
 

 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       Ϯ 

0HVVDJH�IURP�'HDQ�)((&( 

7KHVH� SDVW� \HDUV� KDYH� VHHQ� DQ� LQWHUHVWLQJ� GHYHORSPHQW� LQ� LQVWLWXWLRQ� EXLOGLQJ� LQ� WKH�
FRXQWU\�DQG�DPRQJVW�DOO�LQVWLWXWLRQV��WKH�EHGURFN�KDV�EHHQ�WKH�HGXFDWLRQ�LQVWLWXWLRQV�WKDW�
LPSDUW�SUDFWLFDO��WHFKQLFDO�DQG�UHVHDUFK�EDVHG�NQRZOHGJH���(OHFWURQLFV�LQ�SDUWLFXODU�DQG�
,&7��,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQ�7HFKQRORJLHV��LQ�JHQHUDO�KDYH�D�GLUHFW�DQG�JUHDW�
LPSDFW�RQ�RXU�OLIH��(OHFWURQLF�(QJLQHHULQJ�DUWLIDFWV�KDYH�SOD\HG�DQG�FRQWLQXH�WR�SOD\�D�
PDMRU�UROH�LQ�WKH�HYROXWLRQ�RI�PDQNLQG�DQG�FXOWXUH��,W�LV�DQ�LQFUHDVLQJO\�LPSRUWDQW�HQJL�
QHHULQJ�GLVFLSOLQH�WKDW�VLJQLILFDQWO\�DIIHFWV�WKH�RWKHU�GLVFLSOLQHV�RI�(QJLQHHULQJ�� 
,�DP�GHOLJKWHG�WR�OHDUQ�WKDW�'HSDUWPHQW�RI�(OHFWURQLF�(QJLQHHULQJ��DV�DQ�LQQRYDWLYH�DQG�
IRUZDUG�ORRNLQJ�GHSDUWPHQW��DFKLHYHG�ODXUHOV�IRU�LPSDUWLQJ�TXDOLW\�HGXFDWLRQ�ZLWK�SUDF�
WLFDO�VNLOOV� WKDW�KDV�EHHQ�DW� WKH�IRUHIURQW� LQ� WKH�FRXQWU\�DQG� LWV�JUDGXDWHV�KDYH�ULVHQ� WR�
SRVLWLRQV�RI�JUHDW�HPLQHQFH��7KH�VXFFHVV�RI�WKH�GHSDUWPHQW�RZHV�PXFK�WR�FROODERUDWLYH�
HIIRUWV�LQYROYLQJ�IDFXOW\��DGPLQLVWUDWLRQ��VWXGHQWV��VWXGHQWV¶�DOXPQL�DQG�WKH�FRPPXQLW\�
DV�D�ZKROH� 
,W� LV�D�PDWWHU�RI� LPPHQVH�SOHDVXUH�DQG�KDSSLQHVV� WR�VHH� WKDW�VWXGHQWV�KDYH�PDGH�VXFK�
UHPDUNDEOH�SURMHFWV�VXFK�DV�(QHUJ\�+DUYHVWLQJ�XVLQJ�5DGLR�)UHTXHQFLHV��6HOI�'ULYLQJ�
DQG�'ULYHU�5HOD[LQJ�9HKLFOH��(DUWKTXDNH�0RQLWRULQJ�6\VWHP�XVLQJ�:61V��'HVLJQ�$QG�
'HYHORSPHQW�2I�<DZ�$QG�3LWFK�&RQWURO�2I�/DUJH�:LQG� 7XUELQHV�$QG�7KHLU� 6DIHW\�
0HFKDQLVPV�8VLQJ�3/&�0D[LPXP�3RZHU�3RLQW�7HFKQLTXH��0337��EDVHG�3RZHU�&RQ�
GLWLRQLQJ�8QLW� �3&8�� ZKLFK� KDYH� EHHQ� IXQGHG� E\� YDULRXV� H[WHUQDO� RUJDQL]DWLRQV� DQG�
ERGLHV�� �$QG�DOVR�SURMHFWV�VXFK�DV�$XWRPDWLRQ�DQG�&RQWUROOLQJ�RI�6PDUW�52��5HYHUVH�
2VPRVLV�� DW� D�5HPRWH�'LVWDQFH� DQG�&RQGLWLRQ�0RQLWRULQJ� RI� ,QGXFWLRQ�0RWRU�ZKLFK�
DGGUHVV� UHDO� SUREOHPV� IDFHG� E\� WKH� FRXQWU\��$� VLJQLILFDQW� DFKLHYHPHQW� LV� WKDW� D� WKUHH�
SURMHFWV�DUH�IXQGHG�E\�,&75	'�IXQG�DQG�WZR�E\�SUHVWLJLRXV�UHVHDUFK�RUJDQL]DWLRQ� 
2Q�WKLV�RFFDVLRQ��,�ZRXOG�OLNH�WR�IHOLFLWDWH�DQG�H[SUHVV�XWPRVW�DSSUHFLDWLRQ�WR�WKH�&KDLU�
SHUVRQ�RI�WKH�(OHFWURQLFV�GHSDUWPHQW��DOO�IDFXOW\�PHPEHUV�DQG�VWXGHQWV�IRU�KDYLQJ�NHSW�
XS�WKH�VWDQGDUG�RI�WKH�GHSDUWPHQW��7KH�H[KLELWLRQ�LV� LQGHHG�D�PDWWHU�RI�FHOHEUDWLRQ�IRU�
WKH�XQLYHUVLW\�DV�ZHOO�DV� IRU� WKH�FRXQWU\��7KH�FUX[�RI� WKH�PDWWHU� LV� WKDW� ,�DP�SURXG�RI�
GHSDUWPHQW�RI�(OHFWURQLFV�(QJLQHHULQJ�DQG�LWV�SHUIRUPDQFH� 
  /RQJ�OLYH�0HKUDQ���3DNLVWDQ�3DLQGDEDG� 

