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Abstract-In this work, a Brain-Computer Interface (BCI)
based on Steady-State Visual Evoked Potentials (SSVEP) is
presented as an input device for the human machine interface
(HMI) of the semi-autonomous robot FRIEND II. The role of
the BCI is to translate high-level requests from the user into
control commands for the FRIEND II system. In the current
application, the BCI is used to navigate a menu system and to
select commands such as pouring a beverage into a glass. The
low-level control of the test platform, the rehabilitation robot
FRIEND II, is executed by the control architecture MASSiVE,
which in turn is served by a planning instance, an environment
model and a set of sensors (e.g., machine vision) and actors.
The BCI is introduced as a step towards the goal of providing
disabled users with at least 1.5 hours independence from care
givers.

Index Terms- Electroencephalography (EEG), BCI, SSVEP,
service robotics

I. INTRODUCTION
The hardware and software required for direct communi-

cation between man and machine are commonly referred to
as a Brain-Computer Interface (BCI) [1]. Cerebral electric
activity is recorded via electroencephalography (EEG), i.e.,
with electrodes attached to the scalp that capture the elec-
trical signals of the brain. These signals are amplified and
transmitted to a computer which transforms them into device
control commands. The electrical brain activity contains
a wide variety of phenomena and patterns that can be
recognized and used to evaluate neurological disorders and
to investigate brain functions. This electrical activity has also
been used in BCI systems to decipher intentions, allowing
persons to control devices directly by their brain activity.
Event-related potentials, event-related synchronization and
desynchronization (ERS/ERD) [2], slow cortical potentials
[3], P300 evoked potentials [4] and Steady-State Visual
Evoked Potentials (SSVEP) [5]-[9] are signals that have
been utilized in non-invasive BCIs. The main goal of a
BCI is to support people with severe motor disabilities [10],
[ 1], for example by allowing them to communicate by
writing text messages, surfing the internet and controlling
external devices such as neuroprotheses, wheelchairs, robots
or simply to shift the sitting position. An important aspect
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Fig. 1. SSVEP-based BCI used to navigate a menu system and to
execute high-level commands such as pouring water into a glass. The low
level control of the robot FRIEND II is performed by a semi-autonomous
architecture.

is that the disabled person will gain independence from care
givers.

In this work, an application of Brain-Computer interfaces
in the service robotics area is presented, with which a novel
control system based on brain responses guides a robot
arm. The main goal is to integrate BCI technology with
the control architecture of the rehabilitation robot FRIEND
II [12], which consists of a 7 degrees of freedom (DOF)
manipulator mounted on an electrical wheelchair, as shown
in Fig. 1. Its control architecture offers semi-autonomous task
execution on a high level of abstraction. The user selects
among the available system tasks and options via a menu-
driven presented on a screen. In this work, an SSVEP-based
BCI is used to navigate this menu and to choose tasks that
should be executed.
The outline of the paper is as follows. In the next section,

more information on SSVEP-based BCIs and on the MAS-
SiVE architecture is provided. Then, the integration of the
BCI system and the FRIEND II system is described. Finally,
results of the proposed BCI-driven semiautonomous service
robot evaluated on a group of 7 subjects are presented and
discussed.
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