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Abstract

This paper describes various methods and approaches for language-based multimedia information retrieval,
which have been developed in the projects POP-EYE and OLIVE and which will be developed further in the
MUMIS project. All of these project aim at supporting automated indexing of video material by use of human
language technologies. Thus, in contrast to image or sound-based retrieval methods, where both the query
language and the indexing methods build on non-linguistic data, these methods attempt to exploit advanced text
retrieval technologies for the retrieval of non-textual material. While POP-EYE was building on subtitles or
captions as the prime language key for disclosing video fragments, OLIVE is making use of speech recognition to
automatically derive transcriptions of the sound tracks, generating time-coded linguistic elements which then
serve as the basis for text-based retrieval functionality.

1 Introduction

,Q�DUFKLYHV�RI�DOO�NLQGV��GHWDLOHG�GRFXPHQWDWLRQ�DQG�SURILOLQJ�RI�WKH�DUFKLYHG�PDWHULDO�LV�D�SUHUHTXLVLWH

IRU�HIILFLHQW�DQG�SUHFLVH�DFFHVV�WR�WKH�GDWD��:KLOH�LQ�WKH�GRPDLQ�RI�WH[WXDO�GLJLWDO�OLEUDULHV�DGYDQFHG

PHWKRGV�RI�LQIRUPDWLRQ�UHWULHYDO�FDQ�VXSSRUW�VXFK�SURFHVVHV��WKHUH�DUH�VR�IDU�QR�HIIHFWLYH�PHWKRGV�IRU

DXWRPDWLFDOO\�SURILOLQJ��LQGH[LQJ��DQG�UHWULHYLQJ�LPDJH�DQG�YLGHR�PDWHULDO�RQ�WKH�EDVLV�RI�D�GLUHFW

DQDO\VLV�RI�LWV�YLVXDO�FRQWHQW��$OWKRXJK�WKHUH�KDYH�EHHQ�RI�FRXUVH�DGYDQFHV�LQ�WKH�DXWRPDWLF�DQDO\VLV

DQG�UHFRJQLWLRQ�RI�LPDJHV��WKHVH�DUH�VWLOO�VR�OLPLWHG�WKDW�WKH\�GR�QRW�SURYLGH�D�VXIILFLHQWO\�UREXVW�EDVLV

IRU�SURILOLQJ�ODUJH�DPRXQWV�RI�KRPRJHQHRXV��DXGLR��YLVXDO�GDWD�

:LWKRXW�DQ\�GRXEWV��LPDJH�DQG�YLGHR�SURFHVVLQJ�KDYH�PDGH�HQRUPRXV�SURJUHVV�RYHU�WKH�SDVW�\HDUV�

IRU�H[DPSOH��LQ�WKH�DUHDV�RI�DQDO\VLV�RI�ORZ�OHYHO�RU�PD\EH�HYHQ�KLJKHU�OHYHO�LPDJH�IHDWXUHV�DQG�RI

VHJPHQWDWLRQ�RI�FRQWLQXRXV�YLGHR�PDWHULDO��/RZ�OHYHO�DQDO\VLV�RI��WH[WXUH�DQG�FRORXU�KLVWRJUDPV�FDQ

DOUHDG\�IRUP�WKH�EDVLV�IRU�UHWULHYLQJ�LPDJHV�RI�VLPLODU�NLQGV��7KH�GHWHFWLRQ�RI�PRYHPHQWV�FDQ�KHOS�WR

LGHQWLI\�DQG�UHWULHYH�VHTXHQFHV�LQ�ZKLFK�PRYHPHQWV�RFFXU��ZKLFK�DOUHDG\�E\�LWVHOI�FDQ�EH�DQ�DSSOLFD�

WLRQ��DV�LQ�WKH�FDVH�RI�DXWRPDWLF�VXUYHLOODQFH��7KH�UHFRJQLWLRQ�RI�VLPSOH�VKDSHV�FDQ�EH�D�ILUVW�VWHS�LQ

WKH�GLUHFWLRQ�RI�UHFRJQLVLQJ�DQG�LGHQWLI\LQJ�FHUWDLQ�REMHFWV��7KH�SURJUHVV�WKDW�KDV�EHHQ�PDGH�LQ�WKH

DUHD�RI�VHJPHQWDWLRQ��L�H���WKH�LGHQWLILFDWLRQ�RI�VKRWV�RU�HYHQ�VFHQHV��E\�QRZ�DOVR�DOORZV�WR�LGHQWLI\

PRUH�FRPSOH[�VKRW�ERXQGDULHV��DV�WKH\�DUH�IRXQG�LQ�ZLSHV��IDGLQJ�RU�RWKHU�NLQGV�RI�WUDQVLWLRQV�

6HJPHQWDWLRQ�LV�UHOHYDQW�QRW�RQO\�IRU�LGHQWLI\LQJ�WKH�H[WHQVLRQ�RI�D�FRKHUHQW�VHTXHQFH��EXW�DOVR�DQG

DERYH�DOO�IRU�EUHDNLQJ�GRZQ�FRQWLQXRXV�PDWHULDO�LQWR�VWDWLF�RU�VSDWLDO�GLPHQVLRQV�E\�UHSUHVHQWLQJ�VXFK

VKRWV�WKURXJK�RQH�VLQJOH�SLFWXUH��,Q�WKH�VLPSOHVW�FDVH��WKLV�LV�W\SLFDOO\�DFKLHYHG�E\�NH\�IUDPH

H[WUDFWLRQ��ZKHUH�RQH�VLJQLILFDQW�IUDPH�LV�WDNHQ�WR�UHSUHVHQW�RQH�VKRW��+RZHYHU��WKHUH�DUH�DJDLQ�DOVR

PXFK�PRUH�FRPSOH[�W\SHV�RI�UHSUHVHQWDWLRQ�EXLOGLQJ�RQ�PRVDLFLQJ��ZKHUH�WKH�FDPHUD�VZHHS�RI�DQ

HQWLUH�VKRW�LV�SXW�WRJHWKHU�LQWR�RQH�VWDWLF�SDQRUDPLF�SLFWXUH�



%HVLGHV�DOO�WKLV�SURJUHVV��WKHUH�DSSHDU�WR�EH�VWLOO�WZR�PDMRU�XQVROYHG�SUREOHPV�LQ�WKH�EURDG�VFDOH

LQGH[LQJ�DQG�UHWULHYDO�RI�YLGHR�PDWHULDO�RQ�WKH�EDVLV�RI�WKH�GHVFULEHG�WHFKQRORJLHV��YL]����D��LPDJH�DQG

YLGHR�SURFHVVLQJ�LV�VWLOO�IDU�DZD\�IURP�XQGHUVWDQGLQJ�WKH�FRQWHQW�RI�D�SLFWXUH�LQ�WKH�VHQVH�RI�D

NQRZOHGJH�EDVHG�XQGHUVWDQGLQJ��DQG��E��WKHUH�LV�QR�HIIHFWLYH�TXHU\�ODQJXDJH��LQ�WKH�ZLGHU�VHQVH��IRU

VHDUFKLQJ�LPDJH�DQG�YLGHR�GDWDEDVHV��,Q�D�FHUWDLQ�VHQVH��WKHVH�WZR�SUREOHPV�DUH�UHDOO\�WZR�VLGHV�RI�WKH

VDPH�LVVXH��OHDYLQJ�DVLGH�DOO�WKH�SKLORVRSKLFDO�LQWULFDFLHV�DVVRFLDWHG�ZLWK�WKLV�TXHVWLRQ��WKHUH�LV�VLPSO\

QR�HVFDSH�IURP�WKH�IDFW�WKDW�KXPDQ�ODQJXDJH�SOD\V�D�FHQWUDO�UROH�LQ�UHSUHVHQWLQJ��H[SUHVVLQJ�DQG�DOVR

SURFHVVLQJ�NQRZOHGJH��2QH�RI�WKH�FUXFLDO�FRQVHTXHQFHV�RI�WKLV�VWDWH�RI�WKH�DUW�LV��RI�FRXUVH��WKDW�VR�IDU