3URI��'U�%KDZDQL�6KDQNDU�&KRZGKU\� 



 

 

0HVVDJH�IURP�&KDLUSHUVRQ 
,Q� WRGD\¶V� HUD� RI� WHFK�
QRORJLFDO� DGYDQFHPHQW��
WHFKQLFDO� HGXFDWLRQ� SOD\V� D�
SLYRWDO� UROH� LQ� WKH� GHYHORSPHQW� RI� D�
FRXQWU\�� 7KH� ILHOG� RI� HOHFWURQLF� (QJLQHHULQJ�
KDV�ZLWQHVVHG� RYHUZKHOPLQJ� LPSRUWDQFH� LQ� DOPRVW�
HYHU\�VSKHUH�RI�RXU� OLYHV�DQG� LQIDFW� LW� LV� WKH�GULYLQJ�IRUFH�EH�
KLQG�WKH�GHYHORSPHQW�RI�ZRUOG¶V�LQIRUPDWLRQ�WHFKQRORJ\��,W�KDV�PDGH�UHYROXWLRQDU\�FKDQJ�
HV�WKH�ZD\�SHRSOH�LQWHUDFW�ZLWK�WKH�RXWVLGH�ZRUOG�� 
,W�KDV�GHHSO\�SHQHWUDWHG�LQ�HYHU\�ILHOG�RI�RXU�H[LVWHQFH��%HLQJ�RQH�RI�WKH�PRVW�G\QDPLF�DQG�
DFWLYH�GHSDUWPHQWV�LQ�WHUPV�RI�DUUDQJLQJ�QXPHURXV�FXUULFXODU��H[WUDFXUULFXODU��DQG�WHFKQLFDO�
ZRUNVKRSV�UHODWHG�HYHQWV���RXU�GHSDUWPHQW¶V�HQYLVDJHV��WR�EH�QDWLRQDOO\�UHFRJQL]HG�IRU�KLJK�
TXDOLW\� DFDGHPLF� SURJUDPV� DQG� UHVHDUFK� WKURXJK� IRFXVHG� DFWLYLWLHV� DQG� H[FHOOHQFH� RI� LWV�
IDFXOW\��VWDII��JUDGXDWHV�DQG�IDFLOLWLHV� 
:H�ZLOO�DFKLHYH�WKLV�YLVLRQ�WKURXJK�IRVWHULQJ�WKH�HGXFDWLRQ�RI�VWHOODU�VWXGHQWV�DQG�FRQWULE�
XWLQJ�WRZDUGV�(OHFWURQLF�(QJLQHHULQJ�5HVHDUFK� 
7KLV�GHSDUWPHQW�DVSLUHV�WKDW�LWV�JUDGXDWHV�EH�DEOH�WR�IDFH�WKH�FKDOOHQJHV�WKDW�PDQ\�VRFLHWLHV�
IDFH�WRGD\�LQ�VXFK�D�GLYHUVH�DUHDV�UDQJLQJ�IURP�LQIRUPDWLRQ�7HFKQRORJ\�WR�KHDOWKFDUH� 
)HHOLQJ�DQ�XUJH� WR�GHYHORS�DQG�HQFRXUDJH�D�FRPSHWLWLYH�HQYLURQPHQW��(OHFWURQLFV�GHSDUW�
PHQW��VLQFH�IHZ�\HDUV�KDYH�EHHQ�RUJDQL]LQJ�3URMHFW�([KLELWLRQ��D�SODWIRUP�WR�VKRZFDVH�)L�
QDO�\HDU�VWXGHQWV¶�SURMHFWV�WKDW�QRW�RQO\�SROLVKHV�WKH�WHFKQLFDO�VNLOOV�RI�WKRVH�ZKR�SDUWLFLSDWH�
EXW� DOZD\V� EHFRPHV� DQ� LQVSLUDWLRQ� IRU� VWXGHQWV� QRW� RQO\� IURP� WKLV� GHSDUWPHQW� EXW� RWKHUV�
DOVR�� 
7KLV�WLPH�DURXQG��ILQDO�\HDU�VWXGHQWV�RI����(6��RI�(OHFWURQLF�(QJLQHHULQJ�'HSDUWPHQW�KDV�
SXW� LQ� WKHLU� LQYDOXDEOH� HIIRUWV� DQG� WHFKQLFDO� H[SHUWLVH� LQ� GHVLJQLQJ� UHDO� OLIH� DSSOLFDWLRQ-
RULHQWHG� SURMHFWV� OLNH�'HFHQWUDOL]HG�0XOWL-5RERW� WDVN� DOORFDWLRQ��0D[LPXP� 3RZHU� SRLQW�
WHFKQLTXH�0337�EDVHG��SRZHU�FRQGLWLRQLQJ�XQLW��8UEDQ�DLU�TXDOLW\�PRQLWRULQJ�V\VWHP�DQG�
'HVLJQ�	�'HYHORSPHQW�RI�+H[D-ERW�XVLQJ�1LOLQRU� WR�QDPH�D�IHZ��7R�VXP�LW�XS�� WKH\�KDYH�
GRQH�D�FRPPHQGDEOH�MRE�� 
,QGHHG��WKH�SURYLVLRQ�RI�VRXQG�WHFKQLFDO�HQYLURQPHQW�WR�WKH�VWXGHQWV�ERUH�IUXLWV�ZKHQ�YDUL�
RXV�JURXSV�RI�VWXGHQWV�JRW�WKHLU�SURMHFWV��GXH�WR�WKHLU�VWURQJ�UHOHYDQFH�ZLWK�FXUUHQW�LQGXVWUL�
DO�DQG�VRFLHWDO�UHTXLUHPHQW��IXQGHG�E\�683$5&2��RQH�RI�3DNLVWDQ¶V�WRS�UHVHDUFK�DJHQF\�
DQG�1DWLRQDO�JUDVVURRWV�,&7�5HVHDUFK�LQLWLDWLYH�� 
,�ZRXOG�OLNH�WR�H[SUHVV�P\�JUDWLWXGH�WR�DOO�IDFXOW\�PHPEHUV�ZKR�DSWO\�SOD\HG�WKHLU�SDUW�LQ�
PHQWRULQJ�DQG�JXLGLQJ�VWXGHQWV�DW�HYHU\�OHYHO��� 

