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Abstract—The present study aims to develop an assistive tool
for managing electronic devices at home and to evaluate it with
real end-users. A P300-based BCI system was used and nine
people with severe motor disabilities participated in the study.
Five out of the nine participants were able to control the
application with accuracy higher than 64%, even three of them
with accuracy higher than 84%. Thus, the results of a previous
study with a motor imagery-based BCI were improved. Hence,
the proposed tool could be useful for disabled people allowing
them to interact with their usual environment fulfilling the
main comfort, communication and entertainment needs.

I. INTRODUCTION

RAIN Computer Interface (BCI) systems monitor brain

activity and translate specific signal features, which
reflect the user’s intent, into commands that operate a device
[1]. Usually, the electroencephalography (EEG) method is
used to record this brain activity since it is portable, non-
invasive and it requires relatively simple and inexpensive
equipment [1]. P300-based BCIs allow selecting items
displayed on a computer monitor using the ‘oddball’
response: infrequent auditory, visual or somatosensory
stimuli, when interspersed with frequent or routine stimuli,
typically evoke in the EEG over parietal cortex a positive
peak at about 300 ms [1]-[4].

Several studies have shown the success of P300-based
BClIs for disabled people [4]-[6]. The present study aims to
develop an assistive BCI application for managing electronic
devices and to evaluate if real end-users, i.e., people with
severe motor disabilities, could use it to interact with their
usual environment, increasing their personal autonomy.

II. MATERIAL AND METHODS

A. Participants

Nine subjects with different pathologies (cerebral palsy,
quadriplegia, paraplegia, neurofibromatosis, Arnold-Chiari
malformation, degenerative ataxia and traumatic brain
injury) and motor impairments took part in the study. All

This research was supported in part by the “Proyecto Cero 2011” on
Ageing from “Fundacién General CSIC”, “Obra Social La Caixa” and
CSIC; the “Ministerio de Economia y Competitividad” and FEDER under
project TEC2011-22987; and project VAI111A11-2 from “Consejeria de
Educacion (Junta de Castilla y Leon)”. R. Corralejo was in receipt of a
PIRTU grant from the “Consejeria de Educacion (Junta de Castilla y Leén)”
and the European Social Fund.

R. Corralejo, R. Hornero and D. Alvarez are with the Biomedical
Engineering Group (GIB), Dpto. TSCIT, University of Valladolid,
Valladolid, Spain, (e-mail: rebeca.corralejo@uva.es).

participants were users of the National Reference Center on
Disability and Dependence in Leon.

B. EEG signal acquisition and signal processing

Data collection and experimental design were controlled
by the BCI2000 system [7]. The EEG was recorded from 8
channels: Fz, Cz, CP3, CP4, Pz, PO3, PO4 and Oz,
according to the modified 10-20 system [8], referenced to
the left earlobe and grounded to the right one. Impedances
were kept below 5kQ. The EEG signals were recorded using
a g.USBamp amplifier (g.tec, Austria), sampled at 256 Hz
and bandpass filtered between 0.1 and 60 Hz.

A segment of 800 ms of data next after each flash was
extracted, filtered and decimated. Stepwise Linear
Discriminant Analysis (SWLDA) was used as feature
selection method to identify the suitable discriminant
function composed of up to 60 features [4], [9].

C. BCI-REHAB application and procedure

A P300-based BCI application for managing electronic
devices at home, BCI-REHAB, was developed. Its main
menu shows a 3 x 4 matrix consisted of images depicting the
devices: TV, DVD player, Hi-Fi system, multimedia drive,
lights, fan, heater and phone (as shown in Fig. 1). From this
menu, the user can access to the specific menus: variable-
size matrices consisted of images depicting each device
functions. Just like the typical P300 paradigm, 15 sequences
of flashes are presented, containing one stimulus for each
column and row [3]. Every 125 ms, one stimulus flashes for
62.5 ms. Once the matrix finishes flashing the selected
option is performed by means of an infrared signal emitter.