IRU�LPDJH�DQG�YLGHR�REHFWV��LQGH[LQJ�DQG�UHWULHYDO�LV�VWLOO�SUDFWLFDOO\�LPSRVVLEOH�ZLWKRXW�WKH

LQWHUYHQWLRQ�RI�LQWHUSUHWDWLRQ�E\�D�KXPDQ�ZKR�XQGHUVWDQGV�WKH�DXGLR�YLVXDO�FRQWHQW�DQG�GHVFULEHV�LW�LQ

WKH�IRUPDW�RI�D�KXPDQ�ODQJXDJH��ZKLFK�WKHQ�FDQ�VHUYH�DV�WKH�SODWIRUP�IRU�ODQJXDJH�EDVHG�VHDUFK�DQG

UHWULHYDO�

7R�WDFNOH�WKH�SUREOHP�RI�DXWRPDWLF�GLVFORVXUH�DQG�UHWULHYDO�RI�DXGLR�YLVXDO�PDWHULDO��WKH�WZR�(8�

IXQGHG�SURMHFWV�323�(<(
�

�DQG�2/,9(�
�

DUH�WKHUHIRUH�WU\LQJ�WR�H[SORLW�WKH�OLQJXLVWLF�LQIRUPDWLRQ

DVVRFLDWHG�ZLWK�VXFK�GDWD��7KH\�DUH�ERWK�EXLOGLQJ�RQ�KXPDQ�ODQJXDJH�DV�WKH�PHGLD�LQWHUOLQJXD�

PDNLQJ�WKH�DVVXPSWLRQ�WKDW��DV�ORQJ�DV�WKHUH�LV�QR�SRVVLELOLW\�WR�FDUU\�RXW�ERWK�D�EURDG�VFDOH

UHFRJQLWLRQ�RI�YLVXDO�REMHFWV�DQG�DQ�DXWRPDWLF�PDSSLQJ�IURP�VXFK�REMHFWV�WR�OLQJXLVWLF�UHSUHVHQWD�

WLRQV��WKH�GHWDLOHG�FRQWHQW�RI�YLGHR�PDWHULDO�LV�EHVW�GLVFORVHG�WKURXJK�WKH�OLQJXLVWLF�FRQWHQW�DVVRFLDWHG

ZLWK�WKH�LPDJHV���,Q�WKH�FDVH�RI�323�(<(��ZKLFK�ZDV�ODXQFKHG�DW�D�WLPH�ZKHQ�SUDFWLFDOO\�RQO\

ZULWWHQ�PDWHULDO�FRXOG�EH�UHOLDEO\�SURFHVVHG��WKH�SULPH�OLQJXLVWLF�GDWD�ZHUH�VXEWLWOHV��FORVH�RU�RSHQ

FDSWLRQV��DVVRFLDWHG�ZLWK�YLGHRV��2/,9(��PRUH�RU�OHVV�D�IROORZ�XS�SURMHFW��H[WHQGV�WKH�UDQJH�RU

YDULHW\�RI�OLQJXLVWLF�GDWD�DQG�IRFXVHV�RQ�VSHHFK�WHFKQRORJ\�SURFHVVLQJ�RI�WKH�VRXQG�WUDFN��EXW�DOVR

WDNHV�LQWR�DFFRXQW�RWKHU�OLQJXLVWLF�PDWHULDO�DVVRFLDWHG�ZLWK�YLGHR�GRFXPHQWV��%RWK�SURMHFWV�PDNH�WKH

DVVXPSWLRQ�WKDW�ZKLOH�ZH�KDYH�QR�DFFHVV�WR�WKH�YLVXDO�FRQWHQW�GLUHFWO\��RQH�VKRXOG�DW�OHDVW�PDNH�XVH�RI

WKH�OLQJXLVWLF�FRQWHQW�RI�YLGHR�GDWD��ZKLFK�PD\�DOVR�SURYLGH�D�GLUHFW�RU�LQGLUHFW�UHIOHFWLRQ�RI�WKH�YLVXDO

FRQWHQW��&OHDUO\�WKLV�FDQQRW�SURYLGH�D�XQLYHUVDO�VROXWLRQ�IRU�WKH�SUREOHP�RI�DXWRPDWLF�GLVFORVXUH�DQG

UHWULHYDO��EXW�DW�OHDVW�LW�FDQ�FRQWULEXWH�WR�WKH�DXWRPDWLF�FDSWXULQJ�RI��DV�PXFK�RI�WKH�LQIRUPDWLRQ�DV�LV

SRVVLEOH�E\�WKH�VWDWH�RI�WKH�DUW�

7KH�PDLQ�REMHFWLYH�RI�WKHVH�SURMHFWV�LV�WKXV�WR�GHYHORS�D�UDGLR�DQG�YLGHR�DUFKLYLQJ�DQG�UHWULHYDO�WRRO

WKDW�ZLOO�IDFLOLWDWH�HIILFLHQW�DFFHVV�WR�ODUJH�OLEUDULHV�RI�DXGLR�YLVXDO�PDWHULDO��,Q�RUGHU�WR�DOORZ�D

GHWDLOHG�UHWULHYDO��WKH�LQGLFHV�WKDW�DUH�EXLOW�IURP�WKH�DVVRFLDWHG�OLQJXLVWLF�PDWHULDO�DUH�UHODWHG�WR�WLPH�

FRGHV�ZKHQHYHU�WKLV�LV�SRVVLEOH��L�H���WKH\�SRLQW�WR�SDUWLFXODU�IUDPHV�RU�VKRWV�LQ�WKH�YLGHR�UDWKHU�WKDQ�WR

WKH�YLGHR�DV�D�ZKROH��:KLOH�VXEWLWOHV�WKHPVHOYHV�DOUHDG\�SURYLGH�D�WLPH�FRGHG�WH[WXDO�EDVLV��ZKLFK

RQO\�KDV�WR�EH�LQGH[HG�DSSURSULDWHO\��VXFK�D�WH[WXDO�EDVLV�KDV�WR�EH�FUHDWHG�LQ�WKH�FDVH�RI�VSRNHQ�LQSXW

PDWHULDO�WKURXJK�DXWRPDWLF�VSHHFK�UHFRJQLWLRQ��7KXV��LQ�WKH�2/,9(�SURMHFW�D�SURWRW\SH�LV�GHYHORSHG

DQG�WHVWHG�ZKLFK�DXWRPDWLFDOO\�SDUWLWLRQV�WKH�DXGLR�FKDQQHO�DQG�WUDQVFULEHV�WKH�VSHHFK�SRUWLRQV

SURGXFLQJ�D�WLPH�FRGHG�RUWKRJUDSKLF�WUDQVFULSWLRQ��)URP�WKH�WUDQVFULSW�DQ�LQGH[�RI�DSSURSULDWH�WHUPV

LV�GHULYHG�ZLWK�HDFK�SKUDVH�EHLQJ�OLQNHG�WR�VSHFLILF�WLPH�SRLQWV�RI�WKH�YLGHR�SURJUDPPH��7KLV�SURFHVV

LV�FRPSOHPHQWHG�E\�HPSOR\LQJ�YDULRXV�DOLJQPHQW�WHFKQLTXHV�IRU�GUDZLQJ�LQWR�DFFRXQW�RWKHU�WH[WXDO

PDWHULDO��ZKLFK�LV�QRW�WLPH�FRGHG�\HW��EXW�ZKLFK�FDQ�EH�EURXJKW�LQWR�D�UHODWLRQ�ZLWK�WKH�WLPH�FRGHG

PDWHULDO��)RU�WKH�UHWULHYDO�SDUW��WRROV�DUH�GHYHORSHG�ZKLFK�VXSSRUW�XVHUV�LQ�VHDUFKLQJ�IRU�PDWHULDO�YLD

QDWXUDO�ODQJXDJH�TXHULHV��LQFOXGLQJ�FURVV�OLQJXDO�DFFHVV�EDVHG�RQ�RIIOLQH�PDFKLQH�WUDQVODWLRQ�RI�WKH

DUFKLYHG�GRFXPHQWV�RU�DOWHUQDWLYHO\�RQOLQH�TXHU\�WUDQVODWLRQ�

7KH�FRQVRUWLD�DUH�FRPSULVHG�RI�XVHUV�DQG�WHFKQRORJ\�SURYLGHUV�DQG�LQWHJUDWRUV��7KH�SULPDU\�XVHUV�DUH

EURDGFDVW�RUJDQLVDWLRQV��$57(��%571��6:5��DQG�7526���D�QDWLRQDO�DXGLR�YLGHR�DUFKLYH��,1$��DQG

�����������������������������������������������������
1Pop-Eye is a EU-funded project within the Telematics Application Programme, sector Language Engineering
(LE-4234). Duration: 1997-1998.
2 Olive is a EU-funded project within the Telematics Application Programme, sector Language Engineering (LE-
8364). Duration: Spring 1998- Summer 2000.



