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Abstract

We have proposed a method for extracting optimal regions of interest (ROI) through

the selection of optimized channels, using machine learning classifiers and genetic algo-

rithms in relation to functional near-infrared spectroscopy (fNIRS) data. Classifiers in

machine learning have been used for determining labels belonging to test data. By using

classifiers in the proposed method when determining object functions through optimiza-

tion of existing discriminant functions, identifying the brain function area related to a

particular subject is possible. In feature extraction, dynamic time warping (DTW) is used

to extract any similarity in fNIRS data, and brain function areas are identified for a certain

subject through classification by the support vector machine (SVM) and feature extrac-

tion using the genetic algorithm(GA). We confirmed the extraction of the areas related to

working memory(WM) and results related to the brain function network by applying the

proposed method to a time series of cerebral blood flow during a reading span test(RST).
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y = sign(wTx − h) =

8
>><

>>:

1 (wTx − h > 0)

0 (wTx − h = 0)

−1 (wTx − h) < 0)

(2.1)
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���Å�Ã�”�»	B�ù�U
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ti(w
Txi − h) ≥ 1 , i = 1, �œ, n �y (2.2)

�Ü (2.2) �x H1�• wTx-h=1 �q H2�• wTx-h = −1 �w 2 �•�w�Ò���Ø�t�‘�l�o�¶	6�Ã�”�»�U�ì
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Fig. 1 �t�f�w�“�t
$�›�Ô�b�}

�\�w�q�V�|�Ý���Ò���Ø (Hyperplane) �q�Ò���Ø (H1 �‡�h�x H2) �q�w�‘�m�x�| 1
kwk �q�s�”�}

�`�h�U�l�o�|�Ú�”�´�ï�›�7�G�q�b�”�Í�å�Ý�”�» w �q h �›�{�Š�”�ð�J�x�|
M�ÿ	Ú�E�Ü (2.2)

�w�<�p�|�è�$��
:�Ü (2.3) �›�7	–�=�q�b�”�Í�å�Ý�”�»�›�{�Š�”�ð�J�q�s�A�p�K�”�}�\�w�ð�J

�x�|�Ë�Í�-�h�ð�J�q�`�o�r�›�˜�”�\�q�U�D�ó�p�K�”�}�\�\�p�x�\�w�ð�J�›
Ò�0�ð�J 1�t�<�£

�b�”�\�q�p�r�M�o�M�X�\�q�t�b�”�}

L(w) =
1

2
∥w∥2 (2.3)

Lagrange 	Ð
: αi(≥0)�| i=1�|�œ�| n �›�‹�Ö�b�”�\�q�p�|�è�$��
:�›�Ü (2.4) �q	{�V�õ�Q�”�}

L(w, h, α) =
1

2
∥w∥2 −

NX

i=1

αi{ti(wTxi − h) − 1} (2.4)

�Í�å�Ý�”�» w �S�‘�| h �t���b�”� •ü�‘�“���y�:�p�x�|�Ü (2.5)�|�Ü (2.6) �U
R�“�q�m�}

w =

NX

i=1

αitixi (2.5)

1 
¢���-�h�ð�J�t�S�Z�”	��ð�J�w�4�ð�J�›�¦�b�}�r�j�’�T�°�M�w�r�O�U	��ð�J�q�4�ð�J�w�†�M�w�ð�J�w�r�O

�q�s�”�}
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0 =

NX

i=1

αiti (2.6)

�\�•�’�›�è�$��
:�t�E�Ö�b�”�\�q�p�|
M�ÿ	Ú�E�p�K�”�Ü (2.6) �T�m 0≤ αi�| i=1�|�œ�| n

�w�<�p�è�$��
:�Ü (2.7) �›�7�G�q�b�”
Ò�0�ð�J�U�˜�’�•�”�}

LD(α) =
NX

i=1

αi−
1

2

NX

i,j=1

αiαjtitjxi
Txj (2.7)

�\�•�x�| Lagrange 	Ð
: α�
i �| i=1�|�œ�| n �t���b�”�7�&�=�ð�J�q�s�”�}�f�w�r�p α�

i �U 0 �p�s

�M�|�b�s�˜�j�| α�
i >0 �q�s�”�¶	6�Ã�”�» xi �x�|
Œ�w 2 �m�w�Ò���Ø wTx−h =1 �T wTx−h =-1

�w�r�j�’�T	Í�t�K�”�}�\�w�\�q�T�’�| α�
i �U 0 �p�s�M�¶	6�Ã�”�»�w�\�q�› Support Vector(SV)

�q�z�œ�p�M�”�}�°`�$�t�| SV �x�¶	6�Ã�”�»�tz�‚�Ã�”�»
:�U	—�s�M�}�m�‡�“�|�¶	6�Ã�”�»

�w�¤�T�’	–
:�w SV �›
¬�|�|�f�•�’�w SV �w�ˆ�›�;�M�o�Ý����
:�U�>���^�•�”�}�\�•�’�w

�M�O�t�‘�“�| SVM �x�Ú�”�´�ï�7�G�=�q�M�O�,	j�t�‘�l�o�|�¶	6�Ã�”�»�›
¬�R�b�”�\�q�p�¶

	6�+�w�×���S�›�H
M�b�”�‘�O�s�Þ�Ã�ç
¬�R�U�s�^�•�o�M�”�q�r	�p�V�”�}

�\�\�‡�p�p�x�|�ì
¶�t
¢��ü�m�D�ó�s�¶	6�›�_�o�V�h�}�`�T�`�|�¶	6�t�S�M�o
¢��ü�m

�UÆ�D�ó�s	Ô�ù�U	Z�o�X�”�}�f�\�p�|�b�;�^�•�”�w�U�§�”�É�ç�Ä�æ�¿�«�p�K�”�}

�§�”�É�ç�Ä�æ�¿�«�q�x�|
¢��ü�m�p�V�s�M�ð�J�t�0�`�o�‹
¢���`�V�M
É� �w�Í�å�Ý�”�»

�›�{�Š�”�\�q�U�D�ó�q�s�”�}�\�•�x�|�Š�í�$�t‡
¢���pó�v�s�Ý���]�J�t�0�`�o�|�›�Ã�Õ

�«�Ä�ç�›‡
¢���t�!�õ�b�”�\�q�t�‘�l�o
¢���Ý���›�D�ó�q�b�”�‹�w�p�K�”�}�\�w�M�O�›�;

�M�”�\�q�t�‘�l�o SVM �w
Q�ó�xˆ���$�t�²	Í�`�h�}�Ž�<�t�|�§�”�É�ç�Ä�æ�¿�«�t���`�o

�“
†�b�”�}

�\�\�p�|�›�Ã�Õ�«�Ä�ç x �›‡
¢���w�ø
þ �� (x) �t�‘�l�o�!�õ�`�|�f�w�í���p
¢���Ý���›

�æ�O�\�q�›�ß�Q�”�}�«�Q�y�|�ø
þ �� �q�`�o�|�Ö�—�›�Ã�› 2 �Í�w���ò�Ü�t�!�õ�b�”�ø
þ�›�;

�M�”�q�b�”�q�|�ø
þ�`�h
Œ�p
¢���Ý���›�æ�O�\�q�x�|�‹�q�w�í���p���Í�w�Ý����
:�›�Ï
R

�b�”�\�q�t�0� �b�”�}�°`�t�x�|�\�O�`�h‡
¢���w�ø
þ�t�‘�l�o�!�õ�`�h�›�Ã�”�í���w�Í

�i�x‡	×�t�G�V�X�s�“�•�b�M�}�`�T�`�| SVM �w	Ô�ù�t�x�|�è�$��
: LD �•�Ý����
:�U�Ö�—

�Í�»�”�ï�w�º
u�w�ˆ�t�‘���`�h���q�s�l�o�S�“�|�º
u�U�-�‰�p�V�•�y�7�&�s�Ý����
:�›�Ï


R�b�”�\�q�U�D�ó�p�K�”�}�m�‡�“�|‡
¢���t�ø
þ�`�h�í���p�w 2 �m�w�A
É �� (x1) �q �� (x2)

�w�º
u�U�Ü (2.8) �w�‘�O�t�|�Ö�— x1 �q x2 �w�ˆ�T�’�-�‰�D�ó�p�K�•�y�|‡
¢���ø
þ�t�‘�l�o

�!�õ�^�•�h�›�Ã�í���p�w�›�Ã �� (x1) �• �� (x2) �›�E�t�-�‰�b�”�E�˜�“�t�| K(x1, x2) �T�’

�7�&�s‡
¢���ø
þ�^�•�h�›�Ã�Õ�«�Ä�ç�›�Ï
R�b�”�\�q�U�D�ó�p�K�”�}

ϕ(x1)
Tϕ(x2) = K(x1, x2) (2.8)

�\�w�‘�O�s K �w�Ä�›�§�”�É�ç�q�z�•�}�\�w�‘�O�t�ô�Í�i�t�ø
þ�`�s�U�’�|�î�M�t�x�ø


þ�^�•�h�í���p�w�›�Ã�-�‰�›†�Z�|�§�”�É�ç�w�-�‰�w�ˆ�p�7�&�s�Ý����
:�›�Ï
R�b�”�U	[

�w�\�q�›�§�”�É�ç�Ä�æ�¿�«�q�z�œ�p�M�”�}�E¯�$�s�§�”�É�ç K �x�«�Q�y�Ü (2.9) �w���ò�Ü
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�§�”�É�ç�|�Ü (2.10) �w Gauss �§�”�É�ç�|�Ü (2.11) �w�³�¬�Þ� �Å�§�”�É�ç�s�r�U�b�;�^�•�o

�M�”�}

K(x1, x2) = (1 + xT1 x2)
p

(2.9)

K(x1, x2) = exp(
− ∥x1 − x2∥2

2σ2
) (2.10)

K(x1, x2) = tanh (axT1 x2 − b) (2.11)

y = sign(
X

i

α�
i tiK(xi, x) − h� ) (2.12)

�\�\�p�Ô�b�| h� �x�7�&�r�›�Ô�b�}�Ü (2.12) �p�x�|�º
u�›�§�”�É�ç�p	{�V�õ�Q�h���t	{�Z

�”�}�§�”�É�ç�Ä�æ�¿�«�›�;�M�h‡
¢���t�¦�Á�^�•�h SVM �p�x�|�Ö�—
Ú�T�’	Z�—
Ú�t�&� 

�$�¶	6�t�‘�“�{�Š�s�M�E�˜�“�t�|�¤��
Ú�t‡	×�t���X�w�â�Ç�¿�Ä�›�”�X�\�q�pó�v�s
¢��

�ø
þ�›�î�q�`�o�M�”�}

2.3 �Í�»�”�ï�Ý�Ý�q�›�Ã
¬�R

�›�Ã
¬�R�q�x�| k �x�w�›�Ã�Õ�«�Ä�ç�p�G	\�^�•�o�M�”�›�Ã�b�‚�o�›�b�;�d�c�|���;�s�›

�Ã�”�wæü	B�ù�w�ˆ�›
¬�R�b�”	��O�w�Ä�p�K�”�}

�Í�»�”�ï�Ý�Ý�t�S�M�o�›�Ã
¬�R�x	O�A�t�s�”�}�f�w�g���q�`�o�x�|�è�$�!
:�q�Á�����s

�›�Ã�”�›�–�˜�s�M�\�q�p�'��
^�S�›�²	Í�^�d�”�\�q�|�¶	6�^�•�h�Ý����
:�›��
Q�$�t�r	

�`�•�b�X�b�”�\�q�p�K�”�}�Š�æ���p	O�A�q�s�”�w�x�|�™	��p�K�”�}�f�•�’�›�b�;�b�”�\�q

�t�‘�l�o�|�Ý���^�•�h�Ã�”�»�w�«�å�µ���w�§�M�›�‘�X¯�b�›�Ã�›�¨	Z�p�V�”�q�ß�Q�”�}

�›�Ã�”�U k �x�K�”�q�V�|
¶æ�p 2k − 1 �x�w�›�Ã�”�wæü	B�ù�U�K�”�}�\�•�’�b�‚�o�›�-

�‰�b�”�\�q�x�-�‰�$�t���É�p�K�”�\�q�T�’�|�Í�w�ž�Ó�é�”�½�U�q�’�•�”�} 1 �m�x k �x�w�›�Ã

