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Figure 1: Autonomous bus and incidentally copresent road users.

ABSTRACT
Autonomous vehicles constantly have encounters with humans
who are co-present on the road. Self-driving buses may soon be
part of public transport infrastructure, and will frequently interact
with pedestrians and cyclists during their rides. We introduce a
project with an autonomous electric shuttle bus that connects sev-
eral buildings on Linköping University’s campus in Sweden. Taking
a conversation analysis and ethnomethodology (EMCA) perspec-
tive that studies traffic as social interaction, we will first analyse
how pedestrians and cyclists coordinate with the bus in an embod-
ied way. In the second stage of the project, we will explore how
self-driving buses can communicate their actions in a well-timed
and unobtrusive way through sounds and lights. In this workshop
paper, we report on initial observations and discuss how these may
inform design for incidentally copresent persons.

CCS CONCEPTS
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1 INTRODUCTION
Autonomous driving is becoming an ever more important aspect of
our traffic infrastructures. Self-driving cars will hopefully allow us
to use time spent in traffic more efficiently and self-driving trucks
may be a solution to tiresome long-haul delivery.While autonomous
cars and trucks are mostly interesting for long rides, autonomous
buses may soon be part of public infrastructure, picking up and
dropping off groups of people in different locations. Driving at a
relatively slow pace, these buses cover distances that rather long
for a walk, especially for people with walking disabilities or with
heavy luggage. Thereby, self-driving buses are less likely to be
found on streamlinedmotorways, but rather in the midst of cities, in
messy rush hour traffic, surrounded by people who may never have
boarded such a bus themselves and may be completely ignorant
of the underlying technology, signals and path options for the bus.
In city traffic, pedestrians, wheelchair riders and cyclists may find
themselves at less than arms-length from the autonomous vehicle.

When a self-driving bus encounters a group of pedestrians, they
very likely continue walking and right of way is given in a non-
verbal, tacit way. Human interaction in traffic is typically quick
and simple and does not require talk. We communicate through
eye gaze, bodily orientation, pace and gestures (e.g. holding out the
right arm to indicate that we are going to turn right on a bike). In
most motor vehicles, we use lights (indicators) and sounds (honks)
to communicate with each other. As autonomous buses encounter
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other road users, they too need to communicate what they are going
to do next. Like human road users, buses should do so in a smooth
way that is not interrupting people in their current task but rather
nudging them in the right direction to avoid an emergency stop
or even worse, a crash. In other words, traffic interaction should
be “implicit” [4], non-intrusive and support multi-activity rather
than forcing humans to focus exclusively on interaction with the
self-driving vehicle.

Research on interaction with autonomous buses is still scarce and
focuses on passengers [6, 13, 23], i.e. immediate users of the buses.
Incidentally copresent road users have been studied and designed
for in the much larger research body on autonomous cars (e.g. [2,
5, 7, 10, 15, 22]). In self-driving cars, visuals (e.g. [2, 5]) and sounds
(e.g. [5]) have been explored as a means to communicate a vehicle’s
intentions to other road users such as pedestrians. Recent work [10,
14] has argued that movement may be sufficient for communicating
whether an autonomous car is going to stop at a crossing. Following
this argumentation, additional visual and auditory cues should only
be used when people get too close to the car [15]. It remains to
be tested to what extent research on autonomous cars applies to
buses. Being part of public transport, autonomous buses may raise
different expectations than autonomous cars. More importantly,
they may encounter different driving situations when regularly
manoeuvring among crowds, close to pedestrians and cyclists. The
majority of the self-driving car research focuses on encounters
that are explicitly negotiated, such as when a pedestrian meets
an autonomous car at a street crossing. We are more interested in
encounters that happen in spaces that are less clearly structured
and where interaction may be as simple as walking beside the bus
or overtaking it by bike.

Taking an approach that is rooted in conversation analysis and
ethnomethodology, we argue that traffic interaction is inherently
social [20, 22]. Autonomous buses do not only need to commu-
nicate in a straightforward manner, but also act in a way that is
easy-to-understand and intelligible, which we argue can be done
through following basic human interaction patterns. We interact in
a sequential manner [17], gradually repairing our actions if they are
not reacted upon [18] or when the other displays trouble in under-
standing, even in nonverbal ways [11]. For instance, when trying
to get past someone on a narrow escalator, people typically do not
scream at the person immediately, but first do some “ahem”s and
careful attempts to get past the other without having to explicitly
confront them. For a self-driving bus, acting in a social way could
mean rather than immediately doing an emergency break with a
honking sound, the bus could start sounding a softer warning or
flashing lights much earlier, and only employ the break and a loud
sound as a last resort when nothing else worked. Communicating in
a way that humans can easily understand is crucial for the success
and acceptance of autonomous vehicles, particularly in real-world
traffic situations where incidental encounters with non-experts are
the norm.

