
0LQLQJ�5HFXUUHQW�,WHPV�LQ�

0XOWLPHGLD�ZLWK�3URJUHVVLYH�

5HVROXWLRQ�5HILQHPHQW

$XWKRUV� 2VPDU 5� =DLDQH -LDZHL +DQ� +XD =KX

'HSDUWPHQW RI &RPSXWLQJ 6FLHQFH 6FKRRO RI &RPSXWLQJ 6FLHQFH

8QLYHUVLW\ RI $OEHUWD 6LPRQ )UDVHU 8QLYHUVLW\

3UHVHQWHU� %LQ &KHQJ%LQ &KHQJ

'HSDUWPHQW RI &RPSXWLQJ 6FLHQFH

8QLYHUVLW\ RI $OEHUWD

2XWOLQH

❚ ,QWURGXFWLRQ

❚ 0XOWLPHGLD�DVVRFLDWLRQ�UXOHV

❚ )UHTXHQW�LWHP�VHWV�ZLWK�UHFXUUHQW�LWHPV

❚ 0LQLQJ�PXOWLPHGLD�DVVRFLDWLRQ�UXOHV�ZLWK�
VSDWLDO�UHODWLRQVKLSV

❚ 3HUIRUPDQFH

❚ 'LVFXVVLRQ�DQG�FRQFOXVLRQ

2XWOLQH

❚ ,QWURGXFWLRQ
❚ 0XOWLPHGLD�DVVRFLDWLRQ�UXOHV

❚ )UHTXHQW�LWHP�VHWV�ZLWK�UHFXUUHQW�LWHPV
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,QWURGXFWLRQ

❚ /LWWOH�UHVHDUFK�KDV�EHHQ�FRQGXFWHG�RQ�
PLQLQJ�PXOWLPHGLD�GDWD

❚ 5HODWHG�ZRUNV

❙ &2148(67

❙ 6.,&$7

❙ 0XOWL0HGLD�0LQHU

❚ 3URJUHVVLYH�UHILQHPHQW
❙ PLQLQJ�PXOWLPHGLD�DVVRFLDWLRQ�ZLWK�UHFXUUHQW�REMHFWV

❙ PLQLQJ VSDWLDO UHODWLRQVKLSV EHWZHHQ YLVXDO GHVFULSWRUV
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❚ 0XOWLPHGLD�DVVRFLDWLRQ�UXOHV
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❚ 3HUIRUPDQFH

❚ 'LVFXVVLRQ�DQG�FRQFOXVLRQ

0XOWLPHGLD�DVVRFLDWLRQ�

UXOHV

❚ ,PDJH�VHJPHQWDWLRQ

❙ UHJLRQV�DUH�PRVWO\�FRQQHFWHG

❙ UHJLRQV�DUH�GLVMRLQW

❙ VHJPHQWDWLRQ�LV�FRPSOHWH�

❚ )HDWXUH�ORFDOL]DWLRQ

❙ D�locale Lx LV�D�ORFDO�HQFORVXUH�RI�IHDWXUH x
❙ Lx KDV�D�HQYHORSH�/[�DQG�VRPH�JHRPHWULF�
SDUDPHWHUV

❙ )HDWXUH�ORFDOL]DWLRQ�LV�D�NLQG�RI�URXJK�VHJPHQWDWLRQ�

)HDWXUH�/RFDOL]DWLRQ
0XOWLPHGLD�DVVRFLDWLRQV�ZLWK�

UHFXUUHQW�LWHPV

❚ 9LVXDO�GDWD�KDV�VRPH�SHFXOLDULWLHV

❙ H�J���6RPH�YLVXDO�IHDWXUHV�FDQ�RFFXU�PXOWLSOH�
WLPHV�LQ�DQ�LPDJH

❙ UHSHWLWLRQ�PD\�FDUU\�PRUH�LQIRUPDWLRQ

❚ $Q�LPDJH�FDQ�EH�PRGHOHG�E\�D�
WUDQVDFWLRQ

❚ )LQGLQJ�DVVRFLDWLRQV�ZLWK�D�FRDUVH�WR�ILQH�
VHDUFK�VWUDWHJ\

❙ VDYH�SURFHVVLQJ�WLPH
❙ DYRLG�WRR�PXFK�GHWDLO�QRLVH�RU�LQVXIILFLHQW�GHWDLO



0XOWLPHGLD�DVVRFLDWLRQV�ZLWK�

UHFXUUHQW�LWHPV� �FRQW��

❚ $SULRUL��'XSOLFDWHV�DUH�QHYHU�FRQVLGHUHG�
ZKHQ�N�LWHP�FDQGLGDWH�VHWV�Ck DUH�IRUPHG

❚ ,Q�PXOWLPHGLD�PLQLQJ

❙ 2 blue circles ⇒ high texture density
❙ 7ZR�RFFXUUHQFHV�KDYH�WR�FR�H[LVW�LQ�WKH�LPDJH�IRU�
WKH�UXOH�WR�EH�YDOLG