3URI��'U��:DMLKD�6KDK 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϰ 

7DEOH�RI�&RQWHQWV 
�� 'HFHQWUDOL]HG�0XOWL-5RERW�7DVN�$OORFDWLRQ .................................... �� 
�� 'HVLJQ�$QG�'HYHORSPHQW�2I�+H[DSRG�8VLQJ�1LWLQRO�:LUH� $FWXDWRU

 ...................................................................................................... �� 
�� 0D[LPXP� 3RZHU� 3RLQW� 7HFKQLTXH� �0337�� EDVHG� 3RZHU�

&RQGLWLRQLQJ�8QLW��3&8� ................................................................ �� 
�� 6HOI�'ULYLQJ�DQG�'ULYHU�5HOD[LQJ�9HKLFOH ....................................... �� 
�� (DUWKTXDNH�0RQLWRULQJ�6\VWHP�XVLQJ�:61V� ................................ �� 
�� 'HVLJQ�	�'HYHORSPHQW�RI�<DZ�	�3LWFK�&RQWURO�RI�ODUJH�ZLQG�WXUELQHV�

	�WKHLU�VDIHW\�0HFKDQLVPV�XVLQJ�3/&� .......................................... �� 
�� $XWRPDWLF�5RERWLF�$UP� ................................................................. �� 
�� &RQGLWLRQ�0RQLWRULQJ�2I�,QGXFWLRQ�0RWRU� ....................................... �� 
�� $XWRPDWLF�6LJQDOLQJ�DQG�$FFLGHQW�3UHYHQWDWLRQ�LQ�5DLOZD\�7UDQVSRUW�

 ...................................................................................................... �� 
��� 5RERWLF�&UDFN�'HWHFWLRQ�6\VWHP�IRU�%ULGJH�'HFN�0DLQWHQDQFH� .... �� 
��� 8UEDQ�$UHD�$LU�4XDOLW\�0RQLWRULQJ�6\VWHP� ................................... �� 
��� %URDGFDVWLQJ�RI�6RXQG�6LJQDO�IURP�&RPSXWHU�WR�6SHDNHUV�YLD�:L-)L�

 ...................................................................................................... �� 
��� /RFDWRU�DQG�)DOOV�'HWHFWRU�IRU�'HPHQWLD�3DWLHQW ........................... �� 
��� )3*$�%DVHG�&RQGLWLRQ�0RQLWRULQJ�RI�,QGXVWULDO�0RWRU ................... �� 
��� 'HVLJQ� DQG� ,PSOHPHQWDWLRQ� RI�(OHFWURP\RJUDP�$FTXLVLWLRQ�6\VWHP

 ...................................................................................................... �� 
��� (QHUJ\�+DUYHVWLQJ�7KURXJK�5DGLR�)UHTXHQFLHV ............................ �� 
��� 6PDUW�52��5HYHUVH�2VPRVLV��3ODQW .............................................. �� 
��� ,PSOHPHQWDWLRQ�RI�3RUWDEOH�(&*�0RQLWRULQJ�6\VWHP ..................... �� 
��� 'HVLJQ� 	� 'HYHORSPHQW� RI� 5HPRWH� 3RZHU� 0RQLWRULQJ� 6\VWHP� RI�

6RODU�3DQHO�XVLQJ�*60�0RGXOH ..................................................... �� 
��� 3HUVRQDO� &RPSXWHU-%DVHG� 0DULQH� (QJLQH� 0RQLWRULQJ� 	� ,QWHUDFWLYH�

6DIHW\�&RQWURO�6\VWHP ................................................................... �� 



 

 

��� $Q�$UGXLQR�%DVHG�9HKLFOH�7UDFNLQJ�6\VWHP� ................................ �� 
��� %UDLQ�FRPSXWHU�,QWHUIDFH��%&,� ..................................................... �� 
6WXGHQW¶V�3URILOHV ................................................................................ �� 

)XQGHG�3URMHFWV�RI���(6� 
7RWDO�)XQGLQJ�$PRXQW��3.5�������� 
 
1DWLRQDO�,&7�5	'�)XQGHG�3URMHFWV� 
�� (DUWKTXDNH�0RQLWRULQJ�6\VWHP�XVLQJ�:61V 
)XQGHG�E\�1DWLRQDO�,&7�5	'��)XQGLQJ�$PRXQW��3.5�������� 
 
�� 6HOI�'ULYLQJ�DQG�'ULYHU�5HOD[LQJ�9HKLFOH 
)XQGHG�E\�1DWLRQDO�,&7�5	'��)XQGLQJ�$PRXQW��3.5�������� 
 
������(QHUJ\�+DUYHVWLQJ�7KURXJK�5DGLR�)UHTXHQFLHV 
)XQGHG�E\�1DWLRQDO�,&7�5	'��)XQGLQJ�$PRXQW��3.5�������� 
 
683$5&2�)XQGHG�3URMHFWV� 
��� � 0D[LPXP� 3RZHU� 3RLQW� 7HFKQLTXH� �0337�� EDVHG� 3RZHU�
&RQGLWLRQLQJ�8QLW��3&8� 
)XQGHG�E\�683$5&2��)XQGLQJ�$PRXQW��3.5�������� 
 
��� � � � �'HVLJQ�	�'HYHORSPHQW�RI�<DZ�	�3LWFK�&RQWURO�RI�ODUJH�ZLQG�
WXUELQHV�	�WKHLU�VDIHW\�0HFKDQLVPV�XVLQJ�3/&� 
)XQGHG�E\�683$5&2��)XQGLQJ�$PRXQW��3.5�������� 

