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Abstract — A Brain-Computer Interface (BCl), also known as
Brain-Machine Interface, is a system that allows fo the
interaction between the user and its surroundings sing control
signals generated by his brain activity. The improement of the
research on BCI correlates mainly with the advancesof
Neurophisiology and Computer Science. Initial reseah was
dedicated to the development of devices for the conunication of
individuals who lost voluntary muscle control but tad no
cognitive impairment. Nowadays, we find applicatios in the
fields of mobility, communication and the treatmentof diseases of
user who may or may not have movement impairment.
Considering the expansion scenario of the BCI apglations, this
paper presents a pedagogical description of the rent publication
on this field of study. Hence, we descrive the basiconcepts
related to this research area, as well as some @ iapplications
and limitations.
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. INTRODUCTION

He research are call Brain-Computer Interface (B€l) .

multidisciplinary, integrating neuroscience, physgy,

of BCI has been related to the creation of new camaation
and control channels for severely impaired pergd8% This
way, a BCIl has been shown as adequate in helpirgppe
with motor limitations interact with the environntern
activities such as light and television controlsim® questions,
text processing, wheelchair operation and robota@stihetics
[49]. Among the various applications, we can highii
autonomous vehicles [41], cell phones that perfoalts using
brain activity [43] and virtual reality games [46].

Considering this expansion scenario, this papemis to
present a short and accurate pedagogic descripbont the
working of BCls, both to the scientific communitgdageneral
population. In order to achieve this goal, we apptothe
basic concepts of this research area, as wel apjilications,
limitations and the research projects related .td'iis text is
organized into two main sections: section Il présha basic
neurological and computational concepts related the
working of a BCI, while section Il describes theaim
applications, limitations and scientific projectdated to this
topic.

BRAIN-COMPUTERINTERFACE:BASIC CONCEPTS

A BCI promotes a new form of communication and new

psychology, engineering, computer science and akvegontrol channels between the user and his musaétesw any

other areas related to technical or health sty@@}s The main
goal of a BCl is the development of a computeresysable to
interpret the information coded in the electricativaty of
neuron groups associated with a motor process.eTsigaals
must be analyzed in real time and translated intoroands to
control an artificial device [6].

The concept of an interface applied in the dedactif brain
signals has evolved mainly in the last decade [¥wvadays

interference of the peripheral nerves. In order fbe
interaction between user and BCI to succeed, he davelop
a new ability: not his muscle control but the addqucontrol
of the specific electrophysiological signal thatresponds to
the user intent [48], [8], [18]. Using electrodiss possible to
detect activations patterns in the brain that apoed to the
user’s intention. These signals that indicate tker's brain
activity are translated into an output such asaues mouse

there are more than a hundred research groupseactizovement or an interaction with any artificial exi@l device

worldwide [40]. According to the definition creatéy Vidal
in 1973, until the last decades [apud 40], the ragiplications

[47].
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In the next sections we present some basic aspédte
working of a BCI.

A. Neuroscience and the Brain-Computer Interface
The progress in BCI research is related to theiesudnd

discoveries on neurophysiology and motor systemslema

through the last 40 years [27], among other factors

Some researchers were able to train monkeys t@tgpand
modulate individual neurons in the primary motorter [14].
These results inspired the first tests with humasieg intra-
cranial BCI sensors [20]. Other researchers [16]the other
hand, developed the population vector method, wba@tsists
of representing the neurons individually as a wectehich
performs a weighted contribution along the axisfgremtial
direction. This method allowed researchers to fasedhe
direction of the arm movement in three dimensioasedl on a
group of neurons from the motor cortex [16]. Thi® 3
directional coding by the primary motor cortex veeganded
by Schwartz and his team [28], in order to inclgfeed,
creating a precise forecast of the hand in 3D.

Considering that the main purpose of a BCl is ttecteand
translate brain state into physical movement, idsential to
understand how the brain communicates with therdbloely
parts before, during and after the movement. Theateode
is often compared to a machine code that is thedation of a
computer operational system. Just like the tramsistthe
neurons work as circuit breakers or logic gatespdiing and
emitting electrochemical impulse called action ptitds that
remember the basic information units in digital poters
[19]. Capturing the neuronal signal depends oratheunt and
the location of the electrodes. Besides, thereddfieulties in
understanding the electrical signals so that they losecome
movement commands [30].

