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1 )H 
1.1 B0 

� Brain computer interface ʞBCIʟ;@ȳÁĄWɕKþSƽƲ>³ T);:ʡɈ
ɒOî¹Wİ§10>ƽƲáţWȹ�ŻȺ?Ȥȇ:�TʞWolpaw et al., 2002ʟʢ)
?ŻȺ@ɢ¸ʈĸW´�ʛʝȮOʌǰŭȮ?ɲîȿëOÔǗ=e��xc�i��

=<>ŝȎ8;-9ʡɨőǿȋ#ǌǱ>ɱMRU9�Tʞņz£, 2016ʟʢJ4ʡƤ
ɨ:@ÇŎȮ?ūȭWɕKþTx�����csZ�bF?ũǨOʡd��?e�u

����;-9?ũǨ=<NɃɧJU9!SʞLance et al., 2012; Erp et al., 2012ʟʡ
¦şHR>ķȃ²F?ɶũ#ɱMRU9�&;ȭ RUTʢ 
� BCIWºǨ/T>�4SʡȳÓůĢWď¬>ĨƉ/T4M>@ȳǊWƿ-&ɇɕ/
Tŧɂ#�Sʡ2?Ŭȱ@ȳǊ?|o��ɐɚŻȺ>¼ĳ/Tʢ-4#79ʡȳǊW

ƿȀ>ɚß/TY�f�l�?ɿǱ#ɺɂ;=Tʢ)UJ:àǨHU9$4ɚßY�

f�l�>@ʡȥśÚʋOg��u�ao��i�(SVM)=<#�TʢʞLotte et al., 
2018ʟʢJ4ʡx����yru��aʞANNʟ>QTɚßźǉ:@ʡĴȬǳ>°ű
?ʏȥśÖË#ŢRUT);"RʡȳǊǞť?Ã¥ŉ>Nļũ:$T;ȭ RUʡǋ

ǵHU9�TʞZhang et al., 2018; Li et al., 2017ʟ.  
�  
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1.2 GT�=< 

� ȳǊ@Ã¥ŉ#ī$&ʡÕǣŬN·�ʞ±ȸ�©, 2004ʟʢ;&>ʛʝȮOŭȮ?
ȳǊ@BCIºǨƟ?ǯìÒćOżȷǟǈʡ�q��i��=<>NŜʒHUT4Mʡ
2?ǟų@ƵM9ĪƷ:�TʢJ4ʡȳǊ@ʏŎ>ŤĿ=ʍǃǣɜ:�T4MƜǼ=

Ǌś?þŢ#ʌ-&ʡz[l?ŜʒWÿ'O/�ʢ2?4MʡȢ�HU4ÞƗġǖO

|���oWǇĶ-9ǆǨ?iks�Wƶȕ/T);@ʏŎ>ʌ-&ʡ��h�?Ǟ

Ŭ>ćV19Ãß>ġǖO|���oWɗƕ/Tŧɂ#�TʢJ4ʡQSƿȀ=ȳǊ

ɇɕWǵƂ/?:�UAʡºǨƟ*;>`�����i��/T);#ĮJ-�ʢ 
� ɚßĕ?ȗŕ@ʡ`�����i��Ǩ;-9¡å>þŢHU4ȳǊt�o?Ɣ

ʞǔĶɎȹĖƔʟ>ǂ»/TʞRamoser et al., 2000ʟʢJ4ʡANNWºǨ/Tģćʡ
2?ĴȬ>@�ȵǳ>Īɼ?t�o#ŧɂ:�T4Mʡ̀ �����i��>@¡å

>óÚ=ɼ?ȳǊt�oWþŢ/Tŧɂ#�Tʢ-"-ʡɾƟʀ>!'T¡åt�o

þŢ?¹ƴ@ʡʛʝȮOŭȮ;�74��h�WċMʡʁ¿Ȯ>;79ī$=ɝſ;

=T);#ŶŪHUTʢ 
� Ʃǿȋ:@ʡANN WǨ�4ȳǊ>QTɲîŰɟÞßY�f�l�WɿǱ/T);
#ǵǳ:�Sʡ`�����i��>!'TɝſäǒWǵƂ/ʢ2):ʡʄRU4ķ

ǔȳǊt�o"R Dinares-Ferranʞ2018ʟ#ƈƱ-4¥ŇȳǊ¹ŷźǉWǨ�9Ĵ
Ȭt�oƔWĥO/);:ʡANN?ÞßȗŕĊ�Wę74ʞDinares-Ferran et al., 
2018ʟʢJ4ʡ CNN; LSTMWȞKćV14 ANNWƈƱ-ʡ2?ÞßȗŕWƳɌ
-4ʢ 
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2 SP>? 
2.1 Brain Computer Interface 

� Brain computer interface ʞBCIʟ?ġƩǳ=ƶɯWę 2-1>Ȃ/ʢBCI:@�
> 5 8?ksr�WɡLʢJ0ʞ1ʟĩɸâǙO��o�oka>Q79ȳǌîWɑ
ǱH1TʢBCI@2?ǌîWʞ2ʟɉǔ-ʡŢRU4ÁĄ"Rʞ3ʟǞťžÙ#=HUʡ
ʞ4ʟ|o��ɐɚ=<>QSÁĄ?Þß#ȹVUTʢ2?şʞ5ʟe��v>ĨƉH
UʡƽƲWáţ/Tʢ×>ʞ1ʟ�ʞ4ʟksr�?ɏεWɪGTʢ 
 
ʞ1ʟȳǌî?ɑǱ 
� ȳÁĄ>@ǽɅOɐǽØǥʡɲîʡɲîŰɟ=<?ǞĶ?¡ɜ>ʁɰ-9Ǳǧ/T

N?#�TʢȳǊ>!�9@)UW¡ɜʁɰʍ¶ʞERPʟ;ĎEʢJ4ʡ�T¡ɜ>
ļ-9ȳǊ?ǞĶ?ŌĠ?|��#ĥŏ/ǒŀ/TǣɜW¡ɜʁɰĈƧʞERSʟ/ȲĈ
ƧʞERDʟ;ĎEʢ)URWűęǳ>ɑǱH1T);:2?¥?űūOȭ W BCI
F³ TɎK#ɨőĪ&=HU9�Tʞɿ�ɽņ, 2016ʟʢERS/ERD>8�9@ 2.1.2
ȏ:ɪGTʢ 
 
ʞ2ʟȳǌî?ǔĶ 
� ȳǌîWǔĶ/Tźǉ@ʡī$&V'9¾Ɂȳɉǔǉ;ʏ¾Ɂȳɉǔǉ?D48#

�Tʢ¾Ɂȳɉǔǉ:@ȳÓ>ǶƇʍƵWğMɧL);:ȄθεȰ?k|[aǌîO

ǴɞȳǊǌîWɉǔ/Tźǉ:�Tʢ)?ƙǉ:@ʛ�ɉǔȗŕ#À4UT#ʡĩȅ

źȺ#ŧɂ=� ʡȳȻʐWÊ8'9-J�ĂȱŬNʛ�ʢ2?4MǣĜ@ʏ¾Ɂȳ

ɉǔWǨ�T BCI?ǿȋ#ʏŎ>Ī�ʢ 
� ʏ¾Ɂȳɉǔǉ>@ȳȁę(MEG)OưȁǃÑʜǪËȾσ(MRI)WǨ�4ƽȱǳư
ȁǃÑʜǪËǉ(fMRI)#�Tʢ-"-ʡ)UR?źǉ@īĞ:ʛ½=ȾσWŧɂ;/
T4Mʡķȃ²>ɶǨ/T?@ʌ-�ʢ�ƙʡȳǊ(EEG)@ɉǔȾσ#ǂɥǳĿĞ:
ĵ½:�T4MʡũǨ-O/�źǉ;� Tʢ 
 
