with a remarkable reduction in fatal accidents of about 65% and a reduction in injury accidents of
about 40% (Elvik, 2017). Also, converting signalized intersections to roundabouts can produce a significant reduction in both
total and injury crashes (Gross, et al, 2013). While roundabouts generally improve safety, their integration into a road net-
work requires accurate capacity predictions, which is the most important performance measure for predicting delay, queue,
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and level of service (LOS) (Chen and Hourdos, 2018). There are different definitions of roundabout capacity but the most used
is related to the maximum value of flow that an entry can accommodate during a set time interval. Capacity depends mainly
on the circulating flow around the roundabout that conflicts with the entry flow, geometric layout, and drivers’ behavior.
Most of the used capacity models are either analytical, founded on the so-called gap acceptance theory, or empirical regres-
sion that employs observed geometric and traffic flow variables (Al-Madani, 2022). In addition, capacity and other measures
of effectiveness (MOEs) can be assessed from microscopic traffic simulations by using commercial software like Aimsun, Vis-
sim and Sumo, which are founded principally on the car-following theory. However, microscopic traffic simulations involve
several phases (Barcelo, 2010) including: (1) project scope; (2) package selection; (3) data assembly and input; (4) verifica-
tion and calibration; (5) alternatives analysis and conclusions.

In 1966, modern roundabouts were introduced in the road traffic act in the UK and, in successive decades, rapidly adopted
in European countries and other places worldwide. Modern roundabouts can be classified into single and multi-lane round-
abouts. The single-lane roundabout presents a single-lane entry at all arms and one circulatory lane. Instead, multi-lane
roundabouts have entries and/or circular carriageways with more than one lane. There are at least the following additional
types (Guerrieri et al., 2015).

« Rotaries: Rotaries are an old-style large circular intersection where weaving sections along the circulating carriageway
are required between intersection arms. Entry, exit, and circulating speeds are high due to the large diameter of the cen-
tral island (National Cooperative Highway Research Program, 2010).

« Signalized roundabouts: Traffic signals are used to control one or more entry-circulating traffic flows. Queue storage
segments within the circulatory and entry lanes are therefore required.

« Neighbourhood traffic circles: Neighbourhood traffic circles are roundabouts used at the intersections of local streets for
reasons of traffic calmig and/or aesthetics (National Cooperative Highway Research Program, 2010).

o Turbo-roundabouts: The lanes are usually physically delimited—at entry, exit and on the ring—by insurmountable curbs.
Such a peculiarity allows turbo-roundabouts to give rise to a lower number of potential conflicting points, a lesser driving
speed, and safety improvement compared with multilane roundabouts but lower capacity (Gallelli et al. 2016).

o Signalized turbo-roundabouts: Traffic signals are implemented to control one or more entry-circulating traffic flows
(Bai, et al., 2021).

o Spiral-marking roundabouts: Spiral-type markings are depicted on the road pavement to illustrate the rules that vehi-
cles exiting a roundabout have priority over vehicles in the outer circulating lane, and circulating vehicles have priority
over any approaching vehicles (Wong, et al. 2012).

o Flower-roundabouts: Flower-roundabouts include a roundabout with two lanes at entries, two lanes at exits and a ring
lane which makes right-turning vehicles get onto a free-flowing right-turn bypass lane and not into the ring lane (Tollazzi
et al.,, 2011; Tollazzi, 2015).

Choosing the proper type is a substantial concern in the planning phase of building a roundabout. Many studies have
elaborated selection criteria for layout and traffic control systems, considering several traffic levels and other boundary con-
ditions. Some research proves that roundabouts with signal control offer superior performance with high traffic demand
levels than unsignalized ones. Regarding fully signalized roundabouts, two main control types are commonly used: leg-
by-leg control and twice-stop-left-turn control (right-hand driving system) (Yang et al., 2004). However, for various reasons,
single and multilane roundabouts remain the most used roundabout types (Tollazzi, 2015). Single-lane roundabouts gener-
ate lower conflict points and vehicle speeds, but capacity is relatively low (Brilon, 2005); instead, increasing the number of
entry and circulatory lanes may increase the capacity but cause some key problems. For instance, the inner circulating lane is
often under-utilized, and the number of conflict points increases, which increases the number of accidents. To overcome
these problems, the novel commutable roundabout (COM-Roundabout) was designed (Guerrieri, 2024a,b). This is a com-
mutable smart roundabout in which the number of usable entry and circulating lanes is not fixed, as in the aforementioned
roundabout types, but can be modified in real time, depending on the traffic demand level. Thanks to the use of vehicle
counting systems and smart cameras, light-emitting diode (LED) road markers, and variable message signs (VMSs) (Lagoa,
et al., 2024; Wu et al. 2024) installed on arms and circulating carriageways, the traffic streams are channelled into different
lanes depending on the traffic flow rates and the desired minimum LOS at entries and the whole roundabout. This research
introduces the concept of COM-Roundabout, considering both safety and performance in many traffic situations, taking into
consideration the effects of human-driven vehicles (HDVs) and cooperative autonomous vehicles (CAVs) (Anagnostopoulos
and Kehagia, 2020; Chalaki et al, 2020; Tumminello et al., 2024). Because of its features, it is arguable that COM-Roundabouts
could be incorporated into traditional and smart road infrastructures (Guerrieri, 2021; Vidyarthi et al., 2023) to alleviate con-
gestion phenomena and safety issues. The results from this research in terms of MOEs and safety (estimated with well-
known and largely used analytical models) show the potential advantages of this novel type of roundabout compared with
traditional ones.

The rest of the article is organized as follows. Section 2 presents the main technical characteristics of the novel COM-
Roundabout. Sections 3 and 4 describe the models used for performance and safety analyses. Section 5 briefly describes
the input data used for the performance and safety simulations. In Section 6, results and discussion are presented. Finally,
the conclusions of this study are summarized in Section 7.
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2 COM-Roundabout: basic characteristic

Due to their simplicity, traffic regulation systems, construction and maintenance costs, and safety and capacity levels, sin-
gle and multilane roundabouts are widely used in urban and extra-urban road networks.

Single-lane roundabouts offer significant safety advantages because they have few conflict points between traffic streams,
and their geometry forces drivers to moderate their speeds. On the other hand, they offer relatively low capacities, and must
be used only for modest traffic demand. In contrast, multi-lane roundabouts have much greater capacities than single-lane
roundabouts, but give rise to more accidents.

The COM-Roundabout integrates the advantages of single and multi-lane roundabouts while mitigating their limitations
(Fig. 1).

The COM-Roundabout is a flexible and smart roundabout that combines and maximizes the positive aspects of single and
multi-lane roundabouts while minimizing their defects. Depending on the intensity and distribution of traffic (measured by
vehicle detectors and smart cameras) among arms, each entry and the corresponding circulating carriageway can be auto-
matically and in real-time modified in terms of the available number of lanes. Vehicle and queue detectors must be posi-
tioned at the most appropriate section of the legs because this can impact the duration of queues at each entry. In this
regard, the manual of traffic roads and use management (TRUM, 2022) indicates installing vehicle counting systems (e.g.,
inductive loop detectors) at certain stopping distances from the upstream of the stop or yield line (e.g., 35 m for a 50 km/
h speed limit and 40 m for a 60 km/h speed limit) (Assolie et al., 2023).

