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Abstract— Safety is one of the base elements to build trust in
robots. This paper studies remedies to unavoidable collisions
using robotics assistive feeding as an example task. Firstly,
we propose an attention mechanism so the user can control
the robot using gestures and thus prevent collisions. Secondly,
when unwanted contacts are unavoidable we compare two
safety strategies: active safety, using a force sensor to monitor
maximum allowed forces; and passive safety using compliant
controllers. Experimental evaluation shows that the gesture
mechanism is effective to control the robot. Also, the impact
forces obtained with both methods are similar and thus can
be used independently. Additionally, users experimenting onpurpose impacts declared the the impact was not harmful.

I. INTRODUCTION
The need for assistive care is rapidly increasing, and it
will further increase in the following years. For instance,
the EU expects a 34% increase in the total number of
stroke events [1], with also an increase in the number of
stroke survivors who may potentially need assistive devices.
Part of this effect will be motivated by the increase of
aging population, which will require even more gerontology
assistants such as nurses, numbers with which we may
not be able to cope [2]. Therefore, the need for assistive
technologies such as robots will be a key factor in the wellbeing of the elderly and handicapped population.
However, this kind of robots pose big research and ethical challenges on the table. Physical assistance, such as
feeding [3] or dressing [4] require close contact in highly
sensitive areas of the body. Accordingly, safety should be
a main focus of research in the Physical Assistive Robots
community. In this paper, we will focus on the safety aspects
of a physical assistive task such as helping a user to eat
autonomously. We propose safety measures in two ways.
The first one is preventive, monitoring the user and ensuring
to perform the actions in safe moments. The second one
is focused in recovering from unavoidable issues such as
impacts, stopping the robot before it can harm anybody and
recovering from that in order to finish the task.
II. RELATED WORK
Physical Assistive Robots (PAR), in contrast with Socially
Assistive Robots (SAR), need to be inherently safe for the
user being assisted. Many works have shown the concern
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regarding safety in PAR. An example is the work by Alami
et al. [5] which analyses safety issues as well as many
injury criteria, some of which will be applied in this paper.
Other works show different concerns and motivations on
safe PARs [6], [7], [8]. Nonetheless, safety is also important
in SAR systems which, even they do not include physical
contact in the task, are moving in the same environment
and can cause accidental harm to the user [9]. Rehabilitation
robotics are focused in helping the user to recover from some
health condition, be it physically or socially. Thus, this kind
of robots should also be inherently safe [10].
A specific case of physical assistance is the feeding
aid [11]. Feeding involves not only contact but the insertion
of cutlery in the user’s mouth, which increases the chances of
harming the person. Available feeding assistance systems are
usually of three kinds. In manually operated eating systems,
such as the neater eater1 , the user approaches the device to
the mouth in order to eat, helping users with mobility issues.
Forearm stabilizers provide an arm support, successfully
stabilizing the arm of the user. Some examples can be
found in [12]. Finally, electrically operated eating systems
are robotic arms with an attached cutlery piece that can move
autonomously, such as the one we are using in this paper.
There are many examples available, such as [13], [14], [15],
although most of this kind of systems lack of enough sensory
information to provide a full feeding assistance, as well as
to ensure the safety of the user when doing it. However,
some authors such as Park et al. [16] have started to analyze
possible hazards towards the user by detecting anomalous
executions.
In this paper we differentiate between strategies to avoid
collisions and strategies to treat unavoidable collisions. For
the latter, we study two different strategies (passive and
active) to minimise potential harm.
III. SAFETY STRATEGIES FOR AUTONOMOUS
FEEDING
Eating assistance is an invasive task, thus the user needs to
feel safe and in control of the robot behavior. We propose to
use gestures and an attention mechanism to wait for the user’s
attention and readiness to eat providing feeling of control and
safety.
The feeding system works as follows. Once the spoon is
loaded with food, the robot waits for the user’s attention to
approach the mouth. Then, the robot moves to the pre-feeding
position (manually set at 30 cm in front of the mouth). The
robot waits for the user to open his mouth while he is looking
1 www.neater.co.uk/neater-eater