D�ODUJH�VHUYLFH�SURYLGHU�IRU�EURDGFDVWLQJ�DQG�79�SURGXFWLRQV��12%���7HFKQRORJ\�SURYLGHUV�LQFOXGH

712��WKH�8QLYHUVLW\�RI�7ZHQWH�DQG�').,�IRU�UHWULHYDO�WHFKQRORJ\�DQG�QDWXUDO�ODQJXDJH�SURFHVVLQJ�

/,06,�&156�IRU�VSHHFK�UHFRJQLWLRQ�WHFKQRORJ\��WKH�8QLYHUVLW\�RI�7�ELQJHQ�IRU�HYDOXDWLRQ��DQG�WZR

LQGXVWULDO�FRPSDQLHV��9(&6<6�DQG�9'$��IRU�LQWHJUDWLRQ�DQG�H[SORLWDWLRQ�

7KLV�SDSHU�SUHVHQWV�DQ�RYHUYLHZ�RI�WKH�SURMHFW�JRDOV��ERWK�IURP�WKH�SHUVSHFWLYH�RI�WKH�XVHUV�DQG�WKH

WHFKQRORJ\�GHYHORSHUV��6HFWLRQ���DGGUHVVHV�WKH�XVHU�QHHGV��DQG�6HFWLRQ���GHVFULEHV�WKH�FRUH�KXPDQ

ODQJXDJH�WHFKQRORJLHV�XVHG�IRU�VSHHFK�UHFRJQLWLRQ��LQGH[DWLRQ�DQG�UHWULHYDO��)LQDOO\�LQ�6HFWLRQ���VRPH

PRUH�GHWDLOHG�SURMHFW�LQIRUPDWLRQ�LV�JLYHQ��LQFOXGLQJ�DQ�RYHUYLHZ�RI�WKH�PDMRU�DFKLHYHPHQWV�WKXV�IDU

LQ�WKH�SURMHFWV�DQG�D�VKRUW�GHVFULSWLRQ�RI�WKH�GHPRQVWUDWRUV�WKDW�KDYH�EHHQ�EXLOW�

2 User Needs

7KH�SULPH�WDUJHW�XVHUV�RI�WKH�SURMHFWV�DUH�SURIHVVLRQDOV�ZLWK�DQ�LQWHUHVW�LQ�DQ�HIILFLHQW��GHWDLOHG�DQG

GLUHFW�DFFHVV�WR�WKHLU�YLGHR�DUFKLYHV��)RU�WKH�XVHU�LQVWLWXWLRQV��GLVFORVXUH�RI�YLGHR�PDWHULDO�SOD\V�DQ

LPSRUWDQW�UROH��EH�LW�IRU�WKH�SXUSRVH�RI�UH�EURDGFDVWLQJ�RU�UH�VHOOLQJ�H[LVWLQJ�SURGXFWLRQV��IRU�UH�XVLQJ

SDUW�RI�WKH�PDWHULDO�LQ�QHZ�SURGXFWLRQV�RU�IRU�VXSSRUWLQJ�UHVHDUFK�LQ�YLGHR�GDWDEDVHV��:LWK�ULVLQJ

SURGXFWLRQ�FRVWV��UH�EURDGFDVWLQJ�LV�DQ�LPSRUWDQW�PHDQV�RI�ZULWLQJ�RII�WKH�FRVWV�RYHU�WLPH��5H�VHOOLQJ

PDWHULDO��LQ�SDUWLFXODU�DFURVV�FRXQWU\�DQG�ODQJXDJH�ERXQGDULHV��LV�OLNHZLVH�DQ�DGGLWLRQDO�VRXUFH�RI

LQFRPH��ZKLFK�PDNHV�PXOWLOLQJXDO�DFFHVV�WR�DUFKLYHV�D�GHVLUDEOH�IHDXWXUH��5H�XVLQJ�DQG�LQWHJUDWLQJ

H[LVWLQJ�PDWHULDO�FDQ�UHGXFH�WKH�FRVW�IRU�D�QHZ�SURGXFWLRQ�E\�D�IDFWRU�RI����RU�PRUH��(QDEOLQJ�GHWDLOHG

UHVHDUFK�LV�RQH�RI�WKH�PDLQ�IXQFWLRQV�RI�SXEOLF�DXGLR�YLGHR�DUFKLYHV��VXFK�DV�,1$��EXW�FDQ�DOVR�SOD\�D

UROH�IRU�SURGXFHUV�DQG�HGLWRUV�LQ�79�VWDWLRQV�

0RVW�RI�WKHVH�QHHGV�PDNH�LW�YHU\�LPSRUWDQW�WKDW�WKH�XVHUV�RI�WKH�DUFKLYHV�KDYH�GLUHFW�DFFHVV�WR�WKH

FRQWHQW�RI�WKH�YLGHR�PDWHULDO�ZLWKRXW�KDYLQJ�WR�YLHZ�WKH�HQWLUH�GRFXPHQW��7KLV�LPSOLHV�WKDW�LQGH[HV�WR

YLGHRV�KDYH�WR�UHIHU�QRW�MXVW�WR�WKH�YLGHR�SURGXFWLRQ�DV�D�ZKROH��EXW�DOVR�WR�IUDJPHQWV�RI�WKH�PDWHULDO

YLD�WKHLU�WLPH�FRGH�

:KHQ�YLGHR�DUFKLYHV�DUH�GLVFORVHG��WKLV�LV�W\SLFDOO\�FDUULHG�RXW�E\�DUFKLYLVWV�DQG�GRFXPHQWDOLVWV��ZKR

YLHZ�WKH�YLGHR�DQG�LQ�SDUDOOHO�QRWH�LWV�FRQWHQW�WKURXJK�NH\ZRUGV�RU�GHVFULSWLYH�H[SUHVVLRQV�
�

�:KLOH

WKLV�PHWKRG�LV�PD[LPDOO\�SUHFLVH�DQG�GHWDLOHG�IRU�WKH�SXUSRVH�RI�FDSWXULQJ�WKH�YLVXDO�FRQWHQW�RI�D

YLGHR��LW�LV�DOVR�H[WUHPHO\�WLPH�DQG�FRVW�FRQVXPLQJ��)RU�WKH�GHWDLOHG�GLVFORVXUH�RI�D�YLGHR��D�UDWLR�RI

�����FDQ�EH�DVVXPHG��L�H���IRU�RQH�KRXU�YLGHR�XS�WR�ILIWHHQ�KRXUV�RI�GHVFULSWLRQ�WLPH�FDQ�EH�QHFHVVDU\�

,W�LV�TXLWH�FOHDU�WKDW�VXFK�D�YDVW�PDMRULW\�RI�PDWHULDO�FDQQRW�EH�GLVFORVHG�RQ�WKLV�EDVLV�DW�DOO�PHWKRG

FDQ�RQO\�EH�DSSOLHG�WR�VHOHFWHG�SURGXFWLRQV��DQG�WKDW�WKH�YDVW�PDMRULW\�RI�PDWHULDO�FDQQRW�EH�GLVFORVHG

RQ�WKLV�EDVLV�DW�DOO�

7KH�SURMHFWV�DLP�WR�VXSSRUW�VXFK�KXPDQ�DUFKLYLQJ�SURFHVVHV�E\�GHYHORSLQJ�D�V\VWHP�ZKLFK�DXWRPD�

WLFDOO\�SURGXFHV�IXOO�WH[W�LQGH[HV�IURP�D�WUDQVFULSWLRQ�RI�WKH�VRXQG�WUDFN�RI�D�SURJUDPPH��7KLV

LQGH[LQJ�PHWKRG�LV�PHDQW�WR�FRPSOHPHQW�WUDGLWLRQDO�PHWKRGV�E\�RIIHULQJ�DQRWKHU��DQG�LQ�VRPH�FDVHV

DQ�H[FOXVLYH�LQIRUPDWLRQ�FKDQQHO�LQWR�WKH�YLGHR�PDWHULDO�

,Q�DGGLWLRQ�WR�WKH�GHWDLOHG�FRQWHQW�GLVFORVXUH��WKH�V\VWHPV�DOVR�SURYLGH�DFFHVV�WR�WKH�GLJLWLVHG�YLGHR

PDWHULDO�WKURXJK�QHWZRUN�WHFKQRORJ\��VSHFLILFDOO\�ZHE�EURZVLQJ��7KLV�DQVZHUV�WKH�JURZLQJ�GHPDQG

WR�SUHYLHZ�PDWHULDO�UHPRWHO\��EHIRUH�DFWXDOO\�REWDLQLQJ�WKH�PDWHULDO�IURP�WKH�DUFKLYHV��5DWKHU�WKDQ

KDYLQJ�WR�FROOHFW�WKH�PDWHULDO�IRU�EURZVLQJ��D�XVHU�LV�DEOH�WR�TXHU\�D�GLJLWDO�YLGHR�OLEUDU\�IURP�KLV

GHVNWRS��EURZVH�WKURXJK�WKH�UHWXUQHG�GHVFULSWLRQV�DQG�WKHQ�GRZQORDG�DQG�SUH�YLHZ�WKH�UHOHYDQW

VHTXHQFHV��7KH�RYHUDOO�SKLORVRSK\�EHKLQG�WKHVH�VHDUFK�HQYLURQPHQWV�IRU�YLGHR�PDWHULDO�LV�WKDW�WKH

XVHU�FDQ�QDUURZ�GRZQ�KLV�VHDUFK�E\�ILUVW�LQVSHFWLQJ�LQIRUPDWLRQ�LQ�WKH�IRUP�RI�LQGH[�WHUPV��WH[W

SDVVDJHV��WUDQVFULSWLRQV�RU�VXEWLWOHV��VWRU\�ERDUGV�RU�VHTXHQFHV�RI�NH\�IUDPHV��LQ�RUGHU�WR�ILQDOO\�IRFXV

LQ�RQ�WKH�DFWXDO�FRQGHQVH�GDWD�REMHFWV�VXFK�DV�YLGHR�VHTXHQFHV�

�����������������������������������������������������
3 Institutions, which carry out detailed disclosure processes, are for example German ARD TV stations or the
Belgian VRT.



