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Performance Analysis of a Persian text input brain—
computer interface (BCI) P300 Speller system with
row/column paradigm (RCP)

Mohammad Mikaili* & Foroogh Najafi
Department of Biomedical Engineering, University of Shahed, Tehran, Iran

Abstract
As a Brain computer interface system, BCI P300 Speller tries to help disabled people and patients to regain
some of their lost ability with allowing communication via typing. The ability of personalization is one of the
most important features in a BCI system, so the typing language as a personalization factor is an important
feature in a BCI speller. Most prior researches on P300 Speller has focused on displaying English alphabet
and there were only few studies made on other languages such as Chinese. In this research, we present a P300
Speller system, based on RCP, for Persian (Farsi) character input.

RCP (Row or Column Paradigm) was introduced by Farwell and Donchin at 1988, and since then it has
been considered as a benchmark in P300 BCI speller research. As a result, in this study also, Row or column
paradigm was selected as the base stimulation pattern in P300 speller system.
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In order to evaluate the Persian row or column paradigm performance, we recorded EEG signals from
volunteered subjects while the stimulation pattern was being displayed. It should be noted that the test was
explained to each subject before testing, and for more experience and in order to reduce the error, each subject
participated in an experiment test before attending the main test. These EEG signals were recorded from 8
channels based on ““Fz’’, ““Cz’’, ““P3,” ““Pz”, “‘P4”’, ““0O1”’, ““Oz”’ and ‘‘02’’ site in accordance to the

International 10—20 system electrode placement system and by using Science Beam co.’s EEG recording
device. The sample rate was 1 KHz which was down sampled to 250Hz. After recording, the EEG signals were
filtered using a band passed filter And for classification, Linear discriminate analysis was used in combination
with K-fold validation method for classifier training.

As performance determination, we calculated accuracy and bit rate for the mentioned system based on
recorded data from volunteers and reached the average accuracy of 88.21% and bit rate of 6.74 (bits/minute)
(we use Linear LDA classifier for classification and the total trial number was set to 15). Furthermore, in this
research performance was measured for different trial number and final results demonstrated that this system
can achieve high average accuracy of 80.06% and average bit rate of 42.43 (bits/minute) by using only 2
repetitions.

Keywords: Brian computer interface systems, BCI P300 Speller, P300 wave, LDA classifier
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(Figure-1): Row or column paradigm, with Persian (Farsi)
character
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(Table-3): Wolpaw bit rate of subjects 1-4 calculated via a
ten-fold cross Validation

Subject 1 2 3 4
Wolpaw bit rate 3.80 3.79 4.55 0‘;'
Averaged
Wolpaw bit rate 4.04
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(Table-4): Average classification accuracy and bit rate across
1-15 trials calculated via a ten-fold cross Validation

Trial Average Average

number [ bit rate accuracy
15 6.74 88.21
14 7.07 87.10
13 7.63 87.20
12 8.33 87.50
11 9.05 87.32
10 9.98 87.41
9 10.83 86.27
8 11.98 85.45
7 13.63 85.23
6 15.89 85.07
5 19.06 85.05
4 23.10 83.58
3 29.12 80.95
2 42.43 80.06
1 71.30 71.52
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(Table-1): Average classification accuracy of subjects 1-4
calculated via a ten-fold cross Validation

Subject 1 2 3 4
Accuracy 85.13 85.06 94.26 88.40
Averaged
accuracy S
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(Table-2): Average bit rate of subjects 1-4 calculated via a
ten-fold cross Validation

Subject Bit rate-A Bit rate-B
1 6.00 6.33
2 5.99 6.32
3 7.19 7.59
4 6.40 6.76
Averagebit | 639 6.75
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(Figure-2): Average classification accuracy of subjects across
1-15 trials
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(Figure-3): Average bit rate of subjects across 1-15 trials
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