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Brain-Computer Interface (BCI) provides a new communication pathway for individuals
with severe disabilities to spell words using only their brain activity. Over the past
decades, various types of spelling systems have been developed with the aim of
designing fast and accurate spellers. In this study, a hybrid BCI system is proposed to
improve spelling speed, incorporating two patterns: Rapid Serial Visual Presentation
(RSVP) and Steady-State Visual Evoked Potential (SSVEP).In the proposed protocol
design, 36 characters are organized into 3 groups of 12 characters each, with each group
further divided into 4 subgroups of 3 characters. The characters in each subgroup are
arranged around a flashing square. The identification of the target character group is
facilitated by assigning a unique frequency to each group using SSVEP pattern stimuli.
Additionally, the target subgroup is identified using a sequence of Triple RSVP stimuli,
while the target character direction within the square is determined with single-
frequency SSVEP.In this protocol, the Power Spectral Density Analysis (PSDA)
algorithm is employed to detect the SSVEP frequency of the target group. In the Triple
RSVP pattern, the P300 component is identified using wavelet transform and the
Support Vector Machine (SVM) algorithm with a linear kernel. In the single-frequency
SSVEP pattern, features extracted using Canonical Correlation Analysis (CCA) are
applied to a non-linear three-class SVM algorithm with a Radial Basis Function (RBF)
kernel to classify three directions.

Evaluation metrics such as accuracy and Information Transfer Rate (ITR) are used for
assessment. A total of 7 healthy individuals participated in the experiment, achieving an
average accuracy of 91.2% =+ 3.4% and an average ITR of 21.5 + 1.64 bits per minute.
With a 1-second reduction in SSVEP stimulus time, the average accuracy drops to 90.5%
and the ITR changes to 25.37 bits per minute. By using Persian letters and increasing
the number of characters, higher ITR was achieved compared to previous studies, while
maintaining accuracy and reducing spelling time.
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