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ABSTRACT
Introduction The principle of a Brain-Computer Interface
or BCI is to control a device through the extraction and in-
terpretation of signal features from electroencephalograms
(EEG) collected either from the surface of the scalp or
through invasive measurements. This late idea of com-
munication technique (Vidal 1973), offers the advantage of
bypassing the need for muscle activity in the control chain
and is therefore presented as a promising alternative to re-
store communication and control in severely disabled pa-
tients (Wolpow, et al. 2002). However, the lack of robust-
ness and ergonomics of both available software and EEG
measurement techniques have delayed the transfer of this
technology to patients bedsides.

Materials and methods The French Research Agency
has funded a 3-year project gathering national leaders
in microelectronics (CEA-Leti), EEG signal processing
(Gipsa-Lab) and clinical management of severely disabled
people (Raymond Poincar hospital). The aim of the project
is the development and the clinical validation of a Brain-
Computer Interface prototype for communication. As an
initial step, a survey was carried out to assess patients’ and
users (family and caretakers) needs, which were translated
into specifications, on the basis of which software and hard-
ware were developed.

Results The survey (n=45) highlighted the need for
easy-to-setup systems (installation time ¡ 15min), which
stresses the importance of mechanical comfort and cus-
tomization of application. The development of signal
processing techniques has led to improvements of the
P3Speller paradigm. A first prototype of a 32-channel EEG
recording system is under development. To ease the EEG
measurements and reduce installation time, the system has
a reduced size. It includes the analog amplification and dig-
ital conversion of 32 channels sampled at 1 kHz, as well as
the wireless data transmission to a computer. First in vivo
validations were performed on small animals. This system

will be optimized and connected to a headset specifically
designed to provide a comfortable and handy interface with
dry electrodes.

Discussion The present project will still run for one
and a half years, ending with its clinical validation in a pop-
ulation of severely disabled patients, which will compare
performances of the system with existing assistive tech-
nologies. At this stage, the proposed system yields very
promising results, and outperforms the current state-of-the-
art. If such a system is shown to perform better than current
users assistive technology, it could reach the commercial
availability for severely disabled patients within the next 5
years.
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1 Introduction

The principle of a Brain-Computer Interface (BCI) is to
control a device through the extraction and interpretation
of signal features from electroencephalograms (EEG) col-
lected either from the surface of the scalp or through inva-
sive measurements. This old idea of communication tech-
nique [1], offers the advantage of bypassing the need for
muscle activity in the chain of control, and is therefore pre-
sented as a promising alternative to restore communication
and control in severely disabled people diseases [2, 3].

The use of BCI in a severely disabled population is
however less frequent than commonly believed. Firstly,
a literature research on BCI shows that a third of pub-
lished papers deal with algorithms aiming to provide higher
and more robust overall performances. Unfortunately, only
a few algorithms are made available on one of the two
open-source platforms for BCI [4, 5]. In fact, only two



implementations of the well-known and broadly-published
P3Speller [6] make use of these platforms. Secondly,
nearly a quarter of the publications focus on neurophysi-
ology and the use of EEG features with no major break-
through in this direction, as BCI mainly makes use of
late paradigms: Event Related Potentials (ERP) [7, 8],
Steady State Visual Evoked Potentials (SSVEP) [9], mo-
tor rhythms [10] and Local Field Potentials (LFP) [11]. Fi-
nally, only a fifth and a tenth of publications deal with spe-
cific applications and evaluation in patients, respectively.
Before 2005, the proportion of medical publications in the
field was around 10%, a figure that nearly doubled since
then.

The Clinical Investigation Centre for Innovative Tech-
nology (CIC-IT) at the Raymond Poincar hospital (Paris
hospital trust - APHP) is the leading French multi-
disciplinary research group in the assessment of technology
for use by disabled patients. BCI was lately identified as a
potential assistive technology, despite being regarded with
much skepticism by clinicians, due to the disadvantageous
usability-performance ratio against existing assistive tech-
nologies. Further examination of the reasons why BCI are
not being widely available led to the following conclusions:

• Lack of robustness of the application: no real adaptive
signal processing tools taking into account the inter-
and intra-individual variations of EEG features and
high sensitivity to all sources of noise ;

• Lack of ergonomics: the setup procedures of EEG
recording device is particularly tedious. Moreover, the
software calibration procedures (primarily designed
for researchers) are complex and are not integrated
with end-user application such as emails or Internet.

