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Robot control system based on auditory brain-computer interface
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(Key Laboratory of Advanced Control and Optimization for Chemical Processes, Ministry of Education;

School of Information Science and Technology, East China University of Science and Technology, Shanghai 200237, China)

Abstract: Monotony, low efficiency and heavy burden are common drawbacks in the brain-computer interface (BCI)
system. Those drawbacks can be alleviated by optimizing the functions of controlled devices with intelligent methods.
However, there have been few studies related to this work. The key problem is how to find the proper way to apply the
intelligent method to BCI system based on the deficiency of disabled patients. In this paper, we present an auditory-based
brain computer interface for controlling a robot with machine vision function for visually impaired patients. The robot
searches and tracks the target based on the name which has been sent to the robot by the audio-based BCI. To some extent,
this system helps the visually impaired patients to offset the deficiency in their daily life and sets as an example for the
realization of intelligent brain computer interface system.
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1 ÚÚÚóóó(Introduction)
M�XÚ´�«ÄuM–Å���<ÅKÜ��

XÚ,�´�«Äu<�¿gÚg����XÚ.3
ù�aXÚ¥,ÏLM–Å��Eâ£O�M��

¹Ä,rA½?Öe��M¹Ä=z¤��·-Ú�
6&E�<aïá
�^#�&ED4±�[1–2]. ù
«Eâ�éõ��$Ä�6Uå�¾<�5
4Ñ,
X*� 5B�ý¢Mz (amyotrophic lateral
sclerosis, ALS)!MZ½B��ú!M¥º!M�!M
B�õu5Mz�¾<½Ù¦���óÚ1�Uå

�í;<[3].

Cc5,ù�a#.��XÚ�uÐ×�,®²�
�
�X�¤J[4–13],�3M–Å���ïÄ¥��
3�
¯K,8cNõM–Å��XÚ�´üX�¦

^·-�Ú�Ú��¤8I?Ö,¦�?Ö�¤�Ç
�~$,S�5�ØU���æ. Ïd,��·-ü
�!���Ç$Ú��Kú�"�®²¤�{NÙ

�2�A^�'�¯K.8c,�õ�ïÄó�ÑF
"ÏL`zM–Å��XÚ��5)ûù
¯K,�
Â�$�.,��¡,3�U���ïÄ¥,ïÄ<

  æ /̂�Uz0��{±{ü·-��é��¤

E,?Ö[14]. )ö@�,ù«3�U��nØ¥�
/�Uz0g�Ú�{�M–Å��Eâ�k�(Ü
òkÏu)ûM�XÚ¥�þã¯K,M�XÚ��
�aAÏ���XÚ,Ó��3�Uz�ïÄ.

Cc5,M–Å��Eâ�2�A^uÓ«��Ú
Åì<��±9Ïí;<�F~)¹[15–21]. �éù
a¯K,ïÄ<
JÑ
�X�k��`z�{. (
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Ü�aM–Å���A:,JÑõ�����Y,k�
|^$Ä��?1����,|^ P300M–Å��X
Ú?1�Ý��,lJp
Ó«��XÚ����
U[16]. U?ÄuM–Å���Ó«��XÚ,ÏL�
(ÅDaì¢ygÄ;æõU,JpM–Å��Ó«
��XÚ�S�5[21]. ¿(Ü��nØ�g�,rÅ
ì<G�Ú�¸&E���"5`zÅì<��[17].
|^�<Åì<��U�¬,ï�Äu�Àúpu
>   (steady-state visual evoked potential, SSVEP)�
M–Å��XÚ,JpM–Å����XÚ�A^õ�
5[18]. ±þù
`z�{Ñk��Jp
M–Å��
���5U,�¡�í;<�9ÏA^Jø
�B�
â. �©òJÑ�«#�`z�Y,�âí;<�)
nA:,JÑk���Uz���Y,±)û½�Ö
í;<)nþ�"�.
�©±ÄufúM–Å���Åì<��XÚ�

¢~,JÑ�«Äuí;<)nA:��Uz`z�
{,�Àú"�í;<¢yéÅì<���Jø
�
�¢~. 3�©¥Äk�ï
�aÄufú�M–Å
��XÚ,3dÄ:þ�O
�«ÄufúM–Å�
��Åì<��XÚ,|^Åì<�gÄ|¢Ú<ò
£OõU(ÜfúM–Å��XÚuÑ�{ü·-,
�¤éA½<ò�£OÚJl. ÏLù«�{�±k
��ÖÀú"��¯K,JpfúM–Å��XÚ�
���ÇÚ¦^(B5,ü$fúM–Å��XÚ¦
^ö�?ÖKú.