�U�K�”	Ý�6�T�’Æ�A�s�›�Ã�›	†�M�o�M�X	��O�p�K�“�|�‹�O 1 �m�x���;�s�›�Ã�›�å�C�`�o�M

�X	��O�U�K�[�’�•�”�}�›�Ã�w���;�^�›�-�”�¦ª�q�`�o�x�|	Ø�C�®� �ï 2�U�;�M�’�•�”�}�Š�æ

���p�x�| Genetic Algorithm(GA) �›�;�M�h�›�Ã
¬�R�›�æ�l�o�M�”�}�Í�w�ò�p�x�|�f�w GA

�›�b�;�`�h�›�Ã
¬�R�t�m�M�o	\�‚�”�\�q�t�b�”�}

2.4 Genetic Algorithm �›�;�M�h�›�Ã
¬�R

�›�Ã
¬�R�w�h�Š�w GA �p�x�|�{�Š�”�‚�V�›�Ã�wæü	B�ù�›
›	í�.�t�0� �^�d�s�Z�•�y�s

�’�s�M�}�f�w�M�|�Ý���p (Accuracy:Acc) �w�ô�M�‹�w�U���¥�t�&� �`�o�M�”�q�`�o�|
��=�-

�‰�›�æ�O�}�f�w GA �›�;�M�h�›�Ã
¬�R�w	�	q�›
†�Ì�b�”�}

2 �¬�p�æ�q	Ø�C�g�æ�t�S�Z�” 2 �m�w�¬�püÍ�w�)�Ÿ�›�-�”	��S�p�K�”�}
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Step.1 	s�8�x�.	B�‚�w�&� �S�w�-�‰�q°�A

	s�8	B�‚ (
H�E
: t=1) �w
›	í�.�w�¨�;�  gij �w�‹�x�×
µ
:�w 0�| 1 �q�`�o�Z
:�t�‘�l

�o�)�Q�•�”�}�Ë�t�|	B�ù Q �t���b�” N �x�w�x�.�w�&� �S J �›�f�•�g�•�‹�{�Š�”�}�\

�w�Í
H�E�•�w
\�V�’�“�•�b�^�w�\�q�›�&�ù�S�¢ Fitness�£�q�z�•�}�Š�æ���p�x�|�&� 

�S�w�-�‰�› Acc �q�`�h�} Acc �U�ô�M�‹�w�U���¥�t�&� �`�o�M�”�}

Step.2 
¬�R

�\�w
â�^�p�x�|�‡�c�¤�x�.�w°�A�‹�T�’�Í
H�E�•�w
\�V�’�“�•�b�^�›�{�Š�|�\�•�t

�,�n�M�o�Í
H�E�w�<	B�‚�›��
R�b�”�}�¤�x�.�w°�A�‹�T�’�Í
H�E�•�w�&�ù�S�›�{�Š�|

�\�•�t�,�n�M�o�Í
H�E�w�<	B�‚�›��
R�b�”�}

Step.3 �¦�%

	B�ù M �T�’	Oó�›�•�^�s�M�p�å�ï�¼�Ü�t 2 �m�c�m�x�.�›
¬�R�`�|�¦�%�p Pc �p�¦�%

�›�æ�O�}�¦�%�›�æ�O	Ô�ù�x�|�¦�%�•�”�›�å�ï�¼�Ü�t�>���`�| 1 �:�‡�h�x���:�p�¦�%�›

�æ�O�}

Step.4 �¥
µ�!�Ÿ

	B�ù M �w�x�. Xi �t�0� �b�”
›	í�. Gi �w j j�è�w�¨�;�  gij �U�¥
µ�!�Ÿ�p Pm �p�!

�Ë�^�•�”�}�¨�;� �U�!�Ë�^�•�”	Ô�ù�t�x�|�×
µ
:�w 0 �‹�`�X�x 1 �U�Z
:�t�‘�l�o�)�Q

�’�•�”�}

Step.5 �&� �S�w�-�‰�q°�A

	B�ù M �t���b�” N �x�w�x�.�w�&� �S�›�f�•�g�•�{�Š�”�}

Step.6 	4�ƒQ��

�K�’�T�a�Š���Š�’�•�h	4�ƒ	Ú�E�t�,�n�M�o GA �›	4�ƒ�^�d�”�}�f�O�p�s�Z�•�y�| Step.2

�t�í�“�-�‰�›���“�&�b�}
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3 fNIRS �Ì�%�»�Ã�”�»�q DTW

3.1 
��&�B���§�¿�Ó�æ�ï�¬�q fNIRS �Ì�%�»�Ã�”�»


��&�B���§�¿�Ó�æ�ï�¬ (Neurovascular Coupling�• NVC) �q�x�|�Á	t�$�ô�Æ�ˆ�wC
\�t�‘

�“�f�w�–�¬�w�B�v�U
ÿ�C�b�”�q	Å�p�K�”�}�ô�Æ�ˆ�t�‘�”�Á	t�$�s�B�v
ÿ�C�U�ˆ�’�•�”�A�¼

�q�`�o�x�|
��&�Æ�ˆ�t
5P�`�o
\�a�”�^�‡�_�‡�s
\�=�¶�$�!�=�U�B���¦�Á�›�¾�V�I�\�b�T

�’�p�K�”�q�ß�Q�’�•�o�M�”�} fNIRS 
÷�”�p�x�|�B�v�º�w�Ž
É�=�Ô�Þ�¬�é�Ï�ï (Oxy-Hb) �ñ

�S�!�=�”�q�d�Ž
É�=�Ô�Þ�¬�é�Ï�ï (Deoxy-Hb) �ñ�S�!�=�”�› fNIRS �Ì�%�»�Ã�”�»�q�`�o�˜

�”�\�q�U�D�ó�p�K�”�}�Ž
É�=�Ô�Þ�¬�é�Ï�ï�ñ�S�!�=�”�w fNIRS �Ì�%�»�Ã�”�»�w�°�«�› Fig.

