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Abstract  Brain computer interface (BCI) for controlling outer machine by brain signal has been
getting an attractive topic recently. It is necessary to classify observation data to conduct a con-
trol command when outer machine is controlled by brain signal, and we use clustering method
to identify it generally. However, the accuracy of identification class is not high if the amount of
observation data is small. In addition, the outer machine will not follow to a change of environment
dynamics when the identification class was discriminated by past data. In this paper, we propose
a permutation data method which is called PDSM (Permutation Data Structure Method). PDSM
determines the permutation of electroencephalographic signal data for improving accuracy of iden-
tification class when the observation data is learned consecutively. In PDSM, we select sampling
data from observed data for testing learning, and change data permutation to improve accuracy of
identification class. We propose 15 kinds of PDSMs by the viewpoint of strategic methods which
distinguish data pattern and data structure which the changes data order and the class order. We
discuss usefulness of PDSM by applying numerical sample data to PDSM and estimating accuracy

of identification class.
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Fig. 1: TAM Network
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Fig. 2: PDSM
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Fig. 3: Examples of PDSM
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Table 1: Proposed PDSM
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Fig. 4: Numerical Data
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Table 2: Classification Rate of PDSM

S-00000 | CA-DOo0O0OO0 (o-0oOooo | cooopoo
R-O00000O ooooo ooo ooooo ooo0oo ooo
50 0.75 0.79 0.78 0.78 0.79 0.78
100 0.75 0.78 0.77 0.77 0.78 0.77
oooo | 200 0.78 0.79 0.79 0.79 0.79 0.79
() 400 0.78 0.79 0.79 0.79 0.79 0.79
1000 0.78 0.78 0.78 0.78 0.79 0.78
2000 0.79 0.79 0.78 0.77 0.79 0.78
0.0 0.97 0.97 0.97 0.97 0.97 0.97
12 0.86 0.89 0.89 0.89 0.89 0.88
oo 24 0.79 0.82 0.82 0.82 0.82 0.81
ooo 36 0.73 0.73 0.73 0.73 0.74 0.73
(%) 48 0.65 0.68 0.67 0.68 0.68 0.67
60 0.60 0.62 0.62 0.61 0.62 0.61
ooo 0.77 0.79 0.78 0.78 0.79 0.78
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Table 3: Classification Rate of R-Random Method
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Table 4: Classification Rate of S-High-Class-Random
Method
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Table 5: Classification Rate of CA-Short-Class-
Aggregation Method
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Table 6: Classification Rate of O-Close-Class-Close-
Data Method

0ooo (0)
50 | 100 | 200 | 400 | 1000 | 2000 [| 0 O

50 | 100 | 200 | 400 | 1000 | 2000 || OO
0.0 {096 | 097 |0.97 | 097 | 097 | 0.97 | 0.97
oo 12 | 0.88 [ 0.87 | 0.89 | 0.91 | 0.89 | 0.89 | 0.89
oo 24 (084082081 |0.83| 0.80 | 0.81 | 0.82
O 36 | 0.72 (072075073 | 0.74 | 0.73 | 0.73
(%) 48 | 0.66 | 0.66 | 0.68 | 0.68 | 0.68 | 0.67 || 0.67
60 | 0.61 | 0.58 | 0.65 | 0.63 | 0.62 | 0.63 | 0.62

0.0 [ 096|097 | 097|097 | 097 | 0.96 || 0.97
oo 12 | 0.88 | 0.87 [ 0.89 | 0.91 | 0.89 | 0.89 || 0.89
oo 24 1083082081082 0.81 | 0.80 || 0.82
O 36 | 0.71 071|075 |0.73| 0.74 | 0.72 || 0.73
(%) 48 | 0.71 | 0.67 | 0.67 | 0.68 | 0.67 | 0.66 || 0.68
60 | 0.62 | 0.59 | 0.63 | 0.63 | 0.62 | 0.59 || 0.61
0o 0781077 |0.79|0.79| 0.78 | 0.77 || 0.78

00 (07810771079 ]079 | 0.78 | 0.78 | 0.78
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Table 7: Classification Rate of C-Long-Class-Long-
Data Method
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