Funded Projects 
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'HFHQWUDOL]HG�0XOWL-5RERW�7DVN�$OORFDWLRQ 
$EVWUDFW� 
'HFHQWUDOL]HG� FRPPXQLFDWLRQ� EHWZHHQ� URERWV� LV� WKH� PDLQ� SDUW� RI� WKLV�
SURMHFW��7KH�GHFHQWUDOL]HG�URERW�� LQVSLUHG�IURP�QDWXUH�� LV�D�FRPELQDWLRQ�
RI� LQWHOOLJHQW� DQG� HQYLURQPHQW� GHFLVLRQ-PDNLQJ�� ZKLFK� VKRZV� D� JUHDW�
SRWHQWLDO� LQ�VHYHUDO�DVSHFWV��:H�KDYH�GHVLJQHG�WZR�5RERWV�WKDW�ZLOO�EH�
DEOH� WR� FRPPXQLFDWH�ZLWK� HDFK� RWKHU� DQG� FRPSOHWH� WKH� DVVLJQHG� WDVN�
WRJHWKHU��:RUNLQJ� WRJHWKHU�DV�D� WHDP�ZLOO� UHGXFH� WKHLU� WLPH� WR�DFKLHYH�
WKH�WDUJHW��:H�DGGUHVV�WKH�SUREOHP�RI�SODQQLQJ�WKH�PRWLRQ�RI�D�WHDP�RI�
PRELOH� URERWV� VXEMHFW� WR� FRQVWUDLQWV� LPSRVHG� E\� VHQVRUV� DQG� WKH�
FRPPXQLFDWLRQ� QHWZRUN�� 7KH� WDVN� DVVLJQHG� WR� 5RERWV� LV� WR� ILQG� D�
6SHFLILF� FRORUHG� ER[�� %RWK� WKH�5RERWV�ZLOO� VWDUW� IURP� RQH� ORFDWLRQ��ZLOO�
FRRUGLQDWH� ZLWK� HDFK� RWKHU�� 2QFH� WKH� ER[� LV� IRXQG� E\� DQ\� RI� WKH� WZR�
URERWV��WKH\�ZLOO�FRRUGLQDWH�DJDLQ�DQG�ERWK�5RERWV�ZLOO�PHHW�DW�WDUJHWHG�
ORFDWLRQ��)LQGLQJ�WKH�ORFDWLRQ�RI�RWKHU�5RERW�ZDV�DOVR�D�FKDOOHQJLQJ�WDVN��
ZH� KDYH� GLVFXVVHG� LQ� WKLV� UHSRUW�� 7KH� 5RERWV� ZLOO� FRPPXQLFDWH� E\�
LQTXLULQJ� WKH�%OXHWRRWK�GHYLFHV�DQG� WKHQ�FDOFXODWLQJ�DQG�H[WUDFWLQJ� WKH�
566,� YDOXHV�� 2XU� JRDO� LV� WR� GHYHORS� D� GHFHQWUDOL]HG� PRWLRQ� FRQWURO�
V\VWHP� WKDW� OHDGV� HDFK� URERW� WR� WKHLU� LQGLYLGXDO� JRDOV� ZKLOH� NHHSLQJ�
FRQQHFWLYLW\�ZLWK� WKH�RWKHU� URERW��:H�SUHVHQW�H[SHULPHQWDO� UHVXOWV�ZLWK�
WZR�9HKLFXODU�URERWV�� 
 
'HVLJQHG�%\� 
· )DWLPD�=DUHHQ�     ��(6�� 
· %LODO�$WKDU     ��(6�� 
· 0DULQD�-RVHSK     ��(6�� 
· 6DQMKD�.KDQ     ��(6�� 
· +LPD�=DIDU     ��(6�� 
· 0XQHHG�$KPHG     ��(6�� 
 