In brief, the system works as follows (Fig. 2):

- Current traffic flow and queue length are extracted from smart video camera streams and vehicle detectors;

- The traffic flow is calculated, the origin-destination (O/D) traffic matrix and psycho-technical users’ parameters (critical
time and follow-up time) are estimated, the flow at the COM-Roundabout is optimized based on the worst admissible LOS
of each entry (set by the road operator), and the scenario is chosen according to Table 1;

- The controller communicates to the neighbouring VMS and LED road markers to indicate what lanes are activated;

- the layout scenario is updated every few seconds, and may change based on the estimated current O/D traffic matrix and
desirable LOS;

- VMS and LED road markers indicate information for users to channel traffic steams correctly into entering and circulation
lanes.

When traffic flows are low, LED road markers and VMS direct vehicles to a single lane (at the entries and on the ring). In
this case, the COM-Roundabout works as a single-lane roundabout (Fig. 1(a)), and minimizes the risk of accidents, offering
capacity values sufficient to accommodate the traffic flows arriving at the intersection.

Vehicle detector = Vehicle detector

Controller 4 Controller

—— VMS and smart cameras —— VMS and smart cameras

LED road marker LED road marker

VMS

< VMS
(at entries and circulating carriageway)

(at entries and circulating carriageway)

Entry lanes Circulating lanes o
(@) (®)

Fig. 1 COM-Roundabout: (a) Traffic rule A, where only one entry lane and one circulation lane are active for each entry, and the COM-Roundabout works as a
single-lane roundabout; (b) Traffic rule B, where for each entry, two lanes and two circulation lanes are active, and the COM-Roundabout works as a double-
lane roundabout.

Entry lanes Circulating la
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The cycle repeats at preset time intervals

Traffic flow and queue length are extracted in real time from
smart video camera and vehicle detectors

-
O/D traffic matrix and psychotechnical parameters (¢, and #;) are
estimated
b2
The system optimizes capacity and safety based on the
admissible LOS of each entry (set by the road operator)

b <

The layout scenario is chosen, and the command is sent to the
controller of VMS and LED road markers

h =
Specific entry and circulating lanes are activated or inactivated | -

= Vehicle detector
4 Controller

~— VMS and smart cameras

* LED road marker

VMS
(at entries and circulating carri

|

Entry lanes Circulating lanes

Fig. 2 Operation flowchart of the COM-Roundabout works.

When traffic flows increase, the activation of more lanes is required, and the system is switched to a multi-lane round-
about (Fig. 1(b)), with a consequent increase in capacity and reductions in delays and queues.

There are many other scenarios between these two extreme cases, as shown in Table 1. From time to time, depending on
the situations present, each arm can work autonomously. So, there could be entries with only one active lane and others with
two active lanes. Theoretically, this same procedure can concern the circulating lanes: the active or inactive ones could differ
depending on the entry considered and the required capacity. Unlike signalized roundabouts, the COM-Roundabout regu-
lates traffic without stopping vehicle flows. In short, the COM-Roundabout is an adaptive roundabout that regulates itself
to changing traffic conditions, thus optimizing both the system’s capacity and safety. In addition, in future traffic scenarios,
CAVs will automatically deviate vehicle trajectories to the proper lanes employing a management area (MA). So, CAVs will
give kinematic data to the COM-Roundabout manager, including their instantaneous position, speed, and acceleration, and
receive the trajectory to follow according to the activated lanes (Mohebifard and Hajbabaie, 2022).

3 Performance analysis models

Capacity is a key factor in designing and analyzing all transportation systems (Corriere et al., 2013; Guerrieri & Ticali,
2012). In particular, capacity is the fundamental MOEs for the performance assessment of roundabouts. The other MOEs,
such as delays, queues, and LOSs, are functions of capacity and, therefore, can be estimated once the capacity is calculated.
However, Capacity can be defined in various ways (Mauro, 2010; Guerrieri, 2024a,b).

o Entry capacity (EC) is the lowest entering flow value from an entry that produces the constant existence of vehicles queu-
ing up to enter the circulating carriageway;

o Simple capacity (SC) is the initial value of capacity that is reached at one entry for a steady increase of the traffic demand
and for a fixed proportion of the traffic streams at the road intersection;

e Total capacity (TC) is the sum of the flows entering from entries, equivalent to the capacity of the corresponding entries
for a given proportion of the traffic streams at the road intersection.

SC and TC are derived from the EC, which is generally estimated by gap acceptance traffic models, as the model presented
in the current version of the highway capacity manual (National Academies of Sciences, Engineering, and Medicine, 2022).
The gap acceptance models have a general form as follows:

Ci :f(qc,ivtcvtf)a (1)

where capacity c; is the entry lane capacity of the i-th arm, q.; is the circulating flow in front of the i-th arm, t is the critical
gap, and t¢ is the follow-up time. The letters are the so-called psychotechnical parameters of users, which must be derived
from real traffic data using particular estimation procedures like the Drew, Raff, Ashworth, and Miller techniques (Mauro,
2010). The capacity model suggested by the HCM is derived from the Siegloch model (Siegloch, 1973):

¢ = Ae B, )
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Table 1
Scenarios related to the activation or inactivation of entry and circulating lanes at COM-Roundabout (Ac: lane active, I: lane inactive).

Scenario  Entry No. 1 Scenario Entry No. 3

One circulating lane Two circulating lanes One circulating lane Two circulating lanes

Second entry lane Second entry lane Second entry lane Second entry lane

Arm  Arm Arm Arm  Arm Arm  Arm  Arm Arm Arm Arm  Arm  Arm Arm  Arm  Arm

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
S1 [ I I I I 1 I 1 S29 I 1 I 1 I I I I
S2 Ac I I I Ac I I I S30 Ac I I I Ac 1 I I
S3 Ac Ac I I Ac Ac I I S31 Ac Ac I I Ac Ac | I
S4 Ac Ac Ac I Ac Ac Ac 1 S32 Ac Ac Ac 1 Ac Ac Ac I
S5 Ac Ac Ac Ac Ac Ac Ac Ac S33 Ac Ac Ac Ac Ac Ac Ac Ac
S6 I I I Ac 1 I 1 Ac S34 1 I I Ac I 1 1 Ac
S7 | I Ac Ac I | Ac Ac S35 I | Ac Ac I I Ac Ac
S8 I Ac Ac Ac 1 Ac Ac Ac S36 1 Ac Ac Ac I Ac Ac Ac
S9 Ac I Ac Ac Ac I Ac Ac S37 Ac I Ac Ac Ac 1 Ac Ac
S10 | I Ac I I 1 Ac I S38 I 1 Ac I I I Ac I
S11 | Ac Ac I I Ac Ac I S39 I Ac Ac I I Ac Ac I
S12 I Ac Ac Ac I Ac Ac Ac S40 1 Ac Ac Ac I Ac Ac Ac
S13 I Ac 1 I 1 Ac I I S41 1 Ac I I I Ac I I
S14 Ac Ac 1 Ac Ac Ac I Ac S42 Ac Ac I Ac Ac Ac I Ac
Scenario  Entry No. 2 Scenario Entry No. 4

