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EDITORIAL

Special issue on connected and automated traffic systems

Traffic congestion is one of ourmajor transportation challenges in the coming years. Recent
studies have shown that the use of connected and automated vehicles (CAVs) in a traffic
stream can remarkably improve road safety, traffic efficiency, and environmental sustain-
ability. In general, a CAV can obtain neighboring information via vehicle-to-vehicle (V2V)
communication and/or vehicle-to-infrastructure (V2I) communication (hereafter, V2X com-
munication for short), and adopt a suitable control law to achieve a certain objective, such
as maintaining constant inter-vehicle spacing or smooth driving patterns. Accordingly,
integration of V2X communications into the transport system has attracted considerable
attention in a number of research projects. For example, the recent EU funded project
TRAMAN211 is dedicated to thedevelopment of fundamental concepts and toolswhichwill
pave the way towards a new era of future motorway traffic management in the presence
of Vehicle Automation and Communication Systems. The scope for papers in this special
issue is on the impact of CAVs on traffic systems, from the perspective of individual vehi-
cles (i.e. microscopic) to the aggregate (e.g. macroscopic) flow properties at various levels
of penetration. The seven research papers which are included in this issue are summarized
below.

Pan et al. (2020) proposed a new multi-class multi-lane cell transmission model (CTM)
type to simulate traffic flowdynamics consistingofCAVs and regular vehicles. Theproposed
model explicitly considers the effect of variations in headway and safety gap distributions
with respect to different vehicle-class proportions within each cell on its fundamental dia-
gram. The impact of the speed limit on the fundamental diagram is also explicitly taken
into account in the developed model. Meanwhile, different safety gap acceptance criteria
wereproposed to consider various lane-changingmaneuvers of different vehicle typeswith
different lane-changing intentions to guarantee traffic safety and lane-changing priorities.
The proposed model includes drivers’ anticipation on lane choice regarding to the head-
way and acceleration and their compliance with the VMS message. Numerical simulations
have shown that the CAVs can smooth traffic flow resulting in an improvement on average
traffic speed while reducing traffic speed oscillation. Potentially, a substantial increase in
the operational capacity is possible under certain market penetration scenarios.

In the paper of Zhao, Liu, and Ngoduy (2020), a bi-level programming model was pro-
posed in which the upper level is a mixed integer linear programming model to minimize
the total travel time. In contrast, the lower level is a linear programming model to maxi-
mize the total speed entering the intersection. To relax the commonly used assumption
of constant process time for the vehicle to pass the intersection, the vehicle’s detailed tra-
jectory has been considered for the intersection control. The proposed method has been
shown numerically to achieve better intersection control performance, and the results are
safe and feasible for every vehicle. The authors have further developed a novel platoon
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split method to improve the performance of the model. They have discussed the con-
dition how the platoon-based approach can be applied to reduce the number of binary
variables.

Qin andWang (2020) presented an analytical framework of string stability of connected
and autonomous platoons with electronic throttle angle feedback. In this framework, a
general formulation of elementary car-following models was used to describe the regular
vehicles with response time, the CAVs with multiple preceding feedback and communica-
tion delay. Then, the Intelligent Driver Model (IDM) was selected for illustration purposes.
They concluded that CAVs could enlarge speed ranges for string stable platoons. More-
over, they have shown that appropriate values of feedback gains of CAVs can be obtained
for optimal stability situation of the mixed platoon. Numerical simulations have been
conducted to support the analytical findings.

In Zheng et al. (2020), a safety rule-based Cellular Automatamodel (CAM) was proposed
to capture the influence of V2V communication on driving behavior, traffic efficiency and
safety. This CAM involves various conditions of sending a request of cooperative driving to
the preceding vehicle for three sensitivity types (i.e. aggressive, normal and conservative),
and the reaction mechanism to the backward request of cooperative driving. Numerical
experiments were conducted to exhibit some interesting implications. In terms of traffic
efficiency, it all depends on the speed constraint for the leading vehicle, a cooperative driv-
ing of the succeeding vehicle has different impact on on the vehicular dynamics. In terms
of traffic safety, the aggressive drivers always contribute negatively to the safety level of
vehicle fleet although they might bring in some positive effect on the traffic efficiency for
both homogeneous and heterogeneous vehicle fleets.

