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PREFACE

,Q�WKH�SDVW�\HDUV��WUHPHQGRXV�LQYHVWPHQWV�LQ�WLPH��HQHUJ\�DQG�UHVRXUFHV�KDYH�
EHHQ�PDGH�WR�OHDUQ�WKH�PXWXDO�UHODWLRQVKLS�LQ�WKH�WULDQJOH�RI�VFLHQFH�WHFKQRORJ\�
�QDWXUH��6XFFHVVHV�LQ�VFLHQFH�DQG�WHFKQRORJ\�KDYH�EHHQ�DFKLHYHG�GXH�WR�WKH�
SRVVLELOLW\�RI�VS\LQJ�RQ�QDWXUH�E\�PHDQV�RI�YDULRXV�PHWKRGV�DQG�WHFKQLTXHV��
5HFHQW�H[FHSWLRQDO�DGYDQFHV�LQ�VFLHQFH�DQG�WHFKQRORJ\�VXJJHVW�WKDW�WKH�DERYH�
PHQWLRQHG� WULDQJOH� ZLOO� IDVFLQDWH� VFLHQWLVWV�� HQJLQHHUV�� SK\VLFLVWV� DQG� SKL-
ORVRSKHUV� RI� VFLHQFH� IRU� D� YHU\� ORQJ� WLPH� WR� FRPHLQ�� DQG� KDYH� SURPSWHG�
XV�WR�RUJDQL]H�WKH�FRQIHUHQFH�LQ�*GDĔVN�RQ���±���6HSWHPEHU������HQWLWOHG�
„How  Science Spies on Nature and How Technology Imitates Nature”.

�7KH�REMHFWLYH�RI�WKLV�FRQIHUHQFH�ZDV�WR�FUHDWH�D�IRUXP�IRU�UHVHDUFKHUV�ZKR�
DUH�LQYROYHG�LQ�QDWXUDO�VFLHQFHV��WHFKQRORJ\�DQG�LQ�WKH�SKLORVRSK\�RI�VFLHQFH�
LQ�RUGHU�WR�VKDUH�YLHZV��OHDUQ�DERXW�WKH�UHODWLRQVKLS�H[SUHVVHG�E\�WKH�WULDQJOH�
RI�VFLHQFH�WHFKQRORJ\�QDWXUH��DQG�WR�GHYHORS�QHZ�LGHDV�RU�SRLQWV�RI�YLHZ�IRU�
WKH�EHQH¿W�RI�WKHLU�RZQ�UHVHDUFK�HIIRUWV��$QRWKHU�DLP�RI�WKH�FRQIHUHQFH�ZDV�
WR�LQIRUP�WKH�SXEOLF�DERXW�WKLV�UHODWLRQVKLS��&RQVHTXHQWO\��ZH�KDYH�SURSRVHG�
D�GLVFXVVLRQ�SDQHO�DW�WKH�HQG�RI�WKH�FRQIHUHQFH�HQWLWOHG�ÄThe Relationship Be-
tween Science, Technology and Nature”.

�:H�JUDWHIXOO\�DFNQRZOHGJH�WKH�JHQHURXV�¿QDQFLDO�VXSSRUW�UHFHLYHG�¿UVWO\�
from�7KH�8QLYHUVLW\�RI�*GDĔVN�and then from the Societas Humboldtiana 
Polonorum.

  Andrzej M.�.áRQNRZVNL & 0DULDQ�-DVNXáD
        Editors

2FWREHU������



+2:�$1'�:+<�%5$,1�&20387(5�,17(5)$&(6�63<�
ON OUR INTENTIONS

3LRWU�-��'XUND1��$��'XV]\N���5��.XĞ1��-��ĩ\JLHUHZLF]1��0��àDEĊFNL1, 
7��6SXVWHN1

1 8QLYHUVLW\�RI�:DUVDZ��)DFXOW\�RI�3K\VLFV��+RĪD�������±����:DUVDZ��3RODQG
2 8QLYHUVLW\�RI�6RFLDO�6FLHQFHV�DQG�+XPDQLWLHV��&KRGDNRZVND��������

��±����:DUVDZ��3RODQG

1. INTRODUCTION

7KHUH�DUH�a�����QHXURQV�LQ�WKH�EUDLQ��HDFK�RI�WKHP�PDNLQJ�XS�WR���4 connec-
WLRQV�ZLWK�WKH�RWKHUV��(OHFWULFDO�LPSXOVHV�FDUULHG�E\�WKHVH�FRQQHFWLRQV�VXP�XS�
DW�WKH�UHFHLYLQJ�QHXURQV��HYHQWXDOO\�FDXVLQJ�WKHP�WR�¿UH�XS��DQG�VHQG�DQRWKHU�
LPSXOVH��

�(YHQ�ZLWK�WKLV�GUDPDWLFDOO\�RYHUVLPSOL¿HG�ELQDU\�PRGHO�RI�QHXURQV�RSHUD-
WLRQ��DQ\�DSSUR[LPDWH�FRXQW�RI�GLIIHUHQW�SRVVLEOH�FRQQHFWLRQ�VFKHPHV�LV�KXJH��
FRPSDUHG�H�J��WR�WKH�QXPEHU�RI�SURWRQV�LQ�WKH�8QLYHUVH�RU�LWV�DJH��7KDW�VKRXOG�
KXPEOH�RXU�GHFODUDWLRQV�DERXW�FUDFNLQJ�WKH�QHXUDO�FRGH��HVSHFLDOO\�JLYHQ�WKDW�
WR�GHFRGH�WKH�ZRUNLQJV�RI�WKH�EUDLQ�ZH�KDYH�QR�EHWWHU�WRRO�WKDQ�WKH�EUDLQ�LWVHOI�

�,Q�VSLWH�RI�WKDW��QRZDGD\V�EUDLQ�FRPSXWHU�LQWHUIDFHV��%&,V��KDYH�GH¿QLWHO\�
PRYHG� IURP� WKH�GRPDLQ�RI� VFLHQFH�¿FWLRQ� �Matrix, Avatar, Surrogates, Spi-
derman 2«��LQWR�WKH�VFLHQWL¿F�ODERUDWRULHV��DQG�WRGD\�ZH�DUH�ZRUNLQJ�RQ�WKH�
WUDQVIHU�RI�WKLV�WHFKQRORJ\�WR�WKH�EHGVLGHV�RI�WKH�PRVW�QHHGLQJ�SDWLHQWV�

���+2:

7KH� DLP� RI� D� EUDLQ�FRPSXWHU� LQWHUIDFH� �%&,�� LV� WR� SURYLGH� D� QRQ�PXVFXODU�
communication channel, or ”to liberate the brain from the constraints imposed 
E\� WKH� ERG\� DQG�PDNH� LW� FDSDEOH� RI� XVLQJ� YLUWXDO, electronic and mechani-
cal tools to control the physical world.�-XVW�E\�WKLQNLQJ´�>�@�,Q�WKH�IROORZLQJ�
ZH�VKDOO�H[SODLQ�KRZ�WKLV�FDQ�EH�SRVVLEOH�XVLQJ�WKH�WUDFHV�RI�EUDLQV�HOHFWULFDO�
DFWLYLW\�UHFRUGHG�IURP�WKH�VXUIDFH�RI�WKH�KHDG�



��� 3LRWU�-��'XUND�et al.

���((*�$1'�(92.('�327(17,$/6

$V�GHVFULEHG�LQ�WKH����,QWURGXFWLRQ��FRPPXQLFDWLRQ�DQG�LQIRUPDWLRQ�SURFHVV-
LQJ�LQVLGH�WKH�EUDLQ�LV�FDUULHG�PRVWO\�E\�PHDQV�RI�HOHFWULFDO�LPSXOVHV��,I�ODUJH�
SRSXODWLRQV�RI�QHXURQV�RSHUDWH�V\QFKURQRXVO\��VXP�RI�WKHLU�DFWLYLWLHV�FDQ�EH�
UHFRUGHG�IURP�WKH�VXUIDFH�RI�WKH�KHDG��7KLV�VLJQDO��SUHVHQWHG�LQ�)LJ�����LV�FDOOHG�
HOHFWURHQFHSKDORJUDP��((*��>�@�

$V�ZH�REVHUYH�LQ�)LJ�����WKH�VLJQDO�per se does not seem to reveal much infor-
PDWLRQ�DERXW�WKH�XQGHUO\LQJ�SURFHVVHV�DQG�WKRXJKWV��7R�GHWHFW�D�VWLPXOXV�UHODWHG�
DQG�SKDVH�ORFNHG�VLJQDO�IHDWXUHV�ZH�PD\�XVH�DYHUDJLQJ�LQ�WKH�WLPH�GRPDLQ��)LJ��
��SUHVHQWV�VXEVHTXHQW�HSRFKV�RI�RQH�VHFRQG�DIWHU�HDFK�UHSHWLWLRQ�RI�WKH�VWLPXOXV�
DQG� WKHLU� DYHUDJH��3RVLWLYH�GHÀHFWLRQ�RI� WKH�DYHUDJH�DURXQG�����PV�DIWHU� WKH�
VWLPXOXV�LV�FDOOHG�WKH�3����HYRNHG�SRWHQWLDO��,W�UHÀHFWV�WKH�SKHQRPHQRQ�RI�VHOHF-
WLYH�DWWHQWLRQ��EHFDXVH�LW�RFFXUV�RQO\�LQ�UHVSRQVH�WR�WKH�VWLPXOL�WKDW�ZH�FRQFHQ-
WUDWH�XSRQ��,I�ZH�DYHUDJH�WKH�((*�HSRFKV�WLPH�ORFNHG�WR�RFFXUUHQFHV�RI�VWLPXOL�
WR�ZKLFK�ZH�GR�QRW�SD\�DWWHQWLRQ��WKHUH�ZLOO�EH�QR�VLJQL¿FDQW�GHÀHFWLRQ�

3����LV�D�GLUHFW�FRUUHODWH�RI�WKH�VHOHFWLYH�DWWHQWLRQ��WKDW�DOORZV�XV�WR�EXLOG�
D� QRQ�PXVFXODU� FRPPXQLFDWLRQ� FKDQQHO�� ,W� FDQ� EH� LPSOHPHQWHG� E\� UHSHWL-
WLYH�ÀDVKLQJ�VXEVHTXHQW�FKRLFHV�RI�D�PHQX�DQG�HYDOXDWLQJ�HYRNHG�SRWHQWLDOV�
HYRNHG�E\�HDFK�LWHP��WR�GHWHUPLQH�WR�ZKLFK�RI�WKH�LWHPV�VXEMHFW�ZDV�SD\LQJ�
DWWHQWLRQ��&RQVFLRXV�FRQFHQWUDWLRQ�RQ�WKH�LWHP�WKDW�ZH�ZDQW�WR�VHOHFW�FDQ�EH�
achieved, e.g���E\�FRXQWLQJ�LWV�RFFXUUHQFHV��

�$QG�LW�ZRUNV��&RPPXQLFDWLRQ�FKDQQHO�EXLOW�XSRQ�WKH�DERYH�LGHD�LV�FDOOHG�
3����EDVHG�%&,��DQG�LW�GRHV�H[DFWO\�ZKDW�D�%&,�LV�VXSSRVHG�WR�GR��WUDQVIHU�
WR�WKH�FRPSXWHU�D�FRQVFLRXV�VHOHFWLRQ�±�WKDW�LV�D�GHFLVLRQ�±�XVLQJ�QRWKLQJ�EXW�
WKH�EUDLQ¶V�DFWLYLW\��ZLWKRXW�XVLQJ�PXVFOHV��

,Q�SUDFWLFDO�DSSOLFDWLRQV�3����%&,�KDV�GUDZEDFNV��UHODWHG�WR�WKH�QHFHVVLW\�RI�
��� DYHUDJLQJ�VHYHUDO��XVXDOO\�D�IHZ��UHSHWLWLRQV�RI�EUDLQV�UHVSRQVHV��ZKLFK�

GHFUHDVHV�WKH�UHVXOWLQJ�VSHHG�RI�FRPPXQLFDWLRQ�
��� NHHSLQJ�WKH�ÀDVKLQJ�V\PEROV�LQ�VLJKW��ZKLFK�DW�OHDVW�VHYHUHO\�LPSDLUV�WKH�

visual control of the environment during communication via BCI.

)LJXUH����6DPSOH�IHZ�VHFRQGV�UHFRUGLQJ�RI�WKH�HOHFWURHQFHSKDORJUDP��((*���WKDW�LV�
SRWHQWLDO�GLIIHUHQFH�EHWZHHQ�WZR�HOHFWURGHV�SODFHG�RQ�WKH�VXUIDFH�RI�WKH�VNXOO��*UHHQ�

DUURZV�PDUN�WKH�WLPH�RFFXUUHQFHV�RI�UHSHWLWLYH�VWLPXOL



���How and why brain-computer interfaces…

$V�IRU�WKH�ODWWHU��WKHUH�LV�D�%&,�SDUDGLJP�WKDW�GRHV�QRW�LQYROYH�YLVLRQ�DQG�
UHOLHV�RQ�PRWRU�LPDJHU\��((*�WUDFHV�RI�LPDJLQDWLRQ�RI�WKH�OHIW�RU�ULJKW�KDQG�
PRYHPHQW��FDOOHG�DOVR�HYHQW�UHODWHG�GHV\QFKURQL]DWLRQ�(5'�RU�V\QFKURQL]D-
WLRQ�(56��FDQ�EH�WUDQVODWHG�LQWR�FRPPDQGV�WR�WXUQ�OHIW�RU�ULJKW��+RZHYHU��VXFK�
V\VWHPV�DUH�PXFK�PRUH�FRPSOLFDWHG�WKDQ�3�����WKH\�UHTXLUH�XVLQJ�PRUH�HOHF-
WURGHV�RQ�WKH�KHDG��PXFK�PRUH�FRPSOLFDWHG�VLJQDO�SURFHVVLQJ�DQG�H[WHQVLYH�
WUDLQLQJ�RI�WKH�XVHU�SULRU�WR�XVLQJ�WKH�V\VWHP�±�XVLQJ�D�NLQG�RI�QHXURIHHGEDFN�
SURFHGXUH��XVHU�OHDUQV�WR�SURGXFH�VXFK�D�LPDJLQDWLRQ�RI�PRYHPHQW�WKDW�FDQ�EH�
GHFRGHG�E\�D�FRPSXWHU��WKLV�PD\�WDNH�VHYHUDO�VHVVLRQ��DQG�VRPH�SHRSOH�IDLO�
WR�DFKLHYH�VDWLVIDFWRU\�SHUIRUPDQFH�LQ�WKLV�SDUDGLJP�

�$V�IRU�WKH�VSHHG��D�IDVWHU�EXW�VWLOO�UHODWLYHO\�VLPSOH�WR�XVH�%&,�FDQ�EH�EXLOW�
XSRQ�D�SKHQRPHQRQ�FDOOHG�VWHDG\�VWDWH�YLVXDO�HYRNHG�SRWHQWLDO��669(3���

)LJXUH����%ODFN�WUDFHV�±�VXEVHTXHQW���VHFRQG�HSRFKV�RI�((*��FXW�IURP�FRQWLQXRXV�
UHFRUGLQJ�LQ�VXFK�D�ZD\�WKDW�HDFK�HSRFK�VWDUWV�LQ�WKH�WLPH�LQVWDQW�RI�D�VXEVHTXHQW�

VWLPXOL��5HG�WUDFH�±�WKHLU�DYHUDJH
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4. STEADy-STATE VISUAL EVOKED POTENTIALS (SSVEP) AND BCI

669(3�RFFXUV�ZKHQ�ZH�ZDWFK�D�V\PERO�ÀLFNHULQJ�ZLWK�D�VWDEOH�IUHTXHQF\�±�WKH�
IUHTXHQF\�RI�LWV�ÀLFNHULQJ�LV�UHSURGXFHG�LQ�WKH�((*�VLJQDO�UHFRUGHG�IURP�WKH�
VXUIDFH�RI�WKH�KHDG�DERYH�WKH�YLVXDO�FRUWH[��EDFN�RI�WKH�KHDG���6HOHFWLYH�DWWHQ-
WLRQ�HQWHUV�LQWR�SOD\�ZKHQ�ZH�VHH�VHYHUDO�LWHPV��HDFK�ÀLFNHULQJ�ZLWK�GLIIHUHQW�
IUHTXHQFLHV��669(3�UHYHDOV�WKH�IUHTXHQF\�RI�WKH�LWHP�WKDW�ZH�PHQWDOO\�FKRRVH�
�FRQFHQWUDWH�XSRQ���SURYLGLQJ�DQRWKHU�VWUDLJKWIRUZDUG�ZD\�IRU�LPSOHPHQWDWLRQ�
RI�D�EUDLQ�FRPSXWHU� LQWHUIDFH�� ,I�FRPSXWHU�FDQ�FRQWURO�GLIIHUHQW�ÀLFNHU�UDWHV�
RI� V\PEROV�� WKH� DOJRULWKP�FDQ�GHFRGH�ZKLFK� V\PERO�GRHV�RXU�EUDLQ� FKRRVH�
E\�¿QGLQJ� FRUUHVSRQGLQJ� IUHTXHQFLHV� LQ�((*��+RZHYHU�� LPSOHPHQWDWLRQ� RI�
WKLV�SDUDGLJP�SRVHV�VRPH�FKDOOHQJHV�DQG�SUREOHPV�
��� 7KH�VWURQJHVW�669(3�UHVSRQVH�RFFXUV�XVXDOO\�IRU�VWLPXOL�ÀLFNHULQJ�ZLWK�

IUHTXHQFLHV� LQ� WKH� UDQJH� DURXQG� ��±��� +]�� KRZHYHU�� WKHVH� IUHTXHQFLHV�
FDXVH�IDWLJXH�ZKHQ�YLHZHG�IRU�H[WHQGHG�SHULRG�RI�WLPH��DQG��LQ�D�YHU\�VPDOO�
SHUFHQW�RI�SKRWRVHQVLWLYH�VXEMHFWV��PD\�LQGXFH�DQ�HSLOHSWLF�DWWDFN�

��� +LJKHU�IUHTXHQFLHV��DERYH����+]��SRVH�GLI¿FXOWLHV�LQ�VWDEOH�UHQGHULQJ�RQ�
D�VWDQGDUG�FRPSXWHU�VFUHHQ��EHFDXVH�RI�WKH�OLPLWHG�UHIUHVK�UDWH�RI�GLVSOD\V�
DQG�QRQ�UHDOWLPH�QDWXUH�RI�FRQWHPSRUDU\�RSHUDWLQJ�V\VWHPV��DQG�SURGXFH�
D�PXFK�VPDOOHU�669(3�UHVSRQVH�
7R�FRSH�ZLWK�WKHVH�SUREOHPV��/('V�GULYHQ�E\�GHGLFDWHG�KDUGZDUH�JHQHUD-

WRUV�DUH�RIWHQ�XVHG�IRU�UHQGHULQJ�VWDEOH�IUHTXHQFLHV��+RZHYHU��VXFK�D�VHSDUDWH�
ER[�ZLWK�/('�FDQ�EH�HLWKHU�FRQQHFWHG�WR�RQO\�RQH�V\PERO�SULQWHG�RQ�LWV�IURQW��
RU��LQ�D�PRUH�ÀH[LEOH�VHWXS��LW�FDQ�EH�UHODWHG�G\QDPLFDOO\�WR�WKH�YDU\LQJ�PHDQ-
LQJV�GLVSOD\HG�RQ�WKH�FRPSXWHU�VFUHHQ�LQ�WKH�QHLJKERUKRRG�RI�WKH�/('�ER[��DV�
LQ�WKH�OHIW�SDQHO�RI�)LJ�����7KLV�DOORZV�IRU�G\QDPLF�FKDQJHV�RI�PHQX��EXW�VXFK�
DQ�$70�OLNH�LQWHUIDFH�KDV�QDWXUDO�OLPLWDWLRQ�LQ�WHUPV�RI�FRPIRUW�RI�XVH�DQG��
LQ�VRPH�FDVHV��UHTXLUHV�WKH�XVHU�WR�VLJQL¿FDQWO\�VZLWFK�JD]H�RU�HYHQ�PRYH�WKH�
KHDG�LQ�WKH�GLUHFWLRQ�RI�FKRVHQ�/('��ZKLFK�FRQWUDGLFWV�WKH�SULQFLSOH�RI�LQGH-
SHQGHQFH�IURP�PXVFXODU�DFWLYLW\�

6ROXWLRQ� WR� WKHVH�SUREOHPV��SURSRVHG�E\� WKH�¿UVW�DXWKRU�RI� WKLV�SDSHU�� LV�
SUHVHQWHG�LQ�WKH�ULJKW�SDQHO�RI�)LJ�����/('V�XQGHU�WKH�/&'�VFUHHQ�SUR]RE��VWD-
EOH�ÀLFNHULQJ�RI�GHVLJQDWHG�DUHDV�RI�WKH�/&'��ZKLOH�FRPSXWHU�FRQWUROOHG�/&'�
DOORZV� IRU� FRQWH[W�VHQVLWLYH� V\PEROV� RU� OHWWHUV� LQ� WKHVH� DUHDV� >�@��+DUGZDUH�
LPSOHPHQWDWLRQ�RI�WKLV�LGHD�ZDV�¿UVW�SUHVHQWHG�LQ�0D\�������,Q�0DUFK�������
¿IWK�YHUVLRQ�RI�WKH�%&,�$SSOLDQFH�ZDV�SUHVHQWHG�DW�WKH�3ROLVK�QDWLRQDO�VWDQG�DW�
WKH�&H%,7�FRPSXWHU�IDLU��)LJ������
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)LJXUH����/HIW���6FKHPH�RI�DQ�$70�OLNH�DSSURDFK�WR�669(3�EDVHG�%&,���5LJKW���
6ROXWLRQ�DOORZLQJ�IRU�D�VWDEOH�GHOLYHU\�RI�669(3�VWLPXOL�YLD�/('�DUUD\�KLJKOLJKWLQJ�

designated areas of an LCD — 
WKH�%&,�$SSOLDQFH

)LJXUH����%&,�$SSOLDQFH�SUHVHQWHG�DW�WKH�&H%,7������FRPSXWHU�IDLU��WDEOHW�VL]HG�ER[��
FRQQHFWHG�ZLUHOHVVO\�WR�WKH�((*�DPSOL¿HU��LV�DWWDFKHG�WR�WKH�DUPFKDLU��'LVSOD\�RQ�WKH�
ZDOO�SORWV�WKH�EUDLQ�ZDYHV��DQDO\]HG�LQ�UHDO�WLPH�E\�WKH�$SSOLDQFH�WR�GHWHFW�WKH�XVHU
V�

LQWHQWLRQV�±�WKLV�HOHPHQW�LV�RQO\�IRU�GHPRQVWUDWLRQ
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2SHUDWLRQ�RI�D�%&,� UHTXLUHV�TXLWH�D�FRPSOLFDWHG�VRIWZDUH��6HYHUDO�PRGXOHV�
PXVW�FRPPXQLFDWH�LQ�DOPRVW�UHDO�WLPH��SHUIRUPLQJ�RQOLQH�VHYHUDO�FRPSOLFDWHG�
WDVNV��LQFOXGLQJ�
±� FRPPXQLFDWLRQ�ZLWK�WKH�((*�DPSOL¿HU�
±� VLJQDO�DQDO\VLV�IRU�H[WUDFWLRQ�RI�UHOHYDQW�IHDWXUHV�
±� ORJLFDO�GHFLVLRQV�EDVHG�XSRQ�WKH�DERYH�IHDWXUHV�
±� FRQWH[W�GHSHQGHQW�UHQGHULQJ�RI�WKH�VWLPXOL��PHQXV�DQG�XVHU�IHHGEDFN��
±� RSHUDWLRQ�RI�H[WHUQDO�GHYLFHV�

:KHQ�FRQVWUXFWLQJ�WKH�2SHQ%&,�VRIWZDUH�IUDPHZRUN�>�@��ZH�DGGHG�DGGL-
tional constrains:
±� FHQWUDOL]HG�GDWD�ÀRZ�DOORZLQJ�IRU�FRQQHFWLRQ�RI�QHZ�PRGXOHV�RQ�WKH�À\�
±� DYRLGLQJ�FRPPHUFLDOO\�OLFHQVHG�OLEUDULHV�
±� SRVVLELOLW\�WR�EDVH�WKH�V\VWHP�RQ�D�VSHFLDOO\�WDLORUHG�-XVW�(QRXJK�2SHUDWLQJ�

6\VWHP��-H26���LQFUHDVLQJ�KDUGZDUH�HI¿FLHQF\�
2SHQ%&,�LV�IUHHO\�DYDLODEOH�IURP�WKH�,QWHUQHW�RQ�WHUPV�RI�WKH�*HQHUDO�3XE-

OLF�/LFHQVH��>�@��XSSHU�SDQHO�RI�)LJ������$V�WKH�PRGXOH�IRU�YLHZLQJ�WKH�VLJQDO�
ZH�XVH�6YDURJ�±�6LJQDO�9LHZHU��$QDO\]HU�DQG�5HFRUGHU�RQ�*3/��>�@�� ORZHU�
SDQHO� RI� )LJ�� ���� 7KHVH� WZR� V\VWHPV� WRJHWKHU� FRQVWLWXWH� ZRUOG¶V� ¿UVW� 2SHQ�
6RXUFH�V\VWHP�IRU�((*�UHJLVWUDWLRQ�DQG�GLVSOD\�ZLWK�IXQFWLRQDOLW\�PDWFKLQJ�
commercial solutions.

���:+<

%&,V�PD\�EH� WKH�RQO\�ZD\�RI�FRQWDFWLQJ�WKH�ZRUOG�IRU�SHRSOH�VXIIHULQJ�IURP�
QHXURGHJHQHUDWLYH�GLVHDVHV�OLNH�$/6��DQG�D�JUHDW�KHOS�LQ�PXOWLWXGH�RI�OHVV�VHYHUH�
FDVHV��OLNH�WKDW�RI�WKH�DXWKRU�RI�WKH�ERRN�7KH�'LYLQJ�%HOO�DQG�WKH�%XWWHUÀ\. $SDUW�
IURP�HPHUJLQJ�JDPLQJ� DQG�PLOLWDU\� DSSOLFDWLRQV�� WKLV� LV� WKH�PDLQ�PRWLYDWLRQ�
EHKLQG�WKH�%&,�UHVHDUFK��$V�SUHVHQWHG�LQ�WKH�SUHYLRXV�VHFWLRQV��VRPH�VXFFHVV�
ZDV�DFKLHYHG�LQ�SXVKLQJ�WKH�%&,�WHFKQRORJ\�IURP�ODE�WR�EHGVLGH��+RZHYHU��WKH�
VWDWH�RI�WKH�DUW�LQ�%&,�LV�VWLOO�VR�WKDW�DQG�LQWHUIDFH�EXLOW�RQ�DQ\�UHPDLQLQJ�PXVFX-
ODU�DFWLYLW\�ZLOO�EH�IDVWHU�DQG�PRUH�UHOLDEOH�WKDQ�%&,��

7. ASSISTIVE TECHNOLOGIES IN THE xxI CENTURy

7KHUH�LV�D�KXJH�JDS�EHWZHHQ�WKH�SRVVLELOLWLHV�RIIHUHG�E\�WKH�FXWWLQJ�HGJH�WHFK-
QRORJLHV�DQG�WKRVH�DYDLODEOH�WR�WKH�PRVW�QHHGLQJ�WDUJHW�XVHUV��TXRWLQJ�:LOOLDP�
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Gibson „the future is already here – it’s just not very evenly distributed”. 
:H�DUH�VSHQGLQJ�KXQGUHGV�RI�PLOOLRQV�RQ�DGYDQFHG�PHGLFDO�UHVHDUFK��ZKLOH�
DW�WKH�VDPH�WLPH�DYDLODELOLW\�RI�VLPSOH����GROODU�ZKHHOFKDLUV�ZRXOG�FKDQJH�
OLYHV�RI�WKRXVDQGV�GLVDEOHG�SHRSOH�LQ�$IULFD��&ODVVLFDO�PRGH�RI�FRRSHUDWLRQ�
EHWZHHQ�$FDGHPLD�DQG�,QGXVWU\� LV�RI�FRXUVH� WDUJHWHG�DW�PD[LPL]LQJ�SUR¿W�
IURP�FRRSHUDWLRQ�DQG�SDWHQWV��EXW�VRPH�LPSRUWDQW�LVVXHV�DUH�RIWHQ�OHIW�DVLGH�
in this race.

� 7KH� ¿UVW� SXEOLF� SUHVHQWDWLRQ� RI� D� ZRUNLQJ� %&,� LQ� 3RODQG� WRRN� SODFH�
LQ�-XQH������DW�WKH�)DFXOW\�RI�3K\VLFV��8QLYHUVLW\�RI�:DUVDZ��7KLV�DFKLHYH-
PHQW�ZDV�GULYHQ�E\�HQWKXVLDVP�RI�D�JURXS�IURP�WKH�'HSDUWPHQW�RI�%LRPHGL-
FDO�3K\VLFV�>�@��ZLWK�QR�FRKHUHQW�IXQGLQJ�±�RXU�JUDQWV�IRU�%&,�ZHUH�UHMHFWHG�
E\�WKH�PLQLVWULHV�VL[�WLPHV�LQ�D�URZ��1HYHUWKHOHVV�� LW�UDLVHG�KRSHV�RI�PDQ\�
SHRSOH�OLYLQJ�LQ�3RODQG�ZLWK�GUDPDWLFDOO\�UHGXFHG�FRPPXQLFDWLRQ�FDSDELOL-
WLHV��ZKR�VWDUWHG�FRQWDFWLQJ�RXU�JURXS��$QDO\VLV�RI�WKHLU�QHHGV�UHYHDOHG�WZR�
common facts:
��� %&,�FDQ�EH�D�V\VWHP�RI�FKRLFH�IRU�WKH�PRVW�VHYHUH�FDVHV�RI�ORFNHG�LQ�VWDWHV��

EXW�LQ�PRVW�FDVHV�D�VLPSOHU�WHFKQRORJ\��OLNH�FRPPXQLFDWLRQ�EDVHG�RQ�JD]H�
WUDFNLQJ��ZRXOG�EH�HQRXJK�RU�HYHQ�PRUH�VWDEOH�

��� &RVW�RI�DQ�DGYDQFHG�H\HWUDFNHU��§���������LQ�PDQ\�FDVHV�VWLOO�H[FHHGV�WKH�
¿QDQFLDO�SRVVLELOLWLHV�RI�GLVDEOHG�SHUVRQV�DQG�WKHLU�IDPLOLHV�

���23(1�+$5':$5(

$JDLQ��WKH�VROXWLRQ�FDPH�IURP�WKH�ZRUOG�RI�2SHQ�+DUGZDUH�DQG�2SHQ�6RIW-
ZDUH��RZLQJ�WR�D�IUHH�VKDULQJ�RI�H[SHULHQFHV��SHRSOH�DURXQG�WKH�ZRUOG�ZHUH�
DEOH�WR�EXLOG�FKHDS�H\HWUDFNHUV�IURP�RII�WKH�VKHOI�SDUWV��LQFOXGLQJ�FKHDS�FDP-
eras from gaming console (e.g��>�@���7KHVH�H\HWUDFNHUV�DUH�PXFK�OHVV�UREXVW�
DQG�DFFXUDWH�WKDQ�WKH�FRPPHUFLDO�VROXWLRQV�XVHG�PDLQO\�IRU�QHXURPDUNHWLQJ��
1HYHUWKHOHVV��WKLV�VROLG�SURRI�RI�FRQFHSW�SURYLGHG�D�VWDUWLQJ�SRLQW�IRU�DQ�HGX-
FDWLRQDO�SURMHFW�VWDUWHG�DW�1HXURLQIRUPDWLFV�%6F�>�@��DLPHG�DW�LPSURYHPHQW�RI�
VWDELOLW\�E\�LPSOHPHQWDWLRQ�RI�D�QRYHO�FXUVRU�OLNH�DOJRULWKP�IRU�FRPPXQLFD-
WLRQ�DQG�LQWHJUDWLQJ�ZLWK�WKH�2SHQ%&,�SODWIRUP�
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9. NEUROINFORMATICS

,Q�VSLWH�RI�HIIRUWV�VXPPDUL]HG�LQ�WKLV�FKDSWHU��%&,V�VWLOO�UHTXLUH�PRUH�RU�OHVV�
SURIRXQG�FXVWRPL]DWLRQ�IRU�D�SDUWLFXODU�XVHU��7KHUHIRUH��D�UHDO�VSUHDG�RI�WKLV�
WHFKQRORJ\�FDQQRW�EH�DFKLHYHG�ZLWKRXW�WKH�H[SHUWV�WUDLQHG�LQ�D�VSHFL¿F�LQWHU-
GLVFLSOLQDU\�¿HOG�

�$FFRUGLQJ�WR�WKH�,QWHUQDWLRQDO�1HXURLQIRUPDWLFV�&RRUGLQDWLRQ�)DFLOLW\�>�@��
WKLV�H[SHUWLVH�IDOOV�ZLWKLQ�WKH�ERXQGDULHV�RI�QHXURLQIRUPDWLFV��)DFXOW\�RI�3K\V-
LFV�RI�WKH�8QLYHUVLW\�RI�:DUVDZ�KDV�RSHQHG�LQ������ZRUOG¶V�¿UVW�%6F�FRXUVH�
LQ�QHXURLQIRUPDWLFV�>�@��'XULQJ�WKH�SUDFWLFDO�FODVVHV��VWXGHQWV�OHDUQ�UHJLVWUDWLRQ�
DQG�DQDO\VLV�RI�ELRVLJQDOV��DV�ZHOO�DV�WKH�EDVLFV�RI�EUDLQ�FRPSXWHU�LQWHUIDFHV��
$OO�FODVVHV�DQG�UHVHDUFK�DUH�EDVHG�HQWLUHO\�XSRQ�IUHH��DV�LQ�´IUHHGRP´��VRIW-
ZDUH�V\VWHPV�GHVFULEHG�LQ�SUHYLRXV�VHFWLRQV��ZKLFK�VWXGHQWV�FDQ�IUHHO\�DQD-
O\]H��PRGLI\�DQG�XVH�DW�QR�FKDUJH�LQ�IXWXUH�ZRUN��9ROXQWHHUV�DGDSW�H\HWUDFNHUV�
DQG�VZLWFKHV�WR�WKH�QHHGV�RI�GLVDEOHG�SHUVRQV�

)LJXUH����7KH�¿UVW�H\HWUDFNHU�EDVHG�XSRQ�WKH�(\H:ULWHU�SURMHFW�LQVWUXFWLRQV��
FRQQHFWHG�WR�WKH�2SHQ%&,�LQWHUIDFH



)LJXUH����:HE�VLWHV�RI�WKH�VRIWZDUH�SURMHFWV�FRQVWLWXWLQJ�WKH�FRUH�RI�:DUVDZ�
8QLYHUVLW\�%&,�V\VWHP��2SHQ%&,�SO�DQG�6YDURJ�SO
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$FNQRZOHGJPHQW

7KH�DXWKRUV�DFNQRZOHGJH�WKH�VXSSRUW�RI�WKH�3ROLVK�0LQLVWU\�RI�6FLHQFH�DQG�+LJK-
HU�(GXFDWLRQ��'HFLVLRQ�QR������1�&267��������DQG������1�&267���������
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