The participants completed a copy mode session, based on
the typical 6 x 6 characters matrix. Then, they completed 2—
4 free mode sessions with the BCI-REHAB tool. They had
to complete runs focusing their attention on a series of
images proposed previously. A proposed run was: “access
the fan menu”, “switch it on”, “activate the swing mode”
and “set the timer for 1 hour”. The accuracy was defined as
the number of characters/images accurately classified.
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Fig. 1. Main menu of the BCI-REHAB tool and specific menu for TV
control: switch on/off, turn up/down the volume, etc. (Both in Spanish)



III. RESULTS

The results achieved by the participants in the study are
summarized in Table I. It shows the classification accuracy
per session, the global mean accuracy (MA) and the
percentage of finished runs (FR) for each participant. Five
out of the nine participants (U1, U3, U4, U5 and U9) were
able to control the system with adequate accuracy, higher
than 64%. Even three of them achieved accuracy higher than
84% and stable over sessions. The rest of participants (U2,
U6, U7 and U8) were not able to control appropriately the
system. The participants who did not have any cognitive
impairment (U1, U5, U8 and U9) achieved high accuracy
with the system except US8. It may be since U8 looked quite
unmotivated during some sessions. The rest of participants
had mild cognitive impairment. Nevertheless, two of them
were able to control suitably the system; one of them even
achieved a mean accuracy of 85%. As it was expected, the
percentage of FR is always closely related to the accuracy
results: only the participants with the higher accuracy results
achieved high percentages of FR.

IV. DISCUSSION

Many studies related to BCI systems are performed with
healthy people. However, some authors have applied BCls
for end-users. In [5], five subjects with different pathologies
took part in the study. Four out of the five participants
achieved 100% accuracy. Nevertheless, these results cannot
be directly compared with our results since the paradigm
was quite different: only one stimuli matrix, consisted of six
images that flashed one by one, instead of columns and
rows, and only two sessions were performed. In [4], eight
subjects with ALS participated in the study using the typical
6 x 6 characters matrix. Four out of the eight participants
were able to control adequately the system, with mean
accuracy ranged from 58% to 83%. Furthermore, they
showed that the amplitude and latency of the P300 remained
stable over 40 weeks. The classification accuracy results of
this study are similar to our results, although the percentage
of participants who controlled suitably the system and their
mean accuracy is slightly higher in our study.

Ul, U2 and U3 participated in a previous study using a
motor imagery-based BCI [10]. Ul, without cognitive
impairment, achieved a maximum accuracy of 70%. Using
the BCI-REHAB tool, Ul’s accuracy increased up to 98%.
U2, with mild cognitive impairment, controlled neither the
first nor this new system. Finally, U3, also with mild
cognitive impairment, could not control the first BCI but
managed the BCI-REHAB tool with an accuracy of 85%.
This suggests that P300-based BCIs could be more suitable
for disabled people than motor imagery-based ones.

V. CONCLUSIONS

The developed BCI-REHAB application allows the users
managing electronic devices usually present at home,
according to comfort, communication and entertainment

TABLEI
ACCURACY RESULTS FOR EACH PARTICIPANT

Sessigfer Ul U2 U3 U4 U5 U6 U7 U8 U9
S1 95,0 7,0 96,0 82,0 92,3 550 250 46,0 37,5
S2 100,0 43,0 65,5 750 750 80,0 36,8 41,2 86,8
S3 100,0 38,0 98,00 62,5 100,0 17,7 32,1 250 54,1
S4 100,0 - 85,5 80,0 100,0 29,2 - - -

S5 97,3 - - 51,5 934 - - - -

MA (%) 984 26,2 84,5 654 952 37,8 333 364 648
FR (%) 100,0 - 92,9 71,4 100,0 250 30,8 9,1 66,7
needs. Thus, they can interact with their environment

increasing their independency and improving their quality of
life. The accuracy results achieved by the participants of this
study are promising. In spite of none of them had previous
experience with P300-based BCls, five out of the nine
participants achieved more than 64% accuracy, three of them
even more than 84%. Thus, P300-based BClIs could be really
adequate to assist severe disabled people.

Nevertheless, this study has certain limitations. The EEG
electrodes set up takes too much what could have a negative
influence on the user’s motivation. Moreover, it would be
suitable to increase the number of subjects in future works.
To overcome these limitations, in future studies EEG active
electrodes will be used. Furthermore, the system could be
modified to add or remove devices in order to accommodate
other needs and requirements of end-users, decreasing their
dependency from caregivers, nurses, relatives, etc.
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