2 �t�Ô�b�}�ô�w�Æ
Q�=�–�¬�p�x�Ž
É�=�Ô�Þ�¬�é�Ï�ï�ñ�S�!�=�”�w
ÿ�C�›�|�d�Ž
É�=�Ô�Þ�¬

�é�Ï�ï�ñ�S�!�=�”�w�n	—�›�¾�V�I�\�b�}�\�•�x
��&�Æ�ˆ�Ì�w�Ž
É	«…�w
ÿ�C�›	Í�s�”�|�B

�v
ÿ�C�›S�é�`�o�M�”�h�Š�q�ß�Q�’�•�o�M�”�}�‡�h�|�f�w
ÿ�C�x Fig. 2 �w�‘�O�t fNIRS �Ì

�%�»�Ã�”�»�t�Õ�Ì���w�G�V�s�þ���w�!�=�q�`�o¯�•�”�}

3.2 Dynamic Time Warpping

Dynamic Time Warpping(DTW) �q�x�| 2 �m�w�Ì�%�»�þ���U�r�•�X�’�M�Å�o�M�”�w�T�›


:�‹�q�`�o�Ô�b�ž�ç�°�æ�¶�Ü�p�K�”�}

�Õ�^ n �w�Ì�%�»�Ã�”�» X =(x1�| x2�|�œ�| xn) �q�Õ�^ m �w�Ì�%�»�Ã�”�» Y =(y1�| y2�|�œ�|

ym) �w DTW �‘�m (�¨�Å�S )D=(X �| Y ) �x�Ü (3.1) �w�‘�O�t���[�^�•�”�}

8
>>>>>>>><

>>>>>>>>:

DTW (X,Y ) = f(n,m)

f(i, j) = |xi − yj | +min

8
>><

>>:

f(i, j − 1)

f(i − 1, j)

f(i − 1, j − 1)

f(0, 0) = 0, f(i, 0) = f(0, j) = ∞

(i = 1, �œ, n; j = 1, �œ,m) (3.1)

�\�\�p�| ||xi-yj || �x 2 �m�w
:�‹�w�‘�m�›¯�b�}���o�t�x�â�”�«�æ�¿�Å�‘�m�w�)�t�0� �b�”�}

�Í�t�| 2 �m�w�Ì�%�»�þ�����w DTW �‘�m�x�ˆ�$�-�h�O�›�;�M�o�-�‰�^�•�”�}�ˆ�$�-�h�O

�q�x�z�7�&
Q�j�g 1�›�b�;�`�h�|�ˆ�Š�›�•�œ�p�7�&�r�›�{�Š�”���ˆ�>���O�p�K�”�}�\�•�t�‘

�“�|�Ì�%�»�t�þ���›	ó	V�`�s�U�’�7�&�>���›	q�Í�æ�M�|�Ì�%�»�þ�� X �q�Ì�%�»�þ�� Y �w

DTW �‘�m�U�{�‡�”�}

3.3 DTW �t�‘�”�›�Ã�¨	Z

fNIRS �Ì�%�»�Ã�”�»�t�S�M�o DTW �‘�m�w�-�‰�m�‡�“�›�Ã�”�w�¨	Z�›�æ�s�l�h�}�Š�æ��

�p�x�|�K�”�Ó�é�”�Ò�t�S�Z�”�½�ß�ï�É�ç�› 2 �m�c�m
¬�R�`�|�f�w�½�ß�ï�É�ç���w DTW �‘�m

�-�‰�›�æ�l�h�} Fig. 3 �t fNIRS 
÷�”�t�S�Z�”
²�„æ�w�Ó�é�”�Ò�q�½�ß�ï�É�ç�w�����›�Ô�b�}
1 �>���w
¶�%�»�t�˜�h�l�o�7�&�=�›�æ�O�h�Š�t�x�|	s�8�w	Ý�6�q�7	s�w�>���U�r�œ�s�‹�w�p�K�l�o�‹�|�’�“

�w�>���x�7	s�w�>���T�’
\�a�h	Ý�6�t���`�o�7�&�s
S�f�›�Ï
R�`�o�M�s�Z�•�y�s�’�s�M
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�«�Q�y�| Fig. 3 �t�Ô�b�Ó�é�”�Ò�t�S�M�o DTW �›�;�M�h�›�Ã�”�-�‰�w�v�•�›�Ž�<�t�Ô�b�}

�x�a�Š�t�| CH1-CH22 �w 22 �x�w�½�ß�ï�É�ç�t�S�M�o 2 �m�c�m�½�ß�ï�É�ç�›
¬�R�` DTW �t

�‘�l�o�¨�Å�S�w�-�‰�›�æ�l�h�}�\�•�’�›�b�‚�o�w
Ê�ˆ�ù�˜�d�t�0�`�o�-�‰�b�”�\�q�t�‘�l

�o�| CH1 �t�0�`�o CH1-CH22 �w 22 �Í�i�w�›�Ã�”�U CH-1CH22 �t�0�`�o�-�‰�›�æ�O�\�q

�t�‘�l�o�| 22 �· 22 �w�›�Ã�”�›�˜�”�}�m�‡�“�|�¤�½�ß�ï�É�ç�t�S�M�o�| 22 �Í�i (CH1-22 �‡

�p�w�‘�m ) �w�›�Ã�”�›�Ë�m�\�q�t�s�”�}

�\�•�’�w�›�Ã�”�›�;�M�o�| 2.2�| 2.3 �p�Ô�`�h�›�Ã�¨	Z�›�æ�O�\�q�p�|�»�µ�«�t�S�Z�”�«

�å�µ���w�§�M�›�7�‹�‘�X¯�b�›�Ã�”�m�‡�“�½�ß�ï�É�ç�›�›���b�”�\�q�U�D�ó�q�s�”�}
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4 fNIRS �Ì�%�»�Ã�”�»�w�¨�Å�S�›�›�Ã�”�q�b�”��	ú�–