ʞ3ʟǞťžÙ 
� ȳÁĄ>@ʡŢ4�ǞŬWȻ/ŷÚ?©>ǧ¸ǣɜOķʙǦĤ=<>ɟė-4z[

l#ċJUTʢǞťžÙ:@ʡ)UR?�ɂ=ŷÚWʆù-ŹƦ?ŷÚ?KžÙ/Tʢ

J4ʡȳǊ@Ɵʀ;;N>čǊƔŷÚO2?ÙǣʔĠ#Ĩñ/T4MʡƟʀčǊƔɇ

ƭWȹ�);:ǞťWžÙ/TƙǉN�TʢȳǊ>8�9@ 2.1.1ȏ>9ʡJ4Ɵʀ
čǊƔɇƭ>8�9@ 3.3ȏ>9ɪGTʢ 
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ʞ4ʟȳÁĄ?Þß 
� ɆǔHU4ȳÁĄ"RȽʙȮ#<?Q�=ĩɸâǙW�'4"ʡN-&@��o�

okaWȹ74"WÞß/TʢÞßźǉ>@Ǟť�au�"Rθʙǳ>ʂÅWɋ'9

ɚß/Tƙǉ;ʡƽƲĴȬWǨ�Tƙǉ#�TʢåȮ?ƙǉ:@ʡɆǔǦĤOȽʙȮ

>Q79ȳÁĄ?Ǟť>ƋR%#�T4MʡĵĶ-4ɚßȗŕWŢT?@ʌ-�ʢ�

ƙşȮ?ƙǉ:@ʡɚßĕ?|���oWɚßa�k#ƛǽ?ĴȬt�o"RĴȬ/

T4MʡQSƥí:�T;ɈVU9�TʢƽƲĴȬ>@ȥśǉ;ʏȥśǉ#�Tʢȥ

śǉ>@~Zri��?ȥśÞßʞLDAʟOȥśg��u�ao��i�ʞSVMʟ
#�TʢJ4ʏȥśǉ:@ʏȥś SVMOx����yru��aʞANNʟWǨ�4
tZ����x�b#�Tʢɀʊ=t�omruOʡʏŎ>ī$=t�omruWº

�ģćʡʏȥśźǉ?H�#ÌU4ȠƯ#ŢRUT);#V"79�TʞMuller et al., 
2003ʟʢJ4ʡ�ȵǳ=ƽƲĴȬ:@t�o"R�x�Y�:ǞťɼWžÙ-ʡɶÛ
=ÚʗĕW¹ŷ/T?>ļ-ʡtZ����x�b?ģć@ǞťžÙ"RÚʗ�t�

?¹ŷJ:?ØǥƙǉWȴîǳ>ĴȬ:$TǛ"RʡɨőĪ&ǿȋ#=HU9�Tʢ

ANN>8�9@ 2.2ȏ:ɪGTʢ 
 
 

 
 

  

Imagine moving 

my left hand

BCI systems

get 

EEG 

signals

signal processing
feature 

extraction

translation 

algorithm

device comand

ę  2-1� BCI iks�?ƶŷʢ  
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2.1.1 D8 

� ȳǊ@ʡȳÓ?x����#ǌî-4ʇ>ǧ.TʍǍWʡȳȞȨOʕȶʚWθ9ʕ

Ǵ�:ɆĻ-4N?:�TʢȳǊ?ʍ¶@Ɣó�[a���u;V0":�T�>ʡ

ǔĶǦĤ=<?z[lWċMɀƔ?ɂė#ɀʊ>ǐ,74ǟų:ɆǔHUT4Mʡ2

?ǞťWþŢ/T?@ʌ-�ʢJ4ʡɉǔɸ¶>Q79NǣUTȳǊ@ǭ=SʡÙǣ

/TǞťǊ>@Ã¥ŉ#�Tʞ±ȸ�©, 2004ʟʢ 
� ȳǊk�au�>@ŌĠ*;>ĉå#ª'RU9�TʞNunez and Srinivasan, 
2007ʟʢȻ 2-1>2U3U?ĉȇ;2?čǊƔŌWȂ/ʢ)UR@ɵ74ǧǥĴǳ=
űȫWüƞ/T);#V"79�T.» AʡǊ@ǻǹƟ>ɆǔHUʡ�Ǌ@ɿǺ
Ɵʡǹ�ƟʡĵʎƟ=<>şʕɸ�Ŧ>ǣUTʢʞɿ�ɽņ, 2016ʟJ4ʡɲî>ʁ
/Tȳǌî;-9@ʡɲîå>ʍ¶#P7&Sǒŀ/TǖÉʍ¶OʡŲɅɲîɻ>!

�9�ǊO�Ǌ?ƃŏ#ǒŀ/Tǣɜ#ĢČHU9�TʢʞPfurtscheller and Lopes 
da Silva, 1999ʟ 
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Ȼ  2-1� ȳǊ?Úʗʢ  

ȳǊ?ȉʗʞĉȇʟ� �=čǊƔȔĘ�

�Ǌ� 	ʩ��	�

�Ǌ� �ʩ��	�

�Ǌ� ��	��	�

�Ǌ� �ʩ	��	�

�Ǌ� 	�ʩ���	�

Ǌ� ���	ʩ�
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2.1.2 �JSP%1��JSPC%1 

� �T¡ɜ>ļ-9ȳǊ?ǞĶ?ŌĠ?|��#ĥŏ/ǒŀ/TǣɜWʡ¡ɜʁɰĈ
ƧʞERSʟ/ȲĈƧʞERDʟ;��ʢɲîJ4@ɲîŰɟƟ>@¡ɜʁɰȲĈƧ#ǧ
.ʡ�ŌĠO�ŌĠ?ǌî#ŐŎƟQSǒȼ/T);#V"79�Tʢ)?ǣɜ@ʡ

2?ɲî>ļũ/TīȳǴɞɲîɻ>9Ǳǧ/TʢʞReece et al., 2011ʟ 
� ę 2-2>Ć¸?ɸ¶>ļũ/Tɲîɻ;¸ŬŲɅɻ?¶σWȂ/ʢ)?ę:@ʡɢ
¸ɸ¶?ʐȊ?ī$H#ǴɞȻʐ?ǷŚʔĠ?ʐȊ>ļũ/TQ�Ƣ"U9�Tʢę

QSʡź>ļũ/Tɲîɻ?ʐȊ@œ�);#V"TʢJ4¸?ňă?ɲî@ʡȳ?

ǭ=TôǤ:ɆǔHUTʢQ79ʡňă?ź?ɲîŰɟ@ ERD?Ɇǔ#ǂɥǳĹƝ
:�T4MʡɲîŰɟɚß?ļɜ;-9Ǩ�RUT);#Ī�ʢ 
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ʞReece et al.,  2011ʟ  

ę  2-2� ɲîɻ;¸ŬŲɅɻ?¸ɸ¶łĜʢ��Ĭę@ɲîɻûC¸ŬŲɅɻ?¶σWȂ
/ʢJ4×ę@2U3U?Ǵɞ?ƗʐęWȂ/ʢ   
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2.1.3 Common spatial pattern  

� ȳǊ>@Ʒ�=z[l#ċJUTʢz[l@ BCI ?ɚßȗŕW·×H1Tɂė;
=T4Mʡ2?ŜʒW·ǒH1T~Z�oɿǱ#ɱMRU9�T.2?�:NȌʀ~
Z�o@ʡȳǊ"RžÙ/TůĢWáʄ/T);:Ǟť�au�>Ǩ�TƾÍWäǒ

Ăȱ:�T;��ɾŹWƁ79�T. 
� Common spatial patternʞCSPʟ;@ʡȌʀ~Z�o?�ȉ:�SʡǣĜ BCI:
?ɲîŰɟǞťžÙ>ƤNœ&ɶũHU9�Tźǉ:�TʢCSP :@{�v|k~
Z�oØǥHU4ÁĄ>!�9ʡ�Ta�k"R?żŜÁĄ?ÚƓWƤī>-88ʡ