One circulating lane Two circulating lanes One circulating lane Two circulatingV lanes

Second entry lane Second entry lane Second entry lane Second entry lane

Arm Arm Arm Arm  Arm Arm Arm  Arm Arm Arm Arm  Arm  Arm Arm  Arm  Arm

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
S15 1 I I I I 1 I I S43 I 1 I I I I [ I
S16 Ac I 1 I Ac I I 1 S44 Ac I I 1 Ac 1 1 I
S17 Ac Ac I I Ac Ac I I S45 Ac Ac I I Ac Ac | I
S18 Ac Ac Ac I Ac Ac Ac 1 S46 Ac Ac Ac 1 Ac Ac Ac I
S19 Ac Ac Ac Ac Ac Ac Ac Ac S47 Ac Ac Ac Ac Ac Ac Ac Ac
S20 I I 1 Ac I I I Ac S48 I I I Ac I 1 I Ac
S21 1 I Ac Ac I I Ac Ac S49 I I Ac Ac I I Ac Ac
S22 1 Ac Ac Ac I Ac Ac Ac S50 I Ac Ac Ac I Ac Ac Ac
S23 Ac I Ac Ac Ac I Ac Ac S51 Ac I Ac Ac Ac I Ac Ac
S24 1 I Ac I I I Ac I S52 I I Ac I | I Ac I
S25 1 Ac Ac I I Ac Ac I S53 I Ac Ac I I Ac Ac I
S26 I Ac Ac Ac 1 Ac Ac Ac S54 1 Ac Ac Ac I Ac Ac Ac
S27 I Ac I 1 I Ac I I S55 I Ac I I 1 Ac 1 I
S28 Ac Ac 1 Ac Ac Ac I Ac S56 Ac Ac I Ac Ac Ac I Ac

A 3600 , 3)
te
te—4%
B 3600° 4)

As shown in Fig. 3, the values of t; and t. strongly influence the EC, and therefore, it is essential to use appropriate and
reliable values of these parameters during the performance analysis of new or existing roundabouts. Generally, a reliable
estimate of the psychotechnical users’ parameters is obtained through a statistical investigation of traffic data. However, this
leads to identifying fixed values of t; and t., which are then used as the basis for the performance analysis of roundabouts.
Instead, t. and t; can vary over time, and therefore, the capacity of the entries can change significantly and continuously even
with the same q.; value. Consequently, traffic conditions or users different from those present in the samples used to esti-
mate t. and t; can produce distorted results of capacity and, therefore, of LOS. From this point of view, the use of smart cam-
eras in the COM-Roundabout along with the image processing techniques, e.g., deep learning algorithm, for vehicle
identification and tracking (Guerrieri et al., 2012; Guerrieri et al., 2013) may potentially allow a continuous evaluation of
tr and t. (cf. Fig. 2) by adopting specific assessment techniques such as the Drew, Raff, Ashworth, and Miller methods
(Mauro, 2010), and then produce a more accurate estimation of the COM-Roundabout capacity over the time.
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Fig. 3 EC variations as a function of circulating flow, critical gap, and follow-up time: (a) t;= 2.5 s and t. = 2.5-5.0 s; (b) t = 5 s and t; = 1.75-3.00 s.

3.1 Entry and TC estimation

In this research, the HCM procedures are implemented and considered for the following main scenarios of the COM-
Roundaboutand (cf. Table 1) under the hypothesis of traffic composed of light vehicles only.

e Scenario a: The COM-Roundabout is configured as a single-lane roundabout (single entry lane conflicted by one circulat-
ing lane). The equation for estimating the EC is (National Academies of Sciences, Engineering, and Medicine, 2022):
¢ = 1380e(-102107)4ci (5)

where ¢; is the lane capacity (veh/h) and q.; is the conflicting flow rate in front of the arm i (veh/h).

e Scenario b: The COM-Roundabout is configured with two-lane entries conflicted by one circulating lane. The capacity of
each entry lane conflicted by one circulating lane is (National Academies of Sciences, Engineering, and Medicine, 2022):
¢ = 142080911074, (6)
in which all variables are previously defined.
e Scenario c: The COM-Roundabout is configured with One-Lane Entries Conflicted by Two Circulating Lanes. The capacity
of each entry is (National Academies of Sciences, Engineering, and Medicine, 2022):
;= 1420e(-085107)4c;. (7)
where q.; is the total conflicting flow rate of both circulating lanes in front of the arm i.
e Scenario d: The COM-Roundabout is configured with two-lane entries conflicted by two circulating lanes. The capacity of

the right and left lanes at entries are computed as follows (National Academies of Sciences, Engineering, and Medicine,
2022):

Cig = 1420e(08510)ac 8)

CiL = 13508l 092104 9)

where c;r and c;; are the capacity (veh/h) of the right and left entry lanes of the i-th arm, respectively, and q.; is the total
conflicting flow rate (veh/h) of both circulating lanes in front the i-th arm.
The EC can be estimated by

Cir +CiL
max <q eiR . 4 e.i.L) ’

Cir 7 CiL

Ci = (10)

where ¢ ;g and ge;; are the entry flows from the right and left lanes, respectively.
Finally, when all the entry lanes of the COM-Roundabout are under unsaturated conditions, the TC Crot of the roundabout
can be calculated with the relationship:
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N
Cror= Y ¢, (11)
i=1
where ¢; is the capacity of the arm i-th, and N is the number of arms (for the case under consideration N = 4).
3.2 Delay, queue, and LOS estimation
It is well known that when the entry flow reaches or exceeds EC, significant delays, queues, and congestion can occur

(Assolie et al., 2023). According to the HCM procedure (National Academies of Sciences, Engineering, and Medicine,
2022), control delay and queue of each lane of a roundabout approach are estimated by

3600 , 3800 .
d_T+900~T~ Xx—1+4/(x-1) +t 50T +5 - minfx, 1], (12)

where d is the average control delay of the entry lane under consideration (s/veh), x is the volume-to-capacity ratio (i.e., the
ratio between the entry flow and the EC) of the subject lane, c is the capacity of the subject lane (veh/h), and T is the time
interval period.

The control delay d; for the i-th approach with two lanes (right and left) is calculated by computing a weighted average of
the delay for each lane on the approach, weighted by the volume in each lane, namely:

deirQeig +deirqeir

d: = , 13
1 qeLR‘+ qeiL ( )
where de g deir Geir and qe;p are the delays and entry flows from right and left lanes, respectively.
Finally, the control delay for the entire intersection (dj,) is estimated as:
N
2o di - e
dipe =2 (14)
z:qai
i=1

in which qe; is the entry flow from the i-th arm.

