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Low level control in a semi-autonomous rehabilitation robotic
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Abstract - In this work, a connection between a semi-
autonomous rehabilitation robotic system and Brain-Computer
Interfaces (BCI) is described. This paper focuses on a system
for user intervention in low-level movement control of an assis-
tive robotic arm. The rehabilitation robotic system allows tetra-
plegics to control the system with high-level commands (e.g.,
"grab the bottle"), and then to intervene in the execution of the
task, if they see that something is going wrong. In such a case,
the user gets the opportunity to continue the task with a low-
level control of the robot arm. A system for such a control on a
low abstraction level by a Brain-Computer Interface based on
P300 and steady-state visual evoked potentials (SSVEP) will be
described in this work.

I. INTRODUCTION

THE FRIEND II rehabilitation robotic system is being
1 developed to assist tetra-plegics in daily life tasks and

thus to increase their autonomy. FRIEND II is an electrical
wheelchair, which is equipped with a 7 degrees-of-freedom
(DOF) manipulator as well as additional sensors and actua-
tors, such as stereo-camera system mounted on a pan-tilt
head and a smart tray with tactile surface and integrated
scale (see Fig. 1). The control of the system usually takes
place on a high abstraction level, e.g., with user commands
like "Pour in a drink" or "Take out bottle from fridge" [1].
Subsequent to the user-initiated task selection on the abstract
level, the system plans a sequence of operations that are re-
quired to solve a certain task. These operations organize the
access of the system's sensors and actuators, but if neces-
sary, also involve the user into task execution, according to
the principle ofsemi-autonomy [2].

During task execution, the manipulator has to be capable
of performing various operations autonomously. Motion
planning algorithms that smoothly drive the manipulator
through the environment without collision with obstacles,
are already in place [3]. However, due to the uncertainties
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present in the data coming from the sensors (cameras, artifi-
cial skin etc.), the estimated positions of objects can differ
slightly from the true values. This can cause failures in the
task execution, e.g., a grasping process. The user can then
take over the control of the manipulator and adjust the grip-
per location. Moreover, the user controls the manipulator in
an intuitive manner by using Cartesian commands, but the
system controls the redundancy of manipulator in parallel
(more details are provided in Section III). In this way it sup-
ports the user to utilize all the capabilities of the 7-DOF ma-
nipulator for more dexterous manipulation in cluttered envi-
ronment. After the gripper adjustment by the user, the sys-
tem can proceed with the execution of the remaining tasks as
planned. In this paper, a solution that gives the user direct
control of the robot arm with a brain computer interface is
described.

Fig. 1. FRIEND 11 system controlled by a Brain-Computer Interface.

Brain-Computer Interfaces provide control of software or
hardware applications by interpreting patterns in the brain
activity of the user [4]. The brain activity exists in different
types that can be used in a Brain-Computer Interface (BCI).
In this work two types of brain activity patterns are used: the
P300 waveform and steady-state visual evoked potentials
(SSVEP). The P300 waveform can be measured in the brain
about 300 ms after a stimulus expected by the person, has
been presented [51. The SSVEP signal arises in the visual
cortex when a person is looking at a continuously blinking
light source [6]. These signals are in this work measured
non-invasively with an electroencephalograph (BEG), i.e.,
with electrodes attached to the subject's scalp.

The paper is organized as follows. In Section II it will be
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