Understanding mental models in robot navigation

A shared-controlled wheelchair case study
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ABSTRACT

In human-robot interaction, the user’s mental model of the robot
plays a significant role in the effectiveness of the interaction. In
the shared-controlled wheelchair navigation task, the interaction
happens between the wheelchair and its user, as well as its
surrounding pedestrians. Thus, understanding pedestrians’
mental models is essential for safe and social navigation.
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1 Introduction

Robots and humans increasingly interact in public places,
where they achieve tasks collaboratively. For effective
human-robot interaction, it is key to build and understand the
user’s mental model during the task. In this paper, we
investigate a special HRI scenario where a wheelchair user
drives a shared-controlled wheelchair to navigate in crowds.

A shared-controlled wheelchair is made of a standard
electrical wheelchair and a collection of sensors (see
Figure 1). Our wheelchair consists of four clusters of
ultrasonic sensors, an RGB-D camera and one 2D Lidar (not
shown). It has the ability to sense its environment and generate
collision free actions. In this sense, we consider it as a robot.
Different from fully autonomous robots, a shared-
controlled wheelchair consists of a human-in-the-loop control
framework, which makes it a special case to study in terms of
human-robot interaction. To achieve safe and social navigation,
we proposed building two two-way interaction bridges [7].
The first bridge is between the wheelchair path planner and
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its user. In order to drive the wheelchair, the user has to
express his or her driving intention through an interface and
the path planner will generate collision free action by taking
the user’s intention into account. Although the wheelchair
tends to follow its user’s intention in most scenarios, they
may differ when the user’s command is considered dangerous,
which could leave the user to be confused. To address this issue,
recent studies have been exploring feedback using visual
[6,8] and haptics [2,3] techniques, with the aim of providing
wheelchair users with the mental model of wheelchair’s
intended action. However, it remains a challenge to provide
efficient and intuitive feedback to the user.

Figure 1. Our smart wheelchair with a collection of sensors

On the other hand, when such a wheelchair is driven in
crowds, it further interacts with its surrounding pedestrians.
During these interactions, pedestrians must be and feel safe,
and this necessitates the mutual understanding of movement
between the two parties [7]. Recent researches address this
issue by predicting pedestrian's future trajectory and thus
achieve joint collision avoidance [1,4,5].

However, those methods are based on the assumption
that pedestrians avoid any robots the same way as they do to a
human, which may not be true. In addition, those works only
focus on autonomous robots and leaving shared-control
(especially with a user that can be seen) to be explored.
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In this paper, we investigate the validity of such assumption
through a preliminary study, trying to understand whether
pedestrians hold different mental model towards two robot
platforms: A shared-controlled wheelchair (Figurel, with a
driver) and a humanoid robot (Pepper), and how this affects their
navigation behaviour.

2 Preliminary study

We designed a controlled gate-crossing task where 28
participants (15 females and 13 males, M=33 years old, SD=8.8
years, none of them has a mobility impairment and none has
participated in a similar task before) were involved. Ethics have

been approved and consent from participants have been obtained.

Figure 2.

A pedestrian is wusing gesture to
communicate his intention to let the wheelchair pass

In order to simulate crowds, all participants were instructed to
walk at the same time from side to the other side of the platform,
by crossing a 2m wide gate. Three main scenarios were designed
where participants walk with a shared-controlled wheelchair, a
Pepper (controlled remotely) or without any robot. Each scenario
was repeated 10 times and participants’ initial positions were
randomized to maximize human-robot interaction and avoid
potential bias towards certain participant’s walking behavior.
After each trial, participants were asked to complete a short
survey asking them to reflect their perception and actions. The
experiment was recorded by an overhead CCTV and trajectories
were extracted for analysis. Our initial analysis of trajectory data
indicates that pedestrians’ avoidance behaviour varies across
two robot platforms. For example, during gate crossing,
pedestrians tend to adapt their trajectory by giving way to the
wheelchair but overtaking Pepper. This difference in action
could be explained by the fact that participants hold different
mental models towards the wheelchair and the humanoid robot.
This is further supported by the survey result that 84% of
participants do not consider the wheelchair as a robot despite its
exposed sensors which makes its appearance different from a

standard wheelchair, while all participants recognize Pepper as a
robot. A potential explanation could be that a human’s mental
model towards an object is built on their past experience. As a
result, when they saw the shared-controlled wheelchair, it
matched more with the image of a normal wheelchair thus
triggering their cognition of this as a mobility tool for
wheelchair users instead of a robot, which further affect their
action.

In addition, the fact that a visible human user was controlling
the wheelchair further affect their cognition. The survey result
shows that 11% of participants claimed that they
communicated their walking intention with the wheelchair
driver by using gestures and eye contact (Figure2), while
these numbers are only 0% and 4% in the Pepper case. This
indicates that pedestrians tend to communicate their intention
with the human (wheelchair user) as they naturally do in daily
life. This poses a unique challenge in the shared-controlled
setting, as the understanding of pedestrians’ communicated
intention may differ between the user and the path planner,
which could lead to the movement that was unexpected by the
pedestrians. This issue could partly be addressed by
communicating the wheelchair’s planned action to its
surrounding pedestrians, which has been studied for the
autonomous vehicle [1]. However, as the user and the
wheelchair could communicate their intention to the pedestrians
at the same time and may conflict with each other, it should be
dealt with care. In terms of navigation strategy, the requirement
of understanding pedestrians’ intention for the path planner is
highly associated with its user’s capability and the nature of the
environment. For a highly capable wheelchair user, it would be
intuitive to let the user taking care of the social navigation part,
while the path planner only deals with low-level collision
avoidance.

3 Future Work

This paper presents our preliminary study in human-shared
controlled wheelchair interaction, with the focus on
understanding pedestrians’ mental model and its effects on the
joint navigation task.

In the future, we would like to investigate whether pedestrians
could perceive the wheelchair’s different intelligence levels and
how it relates to their walking behaviour. In addition, we would
like to explore wheelchair user’s perception of shared control
and investigate the effect of feedbacks (e.g. Visual signals
indicating the wheelchairs intended trajectory) in these
interactions., aiming to provide navigation assistance in a more
intuitive and explainable way.
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