A consortium was built and a project proposal de-
veloped whose aim is to investigate these issues, while
working on hardware and software simultaneously, in
close relation with patients and medical teams specifica-
tions. Finally, the French Research Agency funded a 3-
year project regrouping national leaders in microelectron-
ics (CEA-Leti), EEG signal processing (Gipsa-Lab) and
clinical management of severely disabled people (Ray-
mond Poincar hospital) together with an industrial leader
in invasive brain signal monitoring (DIXImicrotechniques).
The project aims to develop and validate a BCI prototype
for communication. As an initial step, a survey was car-
ried out to assess patients and users (family and caretak-
ers) needs, which were translated into specifications, subse-
quently used as guidelines for both software and hardware
development.

2 Materials and methods

2.1 Patients need and technological locks

A questionnaire was written by occupational therapists spe-
cialized in providing effective assistive technology to a

Figure 1. Picture of the ECRINS electronic board with its
RF antenna used for the RoBIK project.

wide range of disabled patients. The questionnaire was
composed of three sections: general use of BCI, BCI head-
set, and application. 20 patients and 20 caretakers were
interviewed. Quadriplegic patients admitted to ICU for
whom verbal communication was compromised by me-
chanical ventilation, were enrolled after informed consent.
The aim of the clinical study is to assess the feasibility of
a state-of-the-art BCI for communication described in [12].
24 cupule-electrodes were fitted to 10/20 standard locations
by an EEG technician and signals were recorded at 256
Hz with a Porti32TM from TMSi (Twente, Netherlands).
The Porti32TM was connected to the open-source platform
OpenViBE. Signals were filtered using the xDAWN spatial
filter [13] prior to SVM voting classifier [14].

2.2 New P300 paradigm for daily use

Our cohort consists of 20 healthy volunteers who gave
their informed consent. For each of them, 32-EEG sig-
nals were recorded using a Nexus32TM from MindMedia
(Roarmond-Herten, Netherlands). Recordings took place
in a room specifically labeled by the national health and
safety regulatory committee (AFSSAPS). Subjects were
given instructions for a standard P3Speller experiment [12].
Stimulation and signal processing were handled by Open-
ViBE. Signals were analyzed with the aim of optimizing:

• the number and locations of sensors ;

• pre-processing and classification parameters.

2.3 Wireless EEG headset for daily use at home

A wireless multichannel data acquisition electronic system
is being designed for electroencephalograms (EEG) record-
ing. This system is based on the EleCtro encephalogramme
Recording Interface for Neuroactivity Studies (ECRINS)
prototype which is shown on the Figure 1. This electronic
system is consists of a custom integrated circuit (ASIC)
for signal conditioning, amplification and digitization, as
well as a commercial module for RF transmission. The RF
transmission module is capable of handling a 32-channel
EEG recording sampled at 1 kHz with 12-bit resolution.
This integration is the first step towards a lightweight EEG
headset for Brain Computer Interface (BCI) studies.



In parallel, an extensive literature review for EEG
sensors was carried out. Three dry-electrodes solutions for
easy-to-setup BCI headsets were identified: micro-array
electrodes [15], comb electrodes [16, 17] and hybrid elec-
trodes [18]. Commercially available solutions are cur-
rently evaluated together with a prototype developed by the
projects industrial partner. Eventually the selected candi-
date will be interfaced with an EEG headset designed to
comply with specifications. To date, several headset de-
signs were suggested and are currently prototyped.

3 Results

3.1 Patients need and technological locks

The survey (n=40) highlighted the need for easy-to-setup
systems (installation time shorter than 15 min in 82% of
responses) and revealed that the expected daily time of use
would be higher than 2 hours. This, in particular, stresses
the importance of mechanical comfort (selected as first pri-
ority for 72% of users and 60% of users) and customization
of the application (second priority for 79% of users and
62% of medical staff). In terms of mechanical comfort, the
main point was the compatibility with potential headrests
and most cited applications were, in order of importance:
voice synthesizer, web surfing, emails and domotics inter-
faces.

At the time of writing 4 ICU patients have been in-
cluded in the feasibility study (2 male, 2 female, age range:
22 to 63 y.o.). Two patients presented with quadriplegia
(C1, C4-C5), one with Guillain-Barre syndrome, and one
was a post-surgery patient. Three patients were mechani-
cally ventilated through translaryngeal tracheotomy (75%).
Even though the BCI spelling system was calibrated at a
spelling rate of 1.8 characters per minute, post-analysis
showed that two patients (50%) had sufficient Signal-to-
Noise-Ratio (SNR) to achieved spelling rate comparable to
those found in literature on healthy subjects. The other two
patients withdrew from the study, one because of respira-
tory distress and the other because of an impossibility to set
up occipital electrodes, respectively.

