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ABSTRACT
A crucial step for reducing emissions in the transport sector is the
shift towards public transportation and bicycling. However, due
to the lack of perceived safety, people are reluctant to commute
by bicycle. A potential solution to this problem could be group cy-
cling, allowing cyclists to form a group with others in order to ride
together. Depending on local traffic laws, such groups allow for cy-
cling next to each other and for special rights for intersection cross-
ing. In this paper, we outline how group cycling commutes may
be coordinated using communication capabilities of contemporary
smartphones. We showcase how group cycling can reduce waiting
times and, thus, improve ride comfort and safety in a simulation-
based case study.
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1 INTRODUCTION
To reduce emissions in the transport sector, a crucial step is to shift
the modal split away from car use and towards walking, bicycling,
and public transportation [4, TS.5.3]. Given that 32 % of people
drive a car even for short trips between 1 km and 3 km, and 43 % do
so for trips between 3 km and 5 km,1 we see that there is significant
room for improvement. An important factor that makes people re-
luctant to commute by bicycle is a lack of perceived safety [14].
Building fault-tolerant infrastructure helps [12], but this tends to
be a slow process in many places [10].
1Survey among citizens living in German cities with more than 500 000 in-
habitants (excluding Berlin): https://tu-dresden.de/bu/verkehr/ivs/srv/ressourcen/
dateien/SrV2018_Tabellenbericht_Oberzentren_500TEW-_flach.pdf
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A possible solution to this problem meanwhile could be group
cycling, where cyclistsmeet upwith others to form a group in order
to commute together. If such a group is large enough, depending
on local traffic laws, they can then cycle next to each other on the
road. In some countries, large cohesive groups of cyclists2 even
gain the special right of counting as one vehicle when crossing
an intersection, i.e., followers may continue crossing even if the
traffic light has turned red in the meantime. It has been reported
that people with experience in group cycling have a reduced level
of perceived risk [13].

A notable precedent for this idea is the Critical Mass, which is a
monthly bicycling event with sometimes thousands of cyclists that
has been observed in hundreds of cities worldwide since 1992 [2].
Several individuals have in this context independently and on sev-
eral occasions expressed the wish for commuting by critical mass.
Furthermore, in many cities one can already find schedules and
routes for a so-called bike bus or bicibús.3 These are typically or-
ganized to allow children to safely ride their bicycles to school at
least once per week. However, in order to make group cycling a
viable option for daily commutes for everybody, further coordina-
tion will be required to increase availability.

In this paper, we outline how group cycling commutes may be
coordinated using communication capabilities of modern smart-
phones. To this end, we propose to use group cycling to help cy-
clists to form a group in order to commute together. We design a
protocol for coordination and assess its effects in a simulative case
study. In particular, we showcase how group cycling can reduce
waiting times and, thus, improve ride comfort. We see our solu-
tion as an important component to pave the way for the modality
shift from cars to bicycles.

2 RELATEDWORK
Group cycling, or bicycle platooning in the context of vehicle-to-
everything (V2X) communication, has already been the subject of
a handful of publications. Céspedes et al. [3] propose group cy-
cling for an improved cycling experience on bicycle infrastructure,
motivated by overflowing infrastructure and traffic congestion of
cyclists at intersections. To accomplish this, they developed a pro-
totype that makes use of bicycles equipped with cooperative adap-
tive cruise control (CACC) as well as a haptic and visual user in-
terface. However, for the purpose of our proposed group cycling,
longitudinal distance control or string stability [11] and therefore
CACC will likely not be strictly required. In a similar way, Yang
and Griggs [15] also speak of overflowing bicycle infrastructure
and assume CACC-enabled e-bikes for their simulations.Their mo-
tivation is an unsignalized intersection that is prone to accidents
because other traffic participants will try to squeeze through an
already rarely interrupted stream of bicyclists. This is an issue we
2§ 27 StVO in Germany: ≥ 16 cyclists, § 68 StVO in Austria: ≥ 10 cyclists
3e.g., https://bicibus.de or https://bicibus.eu/en/
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rarely observe in Berlin, and it highlights the wide range of issues
in bicycle infrastructure in different communities.

