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COLLABORATIVE PERFORMANCES$� IXOO� ³LQWHUIDFH´� SHUIRUPDQFH� LQYROYHV� QRW� RQO\VROR� DQG� GXR� SHUIRUPDQFHV� E\� 7UXHPDQ� DQG� %DKQ�� EXWFROODERUDWLYH� FRPSRVLWLRQV� DQG� SHUIRUPDQFHV� ZLWK� RWKHUVHPSOR\LQJ� VLPLODU� LQWHUDFWLYH� WHFKQRORJLHV�� � 7KLV� LQFOXGHVLQWHUDFWLYH� GDQFH� SHUIRUPDQFHV� ZLWK� 7RPLH� +DKQ�SHUIRUPDQFHV� ZLWK� :DFRP� 7DEOHW�VSRNHQ�ZRUG� DUWLVW0RQLFD� 0XJDQ�� FROODERUDWLYH� LPSURYLVDWLRQV� ZLWK� 3HUU\&RRN�� DQG� LQWHUDFWLYH� YLGHR� SHUIRUPDQFHV� ZLWK� YDULRXVDUWLVWV�
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Streams�6WUHDPV�� LV� DQ� LQWHUDFWLYH� VRQLF� FRQWH[W� IRU� OLYHSHUIRUPDQFH� GHYHORSHG� E\� &XUWLV� %DKQ� DQGGDQFHU�HWKQRPXVLFRORJLVW�7RPLH�+DKQ��:HDULQJ� D� VHQVLQJGHYLFH�GHYHORSHG�E\�%DKQ��+DKQ�IUHHO\�QDYLJDWHV�D�YLUWXDOVRQLF� JHRJUDSK\� FRQVLVWLQJ� RI� V\QWKHWLF� VRXQGV� DQG� QRQ�OLQHDU� SRHWU\�� 7KURXJK� KHU� PRYHPHQW�� VKH� LV� DEOH� WRQHJRWLDWH� DQG� FRQWURO� DOO� DVSHFWV� RI� WKH� VRQLF� VWUXFWXUH� RIWKLV�YLUWXDO�VRXQGVFDSH��:LWK�HDFK�JHVWXUH��6WUHDPV��UHFDOOVERGLHV�RI�ZDWHU�DQG�ODQG��WHFKQRORJ\��D�IORZ�RI�LQIRUPDWLRQ�WUDQVPLVVLRQ�� DQG� OLTXLG� VWDWHV�� 7KURXJK� WHFKQRORJ\�� WKHSHUIRUPDQFH� WR\V�ZLWK� WKH�HSKHPHUDO�TXDOLW\�RI� VRXQG�DQGWKH� SK\VLFDO� PHPRU\� RI� WLPH�� VRQLF� VSDFH�� DQG� VHQVRU\H[SHULHQFH�6HQVRUV�RQ�+DKQ
V�KDQGV�HDFK�VHQVH�SUHVVXUH�DQG��D[LV� RI� WLOW�� PDNLQJ� �� �FKDQQHOV�� RI� FRQWLQXRXV� FRQWURO

LQIRUPDWLRQ�DYDLODEOH� LQ�SHUIRUPDQFH��7KH�GDWD� IURP� WKHVHVHQVRUV� LV� VHQW� WR� D�PLFUR�FRQWUROOHU�ZKHUH� LW� LV� WUDQVODWHGLQWR� 0,',� PHVVDJHV� DQG� EURDGFDVW� WR� WKH� FRPSXWHURIIVWDJH�� $� 0$;�063� SDWFK� RQ� WKH� FRPSXWHU� PDSV� KHUPRYHPHQWV� LQWR� YDULRXV� VDPSOHG� VRXQGV� DQG� '63DOJRULWKPV��VHQGLQJ�WKHP�WR�DQ���FKDQQHO�DXGLR�V\VWHP�%DKQ�+DKQ�� ZLWK� D� ILIWHHQ� \HDU� KLVWRU\� RIFROODERUDWLYH� SHUIRUPDQFH�� SURSRVH� WKDW� WKH� QDWXUH� RI� WKHWHFKQRORJLHV� HPSOR\HG� LQ� �6WUHDPV��� IXQGDPHQWDOO\FKDQJHG�DVSHFWV�RI�WKHLU�FROODERUDWLRQ�UHJDUGLQJ�PRYHPHQWDQG�VRXQG�FRPSRVLWLRQ��5DWKHU� WKHQ�VWUXFWXULQJ� WLPH��DV� LQWUDGLWLRQDO�KLVWRULFDO� GDQFH�PXVLF� FROODERUDWLRQV�� WKHFRQFHSWLRQ� RI� �6WUHDPV�� ZDV� EDVHG� RQ� �FRPSRVLQJ� WKHERG\��� ,Q� WKLV� SURFHVV�� SK\VLFDO� DWWULEXWHV� RI� WKH� GDQFHU