3 Core Technologies

7R�DQVZHU�WKH�SUREOHPV�DQG�GHPDQGV�GHVFULEHG�DERYH��2/,9(�DWWHPSWV�WR�SURYLGH�RQOLQH�DFFHVV�WR

YLGHR�PDWHULDO�RQ�WKH�EDVLV�RI�OLQJXLVWLF�PDWHULDO�DVVRFLDWHG�ZLWK�WKH�YLVXDO�GDWD��7KH�OLQJXLVWLF�GDWD

FRQQHFWHG�ZLWK�D�YLGHR�EDVLFDOO\�FDQ�EH�GLYLGHG�LQWR�WKRVH�ZKLFK�DUH�LQKHUHQWO\�OLQNHG�WR�WKH�WHPSRUDO

GLPHQVLRQ�RI�WKH�YLGHR�DQG�WKRVH�ZKLFK�DUH�QRW��$PRQJ�WKH�IRUPHU�DUH�VXEWLWOHV��ZKLFK�FDUU\�VRPH

LQYLVLEOH�WLPH�FRGH�DQG�RI�FRXUVH�WKH�VSRNHQ�ZRUG�LWVHOI�ZKLFK�LV�WLPH�FRGHG�WKURXJK�WKH�DOLJQPHQW�RI

WKH�VRXQG�WUDFN�ZLWK�WKH�YLGHR�VLJQDO�

2QH�RI�WKH�PDLQ�WHFKQLFDO�WDVNV�WR�EH�IDFHG�LV�WKHUHIRUH�WR�VHJPHQW�DQG�SURFHVV�WKH�OLQJXLVWLF�GDWD�VXFK

WKDW�HDFK�OLQJXLVWLF�H[SUHVVLRQ�ZKLFK�TXDOLILHV�DV�DQ�LQGH[�WHUP�FDQ�EH�GLUHFWO\�DVVRFLDWHG�ZLWK�WKH

WLPH�FRGH�UHIHUULQJ�WR�D�FRUUHVSRQGLQJ�YLGHR�VHTXHQFH��7KLV�LV�WULYLDOO\�DFKLHYHG�LI�WKH�OLQJXLVWLF

H[SUHVVLRQ�LV�DOUHDG\�LQ�D�WLPH�FRGHG�WH[WXDO�IRUPDW��DV�LQ�WKH�FDVH�RI�VXEWLWOHV��)RU�DOO�RWKHU�GDWD��WKH

WLPH�FRGH�DQG�WKH�WH[WXDO�UHSUHVHQWDWLRQ�KDV�WR�EH�GHULYHG��6SHHFK�UHFRJQLWLRQ��GHYHORSHG�LQ�2/,9(

IRU�)UHQFK�DQG�*HUPDQ���ZKLFK�LV�EHLQJ�XVHG�WR�DXWRPDWLFDOO\�JHQHUDWH�WLPH�FRGHG�WUDQVFULSWLRQV�RI

WKH�VRXQG�WUDFN��LV�WKHUHIRUH�RQH�RI�WKH�FRUH�WHFKQRORJLHV�WR�SURYLGH�WKH�QHFHVVDU\�LQIRUPDWLRQ�

)RU�QRQ�WLPH�FRGHG�WH[WV��VXFK�DV�VFULSWV��PDQXDO�WUDQVFULSWLRQV�SURGXFHG�IRU�WUDQVODWLRQ�RU�VXEWLWOLQJ�

D�WLPH�FRGLQJ�LV�EHLQJ�GHULYHG�E\�DXWRPDWLF�DOLJQPHQW�ZLWK�WKH�WLPH�FRGHG�GDWD��6LQFH�QRQ�WLPH

FRGHG�GDWD�W\SLFDOO\�FRQVLVWV�RI�PDQXDOO\�SURGXFHG�DQG�FRQWUROOHG�WH[WXDO�PDWHULDO��WKH�TXDOLW\�RI�WKH

LQGH[�WHUPV�IURP�VXFK�GDWD�FRXOG�HYHQ�EH�PRUH�UHOLDEOH�WKDQ�WKH�RQH�GHULYHG�IURP�VSHHFK

WUDQVFULSWLRQV�

7KH�UHWULHYDO�IXQFWLRQDOLW\�LV�EXLOGLQJ�RQ�VRPH�RI�WKH�FRUH�IXQFWLRQV�RI�D�VHDUFK�HQJLQH�ZKRVH�YHU\

ILUVW�IRXQGDWLRQV�ZHUH�GHYHORSHG�LQ�WKH�7ZHQW\�2QH�SURMHFW��KWWS���WZHQW\RQH�WSG�WQR�QO����7KLV�VHDUFK

HQJLQH�LV�GHVFULEHG�LQ�PRUH�GHWDLO�EHORZ��7R�VXSSRUW�FURVV�OLQJXDO�VHDUFK�DQG�UHWULHYDO��GLIIHUHQW

DSSURDFKHV�DUH�SXUVXHG��VXFK�DV�HPSOR\LQJ�WUDQVODWLRQ�WHFKQRORJ\�IRU�RIIOLQH�GRFXPHQW�WUDQVODWLRQ

ZKHUH�WKH�WUDQVODWHG�GRFXPHQWV�VHUYH�DV�WKH�EDVLV�IRU�LQGH[LQJ��DQG�IRU�RQOLQH�WUDQVODWLRQ�RI�TXHU\

WHUPV�ZKHUH�WKH�WUDQVODWHG�TXHU\�LV�WKHQ�PDWFKHG�DJDLQVW�DQ�LQGH[�EXLOG�IURP�WKH�WH[W�LQ�WKH�RULJLQDO

ODQJXDJH�

3.1 Speech Recognition

7R�DGGUHVV�WKH�YDULRXV�XVHU�QHHGV��2/,9(�VXSSRUWV�GLIIHUHQW�WUDQVFULSWLRQ�PRGHV��VHJPHQWDWLRQ�

JXLGHG�DQG�IXOO\�DXWRPDWLF�WUDQVFULSWLRQ��)RU�WKH�VHJPHQWDWLRQ�WDVN��D�SHUIHFW�WUDQVFULSWLRQ�RI�WKH

VSRNHQ�GDWD�LV�DVVXPHG��DQG�WKLV�WUDQVFULSW�LV�WLPH�DOLJQHG�ZLWK�WKH�DFRXVWLF�VLJQDO��+RZHYHU��H[LVWLQJ

WUDQVFULSWV�DUH�XQOLNHO\�WR�EH�H[DFW�WUDQVFULSWV�RI�ZKDW�ZDV�VDLG�DQG�RU�PD\�RQO\�EH�SDUWLDO�WUDQVFULSWV�

ZKLFK�FDQ�EH�XVHG�WR�JXLGH�WKH�VHDUFK�GXULQJ�UHFRJQLWLRQ��ZKDW�FDQ�EH�TXDOLILHG�DV�LQIRUPHG�VSHHFK

UHFRJQLWLRQ��7KH�WLPH�FRGHV�SURGXFHG�E\�WKH�VSHHFK�UHFRJQL]HU�FDQ�EH�XVHG�WR�DOLJQ�WKH�K\SRWKHVL]HG

WUDQVFULSWLRQ�ZLWK�WKH�WH[W�RI�WKH�RULJLQDO�GRFXPHQW�

)XOO\�DXWRPDWLF�WUDQVFULSWLRQ�LV�SURYLGHG�E\�WKH�VWDWH�RI�WKH�DUW�VSHHFK�UHFRJQL]HU�GHYHORSHG�DW�/,06,

>KXE�\����FDFP��@��7KLV�UHFRJQL]HU�PDNHV�XVH�RI�FRQWLQXRXV�PL[WXUH�GHQVLW\�+00V�IRU�DFRXVWLF

PRGHOLQJ��FRPELQHG�ZLWK�D���N�ZRUG�IRXU�JUDP�ODQJXDJH�PRGHO��'HFRGLQJ�LV�FDUULHG�RXW�LQ�PXOWLSOH

SDVVHV��LQFRUSRUDWLQJ�FOXVWHU�EDVHG�WHVW�VHW�DFRXVWLF�DGDSWDWLRQ��&RQILGHQFH�VFRUHV�DUH�DVVRFLDWHG�ZLWK

HDFK�K\SRWKHVL]HG�ZRUG�WR�DOORZ�IXUWKHU�SURFHVVLQJ�VWHSV�WR�WDNH�LQWR�DFFRXQW�WKH�UHOLDELOLW\�RI�WKH

FDQGLGDWHV�

3ULRU�WR�ZRUG�UHFRJQLWLRQ��WKH�DFRXVWLF�VLJQDO�LV�SDUWLWLRQHG�LQWR�KRPRJHQRXV�VHJPHQWV��DQG

DSSURSULDWH�ODEHOV�DUH�DVVRFLDWHG�ZLWK�WKH�VHJPHQWV�>LFVOS��@��7KLV�SDUWLWLRQLQJ�DOJRULWKP�ILUVW�GHWHFWV

�DQG�UHMHFWV��QRQ�VSHHFK�VHJPHQWV�XVLQJ�*DXVVLDQ�PL[WXUH�PRGHOV��*00V���$Q�LWHUDWLYH�PD[LPXP

OLNHOLKRRG�VHJPHQWDWLRQ�FOXVWHULQJ�SURFHGXUH�LV�WKHQ�DSSOLHG�WR�WKH�VSHHFK�VHJPHQWV�XVLQJ�*00V�DQG

DQ�DJJORPHUDWLYH�FOXVWHULQJ�DOJRULWKP��7KH�UHVXOW�RI�WKH�SDUWLWLRQLQJ�SURFHVV�LV�D�VHW�RI�VSHHFK

VHJPHQWV�ZLWK�FOXVWHU��JHQGHU�DQG�WHOHSKRQH�ZLGHEDQG�ODEHOV�

7KH�VSHHFK�UHFRJQL]HU�>KXE�\��@�XVHV�FRQWH[W�GHSHQGHQW�WULSKRQH�EDVHG�SKRQH�PRGHOV��ZKHUH�HDFK

SKRQH�PRGHO�LV�D�WLHG�VWDWH�OHIW�WR�ULJKW�&'�+00V�ZLWK�*DXVVLDQ�PL[WXUHV�DQG�WKH�WLHG�VWDWHV�DUH

REWDLQHG�E\�PHDQV�RI�D�SKRQHPLF�GHFLVLRQ�WUHH��:RUG�UHFRJQLWLRQ�LV�SHUIRUPHG�LQ�WKUHH�VWHSV��LQLWLDO



K\SRWKHVLV�JHQHUDWLRQ��ZRUG�JUDSK�JHQHUDWLRQ��DQG�ILQDO�K\SRWKHVLV�JHQHUDWLRQ��7KH�LQLWLDO�K\SRWKHVHV