ß?a�k:?ÚƓ@ƤĿ>=TQ�=Ȍʀ~Z�oWȓÙ/TʢʞRamoser et al., 
2000ʟ45-ʡ¡åØǥ>9{�v|k~Z�oW"'TʇʡɲîŰɟ>ʁɰ/Tč
ǊƔŷÚ>ļũ-4ɶÛ=čǊƔŌĠWɷEŧɂ#�Sʡƨ5Ƥɶ=ŌĠǇĶƙǉ@

Ǫ�HU9=�ʢ 
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2.2 �'����������
 

� ¥Ňx����yru��aʞ×ʡANNʟ;@¥ʀ?ȳ?ȄθĖɠWƹƎ-4
ůĢØǥiks�?Ȥȇ:�Sʡõγ=ġǖ:@Þß->&�ɀʊ=|o��?ɐɚ

ƽȱ>ɾ'9�Tʢɨő ANN@Ī&?Úɻ>92?ɶǨŬ#ǿȋHU9!SʡBCI
FũǨ/TɎKNĪ&=HU9�TʢƩȏ:@ ANN?ġƩǳ=Ŭɞ;¨ȞK>8�
9ɔƜ/Tʢ 
� ǧǝ:?x����@ʡʍǃǳ=âǙWOS;S-=#RůĢW³ɴ-9�Tʢx

����@©?x����"RâǙWÏèHU4Ɵʡ2?âǙ#�Ķ�:�UAƾ

?x����>âǙW³ T;��¨ȞKWƁ8ʢâǙ?OS;S#Ī�x����

ĈĦ@2?ȠćNř&=SʡůĢ³ɴ?ÌÎŕNʛ&=TʢANN :@)?¨ȞKW
ƔĴǳ�t�>σ$Ɖ 4N?:�Tʢ 
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2.2.1 ANN�4O 

� ANN@ƶɯ>Q79Œ8"ȉʗ#�SʡƩǿȋ:@ʓ³ƍĞÐȠćx����y
ru��aʡǮKɧKx����yru��aʞCNNʟʡÕōĞx����yru�
�a?B;8:�T Long short-term memory ʞLSTMʟWǨ�4ʢ 
� )):@ʓ³ƍĞÐȠćx����yru��aW»>ANN?ġƩǳ=¨ȞKW
ɔƜ/TʞCNNʡLSTM>8�9@ƾȏ>9ɏ-&ɔƜ/Tʟʢę  2-3 >ʓ³ƍĞÐ

Ƞćx����yru��aWȂ/ʢyru��a@ÏèŅʡ�ʀŅʡÙèŅ"R=

SʡĆŅ>!"U4ɀƔ?�xru@åş?Ņ?�xru;Ƈμ-9�Tʢ2U3U

?�xru@ę 2-4>Ȃ/Q�>åŅ?Ć�xru"RɺK8$ÏèW�'ʡ2?Ȥ
Đ"RʂÅWŘ�4ÅWũȑʁƔ>«Ï/T);:ÙèÅWǇĶ/Tʢ8JSʡ!Ņ
Ȑ!�xruF?Ïè?ȤĐW!!! , ÙèW!!! , ! − 1ŅȐ!�xru"R!ŅȐ!�xru
F?Ƞć?ɺKW!!,!!!!,! , !ŅȐ!�xru?ʂÅW!!!;-ʡũȑʁƔW!;!&;ʡ!!!
;!!!@ʞ1ʟʡʞ2ʟŗ:Ȼ1Tʢ�  

!!! = !!"!!!,! !!!
!

!!!
− !!!� � � (1) 

!!! = ! !!! � � � (2) 
)):!@! − 1Ņ?�xruƔ;/TʢƩǿȋ:@ũȑʁƔ;-9ʞ3ʟŗ>ĶȫH
UTib�[vʁƔWǨ�4ʢ 

! ! = 1
1+ exp −! � � � (3) 

ANN WǞťª'T|���o@ɺK;ʂÅ:�Tʢ)UR|���o@ʡ�R".
MǨű-4ÏèŅF?Ïèt�o;ǵƸ;=TÙèŅ"R?ÙèÅ"R=Tt�o

mruWǨ�ʡĴȬ/T);:ǇĶHUTʢ8JSĴȬ¹ƴ:@ʡ�TÏè>ļ-9

�TG$Ùè|o��WÕƶŷ:$TQ�> ANN?|���oWǇM9�&ʢ  
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ę  2-3� ʓ³ƍĞÐȠćx����yru��aʢ  

 

 
ę  2-4� ANN Ó?�xru>!'TÙÏèʢ  

 

 
  

Input layer

Output 1

Output 2

Hidden layer

Output layer

Input1

Input2

Input3

InputN

Ox-11

Ox-12

Ox-1N

Oxj

Wx-1,x1,j
Wx-1,x2,j

Wx-1,xN,j

θx
j

Oxj=f(Ixj)
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2.2.2 F(N�-7 

� ANN?ĴȬ>@ɓŉɬ³ƌǉʞ×ʡBPʟWǨ�4ʢBP:@ʡJ0 ANN?|
���o?ÝƧÅW��p�>®Ķ-ʡĴȬt�o?Ïè>ļ/TÙèŅ"R?Ùè

!!!;ƒŋÁĄ!! ;?ɓŉɍ½Łŕ EWɉȓ/TʢƩǿȋ:@ɓŉɍ½Łŕŗ>¤ŉ
^�u�}�ʞʞ4ʟŗʟWǨ�4ʢ)): Nx@ xŅ>!'Tx����ƔWȻ/ʢ 

! = − !!!!"!!! + !− !!! !" !− !!! � � � (4)
!!

!!!
 

ƾ>)? E?Å#ƤĿ>=TQ�>ïɹǉWǨ�9|���o?ÂƿWȹ�ʢ 
|���o?Âƿƙǉ>8�9�xru?ɺK!!"

!!!?ÂƿW»>-9ɪGTʢ 
E?!!"

!!!>!'TÆŤÚ@ 
!"

!!!"
!!! =

!"
!!!!

∙ !!!
!

!!!!
∙ !!!!
!!!"

!!! � � � (5) 

;ȻHUTʢ)): 
!"
!!!!

= − !!
!

!!!
+ 1− !!!

1− !!!
� � � (6) 

!!!!
!!!!

= !" !!!
!!!!

= !
!!!!

1
1+ !"# −!!!

= ! !!! 1− ! !!! = !!! 1− !!! � � � (7) 

!!!
!!!"

!!! =
!

!!!"
!!! !!"!!!,! !!!!!

!

!!!
− !!! =  !!!!!� � � (8) 

QSʞ5ʟŗ@ 
!"

!!!"
!!! =  !!!!!(!!! − !!!)� � � (9) 

;=Tʢ/=V6�xru?ɺK!!"
!!!?Âƿɼ@ʞ10ʟŗ:ɉȓHUTʢ 

∆!!"
!!! = −! !!! − !!! !!! 1− !!!  !!!!!� � � (10) 

)):�@ĴȬǢ:�SʡĿH=ƿ?Ɣ;/TʢJ4ʡýƪǞŬWƏĔ/T4M>�

���o�ȀǢǳïɹʃ×ǉWǨ�ʡN��8?|���oʡ/=V6����o�

�;ĴȬǢǒȼ�WľÏ-4ʢ)UQSĴȬ t+1Ėǵ?ɺK!!!!@ 
!!!! =!! − ! !!! − !!! !!! 1− !!!  !!!!! + !!!� � � (11) 

! = !!
1

1+ ! ∙ !!"#$!
� � � (12) 

:ơƘHUTʢ)):!!@ĴȬǢ?ÝƧÅʡ!!"#$!@^�raƔWȂ/ʢ�?ɉȓ
WȩSɩ/);:|���o?ƤɶñWȹ74ʢ 
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2.2.3 ;�M�����������
 

� ǮKɧKx����yru��aʞ×ʡCNNʟ;@ʡÐȠćŅ?©>ǮKɧK
Ņ;����bŅ;��Ǟťǳ=ƶɯWN8 ANN?�ȉ:�TʢǣĜŏœ�Úɻ:
ǌǨHU9!SʡǞ>ǪËɐɚ?Úɻ:ÌU4ŬȱWǱƊ-9�Tʢ 
� ǮKɧKŅ:@Ïèt�o>~Z�oWɶǨ-ʡǮKɧKǘȓW/Tʢę 2-5> 3
ƾÍ?ÏèǪË!>ļ-9~Z�oØǥ!WɶǨ-ʡʤƾÍǮKɧKW-4ģćW»
;-9Ȃ/ʢÏèǪË?ī$HW N
M
LʞN
M?ǪË LƮʟʡ~Z�og[l
W X
Y
L;-ʡ!,!?ĆɂδW!� !"# ,!!"#;/TʢǮKɧKǘȓ:@ʡÏèǪË !?
ň�"Ră×Fʓ>~Z�oW;?ÓȊW;Tʢ)):?ÙèW!;/T;ʡ2?ɂ
δ!!"@ʞ13ʟŗ:ȻHUTʢ 

!!" = !!"#! !!!!! !!!!! ! + !� � � (13)
!

