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Abstract— Motor and cognitive disabilities may lead to com-
munication difficulties, exacerbated by the intelligibility of
speech and gesture. In this context, brain–computer interfaces
(BCIs) can be viewed as novel augmentative and alternative
communication technologies to assist these people. Despite the
extensive research in BCIs during the last decades, portability
of most of the studies is still a handicap. In this preliminary
work, we present a truly portable P300-based BCI system as an
aid for communication in cerebral palsy patients. Our system,
that integrates more than 2.000 pictograms to select from, can
be installed in any Android device and uses a cloud server
to process the electroencephalographic signals of the users. A
pilot testing was made with 12 healthy subjects, reaching a
mean accuracy of 90%, assuring its viability and suggesting
further testing with target users in the near future.

I. INTRODUCTION

Brain–Computer Interface (BCI) systems allow users to
control applications or external devices using their own
brain signals. In particular, P300-based BCIs make use of
unexpected visual stimuli through the oddball paradigm to
identify users’ intentions and translate them into application
commands [1]. Due to this ability, P300-based BCIs emerged
as novel technologies that could assist motor-disabled people
and improve their quality of life [2]. Assistive BCIs may be
used as augmentative and alternative communication (AAC)
devices by those whose ability to communicate is restricted
[2]. During the last decades, many P300-based BCIs were
developed to spell words under different paradigms and
devices. However, very few of them provided portable BCIs
to be used on a daily basis by the severely disabled [3].

In this work, we present a pilot study of a truly portable
P300-based BCI to meet the daily communication needs of
children that suffer cerebral palsy (CP). CP is considered
the most common movement disorder in children, reflecting
abnormal brain development that leads to spasticity, dyski-
nesia and ataxia [4]. Since there is no cure, people with CP
require long-term care and therapies. Particularly, children
with CP usually present communication difficulties in form
of intelligibility of speech and gesture caused by motor and
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cognitive impairments [4]. Thus, AAC are essential to bridge
the communication gap and avoid developmental delays.

The objective of this study is to design and develop an
Android-based P300-BCI to provide a new way to commu-
nicate for children with CP. In this preliminary work, the
application was pilot tested by 12 control subjects. A proper
evaluation with CP users is planned in the near future.

II. SUBJECTS AND METHODS

A total of 12 healthy subjects (HS) participated in the
study (mean age: 27±3.41 years, 10 males, 2 females). All
of them gave their informed consent to participate.

As shown in Figure 1(a), the structure of the developed
application lies on three main entities: (1) the user, whose
electroencephalographic (EEG) signals are monitored; (2)
the portable device, which receives the signals and displays
the visual stimuli; and (3) the cloud processing server,
which processes the data and returns the selected commands,
providing a visual feedback.

A. Signal acquisition

In order to prioritize the portability of the BCI system,
the EEG acquisition equipment was wireless and sent the
signal to the final device via Bluetooth. We used a g.Nautilus
cap (g.Tec, Austria) with 8 active channels placed on Fz,
Cz, Pz, P3, P4, PO7, PO8, and Oz; using Fpz as a ground
and the ear lobe as the reference. The equipment had a
sampling frequency of 250 Hz and the signals were pre-
processed using band-pass filter (1–30 Hz) and common
average reference (CAR) [3].

B. Mobile application, signal processing and pilot testing

The application, developed for Android devices, include
the following functionalities:

1) Signal visualization. The app incorporates a button in
the top-right corner to visualize the EEG signal in real-
time in any moment, as shown in Figure 1(b).

2) Create matrix. Users are able to create and edit an
unlimited number of oddball matrices from a database
of more than 2.000 different images. These pictograms
represent common concepts, actions and requests used
by CP patients on their daily basis (Figure 1(c,d)).

3) Offline training. This mode allows users to record trials
for creating a model afterward. Stimuli are presented in
a row-col paradigm (RCP) fashion, intended to elicit
P300 evoked potentials whenever the target’s row or
column are highlighted [1] (Figure 1(e)).



Fig. 1. (a) Structure of the portable P300-based BCI, composed by three main entities: user, device, and cloud processing. Snapshots of the application:
(b) real-time signal viewer, (c) pictograms database, (d) matrix creation, (e) RCP matrix, (f) SWLDA model training, (g) configuration screen.

4) Model training. Once enough training trials are
recorded, the app allows sending them to the Python-
based cloud processing server. The cloud extracts
each stimulus epoch using a 0–800 ms window
(z-scored baseline from -200–0 ms) decimated to
20 Hz [3]. Then, a step-wise linear discriminant anal-
ysis (SWLDA) model is trained to detect whether the
epoch belongs to a target or not [3]. Finally, the model
is sent back to the device, which stores it (Figure 1(f)).

5) Online spelling. In this mode, the SWLDA model of
each user is used to spell words. After each trial, data
are sent to the cloud to classify the target command,
which is then returned to the device trough a blocking
socket. Once received, the app highlights it and a vir-
tual voice reads out loud its description (Figure 1(e)).

6) Configuration. The app also allows users to config-
ure all signal processing details (e.g., window length,
filters), as well as aspects of the RCP (e.g., number
of sequences, timings, latency monitoring, number of
row/columns) (Figure 1(g)).

As a preliminary work, the portable BCI was tested by
12 HS that were asked for spelling a total of 25 trials.
SWLDA training was performed with 12 offline trials, re-
turning the model and the optimal number of sequences per
each user prior to the assessment.

III. RESULTS

Results of the pilot assessment are summarized in Table I,
including demographic characteristics of each subject, their
optimal number of sequences, online accuracy, task duration
and output characters per minute (OCM) [3].

IV. DISCUSSION AND CONCLUSION

As shown, an average accuracy of 90%±7% was achieved,
which assures the efficacy of the proposed system. It is
also noteworthy that the mean number of sequences was
7±1, leading to a selection of an average of 8.44±0.32
characters per minute. Although they are expected to decay in
an online assessment with target users, these results suggest

TABLE I
PILOT TESTING RESULTS

Subject Age Sex Ns Accuracy Duration OCM
H01 26 M 5 88% 2:50 8.82
H02 26 M 6 92% 2:54 8.62
H03 30 M 10 75% 3:10 7.89
H04 34 F 6 88% 2:54 8.62
H05 26 M 8 100% 3:02 8.24
H06 25 M 10 80% 3:10 7.89
H07 26 M 6 92% 2:54 8.62
H08 33 M 7 96% 2:58 8.43
H09 24 F 5 92% 2:50 8.82
H10 24 M 7 92% 2:58 8.43
H11 25 M 6 88% 2:54 8.62
H12 25 M 8 100% 3:02 8.24
Mean 27 - 7 90% 2:58 8.44
SD 3 - 1 7% 0:06 0.32

M: male, F: female, Ns: number of sequences, SD: standard deviation,
OCM: output characters per minute. Duration specified in min:sec format.

that the proposed system is suitable for providing an effective
communication aid for the severely disabled. Moreover, it
was demonstrated that the BCI application, together with the
cloud processing server, were able to process the trials in
real-time, resulting completely unnoticed by the user.

Despite these positive results, further improvements could
be made. It could be studied whether it is possible to execute
the processing pipeline in the device, avoiding the require-
ment of an Internet connection and the cloud server. An
online assessment with CP patients should be performed to
guarantee the viability of our proposal in real environments.
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