The LOS is determined as summarized in Table 2.

The 95th percentile of queue Q for a given lane on an approach is calculated as follows (National Academies of Sciences,
Engineering, and Medicine, 2022):

3600 . y c

- T |x— 12 T .=
Q=950-T {x 14+14/(x 1)+15O~T 3600 (15)

where Q is the 95th percentile queue (veh), x is the volume-to-capacity ratio of the subject lane, c is the capacity of the sub-
ject lane (veh/h), and T is the analysis period (h) (T = 1 for a 1 — h analysis; T = 0.25 for a 15-min analysis).

3.3 Effect of CAVs

Due to the smaller acceptable gaps, the presence of CAVs in traffic streams can increase the roundabouts’ capacity. The
potential benefits in terms of capacity, delay, queue, and LOS increase more and more with the increase in the proportion of
CAVs in traffic streams. This effect can be clearly appreciated by the model and adjustment factors for CAVs proposed by the
Highway Capacity Manual 7th Edition (National Academies of Sciences, Engineering, and Medicine, 2022). The general form
of the EC model in the presence of CAVs is (National Academies of Sciences, Engineering, and Medicine, 2022):

G = fr-A-eTib, (16)

Table 2
LOS as a function of control delay.

Control delay/(s-veh™1) LOS

volume/capacity < 1 volume/capacity > 1

X =

0-10 A

10-15 B

15-25 C

25-35 D

35-50 E
F

X =
F
F
F
F
F
>50 F
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where c¢; denotes the entry lane capacity, adjusted for CAVs; A is the intercept parameter, B is the slope parameter, q.; is the
conflicting flow rate, f, is the adjustment factor for the intercept parameter, and f3 is the adjustment factor for the slope
parameter.

Table 3 gives the values of A and B to consider the appropriate combination of the number of entry lanes and conflicting
circulating lanes. The capacity adjustment factors for CAVs, obtained based on microsimulations, are given in Table 4.

Figs. 4-7 show four different operational scenarios of the COM-Roundabout, i.e., Scenario a (a single-lane roundabout,
Fig. 4), Scenario b (one-lane entry conflicted by two circulating lanes, Fig. 5), Scenario ¢ (two-lane entry conflicted by one
circulating lane, Fig. 6), and Scenario d (a two-lane entry conflicted by two circulation lanes, Fig. 7).

Each is characterized by an identical number of active lanes at the entries and on the ring on each arm. The inactive lanes
are indicated in the VMS panels and identified on the road pavement by red LEDs. The EC was determined by considering the
layout (i.e., available entry and circulating lanes) and the proportion of CAVs in the traffic stream (from 0% to 100%). From
Figs. 4-7, the number of lanes increases and, therefore, the EC. In particular, considering a generic value of circulating flow
(qci=0-2 000 veh/h) in front of each approach, the EC of Scenario d is significantly greater than that of Scenario a. Moreover,
with the increase in the percentage of CAVs, the EC increases, and this is because autonomous vehicles can complete the
entry manoeuvre on the ring by exploiting smaller gaps in the circulating stream. However, it is quite clear that a consid-
erable variation in capacity is obtained by comparing the single-lane roundabout scenario (Fig. 4) with the double-lane
roundabout scenario (Fig. 7).

Fig. 8 shows that the percentage increase in the EC of Scenario d, compared with Scenario a, grows more and more with
the increase in the circulating flow, varying from a minimum of 92% to a maximum of 204% in relation to the proportion of
CAVs in traffic streams.

4 Safety analysis models

Safety is the most important aspect when a new road or intersection is designed (Dinnella et al., 2020). This research esti-
mated the expected number of accidents at COM-Roundabout by using the general models of the research report 888
(Ferguson et al., 2018). A predictive accident model involves a safety performance function (SPF) and several crash modifi-
cation factors (CMFs). CMFs are multiplicative factors used to compute the change in road safety (i.e., crash risk) outcomes
from implementing a single or combined treatment or for taking into consideration countermeasures and geometric and
traffic characteristics different from those of basic conditions at a specific site.

The SPF is employed to assess the average crash frequency for a generic roundabout whose characteristics are consistent
with the SPF’s stated base conditions. By contrast, the CMFs are used to correct the SPF estimate when the analyzed round-
about’s properties are inconsistent with the base conditions. Finally, a local calibration factor C must be considered to modify
the results of the predicted model with the real accident data when available. To compute the crash frequency, the equation
is (Ferguson et al., 2018):

Table 3

Roundabout entry lane capacity model parameters (without CAVs).
Entry lane type A B
One-lane entry conflicted by one circulating lane 1380 1.02 x 1073
Two-lane entry conflicted by one circulating lane (both entry lanes) 1420 0.91 x 1073
One-lane entry conflicted by two circulating lanes 1420 0.85 x 1073
Two-lane entry conflicting by two circulating lanes (right entry lane) 1420 0.85 x 1072
Two-lane entry conflicting by two circulating lanes (left entry lane) 1350 0.92 x 1072

Table 4
Capacity adjustment factors by penetration rate of CAVs for conventional roundabouts (National Academies of Sciences, Engineering, and Medicine, 2022).
1-lane entry 2-lane Entry
Proportion of CAVs in traffic stream 1 2 1 2 2
circulating lane circulating circulating circulating circulating
lanes lane, lanes, lanes, right
both lanes left lane lane
Traffic stream fa s fa f fa fs fa s fa fs
0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
20 1.05 0.99 1.03 0.99 1.05 0.99 1.03 0.99 1.05 0.96
40 1.12 0.97 1.08 0.96 1.12 0.97 1.08 0.96 1.12 0.93
60 1.22 0.94 1.18 0.92 1.22 0.94 1.18 0.92 1.20 0.87
80 1.29 0.90 1.28 0.89 1.29 0.90 1.28 0.89 1.27 0.84
100 1.35 0.85 1.38 0.85 135 0.85 1.38 0.85 1.34 0.80
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Fig. 6 EC variation as a function of circulating flow and different proportions of CAVs in Scenario ¢ (two-lane entry conflicted by one circulating lane), where
inactive lanes are marked in red.

fACF = CNSPF(FCMFIFCMFZFCMB o 'FCMFn),

where facr is the predicted average crash frequency (crashes/year), C is the local calibration factor, Nspr is the predicted aver-

(17)

age crash frequency for base conditions (crashes/year); Fcwri,, is the CMF for traffic characteristic, geometric element, or

traffic control feature i (i = 1 to n), and n is the total number of CMFs.
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Fig. 8 EC percentage increase of Scenario d compared to Scenario a as a function of circulating flow and different proportions of CAVs.