3.2 Robust P300 paradigm

Identification of optimal subset of sensors was carried out
by comparing P300 identification performance from three
different group of sensors: the complete EEG headset (32
electrodes), 8 electrodes individually selected to provide
best performance, and common subgroup of 8 electrodes
providing the best average performance in the population
of 20 healthy volunteers [19, 20, 21]. This study, illus-
trated in Figure 2, shows that an individually customized
subsets of 8 leads provides similar accuracy (Acc) than
the complete headset (32 electrodes) in 85% of subjects.
The subset of 8 electrodes (out of 32) common to the 20
subjects also provides equivalent performances, except for

Figure 2. Description of classification accuracy for n=20
subjects + average (right) for all 32 sensors, an optimized
subset of 8 sensors for all subjects and an individually op-
timized subset of sensors.

three patients (15%) for whom the common subset of sen-
sors does not provide sufficient accuracy for practical BCI
use (Acc¡75%).

Optimization of the time window for P300 detection
[22] and spatio-temporal feature selection [23] led to an av-
erage accuracy greater than 95% amongst the 20 subjects.
In particular, partial use of training data provided an aver-
age accuracy of 80% with as little as 2 min signal for cal-
ibration [24]. This particularly meets the needs expressed
by clinicians and patients for a short setup time.

Finally, the data set was used to understand better the
implications of close target stimuli. Analysis of such events
revealed that in order to elicit an unaltered P300, target
stimuli should be separated by at least 450 ms. A novel
pseudo-random paradigm preventing such events, led to an
estimated 30% relative increase in bit-rate [25].

3.3 Wireless EEG headset for daily use at home

A prototype of the electronic board was designed. Thanks
to the experimental setup based on the ECRINS board
shown on Figure 3, the input referred noise of the record-
ing system (based on a dedicated ASIC) and preliminary
throughput tests have been performed. These first tests
confirmed the feasibility of transmitting 32 channels with
a 12-bit resolution sampled at 1 kHz. An input-referred
RMS noise in BW1 [0,5Hz; 300Hz] of about 1µV for each
channel was measured. A software for wireless recording
and visualization of EEG signals was developed, and the
complete system was validated in vivo on a rodent model,
as described in Figure 1. The experimental procedures and
animal care were carried out in compliance with the Eu-
ropean Community Council Directive of 24th November
1986 (86/609/EEC).

Literature on dry electrode technology discarded
micro-array technology for lack of sufficient evidence, and
health and safety issues associated with minimally invasive
modalities over time. Similarly, hybrid capacitive technol-
ogy was discarded because of the necessary additional elec-
tronic stages, leaving comb designs the preferable technol-
ogy for BCI.



Figure 3. Description of the technical setting for the in vivo
validation of the electronic card and the wireless link.

4 Conlusion

The current project will run for another year and a half, and
should end with the clinical validation of the prototype in
a population of severely disabled patients. The study will
compare performances of the system with existing assistive
technology. Major remaining steps involve the break down
of line-columns stimuli in the P3Speller paradigm, devel-
opment of an optimized version of the electronic board.
The board will be connected to a headset specifically de-
signed to provide comfortable and practical interface with
dry electrodes.

The major advantage of the approach described here
is the central role played by the clinical partner: from the
original project design phase to the clinical validation, de-
velopments are led by pragmatic recommendations from
practitioners and patients, allowing the know-how of engi-
neers and researchers to benefit patients directly. Such a
collaboration allowed us to address the issues encountered
during the feasibility study at an early stage, and should
remain the driving force behind this project.

In addition to the hardware and algorithms (available
on the OpenViBE forge) developed in the scope of the
project, benefits for the BCI community involve a first eval-
uation of patients’ needs as well as patients’ data acquired
in Intensive Care Unit during a P300 speller protocol. Such
an evaluation of patients’ need and in-situ data are ex-
tremely rare in the BCI community that works mainly with
healthy volunteers and is therefore highly valuable material
to guide future research in the field.

Finally, if the system is proven to perform better than
current users assistive technology in the clinical valida-
tion stage, commercial availability for severely disabled pa-
tients could be achieved within the next 5 years.
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