2 ÄÄÄuuufffúúú���MMM–ÅÅÅ������XXXÚÚÚ���ïïï(Construct
auditory-based brain computer interface sys-
tem)
8c,3M–Å��XÚ¥¦^�õ�M>��

k: ú��> (slow cortical potential, SCP)[22]!̄ �

�'�ÓÚ/ÓÚ (event related desynchronizetion/
synchronization, ERD/S)[23]!Äu	.A½ªÇe-

��Àúpu> [24]ÚÄu	Üe-�P300>
 [25]�. �éØÓ�+N,M–Å��XÚ�©O|
^Àú[4–5]!fú[6–7]Ú>ú[8]�<NØÓa(5¢

yA^.
Äufú�P300M–Å��XÚ´�÷vÀú"

�í;<�I¦�O�[26]. fúM–Å��XÚÌ
��3�¦^·-ü�[27],�ÝúÚ��Kú�"
:[28],éuE,���?ÖéJ��÷¿�A^�
J.
±eòÄk0�fúM–Å��XÚ�ï��{.

fúM–Å��XÚÌ�d(Ñe-!M>&Òæ
8!&Ò?n�£OÚÑÑ��"4Ü©|¤(Xã1
¤«).
�©�(Ñe-æ^3�ØÓªÇ�XÑ,=p

(1000 Hz)!¥(500 Hz)!$(200 Hz)�beep(. |^(

Ñ?6^�Adobe Auditionò¤kÑª�ÑþÚ�m
�Ý?1IOz,òz�e-(Ñ�±Y�m��
�200 ms,��üge-��mm�(inter-stimulus
interval)500 ms. e-(ÑS�dáN(�Å¥y,p
ÑéA�(�,$ÑéAm(�,¥Ñ�V(�,/¤

(Ñ5g�m3�� �©Ù�J,Xã2¤«,p
Ñ(H beep)Ñy3�Á���,$Ñ(L beep)Ñy3�
Ám�,¥Ñ(M beep)Ñy3�Ác�.

ã 1 fúM–Å��¢�(�
Fig. 1 The experimental structure of auditory-based BCI

ã 2 (Ñ©Ù«¿ã
Fig. 2 Sound distribution

�©|^g.USBamp�pª)Ô>&Òæ8��
ìÚM>&Ò(electroencephalogram, EEG);^16�
>4læ8M>&Ò.¢�����ÏÈÅª�
�0.1∼100 Hz,æ�Ç�1200 Hz. ÀJFz, Cz, Pz, Oz,
F3, F4, C3, C4, C5, C6, FC3, FC4, FT7ÚFT8M>4,
m��Zâ?S�ë�>4,c�FPz?S�/4(X
ã3¤«).
|^n�nA»d(Butterworth)�ÏÈÅì?1

0.1∼30 Hz�ÏÈÅ,2l�©êâ¥z�40�êâ
:À���êâ:?1eæ�,r1200 Hz�æ�Ç
&Òeæ��30 Hz,5ü$EEG&Ò��ê,�Øê
â�p�//J0. A�le-(ÑÑy��
1000 msS�êâ¥?1J�. 2|^���O©Û
(spatial-temporal discriminant analysis, STDA)�.5
��3�©aì[29]. ù«�{'�2�A^�ÅÚ�
5�O©Û[25]Ú��d�5�O©Û[30]�·^u�

��e�M>&Ò©a. ���5�O©Û��«õ
�*Ð, STDAÏL�m�Ú�m���ÓÆS5Ï
é�`��Of�m. STDAk�ü$A��ê�Ó
�wÍ�Or
Ù��O5.
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ã 3 �é©Ùã
Fig. 3 Electrodes configuration

�©|^g·A�{[31]��M>&Ò�k�£

O��OOK,¢yfúM–��XÚ�·-ÑÑ.ù
«g·A�{Ì�´ÏL��Ä:U\gêÚE

�ÓÑÑgêü�ëê5¢y�. Ï�fúpu�&
Ò�é�f,ÏL¢�cNÁ,ÀJÄ:U\gê�2,
E�ÓÑÑgê�2. ÄkØwÑÑ(J,rcüÓ
&Ò?1U\�P¹ÑÑ(J,,�P¹U\13Ó
&Ò��XÚÑÑ(J,XJëYügU\��ÑÑ
(J��,XÚ¬ÑÑd(J.fúM–Å��XÚ�
¦^Ì�©�ü��ã: l�Ôö�ãÚ3�A^�
ã. Äk,ÏLl�XÚæ8ØÓ(Ñe-e�M>
&Ò,éd&Ò?1ÈÅÚA�J�,|^���A
�Ôö©aì�.. ,�,33�XÚ¥,ræ8��
M>&Ò?13�ÈÅÚA�J�,r���A�Ñ
\ÔöÐ�©aì,,�ÏLg·AOK��ÑÑ·
-.
3 ÄÄÄuuufffúúú���MMM������UUUÅÅÅììì<<<XXXÚÚÚ(Construct