DUH�XVHG�IRU�FOXVWHU�EDVHG�DFRXVWLF�PRGHO�DGDSWDWLRQ��ZKLFK�DLPV�WR�UHGXFH�WKH�PLVPDWFK�EHWZHHQ�WKH

PRGHOV�DQG�WKH�GDWD��D�FULWLFDO�VWHS�IRU�JHQHUDWLQJ�DFFXUDFWH�ZRUG�JUDSKV�

7DNLQJ�DGYDQWDJH�RI�WKH�FRUSRUD�DYDLODEOH�WKURXJK�WKH�/'&��WKH�VSHHFK�UHFRJQL]HU�>KXE�\���LFVOS��@

ZDV�ILUVW�GHYHORSHG�DQG�WHVWHG�RQ�$PHULFDQ�(QJOLVK��7KH�DFRXVWLF�PRGHOV�DUH�WUDLQHG�RQ�����KRXUV�RI

WUDQVFULEHG�DXGLR�GDWD��ZLWK�WKH�ODQJXDJH�PRGHOV�WUDLQHG�RQ����0�ZRUGV�EURDGFDVW�QHZV

WUDQVFULSWLRQV�DQG����0�ZRUGV�RI�QHZVSDSHU�DQG�QHZVZLUH�WH[WV��8VLQJ�DERXW����KRXUV�RI�EURDGFDVW

GDWD�FROOHFWHG�LQ�2/,9(�IRU�HDFK�ODQJXDJH��/,06,�KDV�SRUWHG�LWV�$PHULFDQ�(QJOLVK�V\VWHP�WR�)UHQFK

DQG�*HUPDQ�

([SHULPHQWV�ZLWK�����KRXUV�RI�XQUHVWULFWHG�EURDGFDVW�QHZV�GDWD�LQGLFDWH�WKDW�ZRUG�HUURU�UDWHV�DURXQG

����DUH�REWDLQHG�IRU�$PHULFDQ�(QJOLVK��PHDVXUHG�RQ�D�UHSUHVHQWDWLYH����KRXU�VXEVHW���([SHULPHQWV

RQ�DERXW���KRXUV�RI�)UHQFK�DQG�*HUPDQ�EURDGFDVW�QHZV�GDWD�LQGLFDWH�WKDW�WKH�ZRUG�HUURU�UDWHV�DUH

VOLJKWO\�KLJKHU��DERXW�������ZKLFK�FDQ�EH�H[SHFWHG�DV�WKHVH�ODQJXDJHV�DUH�PRUH�KLJKO\�LQIOHFWHG�WKDQ

(QJOLVK��DQG�OHVV�WUDLQLQJ�GDWD�DUH�DYDLODEOH��+RZHYHU��LW�KDV�WR�EH�NHSW�LQ�PLQG��WKDW�IRU�WKH�SXUSRVH

RI�LQGH[LQJ�DQG�UHWULHYDO�SHUIHFW�ZRUG�UHFRJQLWLRQ�LV�QRW�QHFHVVDU\��VLQFH�QRW�HYHU\�ZRUG�ZLOO�KDYH�WR

PDNH�LW�LQWR�WKH�LQGH[��DQG�QRW�HYHU\�H[SUHVVLRQ�LQ�WKH�LQGH[�LV�OLNHO\�WR�EH�TXHULHG��5HVHDUFK�LQWR�WKH

GLIIHUHQFHV�EHWZHHQ�WH[W�UHWULHYDO�DQG�VSRNHQ�GRFXPHQW�UHWULHYDO�LQGLFDWHV�WKDW�JLYHQ�WKH�FXUUHQW�OHYHO

RI�SHUIRUPDQFH�RI�LQIRUPDWLRQ�UHWULHYDO�WHFKQLTXHV��UHFRJQLWLRQ�HUURUV�GR�QRW�DGG�QHZ�SUREOHPV�IRU

WKH�UHWULHYDO�WDVN�>PD\E���FDFP��@�

3.2 Alignment of non-time-coded text

%HVLGHV�WLPH�FRGHG�WH[WV�FRPLQJ�IURP�VXEWLWOHV�RU�VSHHFK�UHFRJQLWLRQ��IRU�PDQ\�SURJUDPV�WKHUH�LV�DOVR

D�ULFK�VRXUFH�RI�QRQ�WLPH�FRGHG�WH[WV�DYDLODEOH��7KHVH�WH[WV�FDQ�EH�WKH�GLUHFW�RU�LQGLUHFW�UHVXOW�RI�WKH

SURGXFWLRQ�LWVHOI��VXFK�DV�VFULSWV��DXWRFXH�ILOHV�RU�PDQXDO�WUDQVFULSWLRQV�SURGXFHG�IRU�WUDQVODWLRQ��EXW

WKH�WH[WV�FDQ�DOVR�FRPH�IURP�RWKHU�VRXUFHV��DV�IRU�LQVWDQFH�SUHVV�UHOHDVHV�RU�UHYLHZV�

6LQFH�QRQ�WLPH�FRGHG�GDWD�W\SLFDOO\�FRQVLVWV�RI�PDQXDOO\�SURGXFHG�DQG�FRQWUROOHG�WH[WXDO�PDWHULDO�

WKH�TXDOLW\�RI�WKH�LQGH[�WHUPV�IURP�VXFK�GDWD�FRXOG�HYHQ�EH�PRUH�UHOLDEOH�WKDQ�WKH�RQH�GHULYHG�IURP

DXWRPDWLF�VSHHFK�UHFRJQLWLRQ��7KH�2/,9(�DOLJQPHQW�PRGXOH�GHULYHV�D�WLPH�FRGLQJ�IRU�WKHVH�WH[WV�E\

DXWRPDWLFDOO\�DOLJQLQJ�WKHP�ZLWK�WKH�WLPH�FRGHG�RXWSXW�RI�VSHHFK�UHFRJQLWLRQ��7KH�UHVXOWV�RI

DOLJQPHQW�FDQ�EH�XVHG�WR�UHSODFH�WKH�LPSHUIHFW�RXWSXW�RI�DXWRPDWLF�VSHHFK�UHFRJQLWLRQ�RU�RWKHUZLVH�WR

FRPSOHPHQW�WKH�RXWSXW�RI�VSHHFK�UHFRJQLWLRQ��8VHUV�PD\�ZDQW�FKRRVH�WKH�IRUPHU�RSWLRQ�LI�WKH�QRQ�

WLPH�FRGHG�WH[W�LV�D�PDQXDO�WUDQVFULSWLRQ�RI�WKH�SURJUDP�DQG�WKH�ODWWHU�RSWLRQ�IRU�UHODWHG�WH[WV�

)RU�WKH�GHYHORSPHQW�RI�WKH�DOLJQPHQW�PRGXOH��VHYHUDO�VWDWLVWLFV��DQG�KHXULVWLFV�EDVHG�DSSURDFKHV�ZHUH

WHVWHG�XVLQJ��IRU�H[DPSOH��FKDUDFWHU�IUHTXHQFLHV��ZRUG�IUHTXHQFLHV�DQG�VWRS�OLVWV�>VOXLV��@��3UHOLPLQDU\

WHVWV�ZLWK�DOLJQPHQW�FRXOG�QRW�EH�SHUIRUPHG�RQ�WKH�DFWXDO�RXWSXW�RI�VSHHFK�UHFRJQLWLRQ��EHFDXVH�WKLV

GDWD�ZRXOG�RQO\�EH�DYDLODEOH�QHDU�WKH�HQG�RI�WKH�2/,9(�SURMHFW��,Q�ODFN�RI�WKLV�GDWD��DOLJQPHQW�ZDV

WHVWHG�XVLQJ�WLPH�FRGHG�FORVHG�FDSWLRQ�VXEWLWOH�ILOHV�RI�QHZV�EURDGFDVWV�SURYLGHG�E\�RQH�RI�WKH�XVHUV�

,Q�D�ILUVW�HYDOXDWLRQ��DXWRFXH�ILOHV�UHIHUULQJ�WR�WKH�VDPH�SURJUDPV�DV�WKH�VXEWLWOH�ILOHV�ZHUH�DOLJQHG�WR

WKH�WLPH�FRGHG�VXEWLWOH�ILOHV��7KH�DXWRFXH�ILOHV�LQ�WKHVH�WHVWV�VHUYH�DV�QHDU�SHUIHFW�PDQXDO

WUDQVFULSWLRQV�RI�WKH�SURJUDP�WKDW�FRXOG�EH�XVHG�WR�UHSODFH�WKH�UHVXOWV�RI�VSHHFK�UHFRJQLWLRQ��7KH

HYDOXDWLRQ�VKRZHG�WKDW�DQ�DYHUDJH�SHUIRUPDQFH�RI������SUHFLVLRQ�DQG������UHFDOO�RQ�PDQXDOO\

DOLJQHG�WHVW�GDWD��7KH�XVH�RI�DGGLWLRQDO�KHXULVWLFV�WKDW�WDNH�LQWR�DFFRXQW�WKH�VXFFHVVIXO�DOLJQPHQWV�IRU

VXUURXQGLQJ�VHQWHQFHV�FRXOG�LPSURYH�WKH�UHFDOO�XS�WR������UHGXFLQJ�WKH�SUHFLVLRQ�RQO\�WR������

,Q�D�VHFRQG�WHVW�WKH�WLPH�FRGHV�ZHUH�UHPRYHG�IURP�FORVHG�FDSWLRQ�ILOHV�EHORQJLQJ�WR�QHZV�SURJUDPV

WKDW�ZHUH�EURDGFDVW�RQ�WKH�VDPH�GD\�DV�WKH�SURJUDPV�RI�WKH�WLPH�FRGHG�VXEWLWOH�ILOHV��7KH�UHVXOWLQJ

QRQ�WLPH�FRGHG�VXEWLWOH�ILOHV�VHUYH�DV�UHODWHG�PDWHULDO��7KH\�EHORQJ�WR�SURJUDPV�WKDW�FRYHU�D�ORW�RI�WKH

VDPH�QHZV�HYHQWV��EXW�SRVVLEO\�LQ�D�GLIIHUHQW�RUGHU�DQG�SRVVLEO\�ZLWK�RQH�RU�WZR�LWHPV�WKDW�VKRXOG�QRW

EH�DOLJQHG�DW�DOO��2Q�WKHVH�GDWD�WKH�EDVLF�DOLJQPHQW�DOJRULWKP�DFKLHYHG�D�SUHFLVLRQ�RI������DQG�D

UHFDOO�RI������RQ�DYHUDJH��7KH�XVH�RI�DGGLWLRQDO�KHXULVWLFV�WKDW�WDNH�LQWR�DFFRXQW�VXUURXQGLQJ