�¬�w�U�|

�Š�Z�€�p�x�|�K�”�»�µ�«�›�æ�l�h�M�t�|�ô�;�ó�t�I�¼�b�”�å�Õ�ç�Uƒ�g	��t�m�X�‘�O�s

�ð�J�›�0	Å�q�b�”�}�«�Q�y�|�K�”���¥�<�p�»�µ�«�›�æ�l�h�M�t�|�‰	•�t���™�)�U�K�”�‘�O�s

	Ô�ù�•�|�K�”�»�µ�«�t�0�b�”
R
w�w�ô�ÿ�t���™�^�U�K�”�‘�O�s�ð�J�p�K�”�}�¤ƒ�g	��t�0

�`�o�|
ƒ�-�^�•�h�î�g�›�æ�M�| fNIRS �t�‘�“�ô�;�ó�w�Ì�%�»�Ã�”�»�›	��˜�b�”�}�‡�h�|�f

�w
R
w�•�B�v�”�w�A�L�T�’�|ƒ�g	��t�0�`�o�å�Õ�çÇ�Z�›�æ�O�}�\�\�p�x A �S�‘�| B �q�b

�”�}�½�ß�ï�É�ç
:�U n �x�p�K�•�y�|�¤ƒ�g	��y m 
��t�0�`�o n �x�w�Ì�%�»�Ã�”�»�U�˜�’

�•�”�}�¤ƒ�g	��U�Ë�m�›�Ã�”�x�|�\�w n �x�w�Ì�%�»�Ã�”�»�w�¨�Å�S�q�`�h�}�‘�l�o�|�b�‚

�o�w n �x�w�Ì�%�»�Ã�”�»�›�b�;�b�”	Ô�ù�t�x�| nC2 �Í�i�w�Ã�”�»�q�s�”�}�Š�Z�€�p�x�|�¨

�Å�S�›�{�Š�”�M�t�| DTW �‘�m�›�b�;�b�”�}�\�•�x�|�¤�½�ß�ï�É�ç�t�S�Z�”�B�v�”�!�=�x�|

�—�9�t�0�`�o�k�µ�p�s�X�|��	—�w�c�•�U
\�a�”�h�Š�|�\�•�’�w�c�•�t�0� �b�”�h�Š�p�K�”�}

�`�T�`�s�U�’�|�¨�Å�S�w�^�’�s�”�U�|�xž�A�p�K�“�|���™�w�]�J�p�K�”�}

�¤ƒ�g	��U�‹�m nC2 �Í�i�w�›�Ã�”�Ã�”�»�T�’�|�M�X�m�T�w�A
É�›�¨	Z�`�o�|�Ý���+�›�Ï

�™�b�”�h�Š�w�Ö�—�Ã�”�»�q�b�”�}�\�w�Ã�”�»�›�b�;�`�o m �±�ï�Ó�ç�t�0�`�o�«�é�µ�Ì�æ

�Ã�”�³�ã�ï�O�›�;�M�o�Ý���+�›�Ï�™�`�Ý���p�›�{�Š�”�}�Š�Z�€�p�x�Ý���+�t SVM �›�b�;�`

�h�} SVM �x�7�‹Z�;�$�s	��O�w��m�p�K�”�\�q�U�–�;�w�g���p�K�”�U�|�Ý���+�t�?�›�–�Q

�y�‘�M�T�t�m�M�o�‹���™�w�]�J�p�K�”�}�\�w�Ý���p�›�7�G�t�b�”�‘�O�s�›�Ã�”�w
Ê�ˆ�ù�˜

�d�›�‰	Z�b�”�}�½�ß�ï�É�ç
¬�R�t�S�M�o�x�|
¶�s�g�›�æ�O�\�q�U�l�‡�`�M�U�|�î�Ì���p	r

�g�b�”�h�Š�t�|�\�w
¬�R�t�x GA �›�b�;�b�”�}�\�w
â�^�t�‘�“�|�Ý���p�›�7�G�t�b�”�‘�O

�s�|�›�Ã�”�w
¬�R�U�æ�˜�•�h�}�›�Ã�”�t�x�|�½�ß�ï�É�ç���w�¨�Å�S�›�b�;�`�o�M�”�}�f�w

�h�Š�|�0	Å�q�b�”�»�µ�«�t�‘�”�å�Õ�ç�Ý���›�æ�O�h�Š�t�x�|
¬�R�^�•�h�½�ß�ï�É�ç�w�É�¿

�Ä�ë�”�«�U	O�A�p�K�”�\�q�U�˜�T�”�}�‘�l�o�|�Š	��O�w�A�L�T�’�|	O�A�s�½�ß�ï�É�ç�¢æ

�•�£�U�˜�T�”�i�Z�p�s�X�|	O�A�s�½�ß�ï�É�ç���w�É�¿�Ä�ë�”�«�‹�Ì�’�T�t�s�”�}

4.1 ���Š	��O�w�v�•

�ô�;�ó�›�Æ�;�b�”�K�”�]�J�›�–�l�o�|ó
:�wƒ�g	��t�0�`�o fNIRS �����›�æ�M�Ã�”�»�›

	��˜�b�”�}ƒ�g	����w�›
Q�•�]�J�w
R
w�T�’�| 2 ���w�å�Õ�çÇ�Z�›�æ�l�o�S�X�}�\�w�™�|�Í

�w	�	q�t�‘�“�|�\�w�]�J�A�L�T�’��ü�Z�›�>���b�‚�V�½�ß�ï�É�ç�›�Í�w	�	q�p�{�Š�”�}�>

���^�•�h�½�ß�ï�É�ç�t���È�b�”æ�•�U�|�\�w�]�J�t�S�Z�”��	ú�–�¬�p�K�”�}

Step.1 �£�è�½�ß�ï�É�ç�w�>���q DTW �‘�m�w�‰	Z


¶�½�ß�ï�É�ç�w�¤�T�’�£�è�b�”�½�ß�ï�É�ç�›�>���b�”�}�£�è�^�•�h�½�ß�ï�É�ç���w�¨

�Å�S�› DTW �‘�m�›�‰	Z�b�”�\�q�p�{�Š�”�}�£�è�^�•�h�½�ß�ï�É�ç�U�«�Q�y 5 �m�w

�½�ß�ï�É�ç�p�K�•�y�|�¤ƒ�g	��w�Ã�”�»�x 10 �Í�i�w�Ã�”�»�q�s�”�}

Step.2 �Ý���+�w�Ï�™

ƒ�g	����w�Ã�”�»�w�O�j�|�Ý���+�Ï�™�t�–�O�h�Š�w��£�Ã�”�»�q�Ý���+�w
^�S�›���”
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�h�Š�w�Â�µ�Ä�Ã�”�»�tü�¨�b�”�}��£�Ã�”�»�›�b�;�`�o�Ý���+�›�Ï�™�`�|�Â�µ�Ä�Ã�”