6XSHUYLVRU�� 3URI��'U��%�6��&KRZGKU\ 
&R-VXSHUYLVRU� (QJU��$]DP�5DILTXH�0HPRQ 
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'HVLJQ�$QG�'HYHORSPHQW�2I�+H[DSRG�8VLQJ�1LWLQRO�:LUH�$FWXDWRU 
$EVWUDFW� 
+H[DSRG� URERWV� KDYH� DWWUDFWHG� FRQVLGHUDEOH� DWWHQWLRQ� IRU� VHYHUDO�
GHFDGHV�� 0DQ\� VWXGLHV� KDYH� EHHQ� FDUULHG� RXW� LQ� UHVHDUFK� FHQWHUV��
XQLYHUVLWLHV� DQG� LQGXVWULHV�� 7KLV� SURMHFW� LQYROYHV� WKH� FRQVWUXFWLRQ� DQG�
ZRUNLQJ� RI� VPDOO� VFDOH�+H[DSRG� URERW�� 7KH�+H[DSRG� URERW� LV� D� VPDOO��
LQH[SHQVLYH��VL[-OHJJHG�URERW�WKDW�LV�LQWHQGHG�WR�UHSODFH�KXJH�DQG�KHDY\�
URERWLF�V\VWHPV��FRQWDLQLQJ�VROHQRLGV�DQG�VHUYR�PRWRUV��� 
7KH�ILUVW�SKDVH�RI�WKH�SURMHFW�LQYROYHV�WKH�GHVLJQ�DQG�FRQVWUXFWLRQ�RI�WKH�
VWUXFWXUH�RI�+H[DSRG��3ODVWLF�ZDV�XVHG�IRU�WKH�FRQVWUXFWLRQ�RI�ERG\�DQG�
1LWLQRO� DFWXDWRU� ZLUHV� ZDV� XVHG� WR� GULYH� WKH� +H[DSRG¶V� OHJV�� 1LWLQRO�
DFWXDWRU�ZLUH�DFWV�DV�D�PXVFOH�IRU�HDFK�RI�WKH�OHJV��SURYLGLQJ�D�PHDQV�RI�
ZDONLQJ� IRU� WKH� URERW�� � :LWK� LWV� XQLTXH� DELOLW\� WR� FRQWUDFW� RQ� GHPDQG��
0XVFOH� :LUH� �RU� PRUH� JHQHULFDOO\�� VKDSH� PHPRU\� DFWXDWRU� ZLUH��
SUHVHQWV�PDQ\�LQWULJXLQJ�SRVVLELOLWLHV�IRU�URERWLFV�� 
7KH� ILQDO� SKDVH� LQYROYHV� WKH� +H[DSRG� LQWHUIDFLQJ� ZLWK� $UGXLQR� WR�
DFKLHYH� WKH� SURSHU� ORFRPRWLRQ� RI� WKH� +H[DSRG�� ,Q� SDUWLFXODU�� WKH�
SURSRVHG�GHVLJQ�SURFHGXUH� WDNHV� LQWR�DFFRXQW� WKH�PDLQ�IHDWXUHV��VXFK�
DV� PHFKDQLFDO� VWUXFWXUH� DQG� OHJ� FRQILJXUDWLRQ�� DFWXDWLQJ� DQG� GULYLQJ�
V\VWHPV��SD\ORDG��PRWLRQ�FRQGLWLRQV��DQG�ZDONLQJ�JDLW��,W�ZDV�IRXQG�WKDW�
FRPSDFW�� DQG� OLJKWZHLJKW� +H[DSRG� URERW� VKRZV� SURPLVH� IRU� XVH� LQ�
VSDFH��PHGLFDO��DQG�RWKHU�PDFUR-URERWLF�DSSOLFDWLRQV�� 
'HVLJQHG�%\� 
· %XVKUD�6KDLNK     ��(6�� 
· %XVKUD�6KDLNK�     ��(6�� 
· 3UL\D�/RKDQD����     ��(6�� 
· $PHHW�.1�0DKHVKZDUL���    ��(6�� 
· $VDGXOODK�5DKX����     ��(6�� 
· 6DDG�0HPRQ����     ��(6�� 
 



 

 

6XSHUYLVRU�� 'U��7D\DE�'LQ�0HPRQ 
&R-VXSHUYLVRU� 'U��,PWLD]�+XVVDLQ�.DOZDU 

 
 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϭϬ 

0D[LPXP�3RZHU�3RLQW�7HFKQLTXH��0337��EDVHG�3RZHU�&RQGLWLRQLQJ�8QLW��3&8� 
$EVWUDFW� 
7KH� QDPH� RI� WKH� SURMHFW� L�H�� 0D[LPXP� 3RZHU� 3RLQW� 7UDFNLQJ� �0337��
EDVHG�3RZHU�&RQGLWLRQLQJ�8QLW� �3&8��� FOHDUO\�VKRZV� WKDW� LW� FRQWDLQV�D�
SRZHU�FRQGLWLRQLQJ�XQLW�ZKLFK�KDV�0337�DOJRULWKP�LPSOHPHQWHG�LQ�LW��,Q�
RWKHU�ZRUGV�LW�FDQ�EH�VDLG�WKDW�WKH�SURMHFW�DLPV�WR�SURYLGH�VXFK�D�SRZHU�
FRQGLWLRQLQJ�XQLW�ZKLFK�JLYHV�DQ�RSWLPXP�SRZHU�DW�DOO� WKH� WLPH�XVLQJ�D�
VSHFLILF� 0337� DOJRULWKP�� 7KH�0337� DOJRULWKP� FKRVHQ� LV� 3HUWXUE� DQG�
2EVHUYH�DOJRULWKP��DOVR�NQRZQ�DV�+LOO�FOLPELQJ�DOJRULWKP��7KH�DOJRULWKP�
WDNHV� WKH� LPPHGLDWH�� LQVWDQW� SRZHU� UHDGLQJ� DQG� WKHQ� FDOFXODWHV� WKH�
GLIIHUHQFH� EHWZHHQ� SUHVHQW� DQG� SUHYLRXV� SRZHU� UHDGLQJV�� $QG�
DFFRUGLQJ� WR�WKDW�GLIIHUHQFH�FKDQJHV�RSHUDWLQJ�SRLQW��VR�WKDW�PD[LPXP�
SRZHU� LV� DFKLHYHG�� 7KLV� ZKROH� SURMHFW� GHDOV� ZLWK� LPSOHPHQWDWLRQ� RI�
DOJRULWKP� E\� XVLQJ� DGGLWLRQDO� KDUGZDUH� VXFK� VHQVRUV� DQG� '&-'&�
FRQYHUWHUV�HWF� 
 
'HVLJQHG�%\� 
· )DUKHHQ�,UVKDG     ��(6�� 
· $TVD�$EEDVL     ��(6�� 
· 0DKQRRU�)D\D]�0HPRQ    ��(6�� 
· 0XKDPPDG�$I]DO�0HPRQ    ��(6�� 
· $XQVD�6KDK     ��(6�� 
 
6XSHUYLVRU�� 'U��,PWLD]�+XVVDLQ�.DOZDU 
&R-VXSHUYLVRU� (QJU��=DLJKDP�$EEDV�6KDK 



 

 

 

