Proceedings of the 6th International Brain-Computer Interface Meeting, organized by the BCI Society DOI: 10.3217/978-3-85125-467-9-41

Towards an Auditory BCI for Binary Communication in the ICU

B. Girvent, H. Nezamfar?, M. Moghadamfalahi', F. Quiviral, M. Ackakaya?, D.Erdogmus®*
!Northeastern University, Boston, MA, 02115, *University of Pittsburgh, Pittsburgh, PA, 15621, USA

*409 Dana Research Center, 360 Huntington Ave, Boston, MA 02115. E-mail: girvent@ece.neu.edu

Introduction: Brain computer interfaces (BCI) provide means of communication for people with severe speech
and motor disabilities. Visual paradigms are broadly employed for noninvasive EEG-based BCIs due to their
high classification accuracies. However, they cannot be utilized for users with visual impairments. Auditory
presentation techniques can be adopted as a viable alternative for this population [1-3]. We aim to develop a
multisensory ERP-based BCI for binary selection to communicate in the intensive care unit (ICU). While
designing a paradigm that is intuitive and comfortable for the user is important, physical constraints of the ICU
setting must also be considered. Furthermore, we aim to design a paradigm that is applicable with both auditory
and tactile stimulation. For the auditory stimulation based realization, we primarily focus on using words as the
stimulus, since their meanings are intuitive and we expect them to be less irritating than tones, based on literature
on auditory BCIs [1]. We report results for several pilot studies that makes the system suitable for binary
communication in the ICU.

Method: EEG signals were acquired using a g.USBamp amplifier. PCA was used for dimensionality reduction,
regularized quadratic discriminant analysis (RDA) was employed for feature extraction and a MAP classifier
was implemented for classification. We tested the following paradigms using words and tones, each with 100
sequences that contain 16 trials distributed according to:
a)Random: Each sequence contains 10 distractors (D) (e.g., Wait), 3 Yes (Y) and 3 No (N) stimuli randomly
shuffled. An inter-symbol interval (ISI) of 300ms is used for words and 150ms for tones.
b)Deterministic with fixed ISI: Each sequence consists of [DY D ND Y D N...] with an IST as in (a).
c)Deterministic with random ISI: Each sequence is constructed as in (b) with random ISI chosen in the
interval [300,450]ms for words and [150,250]ms for tones.
d)Simultaneous with fixed ISI: Two sequences play simultaneously, a Yes sequence [YYY..] into the right
ear, and a No sequence [NNN...] into the left ear, with an ISI as in (a).
e) Simultaneous with random ISI: Simultaneous sequences as in (d) with random ISI as in (c).
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Significance: This pilot analysis provides guidance
for the development of binary communication BClIs
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for use in the ICU. A promising paradigm for auditory s =
(and tactile) stimulation that satisfies ICU constraints i

and considers user experience is identified. 5
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Fig. 1. Averaged EEG signals at Cz for the random paradigm with
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