This paper reports on a project involving an autonomous shuttle
bus, which we have just started at our campus. Intertwining field-
work with design episodes, we will analyse how human road users
interact with the autonomous bus on a moment-by-moment basis
and will explore design for incidental encounters with pedestrians
and cyclists. In the remainder of the paper we will first describe

the planned study and then move on to present initial observations.
Finally, we will discuss how these observations may inform design.

2 SETTING
Two autonomous buses are currently being tested on Linköping
University’s campus and its close surroundings as part of a larger
transportation project1, which explores how autonomous buses
can complement public transport in the future. The buses ride
every 15-minutes during daytime and can be boarded at eight stops
(see Figure 2). Three of these are regular bus stops (stops 1, 2, 8
in Figure 2), one is right next to a regular bus stop (stop 7) and
four are newly installed stops indicated by a coloured sign and
markings on the ground (stops 3-6). The buses drive autonomously
but there is always one of eight safety drivers on board, tasked
with monitoring the driving and taking manual control over the
vehicle whenever a dangerous situation occurs. The buses have no
steering wheel or driver’s seat and the safety drivers typically stand
upright opposite the doors. The safety drivers are employees of the
local public transport provider with several years of experience in
driving ordinary buses and trams.
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Figure 2: Stops currently served by the autonomous buses.

2.1 The Self-Driving Bus
This paper focuses on one of the two buses, built by French company
Navya (see Figure 1) and currently tested in several locations in
Europe. The bus is electric and navigates based on data from LIDAR
and GPS sensors as well as cameras. When someone is getting too
close to the bus, it uses a distinctive beep to alert people in the
surroundings. This sound is reminiscent of the sound that old trams
use, a sharp “ding”, which may be repeated several times after each
other. The same sound is also used when the bus is slowing down
to pass an obstacle (such as a bike parked in its way) and when it is
about to stop at a bus stop.

3 FIELDWORK
The project sets out to study how traffic participants interact with
the bus in everyday life, particularly during early morning, lunch
and evening rush hour. Our research questions at this stage are:
(1) How do people navigate around the bus? and (2) How do people
respond to the sounds that the bus plays in the specific contexts that
they are produced in? We will conduct several weeks of fieldwork
at different times of the day and in varying weather conditions. We
have just started an ethnographic study, which will be followed by
1https://ridethefuture.se
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an extended period of videotaping. The ethnographic study serves
to establish trust and contact with the safety drivers and to get a
first idea of the challenges that the bus faces in everyday traffic. This
stage is also extremely important for identifying camera locations
to capture interaction from relevant angles [8]. To capture different
perspectives at the same time, cameras will be placed inside the
bus, capturing the buses’ surroundings through the large windows.
We will also place cameras outside, on the road close to the bus
stops. While recording in public is allowed by Swedish law, we are
careful to conduct our recordings in an ethical manner, for instance
through placing camera signs on the bus and by wearing colored
vests saying "research in progress" to indicate whenever we are
videotaping.

All fieldwork will be conducted in close collaboration with the
safety drivers. We are planning to record their actions, as the drivers
are visibly anticipating the buses’ next actions [1] and will obtain
their written consent before doing so. We will further conduct semi-
structured interviews with them, exploring how they experience
the buses’ capacities to communicate, based on their comparable
expertise in driving regular buses and trams.

3.1 Analytic Method
The collected video data will be analysed from an EMCA perspec-
tive [3, 9, 21]. Analytic focus lies on how humans, in this case the
incidentally copresent persons, visibly make sense of the buses’
actions. Scrutinizing how sequences of actions evolve on a moment-
by-moment basis, we are relying on road users’ understanding of
the situation as displayed in the situated context. Video record-
ings will be transcribed multimodally, annotating movement, gaze,
gestures and audible phenomena in detail. These transcripts are
an important part of analysis, as they enable us to pinpoint the
emergent sequentiality in detail and to support joint analysis of the
data at so-called data sessions with other researchers. We will be
particularly focusing on situations where people fail to understand
the alarm signals by the bus in a way that allows for smooth in-
teraction. We are planning to discuss our video data with different
stakeholders, such as EMCA colleagues as well as image processing
experts, who can provide more insights into what the bus is "seeing".
We will collaborate with traffic safety experts as concerns the safety
perspective.