The SPFs for single-lane roundabouts and multi-lane roundabouts are given by Eqgs. (18) and (19), respectively.
Nspr = exp[—3.503 + 0.915 - In(Tgneaapr/1 000) + 0.206 - Lryal], (18)

Nspr = exp[3.535 + 1.276 - In(Tenaapr/1 000) + 0.250 - Lyal, (19)

where Nspr is the predicted average crash frequency for base conditions on all legs (crashes/year), Tgncaapt iS the entering
annual average daily traffic, I, is the area type indicator variable (1.0 if the area is rural, 0.0 otherwise). AADT represents
the sum of the annual average daily traffic that enters from all legs. The entering AADT indicates the sum of the AADT that
enters the roundabout when considering all legs.

Considering the symmetrical layout of the COM-Roundabout, the entry width is the same as the base conditions (20 ft or
29 ft if only one or two entering lanes are activated in each approach, respectively), the absence of access points, bypass
lanes, and that the analyzed case is not assimilable to an interchange crossroad-ramp terminal roundabout with one
outbound-only leg only the CMF,cp for the inscribed circle diameter (Fovr, cp) are considered when the COM-Roundabout
is configurated as a single-lane condition. The CMFcp equation is (Ferguson et al., 2018):

FCMF‘ICD = exp [—0006 Zl(DICD — 125)], (20)
where Djcp is the inscribed circle diameter (ft), it is assumed to be 50 m (or 164 ft).

Considering that the COM-Roundabout is at the conceptual stage of development, no accident data are available from the

real world to estimate the calibration factor C. Therefore, in this study, the value C = 1 was assigned for the estimation of the
predicted average crash frequency.
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5 Input data for performance and safety analysis

In this research, numerous traffic simulations were performed. We suppose that in all analyzed traffic conditions, the cir-
culation lanes and exit lanes are always in undersaturated conditions (x = ratio capacity/flow < 1). Consequently, the conges-
tion phenomena may only depend on saturated or oversaturated entries. In addition, a transient state is not considered in
this work. Considering the arms of Fig. 1 and the time instant t, the traffic demand can be expressed by the O/D matrix

Moyp(t):

Qll(t) QlZ(t) Q13(t) Ql4(t)
Q21(f) Q2a(f) Qas(t) Qaa(l)
M =" ’ . 21
o0 =105 Q) sl Qsalt) =
Qs1(t) Qaa(t) Qq3(t) Qaal(t)
The Matrix (21) can also be expressed in the vector form as follows:
Mo (t) = [Q;(t)],i.j =1,2,3,4, (22)

where Qy(t) is the traffic volume (veh/h) that enters from the generic arm “i” and exits from the generic arm “j” of the
roundabout.

Many traffic conditions were analyzed to determine the most comprehensive results possible. 1 000 000 Mo,p(t) were
used to consider a wide range of combinations of traffic demand intensity and the percentage distribution of manoeuvres
at COM-Roundabout. With the O/D matrices, entering, circulating, and exit flows were computed, and capacity, delay, queue,
and LOS were estimated with the relationships summarized in Section 3.

For instance, considering Entry 1 for Scenario a (one-lane entry conflicted by one circulating lane, cf. Fig. 4), at the time ¢,
the circulating flow is gc1(t) = [Q2.4(t) + Qa3(t) + Qa2(8)] + [Q3.4(t) + Q33(t)] + Qa4(t), instead the entry flow is ge1(t) = [Qq.1(-
e1(t) = [Q1.1(t) + Q12(t) + Q1.5(t) + Q1.4(t)]. Then, EC and control delay are computed from Egs. (5) and (12), respectively.

Let us consider the generic Q; as the design hourly volume related to the traffic stream i-j. The following relationship
among flows Q;; and annual average traffic Taapr;; can be considered:

Qij = o - Fpur 'TAADT,ij7 (23)
where o is the ratio between Q;; and Taapr; (o = 0.08-0.10) obtained from statistical data, and Fpyr is the peak hour factor
(PHF) that compares the traffic volume during the busiest 15-minutes of the peak hour with the total volume during the peak
hour (Fpyr = 0.90-0.95 for urban roads with high traffic values).

In this research, oe = 0.10 and Fpyr = 0.90.

6 Results and discussion

As previously described, 1 000 000 O/D traffic matrices Mo,p(t) were analyzed to consider different entry flow values and
traffic distributions among the COM-roundabout arms. For the sake of simplicity and synthesis, only the results regarding
predicted accidents and MOEs for the COM-Roundabout related to Scenarios a, b, ¢, and d (Figs. 4-7) are given.

According to Egs. (17)-(19), the predicted crash frequency increases with the increase of the total AADT. The traffic rule
that offers higher safety is Scenario a in which the traffic control system is assimilable to a single-lane roundabout. At the
same time, this scenario generates lower entry and TC than the others. As it is clear from Figs. 9-13, as the number of acti-
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Fig. 9 Relation among expected crash frequency, entry AADT, and mean delay: (a) Scenario a (the COM-Roundabout is configured as a single-lane
roundabout); (b) Scenario d (the COM-Roundabout is configured as a double-lane roundabout).
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Fig. 10 Relation between expected crash frequency and entry AADT: (a) Scenario a (the COM-Roundabout is configured as a single-lane roundabout); (b)
Scenario d (the COM-Roundabout is configured as a double-lane roundabout).
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Fig. 11 COM-Roundabout mean delay as a function of total inflow for different CAV percentage: (a) Scenario a; (b) Scenario b; (c) Scenario c; (d) Scenario d.

vated lanes increases, the COM-Roundabout’s performance improves (in terms of capacity, delay, LOS, and queue); however,
this comes at the cost of reduced safety. Among the analyzed traffic rules, the two very different traffic control systems can

be identified and analyzed:

Scenario a (the COM-Roundabout is configured as a single-lane roundabout): high safety, low capacity;
Scenario d (the COM-Roundabout is configured as a double-lane roundabout): high capacity, low safety.
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Fig. 12 COM-Roundabout LOS as a function of total inflow for different CAV percentages: (a) Scenario a; (b) Scenario b; (c) Scenario c; (d) Scenario d.

Fig. 9 shows some results of the safety analysis. Fig. 9(a) shows that in Scenario a, accidents increase almost linearly with
increasing entry AADT and therefore mean delay, while sustaining low crash rates below 1 crash/year. This further indicates
that Scenario a is suitable for very low to moderate inflows. Contrasted with that, the Scenario d (Fig. 9(b)) follows an
increase in crashes up to a maximum of 4 crashes/year. Therefore, Scenario d is associated with greater crash risks.

Fig. 10 gives the relationship developed between entry AADT and crash frequency. In Scenario a (Fig. 10(a)), the relation-
ship observed exhibits linear relations where crash frequency gradually goes upwards beyond 15 000 veh/day of entry AADT.
This underlines the safety advantages of Scenario a for traffic flow conditions in the low and middle range. By contrast, Sce-
nario d (Fig. 10(b)) shows a more rapid increase in the frequency of crashes as the total inflow increases, which underlines
the increased dangers of double-lane layouts, especially when significant volumes of traffic are expected.

The remaining scenarios (i.e., Scenario b and Scenario c) summarized in Table 1 offer intermediate safety and capacity
levels compared with Scenarios a and d.

