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Abstract Brain computer interface (BCI) technologies, which enable direct communication between the brain
and external devices, have been developed. However, most of the BCI systems that have been developed are the
“P300-speller” type, which can only detect objects that users direct his/her attention at. With such BCI systems,
users can only choose something from among what was prepared in advance. To develop more versatile BCI systems
that can detect a user’ s intention or thoughts, the brain responses associated with verbal imagery need to be clar-
ified. In this study, first, the time-frequency features were extracted from the brain magnetic field data associated
with Japanese speech sound imagery using continuous Wavelet Transform (CWT). Second, the low-dimensional
features were extracted from the time-frequency features using non-negative tensor factorization (NTD). Finally,
the imagined sounds were classified by using the extracted low-dimensional feature vectors.
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Fig.2 Process of the feature extraction.
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Table 1 Discrimination accuracy of the imagined sounds.

Raw (N=1) Average (N=5) Average (N=10)
Sub. wl w2 w3 Ave. wl w2 w3 Ave. wl w2 w3 Ave.
1 53.3 36.7 16.7 35.6 38.0 25.4 47.3 36.9 44.1 28.3 33.6 35.3
2 31.7 35.0 28.3 31.7 48.4 33.3 27.5 36.4 40.0 38.8 30.0 36.3
18.3 48.3 40.0 35.5 50.5 43.5 10.4 34.8 61.4 22.6 21.5 35.2
63.3 30.0 16.7 36.7 39.4 33.5 40.1 37.7 28.9 48.6 34.3 37.3
Ave. 41.7 37.5 25.4 34.9 44.1 33.9 31.3 36.4 43.6 34.6 29.9 36.0
Average 5 Average 10 Average 5 Average 10
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10 0.1 10 0.02
5 5 0.01
0 0
Average 5 Average 10 x 107 Average 5 Average 10
300 Lo 4
250 8 200 3.5
7 3
—200
z o 150 25
B s 0=
5150 & 5
- 4 100
100 3 1.5
1
2 50
1 0.5
0
10 20 0
B3 #E 4BV T, FET—F2HOTHEEL 7 NFT ORI, A (BkE: &£ L),
B (JKlk: Z'F.T) , C (Fxxn: fk), T BT AT).

Fig.3 The basis matrix of NFT by using training data in subject 4. A (frequency: top

left), B (latency: bottom left) ,
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