 
 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϭϮ 

6HOI�'ULYLQJ�DQG�'ULYHU�5HOD[LQJ�9HKLFOH 
$EVWUDFW� 
,Q� WKLV� PRGHUQ� ZRUOG�� DOPRVW� HYHU\WKLQJ� LV� SURYLGHG� IRU� WKH� HDVH� RI�
PDQNLQG��6R�ZH�WRRN�D�PLQRU�SDUW�RI�LW�DQG�LPSOHPHQWHG�RQ�WKH�EDVLV�RI�
PRGHUQ� WHFKQRORJ\��7UDIILF�RQ� URDGV� LV� LQFUHDVLQJ�GD\�E\�GD\�DQG� LW� LV�
GLIILFXOW�QRZDGD\V�LQ�XUEDQ�DUHDV�WR�PRYH�IURP�RQH�ORFDWLRQ�WR�DQRWKHU��
,W� WDNHV� KRXUV� WR� FRYHU� D� GLVWDQFH� RI� IHZ� NLORPHWHUV�� 7KH� SHRSOHV� RQ�
YHKLFOHV� RU� DQ\� YHKLFOHV� KDYH� WR� PRYH� VORZO\� LQ� RUGHU� WR� UHDFK�
GHVWLQDWLRQ� ORFDWLRQ� DQG� WKH� GULYHU� KDV� WR� WDNH� YHKLFOH� DQG�PRYH� YHU\�
VORZO\� LQ� KHDY\� WUDIILF� MDP�� KH� KDV� WR� FRQWLQXRXVO\� SXVK� DQG� SXOO� WKH�
EUHDN��DFFHOHUDWRU�DQG�FOXWFK�� 
7R�DYRLG�WKLV�SUREOHP�DQG�UHOLHYH�GULYHU�LQ�WKDW�KDUG�DQG�WLULQJ�VLWXDWLRQV�
ZH� DUH� GHVLJQLQJ� D� ³6HOI� 'ULYLQJ� 	� 'ULYHU� 5HOD[LQJ� 9HKLFOH´� WKDW� ZLOO�
NHHS� WKH� SUH-VSHFLILHG� GLVWDQFH� IURP� IURQW� YHKLFOH� DQG� PRYH� ZKHQ�
GLVWDQFH�LV�JUHDWHU�WKDQ�VSHFLILHG�WKUHVKROG�GLVWDQFH� 
$QRWKHU�DSSOLFDWLRQ�RI�WKLV�SURMHFW�LV�WR�IROORZ�DQ\�RI�YHKLFOHV�RQ�URDG��LI�
ZH� LPSOHPHQW� RXU� GHVLJQHG� V\VWHP� LQ� YHKLFOHV�� RQH� ZKLFK� ZLOO� IROORZ�
DQG�RWKHU�ZKLFK�LV�EHLQJ�IROORZHG� 
+HUH�RQH�YHKLFOH�ZLOO�IROORZ�DQRWKHU�YHKLFOH�HYHQ�LI�WKH�YHKLFOH�LV�PXOWLSOH�
NLORPHWHUV� DKHDG� RI� IROORZLQJ� YHKLFOH��7KH� VRXUFH� YHKLFOH�ZLOO� JHW� KHOS�
IURP� *RRJOH� PDSV� DQG� ILQG� URXWH� WR� GHVWLQDWLRQ� ORFDWLRQ�� ZKLFK� LV�
PRYLQJ� 
 
'HVLJQHG�%\� 
· 4XGVLD�0HPRQ�     ��(6�� 
· 0X]DPLO�$KPHG     ��(6�� 
· 6KDK]HE�$OL     ��(6�� 
· 8VDPD�4DGHHU     ��(6�� 
· $KVHQ�$KPHG     ��(6�� 
 



 

 

6XSHUYLVRU�� 'U��:DMLKD�6KDK 
&R-VXSHUYLVRU� (QJU��$]DP�5DILTXH�0HPRQ 
 
�)XQGHG�E\�,&7�5	' 

 
 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϭϰ 

(DUWKTXDNH�0RQLWRULQJ�6\VWHP�XVLQJ�:61V� 
$EVWUDFW� 
,Q�WKLV�SURMHFW��DQ�(DUWKTXDNH�0RQLWRULQJ�6\VWHP�8VLQJ�:LUHOHVV�6HQVRU�
1HWZRUNV��:61V��LV�LPSOHPHQWHG��$�ZLUHOHVV�VHQVRU�QHWZRUN��:61��LV�
D�JURXS�RI� ORZ�FRVW�� ORZ�SRZHU��PXOWLIXQFWLRQDO�DQG�VPDOO�VL]H�ZLUHOHVV�
VHQVRU� QRGHV� WKDW� FRRSHUDWH� WRJHWKHU� WR� VHQVH� WKH� HQYLURQPHQW��
SURFHVV�WKH�GDWD�DQG�FRPPXQLFDWH�ZLUHOHVVO\�RYHU�D�ODUJH�GLVWDQFH� 
7KH� DLP� RI� WKLV� SURMHFW� LV� WR� GHYHORS� D� SURWRW\SH� IRU�PRQLWRULQJ� RI� DQ�
LQKDELWHG� DUHD� E\� SODFLQJ� VHQVRU� QRGHV�� 7KH� PDLQ� IRFXV� LV� RQ�
ORFDOL]DWLRQ� RI� VHQVRU� QRGHV� RQ� D� SDUWLFXODU� JULG� LQ� D� G\QDPLF�
HQYLURQPHQW�� 7KH� ORFDOL]DWLRQ� DQG� VHQVLQJ� DOJRULWKP� SURSRVHG� LQ� WKLV�
SURMHFW�LV�:LUHOHVV�6HQVRU�1HWZRUN��:61�� 
7KH� FRUH� REMHFWLYH� KHUH� LV� WR�'HVLJQ� DQG�'HYHORS� VHQVRU� QRGHV�� VHOI-
RSHUDWLQJ� FHQWUDOL]HG� V\VWHP� WKDW�PD\� EH� SODQWHG� DW� OLPLWHG� SODFH�� EXW�
VHW�IUHH�ZKHUHYHU�QHHGHG� 
,PSURYH� WKH� VDIHW\� DQG� KHDOWK� RI� KXPDQV� LQ� WKH� SODFHV� ZKHUH� VHFXUH�
KXPDQ�DSSURDFK� LV�DW� ULVN��'HVLJQ�DQG�'HYHORS�D�V\VWHP� WKDW�PRQLWRU�
WKH�(DUWKTXDNH�ZDYH�DQG�WR�LQIRUP�DERXW�HDUWKTXDNH�ZLWKRXW�GHOD\� 
7KH�V\VWHP� LV�GHVLJQHG�XVLQJ�YLEUDWLRQ�VHQVRU��/DE9,(:�VRIWZDUH���*�
LQWHUQHW� FRQQHFWLRQ� DQG� $UGXLQR� 6XSSRUW� 3DFNDJH� ZLOO� EH� XVHG� WR�
SURJUDP�WKH�VHQVRUV� 
6HQVRUV�VHQVH�GDWD�RI�HQYLURQPHQW�OLNH��6HLVPLF�ZDYH�DQG�VHQG�WR�WKH�
FRPSXWHU� WKURXJK� �*�� GDWD� LV� IXUWKHU� DQDO\]HG�PRQLWRUHG� XVLQJ�
/DE9,(:�VRIWZDUH� 
'HVLJQHG�%\� 
· 0XKDPPDG�+DQLI�/DVKDUL�   ��(6�� 
· �ŝůĂů�,ƵƐƐĂŝŶ��ďďĂƐŝ�    ϭϮ�^Ϯϰ 
· >ƵƚƵĨ��ůŝ�^ŚĂŚ�     ϭϮ�^ϭϰ 
· ^ĂĚĂŵ�,ƵƐƐĂŝŶ�ZŝŶĚ�    ϭϮ�^ϭϴ 
· &ŝĚĂ�,ƵƐƐĂŝŶ�^ĂŚŝƚŽ�    ϭϮ�^ϲϯ 
 