BCl is a complex system due to the fact that ttaénbworks
in a complex way. Neurons form a network which miet
understood as a whole and must, hence, be studiadyeoup,
not individually. Making an analogy between theemit and
the neuronal information flow, we can see that solated
computer controls the byte flow throughout the rentietwork
and something similar occurs in the neuronal neiwathere
we can pinpoint no neuron “in charge”. Hence, ddeances
in scientific knowledge on the brain workings cdmike to the
advances of neuroscience, and consequently, tadiiences
of BCI and vice-versa [30].

B. The working of a Brain-Computer Interface

A BCIl detects activation patterns in the brain th
correspond to the person’s desired action. Whengheeuser
induces a voluntary change in those patterns, ai@Capable
to detect the change and translate those new psitteto an
action that corresponds to the user’'s will. Reaidtgn of a
specific set of patterns in a BCI involves theduling steps:
signal acquisition, pre-processing, data interpieta and
classification [21], [30].

The signal acquisition phase is responsible fotwap the
signals that derive from the brain electrical atfiveither
through invasive methods (intracranial insertionetectrodes

as de Informacdo da FSMA n. 13 (2014) pb6

into the brain cortex) or non-invasive (electroges outside
the scalp). Besides acquisition, in this phase \se perform
no related information reduction (noise) and thecpssing of
the acquitted signal [21], [30].

Electrocortiography is the invasive method moreduse
animal studies. It is based on the record of eitimeall or big
group of neurons for the acquisition of signals Wwnoas
electrocortiograms (EcoGs) [25]. Recent studies wibkneys
show that ECoG is a stable and robust recordindghadefor
BCI applications. Besides, this method has theitgbtb
perform neurophysiologic studies in human beingsdering
it a neuroscience tool useful to study the braipyation
activity [27].

The acquisition of signals from electrical brainity with
non-invasive methods is normally performed through
electrodes put on the person’s scalp. This methdthown as
Electroencephalography (EEG) and its analysis implex,
given that the amount of information captured bychea
electrode is quite high. The EEG method has plagad
important role in the study of brain processes tluethe
development of more accurate electronic devicesodindore
efficient signal processing techniques [5];

Non-invasive EEG signals are used in BCl applicetio
because they offer a reasonable signal quality aeedbwith
low cost and ease of usage [29]. Besides, they gjumd time
resolution in spite of having less precision whempared to
invasive methods [29], [2].

After the signal is obtained, the pre-processingasgh
prepares the data for its posterior processing [284 that, the
discriminative characteristics of the recorded aigmare
identified. This step is called characteristica&stion and its
goal is to reduce the dimension of the data vewsttirout loss
of the relevant information for a size that doet exxeed the
number of training samples [29], [45]. This is adal step in
a BCI system, given that it has a direct influerioethe
performance of the classifier algorithm that wiliderstand the
user intent [1], [45]. Besides, the characteristtection helps
decrease the noise and the redundancy in the gia&a that
brain signals for a specific action are mixed vather signals
that overlap both in time and space [29], [45].

The interpretation of the information resulting rfrothe
previous step intends to transform the digitalizeghal into a
code that represents the desired action. Hencaseveomplex
algorithms and recording systems [30]. Some exasnpi¢he
algorithms used in this task are genetic algoritfirhsKalman
filters [23] and Bayesian methods [8], [21], [34mong
others. Besides, one of the trends is to use gipleulinear
regression algorithm (Wiener filter) [23], whichrfiems the
ranslation of the pure brain activity into digitabmmands
which can be understood by a robotic device. Udinig
algorithm it is possible to linearly add the electactivity
generated by the cortical neurons recorded simertasly and
create precise forecasts of the future positiothefperson’s

member [30].

Finally, the control interface of data output stegnslates
the classified signals into meaningful commandsdotrol a
specific device which can be a virtual keyboarthause click,
an avatar movement in virtual reality environmeottgven the
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control of robotic devices replacing a human mem2&i.
The schematic version of how a BCIl works is presgrit
Figure 1.

Analise elétrica
da atividade
cerebral

A 4

Feedback
visual

Controlador do
Atuador mecanico
(brago robético,
por exemplo)

Figure 1: Schematic version of the general orgdioizaf a brain-computer
interface. Adapted from [30].