Therefore, the COM-Roundabout combines the benefits of different roundabouts by switching its configuration and the
traffic rules according to changing traffic needs. By modulating the traffic rules (i.e., by appropriately activating/deactivating
the lanes at the entries and on the circulating carriageway of the scenarios in Table 1), it is possible to modify the capacity as
a function of the traffic demand at time ¢ (i.e., of the Mo,p(t) measured by the vehicle counting systems) and at the same time
the safety of the roundabout. Unlike traditional roundabouts, the COM-Roundabout allows for the optimization of capacity
and safety. For example, the number of active lanes at the entries and on the ring can be reduced during night hours since the
traffic demand is low. The resulting reduced capacity can be sufficient to handle the incoming traffic flows, and the safety
offered is the maximum possible. When traffic demand increases, more lanes can be activated until - if necessary - Scenario
d is reached. This scenario can be kept active until the traffic demand decreases. Consequently, switching to a different sce-
nario is possible, decreasing the COM-Roundabout’s capacity but increasing safety simultaneously.

To investigate the simultaneous effect of the traffic regulation type and the influence of CAVs on the operation of the
COM-Roundabout, additional O/D traffic matrices were considered. All conditions included a total vehicle entry flow ranging
between 50 veh/h and 1000 veh/h per entry and connected and autonomous vehicles (CAVs) comprised anywhere from 0%
(only manual vehicles) to 100% (fully autonomous traffic). In the case of Scenario d (two entry lanes and two circulating
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Fig. 13 COM-Roundabout TC as a function of total inflow for different CAV percentages: (a) Scenario a; (b) Scenario b; (c) Scenario c; (d) Scenario d.

lanes), all entry lanes are assumed to be equally utilized at 50% (geir = geiL)- Also, the percentage distribution among exits
was assumed in the proportion 1/3, 1/3, and 1/3.

Fig. 11 shows the relationship between the mean delay of the intersection (Eq. (14) and total entry flow for Scenarios a, b,
¢, and d, considering varying levels of CAV penetration. It is clearly evident that with the increase in the presence of CAVs,
regardless of the type of scenario, the amount of delay decreases significantly. However, the use of CAVs appears to lessen
the mean delays more in the higher traffic volume scenarios than in the lower care due to fewer conflicts that arise. The trend
is noted to hold true on all the configurations, highlighting the advantages of CAV’s proportion increases. The scenarios with
two entry lanes are more effective than those with single entry lane because they recorded lower mean delays.

Fig. 12 presents the LOS versus the total entry flow for the various scenarios and for different percentages of CAVs. LOS
ranges from A (excellent performance) to F (saturation and congestion). The results showed a very consistent pattern of how
high percentages of CAVs greatly improved the roundabout LOS at all entry flow levels. For 100% CAVs conditions, the LOS
remains favorable (A-C) at increasing entry flow, while for lower penetration rates, such as close to 0%, the degradation in
LOS is faster, especially at higher entry flows. Scenario a and Scenario b (single-lane entry configurations) show a more rapid
decrease in LOS with the increased flow than Scenario c and Scenario d (two-lane entries) reflecting their lower capacity and
inability to handle higher traffic volumes. Comparing scenarios with equal entry lanes but different numbers of circulating
lanes, it is felt that two circulating lanes normally maintain a better LOS within all entry flow levels. In scenarios where entry
lanes differ but the circulating lanes are similar, two-lane entries always present a better LOS (A-C) at higher traffic flows
than single-lane entries. Single-lane entries degrade in LOS much faster, especially at higher entry flows, because of their
limited capacity.

Fig. 13 shows the TC (Cror) in Scenarios a, b, ¢ and d, for different penetration of CAVs (0%-100%). The results show that
configurations with two circulating lanes have higher capacities than one circulating lane configurations, making them more
efficient. Similarly, two-lane entry configurations show significantly higher capacities than single-lane entry configurations
since the extra entry lane increases throughput and better accommodates traffic demand. In general, total capacity improve-
ments are evident with the increased presence of CAVs, and were highest in cases involving 100% CAVs, showing that,
indeed, automation holds the possibility for improvement in the COM-Roundabout performance. Again, the capacity analysis
underlines the benefits of automation: the highest capacities of each configuration are found for 100% CAV penetration,
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Fig. 14 LOS comparison: (a) conventional single-lane roundabout; (b) conventional double-lane roundabout.

demonstrating the ability of CAVs to satisfy higher traffic demand. These findings underline the need to incorporate CAV-
friendly infrastructure and design features.

To clarify how it was previously explained in terms of self-regulation procedures, consider this very simple case study
(Fig. 14) regarding the LOS evaluation of two traditional intersections: single and double-lane roundabouts. The AADT is
35 520 veh/day, and the total inflow varies during the 24 h of a day, with a minimum and a maximum hourly total inflow
of 120 veh/h and 2 770 veh/h (only HDVs), respectively, with a constant distribution of traffic during the days of each year.
The flow is equally distributed among the 4 arms (Qe; = Qe2 = Qe3 = Qe4), and the percentage distribution of left-turn, right-
turn, and straight manoeuvre is in the proportions of 1/3, 1/3, and 1/3, respectively. With such traffic distributions, the LOS of
the single-lane roundabouts ranges from LOS A to LOS F (Fig. 14(a)); instead, the LOS of the double-lane roundabouts is con-
stantly LOS A except for one hour during the day in which the LOS is B (Fig. 14(b)). Therefore, from the capacity performance
perspective, the best solution is the double-lane roundabout. However, by applying Eqgs. (1)-(19), we obtain that the pre-
dicted accidents for the single-lane roundabout and the double-lane roundabout are 0.62 accidents/year and 2.77 acci-
dents/year, respectively. Therefore, the double-lane roundabout generates an accident increase of 357% compared with
the single-lane roundabout. Now, consider a COM-Roundabout under the same traffic conditions. In this case, different lane
activation programs can be foreseen (Fig. 15). For example, the road operator chooses to guarantee during the day an LOS at
least equal to LOS C (Control Program 1). Then, the controller (Fig. 2) indicates the following configurations.

- Scenario a: from 0:00 to 18:00 and from 20:00 to 24:00;
- Scenario b: from 18:00 to 20:00.

Scenario b only lasts two hours in the day and in the COM-Roundabout and two entry lanes and two circulating lanes are
activated. In this case, the predicted accident rate is 0.90 accidents/year. Instead, if the minimum desirable LOS is B, the con-
troller (Fig. 2) must indicate the following configurations (Control program 2).
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Fig. 15 LOS of the COM-Roundabout: (a) Control Program 1 (the worst admissible LOS is C); (b) Control Program 2 (the worst admissible LOS is B).
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- Scenario a: from 0:00 to 8:00, from 09:00 to 13:00, from 17:00 to 18:00, from 22:00 to 24:00;
- Scenario b: from 08:00 to 10: 00, from 13:00 to 17: 00, from 13:00 to 17:00, from 18:00 to 22:00.

Hence, Scenarios a and b are activated for 14 h and 10 h during the day, respectively, with a consequent slight increase in
expected accidents per year.