❚ 7ZR�QRWLRQV�RI�VXSSRUW

❙ 7UDQVDFWLRQ�EDVHG�VXSSRUW

❙ 2EMHFWHG�EDVHG�VXSSRUW

0XOWLPHGLD�DVVRFLDWLRQV�ZLWK�

UHFXUUHQW�LWHPV� �FRQW��

❚ 0XOWLPHGLD�DVVRFLDWLRQV�UXOH�ZLWK�UHFXUUHQW�LWHPV

❚ $�SDWWHUQ�S�LV�VXIILFLHQWO\�IUHTXHQW�LQ�D�VHW�'�DW�OHYHO�O�LI�
WKH�VXSSRUW�RI�S�LV�QR�OHVV�WKDQ�LWV�FRUUHVSRQGLQJ�
PLQLPXP�VXSSRUW�WKUHVKROG�DQG�QR�PRUH�WKDQ�LWV�
FRUUHVSRQGLQJ�PD[LPXP�VXSSRUW�WKUHVKROG

❚ $�PXOWLPHGLD�DVVRFLDWLRQ�UXOH�3→4�LQ�D�VHW�RI�LPDJHV�'�
LV�VXIILFLHQWO\�VWURQJ�LQ�'�LI�3�DQG�4�DUH�VXIILFLHQWO\�
IUHTXHQW�DQG�WKH�FRQILGHQFH�RI�3→4��LV�JUHDWHU�WKDQ�WKH�
WKUHVKROG�ϕC
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❚ FRQWHQW�EDVHG�PXOWLPHGLD�DVVRFLDWLRQ�
UXOHV�ZLWK�UHFXUUHQW�YLVXDO�GHVFULSWRUV���������
�EDVHG�RQO\�RQ�DWRPLF�YLVXDO�IHDWXUHV�

❚ PXOWLPHGLD�DVVRFLDWLRQ�UXOHV�ZLWK�
UHFXUUHQW�VSDWLDO�UHODWLRQVKLSV���������
�XVHV�WKH�WRSRORJLFDO�UHODWLRQVKLSV�EHWZHHQ�ORFDOHV�

❘ Y�QH[W�WR� YHUWLFDO FORVHQHVV

❘ K�QH[W�WR� KRUL]RQWDO FORVHQHVV

❘ RYHUODS

❘ LQFOXGH
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)UHTXHQW�LWHP�VHWV�ZLWK�

UHFXUUHQW�LWHPV

❚ $�QDwYH�DSSURDFK

)UHTXHQW�LWHP�VHWV�ZLWK�

UHFXUUHQW�LWHPV��FRQW��

❚ $�QDwYH�DSSURDFK
❘ )LQG�DOO�IUHTXHQW���LWHP�VHWV
❘ FKHFN KRZ RIWHQ WKH\ PLJKW UH�RFFXU LQ DQ LPDJH
�PD[LPXP RFFXUUHQFH�

❘ )RU HDFK N�LWHP�VHW� FRPELQH WKHVH IUHTXHQW ��LWHP�VHWV LQ
WKH VHWV RI N HOHPHQWV

❘ 7KH FDOFXODWLRQ RI WKH VXSSRUW ZRXOG ILOWHU RXW WKH LQIUHTXHQW
RQHV

7KLV�QDwYH�DOJRULWKP�JXDUDQWHHV�WR�ILQG�DOO�
IUHTXHQW�LWHP�VHWV�ZLWK�UHFXUUHQW�LWHPV�

0D[2FFXU�DOJRULWKP 0D[2FFXU�DOJRULWKP��FRQW��



0D[2FFXU�DOJRULWKP��FRQW�� 0D[2FFXU�DOJRULWKP��FRQW��

0D[2FFXU�DOJRULWKP��FRQW�� 0D[2FFXU DOJRULWKP��FRQW��

❚ 5XOHV
��� ^2��2�` → ^2��2�` >����@ ��� ^2��2��2�` → ^2�` >����@

��� ^2��2�` → ^2�` >����@ ��� ^2�` → ^2��2�` >����@

��� ^2��2�` → ^2�` >����@ ��� ^2��2�` → ^2�` >����@

��� ^2�` → ^2�` >����@ ��� ^2�` → ^2�` >����@

❚ FRXQW�UHSOLFDWHG�REMHFWV
�2� → �2� >����@� 2�∧�2� → 2� >����@� 2�∧2� → 2� >����@�

2� → 2� ∧2� >����@� �2� → 2�>����@� �2� → 2� >����@�

2� → 2� >����@� 2� → 2� >����@�

 2� → 2� LV QRW FRQILGHQW HQRXJK� ZKLOH ³�2� → �2�´ RU ³�2� → 2� ´ DUH

���� UHOLDEOH�
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❚ 6SDWLDO�SUHGLFDWHV�KDYH�WZR�DUJXPHQWV
❙ ILQG IUHTXHQW RQH DQG WZR�LWHP�VHWV

❙ FRPELQH WKH VSDWLDO SUHGLFDWHV ZLWK RQO\ WKHVH LWHP�VHWV

❙ FRQVLGHU WKH UHVXOW DV WKH FDQGLGDWH ��LWHP�VHWV RI WKH
PXOWLPHGLD DVVRFLDWLRQ UXOHV ZLWK VSDWLDO UHODWLRQVKLS�

❙ 0D[2FFXU LV WKHQ XVHG WR ILQG WKH N�LWHP�VHWV RI IUHTXHQW VSDWLDO
SUHGLFDWHV

)RU�D�VSDWLDO�SUHGLFDWH�3�;�<��WR�EH�VXIILFLHQWO\�IUHTXHQW��
;�DQG�<�KDYH�WR�EH�VXIILFLHQWO\�IUHTXHQW��DQG�WKH���LWHP�
VHW�^;�<`�KDV�WR�EH�VXIILFLHQWO\�IUHTXHQW�

0LQLQJ�PXOWLPHGLD�DVVRFLDWLRQ�

UXOHV�ZLWK�VSDWLDO�UHODWLRQVKLSV
0LQLQJ�PXOWLPHGLD�DVVRFLDWLRQ�

UXOHV�ZLWK�VSDWLDO�UHODWLRQVKLSV�FRQW��

❚ 7KH�QDwYH�PHWKRG�ZRXOG�EH�WR�FRPELQH�DOO�SDLUV�RI�

REMHFW�DWWULEXWHV�DW�D�JLYHQ�FRQFHSWXDO�OHYHO�DQG�MRLQ�

WKHP�ZLWK�DOO�VSDWLDO�SUHGLFDWHV�WR�GHULYH�SRWHQWLDO���

LWHP�VHWV

❚ 7KLV�ZRXOG�JHQHUDWH�YHU\�ODUJH�QXPEHU�RI�FDQGLGDWHV

❚ 7KH�DXWKRUV�DOJRULWKP�LV�WR�OHVVHQ�WKH�FDQGLGDWH�VHW�WR�

WKH�PLQLPXP�EHIRUH�FRPSXWLQJ�WKH�IUHTXHQW�VSDWLDO�

SUHGLFDWH�N�LWHP�VHWV�



0LQLQJ�PXOWLPHGLD�DVVRFLDWLRQ�

UXOHV�ZLWK�VSDWLDO�UHODWLRQVKLSV�FRQW��

0LQLQJ�PXOWLPHGLD�DVVRFLDWLRQ�

UXOHV�ZLWK�VSDWLDO�UHODWLRQVKLSV�FRQW��

*LYHQ�PLQLPXP�WKUHVKROG����
)LUVW�VFDQ��UHYHDOV�RQO\�WKUHH�IUHTXHQW�LWHPV��❡ ≅ �

VHFRQG�VFDQ��UHYHDOV�IUHTXHQW�SDLUV�RI�LWHPV
�IRXU VSDWLDO SUHGLFDWHV� +�QH[W�WR� 9�QH[W�WR�RYHUODS�LQFOXGH�

$QRWKHU�VFDQ�UHYHDO���FRPELQDWLRQV�DUH�SRVVLEOH��FRPSXWH�
WKHLU�VXSSRUW�DQG�PD[LPXP�RFFXUUHQFH�LQ�DQ�LPDJH

0LQLQJ�PXOWLPHGLD�DVVRFLDWLRQ�

UXOHV�ZLWK�VSDWLDO�UHODWLRQVKLSV�FRQW��

0LQLQJ�PXOWLPHGLD�DVVRFLDWLRQ�

UXOHV�ZLWK�VSDWLDO�UHODWLRQVKLSV�FRQW��

$OJRULWKP�00�6SDWLDO
EHJLQ

��� 3�←^)UHTXHQW DWRPLF LWHPV`

���3� ←^)UHTXHQW SDLUV LQ 3�3�`

���&� ←^3�^VSDWLDO SUHGLFDWH VHW` DQG WKHLU VXSSRUW`

���)� ←^)UHTXHQW � LWHP�VHWV IURP &�`

���OLQH � WR �� RI 0D[2FFXUH

HQG



$�SURJUHVVLYH�UHILQHPHQW�PHWKRGRORJ\

❚ 0XOWL�UHVROXWLRQ�VWUDWHJ\�
❙ ILUVW ILQG SDWWHUQV DW ORZ UHVROXWLRQ

❙ SHUVHYHUH WKH VHDUFK DW D KLJKHU UHVROXWLRQ ZLWK RQO\ WKH GDWD

VHOHFWHG LQ ORZHU UHVROXWLRQV

❙ %DVLF�LGHD�TXLFNO\�DSSUR[LPDWH�SDWWHUQV�DW�D�FRDUVH�

OHYHO��WKHQ�HOLPLQDWH�IDOVH�SRVLWLYHV�E\�YHULI\LQJ�WKHP�

DW�D�KLJKHU�UHVROXWLRQ

$�SURJUHVVLYH�UHILQHPHQW�PHWKRGRORJ\

$OJRULWKP�355��3URJUHVVLYH 5HVROXWLRQ 5HILQHPHQW IRU

0LQLQJ 0XOWLPHGLD $VVRFLDWLRQ 5XOHV

EHJLQ

���L ←� � /RZHVW UHVROXWLRQ OHYHO �

���'� ←'

���ZKLOH �L�PD[LPXP UHVROXWLRQ OHYHO� GR �&RDUVH WR ILQH GLVFRYHU\ �

���5L ←^U_U LV D VXIILFLHQWO\ IUHTXHQW LWHP�VHW DW UHVROXWLRQ OHYHO ,�LQ 'L�`

���L ←L �� �0RYH WR KLJKHU UHVROXWLRQ OHYHO �

���'L ←)LOWHU�'L���5L���

��� `

HQG
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3HUIRUPDQFH 3HUIRUPDQFH

'LVFXVVLRQ�DQG�FRQFOXVLRQ

❚ &RQWULEXWLRQ�RI�WKLV�SDSHU
❙ 7KH DXWKRUV LQWURGXFHG PXOWLPHGLD DVVRFLDWLRQ UXOHV EDVHG RQ LPDJH

FRQWHQW DQG VSDWLDO UHODWLRQVKLSV EHWZHHQ YLVXDO IHDWXUHV LQ LPDJHV

XVLQJ FRDUVH WR ILQH UHVROXWLRQ DSSURDFK�

❙ 3URJUHVVLYH 5HVROXWLRQ 5HILQHPHQW DSSURDFK VXEVWDQWLDOO\ UHGXFHG WKH

RYHUDOO GDWD PLQLQJ FRVW ZLWKRXW ORVV RI WKH TXDOLW\ DQG FRPSOHWHQHVV RI

WKH UHVXOWV

❙ 7ZR DOJRULWKPV IRU WKH GLVFRYHU\ RI FRQWHQW�EDVHG PXOWLPHGLD

DVVRFLDWLRQ UXOHV�

❚ 'LVFXVVLRQ
❙ 8VLQJ PHWD�UXOH WR HQKDQFH WKH SHUIRUPDQFH

❙ 8VLQJ UHJLRQV DQG WKHLU VLJQDWXUHV

❙ 7R UHFRJQL]H REMHFW LQ LPDJH SURFHVVLQJ

❙ FDQ EH DSSOLHG LQ PDQ\ DSSOLFDWLRQ GRPDLQV