Zhou, Qu, and Qi (2020) proposed a cooperative scheme to smooth highway traffic flow
where priority junctions are in presence. An IDM-based cooperative driving strategy for
CAVswas proposed and investigated in this study. Numerical results showan efficiency and
merging capacity boost with CAVs mixed in traffic flow and the benefit can be enhanced
by increasing the percentage of CAVs. Specifically, the problem of queue accumulation on
merging lane under heavy traffic flow is solved by CAVs. Namely traffic flow combined
with CAVs discharges queue faster with only a slightly negative impact on mainline. Fur-
thermore, the location of buffer zone and parameter settings have been validated for
CAVs.

Dong et al. (2020) have evaluated the road efficiency and traffic safety at an off-ramp
bottleneck by integrating adaptive cruise control and machine learning algorithms. In this
paper, a microscopic simulation test-bed was implemented, which includes three vehicle
behavior models, namely the realistic PATH Cooperative Adaptive Cruise Control (CACC)
model, the Adaptive Cruise Control (ACC) model and the IDM. The safety impacts are mea-
suredby the surrogate safetymeasures using integrated time-to-collision (TIT) andexposed
time-to-collision (TET) indicators. Numerical simulations have shown that the capacity
ascends to the peak after an initial decrease as CACC vehicle penetration rate increases. In
terms of traffic safety, the proposed integration system with 100% CACC penetration rate
can significantly reduce the rear-end collision risks, decrease TIT and TET. Moreover, the
transport system with longer range of lane-changing area has a larger capacity if all other
parameters remain unchanged. However, the benefits brought by longer diverge influence
area gradually decreasing. The worst performance of the system occurred at the scenario
of 50% CACC penetration rate, where deterioration caused by degraded ACC suggests that
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enough patience and public confidence should be paid for the development of intelligent
vehicles.

Finally, in the paper of Haas and Friedrich (2020), a novel system was proposed for
city-logistic operations, based on the use of platoons consisted of delivery vans. In this
approach, the platoons travel on fixed routes, and each delivery van assigned a delivery
task joins platoons bringing it closer to its destination, until reaching the destination. The
proposed platoon-based system was tested using a micro-simulation on a small network.
Applying themicro-simulation the travel time of the delivery vanwas tested, by controlling
three parameters: the number of vehicles per platoon, the total number of platoons and
the number of additional non-platoon vehicles in the network. The results show that out of
these threeparameters, the number of platoons is themost dominant onewhen it comes to
the increase of the roundabout delay, and to the decrease in the waiting time in the trans-
fer point. In this respect, a certain trade-off exists. The more platoons in the network, the
shorter the waiting at the transfer points. However, increasing the number of platoons also
means increasing the intersection delay.

In conclusion, one of the key emerging technologies which will inevitably affect our
life and transport system is connected environment. Under the connected environment
vehicles and infrastructures will be connected either through the peer-to-peer connectiv-
ity protocol or centralized system via 4G or more advanced telecommunication network. It
is anticipated that such connected environment will improve traffic safety and efficiency,
and change the way traffic systems are being operated. Especially, CAVs have been placed
as one of the potential disruptive technology for our urban eco-system. The seven papers
included in this special issue bring in an invaluable contribution to this development. This
special issue is dedicated to the authors of the papers in this special issue, who are tak-
ing part in identifying the fascinating future of connected and automated traffic systems.
Last but not least, the guest editors extremely appreciate all reviewers for their time and
outstanding work, which were vital to guarantee the quality of this special issue.
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