 

 

6XSHUYLVRU�� 'U��:DQRG�.XPDU 
&R-VXSHUYLVRU� (QJU��=DLJKDP�$EEDV�6KDK 
�)XQGHG�E\�,&7�5	' 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϭϲ 

'HVLJQ�	�'HYHORSPHQW�RI�<DZ�	�3LWFK�&RQ�WURO�RI�ODUJH�ZLQG�WXUELQHV�	�WKHLU�VDIHW\�0HFKDQLVPV�XVLQJ�3/&� 
$EVWUDFW� 
(OHFWULFLW\�KDV�PRUH�LPSRUWDQFH�IRU�RXU�OLYLQJ�UHTXLUHPHQWV��VR�WKHUH�DUH�
VR� PDQ\� PHWKRG� E\� ZKLFK� ZH� FDQ� JHW� HOHFWULFLW\� L�H�� IURP�
SHWUROHXP��ZDWHU��FRDO�HWF��(QHUJ\��IURP�ZLQG�LV�RQH�RI�WKH�WHFKQLTXH�E\�
ZKLFK�ZH�FDQ�JHW�HDVLO\�HQHUJ\�ZLWKRXW�SROOXWLQJ��WKH�HQYLURQPHQW��DQG�
HDVLO\� DYDLODELOLW\� RI� ZLQG� HYHU\ZKHUH�� :LQG� HQHUJ\� �.�(�� FDQ� EH�
FRQYHUWHG� LQWR�HOHFWULFLW\�ZLWK�KHOS�RI� WXUELQHV�NQRZQ�DV�ZLQG� WXUELQHV��
7R�RSWLPL]H�HQHUJ\�ZH�KDYH�FRQWURO�IHZ�SDUDPHWHUV�RI�LW��,Q�RXU�SURMHFW�
ZH�KDYH�WDNHQ�SLWFK�FRQWURO���FKDQJH�WKH�DQJOH�RI�URWDWLQJ�EODGHV���VR�DV�
WR� JHW� WKH� VDIHW\� RI� EODGHV� DQG� RWKHU� FRPSRQHQWV� RI� WXUELQH� DW� KLJK�
VSHHG�RI�ZLQG��WKH�RWKHU�RQH�LV�\DZ�FRQWURO��WR�FKDQJH�URWDWLQJ�DQJOH�RI�
QDFHOOH� ��VR� WKDW�ZH�FDQ�PD[LPL]H� WKH�HQHUJ\� �E\�DOLJQLQJ� WKH� URWRU�RI�
WXUELQH� ZLWK� ZLQG� �DQG� VDIHW\� PHFKDQLVPV� �WZLVWLQJ� RI�
FDEOH��WHPSHUDWXUH��SUHVVXUH��YLEUDWLRQ���RI�LW� 
7KHVH�DOO�SKHQRPHQD�DUH�FRQWUROOHG�ZLWK�3URJUDPPDEOH�ORJLF�FRQWUROOHU�
�3/&�� 
 
'HVLJQHG�%\� 
· -DYDLG�$KPHG�7DQZDUL�    ���(6��� 
· :DOHHG�$VODP�NDLPNKDQL�   ���(6��� 
· 0XKDPPDG�$ZDLV�0HPRQ   ���(6�� 
· 6KDNHHO�$KPHG�6DPRQ�    ���(6�� 
· $VLI�1DZD]�%DORXFK     ���(6��� 
· 6DUIUD]�VRKR     ���(6��� 
� 
6XSHUYLVRU�� 'U��,PWLD]�+XVVDLQ�.DOZDU 
&R-VXSHUYLVRU� (QJU��$]DP�5DILTXH�0HPRQ 



 

 