�»�p
^�S�›�{�Š�”�}�«�é�µ�Ì�æ�Ã�”�³�ã�ï�O�t�‘�“�|�£�è�^�•�h�½�ß�ï�É�ç�t�0�b�”

���É�w
^�S�›�{�Š�”�}

Step.3 �7�&�s�½�ß�ï�É�ç�w�>��

���w�½�ß�ï�É�ç�w
Ê�ˆ�ù�˜�d�›�^�“�| Step.1 �S�‘�| Step.2 �›���“�&�`�|�Ý���p�›�7

�G�q�b�”�½�ß�ï�É�ç�w
Ê�ˆ�ù�˜�d�›�‰	Z�b�”�}�\�\�p�x GA �›�;�M�h�›�Ã
¬�R�›�æ

�O�}�\�w�Ì�| GA �w�&� �S�w�-�‰�x SVM �w�Ý���p�›�;�M�o�æ�O�}�Ý���p�U�ô�M�„�r

���¥�t�&� �`�o�”�q�`�o�¨�;�$
â�^�›�æ�O�}�\�•�’�t�‘�l�o�|�Ý���p�w�ô�M�›�Ã�”�w


Ê�ˆ�ù�˜�d�›�Œ�”�\�q�U�D�ó�p�K�”�}
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5 �î�g

�î�g�p�x�|���Š	��O�w���®
Q�›�¬�Ý�b�”�h�Š�t�| RST �t�S�Z�” fNIRS �Ì�%�»�Ã�”�»�›�b

�;�`�f�w���®
Q�›�U	Â�`�h�}

5.1 �î�g�è�$�q�î�g�M�O

�î�g�è�$�x�| fNIRS �Ã�”�»�t�0�`�o���Š	��O�›�&�;�b�”�\�q�t�‘�l�o�˜�’�•�”�½�ß�ï�É

�ç�wz�±�|�U�|�b�”�\�q�t�‘�l�o���Š	��O�w���®
Q�›�U�|�b�”�}�î�g�w�v�•�›�Í�t�Ô�b�}

RST �›�;�M�h fNIRS �Ã�”�»�›�b�;�`�| DTW �t�‘�l�o�¨�Å�S�w�¨	Z�›�æ�l�h�}�î�g�p�;

�M�h fNIRS �Ã�”�»�x Fig. 4 �t�Ô�b�v�•�t�‘�l�o	��˜�`�h�}�‡�h�|�\�w�î�g�x�|ƒ�g	�
: 19


��t�æ�˜�•�h�}�f�w�™�|
Y�t
:�w�ô�M�ô
R
w�� 10 
��q
Y�t
:�w�ÿ�M�ÿ
R
w�� 9 
��tü�¨�`

�h�} Fig. 5 �t�¤ƒ�g	��w RST �w
R
w�›�Ô�b�} NIRS �x�Ô�q�Ý�Ã�Ÿ�¯
a�w ETG-7100 �w 3 �Ó

�é�”�Ò (70 �½�ß�É�ç ) �›�;�M�o
²�„æ�›�����`�h�}�è�9�x 21.3-24.5[�Æ]�|�ê�S�x 47-52[%]

�p�K�”�}

DTW �w�-�‰�t�;�M�h fNIRS �Ã�”�»�x�»�µ�«�à���w 220-280[s] �w�à���›�b�;�`�h�}�]�J

�Ì���t�§�M�U�K�”�w�x�|ƒ�g	��t�‘�l�o�]�J	4�ƒ�w�Ì���U�Ÿ�s�”�h�Š�p�K�”�} fNIRS �Ã�”

�»�t�x
²	r�g�›�ª�`�o�S�“�|�f�w
²	r�g�w�º�0�› Table. 1 �t�Ô�`�h�}

�Í�t�|�˜�’�•�h�›�Ã�”�›�b�;�` GA �q SVM �›�;�M�o�›�Ã
¬�R�›�æ�l�h�} SVM �p�b�;�`

�h�Í�å�Ý�”�»�› Table. 3 �t�Ô�`�h�} GA �t�;�M�h�Í�å�Ý�”�»�x Table. 4 �t�Ô�`�h�}�›�Ã�”


¬�R�t�m�M�o�|�–�;�b�”�½�ß�ï�É�ç���w�¨�Å�S�› 1�|�–�;�`�s�M�½�ß�ï�É�ç���w�¨�Å�S�› 0

�q�`�o�|�¨�;� ���›
ƒ�-�`�o�M�”�}

�\�•�’�t�‘�l�o�|�˜�’�•�hæ�•�›�7���Z�€�w�A�L�T�’z�±�|�U�|�›�æ�l�h�}

5.2 �î�g�A�L�q�î�g�ß�o

�¤�„æ�t�S�Z�”�Ý���A�L�t�m�M�o�Ô�b�}�î�g�t�‘�l�o�˜�’�•�h�| RST �Ì�t�S�Z�”��	ú�–

�¬�› Fig. 6 �t�Ô�`�h�}�\�w�Ì�|�È���„æ�|�(���„æ�|
²�„æ�t�S�Z�”�Ý���p�x�| 84.21[%]�|

89.47[%]�| 97.73[%] �p�K�l�h�}

�\�\�p�|�ô�;�óæ�•�q
¬�R�^�•�h�½�ß�ï�É�ç�t���`�o�7�‹�G�V�X�Ý���p�t�è�¹�`�o�M�”