DOLJQPHQWV�LPSURYHG�WKH�SHUIRUPDQFH�UHVXOWV�FRQVLGHUDEO\�WR�D�SUHFLVLRQ�RI������DQG�D�UHFDOO�RI�����

RQ�DYHUDJH�

$OWKRXJK�WKH�SLORW�HYDOXDWLRQV�ZHUH�QRW�GRQH�ZLWK�WKH�DFWXDO�RXWSXW�RI�VSHHFK�UHFRJQLWLRQ��LW�LV

QHYHUWKHOHVV�TXLWH�OLNHO\�WKDW�WKH\�DUH�D�UHOLDEOH�LQGLFDWLRQ�RI�WKH�DOLJQPHQW�SHUIRUPDQFH�LQ�WKH�ILQDO

2/,9(�V\VWHP�

3.3 Indexing and Retrieval

7KH�UHWULHYDO�IXQFWLRQDOLW\�HPSOR\HG�EXLOGV�RQ�WHFKQRORJ\�GHYHORSHG�ZLWKLQ�WKH�7ZHQW\�2QH�SURMHFW

ZKLFK�SURGXFHG�WKH�ILUVW�RQ�OLQH�VHDUFK�HQJLQH�LQ�(XURSH�VXSSRUWLQJ�FURVV�ODQJXDJH�UHWULHYDO

�DFFHVVLEOH�VLQFH��������7KH�V\VWHP�VXSSRUWV�WKH�DXWRPDWLF�GLVFORVXUH�RI�LQIRUPDWLRQ�LQ�D

KHWHURJHQHRXV�GRFXPHQW�HQYLURQPHQW��FRYHULQJ�GRFXPHQWV�RI�GLIIHUHQW�W\SHV�DQG�ODQJXDJHV�

7KH�7ZHQW\�2QH�UHWULHYDO�WHFKQRORJ\�ZDV�HYDOXDWHG�RQ�WZR�WDVNV�RI�WKH�LQWHUQDWLRQDO�,5�HYDOXDWLRQ

FRQIHUHQFH�75(&����%RWK�LQ�WKH�PDLQ�WDVN�DQG�LQ�WKH�FURVV�ODQJXDJH�WDVN��WKH�7ZHQW\�2QH�V\VWHP

SHUIRUPHG�DW�WKH�OHYHO�RI�WRGD\¶V�ZRUOG�OHDGLQJ�H[SHULPHQWDO�,5�V\VWHPV��&I��>WUHF��@�

7KH�REMHFWLYH�RI�WKH�7ZHQW\�2QH�V\VWHP�ZDV�WR�GHYHORS�GRPDLQ�LQGHSHQGHQW�WHFKQRORJ\�WR�LPSURYH

WKH�GLVVHPLQDWLRQ�OHYHO�RI�GLJLWLVHG�DQG�QRQ�GLJLWLVHG�PXOWLPHGLD�LQIRUPDWLRQ��,W�KDV�VHW�D�EDVHOLQH�IRU

D�VHULHV�RI�(8�IXQGHG�SURMHFWV�GHYHORSLQJ�PXOWLPHGLD�LQGH[LQJ�WRROV��$Q�DSSOLFDWLRQ�RI�WKH�V\VWHP�LQ

WKH�GRPDLQ�RI�VXVWDLQDEOH�GHYHORSPHQW�FDQ�EH�LQVSHFWHG�DW��KWWS���WZHQW\RQH�WSG�WQR�QO�WZHQW\RQH��&I�

DOVR�>WZOW��@�DQG�>LVGQ��@�

7KH�ODQJXDJH�HOHPHQWV�LQ�WKH�GRFXPHQWV�WR�EH�GLVFORVHG�DUH�WKH�EDVLV�IRU�WKH�DXWRPDWLF�JHQHUDWLRQ�RI

D�WH[W�EDVHG�LQGH[�WKDW�HQDEOHV�WKH�NLQG�RI�IXQFWLRQDOLW\�FRPPRQO\�NQRZQ�DV�IXOO�WH[W�UHWULHYDO��7KLV

SURYLGHV�XVHUV�DFFHVV�WR�LQIRUPDWLRQ�QRW�MXVW�YLD�D�FRQWUROOHG�VHW�RI�VHDUFK�WHUPV��EXW�YLD�DQ\�ZRUG�LQ

WKH�GRFXPHQW��,W�DOORZV�XVHUV�QRW�RQO\�WR�ORRN�IRU�HQWLUH�GRFXPHQWV��EXW�DOVR�IRU�LQIRUPDWLRQ�ZLWKLQ

WKH�GRFXPHQWV�

7KH�UHWULHYDO�V\VWHP�WKXV�FRQVLVWV�RI�WZR�FUXFLDO�VHWV�RI�VRIWZDUH���L��VRIWZDUH�WR�GLVFORVH�PXOWLPHGLD

LQIRUPDWLRQ��LQFOXGLQJ�D�VHULHV�RI�QDWXUDO�ODQJXDJH�SURFHVVLQJ�PRGXOHV�DQG��LL��VRIWZDUH�WR�UHWULHYH

PXOWLPHGLD�LQIRUPDWLRQ��ZLWK�VWDWH�RI�WKH�DUW�EURZVLQJ�DSSOLFDWLRQV��IURP�UHPRWH�RU�ORFDO�VHUYHUV��RU

IURP�D�ORFDO�&'�520��7KH�UHWULHYDO�PRGXOH�FRQWDLQV�D�VHDUFK�NHUQHO�VXSSRUWLQJ�VHYHUDO�TXHU\�PRGHV

DQG�TXHU\�ODQJXDJHV�

7KH�GLVFORVXUH�VXEV\VWHP�EXLOGV�RQ�OLQJXLVWLF�VRIWZDUH�ZKLFK�LQFOXGHV�PRUSKRORJLFDO�DQDO\VLV�DQG

SDUW�RI�VSHHFK�WDJJLQJ��SDUVLQJ��QRXQ�SKUDVH�H[WUDFWLRQ��DQG�WUDQVODWLRQ��7KLV�JRHV�EH\RQG�WKH

DQDO\VLV�SDUWV�RI�VWDQGDUG�IXOO�WH[W�UHWULHYDO�V\VWHPV��LQ�DV�IDU�DV�VXFK�V\VWHPV�RIWHQ�GR�QRW�HYHQ

FRPSULVH�OHPPDWLVDWLRQ�OHW�DORQH�SKUDVDO�VWUXFWXULQJ�LQ�WKHLU�DQDO\VLV�SDUW��7KH�SDUVHU�RXWSXW�FRQVLVWV

RI�D�YHUVLRQ�RI�WKH�RULJLQDO�GRFXPHQW�LQ�ZKLFK�WKH�QRXQ�SKUDVHV��13V��RU�RWKHU�SKUDVDO�XQLWV²ZKLFK

DUH�FRQVLGHUHG�WR�EH�SRWHQWLDO�LQGH[�WHUPV²KDYH�EHHQ�PDUNHG��)RU�WKH�RXWSXW�RI�WKH�VSHHFK

UHFRJQLVHU��OLQJXLVWLF�DQDO\VLV�DQG�VHJPHQWDWLRQ�DW�D�KLJKHU��SKUDVDO��FODXVDO�RU�VHQWHQWLDO��OHYHO�LV

HYHQ�PRUH�LPSRUWDQW��DV�KHUH�WKH�WH[W�W\SLFDOO\�FRQVLVWV�RI�DQ�XQVHJPHQWHG�VWUHDP�RI�ZRUGV��3DUVLQJ

DQG�VWUXFWXUDO�DQDO\VLV�DUH�SUDFWLFDOO\�LQGLVSHQVDEOH�IRU�WKH�UHWULHYDO�RQ�WKH�EDVLV�RI�KLJKHU�PHDQLQJIXO

OLQJXLVWLF�XQLWV�DQG�IRU�WKH�SRVVLELOLW\�WR�SUHVHQW�WR�WKH�XVHU�WKH�UHVXOWV�LQ�VXFK�D�IRUPDW�

7KH�DXWRPDWLFDOO\�DFTXLUHG�WH[W�EDVHG�LQGH[�LV�WKH�OLQN�EHWZHHQ�WKH�GLVFORVXUH�DQG�UHWULHYDO�PRGXOHV

DQG�VXSSRUWV�WKH�UHWULHYDO�RI�WKH�VWRUHG�WH[WXDO�UHSUHVHQWDWLRQV�DQG��IUDJPHQWV�RI��WKH�REMHFWV�OLQNHG�WR

WKH�LQGH[�WHUPV��7KH�V\VWHP�H[SORLWV�ODQJXDJH�DV�D�PHDQV�WR�ILOWHU�DQG�QDUURZ�GRZQ�LQ�VHYHUDO�VWHSV

WKH�VSDFH�RI�SRWHQWLDOO\�UHOHYDQW�WDUJHW�REMHFWV��2QH�RI�WKH�REYLRXV�DGYDQWDJHV�RI�WKLV�VWHSZLVH�SURFHVV

LV�WKDW�WKH�GRZQORDGLQJ�RI�FRQGHQVH�GDWD�REMHFWV�VXFK�DV�LPDJHV��YLGHR�VWUHDPV�RU�VRXQG�WUDFNV�FDQ�EH

SRVWSRQHG�XQWLO�WKHUH�LV�FRQILUPHG�HYLGHQFH�WKDW�WKHUH�LV�D�PDWFK�ZLWK�WKH�DFWXDO�LQIRUPDWLRQ�QHHG�

8QOLNH�LQ�PRVW�RUGLQDU\�UHWULHYDO�V\VWHPV��WKH�LQGH[�LV�DOVR�LQ�PDQ\�RWKHU�UHVSHFWV�QRW�OLPLWHG�WR�DQ

LQGH[�EDVHG�RQ�VLQJOH�ZRUGV�RU�OHPPDWD��,Q�IDFW��LW�LV�D�FRPELQDWLRQ�RI�VHYHUDO�LQGH[HV��FRPSULVLQJ�D

IX]]\�SKUDVH�EDVHG�LQGH[��D�ZHLJKWHG�OHPPD�EDVHG�LQGH[�DQG�D�ELEOLRJUDSKLF�LQGH[��7KURXJK�WKH

SKUDVH�EDVHG�LQGH[��XVHUV�DUH�DOORZHG�WR�TXHU\�WKH�V\VWHP�E\�XVLQJ�QRW�RQO\�VLPSOH�NH\ZRUGV��EXW�DOVR



FRPSOHWH�SKUDVHV��VXFK�DV��³HIIHFWV�RI�DFLG�UDLQ�RQ�IRUHVWV�LQ�WKH�1HWKHUODQGV´��7KH�PDWFKLQJ�EHWZHHQ

TXHU\�WH[W�DQG�LQGH[�FDQ�EH�GRQH�YLD�D�RQH�UXQ�IX]]\�PDWFK�WKDW�UDQNV�GRFXPHQWV�RQ�WKH�EDVLV�RI

VLPLODULW\�DQG�QXPEHU�RI�PDWFKLQJ�SKUDVHV��7KH�LQFRUSRUDWLRQ�RI�D�ZHLJKWHG�OHPPD�EDVHG�LQGH[��WKDW

XVHV�D�VXFFHVVIXO�QHZ�SUREDELOLVWLF�WHUP�ZHLJKWLQJ�DOJRULWKP�GHYHORSHG�DW�WKH�8QLYHUVLW\�RI�7ZHQWH

>WUHF��@��DOORZV�D�XVHU�WR�LPSURYH�WKH�LQLWLDO�UHWULHYDO�UHVXOWV�E\�IHHGLQJ�WKH�PRVW�UHOHYDQW�SDJHV�EDFN

LQWR�WKH�UHWULHYDO�V\VWHP�WR�JHW�VLPLODU�GRFXPHQWV�UHWXUQHG��7KLV�PL[HG�DSSURDFK�KDV�EHHQ�SURYHQ�WR

\LHOG�D�FRQVLGHUDEOH�LPSURYHPHQW�LQ�UHWULHYDO�SHUIRUPDQFH��5HFDOO�SURILWV�IURP�WKH�PRUSKRORJLFDO

DQDO\VLV��LQFOXGLQJ�FRPSRXQG�VSOLWWLQJ��DQG�IX]]\�PDWFKLQJ��6WHS�ZLVH�UHWULHYDO�ZLWK�XVHU�LQWHUDFWLRQ

DQG�UHOHYDQFH�IHHGEDFN�LPSURYHV�SUHFLVLRQ�

2Q�WRS�RI�PRQROLQJXDO�UHWULHYDO��2/,9(�VXSSRUWV�FURVV�ODQJXDJH�LQIRUPDWLRQ�UHWULHYDO��&/,5��

IROORZLQJ�DOVR�WKH�DSSURDFK�GHYHORSHG�ZLWKLQ�7ZHQW\�2QH��)RU�H[DPSOH��YLGHRV�ZLWK�D�*HUPDQ

VRXQGWUDFN�DUH�PDGH�DFFHVVLEOH�YLD�TXHULHV�LQ�DQ\�RI�WKH�ODQJXDJHV�)UHQFK��(QJOLVK��'XWFK�DQG

*HUPDQ��)RU�WKLV�DVSHFW�RI�WKH�UHWULHYDO�IXQFWLRQDOLW\�WZR�RSWLRQV�DUH�GHYHORSHG��RII�OLQH�GRFXPHQW

WUDQVODWLRQ�XVLQJ�FRPPHUFLDO�0DFKLQH�7UDQVODWLRQ��07��VRIWZDUH��VSHFLILFDOO\�WKH�/2*26�07�

VHUYHU���DQG�RQ�OLQH�TXHU\�WUDQVODWLRQ��:KLFK�RSWLRQ�LV�RIIHUHG��GHSHQGV�PDLQO\�RQ�WKH�UHVRXUFHV

DYDLODEOH��H�J��WUDQVODWLRQ�GLFWLRQDULHV��IRU�HDFK�ODQJXDJH�SDLU�

,Q�RUGHU�WR�HYDOXDWH�WKH�YLDELOLW\�RI�LQIRUPDWLRQ�UHWULHYDO�IURP�DXWRPDWLFDOO\�JHQHUDWHG�WUDQVFULSWLRQV�

WKH�UHWULHYDO�SUHFLVLRQ�IURP�ERWK�PDFKLQH�DQG�KXPDQ�FUHDWHG�WUDQVFULSWV�RQ�D�VPDOO�VHW�RI�DXGLR�DQG

YLGHR�GRFXPHQWV�ZDV�PHDVXUHG��7KLV�GDWD��XVHG�LQ�WKH�75(&���6SRNHQ�'RFXPHQW�5HWULHYDO�WUDFN�

FRQWDLQV�DSSUR[LPDWHO\�����KRXUV�RI�UDGLR�DQG�WHOHYLVLRQ�EURDGFDVW�QHZV��8VLQJ�WKH�/,06,�VSHHFK

UHFRJQLVHU�DQG�WKH�712�LQIRUPDWLRQ�UHWULHYDO�V\VWHP��WKH�UHVXOWV�REWDLQHG�RQ�WKLV�GDWD�ZLWK�WKH

PDFKLQH�WUDQVFULSWV��DYHUDJH�SUHFLVLRQ�RI��������DUH�SUHWW\�FRPSDUDEOH�WR�WKRVH�REWDLQHG�ZLWK�WKH

KXPDQ�WUDQVFULSWV��DYHUDJH�SUHFLVLRQ�RI��������

3.4 Cross-language Retrieval

2Q�WRS�RI�PRQROLQJXDO�UHWULHYDO��WKH�SURMHFWV�GHVFULEHG�DOVR�VXSSRUW�FURVV�ODQJXDJH�LQIRUPDWLRQ

UHWULHYDO��&/,5���ZKHUH�FURVV�ODQJXDJH�UHWULHYDO�PHDQV�WKDW�LQIRUPDWLRQ�RULJLQDOO\�DYDLODEOH�LQ�RQH

ODQJXDJH�LV�UHWULHYHG�DV�D�UHVSRQVH�WR�D�TXHU\�LQ�DQRWKHU�ODQJXDJH��7KH�EDVLF�RSWLRQV�DYDLODEOH�IRU

&/,5�DUH�LOOXVWUDWHG�LQ�ILJXUH���



Figure 1 : option for Cross-Language Information Retrieval

7KH�ILUVW�RSWLRQ�ZH�ZLOO�UHIHU�WR�DV�RIIOLQH�GRFXPHQW�WUDQVODWLRQ��7R�RXU�NQRZOHGJH�WKLV�PHWKRG�ZDV

ILUVW�LQFRUSRUDWHG�LQ�D�SXEOLFO\�DFFHVVLEOH�VHDUFK�HQJLQH�LQ�WKH�7ZHQW\�2QH��SURMHFW�
�

�,Q�WKLV�DSSURDFK�

WKH�GRFXPHQWV�LQ�RQH�ODQJXDJH��/���DUH�DXWRPDWLFDOO\�WUDQVODWHG�RIIOLQH�LQWR�DQRWKHU�ODQJXDJH��/���

2Q�WKLV�WUDQVODWHG�GRFXPHQW�EDVH�/���VWDQGDUG�PRQROLQJXDO�,5�WHFKQLTXHV�FDQ�EH�DSSOLHG��L�H����DQ

LQGH[�IRU�/��FDQ�EH�FUHDWHG�ZKLFK�FDQ�WKHQ�EH�DFFHVVHG�YLD�D�TXHU\�LQ�WKH�ODQJXDJH�/���7KLV

GRFXPHQW�EDVH�FRXOG�RI�FRXUVH�DOVR�EH�D�PL[HG�GRFXPHQW�EDVH��ZKLFK�FRQWDLQV�WR�WKH�WUDQVODWHG

GRFXPHQWV�DOVR�RULJLQDO�GRFXPHQWV�RI�/��

7KH�VHFRQG�DSSURDFK�LV�FRPPRQO\�UHIHUUHG�WR�DV�RQOLQH�TXHU\�WUDQVODWLRQ��,Q�WKLV�FDVH�WKH�TXHU\�LQ�WKH

ODQJXDJH�/��RI�WKH�XVHU�LV�WUDQVODWHG�LQWR�D�TXHU\�LQ�WKH�ODQJXDJH�/���7KLV�TXHU\�LV�WKHQ�PDWFKHG

DJDLQVW�DQ�LQGH[�FUHDWHG�IURP�WKH�RULJLQDO�GRFXPHQWV�LQ�/���DQG�WKH�RULJLQDO�GRFXPHQWV�DUH�UHWULHYHG�

2QH�RI�WKH�ILUVW�SURMHFWV�WR�LQFRUSRUDWH��WKLV�DSSURDFK�ZDV�WKH�0XOLQH[�SURMHFW�>0XOLQH[�5HIHUHQFH@�

7KH�WKLUG�RSWLRQ�IRU�SURYLGLQJ�PXOWLOLQJXDO�DFFHVV�EXLOGV�RQ�LQIRUPDWLRQ�H[WUDFWLRQ�DQG�WKH

FRQVWUXFWLRQ�RI�ODQJXDJH�LQGHSHQGHQW�UHSUHVHQWDWLRQV�LQ�WKH�IRUP�RI�LQWHUOLQJXDO�WHPSODWHV�RU�RWKHU

UHODWLRQDO�VWUXFWXUHV��)URP�WKHVH�ODQJXDJH��HLWKHU�WH[WXDO�UHSUHVHQWDWLRQV�LQ�WKH�GLIIHUHQW�ODQJXDJHV�DUH

FUHDWHG�WKURXJK�DXWRPDWLF�PXOWLOLQJXDO�WH[W�JHQHUDWLRQ��RU�WKH�UHSUHVHQWDWLRQV�KDYH�VRPH�RWKHU�GLUHFW

FRUUHVSRQGHQFHV�LQ�WKH�IRUPV�RI�PHQX�LWHPV��7\SLFDOO\��VXFK�LQWHUOLQJXDO�UHSUHVHQWDWLRQV�DUH�TXHULHG

E\�PHDQV�RI�IRUPV�RU�RWKHU�VWUXFWXUHV�ZKLFK�FDQ�EH�PDSSHG�RQWR�WKH�WHPSODWHV��7KLV�DSSURDFK�KDV

�����������������������������������������������������
4 In all of the projects under discussion here, which made use of document translation, i.e., Twenty-One,
Mulinex, Pop-Eye,  OLIVE, and Mietta, the Translation Server of the LOGOS Corporation has been employed.
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EHHQ�UHDOLVHG�IRU�RQH�RI�WKH�ILUVW�WLPHV�LQ�WKH�0LHWWD�SURMHFW��ZKLFK�SURYLGHV�D�FRPELQDWLRQ�RI�FODVV�

EDVHG�TXHU\LQJ�ZLWK�IUHH�WH[W�VHDUFK��LQ�DGGLWLRQ�WR�WKH�FURVVOLQJXDO�VHDUFK�IDFLOLWLHV�EDVHG�RQ�RIIOLQH

GRFXPHQW�WUDQVODWLRQ���>FI��%XLWHODDU�1HWWHU�;X�����@

$OO�RI�WKHVH�RSWLRQV�DUH�UHDOLVHG�LQ�RQH�ZD\�RU�WKH�RWKHU�LQ�WKH�SURMHFWV�XQGHU�GLVFXVVLRQ��3RS�(\H�ZDV

EXLOG�H[FOXVLYHO\�RQ�RIIOLQH�GRFXPHQW�WUDQVODWLRQ��ZKLOH�2/,9(�IRFXVHV�PRUH��EXW�QRW�H[FOXVLYHO\�RQ

TXHU\�WUDQVODWLRQ��$QRWKHU�(8�IXQGHG�PXOWLPHGLD�UHWULHYDO�SURMHFW��0XPLV��ZKLFK�LV�DERXW�WR�EH

ODXQFKHG��ZLOO�UHDOLVH�WKH�WKLUG�DSSURDFK�GHVFULEHG��0XPLV�ZLOO�UHDOLVH�D�GHWDLOHG�GLVFORVXUH�RI�YLGHRV

RI�VRFFHU�PDWFKHV�E\�H[SORLWLQJ�DJDLQ�GLIIHUHQW�VRXUFHV�RI�OLQJXLVWLF�LQIRUPDWLRQ��VXFK�DV�VSRNHQ

FRPPHQWV�WUDQVFULEHG�E\�DXWRPDWLF�VSHHFK�UHFRJQLWLRQ��QHZV�SDSHU�UHSRUWV�RQ�PDWFKHV���RU�RWKHU

NLQGV�RI�PDWHULDO��$OO�RI�WKLV�PDWHULDO�LV�VXEPLWWHG�WR�VRPH�LQIRUPDWLRQ�H[WUDFWLRQ�SURFHVV��ZKRVH

REMHFWLYH�LV�WR�H[WUDFW�WHPSODWHV�RU�IUDPHV�IURP�WKH�WH[W�ZKLFK�GHVFULEH�FHUWDLQ�DFWLRQV�LQ�WKH�JDPH�

7KH�H[WUDFWHG�LQIRUPDWLRQ�LV�WKHQ�VWRUHG�LQ�D�FRQFHSW�OLNH�UHSUHVHQWDWLRQ��ZKLFK�FDQ�EH�VHDUFKHG�LQ

GLIIHUHQW�ODQJXDJHV�WKURXJK�GLUHFW�PDSSLQJV�RI�FRQFHSWV�RQWR�ODQJXDJH�VSHFLILF�WHUPV�

1RZ�WKH�TXHVWLRQ�LV�RI�FRXUVH��ZKLFK�RI�WKHVH�WKUHH�RSWLRQV�SURYLGHV�WKH�EHVW�VROXWLRQ��8QIRUWXQDWHO\

QHLWKHU�WKHUH�LV�QHLWKHU�D�FOHDU�WKHRUHWLFDOO\�QRU�HPSLULFDOO\�IXOO\�VDWLVIDFWRU\�DQVZHU�WR�WKLV�TXHVWLRQ�

,Q�DQ�LGHDO�ZRUOG��ZKHUH�IXOO\�DXWRPDWLF�07�ZRUNV�ZLWK�KLJK�SUHFLVLRQ�DQG�IRU�DOO�ODQJXDJH�SDLUV�

ZKHUH�WKHUH�DUH�QR�VSDFH�DQG�WLPH�OLPLWV��WKH�GRFXPHQW�WUDQVODWLRQ�DSSURDFK�ZRXOG�PRVW�OLNHO\�EH�WKH

LGHDO�VROXWLRQ��,W�UHTXLUHV�WKH�OHDVW�NQRZOHGJH�RI�WKH�IRUHLJQ�ODQJXDJH�IURP�WKH�XVHU��DV�KH�FDQ�ERWK

IRUPXODWH�WKH�TXHU\�LQ�KLV�RZQ�ODQJXDJH�DQG�UHWULHYH�WKH�GRFXPHQW�LQ�WKH�ODQJXDJH�RI�KLV�FKRLFH

LQGHSHQGHQW�RI�WKH�RULJLQDO�ODQJXDJH��,Q�SUDFWLFH��WKH�VROXWLRQ�LV�QRW�TXLWH�DV�LGHDO��1RW�DOO�ODQJXDJH

SDLUV�WKDW�DUH�QHHGHG�DQG�UHTXLUHG�DUH�FRYHUHG�E\�FRPPHUFLDO�07�V\VWHPV��(YHQ�WKH�KLJK�TXDOLW\

V\VWHPV�VWLOO�SURGXFH�RQO\�WUDQVODWLRQV�ZKLFK�DUH�VXLWDEOH�IRU�XQGHUVWDQGLQJ�WKH�ZLGHU�FRQWHQW�RI�WKH

RULJLQDO��7KH�DSSURDFK�UHTXLUHV�WKDW�WKH�GRFXPHQWV�EH�WUDQVODWHG�DQG�WKH�WUDQVODWLRQV�VWRUHG��LI�RQH

ZDQWV�WR�SURYLGH�WKH�WUDQVODWLRQV��DV�DQ�RSWLRQ��WR�WKH�XVHUV��$QG��ZKLFK�PD\�EH�PRVW�FUXFLDO�IURP�WKH

UHWULHYDO�SRLQW�RI�YLHZ��WKH�07�V\VWHP�GHWHUPLQHV�WKH�UHWULHYDO�TXDOLW\��,I�LW�PLVWUDQVODWHV�D�WHUP�DQG�LI

WKLV�PLVWUDQVODWLRQ�LV�LQGH[HG��WKH�XVHU�KDV�SUDFWLFDOO\�QR�SRVVLELOLW\�WR�JHW�EDFN�WR�WKH�RULJLQDO�WHUP

DQG�WKH�RULJLQDO�PHDQLQJ�

4XHU\�WUDQVODWLRQ�DSSURDFKHV��ZKLFK�RIWHQ�VHUYH�PDLQO\�DV�WUDQVODWLRQ�DLGV�WR�WKH�XVHU��GR�QRW�KDYH

WKLV�GLVDGYDQWDJH�7\SLFDOO\�WKH�XVHU�LV�RIIHUHG�D�UDQJH�RI�SRVVLEO\�WUDQVODWLRQV�E\�WKH�V\VWHP��IURP

ZKLFK�KH�FDQ�FKRRVH�WKH�EHVW�WUDQVODWLRQ��RU�HYHQ�DGG�D�WUDQVODWLRQ�LI�KH�LV�XQVDWLVILHG�ZLWK�DOO�RI�WKH

RSWLRQV��7KH�ELJJHVW�GLVDGYDQWDJH�RI�WKH�DSSURDFK�LV�RI�FRXUVH��WKDW�LW�UHTXLUHV�DW�OHDVW�VRPH�SDVVLYH

NQRZOHGJH�RI�WKH�IRUHLJQ�ODQJXDJH�IURP�WKH�XVHU�

7KH�WKLUG�DSSURDFK��XVLQJ�LQIRUPDWLRQ�H[WUDFWLRQ�DQG�PXOWLOLQJXDO�JHQHUDWLRQ��LV�WKH�EHVW�FRQWUROOHG

ZD\�IRU�SURYLGLQJ�PXOWLOLQJXDO�LQIRUPDWLRQ��KRZHYHU�LW�SUREDEO\�DOVR�WKH�PRVW�UHVWULFWHG�RQH��,W�LV

VXLWDEOH�DERYH�DOO�IRU�WKRVH�FRQILJXUDWLRQV�DQG�FRQWH[WV��ZKHUH�WKH�LQIRUPDWLRQ�RI�LQWHUHVW�LV�EHVW

UHSUHVHQWHG�LQ�D�KLJKO\�VWUXFWXUHG�ZD\��DV�LQ�D�UHODWLRQDO�GDWDEDVH��ZKHUH�WKH�UHVSHFWLYH�VWUXFWXUHV�DUH

KLJKO\�UHSHWLWLYH��DQG�ZKHUH�QRW�DOO�RI�WKH�LQIRUPDWLRQ�DYDLODEOH�LV�RI�LQWHUHVW��EXW�RQO\�VHOHFWHG�SDUWV�

7KXV�YLGHR�FRQWHQWV��ZKLFK�DUH�YHU\�GLYHUVLILHG�DUH�SUREDEO\�WKH�PRVW�XQVXLWDEOH�IRU�WKLV�DSSURDFK�

ZKLOH��IRU�H[DPSOH��VRFFHU�JDPHV��ZKHUH�WKH�EDVLF�W\SHV�RI�DFWLRQV�LQ�WKHLU�HVVHQFH�DUH�IDLUO\�OLPLWHG

DQG�DOVR�TXLWH�UHSHWLWLYH��FDQ��EH�PRVW�OLNHO\��GHVFULEHG�E\�IDLUO\�VWDQGDUGLVHG�UHSUHVHQWDWLRQV��ZKLFK

DUH�WKHQ�DOVR�HDVLO\�PDSSHG�RQWR�GLIIHUHQW�ODQJXDJHV��:KHWKHU�WKLV�H[SHFWDWLRQ�FDUULHV�RXW�ZLOO�EH�RQH

RI�WKH�LQWHUHVWLQJ�RXWFRPHV�RI�WKH�0XPLV�SURMHFW�UHIHUUHG�WR�DERYH�

3.5  Inherent Limitations

2EYLRXVO\��WKH�GLVFRXUVH�DQG�OLQJXLVWLF�GDWD�DVVRFLDWHG�ZLWK�D�YLGHR�ZLOO�QRW�DOZD\V�EH�D�GLUHFW

UHIOHFWLRQ�RI�WKH�LPDJHV�DQG�WKH�YLVXDO�FRQWHQW�RI�WKH�YLGHR��,Q�SDUWLFXODU��WKHUH�ZLOO�EH�D�EURDG�UDQJH

RI�YDULDWLRQ�EHWZHHQ�PRUH�GHVFULSWLYH�WH[WV��OLNH�GRFXPHQWDULHV��ZKHUH�WKH�FRPPHQWDU\�UHIHUV�WR�DQG

H[SODLQV�WKH�YLVXDO�FRQWHQW��DQG�SURJUDPPHV�RI�WKH�GUDPD�W\SH��ZKHUH�WKH�GLDORJXH�DQG�GLVFRXUVH

FRPSOHPHQWV�WKH�YLVXDO�FRQWHQW��7KXV��WKH�DSSURDFK�GHVFULEHG�ZLOO�KDYH�VRPH�FOHDU�OLPLWDWLRQV��DQG

IXWXUH�H[SHULHQFH�DQG�HYDOXDWLRQ�ZLOO�KDYH�WR�VKRZ�IRU�ZKDW�W\SH�RI�SURJUDPPHV�WKH�DSSURDFK�LV�PRVW

VXLWDEOH�



4 Screenshots from the OLIVE Lab Model



5 Project Information

2/,9(�LV�IXQGHG�E\�WKH�(XURSHDQ�&RPPLVVLRQ�XQGHU�WKH�7HOHPDWLFV�$SSOLFDWLRQ�3URJUDPPH�LQ�WKH

VHFWRU�/DQJXDJH�(QJLQHHULQJ��ZKLFK�QRZ�WXUQHG�LQWR�WKH�+XPDQ�/DQJXDJH�7HFKQRORJ\�DFWLRQ�OLQH�

7KH�SURMHFW��/(��������VWDUWHG�LQ�$SULO������DQG�ZLOO�ODVW�XQWLO�������7KH�UHVXOWV�WKXV�IDU�FRPSULVH�D

GHWDLOHG�RYHUYLHZ�RI�XVHU�UHTXLUHPHQWV��D�GHWDLOHG�IXQFWLRQDO�GHVLJQ�IRU�WKH�GHPRQVWUDWRU��DQ�XSGDWH�RI

WKH�GDWD�FDSWXUH�WRROV�GHYHORSHG�ZLWKLQ�3RS�(\H�DQG�D�VR�FDOOHG�ODE�PRGHO��ZKLFK�RIIHUV�WKH�SURRI�RI

FRQFHSW�IRU�VSHHFK�EDVHG�YLGHR�UHWULHYDO��7KLV�ODE�PRGHO�FRQWDLQV�D�OLPLWHG�DPRXQW�RI�GLJLWLVHG�YLGHR

PDWHULDO�IURP�DQ�$PHULFDQ�(QJOLVK�QHZV�VKRZ�ZLWK�D�YDULHW\�RI�VSHDNHUV��DQFKRU�PDQ��VWXGLR�JXHVWV

DQG�SHRSOH�FDOOLQJ�LQ�IURP�RXWVLGH�WKH�VWXGLR���7KH�VRXQG�WUDFN�KDV�EHHQ�WUDQVFULEHG�E\�WKH

UHFRJQLWLRQ�WRROV�IRU�$PHULFDQ�(QJOLVK�IURP�/,06,�GHYHORSHG�SUHYLRXVO\�>KXE�\���LFVOS��@��7KH

UHVXOWLQJ�WUDQVFULSWV�KDYH�EHHQ�LQGH[HG�E\�WKH�GLVFORVXUH�PRGXOHV��DQG�WUDQVODWHG�ZLWK�FRPPHUFLDO

07�6RIWZDUH��/2*26���4XHULHV�FDQ�EH�VXEPLWWHG�LQ�)UHQFK��*HUPDQ�DQG�(QJOLVK��DQG�WKH�V\VWHP

UHWXUQV�WKH�UHOHYDQW�SKUDVHV�SOXV�WKH�OLQNV�WR�WKH�UHOHYDQW�IUDJPHQWV�ZKLFK�FDQ�EH�YLHZHG�ZLWK�D�5HDO�

9LGHR�SOXJ�LQ�

7KH�XVHUV�LQ�WKH�2/,9(�FRQVRUWLXP�DUH�WZR�WHOHYLVLRQ�VWDWLRQV��FRPSULVLQJ�$57(��6WUDVERXUJ�

)UDQFH��DQG�7526��+LOYHUVXP��1HWKHUODQGV���DV�ZHOO�DV�WKH�)UHQFK�QDWLRQDO�DXGLR�YLGHR�DUFKLYH�

,1$�,QDWKHTXH�LQ�3DULV��)UDQFH��DQG�12%��D�ODUJH�VHUYLFH�SURYLGHU�IRU�EURDGFDVWLQJ�DQG�79

SURGXFWLRQV��+LOYHUVXP��1HWKHUODQGV���7HFKQRORJ\�GHYHORSPHQW�DQG�V\VWHP�LPSOHPHQWDWLRQ�LQYROYH�

712�73'��'HOIW���WKH�SURMHFW�FR�RUGLQDWRU�VXSSO\LQJ�WKH�FRUH�LQGH[LQJ�DQG�UHWULHYDO�IXQFWLRQDOLW\�

9'$�%9��+LOYHUVXP��EXLOGLQJ�WKH�YLGHR�FDSWXULQJ�VRIWZDUH��WKH�8QLYHUVLW\�RI�7ZHQWH�DQG�WKH�/7

/DE�RI�').,�*PE+�6DDUEU�FNHQ��UHVSRQVLEOH�DPRQJ�RWKHUV�IRU�WKH�QDWXUDO�ODQJXDJH�WHFKQRORJ\�

/,06,�&156��2UVD\��)UDQFH��DQG�9HFV\V�6$��/HV�8OLV��)UDQFH��GHYHORSLQJ�DQG�LQWHJUDWLQJ�WKH

VSHHFK�UHFRJQLWLRQ�PRGXOHV��UHVSHFWLYHO\�



More information about OLIVE, the lab model and links to other relevant projects such as Twenty-One and Pop-
Eye can be found under http://twentyone.tpd.tno.nl/olive.
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