VPRYHPHQW�YRFDEXODU\�ZHUH�DQDO\]HG�WR�H[WUDFW�SDUWLFXODUO\VDOLHQW� DQG� PHDQLQJIXO� JHVWXUHV�� $� SDUDPHWHU�PDSSLQJV\VWHP�ZDV�GHYLVHG�DOORZLQJ� WKH�GDQFHU� WR� IUHHO\� QDYLJDWHDQG�OD\HU�VRQLF�HOHPHQWV�WR�FRQVWUXFW�D�FRPSOH[�WH[WXUH�,Q��6WUHDPV���+DKQ�GUDZV�RQ�RYHU�WKLUW\�\HDUV�RIH[SHULHQFH�LQ�-DSDQHVH� WUDGLWLRQDO�DQG�H[SHULPHQWDO�GDQFH�7KH� WUDGLWLRQ� RI� -DSDQHVH� GDQFH� LV� EURXJKW� WR� DFRQWHPSRUDU\�H[SUHVVLYH�PRPHQW�ZLWK� WKH�VHQVRU� LQWHUIDFHWDSSLQJ� WKH� �VLWH�� RI� KHU� SHUVRQDO� HPERGLHG� NQRZOHGJH� RIWKLV� WUDGLWLRQ�� -XVW� DV� WKH� VHQVHV� DUH� DQ� LQGLYLGXDOV
�LQWHUIDFH�� WR� WKH� ZRUOG�� WHFKQRORJLFDO� LQWHUIDFHV� FDQLQWHJUDWH�YRFDEXODULHV�RI� DQFLHQW� WUDGLWLRQV�RI� SHUIRUPDQFHZLWK�WKH�FRQWHPSRUDU\�ERG\�7KH� VRQLF� SDOHWWH� HPSOR\HG� LQ� �6WUHDPV�� GUDZVIURP� D� FRPELQDWLRQ� RI� UHDO�WLPH� GLJLWDO� VLJQDO� SURFHVVLQJ�SK\VLFDO� PRGHOLQJ� V\QWKHVLV� DOJRULWKPV� �DJDLQ� IURP3H5&RODWH��DQG�VWRUHG�VRXQG�VDPSOHV�RI� WH[W��$W� WKH�KHDUWRI� WKH� FRPSXWHU� SHUIRUPDQFH� V\VWHP� LV� D� GLJLWDO�PRGHO� RIWKH� ILOWUDWLRQ� FKDUDFWHULVWLFV� RI� WKH� YRFDO� WUDFW�� DOO� RWKHUVRXQGV� DUH� SDVVHG� WKURXJK� WKLV� VRQLF� PRGHO� HYRNLQJ� WKHLPDJH�WKDW��WKURXJK�KHU�PRYHPHQWV��WKH�GDQFHU��VSHDNV��WKHPXVLF��2WKHU� VRXQG� VRXUFHV� DUH� GUDZQ� IURP� WKH� WHFKQLTXHRI� SK\VLFDO� PRGHOLQJ� V\QWKHVLV�� ZKLFK�� ZKHQ� SDLUHG� ZLWKSK\VLFDO�PRYHPHQW�VHQVRUV��SURYLGHV�D�SDUWLFXODUO\�ULFK�DQGHYRFDWLYH� VRQLF� ODQGVFDSH�� 7KH� GDQFHU� DOVR� SURYLGHV� GDWDFRQWUROOLQJ� WKH� FRQVWUXFWLRQ� RI� DQ� DOJRULWKPLF�� QRQ�OLQHDUWH[W� GUDZLQJ� IURP� ZRUGV� UHODWLQJ� WR� GUHDPV�� �IORZ��� DQGFRPPXQLFDWLRQ�7KH� WLPH�VWUXFWXUH� RI� �6WUHDPV�� LV� QRW� VSHFLILHG�WKH� GDQFHU� LV� IUHH� WR� H[SORUH� WKH� VRXQGV� DFFRUGLQJ� WR� KHUIHHOLQJV�LQ�WKH�PRPHQW��+RZHYHU��GUDZLQJ�XSRQ�D�EDVLV�RIKLJKO\� VSHFLILHG� DOJRULWKPLF� FRPSRVLWLRQDO� SURFHVVHV�QHLWKHU� LV� LW� LPSURYLVHG�� 7KH� FRPSRVLWLRQ� HPERGLHVSK\VLFDO� PDSSLQJV� DV� WKH\� UHODWH� WR� WKH� VSHFLILF� GDQFHU
