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Abstract. The “BrainControl Basic Communicator” (BrainControl BC) is an
augmentative and alternative communication (AAC) system based on Brain-
computer interface (BCI) technology. The system has been designed for pa-
tients with severe disabilities due to pathologies such as Amyotrophic Lateral
Sclerosis (ALS), Multiple Sclerosis, ischemic or traumatic injuries.

The first prototype of the BrainControl BC was completed in mid 2012 and
has been completed in the mid 2013. From 2012, 20 locked-in patients have been
trained with success and in the last few months 12 of these patients are conti-
nuously using the system, as it represents the only possibility to communicate.

BrainControl BC is part of the BrainControl project, aiming to develop a
BCI platform that allows people suffering from sever disabilities to overcome
physical and communicative impairments. In particular, BrainControl can help
patients suffering from diseases that paralyze the whole body or parts of the
body, but who retain their intellectual abilities.

Future versions of BrainControl, which are currently under development,
will include advanced communication and functionalities, home automation,
the control of a wheelchair and robotics.
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1 Introduction

Over 20 million people globally are completely paralyzed and/or have communication
difficulties due to degenerative neuromuscular diseases (amyotrophic lateral sclerosis,
multiple sclerosis, etc.) or ischemic or traumatic injuries." The needs of at least 3.7 mil-
lion of them (severe cases) are not met by assistive technologies currently on the market.
Degenerative neuromuscular or cerebrate-vascular disorders are characterized by a
gradual loss of muscular function while retaining complete cognitive functions.

' Worldwide number calculated based on data from the Population Research Bureau, Christo-

pher and Dana Reeve Foundation, Italian ALS Association, American ALS Association and
American Multiple Sclerosis Association.
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Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease in-
volving the motor neurons. It is pathologically characterized by progressive loss of upper
and lower motor neurons. The disease duration is variable with a large spectrum of pos-
sibilities ranging from forms with mild conditions and a slower evolution to more severe
forms with survival no more than 2.5 years and finally to very rapid forms with survival
of less than 6 months. Clinically, ALS is characterized by a progressive complete de-
struction of the peripheral and central motor system but only affecting sensory or cogni-
tive functions to a minor degree. The disease progresses until the patient loses control of
the last muscular response, which is usually the eye muscle or the external sphincter. The
resulting condition is called completely locked-in state. If rudimentary control of at least
one muscle is present, we speak of a locked-in state. Other conditions leading to a
locked-in state are subcortical stroke and other extended brain lesions, Guillain-Barre
syndrome, some rare cases of Parkinson disease, and Multiple Sclerosis.

The principle assistive technologies for locked-in patients include residual move-
ment controlled systems [1,2], voice-controlled systems, eye-tracking and brain-
computer interface. Voice-controlled systems are based on speech recognition and
speech-to-text, but cannot be used by the millions of patients who cannot speak due to
the pathologies mentioned above. Eye-tracking systems follow the movement of the
user’s pupil, but they cannot be used by many patients. Brain-computer interface
(BCI) technology interprets the electrical signals that correspond with certain brain
activity and allows a computer or other external devise to be controlled with thoughts
(Figure 1).[3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16]
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Fig. 1. Brain-Computer Interface

Over the past 20 years, research in the field of brain-computer interface (BCI) has led
to significant results, driven by advances in our understanding of brain function and the
evolution of computers and sensors. However, no sufficiently usable and robust solu-
tions address the needs of people with severe physical and communication disabilities.

2 BrainControl Project Overview

BrainControl project aims to develop a usable and robust framework for assistive
technologies based on BCI, by the use of low/reasonable cost, commercial available
hardware (EEG headset and Tablet PC).
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Fig. 2. BrainControl Architecture

The heart of BrainControl is a proprietary classifier of EEG patterns based on
neural network technology and combined with an adaptive Bayesian algorithm for
customizing different needs in different patients. The system works like a mental
joystick, detecting 6 types of imagined movements (IM), push, pull, up, down, right,
left, thus allowing a computer or other external devise to be controlled (Figure 2).

BrainControl’s aim is to help users to overcome severe physical and communica-
tive disabilities created by pathologies such as amyotrophic lateral sclerosis (ALS),
multiple sclerosis, tetraplegia and various kinds of muscular dystrophies. In particu-
lar, BrainControl can help patients suffering from diseases that paralyze the whole
body or parts of the body, but who retain their intellectual abilities. It will be possible
for them to communicate feelings and needs, to move their own wheelchair, to inte-
ract with family and friends through social networks, email or SMS, to turn the lights
on or off, and even open or close doors and windows.

A first prototype of the system, able to recognize pull/push imagined movements,
was developed in fall the of 2010 [17]. It has been continuously developed between
2010 and 2012 and tested in the same period with more than 30 healthy volunteers
providing excellent results and encouraging the development.

The first version of BrainControl, the Basic Communicator, was completed in the
middle of 2013. It fills a technological void for patients in locked-in state who cannot
use eye-tracking systems or other assistive technologies.

Future versions of BrainControl, which are currently under development, will
include advanced communication and entertainment (virtual keyboard, text-to-
speech, social networks, email,), home automation (lights, temperature, etc.), control
of a wheelchair and robotics (Figure 3). BrainHuRo, a project that applies BCI
to humanoid robots, has been started in 2013, partially funded by the Italian region
of Tuscany (POR-CREO Fesr 2007-2013 — Le ali alle tue idee) and involving
the University of Siena, Liquidweb s.r.l., Humanot s.r.l., Massimi Sistemi s.r.l. and
Micromec s.r.l. [18].



490 P. Fedele, C. Fedele, and J. Fath

DEDICATED HARDWARE
\/4 MARKETPLACE
ROBOTICS

Patients
with
Severe
Disabilities

\/3 “DOMOTIC” CONTROLS

\/2 ADVANCED COMMUNICATOR

[V]_ BASIC COMMUNICATOR v/ ] el

Fig. 3. Roadmap

3 BrainControl Basic Communicator

The BrainControl Basic Communicator has been designed around the needs of
locked-in patients. It includes a “Yes/No/Don’t know* Selector (Figure 4) and a “Sen-
tence Finder” (Figure 5). The user interface uses a scanning mode to move between
available options and utilizes just one movement-related thought to select the desired
choice. The pre-defined sentences in the sentence finder are completely customizable,
including the addition of images, audio feedback and the creation of sub-menus.

BrainControl BC utilizes proprietary software and commercially available hard-
ware that has been made for the consumer market, including a non-invasive wireless
EEG headsets Emotiv Epoc and a tablet PC.
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Fig. 4. Yes/No Mode
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Fig. 6. BrainControl Basic Communicator

The first prototype of the BrainControl BC has been released on mid 2012 and has
completed in the mid 2013.

3.1 Training of Locked-In Patients

The training is carried out in one-hour remote sessions (video conference with remote
desktop control). In many cases, one session is sufficient, but four sessions are gener-
ally scheduled during the first month.

During the first training the trainers explains to the patients how the system works,
its functionalities and the training purpose, then he starts with multiple iterative ses-
sions of calibration and tests. During the calibration phase, the software records the
EEG data from the user witch was asked to stay focused for few seconds on the
movement-related thought that will be used for controlling the system. The tests
phases consists on asking the patients to select predefined sequences of choices.

This iterative session in conducted for 30-40 minutes and is replicated in the next 3
sessions during the first month.

If the user can select at least 5 predefined choices without errors during the test
phase, the training is considered successful.
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Fig. 7. Calibration

3.2  Results

In the period of August 2012 — January 2014 we carried out sessions training with
two group of users:

I) 30 healthy users;

II) 21 patients with tetraplegia, 18 of them in locked-in state.

The training has been completed successfully for all the 30 users of the first group.

As for as the second group, the training has been completed successfully for 20 and
failed for one of the patients in locked-in state.

12 patients of the second group are using continuously the system, as it represents
the only possibility to communicate.

Aim of the future work is evaluating the use of the system in a long term period for
patients affected by neurodegenerative diseases, after entering in a completed locked-
in state.

4 Conclusion

The “BrainControl Basic Communicator” (BrainControl BC) is an augmentative and
alternative communication (AAC) system based on Brain-computer interface (BCI)
technology. The system has been designed for patients with severe disabilities due to
pathologies such as Amyotrophic Lateral Sclerosis (ALS), Multiple Sclerosis,
ischemic or traumatic injuries.

From 2012, 20 locked-in patients have been trained with success and 12 of these
patients are using continuously the system, as it represents the only possibility to
communicate.

BrainControl BC is part of the BrainControl project, aiming to develop a BCI plat-
form that allows people suffering from severe disabilities to overcome physical and
communicative impairments. In particular, BrainControl can help patients suffering
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from diseases that paralyze the whole body or parts of the body, but who retain their
intellectual abilities.

Future versions of BrainControl, which are currently under development, will in-

clude advanced communication and entertainment functionalities, home automation,
the control of a wheelchair and robotics.
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