!!!

!

!!!

!

!!!
 

ɉȓHU4Ùè!@Ǟť�r�;ĎAUTʢCNN@ĴȬɳȈ>!�9ʡÏèt�o
Wɚß/T?>íƯǳ=Ǟť�r�WÙè:$T~Z�o!WƆ/ʢ 
� ����bŅ:@ʡǮKɧKŅ>QSŢRU4Ǟť�r�?ěȦWȹ�ʢ����

bƙǉ>@Œ8"ȉʗ#�T#ʡƩǿȋ:@max����bWǨ�4ʢmax���
�b@òĠÓ?ƤīÅW2?òĠ?«ȻÅ;-9þSÙ/);:Ǟť?ěȦWȹ�ʢ

ʞę 2-6ʟ 
� CNN:@ǌŬñʁƔ>ƿɄñȥśʁƔʞReLUʟWǨ�4ʢʞʞ14ʟŗʡę 2-7ʟ
LeLU@ x#ƿ?;$ŤÚ#Ŏ> 1>=T4MʡïɹǏĭ#ɟ$>&&ʡJ4ɉȓ#
Ȗõ:ʛɮ:�T);#Ǟť:�Tʢ 

!"#$ ! = � � � � � (14)!(!!!)
! !!!  

� ANNWǨ�4a�kÚʗ>!�9ʡ2?ȗŕWĊ�H1T>@ʡƿȀ>obª'
HU4ÌU4ĴȬt�omruWĆa�kóÚ=ɼǨű/Tŧɂ#�Tʢ-"-ʡĪ

ɼ?t�oWʉMʡÐ9W�x�Y�:ɚß-obª'-9�&¹ƴ@ī$=ɝſ;

=TʢCNN:?ǪËÚʗ>!�9@ʡ�TȈŕobª'HU4t�oWÍ>t�o
WǄĥ-ʞdata augmentationʟ/T);:ʡɚßȗŕĊ�>ŷé-4»#Ī��Tʢ
t�o?Ǆĥ-źǉ;-9@ʡǪË?ňăWüɣʡĖɣʡu���bʡe�u�ku

WĨñH1Tʡz[lWĥO/ʡ=<;�74ƙǉ#�(RUTʢ�ƙ:Ǆĥ->º

Ǩ-4Ít�oƔ#ŀ=/%4ģć>@ɳĴȬ#ǧ.4Sʡ2N2NÍt�o?đɞ

#Ů"74ģć>@ɚßȗŕ#·×-9-J74S/TģćN�Sʡǋű#ŧɂ:�

Tʢ  



 19 

 
ę  2-5� ʥƾÍ?ÏèǪË>ļ/TǮKɧKØǥʢ   

Wxyl

M

L

NX

Y Inml

Oij

Convolution
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ę  2-6� max ����bØǥʢ  

 
 
 

 

 

ę  2-7� ƿɄñȥśʁƔʞReLUʟʢ   

   6     7  1  3
   4    7  5   4
   1    1  8  4
   5    5  7  8

7     5
5     8

Max pooling

Y=X

0
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2.2.4 Long short-term memory 

� Long short-term memory ʞLSTMʟ;@ʡHochreiterʞ1997ʟ#ƈƱ-4ʡƟα
Üt�oWØǥ/T4M>¹RU4ÕōĞx����yru��aʞ×ʡRNNʟ
�t�?�ȉ:�TʢƟαÜt�o;@ƟʀǳĨñWN8t�o?);:ʡȳǊN2

?�ȉ>ń/Tʢ RNN@ɳù>ÏèHU4ůĢWyru��aÓ>Ɋŵ-ʡĴȬ>
àǨ/T);#Ăȱ:�TʢLSTM@šƬ? RNN>ǂGʡɾƧ?ƟαÜt�o:N
ĴȬĂȱ:�TǛ#Ǟť:�SʡɨőȴǜɈɒØǥOʑħɐɚØǥ=<?Úɻ:ÌU

4ŬȱWǱƊ-9�TʢƩǿȋ:@ Gersʞ2000ʟ#ƈƱ-4 forget gate WľÏ-
4 LSTMWǨ�4ʢ 
� LSTM :?t�oØǥ?ǍUWę 2-8 >ʡJ4ʡ2UWƟʀθɳ:Ńɿ-4N?
Wę 2-9>Ȃ/ʢƟʀ t>!'Tt�oW xtʡÏè>ļ/TÙèW ht/T;ʡht ?
ȓÙɳȈ>!�9ʡÏè xt ?©> t-1 :?Ùè ht-1Nĺ�-9�Tʢ)U@ʡRNN
>Ñɭ/T¨ȞK:�T#ʡLSTM :@ LSTM ��raÓ>Œ8"?d�uWƁ8
);:ɾƧɊŵWĂȱ;-9�Tʢd�u:@x����Ó?ůĢWɷŽǳ>ɭ/ƽ

ȱWƥ/Tʢ 
� LSTM��raÓ?ƶɯWę 2-10>Ȃ/ʢJ0Ùèd�u:@øįǳ= RNN?
ƽȱWN79!SʡÙèÅ ot@ʞ15ʟŗ:ȻHUTʢ 

!! = ! !!!! + !!ℎ!!! + !! � � � (15) 
W@ɺK¿Ɣʡb@ʂÅʡ�(x)@ib�[vʁƔWȻ/ʢJ4ʡŨ÷d�u ftûCÙ

èd�u it:NĈƷ?Øǥ#=HUTʢ 
!! = ! !!!! + !!ℎ!!! + !! � � � (16) 
!! = ! !!!! + !!ℎ!!! + !! � � � (17) 

� Ïèd�u:@ŗ(17);�ȹ-9ʡŗ(18)?ØǥN=HUTʢ 
!! = !"#ℎ !!!! + !!ℎ!!! + !! � � � (18) 

)):ʡŨ÷d�u;Ïèd�u@ʡ���m�Wɭ.9¢�>Ŝʒ-ć�ʁ¿>�

Sʡftʡ!!ʡ!!WǨ�9×?Øǥ#ȹVUTʢ 
!! = !!×!! + !!!!×!!� � � (19) 

)):���m�@ʡct;��ÅWƾ?ɉȓ>Ǔ/ʡN-&@ ct01;��ÅWÀƁ/

T;��ŝçWƁ79�T5':ʡǞß=ɉȓ@ȹV=�ʢƤş> LSTM ��ra

"RŢRUTÙè ht@ʞ20ʟŗQSŢRUTʢ  
ℎ! = !!×!"#ℎ !! � � � (20) 

)?Å@ƾ?t�o#ÏèHU4Ɵ?ɉȓ>NǨ�RUTʢ  
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ę  2-8� LSTM >!'Tt�oØǥ?ǍUʢ  

 
 
 
 

 

 
ę  2-9� LSTM >!'TʡĆƟʀ?Ïè>ļ/Tt�oØǥ?ǍUʢ   

LSTM blockXt ht

ht-1

LSTM blockXt ht

LSTM blockX１ h1

LSTM blockX０ h0

LSTM blockX２ h2



 23 

 

ę  2-10� LSTM ��raÓ?ƶɯʢ   

Xt

tanh

σ

σ

σ

Cell tanh

ht

ht

ht-1

ft

It

Zt

Ct-1

Ct
Ct
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2.3 @U<���!E 

� ȳǊ@ʏȥś"8ʏĶŎ=Ǌś:�T4Mʡ~��^ĨƉO waveletĨƉ;�74
źǉ:@ʡȳǊWÚɇ-Ȼǣ/T);>ʄǫ#�TʢƩǿȋ:@¥ŇȳǊ¹ŷ?ʇʡ

θʙǳ��vÚɇʞEMDʟWǨ�4ʢEMD;@ƟαÜÁĄWĚƥ��vʁƔʞIMFʟ
?Đ>Úɇ/Tźǉ?);:�TʞHuang et al., 1998ʟʢ8JSʡĚƥ��vʁƔW
!"#(!)ʡu��vŷÚ!!(!)W/T;ʡƟαÜÁĄ x(t)@ʞ21ʟŗ;-9ȻHUTʢ 

! ! = !"!! ! + !! ! � � � (21)
!

