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�
7KLV� SDSHU� GHVFULEHV� D� WHOHRSHUDWLRQ� V\VWHP� LQ� ZKLFK� DQ� DUWLFXODWHG� URERW�
SHUIRUPV�D�EORFN�SXVKLQJ�WDVN�EDVHG�RQ�KDQG�JHVWXUH�FRPPDQGV�VHQW�WKURXJK�WKH�
,QWHUQHW��$�)X]]\�&�0HDQV�FOXVWHULQJ�PHWKRG�LV�XVHG�WR�FODVVLI\�KDQG�SRVWXUHV�DV�
³JHVWXUH� FRPPDQGV´�� 7KH� IX]]\� UHFRJQLWLRQ� V\VWHP� ZDV� WHVWHG� XVLQJ� ��� WULDOV�
HDFK� RI� D� ���JHVWXUH� YRFDEXODU\�� 5HVXOWV� UHYHDOHG� DQ� DFFHSWDQFH� UDWH� RI� ������
�SHUFHQW� RI� JHVWXUHV� ZLWK� D� VXIILFLHQWO\� ODUJH�PHPEHUVKLS� YDOXH� WR� EHORQJ� WR� DW�
OHDVW� RQH�RI� WKH�GHVLJQDWHG�FODVVLILFDWLRQV��� DQG�D� UHFRJQLWLRQ�DFFXUDF\�RI������
�WKH�SHUFHQW�RI�DFFHSWHG�JHVWXUHV�FODVVLILHG�FRUUHFWO\���3HUIRUPDQFH�WLPHV�WR�FDUU\�
RXW�WKH�SXVKLQJ�WDVN�VKRZHG�UDSLG�OHDUQLQJ��UHDFKLQJ�VWDQGDUG�WLPHV�ZLWKLQ���WR���
WULDOV�E\�DQ�LQH[SHULHQFHG�RSHUDWRU��
�
�

.(<:25'6��JHVWXUH�UHFRJQLWLRQ��WHOHURERWLFV��IX]]\�F�PHDQV��KDQG�JHVWXUH�
�
�

,1752'8&7,21�
�
+DQG�JHVWXUHV� DUH�RQH�EXW� D� IHZ�RI� WKH�PHWKRGV�XVHG� LQ� WHOHURERWLF�FRQWURO� >�@��7KLV�

W\SH�RI�FRPPXQLFDWLRQ�SURYLGHV�DQ�H[SUHVVLYH��QDWXUDO�DQG� LQWXLWLYH�ZD\�IRU�KXPDQV�WR�
FRQWURO�URERWLF�V\VWHPV��2QH�EHQHILW�>�@�RI�VXFK�D�V\VWHP�LV�WKDW�LW�LV�D�QDWXUDO�ZD\�WR�VHQG�
JHRPHWULFDO� LQIRUPDWLRQ� WR� WKH� URERW� VXFK� DV�� OHIW�� ULJKW�� HWF��*HVWXUHV�PD\� UHSUHVHQW� D�
VLQJOH�FRPPDQG��D�VHTXHQFH�RI�FRPPDQGV��D�VLQJOH�ZRUG��RU�D�SKUDVH��DQG�PD\�EH�VWDWLF�
RU�G\QDPLF��6XFK�V\VWHPV�VKRXOG�EH�DFFXUDWH�HQRXJK�WR�SURYLGH�WKH�FRUUHFW�FODVVLILFDWLRQ�
RI�KDQG�JHVWXUHV�LQ�D�UHDVRQDEOH�WLPH�>�@��
+XPDQ�URERW�LQWHUDFWLRQ�XVLQJ�KDQG�JHVWXUHV�SURYLGHV�D�IRUPLGDEOH�FKDOOHQJH��7KLV�LV�

EHFDXVH�WKH�HQYLURQPHQW�FRQWDLQV�D�FRPSOH[�EDFNJURXQG��G\QDPLF�OLJKWLQJ�FRQGLWLRQV��D�
GHIRUPDEOH�KDQG�VKDSH��DQG�D�UHDO�WLPH�H[HFXWLRQ�UHTXLUHPHQW���7KHUH�KDV�UHFHQWO\�EHHQ�D�
JURZLQJ� LQWHUHVW� LQ�JHVWXUH� UHFRJQLWLRQ�V\VWHPV�ZLWK�D�QXPEHU�RI� UHVHDUFKHUV�SURYLGLQJ�
VRPH� QRYHO� DSSURDFKHV�� PDQ\� RI� ZKLFK� DUH� TXLWH� HODERUDWH� DQG� UHTXLUH� LQWHQVLYH�
FRPSXWHU� UHVRXUFHV�� )RU� H[DPSOH�� 4XHN� >�@� GHYHORSV� D� IORZ� ILHOG� FRPSXWDWLRQDO�
DOJRULWKP��.RRQV��HW��DO��>�@�GHVFULEHV�DQ�DSSURDFK�LQ�ZKLFK�KDQG�GDWD�LV�FODVVLILHG�LQWR�
IHDWXUHV�RI�SRVWXUH��RULHQWDWLRQ�DQG�PRWLRQ��,Q�>�@�FRORU��PRWLRQ��DQG�WUDFNLQJ�LV�XVHG�LQ�D�
KDQG�SRVWXUH�V\VWHP�IRU�URERW�FRQWURO��&ODVVLILFDWLRQ�LV�EDVHG�RQ�HODVWLF�JUDSK�PDWFKLQJ��
$Q�H[FHOOHQW�UHYLHZ�RI�JHVWXUH�PRGHOLQJ�DSSURDFKHV�LV�WKDW�RI�+XDQJ��HW�DO��>�@��2I�WKRVH�
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PHQWLRQHG� RXU� V\VWHP� LV� FORVHVW� WR� WKDW� RI� WKH� HGJH� EDVHG� WHFKQLTXH� WR� H[WUDFW� LPDJH�
SDUDPHWHUV�IURP�VLPSOH�VLOKRXHWWHV�XVHG�E\�6HJHQ�>�@���
,Q�WKLV�SDSHU�ZH�GHILQH�D�VWDWLF�KDQG�JHVWXUH�YRFDEXODU\�IRU�WHOHURERWLF�FRQWURO�XVLQJ�D�

)X]]\� &�0HDQV� �)&0�� UHFRJQLWLRQ� V\VWHP�� $OWKRXJK� WKH� VSHHG� RI� DUWLILFLDO� QHXUDO�
QHWZRUN��$11��FODVVLILHUV�DOORZV�UHDO�WLPH�RSHUDWLRQ�DQG�FRPSDUDEOH�DFFXUDF\��D�)&0�LV�
XVHG�EHFDXVH� LW� UHTXLUHV�VPDOOHU� WUDLQLQJ�VHWV�DQG�VKRUWHU� WUDLQLQJ� WLPHV��0RUHRYHU�� LW� LV�
FRPSDWLEOH� ZLWK� IXWXUH� UHVHDUFK� QHHGV� WR� FRPSDUH� RWKHU� V\VWHPV� EDVHG� RQ� FOXVWHU�
YDULDQFHV�� $11V� SUHFOXGH� VXFK� FRPSDULVRQV�� DV� FOXVWHU� ERXQGDULHV� DUH� WUDQVSDUHQW��
H[FHSW� IRU�YHU\�VPDOO�QHWZRUNV��2XU�DSSURDFK� LV� LPSOHPHQWHG� LQ�D� WHOHRSHUDWLRQ�FOLHQW�
VHUYHU�LQWHUQHW�HQYLURQPHQW��7KH�SDSHU�GHVFULEHV�WKH�JHVWXUH�UHFRJQLWLRQ�DOJRULWKP�DQG�LWV�
HYDOXDWLRQ��
�

6<67(0�$5&+,7(&785(�
�
7R�FRQWURO�D�URERW�PRYHPHQW��WKH�XVHU�HYRNHV�D�JHVWXUH�IURP�D�JHVWXUH�YRFDEXODU\��7KH�

XVHU�OD\V�KLV�KHU�KDQG�RYHU�D�YLGHR�LPDJHU��DQG�D�UDZ�LPDJH�LV�DFTXLUHG��7KH�JHVWXUH�LV�
FODVVLILHG�XVLQJ�D�UHFRJQLWLRQ�PRGXOH�EDVHG�RQ�WKH�)&0�DOJRULWKP�>�@�DQG�LV�VHQW�WR�WKH�
URERW� IRU�H[HFXWLRQ��7KH�FRPSRQHQWV�RI� WKH�V\VWHP�FRQVLVW�RI�D� ILYH�GHJUHH�RI� IUHHGRP�
URERW��D�3&�V\VWHP�ZLWK�D�IUDPH�JUDEEHU��WZR�86%�FDPHUDV��DQG�D�YLGHR�LPDJHU��
$�VHW�RI� UHFRJQL]HG�JHVWXUHV�LV�VHQW� WKURXJK�WKH�7&3�,3�FRPPXQLFDWLRQ�SURWRFRO�WR�D�

GLVWDQW� URERW� 3&� VHUYHU�� 7KH� VHUYHU� LV� FRQQHFWHG� WR� WKH� URERW� FRQWUROOHU� DQG� WZR�86%�
FDPHUDV�� ZKLFK� FRQWLQXDOO\� FDSWXUH� WKH� URERW� VFHQH�� %RWK� VLGH� DQG� IURQW� YLHZV� RI� WKH�
VFHQH�DUH�VHQW�WR�FOLHQW�LQWHUIDFH�XVLQJ�WKH�)73�SURWRFRO���
7KH� KDQG� JHVWXUH� UHFRJQLWLRQ� V\VWHP� IORZ� GLDJUDP� LV� VKRZQ� LQ� )LJ���� 8SRQ�

SUHVHQWDWLRQ�RI� WKH� URERWLF� VFHQH� LQ� WKH� XVHU¶V� LQWHUIDFH�� D�JHVWXUH�*� LV� VHOHFWHG� IURP�D�
JHVWXUH�YRFDEXODU\�^*���*������*��`��$�YLVLRQ�V\VWHP�FRQYHUWV�WKH�FDSWXUHG�LPDJH�RI�WKH�
JHVWXUH� LQWR�D� IHDWXUH�VWULQJ��ZKLFK�LV�VXEVHTXHQWO\�UHFRJQL]HG�DQG�VHQW� WR�WKH�URERW�3&�
VHUYHU��$IWHU�WKH�URERW�H[HFXWHV�WKH�FRPPDQG��FDPHUD�YLHZV�RI�WKH�URERW�HQYLURQPHQW�DUH�
WUDQVPLWWHG�EDFN�WR�WKH�LQWHUIDFH��
�

�
)LJ����6\VWHP�)ORZ�'LDJUDP�
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�

+DQG�*HVWXUH�/DQJXDJH�
�
$�YRFDEXODU\�RI����VWDWLF�JHVWXUH�SRVHV�ZDV�GHVLJQHG�IRU�URERW�FRQWURO� WDVNV��)LJ������

7KH� ILUVW� VL[� JHVWXUHV� RI� WKH� YRFDEXODU\� FRQWURO� WKH� URERW� DUP�XVLQJ�ZRUOG� FRRUGLQDWHV��
7KH�IRUZDUG�DQG�EDFN�KDQG�JHVWXUHV�FRQWURO� WKH�;�D[LV�� WKH�ULJKW�DQG�OHIW�KDQG�JHVWXUHV�
FRQWURO� WKH�<�D[LV�� DQG� WKH� XS� DQG�GRZQ�KDQG�JHVWXUHV� FRQWURO� WKH�=�D[LV� RI� WKH� URERW�
DUP��7KH�5ROO�5LJKW�DQG�5ROO�/HIW�KDQG�JHVWXUHV�URWDWH�WKH�ZULVW�MRLQW��DQG�WKH�2SHQ�*ULS�
DQG�&ORVH�*ULS�JHVWXUHV�FRQWURO�WKH�URERW�JULSSHU��7KH�6WRS�KDQG�JHVWXUH�VWRSV�DQ\�DFWLRQ�
WKH� URERW�SHUIRUPV��7KH�+RPH�JHVWXUH� UHVHWV�DOO� URERW� MRLQWV� LQ� WKH�KRPH�SRVLWLRQ��7KH�
JHVWXUHV�ZHUH�VHOHFWHG�WR�FRUUHVSRQG�WR�WKH�URERW�WHDFK�SHQGDQW��
�

�
)LJ����9LVXDO�*HVWXUH�5HFRJQLWLRQ�/DQJXDJHV�

�
)X]]\�&�0HDQV�&OXVWHULQJ�
�
)X]]\� &�0HDQV� &OXVWHULQJ� DOJRULWKP� �)&0�� LV� DQ� HDVLO\� XQGHUVWRRG� DQG� IDVW�

FRPSXWDWLRQDO�DOJRULWKP�GHVFULEHG�PDWKHPDWLFDOO\�LQ�>�@��*LYHQ�D�VHW�RI�Q�GDWD�SDWWHUQV��
; [ � ������� [ � ������ [ � �� �WKH� DOJRULWKP�PLQLPL]HV� D�ZHLJKWHG�ZLWKLQ� JURXS� VXP�RI� VTXDUHG�
HUURU�REMHFWLYH�IXQFWLRQ��-�8�9���
�

¦ ¦� � �
�

�
� ���� � Y[GX98- 	 	
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�
:KHUH� [ � � LV� WKH� N�WK� S�GLPHQVLRQDO� GDWD� YHFWRU�� Y � � LV� WKH� SURWRW\SH� RI� WKH� FHQWHU� RI�

FOXVWHU� L�� X � � � LV� WKH� GHJUHH� RI� PHPEHUVKLS� RI� [ � � LQ� WKH� L�WK� FOXVWHU��P� LV� D� ZHLJKWLQJ�
H[SRQHQW�RQ�HDFK�IX]]\�PHPEHUVKLS��G�[ � �Y � ��LV�D�GLVWDQFH�PHDVXUH�EHWZHHQ�GDWD�SDWWHUQ�
[ � �DQG�FOXVWHU�FHQWHU�Y � ��Q�LV�WKH�QXPEHU�RI�GDWD�SDWWHUQV��DQG�F�LV�WKH�QXPEHU�RI�FOXVWHUV��
7KH�REMHFWLYH�IXQFWLRQ�-�8�9��LV�PLQLPL]HG�YLD�DQ�LWHUDWLYH�SURFHVV�LQ�ZKLFK�WKH�GHJUHHV�
RI�PHPEHUVKLS�X � � ��DQG�WKH�FOXVWHU�FHQWHUV�Y � �DUH�XSGDWHG��
�
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:KHUH��WKH�X � � VDWLVILHV��
������� ¦ � ��� �

�  � LQX!� ������������ ¦" � �
#

$
$ %$ % NXX & �@����> ��

�
����

,Q� WKH� SURSRVHG�PHWKRGRORJ\�� WKH� )&0� DOJRULWKP� LV� SURYLGHG�ZLWK� D� WUDLQLQJ� VHW� RI��
JHVWXUHV��(DFK�JHVWXUH� LV� UHSUHVHQWHG�E\�D� IHDWXUH�YHFWRU��7KH�VHW�RI� IHDWXUH�YHFWRUV�DUH�
FOXVWHUHG�IRU�VXEVHTXHQW�XVH�LQ�D�UHFRJQLWLRQ�V\VWHP��2QFH�WKH�FOXVWHUV�KDYH�EHHQ�FUHDWHG��
WKH\�DUH�ODEHOHG���L�H��DVVLJQHG�D�OLQJXLVWLF�GHVFULSWLRQ�RI�WKH�JHVWXUH���7KLV�LV�FRQGXFWHG�
PDQXDOO\�� KHQFH� WKH� WHUP� XQVXSHUYLVHG� FOXVWHULQJ�� 7KH� FOXVWHU� FHQWHU�� Y ' � LV� D� SURWRW\SH�
IHDWXUH� YHFWRU� IRU� FOXVWHU� L�� [ ( LV� WKH� IHDWXUH� YHFWRU� RI� WKH� N�WK� H[HPSODU� JHVWXUH� LQ� WKH�
WUDLQLQJ�VHW��X ' ( �LV�WKH��GHJUHH�RI�EHORQJLQJ���PHPEHUVKLS�YDOXH��RI�WKH�N�WK�IHDWXUH�YHFWRU��
WR� FOXVWHU� L�� F� LV� WKH� QXPEHU� RI� JHVWXUHV� LQ� WKH� JHVWXUH� VHW� DV� ZHOO� DV� WKH� QXPEHU� RI�
FOXVWHUV��Q�LV�WKH�QXPEHU�RI�LPDJHV�LQ�WKH�WUDLQLQJ�VHW��
�

3UHSURFHVVLQJ�DQG�)HDWXUH�([WUDFWLRQ�
�
3UHSURFHVVLQJ�RI�WKH�LPDJH�LV�VLPSOH�DQG�IDVW�� ,W�VWDUWV�ZLWK�VHJPHQWDWLRQ�RI�WKH�KDQG�

IURP� WKH� EDFNJURXQG� XVLQJ� DQ� DSSURSULDWH� WKUHVKROG� YDOXH� WR� REWDLQ� D� EODFN� DQG�ZKLWH�
LPDJH��7KLV�LV�IROORZHG�E\�FRQVWUXFWLQJ�D�ERXQGLQJ�ER[�DURXQG�WKH�VHJPHQWHG�KDQG�DQG�
SHUIRUPLQJ�D�EORFN�SDUWLWLRQ��$�IHDWXUH�YHFWRU�RI�WKH�LPDJH�ZLWK����SDUDPHWHUV�LV�FUHDWHG��
7KH� ILUVW� IHDWXUH� LV� WKH�DVSHFW� UDWLR�RI� WKH�ERXQGLQJ�ER[��7KH� ODVW���� IHDWXUHV�DUH�EORFN��
PHDQ�JUD\�YDOXHV�FDOFXODWHG�IURP�D���E\���EORFN�SDUWLWLRQ�RI�WKH�LPDJH��7KH�EORFN�PHDQ�
JUD\�YDOXHV�UHSUHVHQW�WKH�DYHUDJH�EULJKWQHVV�RI�HDFK�EORFN�LQ�WKH�LPDJH��)LJ����LOOXVWUDWHV�
D�W\SLFDO�XVHU�JHVWXUH��LWV�EORFN�PHDQ�JUD\�YDOXHV��DQG�WKH�UHVXOWDQW�IHDWXUH�YHFWRU��
��

� �
)HDWXUH�9HFWRU� �>����������������������������������������@�

)LJ����,OOXVWUDWLRQ�RI�D�)HDWXUH�9HFWRU�
7UDLQLQJ�6WDJH�
�
7KH�WUDLQLQJ�VWDJH�LQYROYHV�UXQQLQJ�WKH�)X]]\�&�0HDQV�DOJRULWKP�IRU�D�VHW�RI�H[HPSODU�

KDQG�JHVWXUHV��9DULDWLRQV�DUH�LQFRUSRUDWHG�E\�VOLJKWO\�YDU\LQJ�WKH�KDQG�FRQILJXUDWLRQ�IRU�
HDFK� JHVWXUH�� $W� OHDVW� ��� VDPSOHV� IRU� HDFK� RI� WKH� ��� KDQG� JHVWXUHV� LQ� WKH� ODQJXDJH�
FRPSULVH�WKH�WUDLQLQJ�VHW��'XULQJ�WKH�)&0�FOXVWHULQJ�SURFHVV��IRU�HDFK�WUDLQLQJ�LPDJH�D�
PHPEHUVKLS�YHFWRU�LV�EXLOW�DQG�FRPSXWHG�IURP������(TXDWLRQ������ZDV�XVHG�WR�HPSLULFDOO\�
ILQG�WKH�EHVW�YDOXH�RI�SDUDPHWHU�P��
�
&ODVVLILFDWLRQ�
�
*HVWXUHV�SHUIRUPHG�E\�D�XVHU�DUH�FODVVLILHG�XVLQJ�WKH�KLJKHVW�PHPEHUVKLS�YDOXH��,Q�RXU�

FDVH��LI�[ (*) �LV�WKH�IHDWXUH�YHFWRU�RI�WKH�FXUUHQW�KDQG�JHVWXUH�LPDJH���LWV�GLVWDQFH�WR�HDFK�RI�
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WKH� FOXVWHU� FHQWHUV�Y ' � LV� GHWHUPLQHG� DQG�XVHG� LQ� ���� WR� FDOFXODWH� WKH�PHPEHUVKLS�YDOXHV���
^X ' (*) ���L ��«�F`��7KH�JHVWXUH�LV�FODVVLILHG�E\�ILQGLQJ��X '+) (*)  ��0D[�^X� ' (*) �����L ��«�F`��$�
IXUWKHU�WHVW�LV�PDGH�EHIRUH�UHFRJQLWLRQ�LV�HVWDEOLVKHG��7KLV�WHVW�GHSHQGV�RQ�D�UHFRJQLWLRQ�
WKUHVKROG�� W�� ,I� X '+) (*) ! � W� LV� WUXH�� WKHQ� WKH� JHVWXUH� LV� UHFRJQL]HG� DV� EHORQJLQJ� WR�
FODVVLILFDWLRQ�L¶��RWKHUZLVH�LW�LV�UHMHFWHG�DV�DOO�WKH�PHPEHUVKLS�YDOXHV�DUH�WRR�ORZ���
�

7(67,1*�$1'�7$6.�9$/,'$7,21�
�

7HVWLQJ�7KH�5HFRJQLWLRQ�6\VWHP�
�
$Q� H[SHULPHQW�ZDV� GHVLJQHG� WR� WHVW� WKH� UHFRJQLWLRQ� V\VWHP��$� VLQJOH� XVHU� SUHVHQWHG�

WZHQW\� WULDOV� RI� HDFK� JHVWXUH� WR� WKH� JHVWXUH� UHFRJQLWLRQ� V\VWHP�� 7ZR� PHDVXUHV� RI�
SHUIRUPDQFH�� EDVHG� RQ� D� GLVWLQFWLRQ� EHWZHHQ� UHMHFWLQJ� XQFOHDU� JHVWXUHV� DQG� WKH� FRUUHFW�
FODVVLILFDWLRQ� RI� FOHDU� JHVWXUHV�� ZHUH� XVHG� LQ� WKH� HYDOXDWLRQ�� $Q� DGGLWLRQDO� WHVW� ZDV�
XQGHUWDNHQ� WR� HVWLPDWH� VSHHG� UHFRJQLWLRQ�SHUIRUPDQFH��$�JHVWXUH�N
�ZKRVH�HQWLUH� VHW�RI�
PHPEHUVKLS�YDOXHV��^X� ',(*) �����L ��«�F`��LV�EHORZ�WKH�JLYHQ�UHFRJQLWLRQ�WKUHVKROG�YDOXH�RI�
W� LV� VDLG� WR� EH� UHMHFWHG� DQG� WKHUHIRUH� QRW� FODVVLILHG�� $� JHVWXUH� N
 - ZLWK� DW� OHDVW� RQH�
PHPEHUVKLS�YDOXH�DERYH�WKH�WKUHVKROG�YDOXH�W��LV�VDLG�WR�EH�DFFHSWHG�DQG�UHFRJQL]HG�DV�
EHORQJLQJ�WR�FODVVLILFDWLRQ�L
��LI�X� '+).(*)  �0D[�^X� '/(*)����L ��«�F`��:H�FDQ�QRZ�GHILQH�WKH�
WZR�SHUIRUPDQFH�PHDVXUHV�DV��
�D��$FFHSWDQFH�5DWH���7KH�SHUFHQW�RI�JHVWXUHV�DFFHSWHG��$�JHVWXUH�LV�UHMHFWHG�LI�LW�GRHV�

QRW�KDYH�D�ODUJH�HQRXJK�PHPEHUVKLS�YDOXH�IRU�DQ\�RI�WKH�GHVLJQDWHG�FODVVLILFDWLRQV��
�E�� 5HFRJQLWLRQ� $FFXUDF\� �� 7KH� SHUFHQW� RI� DFFHSWHG� JHVWXUHV� WKDW� DUH� FODVVLILHG�

FRUUHFWO\��
%HFDXVH� WKH� UHMHFWLRQ� UDWH� DQG� UHFRJQLWLRQ�DFFXUDF\�DUH� VHQVLWLYH� WR� WKH� WKUHVKROG�� LWV�

YDOXH� ZDV� GHWHUPLQHG� HPSLULFDOO\�� 7KH� UHFRJQLWLRQ� WKUHVKROG� W� ZDV� YDULHG� RYHU� WKH�
LQWHUYDO�>����@��7KH�DFFHSWDQFH�UDWH�ZDV�IRXQG�WR�EH�FRQFDYH�GHFUHDVLQJ��IURP�������LQ�W��
7KH�EHVW�YDOXH�ZDV�GHWHUPLQHG�DV�PLQ��W��VXFK�WKDW��WKH�UHFRJQLWLRQ�DFFXUDF\�LV������DQG�
RFFXUUHG�IRU�W�� ������
5HVXOWV�LQGLFDWH�DQ�DFFHSWDQFH�UDWH�RI��������RQH�XQDFFHSWHG�JHVWXUH�RXW�RI�������DQG�D�

UHFRJQLWLRQ� DFFXUDF\� RI� ������ 7KXV�� DOO� DFFHSWHG� JHVWXUHV� ZHUH� UHFRJQL]HG� FRUUHFWO\��
7RWDO� UHFRJQLWLRQ� VSHHG� W� ZDV� DOVR� HVWLPDWHG� HPSLULFDOO\� XVLQJ� WKH� IROORZLQJ� WLPH�
SDUDPHWHUV��W 0 ���FDPHUD�FDSWXUH�DQG�IUDPH�JUDEEHU�WLPH��W1 ���SUHSURFHVVLQJ�WLPH��W 2 ���)&0�
UHFRJQLWLRQ� WLPH�� 7KH� PHDQ� WLPHV� RI� ��� WULDOV� RQ� D� 3HQWLXP� ���� 0+]� 3&� DUH�� � W�  �
W 0 �W1 �W 2  ���PV�����PV����PV ����PV��7KLV� WLPH�GHSHQGV�RQ� WKH� FRPSXWHU� DQG� IUDPH�
JUDEEHU�XVHG��VR�FRPSDULVRQ�ZLWK�RWKHU�UHSRUWHG�WLPHV�LV�GLIILFXOW��+RZHYHU��WKLV�WLPH�LV�
VXIILFLHQW� WR� DOORZ� IRU� UHDO� WLPH� RSHUDWLRQ��.MHOGVHQ� >��@� UHSRUWV� �+]� IRU� KLV� SRVH� UHDO�
WLPH�UHFRJQLWLRQ�DOJRULWKP�XVLQJ�D�����0+]��3&��
�

&DVH�6WXG\�RI�D�5RERWLF�7DVN�
�
$� FDVH� VWXG\� ZDV� FRQGXFWHG� LQ� ZKLFK� DQ� RSHUDWRU� XVLQJ� KDQG� JHVWXUHV� FRQWUROV� D�

UHPRWH� URERW� WR� SXVK� D� ZRRGHQ� FXEH�� ORFDWHG� RQ� D� WRS� RI� D� SLOH� LQWR� D� FRQWDLQHU�� $Q�
LQH[SHULHQFHG� RSHUDWRU� SHUIRUPHG� WHQ� LGHQWLFDO� H[SHULPHQWV� DQG� WKH� SHUIRUPDQFH� WLPHV�
IRU� HDFK�ZHUH� UHFRUGHG��7KH� OHDUQLQJ�FXUYH�RI� WDVN�FRPSOHWLRQ� WLPHV�DSSHDUV� LQ�)LJ�����
6WDQGDUG�WLPHV�ZHUH�UHDFKHG�DIWHU�IRXU�WR�VL[�WULDOV��



:$&�������)LIWK�%LDQXDO�:RUOG�$XWRPDWLRQ�&RQJUHVV��-XQH�������������2UODQGR��)ORULGD�

�
)LJ����/HDUQLQJ�&XUYH�RI�WKH�+DQG�*HVWXUH�6\VWHP�

&21&/86,216�
�
7KLV� SURMHFW� GHVFULEHG� D� WHOHURERWLF� JHVWXUH�EDVHG� XVHU� LQWHUIDFH� V\VWHP� XVLQJ� YLVXDO�

UHFRJQLWLRQ��([SHULPHQWDO�UHVXOWV�VKRZHG�WKDW�WKH�V\VWHP�VDWLVILHV�WKH�UHTXLUHPHQWV�IRU�D�
UREXVW� DQG� XVHU�IULHQGO\� LQSXW� GHYLFH�� 7KH� )X]]\�&�0HDQV� DOJRULWKP� SURYLGHG� HQRXJK�
VSHHG�DQG�VXIILFLHQW�UHOLDELOLW\�WR�SHUIRUP�WKH�GHVLUHG�WDVNV��7KH�FDVH�VWXG\�GHPRQVWUDWHG�
WKH� LPSRUWDQFH� RI� ODWHQF\� IRU� WHOHURERWLF� V\VWHPV�� $OWKRXJK� JHVWXUHV� ZHUH� UHFRJQL]HG�
TXLFNO\� DQG� VHQW� LQ� SDFNHW� IRUP�� VXFFHVVIXO� H[HFXWLRQ� RI� WKH� FRPPDQGV� FRXOG� QRW� EH�
YHULILHG�XQWLO�WKH�LPDJH�RI�WKH�URERW�HQYLURQPHQW�ZDV�UHFHLYHG�DW�WKH�XVHU�LQWHUIDFH��7KLV�
UHVXOWHG� LQ� DQ� RYHUODSSLQJ� HIIHFW� ±� WKH� VXEPLVVLRQ� RI� D� QHZ� JHVWXUH� EHIRUH� FRPSOHWH�
LQIRUPDWLRQ� RI� URERWV� FXUUHQW� SRVLWLRQ�ZDV� UHFHLYHG�� 7KLV� LV� NQRZQ� DV� WKH� SUREOHP� RI�
ODWHQF\�DQG�IXWXUH�UHVHDUFK�ZLOO�EH�GLUHFWHG�WRZDUG�LWV�VROXWLRQ�
�
$&.12:/('*(0(176�
�
7KLV�SURMHFW�ZDV�VXSSRUWHG�E\�WKH�0LQLVWU\�RI�'HIHQVH�0$)$7�*UDQW�1R��������DQG�

SDUWLDOO\� VXSSRUWHG� E\� WKH� 3DXO� ,YDQLHU� &HQWHU� IRU� 5RERWLFV� 5HVHDUFK� 	� 3URGXFWLRQ�
0DQDJHPHQW��%HQ�*XULRQ�8QLYHUVLW\�RI�WKH�1HJHY��
�

5()(5(1&(6�
�

��� .DWNHUH�$���+XQWHU�(���.XUDPXUD�'���6FKOHQ]LJ�-���0RH]]L�6��DQG�-DLQ�5���52%2*(67��7HOHSUHVHQFH�
8VLQJ�+DQG�*HVWXUHV���7HFKQLFDO�UHSRUW�9&/���������8QLYHUVLW\�RI�&DOLIRUQLD��6DQ�'LHJR����������

��� .RUWHQNDPS��'���+XEHU��(���DQG�%RQDVVR��5��3���5HFRJQL]LQJ�DQG�,QWHUSUHWLQJ�*HVWXUHV�RQ�D�0RELOH�
5RERW���LQ�$$$,������������

��� 3DYORYLF�9��6KDUPD�5���DQG�+XDQJ�7���9LVXDO� ,QWHUSUHWDWLRQ�RI�+DQG�*HVWXUHV�IRU�+XPDQ�&RPSXWHU�
,QWHUDFWLRQ��$�5HYLHZ���,(((�3$0,��9RO������SS�������������������

��� )��.��+��4XHN��8QHQFXPEHUHG�*HVWXUDO�,QWHUDFWLRQ��,(((�0XOWLPHGLD���������:LQWHU����������
��� .RRQV�'��%���HW��DO��³,QWHJUDWLQJ�6LPXOWDQHRXV�,QSXW�IURP�6SHHFK��*D]H��DQG�+DQG�*HVWXUHV´�����������

LQ�,QWHOOLJHQW�0XOWLPHGLD�,QWHUIDFHV��0��7��0D\EXU\��(G���0,7�3UHVV����������
��� 7ULHVFK� -�� DQG�0DOVEXUJ�&��9��'�� �$�*HVWXUH� ,QWHUIDFH� IRU�+XPDQ�5RERW� ,QWHUDFWLRQ��� 3URF�� RI� �WK�

,(((�,QWO��&RQI��RQ�$XWRPDWLF�)DFH�DQG�*HVWXUH�5HFRJQLWLRQ��SS�������������������
��� 7�� 6�� +XDQJ�� DQG� 9�� ,�� 3DYORYLF�� ³+DQG� *HVWXUH�0RGHOLQJ�� $QDO\VLV�DQG� 6\QWKHVLV´�� 3URF�� RI� ,QWO��

&RQI��RQ�$XWRPDWLF�)DFH�DQG�*HVWXUH�5HFRJQLWLRQ����������
��� 6HJHQ�-��³&RQWUROOLQJ�&RPSXWHUV�ZLWK�*ORYHOHVV�*HVWXUHV´�3URF�RI�9LUWXDO�5HDOLW\�6\VWHPV���������
��� %H]GHN�-��&���&OXVWHU�9DOLGLW\�ZLWK�)X]]\�6HWV���&\EHUQHWLFV��9RO�����1R��������������������
���� .MHOGVHQ�)�&�0��³9LVXDO�,QWHUSUHWDWLRQ�RI�+DQG�*HVWXUHV´�3K'�'LVVHUWDWLRQ��&ROXPELD�8QLY���������


