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What is Minimal EEG?
User centered and reliable EEG headsets for real-world applications
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Abstract— 1t has long been well-known that EEG hardware is
an obstacle to widespread adoption of brain-computer interface
technologies in real-world applications. A new EEG family of
technologies is reported herein. It combines high reliability
with user-centered design, which is enabling the penetration of
effective BCI applications in market and business applications.

I. INTRODUCTION

Brain-computer interfaces (BCI) carry the promise to
make an impact in real world applications, mainly as assistive
devices but also as a powerful way to access the brain
and enrich communication between humans and machines.
Despite the steady progress regarding many technical chal-
lenges, most scientific studies are still carried out with
medical/research-style technology and in well-controlled sce-
narios under the supervision of technical experts, such as
laboratories or clinical settings. However, there are many
BCI applications that display more friendly and wearable
technology (e.g. neurorehabilitation, home based diagnosis of
neurological disorders, neurofeedback). For BCI to penetrate
the market effectively, EEG hardware must be easy to setup
and use, for both the participant and operator. EEG hardware
must also be comfortable to wear. The Minimal EEG family
of devices developed by Bitbrain [1] is reported herein,
which is mainly directed to ease the penetration of BCls
in real-wold applications.

II. THE MINIMAL EEG FAMILY

The main idea supporting the Minimal EEG family is
the design reliable equipment with a minimal number of
sensors that cover a given set of applications, with user- and
application- centered design that favors usability and comfort
in real-life settings. The rationale behind this approach is
common to many research studies on the optimization of
sensors for different BCIs (e.g. [2] for P300, [3] for SSVEPs,
[4] for motor imagery, to name a few) .

The Minimal dry-EEG family is the result of combining
two usually opposite driving forces in real-world applica-
tions: 1) user-centered approach that favours usability,
ergonomics, and aesthetics to ensure user acceptance; and 2)
technical requirements such the minimal number of sensors
on a specific set of locations to measure EEG brain activity
with the quality required by the final application.
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Fig. 1. BCI and FES motor neuro-rehabilitation (results from MoreGrasp
H2020 EU project) with the Minimal EEG Hero.

A. An EEG technology per BCI application

We can basically divide BCI applications according to the
location of measurements: (a) frontal areas, which capture
pre-frontal and frontal alpha asymmetry (emotional states),
frontal theta/beta ratio (memorization), frontal alpha sync
(attention), and to some degree N400 for ErrPs and CVN. (b)
parietal and occipital areas, which capture parietal alpha
asymmetry (emotional states), alpha sync (for EEG baselines
or meditation), visual P300, among others; and (c) central
areas, which capture mu-ERD/ERS and MRCPs (movement
intention), evoked sensory motor states, MNN and N400 for
ErrPs, global alpha desync (workload), etc.

Minimal EEG family is composed by 4 devices (Fig 2):

1) Diadem: Wearable dry-EEG with 12 sensors over the
pre-frontal, frontal, parietal and occipital brain areas.

2) Hero: Wearable dry-EEG with 12 sensors over the
fronto-central, central and centro-parietal brain areas.

3) Air: Wearable dry-EEG with 12 sensors over the pre-
frontal and occipital brain areas.

4) Inmmersive: Wearable dry-EEG seamlessly integrated
with Oculus Rift and HTC Vive Pro, with the same
sensor layout as Hero.

In terms of usability, all technologies are wearable dry-
EEG devices designed to provide maximum freedom of
movement and comfort to the user. All devices employ the
same dry-sensor technology for a clean and easy setup.
Operation is intuitive, with a setup time around 2 minutes,
after a few minutes of training for the operator or the user
(this last if the EEG setup is self-performed).

Regarding signal quality of dry-EEG technology, firstly
there is mechanical stability. To guarantee that sensors are
correctly placed on the scalp (under hair) with stable contact
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Fig. 2. First row: (left) Diadem, (center) Hero. (right) Immersive. Second row: (left) EEG potentials in an oddball paradigm in Pz, (center) ERD/S map in
C3 for one of the subjects, (right) EEG recording in a basketball game. Third row: (Left) Spectrum of open and closed eyes and in O1, (Center) Averaged
MRCP in CP3 for six subjects performing a pronation movement of the dominant arm. EEG was filtered (0.3-3)Hz using a fourth order filter. Epochs were
segmented and aligned using a screen cue. In both cases, the vertical lines indicate the movement onset. (Right) Raw EEG signal during the game.

that maximizes comfort, the technology counts with four-
legged Ag/AgCl sensors with double pivoting mechanisms,
mounted on a flexible and adjustable support. Secondly, each
channel presents individual active shielding and very high
input impedance (> 10GS), which ensures low distortion
and minimizes coupled artifacts due to movement or other
electromagnetic sources. The signal is digitized with 24-bits
(providing a resolution under 12nV per bit) with 256Hz
sampling rate. The improved analog layer also allows to
record true DC coupled signals (no high-pass filter is applied
by hardware or software) to record low frequency waves
and potentials, with very high SNR. Finally, the amplifier
includes real-time impedance checking so that sensor contact
can be continuously monitored during recording and used
later for the analysis of recorded signals.

Although this family is unique in terms of usability, the
reduced number of sensors could be a limitation for the
application of filtering techniques requiring high number of
sensors. It must be highlighted here that this is usually the
case in research phases, but not in real-world applications.

III. RESULTS

The main concern of the research community with respect
to new dry-EEG devices is signal quality. For this reason,
typical EEG results are reported in well-known experimental
paradigms for the Diadem, Hero, and Immersive devices.

Ten subjects participated in the experiments with the
12-channel EEG system (Diadem), where open/closed eyes
conditions were recorded, followed by an oddball paradigm.
Figure 2(left column) shows the evoked potential response
to the oddball paradigm on P3 and the EEG power spectrum
of the open and closed eyed conditions on Ol.

For the Hero device, an experiment [5] was replicated
where subjects performed a pronation movement. Figure 2
(Center row and bottom, center) shows the ERD/S of one
subject in C3, and the average MRCP for the six subjects on
Cp3. The positive peak that follows MRCP is the response
to one of the visual cues using during the protocol.

Finally, an experiment with 10 subjects using the Immer-
sive EEG system in 3 VR experiences is reported: 3D virtual
movie with free head movement, the Occulus Rift demo that
requires head and arm movements, and a basketball game
where the participant stood up while moving his/her body.
Figure 2 shows the raw EEG, filtered between 0.1 and 30Hz.
The impedance checking shows that channel number three
presents bad impedance, but the remaining channels present
good contact. A few seconds later, channel three recovered
contact and its impedance indicator turned green.
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