!!!
 

IMF@ʞ1ʟÁĄ?ƵīÅ?Ɣ;n�¤ŉǛ?Ɣ?ŉ# 1×:�Sʡʞ2ʟƵīÅ?
ðȡȥ;ƵĿÅ?ðȡȥ?Őĝ#n�:�Tʡ;��ƫ¯WN74ʁƔ:�Tʢ 
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3 ANN��	Q$*K"#,7 
3.1 �:�� 

� Ʃǿȋ:@ʡPhanʞ2010ʟ#ȹ74ňźăź?ɲîŰɟƟ?t�oWǨ�4ʢ)
U@ 2ĉʞsubject 1ʡsubject 2ʟ?ȽʙȮ?ʕ> 62Ã?ʍƵW8'ʡňăĆ 2Ȇʀ
Űɟ-4Ɵ?ȳǊW 100ĖǔĶ-ʡ8-30Hz?{�v|k~Z�o>"'4N?:�
Tʢę 3-1 @ʍƵq��y�?¶σWȂ/ʢg����bčǊƔ@ 500Hz :�T4
MʡʣƚȹÚ?t�o@ 1000ʞ500Hz
2Ȇʟ
62?ȹÜ;-9ȻHUTʢ  
� Ʃǿȋ:@�Ɋ 200 Ã?t�o?�6ʡANN ?ĴȬ> 60 ÃʡĴȬȠƯ?ƳɌ>
140Ã?t�oWºǨ-4ʢ)UR?ȳǊ@ʡʃ¹ŷ/T¥ŇȳǊ;òß/T4Mʡ
ķǔȳǊ;ĎE);>/Tʢ 
 
 
 
 
 
 

 
ę 3-1 ʍƵq��y�¶σʢ 

 
 

Fp1 Fpz Fp2

AF3 AF4

F7 F5 F3 F1 Fz F2 F4 F6 F8

FT7 FC5FC3 FC1 FCz FC2 FC4FC6 FT8

T7 C5 C3 C1 Cz C2 C4 C6 T8

TP7CP5 CP3 CP1 CPz CP2 CP4 CP6 TP8

P7 P5 P3 P1 Pz P2 P4 P6 P8

PO7

PO5
PO3 POz PO4

PO6

PO8

CB1

O1 Oz O2

CB2
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3.2 �'D8�+ 

� ķǔȳǊ"R¥ŇȳǊ?¹ŷ>@ Dinares-Ferranʞ2018ʟ?źǉWǨ�4ʢJ0
ķǔȳǊÁĄ!!"(!)W EMD >QSĚƥ��vʁƔ!"#(!);u��vŷÚ!!(!)>Ú
ɇ/TʢÁĄ?ÚɇƙǉW×>Ȃ/ʢ 
 
ʞ1ʟ! ! = !!!!(!);/Tʢ)): i?ÝƧÅ@ 1:�Sʡ!!(!) = !!"(!);/Tʢ 
ʞ2ʟ! ! >!�9ʡÐ9?ƵīÅWÓƄ/T�Èðȡȥ;Ð9?ƵĿÅWÓƄ/T
×ÈðȡȥWʡƵīÅ;ƵĿÅ?k��[�ȿʀ"RȓÙ/Tʢ 
ʞ3ʟ�Èðȡȥ;×Èðȡȥ?ŐĝÅW!(!);/Tʢ 
ʞ4ʟℎ ! = ! ! −!(!)"R IMF?ÄȿWŢTʢ 
ʞ5ʟℎ ! # IMF?ƫ¯WǕ4-9�=�ģćʡ! ! = ℎ ! ;-ʡʞ2ʟFŸTʢ 
ʞ6ʟℎ ! # IMF?ƫ¯WǕ4-9�Tģćʡ!"!! ! = ℎ ! WŢTʢ 
ʞ7ʟ!! ! = !!!! ! − !"!!(!);/Tʢ 
ʞ8ʟ!! ! #õɗʁƔʡN-&@ðȡȥWɉȓ/T?>óÚ=ƵÅWƁ4=�ģćʡ
ÚɇWȝ /Tʢ 
ʞ9ʟʞ8ʟĩ?ģćʡ! ! = !!(!);-ʞ2ʟFŸSʡ���WȩSɩ/);:!"!!!!(!)W
ŢTʢ 
 

Ʃǿȋ:@ʡʞ5ʟ>!�9ʡ10×!"!!" ! ! !×! !
! ! !×! ! # 40dB>ɴ/TJ:���WȩS

ɩ-4ʢJ4ʞ8ʟ:?Úɇȝ ƫ¯@ʡ10×!"!!" !!!! ! !×!!!! !
!! ! !×!! !

< 50dB"8ƵīÅ

;ƵĿÅ?Ɣ# 2×ʡ;-4ʢ)UQSʡEEG(t)@ʞ22ʟŗ;ȻHUTʢ 
 
� � � � � � � � � � � !!" ! = !"!! ! + !!(!)� � � (22)�!

!!!   
 
� Ĉa�kʞňźN-&@ăźʟ>ń/TȳǊ"RŢRU4 IMF W��p�>ȞK
ćV1Ƕ/);:ʡ¥ŇȳǊW¹ŷ-4ʢę 3-2>ȞKćV1ƙWȂ/ʢȳǊt�o
EEG1 W EMD -4;$>ŢRU4 IMF W!"!!!!;/T;ʡj Ǭǵ? IMF :�T
!"!!!!@©?ȳǊt�o !!"!"RÚɇHU4 jǬǵ? IMFʡ!"!!!!;ÏUƣ T)
;: IMF?ȞKƣ #=HUTʢȳǊ@β 8�10Ã? IMF>Úɇ:$T4MʡƩǿ
ȋ:@ k=2�5? IMFWȞKćV1Ƕ-ʡ¥ŇȳǊW¹ŷ-4ʢ  
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ę  3-2� ¥ŇȳǊ¹ŷƟ>!'TʡIMF ?ȞKćV1ƙʢ   

IMF 1-1 

IMF 1-2 

IMF 1-N 

IMF 1-3 EEG 1 

・
　
・
　
・

・
　
・
　
・

EMD 

(2) A new frame collection containing artificial 
frames is created using an original frame 
collection and randomly selecting the re-
moved frames. IMF 1-1 

IMF 13-2 

IMF 6-N 

IMF 1-3 

・
　
・
　
・

・
　
・
　
・

(1)Decomposition of an EEG signal into all 
of its IMFs.

