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Abstract— It remains one of the main challenges for mobile
robots in a human inhabited environment to interact with
surrounding individuals. Usually, recognizing touch gestures,
perceiving proximity information, or distinguishing between
individuals is both a cost and configuration intensive task. In
this demonstration we utilize inexpensive Bluetooth Low Energy
(BLE) devices attached to the robot and participants. We derive
information of participants by measuring the received signal
strength (RSS) between BLE devices. The system’s flexibility
is shown by using a proprietary mobile spherical robot. Three
proof-of-concept demonstrations will be presented, each refers
to one information factor about individuals in the surrounding
environment: A) proximity, B) touch, and C) who is interacting
with the robot. The audience can observe the robot’s output
data of the raw RSS to surrounding BLE devices attached to
wristbands worn by interacting participants.

I. MOTIVATION
Many sensors are applied to enable human-robot interaction (HRI) scenarios. For example, force resistance sensors
(FSR) for recognizing touch gestures, laser or ultra-sound for
perceiving proximity information of moving objects in the
closer vicinity, and camera or tracking systems for providing
the robot with information about the surrounding individuals.
All these sensors are well established, thoroughly investigated and successfully used in many applications. However,
we felt that all of these systems have shortcomings with
regard to specific applications.
For example, we are in the process of utilizing a mobile
rotating robot with proprietary hardware for robot-mediated
therapy for one or more children with autism. To enable
adaptive interaction, this robot needs to receive touch and
proximity information of the surrounding children and should
recognize which child is interacting with it. The proprietary
hardware of the used robot prevents us from utilizing the
built-in board and attach sensors to it. Thus, we were
seeking for a system architecture to perceive information
about surrounding individuals independently.
Gaining proximity information with laser/ultra-sound or a
camera system mounted on a fast and wobbly locomoting
robot is challenging. In addition, using a camera or tracking
system to distinguish between interacting children is, from
our experience, difficult. First, those systems need to be
configured. Children might need to stand still to calibrate
the system or wear specific clothes with trackables. Both
options are distracting and yield a huge effort to conduct
studies with the children.
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Some HRI experiments (as the one mentioned previously)
may benefit from being conducted in a natural environment.
Applying a tracking system to such an environment in an
unobtrusive manner is at least a cost intensive task.
We thus were seeking for a simple easy applicable technology. We decided to explore the new standard BLE and exploit
the RSS between BLE devices to enhance HRI scenarios
with touch gestures, proximity information and provide the
robot with the capability to distinguish between interacting
individuals.
II. BENEFITS OF BLE
In contrast to previous Bluetooth versions and WiFi,
BLE only needs little energy. This is mostly due to the
small payload of the protocol since it was not intended
for communication or streaming applications. Moreover, the
small payload makes it possible to discover BLE devices very
quickly. Therefore, BLE devices can be positioned flexibly
due to their small size yielded by the small power source of
a coin cell battery, while quick scanning allows the system to
obtain RSS data every few milliseconds rather than seconds.
In addition, BLE is used in a growing number of mobile
phones, smart/fitness wristbands/watches. It integrates in our
everyday life, making it ideal to be exploited as an additional
sensor source for HRI experiments.
III. SYSTEM ARCHITECTURE
This section briefly describes the components, the demonstration setup, and the advantages. For a detailed overview
and a proof-of-concept evaluation please refer to [1].
A. Components
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Fig. 1. (a) The mobile robot platform QueBall can be moved back/forth
and tilted left/right. It emits sound, colors and detects touch (the four circle
objects on top are the touch sensors). (b) Self-powered and configurable
advertising beacon to be attached to people (left); a central BLE device
scans for surrounding peripherals RSS (right).

Figure 1a depicts the used mobile rotating robot QueBall.
It can move forward and backward, and a weight attached to