Beecham and Wood [1] analyzed the cycling behavior of the
users of a bike sharing service.They found that group cycling could
already be observed in 3 % of all journeys, and while 46 % of group
journeys happen on weekends, they did also discover an increase
in group activity during commuting times. An overview of how cy-
clists behave when cycling in a group, especially concerning safety,
is given by Heeremans et al. [7].

Regarding cars and trucks, platooning is not as young a research
field as it is for cyclists. For example, different modes of coordinat-
ing a platoon have found consideration by Hall and Chin [5], who
have their vehicles wait and accumulate before entering a freeway
as a platoon, or Heinovski and Dressler [8], who find platoon mem-
bers en route on a freeway. Even more closely related to the bicy-
cle use case, Hardes and Sommer [6] consider platoon formation
among cars stopped at red lights in an urban setting.

3 COORDINATED GROUP CYCLING
We propose to use group cycling, where cyclists meet up with oth-
ers to form a group in order to commute together, to pave the way
for the modality shift from cars to bicycles. Conceptually, people
would meet up with others to commute by bicycle – either based
on a public-transportation-like schedule or spontaneously for crit-
ical segments of their commute. If such a group is large enough,
depending on local traffic laws, they can then cycle next to each
other on the road. In some countries, large cohesive groups of cy-
clists even gain the special right of counting as one vehicle when
crossing an intersection, i.e., followers may continue crossing even
if the traffic light has turned red in the meantime. Group cycling
on the road might come with a range of possible benefits: better
visibility compared to cycling behind a row of parked vehicles; re-
duced risk of accidents during right-turns because drivers would
have to cross another car lane; safer overtaking maneuvers by car
drivers because now lane changes are not only legally, but also
physically necessary; increased comfort, e.g., due to a smoother
surface, straighter paths, and fewer obstacles; fewer puddles after
rain and less ice after snow; and the social benefit of physical ac-
tivity in a group. We imagine at least two possible approaches for
coordinating a group cycling commute:

(a) Routes and departure times can be pre-planned like a
bus schedule. Group cycling is used for the bike buses mentioned
above and has the advantage that one might start establishing re-
curring groups with just a very small number of people, without
the need for high market penetration of any new technology. A
mobile app with a central server for finding and joining existing
groups or creating new ones should be relatively straight-forward.

(b) Groups form spontaneously. For example, I might be ap-
proaching a segment of my trip to work that feels dangerous –
e.g., a cycle lane having become barely passable due to ice and
snow. In that case, I would rather use the road, but the car traffic is
fast and intimidating. However, especially in cities chances will be
high that other cyclists are going to face the same dilemma within
a short time span. If there was a convenient way to indicate to one
another the interest to form a group, maybe a sufficient number of
interested cyclists can be found.

All coordination is performed using wireless communication
technologies offered by modern smartphones. This could likely be
achieved either communicating over the Internet or using Blue-
tooth Low Energy (BLE) for device-to-device (D2D) communica-
tion. Here, an approach similar to platooning of passenger cars
can be used, where vehicles search for potential platooning oppor-
tunities en route. Optionally, the cyclists could wait for others to
form a group before entering the dangerous road segment.

In our proposed protocol used for Section 4, each cyclist trans-
mits a group status beacon once per second, which contains the
type of the beacon message, a unique identifier of the group leader,
and a timestamp of when the cyclist has last directly or indirectly
heard from the leader. The unique identifier is used in simulation
to allow followers to catch up and adjust to the speed of the leader.
In the real world, this process could likely simply happen visually.
In general, at least an indication of the leader’s geolocation for the
duration of the group ride is required.