This brief example demonstrates how it is possible to modulate and control the COM-Roundabout according to the inten-
sity of traffic demand (Mop(t)) and the desired LOS and safety.

Therefore, the COM-Roundabout can be considered as an adaptive smart roundabout, able to switch its technical charac-
teristics depending on the O/D traffic matrix, the layout scenario (activation of lanes at the entries and on the circulating
carriageway, cf. Table 1), and the desired LOS and safety level. Furthermore, in the future, the traffic programming system
could be coordinated with CAVs (Danesh et al., 2021), further amplifying the COM-Roundabout benefits.

7 Conclusions

The research presents a new concept of self-regulating roundabout: the commutable roundabout (COM-Roundabout).
Thanks to vehicle and queue detectors, smart cameras, LED road markers, and VMSs, vehicles are channelled into one or
two entry lanes and in one or two circulating lanes, depending on the current intensity and distribution of traffic flows. Then,
several layout scenarios were considered for the COM-Roundabout, from a minimum configuration comparable to a single-
lane roundabout to a maximum configuration similar to a double-lane roundabout. From this perspective, the COM-
Roundabout brings together the benefits of different roundabouts by switching its configuration over time, depending on
the traffic variations. The COM-Roundabout traffic performance improves (in terms of capacity, delay, LOS, and queue) as
the number of activated lanes increases. Still, at the same time, the accident rates may rise.

Consequently, switching from one scenario to another can optimize both LOS and safety. The MOEs were evaluated in
several traffic conditions considering one million Mo;p and both HDVs and CAVs vehicles. The HCM and HSM models were
applied. This research demonstrates that the COM-Roundabout could soon be used to optimise traffic performance (e.g.,
capacity and LOS) and safety thanks to its innovative features.

7.1 Major findings of the research

The model adopted in this research shows that CAVs will increase the performance of the COM-Roundabout in each pos-
sible scenario. For instance, if the proportion of CAVs in traffic streams is 100%, the LOS remains favourable (LOS A-LOS C)
even at high traffic demand levels, while for lower penetration rates, degradation in LOS is faster. Scenarios with single-lane
entry configurations exhibit a more rapid reduction in LOS with increases in traffic flows than scenarios with two active
entry lanes. From a safety point of view, scenarios with only one circulating lane and one entry lane for each arm show
advantages in the case of traffic flow levels in the low and middle range. On the other hand, the scenario with the activation
of two circulating lanes and two entry lanes for each arm shows a more rapid increase in the predicted crash frequency as the
total inflow increases, which demonstrates the increased accident risk of double-lane layouts, particularly in the case of high
traffic flows.

Therefore, the self-regulating control mode and the correlated geometric layout allow for adapting COM-Roundabout’s
entry and total capacities to the traffic demand levels. Then, the COM-Roundabout’s flexibility and traffic control system
can optimize road safety and traffic efficiency.

Finally, in the future, the potential use of traffic manager control systems along with automation will create the best envi-
ronment to indicate the CAV trajectories according to the activated lanes at a certain instant of time, further increasing the
benefits of the proposed new roundabout type.

7.2 Limitations of the study

This research has limitations, which arise at various stages. The major limitation is that the COM-Roundabout is in the
conceptual development stage; therefore, only closed-form capacity models used in conventional roundabouts were applied.
In addition, it was considered the effect of only light vehicles. Finally, neither transient traffic states nor stochastic models of
drivers were considered.

7.3 Research perspectives
Despite the promising findings, additional analyses are required, for instance through microscopic traffic simulation, to
develop more accurate traffic programmes that optimize the safety and capacity of the COM-Roundabout, including the tran-

sient effect of queue length. In addition, future research could explore additional layout scenarios, the impact of different
percentages of heavy vehicles and the communication effect of a traffic manager system at roundabouts along with CAVs.

228



M. Guerrieri and M. Khanmohamadi International Journal of Transportation Science and Technology 22 (2026) 213-230
Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

CRediT authorship contribution statement

Marco Guerrieri: Writing - review & editing, Writing - original draft, Software, Methodology, Investigation, Formal anal-
ysis, Data curation, Conceptualization. Masoud Khanmohamadi: Writing - original draft, Visualization, Validation, Soft-
ware, Investigation.

References

Al-Madani, H.M.N., 2022. Multilane roundabout capacity: methodology formation and model formulation. Int. J. Intell. Transp. Syst. Res. 20 (1), 223-237.

Anagnostopoulos, A., Kehagia, F., 2020. CAVs and roundabouts: research on traffic impacts and design elements. Transp. Res. Procedia 49, 83-94.

Arshi, A.N., Alhajyaseen, W.K.M., Nakamura, H., Zhang, X., 2018. A comparative study on the operational performance of four-leg intersections by control
type. Transp. Res. A Policy Pract. 118, 52-67.

Assolie, A.A., Sukor, N.S.A,, Khliefat, I., Abd Manan, T.S.B., 2023. Modeling of queue detector location at signalized roundabouts via VISSIM micro-simulation
software in Amman City, Jordan. Sustainability (Switzerland) 15 (11), 8451.

Bai, Y., Zhang, X., Nakamura, H., 2021. A comparative study on the operational performance between signalized turbo roundabouts and signalized
intersections. Asian Transport Stud. 7, 100033.

Barcelo, J., 2010. Fundamentals of Traffic Simulation, Springer.

Burdett, B., Bill, A.R., Noyce, D.A., 2017. Evaluation of roundabout-related single-vehicle crashes. Transp. Res. Rec J. Transp. Res. Board 2637, 17-26. https://
doi.org/10.3141/2637-03.

Brilon, W., 2005. Roundabouts: a state of the art in Germany. National Roundabout Conference, Vail, Colorado.

Chalaki, B., Beaver, L.E., Malikopoulos, A.A., 2020. Experimental validation of a real-time optimal controller for coordination of CAVs in a multi-lane
roundabout. IEEE Intelligent Vehicles Symposium.

Chen, R., Hourdos, J., 2018. Evaluation of the roundabout capacity model in HCM6 edition and HCM 2010 on a multilane roundabout. Transp. Res. Rec. 2672
(15), 23-34.

Corriere, F., Divincenzo, D., Guerrieri, M., 2013. A logic fuzzy model for evaluation of the railway station’s practice capacity in safety operating conditions.
Arch. Civ. Eng. 59 (1), 3-11.

Danesh, A.,, Ma, W,, Yu, C,, Hao, R,, Ma, X., 2021. Optimal roundabout control under fully connected and automated vehicle environment. IET Intel. Transport
Syst. 15 (11), 1440-1453.

Dinnella, N., Chiappone, S., Guerrieri, M., 2020. The innovative “NDBA” concrete safety barrier able to withstand two subsequent TB81 crash tests. Eng. Fail.
Anal. 115, 104660.

Elvik, R., 2017. Road safety effects of roundabouts: a meta-analysis. Accid. Anal. Prev. 99, 364-371. https://doi.org/10.1016/j.aap.2016.12.018.