Artificial
EEG  
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3.3 /R&8.E2 

� ȳǊ@čǊƔŌĠOÙǣɸ¶?ɵ�>QSȳǌî?ȉʗWɚß/T);#:$T

);"RʡƟʀčǊƔɇƭ@ɺɂ=ȳǊɇƭźǀ?B;8:�TʢƟʀčǊƔɇƭ>

@!N>ǾƟʀ~��^ĨƉO waveletĨƉ#Ǩ�RUTʢ 
� ǾƟʀ~��^ĨƉ:@ʡƟαÜt�o"RȍʁƔWǨ�9ƟʀW0R-=#R�

Ķ?òʀWÛSÙ-ʡ~��^ĨƉWȹ�);:ʡčǊƔk�au�?ƟʀǳĨñW

ɃTźǉ:�Tʢ-"-�ȀĶŬ?øǥQSʡčǊƔÚɇȱ@ȍʁƔ?g[l>üǂ

»/T4MʡčǊƔ;Ɵʀ?�Ȯ?ÚɇȱW�Ȏ/T);@:$=�ʢ 
   2): 1980 ő«Ýʕ> Morlet @ Wavelet ĨƉWȭƱ-4ʢwavelet ĨƉ:@
mother wavelet ;ĎAUTġƩʁƔ?g[lWʡ·čǊƔɇƭ>ļ-9@ƀīʡʛ
čǊƔɇƭ>ļ-9@ȦĿH1T);:ʡ·čǊʔĠ:@čǊƔ?ÚɇȱWÌÎ-ʡ

ʛčǊʔĠ:@Ɵʀ?ÚɇȱWÌÎ/TQ�>ĨƉĂȱ;-4ʢQ79œ�čǊƔʔ

Ġ>!�9Ɵʀ;čǊƔ>""VTÁĄůĢWĈƟ>žÙ/T);#Ăȱ;=74ʢ�

waveletĨƉ?ŗWʞ23ʟŗ>Ȃ/ʢ 

!!(!, !) =
1
! ! ! ∙ !∗ ! − !

!
!

!!
!"� � � (23) 

 
b @�ŦŖƸ ,α �����������	�
����ʢmother wavelet  !>@
Morlet waveletWǨ�4ʢʞʞ24ʟŗʟ 

!!"#$%& =
1
!!!

!"# 2!"!!! ∙ !!! −!!
!!

� � � (24) 

 
fc @�ĬčǊƔʡfb @{�v�[v|���o:�TʢMorlet wavelet ?Ǌś@Ǘ
R":ǧ¸üũ;-9ǣUTǊś>µ9�T);"RʡȳǊØǥƟ>Q&àǨHUTʢ 
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3.4 ANN�� 9 

� Ʃǿȋ:@ʡ2 ȉʗ? ANN Wƶȕ-4ʢB;8@ CNN WǨ�9ʡȳǊ?k_�
b��WǪËɐɚŻȺ:Þß/Tźǉ:�TʢN��ƙ@ʡȳǊ?k�au�řŕ?

ƟʀǳĨñ?ǞťW LSTM:Þß/Tźǉ:�Tʢ��b���b>@ Python3W
ºǨ-ʡKeras �[����WǨ�4ʢ×>2U3U?ɏεWɪGTʢ 
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3.4.1 CNN�4O 

� Ʃǿȋ:ƳɌ-4 CNN?ƶɯWę 3-3>Ȃ/ʢ)?ƶɯ@ Kwon (2018)? CNN
WǨ�4 EEG>QTŲůɚß>9Ǩ�RU4 CNN?�t�Wúȭ>¹ŷ-4ʢ  
� CNNFt�oWÏè/T4M>, ǾƟʀ~��^ĨƉN-&@ wavelet ĨƉWǨ
�9ȳǊWƟʀčǊƔɇƭ-ǪËñ-4ʢę 3-4>ȳǊWĨƉ-4»WȂ/ʢ)UQ
SʡȳǊ@q��y�ǁ>kc�� 8�30 HzʡƟʀ 0~2Ȇ?k�au�ǪË;=Tʢ
ö6ȳǊt�oWʍƵ 62q��y�ǁ?ʣƾÍt�oʞ1000
62ʟ"RʡčǊƔ;
Ɵã>!'TÁĄ?řHWȻ/ 62 Ʈ?ʤƾÍǪËʞ23
50
62ʟ>ĨƉ-ʡCNN
FÏè-4ʢCNN?ĆŅ>!'TÙèt�o?g[l;|���oƔWȻ 3-1>Ȃ
/ʢCNN:@ǮKɧKŅʡReLUŅʡMax����bŅ?mru# 2mruȞKɧ
JU9�TʢKwon (2018)? CNN:@ 4Ņ?ǮKɧKŅ#ȞKɧJU9�4#ʡƩ
ǿȋ:@ĴȬ>Ǩ�Tt�oƔ?ŀ=H;ʡɉȓekuWȭŴ-ʡQSõγ=yru

��aWƶȕ-4ʢǮKɧKŅ:?_�y�g[l@ 3
5ʡku�[v@ 1
1;-ʡ
~Z�o?ƮƔ@ 100 Ʈ;-4ʢJ4����bŅ:@_�y�g[l@ 3
3ʡk
u�[v@ 2
2;-4.  
� 2Ėǵ?����bŅ"RÙèHU4ɹÜ@ 1ƾÍ>ĨƉHUʡ2Ņ?ÐȠćŅF
ÏèHU4?6ʡƤȝǳ> 28?ÙèÅ#ŢRUTʢĴȬɳȈ:@)?ÙèÅ;ƿɇ
���ʞňźʦʧ1ʡ0ʨ, ăźʦʧ0ʡ1ʨʟ;?ɓŉ#ĿH&=TQ�ĴȬt�oWǨ
�9yru��aÓ?|���oWƤɶñ-4ʢÞßȗŕ?ƳɌ:@ʡĴȬǑK?y

ru��a>ƳɌt�oWÏè-4ʇ?ÙèÅ"RʡÏè-4ȳǊ?ÞßWȹ�ʡ2

?ȗŕWɍ½-4ʢ 
� CNN?ÞßȱèƳɌ:@J0ʡ60Ã?ķǔȳǊWǨ�9 CNN?ĴȬWȹ=74ʢ
)):?ȳǊǪËñźǉ>@ʡǾƟʀ~��^ĨƉ!QCʡwavelet ĨƉWǨ�4ʢ
wavelet ĨƉ:@ʡmother wavelet ?{�v�[v|���o b=1ʡ2ʡ�6?ɉ 6
ȉʗWɎ-4ʢ 
� ƾ>ķǔȳǊ 30 Ã"R¥ŇȳǊW 20 Ãʡ30 Ã¹ŷ-ʡĴȬt�oƔWćɉ 50ʡ
60Ã;H1ʡCNN?ĴȬWȹ74. 
� Ƥş>ʡķǔȳǊ 60Ã"R¥ŇȳǊW 120ʡ300ʡ600Ã¹ŷ-ʡĴȬt�oƔW
ćɉ 180ʡ360ʡ660Ã;H1ʡCNN?ĴȬWȹ74. 
� ĴȬ-ȝV74 CNNWǨ�9ƳɌǨȳǊ 140Ã?ÞßWȹ�ʡ2?ƿȑǢWǂɥ
/T);ÞßȱèWƳɌ-4ʢ)URƳɌ@ subject1,22U3U:ȹ74ʢ 
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ę  3-3� Ʃǿȋ:Ǩ�4 CNN ?ƶɯʢ   

Input

23 x 50 x Nch

Convolution (100)

Max-pooling

Convolution (100)

Max-pooling

fully conected layer (62)

fully conected layer (2)
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ę  3-4� ȳǊ?~��^ĨƉûC wavelet ĨƉ»ʢ  

  

0.0 2.00.4 0.8 1.2 1.6
8

30

Time (s)

Fr
eq

ue
nc

y 
(H

z)
N

or
m

al
iz

ed
 a

m
pl

itu
de

0.0 2.00.4 0.8 1.2 1.6

2

4

6

8

10

12

14

S
pe

ct
ru

m

50

100

150

200

250

300

350

400

S
pe

ct
ru

m

8

30

Fr
eq

ue
nc

y 
(H

z)

0.0 2.00.4 0.8 1.2 1.6

Fourier transform

Wavelet transform



 33 

 
 