�½�ß�ï�É�ç�›�U�|�b�”�•�t�|
¬�R�^�•�h�›�Ã�”�›�°�m�c�m	†�X�\�q�t�‘�l�o�Ý���p�w�!�=

�›�ˆ�h�}�G�V�X�Ý���p�U�n	—�b�”�›�Ã�”�\�f�7�‹�]�J�t�0�`�o�è�¹�w�K�”�ô�;�óæ�•�q�›

���p�V�”�} Table. 5�| 6�| 7 �t�¤�½�ß�ï�É�ç�t�S�Z�”�Ý���p�w�A�L�›�Ô�b�}

�È���„æ�t�S�M�o�x�½�ß�ï�É�ç 2�| 4�| 14 �U�G�V�s�¼� �t�|�(���„æ�t�S�M�o�x�½�ß�ï

�É�ç 11 �U�G�V�s�¼� �t�|
²�„æ�t�S�M�o�x�½�ß�ï�É�ç 18 �U�G�V�s�¼� �q�s�l�o�M�”�\�q

�U
*���^�•�h�}�È���„æ�x�½�ß�ï�É�ç 2 �x�¤���„�sÇ�Ù�t�•�”�`�|�½�ß�ï�É�ç 4 �x�Ò�é�”

�§�”�úÇ�Ù�t�|�½�ß�ï�É�ç 14 �x�¹�®�È�ù�ú�|�p
4	Ý�s�|�¢�£�ç�Ç�¿��úÇ�Ù�t�•�”�`�o�M

�”�}�(���„æ�½�ß�ï�É�ç 11 �x�p
4	Ý�sÇ�Ù�t�|
²�„æ�½�ß�ï�É�ç 18 �x
²�„
²�ú��Ž��æ

Ç�Ù�t�•�”�`�o�M�”�}�\�•�’
¬�R�^�•�h��	ú�–�¬�x
Œ�æ�Z�€�t�‘�“ RST �t�S�Z�”�ë�”�©
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�ï�¬�Ý�Þ�æ�t���)�b�”æ�•�p�K�”�\�q�U�Ô�^�•�o�M�”�}�\�•�’�w�A�L�T�’���Š	��O�w���®


Q�U�Ô�&�^�•�h�}

DTW �‹�›�;�M�h�É�¿�Ä�ë�”�«�t���b�”�U�|�‹�æ�l�h�}�f�w�A�L�› Fig. 8�| 9 �t�Ô�b�}
Œ

�æ�Z�€ 19�£ �p�x�|�ô
R
w	��t�S�M�o�x�p
4	Ý�s�q�w�A�ù�U	��X�|�ÿ
R
w	��t�S�M�o�x�p
4

	Ý�s�q�w�A�ù�U�§�M�\�q�U�C���^�•�o�M�”�} Fig. 8�| 9 �w�A�L�T�’�x�b�‚�o�wƒ�g	��p�x�s

�M�U���X�wƒ�g	��t�f�w���²�U�ˆ�’�•�h�}�\�w�A�L�T�’�|�ô�;�ó�t���b�”�É�¿�Ä�ë�”�«�w

�ß�o�‹�D�ó�p�K�”�\�q�U�Ô�&�^�•�h�}

�Í�t�|
²�„�|�†���„æ�t�S�Z�”�Ý���A�L�›�Ô�b�}

�î�g�t�‘�l�o�˜�’�•�h�| RST �Ì�t�S�Z�”��	ú�–�¬�› Fig. 7 �t�Ô�`�h�}�\�w�Ì�|�\�•�’��

	ú�–�¬�›�b�;�`�h�ô
R
w�q�ÿ
R
w�w�Ý���p�x 84.21[%] �p�K�l�h�}�\�•�’�w�½�ß�ï�É�ç�x�|

RST �Ì�w�ô
R
w�q�ÿ
R
w�t�S�Z�”�ô�;�óæ�•�t�§�M�U�ˆ�’�•�”æ�•�q
*���p�V�”�}

�\�\�p�|�ô�;�óæ�•�q
¬�R�^�•�h�½�ß�ï�É�ç�t���`�o�7�‹�G�V�X�Ý���p�t�è�¹�`�o�M�”

�½�ß�ï�É�ç�›�U�|�b�”�•�t�|
¬�R�^�•�h�›�Ã�”�›�°�m�c�m	†�X�\�q�t�‘�l�o�Ý���p�w�!�=

�›�ˆ�h�}�G�V�X�Ý���p�U�n	—�b�”�›�Ã�”�\�f�7�‹�]�J�t�0�`�o�è�¹�w�K�”�ô�;�óæ�•�q�›

���p�V�”�} Table. 8 �t�¤�½�ß�ï�É�ç�t�S�Z�”�Ý���p�w�A�L�›�Ô�b�}

�\�•�’�w�A�L�›�‡�q�Š�”�q�|�È���„æ�t�S�M�o�x�½�ß�ï�É�ç 5 �U�G�V�s�¼� �t�|�(���„

æ�t�S�M�o�x�½�ß�ï�É�ç 15 �U�G�V�s�¼� �t�|
²�„æ�t�S�M�o�x•	–�p�x�K�”�U�½�ß�ï�É�ç

1 �U�¼� �q�s�l�o�M�”�\�q�U
*���^�•�h�}�m�‡�“�| RST �t�S�Z�”�ô
R
w�‹�`�X�x�ÿ
R
w�t

�����b�”æ�•�x�È���„æ�½�ß�ï�É�ç 5�|�(���„æ�½�ß�ï�É�ç 15�|
²�„æ�½�ß�ï�É�ç 1 �U��

���`�o�”�q�ß�Q�’�•�”�}

�Ž�<�t�¤æ�•�t�S�M�o	O�A�s�¼� �q�s�l�o�M�”�½�ß�ï�É�ç�w�ô�;�óæ�•�q Brodman Area(BA)