The timestamp is important for re-establishing a group if the
leader disappears after a given timeout (5 s in our case), e.g., be-
cause they left the group or the group split up. In that case, the
group formation and leader election restarts. When a cyclist is not
yet assigned to a group, they will transmit group interest beacons
containing the current road segment and distancemoved on it (sim-
ilar to a geolocation). If received by another interested cyclist, this
recipient will either accept and start transmitting group status bea-
cons as the leader, or, if the other cyclist is closer to the destination,
send a correction beacon.

4 CASE STUDY
In this case study, we demonstrate the potential benefit in ride com-
fort if cyclists move together as a group and are allowed to cross
intersections like one cohesive vehicle. We use Veins, OMNeT++,
and SUMO as our simulation framework. As a reference scenario,
we model a straight street of 2.4 km in length based on Wilhelm-
straße in Berlin; a small sketch of it is shown in Figure 1.This street
has 13 traffic lights at an average distance of 179m (in simulation
uniformly ±20m) and would be a good candidate for group cy-
cling, since formost of its length the cycling infrastructure consists
of painted cycle lanes overlapping with the door zone of parked
cars (cf. [12]), and at one intersection the cycle lane is routed in
between two driving lanes. It is common on this road for car dri-
vers not to keep the legally required distance to cyclists when they
overtake them. Given the high number of traffic lights, it is further-
more common to observe cyclists running red lights. Reducing the
amount of time cyclists have to spend waiting at traffic lights may
therefore in itself contribute to safety.

Figure 1: Many cyclists crossing signalized intersections, ei-
ther individually (top) or as a cohesive group (bottom).
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Figure 2: Accumulated waiting time per cyclist on a street
with 13 traffic lights. The whiskers show min. and max.

We compare groups of 2 and up to 64 cyclists all starting in the
same group formation in rows of two at the beginning of the street.
If group cycling is disabled, they will each try to move at their own
pace and in all cases stop at a red light. The distribution of indi-
vidual preferred maximum speeds is set according to the work of
Karakaya et al. [9]. If group cycling is enabled, all cyclists of one
simulation run will move as one group. Groups are being main-
tained by group status beacons exchanged between members in
5 s intervals. Each condition is repeated 10 times.

When a bicycle reaches the end of the street, we record its ac-
cumulated waiting time, i.e., how many seconds it had to stand
still. These waiting times are shown for each group size and for
group cycling enabled or disabled in Figure 2. For the case that
there is no group cycling, we see that the waiting time has a large
spread from between 100 s and 400 s with 8 cyclists starting at the
same time, and reaching above 500 s for 64 cyclists. Figure 1 shows
how waiting times can accumulate at consecutive red lights when
queues start to form and cyclists in the back are being delayed on
their way to the next intersection. Since our simulation only al-
lows two cyclists side by side, chances for overtaking are limited,
which could in turn make the scenario representative of a crowded
cycling lane. This may also in part explain why the median wait-
ing time does not appear to increase beyond groups of 32, as we
see long queues starting to form behind small clusters of slower
cyclists. In contrast, when group cycling is enabled, the maximum
waiting time is only experienced by cyclists at the very front of the
group. In Figure 2, this maximum is mostly constant because the
desired maximum speed of the leader is set to 4.38m s−1 (i.e., the
average in [9]). The larger a group becomes, the lower the accumu-
lated waiting time is for most of its participants.

5 CONCLUSION AND FUTUREWORK
Group cycling as a form of commuting has the potential to bridge
the gap towards a healthier modal split in people’s mobility. Con-
venient means for coordinating groups are required for such com-
mutes to find broad application. We have laid out how this may be
accomplished and demonstrated one benefit, namely an improved
ride comfort due to reduced waiting times, in a simulation study.

In future work, it will be necessary to take a closer look at how
groups can be formed effectively, especially in the case of sponta-
neous group formation.While some concepts of car platooning can

certainly be applied, bicycle groups come with some unique chal-
lenges and opportunities. For example, the amount of time cyclists
are willing to wait for new group members will be influenced by
a range of factors such as weather or the perceived danger of the
road and for howmuch distance they expect to confront it. Regard-
ing opportunities, cyclists will be less prone than cars to blocking
other traffic participants while they wait.
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