VPRYHPHQW� YRFDEXODU\�� DQG� WKH� VRXQG�ZRUOG� RI� WKHFRPSRVLWLRQ� FUHDWLQJ� D� KLJKO\� SHUVRQDO� DQG� PRYLQJ� VLWH�VSHFLILF�VWDWHPHQW���D�SHUVRQDO�VRQLF�JHRJUDSK\��7KH� ZHEVLWH� IRU� WKLV� SDSHU� LQFOXGHV� LPDJHV� DQGVWUHDPLQJ�YLGHR�RI�D�SHUIRUPDQFH�RI�³6WUHDPV�´
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SPeaPer Interface, the “Sensor Speaker Performer”$V� DQ� RXWJURZWK� RI� LQYHVWLJDWLRQV� LQ� WKH� XVH� RI6HQVRU�6SHDNHU� $UUD\V� IRU� OLYH� SHUIRUPDQFH� ZLWK³LQWHUIDFH�´�ZH� EHFDPH� LQWHUHVWHG� LQ� WKH� LGHD� RI�PRXQWLQJQRW� RQO\� VHQVRUV�� EXW� DOVR� VPDOO� VSHDNHUV� RQ� D� OLYHSHUIRUPHU�� 7KH� 63HD3HU� �6HQVRU�6SHDNHU� 3HUIRUPHU�ZLUHOHVV�LQWHUIDFH�EXLOGV�RQ�WKH�VHQVRU�GHVLJQ�IRU�³VWUHDPV�´DGGLQJ� D� VPDOO� ZLUHOHVV� DPSOLILHU� DQG� WZR� DUP�PRXQWHGFRD[LDO�VSHDNHUV���7ZR�FKDQQHOV�RI�WKH�FRPSXWHU�JHQHUDWHGVRXQG�DUH�VHQW�WR�7RPLH
V�DUPV��GLVFUHHW�LQIRUPDWLRQ�WR�WKHOHIW�DQG�ULJKW���7KH�UHPDLQLQJ���FKDQQHOV�RI�DXGLR�DUH�VHQWWR���VWHUHR�VSKHULFDO�VSHDNHU�DUUD\V�RQ�VWDJH�7KH� GDQFH�PRYHPHQW� FRPSRVLWLRQ� ³SLNDSLND´�PHDQLQJ� �WZLQNOLQJ�� LQ� -DSDQHVH�� VRQLILHV� KHU� PRYHPHQWZLWK� VDPSOHG� VRXQGV� RI� PDFKLQHU\�� JHDUV� DQG� UDFKHWV�3LNDSLND��D� FKDUDFWHU� LQIOXHQFHG� E\� DQLPH DQG� PDQJD��-DSDQHVH�SRS�DQLPDWLRQ�DQG�FRPLFV��HPERGLHV�PRYHPHQWVIURP�EXQUDNX �SXSSHW� WKHDWHU��� � 7KH� FRQFHSW� RI� WKH� VRQLFSXQFWXDWLRQ� RI� PRYHPHQW� LV� GUDZQ� GLUHFWO\� IURP� WKHEXQUDNX PXVLFDO� WUDGLWLRQ�� KRZHYHU�� WKH� DFWXDO� VRXQGV� DUHQRW� GUDZQ� IURP� EXQUDNX� PXVLFDO� YRFDEXODU\�� 7KH� VRXQGVHPDQDWH�IURP�KHU�ERG\�PRXQWHG�VSHDNHUV�FUHDWH�D�QHZ�VRUWRI�DXGLR��DOLDV��IRU�KHU�FKDUDFWHU��D�VRQLF�PDVN�7KH� ZHEVLWH� IRU� WKLV� SDSHU� LQFOXGHV� LPDJHV� DQGVWUHDPLQJ�YLGHR�RI�D�SHUIRUPDQFH�RI�³3LNDSLND�´
SUMMARY:H� VHH� DQ� DFFHOHUDWLQJ� SDUDGLJP� VZLWFK� LQFRPSXWHU� PXVLF� IURP� EHLQJ� D� ILHOG� SULPDULO\� FRQFHUQHGZLWK� FRPSRVLWLRQ� WR� RQH� HTXDOO\� LQYROYHG� ZLWKSHUIRUPDQFH�� ,Q� WKH� VRFLDO� DFWLYLW\� RI� HQVHPEOHSHUIRUPDQFH�� PXVLFDO� LQWHUIDFH� GHVLJQ� PXVW� EH� FRQFHUQHGZLWK� WKH�FRPPXQLFDWLRQ�RI�JHVWXUH�DQG� VRQLF�QXDQFH�� �:HVHH�WKH�LPSRUWDQFH�RI�WKLV�QRW�RQO\�LQ�WHUPV�RI�WKH�SK\VLFDOFRPPXQLFDWLRQ� EHWZHHQ� PHPEHUV� RI� D� PXVLFDO� HQVHPEOH�EXW�DOVR�IRU�WKH�FRPPXQLFDWLRQ�RI�HOHFWURQLF�PXVLF�WR�DQ