As described up to now in this paper, we can saealBCl
requires an underlying computer system to work eryp
Hence, more accurate, faster and efficient BClsdapendent
on the increase of the processing capacity of céen@nd on
the improvement of signal analysis techniques dsal @n the
implementation of more robust computational aldponis [22],
[34].

In the next sections we describe some of the agijics of
a BCI.

lll. BRAIN-COMPUTERINTERFACE:APPLICATIONS
AND LIMITATIONS

BCI was developed as a treatment for patients éiffarent
levels of body paralysis, such as paraplegia @ds€nsor and
motor functions in the lower limbs) and tetraplegliass of
those functions also in the arms and body centéence,
research was focused on the development of comatioric
devices for those who lost voluntary muscle conttmlit
presented no cognitive damage [21], [26], [18]. Tiedn BCI
applications are related to mobility, communicatiamd
interaction of the users with the persons and abjdicat
surround them.

One of the applications related to mobility corsist using
robotic prosthetics or an exoskeleton with braintoa (also
known as robotic cloth). This is under developmieniThe
Walk Again Project, which intends to develop anglement
the first BCI able to restore full body mobility patients with
severe paralysis [30].

Neuroengineering University Center at Duke (DUCML
DUCN several pioneer systems were developed tooperf
different motor functions such as reaching for andbbing
objects, bipedal locomotion and others. ResearditePRJCN
were also the first to incorporate artificial soimaensibility
ina BCI [21].

The exoskeleton under development in this Projesssu
commands extracted from the brain activity to calndievices
scattered through the joints of the robotic cloghithe neural
signals interact with the robotic skeleton in iriga of the
functions of the human spinal cord. The interacti@mtween
brain and robotic signals will allow for the patig¢n displace
himself at will, adjusting the speed and the movente the
terrain on which he walks [30]. This tool can paigly allow
those with muscle paralysis to perform most ofrthetivities,
improving their quality of life and giving them ger
independence [13].

In spite of the success of those applications, sE®iees
limit the development of neuroprosthetics such &3:
compatibility with the user tissues [21(j) improvement of
the algorithms used to decode the brain signal[§8]]}, given
that there is a lot of noise in the data, makindifficult for
computational approach and requiring a combinatafn
techniques to improve signal codin@ij) the ability of the
prosthetics to control movement with multiple requients,
such as bipedal walking with erect posture andwatig for
positional understanding, given that there aret afleariables
involved in those movements [21].

Until the present moment, a BCI for arm movement
included a single actuator. This is due to the fhett the
process for two actuators needs for different sigbifen the
single one. Besides, it is important that the parsitl sense is
included, given that a neuroprosthetic must be asemnatural
extension of the used body. The complexity of tpatisl
position by the brain makes it difficult to credlés positional
sense. In spite of the theoretical knowledge abustissue be
well known [21], its application is full with trods. There are
several uncertainties about the choice of mathealati
transformation on the stimulation of angle pattemtsthe
joints, given that the complexity of the corticabpessing of
the perceived information [21].

Besides movement, BCI also proposes a touch feeling
experience. It was possible to establish a bidoeat
communication between the brain of two monkeys and
computer in order to explore virtual objects at twenputer
screen. The animals commanded a digital hand icrees
with three images and when touched, two of thosegéa sent
back touch sensations back to the monkeys’ braifite
results of this experience bring the possibilityati the ability
to feel temperatures and sense the terrain on whihare
stepping, making the interaction with the surrougdi
environment closer to the real one, even with tke of
prosthetics [30].

The Walk Again project is a partnership between In the field of accessibility, there is a BCI implentation to

institutions from the USA, Switzerland, Germany aBiczil
lead by the neuroscientist Miguel Nicolelis and research
team from IINN-ELS (Edmond and Lily Safra Intermetal
Institute of Neurosciences at Natal) and from

adapt wheelchairs to the command from signals etetdafrom
the muscles, eye blinking and ocular globe movementven
from images extracted from a camera. This interizges the

theecord of electrical brain activity from the usgiven that the
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user has full cognitive capacity, even though hg nat have
the ability to translate these commands into movesg8],
[18] e [37].

Besides all those applications on the mobilitydje8Cl has
the potential to insert users into a virtual enminent,
fostering a direct communication with the monitoruse or

The feedback ability of a BCI allows for severaffetient
applications, as presented in Table I. It can bedufor
selective control over certain areas of the braising the
neurofeedback in order to modify the person’s biiav The
neural feedback from a BCI can improve cognitive
performance [3], speech ability [32] and pain mamagnt

keyboard without muscle activity. An example of thgl1l], and has also been used to treat mental dmtwes such

commercial use of BCI are the EPC — Emotiv® devide3
anf Neurosky Mindwave [31]. These are tools tha osn-
invasive EEG signals to capture brain waves aretaet with
hardware and software resources, computer or mdbi&es
(cell phones or tablets) [46].

Considering the perspectives of BCI in the arepesSonal
communication, Guenther and Brumberg (2011) preseant
device to create speech using a voice synthediber authors
used two approaches: an invasive one in a userdifftbulties
with oral communication and a non invasive onedars with
no oral communication impairment. In the first apgoch, an
intracranial electrode was implanted in the speegdion with
a user with locked in syndrome. In these condititims patient
loses full body movement, with the exception of éj®s, but
his mental faculties remain intact. The neural aigmecorded
by the implant in those users transmitted the s$igoathe
synthesizer (without wires) allowing for the prodon of
vowels. In the second approach, users with noionahirment
were also able to control the voice synthesizengusinly
imagined movements  which were detected
electroencephalography [17].

Another communication application is the prototyplea
BCI to compose written messages proposed by Arboddl
(2009). This non invasive method allows for writteessages
to be composed using a matrix of visual stimulatiotn the
letters of the alphabet and other associated ssniBasides
this application, it is also described a non invasipproach
for binary communication (yes or no) using classénantic
conditioning [33]. The results presented in theapeaps are
promising and their refinement can be achieved Hyetter
understanding of the neural representation of $pEed.

Other projects under development intend to applysBG
cell phone devices, allowing the users to find eniber in their
contact list and make calls. This method is effitier persons
with motor disabilities [43]. If a BCl based cellhgne
becomes possible, several other applications m itidustry
can arise, including wireless technologies. Conmgawith the
basic or personalized computer platforms, the nigb#and
processing power of cell phones will make the apadrtant
tool for creating mobile BCls that require datagmission in

b\

as epilepsy [42], [38], attention deficit disord@9], [39],
schizophrenia [35], depression [36] and others.

It is important to point out that the future imparte of BCI
applications will depend on its ability, practidgliand
reliability. Besides, users’ acceptance will ingeaas these
substantial advantages go beyond the conventicssbtave
Technologies [10].

TABLE |
NON EXHAUSTIVE LIST OF BCI APPLICATIONS
Application type Improved or References
replaces function
Neuroprosthetics Movement [21], [26], [18], [30]
Robotic Movement [8], [18] e [37]
wheelchairs.
Virtual Communication [12], [31]
environments
Autonomous car Movement [41]
Mental disturbance| Symptoms [42], [38], [24], [39],
treatment appeasement [35], [36]
Voice synthesizer. Communication [17]
Message Communication [33], [4]
composition
Mobile devices Communication [43], [46], [12], [31]

V. CONCLUSION

A BCI can interpret neurophysiologic informatiororn a
device with the goal of recovering or improving ndiye and
motor functions of a specific person. This papeernded to
present a short report on the relevant issues ts,BG well as
the potential usage, with reference to several isapdated to
this research topic.

Current research tries to refine the surgical imizlton
techniques and the analytical algorithms in ordewuse the
most efficient signals coming straight from the lamnbrain
[15]. Besides, its usage requires that severahsa the
central nervous system, usually involved in thedpaion of
motor action, adapt in order to improve the contwblthe
cortical neuron by the user [47]. In spite of tilwances of the

real time, as well as signal processing in real kwor@st decades, there are still challenges to becowe, from

environments [43].

the reception and treatment of the brain signal the

The Autonomous Lab from Berlin Freie Universitats haincorporation of brain prosthetics.

several BCI projects, including the BrainDriver pire which
the driver uses a BCI to drive his vehicle [41]€Tiain goal
of this project is to develop a BCl based on EESBg a
handheld computer to control a cursor and othed haol
through the brain waves of paraplegic personshildase, the
user wears a tiara with electrodes and the infdomasg sent to
a computer embedded in the car’s dashboard [44].
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