auditory-based brain control system of intel-
ligent robot)
ÄuþãfúM–Å��XÚ,�©�O
�«Ä

ufú�M�Åì<XÚ.TXÚ(�Xã4(c)¤«.
|^fúM–Å��XÚéÅì<?1����,

ò¬¡���·-ü�!���Ç$Ú��Kú�

¯K.dã4(c)−(d)��,Åì<lm8I�ål¿Ø
´�½�,Åì�éuØÓ8I� �´ØÓ�,8
I¤3 ��U��UC,¤±�ÏLÚ?�Y��
Åì<��8I �´�~(J�,¬�5î��
�Kú. éuÀú"��í;<,�Ïé8I<Ô,é
¦�5ù´�~(J�.
�
)ûù�¯K,rfúM–Å��XÚ��U

Åì<XÚ�(Ü,|^Åì<�U�¬,±{ü<
¶��-,Åì<�±�â�-gÄ|ÏJl8I¿
��8I �.ù«�{òk�;���·-ü��

¯K,Jp���Ç,ü$���N.|^ÅìÀú�
ÖÀú"�í;<�Øv,5�Ï¦�é�8I.
Xã 4¤«,±NAO25Åì<��·-�Âà,

NAO25Åì<´Vv1rÅì<,äkÀúXÚ!f
úXÚ!>úXÚ9�óXÚ.?§¢yNAO25Åì
<gÄ|¢õU,3|¢L§¥é<ò?13�£O,
�Åì<é�8I�òÊ�|¢,Åì<ògÄm©
Jl�A<ò,����8I<ò?�Ê�Ä�(X
ã4(c)−(d)).

ã 4 ÄufúM–Å����UÅì<��XÚ
Fig. 4 Auditory-based brain control system of intelligent robot

4 ¢¢¢���(((JJJ(Results)
��¢�Ñ´3Ã�,Ú>^Z6�¿S�¤�.

ÄkSü�Á�3��'�Ó·�«fþ,2?1
EEGæ8�����ÚëÏ,Xã4(a)¤«. Ù¥�Á
c��>M��´^5$1e-(Ñ§S,w«¶4
Øé�Áå�^. ùpké�Á?1fúM–Å��
XÚ�¦^�{�Ô,�¦�Á3¢�L§¥¦þ~
�ú«�=ÄÚ�N£Ä,�4þú«,�±²·G
�,8¥5¿å38I(Ñþ,¿ê8I(ÑÑy�
gê.
3zgÁ�m©cÑ¬k�ã�óJ«,w��

Á¤�5¿�8I.Ù¥�>�pÑbeep,éA�´
Tina�<ò;cÑ(V(�)´¥Ñbeep,éA�´Hali
�<ò;m>�$Ñbeep,éA�´Mary�<ò. ¢
��¹3Ól�¢�,�Ó¥�¹5�8I,éuz�
8I?Öe,8I(ÑÚÙ¦����8I(ÑÑ¬
�ÅÑy12e. Ù¥8I(ÑÚ�8I(ÑÑ´¤|
�ÅH{ØEÑy,¤±3l�G�eéuz�8
I?Ö,k12|(Ñ.3�¢�¥,?110gÅì<�
�,é<ò?1Jl.
Åì<ål<òã���30.8∼1 m�m,�Åì

<��8I(Ñ�£O(J�,Åì<¬�â§Sû
ügÄ|Ï8I<ò,¿?1Jl. ã4(d)´8I��
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Tina�,Åì<�(r�Tina ���|µ.
�¢���k10¶�Áë\, 1å, 9I,c#322

∼25��m,��m|Ã.ù10¶�Á©OIP�S1
�S10. �ÁS1, S2, S8, S9ÚS10vk?ÛM–Å��
(brain-computer interface, BCI)¢�²�,�ÁS3�S7
kfúM–Å��¦^²{. ã5´8IÚ�8I&Ò
�²þÌ�'�ã. lã5��,8IÚ�8I�²þ
Ì��3²w�É,¿3500 msÚ800 ms�mÑy

