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,Q� WKLV� DUWLFOH�� SUREOHPV� RI�PRGHOLQJ� DQG� UHFRJQLWLRQ� RI� D� VNHOHWRQ� RI� D� KDQG�
IURP�LPDJH�ZKLFK�LV�WDNHQ�ZLWK�RQH�FDPHUD�ZLWKRXW�DGGLWLRQDO�VHQVRUV�DUH�FRQVLGHUHG��
'HWHFWHG� � NH\� SRLQWV� IURP� WKH� LPDJH� ZLWK� KDQG� DUH� XVLQJ� IRU� WKH� FRQVWUXFWLRQ� RI� D�
PRGHO�RI�D�KDQG�IURP�WKHVH�SRLQWV�WR�FODVVLI\�LW�DPRQJ�WKH�GHVFULEHG�JHVWXUH�PRGHOV��
$V�D�UHVXOW��D�V\VWHP�ZDV�GHYHORSHG��D�V\VWHP�IRU�ILQGLQJ�NH\�SRLQWV�RI�WKH�KDQG�XVLQJ�
D�QHXUDO�QHWZRUN��ZKLFK�XVHV�WKHP��FUHDWHV�D�SURWRW\SH�RI�WKH�LPDJH�RI�WKH�KDQG�DQG�
FODVVLILHV�WKH�JHVWXUH�PRGHO��

.H\ZRUGV��PRGHOLQJ�RI�REMHFWV��FRQYROXWLRQDO�QHXUDO�QHWZRUNV��
)LJ������%LEO������
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&RQYROXWLRQDO� 3RVH� 0DFKLQHV� �&30��� &30� � KHDWPDSV�
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5HIHUHQFHV�
�� 6KLK�(Q� :HL�� 9DUXQ� 5DPDNULVKQD�� 7DNHR� .DQDGH�� <DVHU� 6KHLNKQ��������

&RQYROXWLRQDO�3RVH�0DFKLQHV��DU;LY�SUHSULQW�DU;LY���������������
�� -��7RPSVRQ��5��*RURVKLQ��$��-DLQ��<��/H&XQ��DQG�&��%UHJOHU��(IILFLHQW�REMHFW�

ORFDOL]DWLRQ�XVLQJ�FRQYROXWLRQDO�QHWZRUNV��,Q�&935���������
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�KHDWPDSV �KHDWPDSV�
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�� $OIUHGR�&DQ]LDQL��$GDP�3DV]NH��(XJHQLR�&XOXUFLHOOR��������$Q�$QDO\VLV�RI�
'HHS� 1HXUDO� 1HWZRUN� 0RGHOV� IRU� 3UDFWLFDO� $SSOLFDWLRQV�� DU;LY� SUHSULQW�
DU;LY������������

�� ;LQJ\L�=KRX��4LQJIX�:DQ��:HL�=KDQJ��;LDQJ\DQJ�;XH��<LFKHQ�:HL��������
0RGHO�EDVHG�'HHS�+DQG�3RVH�(VWLPDWLRQ��DU;LY�SUHSULQW��DU;LY������������
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0XNKLQ�9DGLP�<HYJHQLHYLFK����'RFWRU�RI7HFKQLFDO�6FLHQFHV��3URIHVVRU�RI�WKH�

'HSDUWPHQW� RI� 0DWKHPDWLFDO� 0HWKRGV� RI� 6\VWHP� $QDO\VLV�� 1DWLRQDO� 7HFKQLFDO�
8QLYHUVLW\�RI�8NUDLQH�³,JRU�6LNRUVN\�.\LY�3RO\WHFKQLF�,QVWLWXWH´�

(�PDLO��YBPXNKLQ#L�XD�

� �� ��
� ©

ª��
.RUQDJD� <DURVODY� ,JRURYLFK� �� &DQGLGDWH� RI� 7HFKQLFDO� 6FLHQFHV�� $VVRFLDWH�

3URIHVVRU�RI�WKH�'HSDUWPHQW�RI�7HFKQLFDO�&\EHUQHWLFV��1DWLRQDO�7HFKQLFDO�8QLYHUVLW\�
RI�8NUDLQH�³,JRU�6LNRUVN\�.\LY�3RO\WHFKQLF�,QVWLWXWH´�

(�PDLO��VORY\DQBN#XNU�QHW�

� ±� �� ��
� ©

ª���
/LXELY\L� $QGULL� ,JRURYLFK� ±� VWXGHQW�� 'HSDUWPHQW� RI� 7HFKQLFDO� &\EHUQHWLFV��

1DWLRQDO�7HFKQLFDO�8QLYHUVLW\�RI�8NUDLQH�³,JRU�6LNRUVN\�.\LY�3RO\WHFKQLF�,QVWLWXWH´���
(�PDLO��������DO#JPDLO�FRP�
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9DGLP�0XNKLQ���
<DURVODY�.RUQDJD���

$QGULL�/LXELY\L�
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7DUJHW� VHWWLQJ��7KH� SUREOHP� RI� PRGHOLQJ� DQG� UHFRJQL]LQJ� JHVWXUHV� EHFRPHV�
PRUH�UHOHYDQW�LQ�UHFHQW�GD\V�GXH�WR�WKH�JURZLQJ�QXPEHU�RI�V\VWHPV�WKDW�D�SHUVRQ�FDQ�
LQWHUDFW�ZLWK�XVLQJ�JHVWXUHV���

$FWXDO�VFLHQWLILF�UHVHDUFKHV�DQG�LVVXHV�DQDO\VLV��'XH�WR�WKH�HPHUJHQFH�RI�QHZ�
PHWKRGV� DQG� DSSURDFKHV� LQ� WKH� ILHOG� RI� DUWLILFLDO� LQWHOOLJHQFH�� WKH� WRSLF� RI� LPDJH�
UHFRJQLWLRQ�KDV�EHFRPH�PRUH�UHOHYDQW�LQ�UHFHQW�\HDUV���

8QLQYHVWLJDWHG� SDUWV� RI�JHQHUDO�PDWWHUV� GHILQLQJ��7KLV� DUWLFOH� LV�GHYRWHG� WR�
WKH� VWXG\� DQG� DQDO\VLV� RI� WKH� SURSRVHG� DSSURDFK� IRU� WKH� UHFRJQLWLRQ� RI� PRGHOV� RI�
KDQGV��7KH�UHVHDUFK�IRFXVHV�RQ�WKH�VWXG\�RI�WKH�XVH�RI�FRQYROXWLRQDO�QHXUDO�QHWZRUNV�
IRU� GHWHFWLQJ� NH\� SRLQWV� RI� WKH� KDQG� DQG� FRQVWUXFWLQJ� D� PRGHO� RI� WKH� KDQG� DQG�
UHFRJQL]LQJ�WKLV�PRGHO��

7KH�UHVHDUFK� REMHFWLYH��7KH�SXUSRVH�RI� WKLV�SDSHU� LV� WR� LQYHVWLJDWH� D� V\VWHP�
WKDW�ZLOO�HQDEOH��XVLQJ�D�FRQYROXWLRQDO�QHXUDO�QHWZRUN��WR�GHWHFW�NH\�SRLQWV�RI�D�KDQG�
IURP�RQH�LPDJH��DQG�WKHQ�EXLOG�D�KDQG�PRGHO�WR�FRPSDUH�LW�ZLWK�WKH�GHVFULEHG�PRGHO�
JHVWXUHV�

7KH� VWDWHPHQW� RI� EDVLF� PDWHULDOV�� 7R� GHWHFW� NH\� SRLQWV�� ZH� XVH� WKH�
&RQYROXWLRQDO�3RVH�0DFKLQHV��&30��DUFKLWHFWXUH��&30�UHWXUQV�WKH�KHDWPDSV�RI�HDFK�
NH\�SRLQW��

&30�KDV�LPSOLFLW�OHDUQLQJ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�LPDJH�DQG�WKH�RXWSXW�
RI� VHYHUDO� NH\�SRLQWV� DW� RQFH�� WKH� FORVH� LQWHJUDWLRQ�EHWZHHQ� OHDUQLQJ�DQG�RXWSXW� DQG�
PRGXODU�VHTXHQWLDO�GHVLJQ��$W�HDFK�VWDJH�RI�WKH�&30��LPDJHV�DQG�KHDWPDSV�PDGH�LQ�
WKH�SUHYLRXV�VWHS�DUH�UHFHLYHG�DV�LQSXW�DQG�DUH�WU\LQJ�WR�FRUUHFW�DQG�FODULI\�WKH�SRVLWLRQ�
RI�WKH�NH\�SRLQWV�RQ�WKH�KDQG��$IWHU�GHWHFWLRQ�RI�NH\SRLQWV�ZH�FRQVWUXFW�DQG�FRPSDUH�
KDQG�EXLOG�ZLWK�GHVFULEHG�PRGHOV��

&RQFOXVLRQV��7KH�FRQWHQW��VWUXFWXUH�DQG�SDUDPHWHUV�RI�WKH�&RQYROXWLRQDO�3RVH�
0DFKLQH��&30��PRGHO�XVHG�WR�GHWHUPLQH�KHDWPDSV�IRU�ILQGLQJ�SRLQWV�RI�D�KDQG�IURP�
RQH�FDPHUD�WR�VROYH�WKH�SUREOHP�RI�ILQGLQJ�WKH�NH\�SRLQWV�RI�WKH�KDQG��DQG�WKHLU�IXUWKHU�
XVLQJ� IRU� PRGHOLQJ� DQG� UHFRJQLWLRQ� RI� KDQG� VNHOHWRQ� JHVWXUHV� DUH� DQDO\]HG�� 7KH�
DSSURDFK�SURYHG�WR�EH�JRRG�IRU�FUHDWLQJ�DQG�UHFRJQL]LQJ�KDQG�PRGHOV��

.H\ZRUGV�� PRGHOLQJ� RI� REMHFWV�� KDQG�� FRQYROXWLRQDO� QHXUDO� QHWZRUNV��
FODVVLILFDWLRQ��
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