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ABSTRACT 
:H SUHVHQW D IUDPHZRUN RI XWLOL]LQJ VKDUDEOH GRPDLQ
RQWRORJ\ DQG WKHVDXUXV WR KHOS WKH UHWULHYDO RI KLVWRULFDO
LPDJHV RI WKH )LUVW (PSHURU RI &KLQD
V WHUUDFRWWD ZDUULRUV
DQG KRUVHV� ,QFRUSRUDWLQJ WKH VKDUDEOH GRPDLQ RQWRORJ\ LQ
5') DQG 5') VFKHPDV RI VHPDQWLF ZHE DQG D WKHVDXUXV�
ZH LPSOHPHQW PHWKRGV WR DOORZ HDVLO\ DQQRWDWLQJ LPDJHV
LQWR 5') LQVWDQFHV DQG SDUVLQJ QDWXUDO ODQJXDJH OLNH
TXHULHV LQWR WKH TXHU\ VFKHPD LQ ;0/ IRUPDW� :H DOVR
LPSOHPHQW D SDUWLDO VWUXFWXUDO PDWFKLQJ DOJRULWKP WR PDWFK
WKH TXHU\ VFKHPD ZLWK LPDJHV DW WKH OHYHO RI VHPDQWLF
VFKHPDV� 7KHUHIRUH WKH KLVWRULFDO LPDJHV FDQ EH UHWULHYHG
E\ QDwYH XVHUV RI GRPDLQ VSHFLILF KLVWRU\ LQ WHUPV RI
QDWXUDO ODQJXDJH OLNH TXHULHV�
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V\VWHPV� VHPDQWLF ZHE� ;0/� DQG 5') VFKHPDV�

INTRODUCTION 
7UDGLWLRQDO IXOO�WH[W LQIRUPDWLRQ UHWULHYDO V\VWHPV UHO\ RQ

NH\ZRUG PDWFKLQJ WHFKQLTXHV DQG GR QRW UHDOO\ XWLOL]H WKH

GRPDLQ RQWRORJ\ WR DLG UHWULHYDO� 7KH SURSRVDO RI WKH

VHPDQWLF ZHE >�@ XVLQJ UHVRXUFH GHVFULSWLRQ IUDPHZRUN

�5')� DQG VFKHPDV �5')6� >�@ DOORZV GRPDLQ VSHFLILF

NQRZOHGJH WR EH UHSUHVHQWHG LQ DQ LQWHURSHUDEOH DQG

VKDUDEOH PDQQHU� $ W\SLFDO FKDOOHQJH LQ UHWULHYLQJ KLVWRULFDO

LPDJHV LQ WHUPV RI WH[W TXHULHV LV WKDW WKH XVHUV PLJKW QRW

KDYH FRPSOHWH KLVWRULFDO NQRZOHGJH DQG RIWHQ FDQQRW

VSHFLI\ DSSURSULDWH NH\ZRUGV IRU D YDOLG TXHU\� )RU

H[DPSOH� D XVHU PLJKW QRW NQRZ WKH H[DFW QDPH RI D

FKDQFHOORU LQ 4LQ G\QDVW\ LQ DQFLHQW &KLQHVH KLVWRU\ DQG LW

ZLOO EH YHU\ GLIILFXOW IRU RQH WR UHWULHYH KLV LPDJH LQ WHUPV

RI D TXHU\ RI LQGLUHFW NH\ZRUGV XQGHU WUDGLWLRQDO NH\ZRUG

PDWFKLQJ VHDUFK HQJLQHV� +RZHYHU� ZLWK WKH DLG RI

KLVWRULFDO RQWRORJ\� LW PLJKW EHFRPH IHDVLEOH�

METHODS and PROCEDURES 
:H GHVLJQ D IUDPHZRUN WKDW IDFLOLWDWHV WKH UHWULHYDO RI

DQQRWDWHG LPDJHV E\ LQWHOOLJHQW VRIWZDUH DJHQWV XVLQJ WKH

GRPDLQ VSHFLILF RQWRORJ\ DQG WKHVDXUXV >�@� 2XU

DSSURDFKHV� LOOXVWUDWHG LQ )LJXUH �� LQFOXGH WKH IROORZLQJ

VWHSV� �� GHVLJQ WRROV WR DQQRWDWH KLVWRULFDO LPDJHV XVLQJ

GRPDLQ VSHFLILF WKHVDXUXV DQG VKDUDEOH RQWRORJ\� >$

VQDSVKRW RI WKH GRPDLQ RQWRORJ\ LV VKRZQ LQ )LJXUH � DQG D

VDPSOH RI DQQRWDWHG LPDJH LV LOOXVWUDWHG LQ )LJXUH ��@ ��

GHVLJQ D TXHU\ SDUVHU WR SDUVH QDWXUDO ODQJXDJH TXHULHV ZLWK

GRPDLQ VSHFLILF WKHVDXUXV DQG RQWRORJ\ LQWR TXHU\

VFKHPDV� �� KHXULVWLFDOO\ PDWFK WKH TXHU\ VFKHPDV ZLWK WKH

DQQRWDWHG VFKHPDV RI LPDJHV >LOOXVWUDWHG LQ )LJXUH �@ DQG

ILQG RXW WKH EHVW ILWWLQJ LPDJH DV WKH UHVXOW�

)LJXUH �� 3URFHVVHV RI RQWRORJ\�EDVHG LPDJH UHWULHYDO
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)LJXUH �� 6KDUDEOH GRPDLQ VSHFLILF RQWRORJ\ IRU LPDJHV RI WKH