DXGLHQFH���7KH�LQFOXVLRQ�RI�VRXQG�UHLQIRUFHPHQW�LQ�PXVLFDOLQWHUIDFH� GHVLJQV� DOVR� SURYLGHV� LPSRUWDQW� DXUDO� DQG� WDFWLOHIHHGEDFN� FXHV� WR� WKH� SHUIRUPHUV� DOORZLQJ� D�PRUH� LQWLPDWHLQWHUDFWLRQ�ZLWK�HOHFWURQLF�PXVLF�SURGXFWLRQ���,Q�WKLV�VHQVH�RXU� ³LQWHUIDFHV�´� RXU� ³LQVWUXPHQWV�´� LQFOXGH� WKH� HQWLUHV\VWHPV� IURP� SK\VLFDO� VHQVLQJ� WR� FRPSXWHU� DOJRULWKPV� WRVRQLF�GLVSOD\�GHYLFHV����7KLV�GHFUHDVHV�WKH�JHQHUDOLW\�RI�WKHPXVLF� ZH� SURGXFH�� LW� LV� QRW� D� JHQHULF� ³WDSH´� WKDW� FDQ� EHUHSURGXFHG� RQ� DQ\� VRXQG� V\VWHP�� � ,W� LV� UDWKHU� DQLGLRV\QFUDWLF� VRQLF� SHUIRUPDQFH� LQVWDOODWLRQ� IRU� D� XQLTXHIDPLO\�RI�LQVWUXPHQWV�,Q�WKLV�LQVWUXPHQWDO�PRGHO��RXU�JRDO�LV�WR�SULYLOHJHDQG� HQKDQFH� WKH� KXPDQ� LQWHUDFWLRQ� DQG� VRFLDO� FRQWH[W� RIPXVLF� PDNLQJ��:H� GR� QRW� QHFHVVDULO\� VHH� WKH� V\VWHPV� DV³LQWHUDFWLYH�´� LQ� WKH� VHQVH� WKDW� ³LQWHUDFWLRQ´� LPSOLHV� D� VRUWRI�PXVLFDO�DXWRQRP\�IRU� WKH� WHFKQRORJ\��EXW� UDWKHU��D�JRDOPD\� EH� WR� KDYH� DQ� HOHFWURQLF� PXVLF� LQWHUIDFH� DV³LQWHUDFWLYH´� DV� DQ� DFRXVWLF� SLDQR� RU� D� YLROLQ�� � 7KHGLIIHUHQFH�EHWZHHQ�WKH�DFRXVWLF�LQVWUXPHQW�DQG�DQ�DGYDQFHGLQWHUIDFH� VXFK� DV� WKLV� LV� LQ� WKH� DELOLW\� WR� UHFRQILJXUH� DQGDOWHU� WKH�PDQ\�SDUDPHWHUV�RI�FRQWURO�DQG� WKHLU�VLJQLILFDQFHLQ� SHUIRUPDQFH�� � 7KLV� G\QDPLF� PDSSLQJ� H[WHQGV� WKHSRWHQWLDOV�RI� WKH� LQVWUXPHQWV� LQWR� WKH� UHDOP�RI�D�QRQ�OLQHDUFRPSRVLWLRQ�� � 7KHVH� G\QDPLF� ³FRPSRVHG� LQVWUXPHQWV´� DUHGHILQHG� E\� WKH� FDSDELOLWLHV� RI� WKH� DFRXVWLF� DQG� ³YLUWXDO´DVSHFWV� RI� WKH� LQWHUIDFHV�� WKH� FROOHFWLRQ� RI� UHVRXUFHV� IRUFRPSXWHU�VRXQG�SURGXFWLRQ� � DQG�SURFHVVLQJ�� DQG� WKH� VRQLFGLVSOD\� RI� WKH� SHUIRUPDQFH�� � ,Q� RXU�ZRUN�ZLWK� ³LQWHUIDFH´ZH� FKRRVH� WR� NHHS� WKHVH� SRWHQWLDOV� DV� IUHHO\� RUJDQL]HG� DVSRVVLEOH�� DOORZLQJ� WKH� H[SORUDWLRQ� RI� WKHLU� SRWHQWLDOV� LQLPSURYLVDWRU\�HQVHPEOH�SHUIRUPDQFH�
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