4 INITIAL OBSERVATIONS
In the following paragraphs, we report on a few observations that
give a sense of the type of incidental encounters that our project
will document and analyse.

Observation 1: Shortly after a stop in an area that is mostly
used by pedestrians and cyclists (stop number 7 in Figure 2), the
bus turns right, onto an open road. While there is a regular public
transport bus stop to the left, the next stop for the self-driving bus is
out of sight. Before making the turn, the bus stops in between two
massive metal light poles. The bus remains idle for several seconds,
scanning the road. As the curb is lowered just in the area where the
bus is halting to do its safety scan, cyclists are confronted with the
bus blocking their way. Approaching cyclists visibly slow down,
glancing at the bus. The bus does not clearly indicate where it will
move next nor when it is going to start moving again. Cyclists

typically cautiously pass the bus on its left, cycling in a wide curve
around the metal pole and the bus. While the bus is maximizing
safety for the passengers (its users), it becomes an obstacle whose
next actions are difficult to foresee for incidentally copresent other
road users.

Observation 2: During lunch time, many students cycle the
main road on campus. Many cyclists are faster than the bus and
pass around it (see Figure 3). If they get too close to the front of the
bus, the buses’ sensors detect them as an obstacle and the bus elicits
an emergency break, which is accompanied by a honk. While the
bus will remain stalled for several seconds, the cyclists who caused
this often continue as if nothing happened, seemingly unaware
of the emergency break behind them. The stalled bus inevitably
leads more cyclists to try to pass the bus blocking their way, which
immediately leads to further breaks. Such unnecessary stops may
not only delay the bus, but also become a danger in themselves.
People who cycle next to the bus at the moment of the emergency
break get alerted by the sudden break and honk, and may steer
away from the bus in shock. During rush hour, such unexpected
movements may cause accidents, as cyclists are biking very close
to each other. We observed an instance where a girl had to jump
off her bike to prevent a crash with another cyclist, as she steered
away from the suddenly honking bus.

Figure 3: Cyclist in the process of overtaking the bus.

Observation 3: Some people wearing ear buds do not seem to
hear repeated honks by the bus and continue walking too close to
the bus. The honk is also problematic as it excludes people with
hearing impairments. In general, surprisingly many people do not
seem to be afraid of walking close to the bus. This may be because
its slow speed, friendly coloured design and relatively small size,
but it could also be a general habit. People walk very close to public
transport vehicles when getting on and off a bus or tram and are
used to human drivers, who will typically adapt their driving to let
people cross without harm. To make self-driving buses work safely,
it may be necessary to communicate to pedestrians and cyclists
that they need to stay further away from the bus.

5 DESIGN FOR SOCIAL INTERACTION
As our initial observations show, there are several issues with the
way the bus currently communicates with other traffic participants.
Observation 1 may appear as a minor problem that only adds little
extra work for human road users. Nevertheless, indicating that the
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bus is currently halted (and will not move backwards for instance)
could make the situation clearer and safer to maneuver for co-
present road users. As we have indicated, observations 2 and 3
could lead to potentially dangerous situations. As people often
seem to get very close to the bus, it may be helpful to indicate
that this is problematic well before an emergency break will be
triggered, for instance through less intrusive but noticeable sounds
and/or lights. In sum, it seems that the bus is currently perceived
as “in the way” for busy people, rather than a vehicle that needs to
do a meaningful job.

We will use the detailed insights from our field study to formu-
late design problems. The goal is to re-design the communicative
means of the bus to allow for smoother interaction with traffic par-
ticipants. We will explore in several design workshops how sounds
and lights could help to improve human interaction with the bus in
particular traffic situations. Selected scenes of the collected video
data will serve to give concrete examples. We currently plan to
explore different prototypes in a Wizard-of-Oz study in live traffic.
As the project develops, we may collaborate with several local part-
ners in building a more complex system for sound and light signals
to make the buses’ actions easier to predict from a human perspec-
tive. In our design we will draw on insights about human social
organization of traffic [20] as well as basic human interaction rules
such as sequentiality [17], turn-taking [16], recipient design [12, 16]
and repair [11, 18, 19]. Thereby, we tightly intertwine the EMCA
approach and analysis with the design of implicit [4], immediately
understandable sound and light signals.

6 CONCLUSION
Briefly presenting a project on self-driving buses at an early stage,
we explored a few incidental encounters of humans and robots in a
public setting. Studying real world interaction in everyday traffic
provides detailed insights into the challenges that incidentally co-
present road users face when sharing the space with an autonomous
bus. A solid understanding of the kinds of issues that might arise is
crucial for designing bus actions that work well with tacit human
principles for traffic interaction.
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