WHUUDFRWWD ZDUULRUV� KRUVHV DQG UHODWHG DUWLFOHV

)LJXUH �� $Q DQQRWDWHG LPDJH RI WKH VLGH YLHZ RI D

4LQ WHUUDFRWWD ZDUULRU
V KHDG

:H DOORZ XVHU WR VSHFLI\ TXHULHV LQ WHUPV RI QDWXUDO

ODQJXDJH SKUDVHV� )RU H[DPSOH� D VDPSOH TXHU\ OLNH ³;Ö



 ��812è´ �7KH JHQHUDO LQ DUPRU LQ 4LQ G\QDVW\�

ZLOO EH SDUVHG DQG LQWHUSUHWHG LQ WHUPV RI WKH VKDUDEOH

GRPDLQ VSHFLILF RQWRORJ\� 7KH SDUVHG UHVXOW �DIWHU VWDJHV RI

ZRUG VHJPHQWDWLRQ� SDWWHUQ GHWHFWLRQ� DQG VHPDQWLF

GLVDPELJXDWLRQ� DQG HWF�� ZLOO EH VKRZQ LQ WKH IROORZLQJ

WDEOH WKDW FDQ EH HDVLO\ UHSUHVHQWHG LQ ;0/ IRUPDW�

>;Ö@ �4LQ�G\QDVW\� 9DOXH

> �@�:HDU� 3URSHUW\

>�8@�$UPRU� 9DOXH

>2è@�*HQHUDO� 6XEMHFW

7KH ;0/ TXHU\ VFKHPD ZLOO WKHQ SDUWLDOO\ PDWFK ZLWK HDFK

LPDJH VFKHPD LQ WKH DQQRWDWHG LPDJH GDWDEDVH DV VKRZQ LQ

)LJXUH �� :H GHVLJQHG D KHXULVWLF VLPLODULW\ PDWFKLQJ

DOJRULWKP WR SHUIRUP WKH SDUWLDO VWUXFWXUDO PDWFK DQG

VFRULQJ HDFK SDUWLDO PDWFK� 7KH LPDJH WKDW KDV WKH EHVW

VWUXFWXUDO ILW ZLWK WKH TXHU\ VFKHPD ZLOO EH UHWULHYHG DV WKH

UHVXOW�

)LJXUH �� +HXULVWLF VWUXFWXUDO PDWFK RI D TXHU\ VFKHPD ZLWK

DQQRWDWHG LPDJHV LQ WHUPV RI 5') LQVWDQFHV

DISCUSSIONS 
%HFDXVH ZH DGRSW WKH VDPH VKDUDEOH GRPDLQ�VSHFLILF

RQWRORJ\ DQG WKHVDXUXV DW WKH VWDJH RI TXHU\ SDUVLQJ DQG

UHIRUPXODWLRQ DV ZHOO DV DW WKH VWDJH RI DQQRWDWLQJ WKH

KLVWRULFDO LPDJHV� WKH SUREOHP RI KLVWRULFDO LPDJH UHWULHYDO

LQ WHUPV RI 1/�OLNH WH[W TXHU\ LV WUDQVIRUPHG LQWR D

SUREOHP RI KHXULVWLF VHPDQWLF DQG VWUXFWXUDO PDWFK� 7KLV

DOORZV LPDJH UHWULHYDO WR EH FRQGXFWHG DW WKH VHPDQWLFV DQG

GRPDLQ NQRZOHGJH OHYHO LQVWHDG RI WKH NH\ZRUG PDWFK

OHYHO� 8QOLNH >�@� WKH HQG�XVHUV GR QRW KDYH WR NQRZ DERXW

WKH VFKHPDV� 7KLV LV SRVVLEOH EHFDXVH LQWHOOLJHQW

LQIRUPDWLRQ DJHQWV FRQGXFW WKH SDUVLQJ DQG UHIRUPXODWLRQ

RI TXHULHV E\ XVLQJ WKH VKDUDEOH GRPDLQ VSHFLILF RQWRORJ\

DQG WKHVDXUXV�

CONCLUSIONS 
:H GHVLJQHG D TXHU\ SDUVHU WKDW FDQ SDUVH 1/�OLNH TXHULHV

LQWR TXHU\ VFKHPDV LQ WHUPV RI ;0/ IRUPDW� :H

LPSOHPHQWHG WRROV IRU DQQRWDWLQJ WKH LPDJHV LQWR 5')

LQVWDQFHV DQG D KHXULVWLF DOJRULWKP WR PDWFK WKH ;0/

TXHU\ ZLWK WKH LPDJH 5') LQVWDQFHV DQG ILQG RXW WKH EHVW

PDWFK LPDJHV DV WKH UHVXOW RI WKH UHWULHYDO� 7KH VKDUDEOH

GRPDLQ VSHFLILF RQWRORJ\ LQ 5') VFKHPDV� ZH KDYH

FXUUHQWO\ LPSOHPHQWHG � FODVVHV DQG �� SURSHUWLHV DPRQJ

ZKLFK � SURSHUWLHV GHVFULEH WKH UHODWLRQV EHWZHHQ FODVVHV�

:H KDYH DOVR EXLOW WRROV WR DXJPHQW D &KLQHVH WKHVDXUXV RI

JHQHUDO GRPDLQ ZLWK OH[LFDO LWHPV LQ KLVWRULFDO GRPDLQ RI

4LQ G\QDVW\� 7KH GRPDLQ VSHFLILF OH[LFDO LWHPV LQFOXGH WKH

QDPHV RI KLVWRULFDO ILJXUHV� DUWLFOHV� ORFDWLRQV� FRXQWULHV� HWF�

7KH VL]H RI WKH WKHVDXUXV LV QRZ PRUH WKDQ ������ WHUPV

WKDW LV RUJDQL]HG LQ D VHPDQWLF KLHUDUFK\� :H KDYH

DQQRWDWHG �� LPDJHV VHOHFWLQJ IURP 7KH )LUVW (PSHURU RI

&KLQD &'�520 >�@� :H DUH FRQGXFWLQJ HYDOXDWLRQ

H[SHULPHQWV RQ WKH RQWRORJ\�EDVHG UHWULHYDO RI ��

DQQRWDWHG LPDJHV DJDLQVW DERXW �� VDPSOH TXHULHV LQ RUGHU

WR FRPSDUH ZLWK NH\ZRUG PDWFKLQJ UHWULHYDO PHWKRGV� :H

ZLVK WR VKRZ HPSLULFDOO\ WKDW WKH UHFDOO DQG SUHFLVLRQ RI

WKLV DSSURDFK ZLOO RXWSHUIRUP WUDGLWLRQDO NH\ZRUG PDWFKLQJ

LQIRUPDWLRQ UHWULHYDO HQJLQHV LQ UHWULHYLQJ KLVWRULFDO LPDJHV�

,W LV FOHDU WKDW WKLV UHVHDUFK LV VWLOO DW WKH EHJLQQLQJ VWDJH

EHFDXVH WKH 7VLQJKXD UHVHDUFK WHDP KDV XVHG RQO\ YHU\

VPDOO QXPEHU RI (PSHURU
V LPDJHV UHVRXUFHV ZLWK OLPLWHG

GHVFULSWLYH LQIRUPDWLRQ� $V WKH FXUUHQW &KLQHVH 0HPRU\

1HW
V �&01HW
V� ODUJH (PSHURU LPDJH GDWDEDVH ZLWK PXFK

PRUH GHWDLOHG DQG ULFK PHWDGDWD� NH\ZRUG� DQG GHVFULSWLYH

LQIRUPDWLRQ EHFRPHV DYDLODEOH� ZH ZLOO EH DEOH WR WHVW PRUH

IXOO\ DQG IXUWKHU GHYHORS RXU RQWRORJ\�EDVHG LPDJH

UHWULHYDO WHFKQLTXHV�
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