Gross, F., Lyon, C., Persaud, B., Srinivasan, R., 2013. Safety effectiveness of converting signalized intersections to roundabouts. Accid. Anal. Prev. 50, 234-241.

National Academies of Sciences, Engineering, and Medicine, 2022. Highway Capacity Manual 7th Edition: A Guide for Multimodal Mobility Analysis, The
National Academies Press, Washington, D.C.

Guerrieri, M., Parla, G., Ticali, D., 2012. A theoretical and experimental approach to reconstructing the transverse profile of worn-out rails. Ingegneria
Ferroviaria 67 (1), 23-37.

Guerrieri, M., Corriere, F., Parla, G., Ticali, D., 2013. Estimation of pollutant emissions from road traffic by image processing techniques: a case study in a
suburban area. ARPN ]. Eng. Appl. Sci. 8 (8), 668-676.

Guerrieri, M., Corriere, F., Lo Casto, B., Rizzo, G., 2015. A model for evaluating the environmental and functional benefits of innovative roundabouts. Transp.
Res. Part D: Transp. Environ. 39, 1-16.

Guerrieri, M., Ticali, D., 2012. Design standards for converting unused railway lines into greenways. In: ICSDC 2011: Integrating Sustainability Practices in
the Construction Industry - Proceedings of the International Conference on Sustainable Design and Construction, pp. 654-660.

Guerrieri, M., 2021. Smart roads geometric design criteria and capacity estimation based on AV and CAV emerging technologies. a case study in the trans-
European transport network. Int. J. Intell. Transp. Syst. Res. 19 (2), 429-440.

Guerrieri, M., 2024a. Total capacity and LOS estimation of innovative and conventional roundabouts through macroscopic fundamental diagram. Transp.
Res. Interdiscip. Perspect. 27, 101232.

Guerrieri, M., 2024b. COM-Roundabout, Commutable Roundabout. Ministry of the Enterprises and Made in Italy, patent registration No. 202024000003394.

Lagoa, P., Galvdo, T., Campos Ferreira, M., 2024. Variable message signs in traffic management: a systematic review of user behavior and future innovations.
Infrastructures 9 (10), 184.

Mauro, R., 2010. Calculation of Roundabouts: Capacity, Waiting Phenomena and Reliability, Springer-Verlag, Berlin Heidelberg.

Mobhebifard, R., Hajbabaie, A., 2022. Trajectory control in roundabouts with a mixed fleet of automated and human-driven vehicles. Comput. Aided Civ. Inf.
Eng. 37 (15), 1959-1977.

National Cooperative Highway Research Program, 2010. Roundabouts: An Informational Guide, Second Edition, National Academies Press.

Ferguson, E., Bonneson, J., Rodegerdts, L., Foster, N., Persaud, B., Lyon, C., Rhoades, D., 2018. Development of Roundabout Crash Prediction Models and
Methods. Transportation Research Board, Washington, D.C..

Gallelli, V., Iuele, T., Vaiana, R., 2016. Conversion of a semi-two lanes roundabout into a turbo-roundabout: a performance comparison. Procedia Comput. Sci.
83, 393-400.

Orsini, F., Gecchele, G., Gastaldi, M., Rossi, R., 2019. Collision prediction in roundabouts: a comparative study of extreme value theory approaches.
Transportmet. A: Transp. Sci. 15 (2), 556-572.

Persaud, B.N., Retting, R.A., Garder, P.E., Lord, D., 2001. Safety effect of roundabout conversions in the United States: empirical bayes observational before-
after study. Transp. Res. Rec. 1751, 1-8.

Siegloch, W., 1973. Die Leistungsermittlung an Knotenpunkten Ohne Lichtsignalsteuerung (Capacity Calculations for Unsignalized Intersections), Vol. 154.
Schriftenreihe Strassenbau und Strassenverkehrstechnik.

Tollazzi, T., 2015. Alternative Types of Roundabouts: An Informational Guide, Springer.

Tollazzi, T., Rencelj, M., Turn3ek, S., 2011. New type of roundabout: roundabout with depressed lanes for right turning - flower roundabout. Promet - Traff.
Transp. 23 (5), 353-358.

TRUM, 2022. Taffic and Road Use Management, Department of Transport and Main Roads, Brisbane City, Australia.

Tumminello, M.L., Macioszek, E., Grana, A., 2024. Insights into simulated smart mobility on roundabouts: achievements. Lessons learned, and steps ahead.
Sustainability 16 (10), 4079.

229


http://refhub.elsevier.com/S2046-0430(25)00054-1/h0005
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0010
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0015
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0015
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0020
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0020
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0025
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0025
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0030
https://doi.org/10.3141/2637-03
https://doi.org/10.3141/2637-03
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0045
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0045
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0050
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0050
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0055
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0055
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0060
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0060
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0065
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0065
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0065
https://doi.org/10.1016/j.aap.2016.12.018
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0075
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0085
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0085
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0090
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0090
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0095
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0095
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0100
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0100
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0105
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0105
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0110
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0110
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0115
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0120
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0120
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0130
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0135
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0135
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0145
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0145
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0150
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0150
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0155
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0155
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0160
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0160
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0165
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0165
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0170
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0175
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0175
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0180
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0185
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0185

M. Guerrieri and M. Khanmohamadi International Journal of Transportation Science and Technology 22 (2026) 213-230

Vidyarthi, A., Coxon, S., Napper, R., Gusheh, M., 2023. A proposed hierarchy of smart roads: assisting future technological developments. Smart Innov. Syst.
Technol. 342, 455-466.

Yang, X., Li, X., Xue, K., 2004. A new traffic-signal control for modern roundabouts: method and application. Intell. Transp. Syst. IEEE Trans., 282-287

Wong, S.C,, Sze, N.N,, Loo, B.P.Y., Chow, AS.Y., Lo, HK. Hung, W.T., 2012. Performance evaluations of the spiral-marking roundabouts in Hong Kong. J.
Transp. Eng. 138 (11), 1377-1387.

Wu, Y., Liy, J., Zhang, N., Rong, ]., 2024. Effectiveness, influence mechanism and optimization strategies of variable message sign: a systematic review.
Transport. Res. F: Traffic Psychol. Behav. 105, 116-137.

230


http://refhub.elsevier.com/S2046-0430(25)00054-1/h0190
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0190
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0195
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0200
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0200
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0205
http://refhub.elsevier.com/S2046-0430(25)00054-1/h0205

	COM-Roundabout: the first smart commutable and self-regulating roundabout for HDVs and CAVs
	1 Introduction
	2 COM-Roundabout: basic characteristic
	3 Performance analysis models
	3.1 Entry and TC estimation
	3.2 Delay, queue, and LOS estimation
	3.3 Effect of CAVs

	4 Safety analysis models
	5 Input data for performance and safety analysis
	6 Results and discussion
	7 Conclusions
	7.1 Major findings of the research
	7.2 Limitations of the study
	7.3 Research perspectives

	Declaration of competing interest
	CRediT authorship contribution statement
	References




