
 
 
 
 
 
 

OsiriX allows surgeons an 
accurate planning 
for aortic interventions. 
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Executive summary 
�
�
$RUWLF�GLVHDVH�LV�D�IUHTXHQW�DQG�SRWHQWLDOO\�VHULRXV�FRQGLWLRQ��ZKHQ�LW�LQYROYHV�WKH�
WKRUDFLF�VHJPHQW�RU�WKH�ZKROH�WKRUDFR�DEGRPLQDO�DRUWD�LW�FDQ�EH�SDUWLFXODUO\�VHYHUH��
,Q�PDQ\�FDVHV�WKRUDFLF�DRUWLF�GLVHDVH�FDQ�EH�GLDJQRVHG�DQG�WUHDWHG�EHIRUH�LW�
EHFRPHV�GDQJHURXV��7KH�PRVW�DSSURSULDWH�WUHDWPHQW�PD\�EH�DQ�RSHQ�VXUJLFDO�
RSHUDWLRQ��RU�D�OHVV�LQYDVLYH�HQGRYDVFXODU�SURFHGXUH�WKDW�LQYROYHV�WKH�XVH�RI�D�VWHQW�
JUDIW���
,Q�RUGHU�WR�SODQ�WKH�EHVW�SRVVLEOH�WUHDWPHQW�PRGDOLW\�IRU�HDFK�LQGLYLGXDO�SDWLHQW��
DFFXUDWH�LPDJLQJ�PXVW�EH�REWDLQHG�SUHRSHUDWLYHO\��0RVW�VXUJHRQV�SUHIHU�D�KLJK�
TXDOLW\�&7�VFDQ�IRU�SDWLHQWV�ZLWK�DRUWLF�DQHXU\VPV�RU�GLVVHFWLRQV��7R�REWDLQ�WKH�PRVW�
IURP�WKH�&7�GDWDVHW�RQH�PXVW�EH�DEOH�WR�QDYLJDWH�WKURXJK�WKH�LPDJHV�DQG�PDQLSXODWH�
WKHP��UHIRUPDWWLQJ�WHFKQLTXHV��LQ�RUGHU�WR�H[WUDFW�WKH�PRVW�DSSURSULDWH�LPDJHV��8QWLO�
UHFHQWO\��UHIRUPDWWLQJ�WKH�&7�GDWDVHW�LQ�RUGHU�WR�SODQ�WKH�SURFHGXUH�ZDV�SRVVLEOH�RQO\�
RQ�GHGLFDWHG��DQG�H[SHQVLYH��LPDJLQJ�ZRUNVWDWLRQV�ZLWK�OLPLWHG�DYDLODELOLW\��
$�QHZ�VRIWZDUH�VROXWLRQ�KDV�EHHQ�UHFHQWO\�FUHDWHG��LW�LV�FDOOHG�2VLUL;��,W�KDV�EHHQ�
VSHFLILFDOO\�GHVLJQHG�IRU�QDYLJDWLRQ�DQG�YLVXDOL]DWLRQ�RI�PXOWL�PRGDOLW\�DQG�
PXOWLGLPHQVLRQDO�PHGLFDO�LPDJHV��',&20���LQFOXGLQJ�&7��DQG�UXQV�RQ�UHJXODU�0DF�26�
;�FRPSXWHUV��,W�LV�ZRUOG�ZLGHO\�DYDLODEOH�WR�EH�IUHHO\�GRZQORDGHG�RQ�WKH�,QWHUQHW��
2VLUL;�DOORZV�9DVFXODU�6XUJHRQV�WR�DFFXUDWHO\�SODQ�DQ�DRUWLF�SURFHGXUH�HPSOR\LQJ�
VRSKLVWLFDWHG�SRVW�SURFHVVLQJ�RI�WKHLU�&7�GDWD�VHW�LQ�D�YHU\�FRVW�DQG�WLPH�HIIHFWLYH�
IDVKLRQ���
$�ZHOO�WLPHG�GLDJQRVLV�DQG�DQ�DFFXUDWH�SODQQLQJ�DQG�VL]LQJ�DOORZV�WR�RIIHU�DQ�HIIHFWLYH�
WUHDWPHQW�WR�PDQ\�SDWLHQWV��KRZHYHU��LQ�VSLWH�RI�D�IODZOHVVO\�H[HFXWHG�RSHUDWLRQ��
VHYHUDO�LPSRUWDQW�FRPSOLFDWLRQV�PD\�RFFXU�DIWHU�WKRUDFLF�RU�WKRUDFR�DEGRPLQDO�DRUWLF�
SURFHGXUHV��7KH�PRVW�VHYHUH�FRPSOLFDWLRQ�LV�VSLQDO�FRUG�LVFKHPLD�ZKLFK�FDQ�FDXVH�
V\PSWRPV�DV�GUDPDWLF�DV�SDUDSOHJLD��2QH�RI�WKH�HOHPHQWV�WKDW�FRXOG�KHOS�UHGXFLQJ�
WKH�ULVN�RI�SRVWRSHUDWLYH�SDUDSOHJLD�LV�DQ�DFFXUDWH�SUHRSHUDWLYH�NQRZOHGJH�RI�WKH�
EORRG�VXSSO\�WR�WKH�VSLQDO�FRUG��
$�YHU\�UHFHQW�VWXG\�WKDW�ZLOO�EH�SXEOLVKHG�LQ�WKH�$SULO������LVVXH�RI�WKH�(XURSHDQ�
-RXUQDO�RI�9DVFXODU�DQG�(QGRYDVFXODU�6XUJHU\�ZDV�SHUIRUPHG�DW�WKH�6DQ�5DIIDHOH�
6FLHQWLILF�,QVWLWXWH�LQ�0LODQR��,Q�WKLV�VWXG\�WKH�VDPH�&7�GDWDVHWV�RI�SDWLHQWV�ZLWK�VHYHUH�
DRUWLF�GLVHDVH�ZHUH�VWXGLHG�ZLWK�WKH�VWDQGDUG�UDGLRORJLFDO�ZRUNVWDWLRQV�DQG�ZLWK�WKH�
2VLUL;�VRIWZDUH�UXQQLQJ�RQ�D�UHJXODU�0DF�%RRN�3UR�LQ�RUGHU�WR�GHWHFW�WKH�DUWHU\�RI�
$GDPNLHZLF]��WKH�SULQFLSDO�VXSSOLHU�RI�EORRG�RI�WKH�WKRUDFR�OXPEDU�VSLQDO�FRUG��7KH�
UHVXOWV�VKRZHG�WKDW�WKH�DQDO\VLV�SHUIRUPHG�ZLWK�2VLUL;�ZDV�QRW�RQO\�FRPSDUDEOH�ZLWK�
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WKRVH�REWDLQHG�ZLWK�WKH�VWDQGDUG�PHWKRGV�EXW�DOVR�FRQVLVWHQW�ZLWK�WKH�GDWD�REWDLQHG�
IURP�D�V\VWHPDWLF�UHYLHZ�RI�WKH�OLWHUDWXUH���
:KLOH�IXUWKHU�VWXGLHV�DUH�FHUWDLQO\�QHHGHG��WKHVH�LQLWLDO�UHVXOWV�DUH�YHU\�HQFRXUDJLQJ�
EHFDXVH�WKH\�FRQILUP�WKH�YDOXH�DQG�WKH�DFFXUDF\�RI�2VLUL;�LQ�WKH�SUHRSHUDWLYH�
GLDJQRVWLF�ZRUNXS�RI�SDWLHQWV�ZLWK�DRUWLF�GLVHDVH��
�
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%DFNJURXQG��
7KRUDFLF�DRUWLF�GLVHDVH�
�
$RUWLF�GLVHDVH�LV�D�SRWHQWLDOO\�VHULRXV�FRQGLWLRQ�DQG�XQIRUWXQDWHO\�LW�LV�QRW�XQFRPPRQ���
ZKHQ�LW�LQYROYHV�WKH�WKRUDFLF�VHJPHQW�RU�WKH�ZKROH�WKRUDFR�DEGRPLQDO�DRUWD�LW�FDQ�EH�
SDUWLFXODUO\�VHYHUH�����$PRQJ�WKH�PRVW�FRPPRQ�FDXVHV�RI�GLVHDVH�WKHUH�DUH�
DUWHULRURVFOHURWLF�DQHXU\VPV��GLODWDWLRQ�RI�WKH�YHVVHO���
�

�
�
)LJXUH������WKLV�LPDJH�GHSLFWV�D�WKUHH�GLPHQVLRQDO�UHQGHULQJ�RI�WKH�HQWLUH�DRUWD�REWDLQHG�ZLWK�WKH�2VLUL;�
VRIWZDUH�DQG�WKH�)RYLD�KLJK�GHILQLWLRQ�YROXPH�UHQGHULQJ�VRIWZDUH��7KH�DRUWD�LV�WKH�SULQFLSDO�DUWHU\�WKDW�
VXSSOLHV�EORRG�WR�WKH�ZKROH�ERG\��:H�FDQ�REVHUYH�DQ�DVFHQGLQJ�SRUWLRQ��DQ�DUFK�DQG�D�GHVFHQGLQJ�SRUWLRQ��
)URP�WKH�DUFK�GHSDUW�WKUHH�LPSRUWDQW�EUDQFKHV�WKDW�VXSSO\�WKH�KHDG�DQG�WKH�XSSHU�OLPEV��,Q�WKH�GHVFHQGLQJ�
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SRUWLRQ�ZH�FDQ�REVHUYH�D�ODUJH�DWKHURVFOHURWLF�DQHXU\VP��DUURZV���/RZHU�GRZQ�ZH�FDQ�REVHUYH�EUDQFKHV�WR�
WKH�DEGRPLQDO�RUJDQV��WKH�NLGQH\V�DUH�YLVXDOL]HG�LQ�UHG��0RUH�GLVWDOO\�WKH�DRUWD�ELIXUFDWHV�LQ�WZR�EUDQFKHV�
�WKH�FRPPRQ�LOLDF�DUWHULHV��WKDW�VXSSO\�WKH�ORZHU�OLPEV��7KH�ZKLWH�SDWFKHV�RQ�WKH�VXUIDFH�RI�WKH�DRUWD�GHQRWH�
DUHDV�RI�FDOFLILFDWLRQ�RI�WKH�DRUWLF�ZDOO��DQ�RWKHU�FRQVHTXHQFH�RI�DUWHULRVFOHURVLV��

�
�
$Q�RWKHU�LPSRUWDQW�GLVHDVH�LV�DRUWLF�GLVVHFWLRQ��GLVUXSWLRQ�RI�WKH�YHVVHO�ZDOO�ZLWK�
VHFRQGDU\�GLODWDWLRQ���,I�XQGLDJQRVHG�RU�OHIW�XQWUHDWHG��DQHXU\VP�DQG�GLVVHFWLRQV�PD\�
ERWK�JURZ�ODUJHU�DQG�HYHQWXDOO\�UXSWXUH�ZLWK�SRVVLEOH�FDWDVWURSKLF�FRQVHTXHQFHV�
�IDWDO�LQWHUQDO�KDHPRUUKDJH����
�

�
�
)LJXUH������WKLV�LPDJH�LV�DOVR�D�WKUHH�GLPHQVLRQDO�UHQGHULQJ�RI�WKH�DRUWD�REWDLQHG�ZLWK�WKH�2VLUL;�VRIWZDUH�
DQG�WKH�)RYLD�KLJK�GHILQLWLRQ�YROXPH�UHQGHULQJ�VRIWZDUH��,Q�WKLV�FDVH��ZH�FDQ�REVHUYH�WKH�ZDOO�GLVVHFWLRQ�
�DUURZ�KHDG��WKDW�EHJLQV�EHWZHHQ�WKH�DUFK�DQG�WKH�GHVFHQGLQJ�SRUWLRQ�DQG�SURFHHGV�VSLUDOO\�DOO�WKH�ZD\�
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GRZQ�WR�WKH�DUWHU\�WKDW�VXSSOLHV�WKH�ULJKW�ORZHU�OLPE��:H�FDQ�DOVR�REVHUYH�D��VLJQLILFDQW�GLODWDWLRQ�RI�WKH�
XSSHU�SDUW�RI�WKH�GHVFHQGLQJ�DRUWD��DUURZV���
�
/XFNLO\�LQ�PDQ\�FDVHV�WKRUDFLF�DRUWLF�GLVHDVH�FDQ�EH�GLDJQRVHG�DQG�WUHDWHG�EHIRUH�LW�
EHFRPHV�GDQJHURXV��7KH�PRVW�DSSURSULDWH�WUHDWPHQW�PD\�EH�DQ�RSHQ�VXUJLFDO�
RSHUDWLRQ�����RU�D�OHVV�LQYDVLYH�HQGRYDVFXODU�SURFHGXUH�WKDW�LQYROYHV�WKH�XVH�RI�D�
VWHQW�JUDIW�������
�
�

�
)LJXUH�����DUWLVWಬV�FRQFHSW�RI�D�VWHQW�JUDIW�IRU�HQGRYDVFXODU�WUHDWPHQW�RI�DRUWLF�DQHXU\VPV���
7KH�PHWDO�VWHQWV�DUH�VHOI�H[SDQGDEOH�DQG�DOORZ�WKH�IDEULF�WR�ಯVHDOರ�WKH�DQHXU\VP�DQG�H[FOXGH�LW�IURP�WKH�
EORRG�IORZ��

�
�
,Q�RUGHU�WR�SODQ�WKH�EHVW�SRVVLEOH�WUHDWPHQW�PRGDOLW\�IRU�HDFK�LQGLYLGXDO�SDWLHQW��
DFFXUDWH�LPDJLQJ�PXVW�EH�REWDLQHG�SUHRSHUDWLYHO\��PRVW�VXUJHRQV�SUHIHU�D�KLJK�
TXDOLW\�&7�VFDQ�IRU�SDWLHQWV�ZLWK�DRUWLF�DQHXU\VPV�RU�GLVVHFWLRQV��
� �
�
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�

,PDJLQJ�PRGDOLWLHV�
(YROXWLRQ�RI�&7�VFDQQHU��IURP�VOLFHV�WR�YROXPHV�
�
�
7KHUH�DUH�PDQ\�GLIIHUHQW�PRGDOLWLHV�WKDW�DOORZ�WR�LPDJH�WKH�WKRUDFLF�DRUWD��HDFK�RQH�
KDYH�LWV�RZQ�DGYDQWDJHV�DQG�GUDZEDFNV���
�
�

 &KHVW�;5���D�YDOXDEOH�EDVLF�VFUHHQLQJ�H[DP���
 8OWUDVRQRJUDSK\��LQ�SDUWLFXODU�WUDQV�WKRUDFLF�DQG�WUDQV�RHVRSKDJHDO�

HFKRJUDSK\��
 'LJLWDO�6XEWUDFWLRQ�$QJLRJUDSK\��LPSOLHV�DUWHULDO�FDWKHWHUL]DWLRQ��FRQWUDVW�

PHGLD�LQMHFWLRQ�DQG�H[SRVXUH�WR�LRQL]LQJ�UDGLDWLRQ��
 05�$QJLRJUDSK\��QR�UDGLDWLRQV�DUH�LQYROYHG�EXW�DQ�LQWUDYHQRXV�FRQWUDVW�DJHQW�

PD\�VWLOO�QHHG�WR�EH�LQMHFWHG��
 &7�$QJLRJUDSK\��H[SRVXUH�WR�LRQL]LQJ�UDGLDWLRQ��LQWUDYHQRXV�FRQWUDVW�DJHQW�

LQMHFWLRQ��
�
�
7KHUH�DUH�VHYHUDO�UHDVRQV�ZK\�PRVW�VXUJHRQV�WKDW�WUHDW�WKRUDFLF�DRUWLF�GLVHDVH�
FKRRVH�&7�$QJLR�DV�WKHLU�SUHIHUUHG�LPDJLQJ�PRGDOLW\��SURYLGHG�WKDW�WKHUH�DUHQಬW�
VSHFLILF�FRQWUD�LQGLFDWLRQV��6WDWH�RI�WKH�DUW�PXOWL�GHWHFWRU�&7�VFDQQHUV�SURGXFH�
H[FHOOHQW�LPDJLQJ��7\SLFDOO\�D�FRPSOHWH�H[DP�WR�VWXG\�WKH�WKRUDFR�DEGRPLQDO�DRUWD�
FRQVLVWV�RI�DW�OHDVW�����������VFDQV��SRVVLEO\�D�IHZ�WLPHV�DV�PDQ\��2OG�IDVKLRQHG�;5�
ILOPV�RU�SDSHU�SULQWV�DUH�REYLRXVO\�LQDGHTXDWH�WR�YLVXDOL]H�D�VWDFN�RI�WKRXVDQGV�RI�
LPDJHV�DQG�HYHQ�VWDQGDUG�FRPSXWHU�EDVHG�YLHZHUV�DUH�QRW�DGHTXDWH��
7R�REWDLQ�WKH�PRVW�IURP�WKH�&7�GDWDVHW�RQH�PXVW�EH�DEOH�WR�QDYLJDWH�WKURXJK�WKH�
LPDJHV�DQG�PDQLSXODWH�WKHP��UHIRUPDWWLQJ�WHFKQLTXHV��LQ�RUGHU�WR�H[WUDFW�WKH�PRVW�
DSSURSULDWH�LPDJHV�WKDW�DUH�QHHGHG��
� �
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�

�
�
)LJXUH�����ROG�&7�VFDQQHUV�FRXOG�RQO\�SURGXFH�LPDJHV�RI�WKLFN����FP��D[LDO��WUDQVYHUVH��VHFWLRQV�RI�WKH�
ERG\��

�
8QOLNH�ROGHU�&7�VFDQQHUV�WKDW�FRXOG�RQO\�SURGXFH�D[LDO�VHFWLRQV��ಯVOLFHVರ���WKH�
LQIRUPDWLRQ�WKDW�WKH�QHZHU�VFDQQHUV�H[WUDFW�LQFOXGH�WKH�ZKROH�YROXPH�RI�WKH�SDUW�RI�
KXPDQ�ERG\�WKDW�LV�VFDQQHG��,I�WKH�ULJKW�WRRO�LV�DYDLODEOH��WKH�GLJLWDO�LQIRUPDWLRQ�
FRQFHUQLQJ�WKLV�YROXPH��WKH�&7�GDWDVHW��FDQ�EH�GLVSOD\HG�LQ�LQILQLWH�ZD\V��
�
�

�
)LJXUH�����QHZHU�&7�VFDQQHUV�FDQ�FROOHFW�LQIRUPDWLRQ�RQ�WKH�ZKROH�YROXPH�WKDW�LV�VWXGLHG��7KLV�GDWD�VHW�FDQ�
EH�PDQLSXODWHG�LQ�PDQ\�GLIIHUHQW�ZD\V�WR�REWDLQ�LPDJHV�WKDW�KLJKOLJKW�WKH�SDUW�RI�WKH�ERG\�WKDW�ZH�QHHG�WR�
VWXG\��
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�

$Q�LPDJLQJ�ZRUNVWDWLRQ�IRU�DOO��
7KH�ELUWK�RI�2VLUL;��
�
�
8QWLO�UHFHQWO\��UHIRUPDWWLQJ�WKH�&7�GDWDVHW�LQ�RUGHU�WR�REWDLQ�WKH�LPDJHV�WKDW�ZH�UHDOO\�
QHHG�LQ�RUGHU�WR�SODQ�RXU�SURFHGXUH�ZDV�SRVVLEOH�RQO\�RQ�GHGLFDWHG�LPDJLQJ�
ZRUNVWDWLRQV�WKDW�DUH�UHDOO\�H[SHQVLYH�DQG�DUH�XVXDOO\�ORFDWHG�LQ�WKH�UDGLRORJ\�
GHSDUWPHQW�DQG�KDYH�WR�EH�VKDUHG�E\�PDQ\�VSHFLDOLVWV��PDNLQJ�SUDFWLFDO�DFFHVV�WR�
WKHP�UDWKHU�GLIILFXOW�DQG�QRW�FRQYHQLHQW��6LQFH������DQG�HVSHFLDOO\�LQ�WKH�ODVW�FRXSOH�
RI�\HDUV�WKH�VLWXDWLRQ�KDYH�FKDQJHG�FRQVLGHUDEO\��:H�RZH�WR�WKH�LQJHQXLW\�RI�'U��5DWLE�
DQG�KLV�FR�ZRUNHUV�IURP�WKH�8QLYHUVLW\�RI�*HQªYH��&+���IRU�WKH�FUHDWLRQ�RI�WKH�2VLUL;�
VRIWZDUH�������
2VLUL;�LV�GHGLFDWHG�WR�ಯ',&20ರ�LPDJHV��'LJLWDO�,PDJLQJ�DQG�&RPPXQLFDWLRQV�LQ�
0HGLFLQH��SURGXFHG�E\�FXUUHQW�PHGLFDO�HTXLSPHQW��DQG�UXQV�RQ�UHJXODU�0DF�26�;�
FRPSXWHUV��
,W�KDV�EHHQ�VSHFLILFDOO\�GHVLJQHG�IRU�QDYLJDWLRQ�DQG�YLVXDOL]DWLRQ�RI�PXOWL�PRGDOLW\�DQG�
PXOWLGLPHQVLRQDO�LPDJHV��LQFOXGLQJ�&7��,W�LV�ZRUOG�ZLGHO\�DYDLODEOH�WR�EH�IUHHO\�
GRZQORDGHG�RQ�WKH�,QWHUQHW��DQG�LV�UHOHDVHG�XQGHU�*18�IUHH�VRIWZDUH�OLFHQVH��ZKLFK�
JUDQWV�UHFLSLHQWV�ULJKWV�WR�XVH��PRGLI\�DQG�UHGLVWULEXWH�FRS\ULJKWHG�ZRUN��,W�LV�SRVVLEOH�
WR�FUHDWH�SHUVRQDOL]HG�SOXJ�LQV�WKDW�SHUIRUPV�GHVLUHG�DFWLRQV��7KH�DFWLYH�SDUWLFLSDWLRQ�
RI�WKH�ಯRSHQ�VRXUFHರ�FRPPXQLW\�DVVXUHV�D�YHU\�UDSLG�HYROXWLRQ�DQG�LPSURYHPHQW�RI�
2VLUL;��/HDUQ�0RUH���
� $V�RI�WKH�EHJLQQLQJ�RI������WKHUH�DUH�PRUH�WKDQ��������XVHUV�RI�2VLUL;��DQG�
WKH�QXPEHU�LV�UDSLGO\�JURZLQJ�����
�
�
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'LVSOD\LQJ�D�&7�GDWDVHW�
+RZ�WR�UHQGHU�RQ�D�IODW�VFUHHQ�DQ�REMHFW�ZLWK���
RU�PRUH�GLPHQVLRQV�
�
�
:LWK�WKH�KHOS�RI�WKH�2VLUL;�VRIWZDUH�ZH�FDQ�VWDUW�ZRUNLQJ�RQ�RXU�&7�GDWDVHW�WR�REWDLQ�
WKH�LPDJHV�RI�WKH�DRUWD�WKDW�ZH�QHHG��7KH�FODVVLF�ZD\�WR�VKRZ�D�&7�GDWDVHW�DUH�D[LDO�
�WUDQVYHUVH��VFDQV��
�

�
�
)LJXUH�������WKLV�VFUHHQ�FDSWXUH�REWDLQHG�ZLWK�2VLUL;��GLVSOD\V�D[LDO�YLHZV�RI�D�QRUPDO��OHIW��DUURZV��DQG�DQ�
DQHXU\VPDWLF��ULJKW��DUURZKHDGV��DRUWD��
�
+RZHYHU�RQFH�ZH�XQGHUVWDQG�WKDW�WKH�GDWDVHW�FRQWDLQV�WKH�ZKROH�YROXPH�RI�WKH�ERG\��
LW�LV�REYLRXV�WKDW�WKH�VOLFHV�FDQ�EH�FXW�QRW�RQO\�LQ�D�WUDQVYHUVH��$[LDO��SODQH�EXW�DOVR�LQ�
D�IURQWDO��&RURQDO��RU�LQ�D�ODWHUDO��6DJLWWDO��SODQH��6FDQV�LQ�WKHVH���RUWKRJRQDO�SODQHV�
�RUWKRJRQDO�PXOWL�SODQDU�UHIRUPDWWLQJ�035��FDQ�EH�REWDLQHG�HDVLO\�DQG�VKRZHG�
WRJHWKHU�LQ�WKH�VDPH�ZLQGRZ���
�
�
�
�
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�

�
�
)LJXUH������WKH�LQVHUW�RQ�WKH�OHIW�GHSLFWV�D�VFKHPDWLF�GUDZLQJ�RI�WKH�KXPDQ�ERG\�ZLWK�WKH���RUWKRJRQDO�
SODQHV��WUDQVYHUVH��$[LDO���EOXH���IURQWDO��&RURQDO���UHG��DQG�ODWHUDO��6DJLWWDO���JUHHQ���7KH�VFUHHQ�FDSWXUH�RQ�
WKH�ULJKW�VKRZV�KRZ�2VLUL;�FDQ�GLVSOD\�WKH�WKUHH�SODQHV�VLPXOWDQHRXVO\��$�JURVVO\�GLODWHG�DRUWD�LV�HYLGHQW�
KRZHYHU�WKLV�RUWKRJRQDO�SURMHFWLRQV�IDLO�WR�VKRZ�WKH�HQWLUH�FRXUVH�RI�WKH�DRUWD��

�
6FUROOLQJ�WKHVH���VHWV�RI�VFDQV��DGMXVWLQJ�WKH�ZLQGRZ�OHYHO�DQG�ZLGWK��]RRPLQJ�DQG�
PRGLI\LQJ�WKH�VOLFH�WKLFNQHVV�ZLOO�DOORZ�XV�WR�JDLQ�D�ORW�RI�LQIRUPDWLRQ��KRZHYHU�
XQIRUWXQDWHO\�WKH�LPSRUWDQW�VWUXFWXUHV�LQ�RXU�ERG\�GRQಬW�DOZD\V�IROORZ�RUWKRJRQDO�
SODQHV��WKH�DRUWD�LQ�SDUWLFXODU��IURP�WKH�*UHHN�ZRUG�D�RUWKRV� �QRW�VWUDLJKW��KDYH�D�
WRUWXRXV�SDWK�WKDW�FXUYHV�LQ�DOO�GLUHFWLRQV�RI�VSDFH��$Q�REOLTXH�035�PD\�WKHUHIRUH�
KHOS�XV�SURGXFLQJ�D�VFDQ�ZKRVH�DQJXODWLRQ�PDWFKHV�WKDW�RI�WKH�DRUWD��RU�WKH�YHVVHO�
ZH�QHHG�WR�VWXG\��
�

�
�
)LJXUH������WKH�LQVHUW�RQ�WKH�OHIW�VKRZV�KRZ�WKH�KXPDQ�ERG\�FDQ�EH�FURVVHG��E\���REOLTXH��QRQ�RUWKRJRQDO��
SODQHV��SDUD�$[LDO���EOXH��SDUD�&RURQDO�ದ�UHG��SDUD�6DJLWWDO���JUHHQ��7KH�VFUHHQ�FDSWXUH�RQ�WKH�ULJKW�
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REWDLQHG�ZLWK�2VLUL;��GLVSOD\V�WKH�WKUHH�REOLTXH�SODQHV�VLPXOWDQHRXVO\��DQG�KRZ�WKH�FXUYHG�SDWK�RI�WKH��
GLODWHG�DRUWD�LV�QRZ�HYLGHQW�LQ�WKH�ODUJHU�LPDJH��

�
1HYHUWKHOHVV�LI�WKH�YHVVHO��RU�DQ\�RWKHU�VWUXFWXUH��ZH�DUH�VWXG\LQJ�LV�WRR�WRUWXRXV�WR�EH�
IROORZHG�HYHQ�LQ�DQ�DSSURSULDWH�REOLTXH�035�ZH�FDQ�XVH�DQ�HYHQ�PRUH�VRSKLVWLFDWHG�
WRRO��D�FXUYHG�035�ZKHUH�WKH�SODQH�ZH�DUH�JRLQJ�WR�H[WUDFW�IURP�WKH�GDWDVHW�LV�KDQG�
GUDZQ�RQ�WKH�VFDQ�DQG�KDYH�SUHFLVHO\�WKH�FRXUVH�RI�WKH�DQDWRPLFDO�VWUXFWXUH�ZH�QHHG�
WR�IROORZ��
�

�
�
)LJXUH�����WKH�LQVHUW�RQ�WKH�OHIW�VKRZV�KRZ�WKH�KXPDQ�ERG\�FDQ�ಯVOLFHGರ�LQ�D�FXUYHG�IDVKLRQ��7KH�FXUYHG�
SODQH�LV�KDQG�GUDZQ�RQ�WKH�D[LDO�VFDQ��2VLUL;�VFUHHQ�FDSWXUH�OHIW���7KLV�DOORZV�WR�VKRZ�RQ�WKH�UHVXOWLQJ�
LPDJH��2VLUL;�VFUHHQ�FDSWXUH�ULJKW��WKH�FRXUVH�RI�D�YHU\�WRUWXRXV�YHVVHO��

�
7R�KHOS�XV�HYHQ�PRUH�WR�YLHZ�WKH�VWUXFWXUH�ZH�DUH�VWXG\LQJ�LQ�D�YHU\�UHDOLVWLF�WKUHH�
GLPHQVLRQDO�ZD\���'�UHQGHULQJ�WRROV�DUH�DYDLODEOH�VXFK�DV�0,3��YROXPH�UHQGHULQJ��
VXUIDFH�UHQGHULQJ�HWF���6HH�DOVR�)LJXUHV���DQG�����:RUNLQJ�ZLWK�FRORXUV�WR�GLIIHUHQWLDWH�
VWUXFWXUHV�WKDW�KDYH�GLIIHUHQW�EXW�VLPLODU�UDGLR�RSDFLW\�LV�D�IXUWKHU�ZD\�WR�HQKDQFH�RXU�
GLDJQRVWLF�FDSDELOLW\���
�

�
� �
)LJXUH�������WKLV�LPDJH�REWDLQHG�ZLWK�WKH�2VLUL;�VRIWZDUH�DQG�WKH�)RYLD�KLJK�GHILQLWLRQ�YROXPH�UHQGHULQJ�
VRIWZDUH�DOORZV�D�SVHXGR�UHDOLVWLF�WKUHH�GLPHQVLRQDO�GHSLFWLRQ�RI�WKH�KXPDQ�ERG\�KLJKOLJKWLQJ�GLIIHUHQW�
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VWUXFWXUHV��WKH�ULEFDJH�LQ�WKH�OHIW�LPDJH��WKH�LQWHUQDO�RUJDQV�LQ�WKH�FHQWHU�LPDJH�DQG�WKH�DRUWD��ZLWK�D�ODUJH�
WKRUDFLF�DQHXU\VP���DUURZV��ZLWK�YHUWHEUDO�FROXPQ�LQ�WKH�EDFNJURXQG�LQ�WKH�ULJKW�LPDJH��
�
�
2VLUL;�DOVR�DOORZ�XV�WR�VKRZ�RQ�RXU�VFUHHQ�WKH��WK�GLPHQVLRQ��WLPH��3URYLGHG�WKDW�WKH�
&7�VFDQ�LV�REWDLQHG�JDWLQJ�WKH�DFTXLVLWLRQ�ZLWK�WKH�GLIIHUHQW�SKDVHV�RI�D�KHDUWEHDW��WKH�
H[DP�ZLOO�EH�VKRZQ�G\QDPLFDOO\�LQ�PRWLRQ��)LQDOO\�D��WK�GLPHQVLRQ��WKDW�RI�IXQFWLRQ�
PD\�EH�VKRZQ�VLPXOWDQHRXVO\��PHWDEROLVP�IRU�LQVWDQFH�PD\�EH�FDSWXUHG�ZLWK�3(7�
H[DPV�DQG�WKH�UHVXOWLQJ�LPDJHV�FDQ�EH�IXVHG�WR�WKRVH�RI�D��G\QDPLF�&7�SURGXFLQJ��IRU�
LQVWDQFH�WKH�VWXQQLQJ�LPDJHV�RI�D�EHDWLQJ�KHDUW�ZLWK�LWV�PHWDEROLF�DFWLYLW\��
�
�
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�

3UHRSHUDWLYH�SODQQLQJ�	�VL]LQJ�
�ಯ)DLOXUH�WR�SODQ�LV�D�SODQ�IRU�IDLOXUHರ��
�
�
2VLUL;�DOORZV�9DVFXODU�6XUJHRQV�DOO�RYHU�WKH�ZRUOG�WR�DFFXUDWHO\�SODQ�DQ�DRUWLF�
SURFHGXUH�HPSOR\LQJ�VRSKLVWLFDWHG�SRVW�SURFHVVLQJ�RI�WKHLU�&7�GDWDVHW�LQ�D�YHU\�
FRQYHQLHQW�DQG�FRVW���WLPH�HIIHFWLYH�IDVKLRQ��$FFXUDWH�SODQQLQJ�LV�HYHQ�PRUH�LPSRUWDQW�
ZKHQ�D�VWHQW�JUDIW�SURFHGXUH�LV�FRQVLGHUHG��EHFDXVH�SUHFLVH�TXDQWLWDWLYH�
PHDVXUHPHQWV�DUH�QHHGHG�EHVLGHV�WKH�XVXDO�TXDOLWDWLYH�GLDJQRVLV��'LDPHWHUV��OHQJWKV�
DQG�DQJOHV�QHHG�WR�EH�PHDVXUHG�YHU\�DFFXUDWHO\�WRJHWKHU�ZLWK�WKH�SUHVHQFH�RI�
WKURPEXV��FDOFLILFDWLRQV��DQRPDOLHV��HWF��
� 7KH�LPSRUWDQFH�RI�SUHFLVH�PHDVXUHPHQWV�LQ�WKH�SUHRSHUDWLYH�SODQQLQJ�FDQQRW�
EH�RYHUHPSKDVL]HG��6R�DV�WKH�5XVVLDQ�SURYHUE�DSSURSULDWHO\�VD\V�ಯ0HDVXUH�VHYHQ�
WLPHV�DQG�FXW�RQO\�RQFHಹರ���
�
�

�
�
)LJXUH������DQ�H[DPSOH�RI�VL]LQJ�UHTXLUHG�WR�SODQ�DQ�HQGRYDVFXODU�SURFHGXUH�IRU�D�WKRUDFLF�DRUWLF�DQHXU\VP��
$�VFKHPDWLF�GUDZLQJ�RI�WKH�PHDVXUHPHQWV�QHHGHG��/HIW���DQG�WKH�DFWXDO�PHDVXUHPHQWV�WDNHQ�RQ�DQ�
DSSURSULDWHO\�UHIRUPDWWHG�&7�VFDQ��
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�

)URP�GLDJQRVLV�WR�WUHDWPHQW�
$QG�WKH�VWUXJJOH�WR�DYRLG�FRPSOLFDWLRQV�
�
$�WLPHO\�GLDJQRVLV�DQG�DQ�DFFXUDWH�SODQQLQJ�DQG�VL]LQJ�DOORZV�WR�RIIHU�DQ�HIIHFWLYH�
WUHDWPHQW�WR�PDQ\�SDWLHQWV��KRZHYHU��LQ�VSLWH�RI�D�IODZOHVVO\�H[HFXWHG�RSHUDWLRQ��
VHYHUDO�LPSRUWDQW�FRPSOLFDWLRQV�PD\�RFFXU�DIWHU�WKRUDFLF�RU�WKRUDFR�DEGRPLQDO�DRUWLF�
SURFHGXUHV��7KH�PRVW�VHYHUH�FRPSOLFDWLRQ�DIWHU�WKHVH�SURFHGXUHV�LV�FHUWDLQO\�VSLQDO�
FRUG�LVFKHPLD�ZKLFK�FDQ�FDXVH�V\PSWRPV�DV�GUDPDWLF�DV�SDUDSOHJLD���
7KLV�WHUULEOH�HYHQW�KDV�PDQ\�SRWHQWLDO�FDXVHV��PXOWLIDFWRULDO��EXW�UHJUHWWDEO\�LQ�VSLWH�RI�
DOO�WKH�HIIRUWV�LW�LV�VWLOO�RIWHQ�XQSUHGLFWDEOH��2QH�RI�WKH�HOHPHQWV�WKDW�FRXOG�KHOS�
UHGXFLQJ�WKH�ULVN�RI�SRVWRSHUDWLYH�SDUDSOHJLD�LV�DQ�DFFXUDWH�SUHRSHUDWLYH�NQRZOHGJH�RI�
WKH�EORRG�VXSSO\�WR�WKH�VSLQDO�FRUG�������7KLV�LV�GLIILFXOW�WR�REWDLQ�EHFDXVH�DUWHULHV�WKDW�
VXSSO\�WKH�VSLQDO�FRUG�DUH�VPDOO������PP���VXUURXQGHG�E\�RVVHRXV�VWUXFWXUHV�
�YHUWHEUDH��DQG�KDYH�DQ�H[WUHPH�LQWHU�LQGLYLGXDO�YDULDELOLW\��
�

�
�
)LJXUH������DQ�DUWLVWಬV�GHSLFWLRQ�RI�WKH�VSLQDO�FRUG�EORRG�VXSSO\��WKH�DRUWD�LV�LQ�WKH�IRUHJURXQG�DQG�WKH�VSLQDO�
FRUG�ZLWK�LWV�DUWHULHV�LV�GHSLFWHG�LQ�WKH�EDFNJURXQG�DIWHU�UHPRYDO�RI�WKH�YHUWHEUDH��
�
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� �
�
�
7KH�LGHQWLILFDWLRQ�RI�WKH�VSLQDO�FRUG�YDVFXODWXUH��LQ�SDWLHQWV�ZLWK�DRUWLF�GLVHDVH��KDV�
EHHQ�VKRZQ�WR�EH�SRVVLEOH�ZLWK�QRQ�LQYDVLYH�LPDJLQJ�PRGDOLWLHV�VXFK�DV�05�
$QJLRJUDSK\�RU�&7�$QJLRJUDSK\�VLQFH�����������$OO�VWXGLHV�KRZHYHU�KDYH�EHHQ�
SHUIRUPHG�LQ�KLJKO\�VSHFLDOL]HG�UDGLRORJ\�UHVHDUFK�LQVWLWXWLRQV��PDLQO\�LQ�-DSDQ��DQG�
WKH�SRWHQWLDO�FOLQLFDO�EHQHILW�IRU�SDWLHQWV�VHHPHG�WR�EH�VWLOO�IDU�DZD\��
$�YHU\�UHFHQW�VWXG\�WKDW�ZLOO�EH�SXEOLVKHG�LQ�WKH�$SULO������LVVXH�RI�WKH�GLVWLQJXLVKHG�
(XURSHDQ�-RXUQDO�RI�9DVFXODU�DQG�(QGRYDVFXODU�6XUJHU\���ZDV�SHUIRUPHG�DW�WKH�6DQ�
5DIIDHOH�6FLHQWLILF�,QVWLWXWH�LQ�0LODQR��2XU�,QVWLWXWLRQ�LV�HVSHFLDOO\�DFWLYH�LQ�DRUWLF�
VXUJHU\��WHDFKLQJ�DQG�HGXFDWLRQ��/HDUQ�PRUH� �
�

�
�
)LJXUH������VRPH�RI�WKH�FOLQLFDO�DQG�UHVHDUFK�IDFLOLWLHV�DW�WKH��6DQ�5DIIDHOH�6FLHQWLILF�,QVWLWXWH�LQ�0LODQR�
�
,Q�WKLV�VWXG\�WKH�VDPH�&7�GDWDVHWV�RI�SDWLHQWV�ZLWK�VHYHUH�DRUWLF�GLVHDVH�ZHUH�VWXGLHG�
ZLWK�WKH�VWDQGDUG��DQG�H[SHQVLYH��UDGLRORJLFDO�ZRUNVWDWLRQV�DQG�ZLWK�WKH�2VLUL;�
VRIWZDUH�UXQQLQJ�RQ�D�UHJXODU�0DF�%RRN�3UR�LQ�RUGHU�WR�GHWHFW�WKH�DUWHU\�RI�
$GDPNLHZLF]��WKH�SULQFLSDO�VXSSOLHU�RI�EORRG�RI�WKH�WKRUDFR�OXPEDU�VSLQDO�FRUG��6HH�
KRZ�WKH�DUWHU\�RI�$GDPNLHZLF]�LV�GHWHFWHG�ZLWK�2VLUL;�LQ�OHVV�WKDQ�D�PLQXWH����7KH�
UHVXOWV�VKRZHG�WKDW�WKH�DQDO\VLV�SHUIRUPHG�ZLWK�2VLUL;�ZDV�QRW�RQO\�FRPSDUDEOH�ZLWK�
WKRVH�REWDLQHG�ZLWK�WKH�VWDQGDUG�PHWKRGV�EXW�DOVR�FRQVLVWHQW�ZLWK�WKH�GDWD�REWDLQHG�
IURP�D�V\VWHPDWLF�UHYLHZ�RI�WKH�OLWHUDWXUH��
�
�
�
�
�
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�
)LJXUH������WKLV�VFUHHQ�FDSWXUH�REWDLQHG�ZLWK�2VLUL;��GLVSOD\V�D��'�REOLTXH�PXOWL�SODQDU�UHIRUPDWWLQJ�
SHUIRUPHG�LQ�RUGHU�WR�YLVXDOL]H�WKH�VSLQDO�FRUG�DQG�LWV�SULQFLSDO�EORRG�VXSSO\���WKH�DQWHULRU�VSLQDO�DUWHU\�
�DUURZV��UXQV�ORQJLWXGLQDOO\�DQG�LV�IHG�E\�WKH�JUHDW�UDGLFXODU�DUWHU\�RU�DUWHU\�RI�$GDPNLHZLF]��DUURZKHDGV��
ZLWK�LWV�FKDUDFWHULVWLF�ಯKDLUSLQರ�VKDSH���
�
�

�
�
)LJXUH������WKLV�VFUHHQ�FDSWXUH�REWDLQHG�ZLWK�2VLUL;��GLVSOD\V�D��'�FXUYHG�PXOWL�SODQDU�UHIRUPDWWLQJ�WKDW�
DOORZV�WR�IROORZ�WKH�FRQWLQXLW\�RI�WKH�DUWHU\�RI�$GDPNLHZLF]��
��ZLWK�WKH�DRUWD��

��WKURXJK�WKH�UDGLFXOR�
PHGXOODU\�DUWHU\�DQG�WKH�LQWHUFRVWDO�DUWHU\��DUURZKHDGV���3OHDVH�QRWH�WKDW�WKH�LPDJH�RQ�WKH�ULJKW�LV�D�WRWDOO\�
YLUWXDO�FXUYHG�SODQH�ಯFDUYHGರ�IURP�WKH�&7�GDWDVHW��LWV�SDWK�LV�KDQG�GUDZQ�RQ�WKH�D[LDO�LPDJHV��OHIW�LPDJH��
JUHHQ�OLQH���
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�
:KLOH�IXUWKHU�VWXGLHV�DUH�FHUWDLQO\�QHHGHG��WKHVH�LQLWLDO�UHVXOWV�DUH�YHU\�HQFRXUDJLQJ�
EHFDXVH�WKH\�FRQILUP�WKH�YDOXH�DQG�WKH�DFFXUDF\�RI�2VLUL;�LQ�WKH�SUHRSHUDWLYH�
GLDJQRVWLF�ZRUNXS�RI�SDWLHQWV�ZLWK�DRUWLF�GLVHDVH��
�

�
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)ROORZ�XS��
,PDJLQJ��PHGLFDO�GHYLFHV�DW�ZRUN�
�
�
2QFH�D�VWHQW�JUDIW�KDYH�EHHQ�VXFFHVVIXOO\�LPSODQWHG�WKH�SDWLHQWV�QHHG�WR�XQGHUJR�
IROORZ�XS�LPDJLQJ�WR�FRQILUP�WKDW�HYHU\WKLQJ�LV�ZRUNLQJ�SURSHUO\��DQG�LI�VRPHWKLQJ�LV�
ZURQJ��WR�DOORZ�IRU�D�ZHOO�WLPHG�DQG�VDIH�SURFHGXUH�WR�IL[�WKH�SUREOHP��
7KH�SUHVHQFH�RI�PHWDO�SDUWV��WKDW�DUH�YHU\�UDGLR�RSDTXH��LQ�WKH�HQGRYDVFXODU�
SURVWKHVHV�PDNHV�WKH�SRVWRSHUDWLYH�VFDQV�QRW�RQO\�LPSRUWDQW�IRU�WKH�SDWLHQWಬV�VDIHW\�
EXW�DOVR�IDVFLQDWLQJ�WR�ORRN�DW��2QFH�DJDLQ�DSSURSULDWH�SRVW�SURFHVVLQJ�RI�WKH�LPDJHV�
LV�PLVVLRQ��FULWLFDO�IRU�DQ�DFFXUDWH�GLDJQRVLV��
�
�

�
�
)LJXUH�������WKLV�LPDJHV�REWDLQHG�ZLWK�WKH�2VLUL;�VRIWZDUH�DQG�WKH�)RYLD�KLJK�GHILQLWLRQ�YROXPH�UHQGHULQJ�
VRIWZDUH�VKRZ�VWHQW�JUDIWV�SODFHG�LQ�WKH�WKRUDFR�DEGRPLQDO�DRUWD��OHIW��DQG�LQ�WKH�DRUWLF�DUFK��ULJKW��WR�WUHDW�
OHVV�LQYDVLYHO\�SDWLHQWV�ZLWK�VHYHUH�DRUWLF�DQHXU\VPV��
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�

&RQFOXVLRQ�
�
�
2VLUL;�VRIWZDUH�KDV�VKRZQ�WR�EH�DGHTXDWH�LQ�SUHRSHUDWLYH�SODQQLQJ�DQG�VL]LQJ�RI�
SDWLHQWV�ZLWK�WKRUDFLF�DQG�WKRUDFR�DEGRPLQDO�DRUWLF�GLVHDVH��0RUHRYHU�LW�KDV�VKRZQ�WR�
EH�QRQ�LQIHULRU�WR�WKH�H[SHQVLYH�VWDQGDUG�LPDJLQJ�ZRUNVWDWLRQV�HYHQ�LQ�VRSKLVWLFDWHG�
WDVNV�VXFK�DV�WKH�GHWHFWLRQ�RI��WKH�DUWHU\�RI�$GDPNLHZLF]�� �
7KLV�LV�RI�JUHDW�SUDFWLFDO�XWLOLW\�EHFDXVH�LW�DOORZV�WR�SHUIRUP�DFFXUDWH�DQG�UHILQHG�SRVW�
SURFHVVLQJ�WDVNV�RQ�D�JLYHQ�&7�GDWDVHW�LQ�D�YHU\�UHVRXUFHV�FRQVFLRXV�IDVKLRQ��
1RZDGD\V�FRVW�FRQWDLQPHQW�LQ�KHDOWKFDUH�ZLWKRXW�ORVV�RI�HIILFDF\�LV�QRW�RQO\�ಯWUHQG\ರ�
EXW�LV�EHFRPLQJ�PDQGDWRU\�LQ�PDQ\�JHRSROLWLFDO�UHDOLWLHV�DURXQG�WKH�ZRUOG��
�
� �
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