Ȼ  3-1 CNN ?ĆŅ>!'TÙèt�o?g[l;|���oƔʢ  

Layer (type) Output Shape Number of parameter 

conv2d_1 (Conv2D) (23, 50, 100) 93100 
activation_1 (Activation) (23, 50, 100) 0 

max_pooling2d_1 (MaxPooling2) (11, 24, 100) 0 
conv2d_2 (Conv2D) (9, 20, 100) 150100 

activation_2 (Activation) (9, 20, 100) 0 
max_pooling2d_2 (MaxPooling2) (4, 9, 100) 0 

flatten_1 (Flatten) (3600) 0 
dense_1 (Dense) (62) 223262 

activation_3 (Activation) (62) 0 

dense_2 (Dense) (2) 126 
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3.4.2 CNN+LSTM�4O 

� ȳǊ"RɲîŰɟWɚß/TʇʡȳǊ?ƟʀĨñ;ʡ2?Ĩñ#ǧ.TģŹ#ɺɂ

=ůĢ;=TʢƩǿȋ:@ʡCNN:¶σ>ʁ/TǞťWžÙ-ʡLSTM:Ɵʀ>ʁ
/TǞťWɐɚ:$=�";ȭ 4ʢ2):ę 3-5>Ȃ-4 CNNʠLSTMWƶȕ-
4ʢ 
� CNNʠLSTM :@ę 3-6 >Ȃ-4 45 q��y�?t�oWºǨ-4ʢq��y
�?¶σůĢWÏèt�o>ċMT4Mʡt�o?�Gƣ Wȹ74ʢȳǊ@ CNN
?ģć;ĈƷ waveletĨƉ-4şʞ23
50
45ʟʡƟʀǁ>ę 3-6>Ȃ-4q��y
�ʓ>�Gƣ ʡ5
9?ǪËW 23Ʈʡ50Ȟ¹ŷ-4ʞ5
9
23
50ʟʢ5
9?Ǫ
Ë?»Wę 3-7>Ȃ/ʢCNNʠLSTM:@ʡÏèt�oWƟʀǁ>ǮKɧKØǥ-
4şʡLSTMWɶǨ-4ʢ2?şʡÐȠćŅFt�o#ÏèHUʡCNN?ģć;Ĉ
Ʒ�Ƥȝǳ>ÙèHU4 28?Å;ƿɇ���;?ɓŉ#ĿH&=TQ�ĴȬt�o
WǨ�9yru��aÓ?|���oWƤɶñ-4ʢÞßȗŕ?ƳɌ:@ʡĴȬǑK

?yru��a>ƳɌt�oWÏè-ʡ2?ʇ?ÙèÅ"RÏè-4ȳǊ?ÞßWȹ

�ʡ2?ȗŕWɍ½-4ʢ 
� CNNʠLSTM?ÞßȱèƳɌ:@ʡJ0ķǔȳǊ 60Ã"R¥ŇȳǊW 120ʡ300ʡ
600Ã¹ŷ-ʡĴȬt�oƔWćɉ 180ʡ360�660Ã;H1ʡCNN +LSTM?ĴȬ
Wȹ74ʢƾ>ķǔt�o 6ʡ12ʡ30 Ã"RĴȬt�oƔ#ćɉ 60 Ã>=TQ�ʡ
¥ŇȳǊW¹ŷ-ʡCNN+LSTM?ĴȬWȹ74ʢ)URƳɌ@ subject1,22U3U
:ȹ74ʢ 
� J4ʡsubject1>!�9@ʡķǔt�o 6ʡ12ʡ30Ã"RĴȬt�oƔ#ćɉ 50
Ã>=TQ�ʡ¥ŇȳǊW¹ŷ- CNN+LSTM?ĴȬWȹ74. 
� HR> subject2 >!�9@ķǔȳǊ 36Ã"RĴȬt�oƔ#ćɉ 60Ã>=TQ
�ʡ¥ŇȳǊW¹ŷ-ʡCNN+LSTMWĴȬH14ģćNƳɌ-4ʢ 
� CNN?ģć;ĈƷ>ʡĴȬ-ȝV74 CNN +LSTMWǨ�9ƳɌǨȳǊ 140Ã
?ɚßWȹ�ʡ2?ƿȑǢWǂɥ/T);ɚßȱèWƳɌ-4ʢ 
�   
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ę  3-5� Ʃǿȋ:Ǩ�4 CNNʠLSTM ?ƶɯʢ   

Convolution 
(128)

LSTM 

Convolution 
(128)

LSTM 

Convolution 
(128)

LSTM

fully connected layer (16)

fully connected layer (2)

 
5x9x23

Input (5x9x23x50)

t=0.04 s t=0.08 s t=2.00 s
 ・・・

 
5x9x23

 
5x9x23
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ę  3-6� CNN+LSTM >9ºǨ-4t�o?q��y�¶σʢ4:ȂHU4 5 ȹ 9 Üʡ

ɉ 45 Ã?q��y�"RŢRU4ȳǊt�oWºǨ-4ʢ  

 
 

ę  3-7� � CNNʠLSTM :?ÏèǪË?»ʢǲƖĲ@ļũ/Tq��y�ĉWȂ/ʢ   
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4 A3 
4.1 Morlet mother wavelet ������6L 
� Ïèt�o>ǾƟʀ~��^ĨƉW"'4ģć;ʡfb=1�6? waveletĨƉW
"'4ģć? CNN>QTɚßȗŕWǂɥ/TʢANN>QTĴȬ@ƫ¯*;> 3
Ė08ȹ�ʡɍ½>@2?ŐĝÅWǨ�4ʢȻ 4-1ʡȻ 4-2 >2?ȠƯWȂ/ʢ
J0ʡǾƟʀ~��^ĨƉ; wavelet ĨƉ:?ɚßȗŕWǂɥ/T;, wavelet
ĨƉ?ƙ# subject1:Ƥī 5%ʡsubject 2: 1%ʛ�ʢƑ> waveletĨƉ@ǾƟ
ʀ~��^ĨƉQSȳǊ?k�au�ɇƭ>ƥǨ;ȭ RUTʢʃ?ɇƭ:@

Ïèt�o?¡åØǥ> wavelet ĨƉWǨ�4ʢJ4ʡCNN ?ɚßáŕ@|�
��o fbÅ>H;X<¼ĳ10ʡ�Ķ?ɚßȗŕ#ŢRUT);#V"74ʢ
ʃʡ|���o fb@ 6;-9ɇƭ-4ʢ 
Ȼ  4-1� wavelet ĨƉ:?|���o fb >ļ/TÞßȗŕʢ (Subject 1) 
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Ȼ  4-2�  wavelet ĨƉ:?|���o fb >ļ/TÞßȗŕʢʞSubject 2ʟ  
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4.2 CNN��� CNNVLSTM��	I#A3 

� ×>ķǔt�oûC¥Āt�o:NNWĴȬ-4Ɵ?ÞßȗŕWȂ/ʢȻ 4-3ʡ

Ȼ 4-4:@ CNN>QTÞßʡȻ 4-5ʡȻ 4-6>@ CNNʠLSTM>QTÞßȠƯWȂ
/ʢĆȻ>@ĴȬ:Ǩ�4ķǔȳǊt�oƔ;2UR"R¹ŷHU4¥ŇȳǊt

�oƔ>ļ/TɚßȠƯ#ȂHU4!SʡĆƫ¯>ļ-9 ANN>QTĴȬ@ 4
Ė08ȹ74ʢJ4 4Ė?ȠƯ"R2?ŐĝʡƸǖÆŉʡƸǖɓŉWǅMʡɍ½
>@ŐĝÅWǨ�4ʢ
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  4-5� CNN�LSTM �	������	��Subject1��  
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5 �
 
5.1 �������$ 

� 60�9ËĨŠġ[oYuZ\jĸ�.CNN®<CNNƞLSTM8GJƇ¦èż�
�9ŘĎ5ƟßĊïĠ46J CSP8GJ��ŘĎƜPhan and Cichocki , 2010Ɲ9ě
ſjť 5-18Ņ*Ơ-9ŘĎ CNN8��3:Ɵsubject14: 5.18%9œÙ´q�B
eK.púƟsubject 2 4: 3.57%œÙ��r(.Ơ(�(ť 4-4Ɯ	ƝGIËĨ[o

