
/HDUQLQJ�EDVHG�2EMHFW�7UDFNLQJ�IRU�7UDQVIHU�7DVNV�LQ�
/DSDURVFRS\�7UDLQLQJ�

.XR�6KLXDQ�3HQJ��0LQVLN�+RQJ��-HU]\�5R]HQEOLW�

(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ��7KH�8QLYHUVLW\�RI�$UL]RQD��7XFVRQ��7KH�8QLWHG�6WDWH�
^NVSHQJ��PVKRQJ��MHU]\U`#HPDLO�DUL]RQD�HGX�

$EVWUDFW��$�UHDO�WLPH��LPDJH�EDVHG�WUDLQLQJ�VFHQDULR�FRPSUHKHQVLRQ�PHWKRG�LV�
SURSRVHG�LQ�WKLV�SDSHU��7KLV�PHWKRG�LV�EHLQJ�GHYHORSHG�WR�VXSSRUW�D�YLVXDO�DQG�
KDSWLF�JXLGDQFH�V\VWHP�IRU�ODSDURVFRSLF�VXUJHU\�VNLOOV�WUDLQLQJ��7KH�WDUJHW�WDVN�
RI�WKH�SURSRVHG�PHWKRG�LV�D�VLPXODWLRQ�PRGHO�RI�D�SHJ�WUDQVIHU�WDVN��ZKLFK�LV�RQH�
RI�WKH�KDQGV�RQ�H[DP�WRSLFV�LQ�WKH�)XQGDPHQWDOV�RI�/DSDURVFRSLF�6XUJHU\�FHUWL�
ILFDWLRQ��$�PDFKLQH�OHDUQLQJ�EDVHG�LPDJH�XQGHUVWDQGLQJ�LV�SURSRVHG�WR�JHQHUDWH�
D�V\VWHP�REMHFW�VWDWH�RI�WKH�SHJ�WUDQVIHU�WDVN�WR�VXSSRUW�WKH�JXLGDQFH�V\VWHP��$Q�
$UWLILFLDO�1HXUDO�1HWZRUN� �$11�� LV� XVHG� WR� GLVFHUQ� WKH� REMHFW� VWDWH� E\� XVLQJ�
ZLWKRXW�WKH�DLG�RI�DQ\�REMHFW�WHPSODWH�RU�PRGHO��

.H\ZRUGV��0HGLFDO�VLPXODWLRQ��VLPXODWLRQ�EDVHG�VXUJLFDO�WUDLQLQJ��ODSDURV�
FRS\��LPDJH�XQGHUVWDQGLQJ��PDFKLQH�OHDUQLQJ��

�� ,QWURGXFWLRQ�

/DSDURVFRSLF�VXUJHU\�LV�D�SRSXODU�WHFKQLTXH��ZKLFK�EHQHILWV�SDWLHQWV�E\�PLQLPDO�LQYD�
VLYHQHVV�DQG�IDVW�UHFRYHU\�WLPH��+RZHYHU��WR�EH�D�ZHOO�WUDLQHG�VXUJHRQ��RQH�QHHGV�H[�
WHQVLYH�SUDFWLFH�LQ�D�VLPXODWHG�HQYLURQPHQW�EHIRUH�RSHUDWLQJ�RQ�SDWLHQWV��$�VLPXODWLRQ�
EDVHG�WUDLQLQJ�GHYLFH��&RPSXWHU�$VVLVWHG�6XUJLFDO�7UDLQHU��&$67��>�@�>�@��KDV�EHHQ�
GHVLJQHG�IRU�ODSDURVFRSLF�VXUJHU\�VNLOOV�WUDLQLQJ��&$67�LV�D�VLPXODWLRQ�EDVHG�WUDLQLQJ�
GHYLFH�ZLWK�YLVXDO�DQG�KDSWLF�JXLGDQFH�UHQGHUHG�WR�LWV�XVHUV���

7KH�)XQGDPHQWDOV�RI�/DSDURVFRSLF�6XUJHU\��)/6��>�@�SURJUDP�ZDV�GHYHORSHG�E\�
WKH�6RFLHW\�RI�$PHULFDQ�*DVWURLQWHVWLQDO�DQG�(QGRVFRSLF�6XUJHRQV��6$*(6���7KLV�SUR�
JUDP�KDV�PXOWLSOH�KDQGV�RQ�H[DPV�IRU�WUDLQHHV�WR�OHDUQ�WKH�EDVLF�ODSDURVFRSLF�VNLOOV��
7KH�ILUVW�KDQGV�RQ�H[DP�LQ�)/6�SURJUDP�LV�WKH�SHJ�WUDQVIHU�WDVN��,Q�D�VLPSOLILHG�VFKHPH��
WUDLQHHV�QHHG�WR�PDQLSXODWH�RQH�LQVWUXPHQW�WR�JUDVS�D�UXEEHU�ULQJ�OLNH�REMHFW��WULDQJOH��
IURP�D�SHJ��FDUU\�WKLV�WULDQJOH�LQ�PLG�DLU��DQG�WKHQ�SODFH�WKH�WULDQJOH�RQ�D�GLIIHUHQW�SHJ�
RQ�WKH�RWKHU�VLGH�RI�WKH�ERDUG��,Q�WKLV�WDVN��&$67�SURYLGHV�WUDLQHHV�YLVXDO�DQG�KDSWLF�
JXLGDQFH�EDVHG�RQ� WKH�V\VWHP�REMHFW¶V� VWDWHV� >�@��hold��move��grasp��carry��put��DQG�
drop���

,Q�WKH�SHJ�WUDQVIHU�WDVN��WKH�LQWXLWLYH�ZD\�WR�GHWHFW�WKH�VWDWH�LV�WR�XVH�LPDJHV�IURP�D�
FDPHUD��7KLV�SURFHVV� LV�RIWHQ�FDOOHG�REMHFW� WUDFNLQJ�>�@�� ,Q� WKLV�SDSHU��ZH�SURSRVH�D�
OHDUQLQJ�EDVHG�REMHFW�WUDFNLQJ��/%27��PHWKRG�ZLWKRXW�XVLQJ�DQ\�REMHFW�WHPSODWH�>�@�
RU�PRGHO�WR�GHWHFW�WKH�REMHFW�VWDWH�RI�WKH�WUDQVIHU�WDVN��
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�� 'HVLJQ�FRQFHSW�DQG�DUFKLWHFWXUH�

7KH�GHVLJQ�FRQFHSW�RI�/%27�LV�GULYHQ�E\�WKH�QHHG�WR�VLPXODWH�WKH�V\VWHP�REMHFW�IRU�
RXU�SUREOHP���7KH�GHWHFWHG�VWDWH� LV�WKH�EDVLV�RI�WKH�YLVXDO�DQG�KDSWLF�JXLGDQFH�RI�WKH�
&$67�V\VWHP��/%27�SURYLGHV�UHDO�WLPH�LPSOHPHQWDWLRQ�RI�WKH�VWDWH�GHWHFWLRQ���
7KH�V\VWHP�LV�FRPSRVHG�RI�WZR�PDMRU�SURFHVVHV��D��IHDWXUH�H[WUDFWLRQ�DQG�E��FODVVLIL�
FDWLRQ��7KH�V\VWHP� LQSXWV�DUH� WZR�FRQVHFXWLYH�IUDPHV�RI� WKH�VRXUFH�YLGHR� LPDJH�VH�
TXHQFH��DQG�WKH�V\VWHP�RXWSXW�LV�WKH�REMHFW�VWDWH��,Q�WKH�SURFHVV�RI�IHDWXUH�H[WUDFWLRQ��
WKH�LQSXW�LPDJHV�DUH�SURFHVVHG�E\�FRQVLGHULQJ�VHYHUDO�IHDWXUHV�VXFK�DV�OXPLQDQFH��FRORU��
DQG�PRWLRQ�GLIIHUHQFH��7KHVH�IHDWXUHV�DUH�XWLOL]HG�WR�V\QWKHVL]H�WKH�IHDWXUH�LPDJH��7KH�
VHFRQG�SURFHVV� LV�FODVVLILFDWLRQ��ZKLFK�FRQYHUWV� WKH� IHDWXUH� LPDJHV� WR� V\VWHP�REMHFW�
VWDWH�E\�XVLQJ�DQ�$UWLILFLDO�1HXUDO�1HWZRUN��$11��DOJRULWKP�>�@��7KH�SUHGHILQHG�IHD�
WXUH�LPDJH�DQG�REMHFW�VWDWH�WUDLQLQJ�VHWV�DUH�IHG�WR�WKH�$11�ZKRVH�NHUQHO�LV�JHQHUDWHG�
LQ�DQ�RIIOLQH�PDQQHU��8VLQJ�WKLV�$11�NHUQHO��WKH�V\VWHP�REMHFW�VWDWH�FDQ�EH�FDOFXODWHG�
IURP�WKH�LQSXW�IHDWXUH�LPDJH�LQ�WKH�RQOLQH��UHDO�WLPH�PRGH���

�� 6XPPDU\��

7KLV�SDSHU�SURSRVHV�DQ�/%27�PHWKRG�WR�GHWHFW�WKH�V\VWHP�REMHFW�VWDWH�RI�WKH�SHJ�WUDQV�
IHU�WDVN�LQ�WKH�)/6�SURJUDP��7KLV�PHWKRG�GHWHFWV�WKH�VWDWH�EDVHG�RQ�WKH�LPDJH�IHDWXUH�
H[WUDFWLRQ� DQG� DQ�$11�DOJRULWKP�ZLWKRXW� DQ\�REMHFW� WHPSODWHV�RU�PRGHOV��:H�ZLOO�
GHPRQVWUDWH�LWV�UREXVWQHVV�DQG�HIILFLHQF\�WR�PHHW�UHTXLUHPHQWV�RI�UHDO�WLPH�DSSOLFDWLRQV�
�WUDLQLQJ�WDVNV��LQ�WKH�&$67�V\VWHP��$OWKRXJK�WKH�/%27�PHWKRG�LV�FXUUHQWO\�LPSOH�
PHQWHG�LQ�WKH�VLPSOLILHG�SHJ�WUDQVIHU��LW�KDV�D�JUHDW�SRWHQWLDO�WR�EH�H[WHQGHG�WR�WKH�FRP�
SOHWH�SHJ�WUDQVIHU�WDVN�DQG�RWKHU�WDVNV�RI�WKH�)/6�SURJUDP���
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LQ�0HGLFLQH��SS������������������

��� 1LNRGHP��-���:\W\F]DN�3DUW\ND��$���DQG�.OHPSRXV��5���$SSOLFDWLRQ�RI�,PDJH�3URFHVVLQJ�
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��� )XQGDPHQWDOV�RI�/DSDURVFRSLF�6XUJHU\��KWWS���ZZZ�IOVSURJUDP�RUJ�
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7UDLQLQJ�� 3URF�� RI� WKH� �����6SULQJ� 6LPXODWLRQ�&RQIHUHQFH��0RGHOLQJ� DQG� 6LPXODWLRQ� LQ�
0HGLFLQH��SS������������������

��� $WKDQHVLRXV��-�-���DQG�6XUHVK��3���6\VWHPDWLF�6XUYH\�RQ�2EMHFW�7UDFNLQJ�0HWKRGV�LQ�9LGHR��
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�,-$5&(7��������SS������������������

��� +X��:���7DQ��7���:DQJ��/��� DQG�0D\EDQN��6���$� VXUYH\�RQ�YLVXDO� VXUYHLOODQFH�RI�REMHFW�
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��� 5RJHUV��6���DQG�*LURODPL��0���$�ILUVW�FRXUVH�LQ�PDFKLQH�OHDUQLQJ��&5&�3UHVV�����������
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