�t�m�M�o�Ô�b�}�È���„æ�w�½�ß�ï�É�ç 5 �x Middle Temporal gyrus(BA:21)�| Superior Tem-

poral Gyrus(BA:22) Ç�Ù�t�•�”�`�o�M�”�}�(���„æ�w�½�ß�ï�É�ç 15 �x Middle Tempo-

ral gyrus(BA:21)�| Superior Temporal Gyrus(BA:22)�| Fusiform gyrus(BA:37)�| Angular

gyrus, part of Wernicke’s area(BA:39)�| Supramarginal gyrus part of Wernicke’s area(BA:40)

Ç�Ù�t�•�”�`�o�M�”�}
²�„æ�w�½�ß�ï�É�ç 1 �x Frontopolar area(BA:10) Ç�Ù�t�•�”�`�o

�M�”�}�\�•�’
¬�R�^�•�h��	ú�–�¬�x
Œ�æ�Z�€�t�‘�“ RST �t�S�Z�”�ë�”�©�ï�¬�Ý�Þ�æ�t���)

�b�”æ�•�p�K�”�\�q�U�Ô�^�•�o�M�”�}�\�•�’�w�A�L�T�’���Š	��O�w���®
Q�U�Ô�&�^�•�h�}
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6 �A�æ

�Š�æ���p�x�| DTW �t�‘�”�›�Ã�”�¨	Z�q GA �t�‘�”�›�Ã
¬�R�›�æ�O�\�q�t�‘�l�o��	ú�–

�¬�w�¨	Z�w���Š�›�æ�l�h�}�Š���Š	��O�p�x�]�J�Ì�w�ô�B�v�”�›�����`�h�M�|�ô�;�ó�w�Œ�Ý

�›ž�A�q�d�c�|�]�J�t�S�Z�”	O�Aæ�•�›�›���b�”�\�q�U�D�ó�t�s�”�}���Š	��O�›�;�M RST

�›�æ�l�h fNIRS �Ã�”�»�›���Š	��O�t�&� �`�U	Â�î�g�›�æ�l�h�}�f�w�A�L�| RST �t���˜�”

�ë�”�©�ï�¬�Ý�Þ�æ�wæ�•�›�¨	Z�b�”�p�V�”�\�q�U�¬�Ý�^�•�|�Š���Š	��O�w���®
Q�›�Ô�&�b

�”�\�q�U�¬�Ý�^�•�h�}�C�Q�o�|
¬�R�^�•�h�½�ß�ï�É�ç�›�6�S�|�™�–�²�V�›�Ã
¬�R�›�æ�l�h

�½�ß�ï�É�ç�w DTW �‹�›�;�M�o�|�ô�;�ó�É�¿�Ä�ë�”�«�t���b�”�ß�o�›�æ�l�h�A�L�|
Œ�æ�Z

�€�t�‘�l�o�Ô�^�•�h�|�p
4	Ý�sÇ�Ù�w�A�ù�t���˜�”�ß�o�‹�Ô�^�•�h�}�Ž	Í�‘�“�|�ô�;�ó�É�¿
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Table 1 Preparation of fNIRS time series data

Preparation Value

Moving Average[s] 10

High Pass Filter[Hz] 0.001

Low Pass Filter[Hz] 0.5

Table 2 Preparation of fNIRS time series data

Moving Average[s] 10

High Pass Filter[Hz] 0.001

Low Pass Filter[Hz] 0.5

Table 3 SVM Parameters

SVM parameter Value

Cost parameter 1

Kernel Polynomial kernel

Dimension 3

Table 4 GA Parameters

Parameter Value

Population number 1000

Generation number 50

Crossover rate 0.7

Mutation rate 0.3

Gene number 70

Crossover method 2 point crossover

Selection method Tournament selection (tournament number:7)

1



Fig. 1 SVM

Fig. 2 Waveform of time series of cerebral blood flow obtained through fNIRS
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Fig. 3 Arrangement of fNIRS device (left) and each probe and channel (right)
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My mother gave

 me a lift in the car.
...+ +

He doesn't say much 

but he is a good guy.
mother gave, ... 

 doesn't say much

Rest : 60[s] Task : 220 - 280[s] (5 sentences × 5) Rest : 60[s]

Fig. 4 Experimental flow with fNIRS data
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Fig. 5 RST score of each test subject
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Fig. 6 Feature selection results 1
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Fig. 7 Feature selection results 2
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Table 5 Accuracy of left temporal region

channel Accuracy[%]

7, 11, 13, 14, 21, 22, 24 89.47

11, 13, 14, 21, 22, 24 73.68

7, 13, 14, 21, 22, 24 52.63

7, 11, 14, 21, 22, 24 63.16

7, 11, 13, 21, 22, 24 68.42

7, 11, 13, 14, 22, 24 89.47

7, 11, 13, 14, 21, 24 84.21

7, 11, 13, 14, 21, 22 89.47

Table 6 Accuracy of forehead

channel Accuracy[%]

9, 11, 14, 15, 17, 18 97.73

11, 14, 15, 17, 18 68.42

9, 14, 15, 17, 18 89.47

9, 11, 15, 17, 18 84.21

9, 11, 14, 17, 18 78.95

9, 11, 14, 15, 18 84.21

9, 11, 14, 15, 17 57.89

Table 7 Accuracy of right temporal region

channel Accuracy[%]

1, 2, 4, 6, 9, 11, 12, 14 84.21

2, 4, 6, 9, 11, 12, 14 68.42

1, 4, 6, 9, 11, 12, 14 57.89

1, 2, 6, 9, 11, 12, 14 57.89

1, 2, 4, 9, 11, 12, 14 63.16

1, 2, 4, 6, 11, 12, 14 78.95

1, 2, 4, 6, 9, 12, 14 68.42

1, 2, 4, 6, 9, 11, 14 73.68

1, 2, 4, 6, 9, 11, 12 57.89
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Table 8 Extracted Channels and Accuracy

Extracted channel Accuracy [%]

base line 89.47

Right: 1 73.68

Right: 4 84.21

Right: 5 68.42

Right: 6 73.68

Right: 7 84.21

Right: 10 84.21

Right: 11 78.95

Right: 14 84.21

Left: 6 78.95

Left: 15 73.68

Left: 16 84.21

Left: 17 84.21

Left: 22 84.21

Front: 1 78.95

Front: 6 84.21
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