Y �� �5~Ô[oY ��� �jŗB²L,3 CNN jÆŜ',.½²Ɵŷ�œÙ�
%%	���5´q*J%5�eƟ��
���� 8��3a~Ô[oYjĸ�J%54ßĊïĠ

5?@³ŉÙ9ŷ�ş£�àeKJƠA. CNNƞLSTM8��3:Ɵsubject14:
3.21%, subject24: 0.36%9œÙ´q�ŪeK.Ơ�qGIƟćŃŋ�õď*JCNN
5 CNNƞLSTM8GJƇ¦èżŷïĠ:ßĊïĠ5³ŉÙa(":GIƙ�ŷ�œ
Ù�àeKJ�ƟœÙ9´qĳ:ŦƘŞ8G13ļ7J%5�L�1.Ơ�
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5.2 CNN� CNN&LSTM��$ 
� ÷ 5-18 subject1®< subject28�#JƟCNN5 CNNƞLSTM9ÆŜ[oYĉ
��³)46J5 9��œÙ9ěſjŅ*Ơsubject18��3ƟÆŜ4ĸ�JËĨ
[oYø� 30�9ā: CNNGI CNNƞLSTM9ú�ƙ���œÙŅ(.ƠpúƟ
ÆŜ8ĸ�JËĨ[oYø 60�9ā:ƟCNN: CNNƞLSTMGIœÙ�ƙ�Ɵa
(":?@³ŏ5Ŭ�JƠsubject28��3aƟÆŜ4ĸ�JËĨ[oYø� 30�
9ā: CNNGI CNNƞLSTM9ú�ÿe�8ƙ���œÙŅ(.�ƟÆŜ8ĸ�
JËĨ[oYø� 60�9ā:Ɵ-9Õ:Ñ'"7IƟCNN5 CNNƞLSTM9œÙ
:?@³ŏ5Ŭ�JƠG13ÆŜ[oYø�Ò7�ā:ƟCNNƞLSTM : CNN G
Iŷ�ş£�ƙ"ƟÆŜ[oYø�¨�86Jā: CNN9œÙ: CNNƞLSTM5
³ŉÙƟa(":-K�q9ŷ�œÙja25ŝ�eKJƠLSTM:Ɵƈ9ç¼�
Ůì±ş46JĬjıâ5*J.CƟCNNƞLSTM 9ïĠ4:Šġıå9āƍÀ§

jG"Ŵŷ4 ..C8ƟÒ7�ÆŜ[oY�eaƙ���ş£�àeK.5ŝ�e

KJƠćŃŋ4:ƟÆŜ8ĸ�JËĨ[oYø�Ò7�%5j¡õ5(..CƟ�Ə

CNNƞLSTM9åş82�3ĐŰjţ1.Ơ 
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÷  5-1�  CNN 5 CNNƞLSTM 9��œÙ9ěſƠqĚ8 subject1ƟrĚ8 subject2
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5.3 �������#��� 
� ÷ 5-28 subject18�#JƟÆŜ8ĸ�.ËĨ[oYø5-9ā9ŷ�œÙjŅ(
.Ơ[oYø�¿�J8ß�ŷ��Ù:ƙ"7J�Ɵ-9¿¤ĳ:Þ28�r(3�

J%5�L�JƠ-%4Ɵĕž8ÆŜ4ĸ�.ËĨ[oYø9Ƅøj5I�akZ\

(.Ɯ÷ 5-3ƝƠŷ�œÙ9Sh`�eĄÑywĠ8GIƂ�ŁŚjĞCJ5Ɵ-9

R2�: 0.9857J%5�eƟŷ�œÙ9Sh`:ŁŚ8G"Ƃ�±ş46J%5�
L�JƠG13��œÙ:ƟÆŜ8ĸ�JËĨ[oYø8Ï(3ě�Êø�Ź9¯ě

�8ß8%5�Ņ'K.Ơ%%4Ƃ�ŁŚ9 y�Į� 0.873946J%5�eƟËĨ[
oYj¿b(.5 ŷ�œÙ:ŕ 87%8°Ĉ*J5ŝ�eKJƠ%9�:Ɵsubject1
8CNNƞLSTMjĸ�.5 8àeKJœÙqƐjŅ(3�J5Ŭ�JƠ2AICNN
ƞLSTMjĸ�.Šġ��:Ɵ6K/#Á"9ËĨ[oYjĸ�3ÆŜ(3a-9œ
Ù8ƐĻĬ�6J%5�Ņ·'KJƠ 
� subject2 8��3a subject1 5³ē8ÆŜ8ĸ�.ËĨ[oYø5ŷ�œÙjě
ſ(.Ɯ÷ 5-4ƝƠÆŜ[oYø� 6�2095 :ŷ�œÙ�ÉÊ,+Ɵsubject19
G88ÆŜ[oYø8Ï(3Þ28œÙ�´q*JēÄ:ŪeK7�1.Ơť 4-6
9ĔĪ�ÕjŪJ5ƟÆŜ[oYø�Ò7�ā:ŘĎ8;e2 �Â �%5�eƟ

%K:ƈÆŜ�ż ..C8ÉÊ(.œÙ´q�ŪeK7�1.5ŝ�eKJƠ(�

(ƟÆŜ[oYø� 30�q87J5Ɵsubject1³ē8Ɵ��œÙ:ÆŜ[oYø¿
¤8ß�ŷ��Ù�ƙ"7J%5�L�JƠ÷ 5-58ĕžjÆŜ8ĸ�.ËĨ[oY
ø9Ƅø5(.5 9œÙSh`jŅ*Ơ%%4ÆŜ[oYø� 30 ��q95 9
ŘĎ8Ï(3Ƃ�ŁŚjĞC.Ơ-9ŘĎƟƂ�ŁŚ9 R2�: 0.8657IƟsubject 
2 8��3aÆŜ8ĸ�JËĨ[oYø� 30 �q46K;Ɵsubject1 ³ēŁŚ8G
"Ƃ�±ş46J%5�L�JƠA. y�Į9�GIƟŕ 94%4œÙ8Ɩð0�ķ)
J%5�Ņ·'KJƠ 
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÷  5-2� subject 1 8�#JÆŜ8ĸ�.ËĨ[oYø8Ï*Jŷ�œÙ9À§Ơ  
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÷  5-4�  subject 2 8�#JÆŜ8ĸ�.ËĨ[oYø8Ï*J��œÙ9À§Ơ  
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5.4 ��������� 
� ÷ 5-68Ɵsubject18��3ËĨ[oY9B4 CNNƞLSTMjÆŜ(.½²9��
œÙƜ0Ɲ5Ɵ~Ô[oYj¤� 60�8(.½²9��œÙƜ1Ɲ9ěſjŅ*Ơ
ËĨ[oY 12��q49��œÙƜ1Ɲ:ƟËĨ[oY/#9��œÙƜ0ƝGI
´q(.ƠA.ƟËĨ[oYø 30��q4ÆŜ(.ā9��œÙƜ1Ɲ: 85.89%4
6IƟ%K:ËĨ[oYø 60�4ÆŜ(.ā9��œÙƜ0Ɲ86.07%5?@³ŉÙ
46JƠc�8Ɵ~Ô[oY: NN9��œÙ´q8Ćĸ46IƟ~Ô[oY8GI
ËĨ[oYjŨ�J%5�Ņ·'K.ƠpúƟËĨ[oY 6�j~Ô[oY8GI 60
�8¿b(.½²9œÙ:ƟËĨ[oY 6�9B9œÙGI�r(3�JƠ%9ŘĎ
�eƟ~Ô[oYø8Ï(3ËĨ[oYø�Ò7*!J5��œÙ��r*J%5�

Ņ·'K.Ơ 
� %KGIƟ~Ô[oY�í8Ą�Ɛäũ7ËĨ[oYø82�3Ÿŵ*JƠ÷ 5-7
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