²w�P300ÚN400. dd��,fúpu�P300Ú

N400äk���dÏÏ.ã 6¥,ÚO
z��Á�
N200(Fz), P300(Pz)ÚN400(Cz)��pÌ�:,�±
wÑ���Á�m�¯��'> (event related
potentials, ERPs)´�3é��É�,Ny
ØÓé�
�mM>&Ò��É5. ã7w«
S1, S3ÚS63Ø
Ó�m:�²þR²��,Ù¥K��L�´lK>
 O�Ñ5�²þR²��, R²����´�ê.
ã7w«,3400∼600 ms�m�3����> A�,
3800 ms�m�)
���K> A�.
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ã 5 14�>4 �ÿ�8I��8Ie-�²þERPsÌ�
Fig. 5 The mean ERPs amplitude of target and non-target trials at 14 electrodes

ã 6 8Ie-eN200, P300, N400�²þÌ�

Fig. 6 The mean N200, P300, N400 amplitude of target trials

ã 7 �ÁS1, S3ÚS6¤k>4�ERPs30∼1000 ms�R²

��(7ÚÜ©L«K&Ò�R²��)
Fig. 7 The r-squared value of ERPs between 0∼1000 ms for

S1, S3 and S6(The blue part is the contribution
from negative potentials)
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ã8w«
l�¢�êâ315g���y��²þ©aO(ÇÚ'AÇ.lã¥��,Ø
S5
ÚS10,Ù¦�Á�&Ò²L�½gêU\�,ÑU���C80%�O(Ç.lã8��üÌ¤k�Á�o²
þ©aO(ÇÚ'AÇ9Ù ��ã¥�±wÑ,�XU\gê�O\,²þ©aO(Çk¤Jp,�´
²þ'AÇ%k¤eü.
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ã 8 10 �Á�l�©aO(ÇÚ'AÇ�ã

Fig. 8 The classification accuracy and bit rate of 10 subjects

L1L«10gÅì<��?Ö¥I��(Ñ|
ê(&ÒU\gê),O(ÇÚ&EDÑÇ.lL1�
�,Åì<U�âfúM–Å���·-ÑÑk�
¢y<ò�£O�l,Ù¥S1, S3ÚS6�?Ö¤õ
Ç��100%. Ü©�Á�O(ÇØp,Ì�´Ï�
�Á�UÏLfúM–Å��uÑý½�O(�-.

L 1 3�U\gê!O(Ç�'AÇ
Table 1 The trials for average, classification

accuracy and bit rate of online
experiment

�Á þU\ê O(Ç/% 'AÇ/(bits ·min−1)

S1 6.4 100 9.9
S2 6.3 60 1.4
S3 5.3 100 12.0
S4 5.9 80 4.5
S5 6.8 50 0.5
S6 5.3 100 12.0
S7 4.1 70 3.9
S8 4.2 70 3.8
S9 4.1 60 2.1
S10 4.7 60 1.8
oþ� 5.3±1.0 75±19 5.2±4.4

5 ???ØØØ���ooo((((Discussion and conclusion)
�©�éM–Å��¥�3���·-ü�,�

��Ç$Ú��Kú�ÊH¯K,JÑ
�«M
�XÚ�Uz��{,ÄuÅì<ÀúéÀú"�
�OÖ5,�ï
�«ÄufúM–Å���Åì
<�U��XÚ.TXÚ|^ØÓ� �ØÓ(Ñ,
JpfúM–Å��8Ie-��½ 5,|^Å
ì<��UXÚ¢y|^{ü·-�¤E,���

?Ö.¢�(JL²,ù«rM–Å��XÚÚ�U
Åì<XÚ�(Ü��O�Y´�1�,�±ü$
¦^ö���?ÖKú,JpM–Å��XÚ�¢
SA^5U,M�XÚ��Uz´)ûy8M–Å

��XÚÊH¯K�k�å»��.

�lã6!ã8ÚL1��,ØÓ¦^ö�m�&
Ò�3é��É,k
�Á$�ØUk��¦^�
fúM–Å��XÚ.ÏLUõfúe-�ª½J
p&Ò=��{5?�Ú`zfúM–Å��XÚ
�5U,JpXÚ�<+·^5ò?�Úí?TX
Ú�¢SA^.

�©=±Äufú�M–�Åì<�~?1

ïÄ,ù«ïÄ�g´Ú�{�·^uÙ§a.�
M�XÚ.ù«�Uz�{�2�A^�I�?1
��XÚ�\�ïÄ.d	,XÛÏéM–Å��Ú
�U��XÚ�k��Ü:,XÛÏL{ü���
&E¦��U��XÚ�¤¦^öýÏ�?Ö,´
daXÚ:I?�Ú)û�'�¯K.
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