�)XQGHG�%\�6XSDUFR 
 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϭϴ 

$XWRPDWLF�5RERWLF�$UP� 
$EVWUDFW� 
7KURXJKRXW� WKH�KLVWRU\�KXPDQV�KDYH�DOZD\V� IRXQG�ZD\V� WR�PDNH� WKHLU�
OLIH� HDVLHU� ZLWK� RQH� LQYHQWLRQ� RU� DQRWKHU�� ,Q� WRGD\¶V� ZRUOG� WKHUH� LV� DQ�
LQFUHDVLQJ�QHHG�WR�FUHDWH�DUWLILFLDO�DUPV�IRU�GLIIHUHQW� LQKXPDQ�VLWXDWLRQV�
ZKHUH� KXPDQ� LQWHUDFWLRQ� LV� GLIILFXOW� RU� LPSRVVLEOH�� 7KH\� PD\� LQYROYH�
WDNLQJ� UHDGLQJV� IURP� DQ� DFWLYH� YROFDQR� WR� GLIIXVLQJ� D� ERPE�� ,Q� WKLV�
UHJDUG�KXPDQV�KDYH�FUHDWHG�LQYHQWLRQV�FRXOG�EH�XVHG�DV�VXEVWLWXWHV�WR�
KXPDQV�WR�GR�WDVNV�ZKLFK�UHTXLUH�ZRUN�LQ�WKH�KRVWLOH�HQYLURQPHQW��2QH�
VXFK�LQYHQWLRQ�LV�D�URERW� 
,QGXVWULHV�DUH�LQFUHDVLQJO\�UHO\LQJ�RQ�URERWLFV�GXH�WR�WKHLU�HIILFLHQF\�DQG�
WKHLU� UHOLDEOH� SURGXFWLYLW\�� 5RERWV� JLYH� XV� ZLGH� UDQJH� RI� VHUYLFHV� IURP�
WKH�VLPSOH� OLIWLQJ�RI� LWHPV�WR� WKH�SUHFLVLRQ�RI�VXUJHU\��7KHVH�URERWV�DUH�
PRUH� DQWKURSRPRUSKLF� DQG� KDYH� OLNH� KXPDQV� OLNH� IHDWXUHV� DQG�
IXQFWLRQDOLWLHV�� 
2QH� VXFK� URERWLF� IXQFWLRQ� LV� RI� 5RERWLF� $UP� ZKLFK� LV� EDVHG� RQ� WKH�
HVVHQFH�RI�WKH�KXPDQ�DUP�DQG�LV�YHU\�VLPLODU�WR�LW��,Q�VLPSOH�ZRUGV��LW�LV�
VLPLODU� WR�KXPDQ�DUPV�\HW�PDGH�XS�RI�GLIIHUHQW�SDUWV�VXFK�DV�RSHQ�RU�
FORVHG� NLQHPDWLF� FKDLQ� RI� ULJLG� OLQNV� LQWHUFRQQHFWHG� E\�PRYDEOH� MRLQWV��
&RQVLVWLQJ�RI�IHZ�MRLQWV�DQG�DW�WKH�HQG�RI�LW�LV�DQ�HQG�HIIHFWRU�ZKLFK�LWVHOI�
FRXOG�FRQVLVW�RI�GLIIHUHQW�WRROV�RU�D�JULSSHU� 
+HUH�ZH�GHVLJQ�D�VLPSOH�SLFN�DQG�SODFH�URERW�ZKLFK�ZRUNV�DW�D�FHUWDLQ�
ZRUNVWDWLRQ� RI� DQ� LQGXVWU\� VXFK� DV� DW� DQ� LQGXVWU\� RI� DXWR� SDUWV� ZKHUH�
URERWLF�DUP�SLFNV�XS�DQG�SODFHV�SDUWV�DW�GHVLUHG�ORFDWLRQ��$OO�WKH�YDULRXV�
REVWUXFWLRQV� DQG� VFHQDULRV� KDYH� EHHQ� FRQVLGHUHG� ZKLFK� ZLOO� EH�
HQFRXQWHUHG�GXULQJ�WKH�ORDGLQJ�DQG�XQORDGLQJ�SURFHVV� 
+RZHYHU�� GHYHORSLQJ� WKHVH� DSSOLFDWLRQV� IRU� LQGXVWULHV� VSHFLILF� WR�
FRXQWULHV� OLNH� 3DNLVWDQ�� ZKHUH� FKHDS� ODERU� LV� DYDLODEOH�� EHFRPHV� D�
PDMRU�SUREOHP�WR�EH�WDFNOHG�LQ�WHUPV�RI�FRVW� 
 
6XSHUYLVRU�� (QJU��.DPUDQ�.D]L 
&R-VXSHUYLVRU� (QJU��0DQVRRU�7HHYQR 



 

 

'HVLJQHG�%\� 
· 6KDKQDZD]�.KDQ����     ��(6�� 
· $VLI�-DOLO����������������������     ��(6�� 
· $DPLU�.KDQ���������     ��(6�� 
· $OODK�%X[�)DKHHP����     ��(6�� 
· =XEDLU�6KDKLG����     ��(6�� 
· $IDTXH�$QVDUL�������������������������������������������� ��(6�� 

 
 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϮϬ 

&RQGLWLRQ�0RQLWRULQJ�2I�,QGXFWLRQ�0RWRU� 
$EVWUDFW� 
,QGXFWLRQ� PRWRUV� DUH� XVHG� ZRUOGZLGH� DV� WKH� ³ZRUNKRUVH´� LQ� LQGXVWULDO�
DSSOLFDWLRQV�� $OWKRXJK�� WKHVH� HOHFWURPHFKDQLFDO� GHYLFHV� DUH� KLJKO\�
UHOLDEOH�� WKH\� DUH� VXVFHSWLEOH� WR� PDQ\� W\SHV� RI� IDXOWV�� 6XFK� IDXOW� FDQ�
EHFRPH� FDWDVWURSKLF� DQG� FDXVH� SURGXFWLRQ� VKXWGRZQV�� SHUVRQDO�
LQMXULHV��DQG�ZDVWH�RI�UDZ�PDWHULDO��+RZHYHU��LQGXFWLRQ�PRWRU�IDXOWV�FDQ�
EH�GHWHFWHG�LQ�DQ�LQLWLDO�VWDJH�LQ�RUGHU�WR�SUHYHQW�WKH�FRPSOHWH�IDLOXUH�RI�
DQ�LQGXFWLRQ�PRWRU�DQG�XQH[SHFWHG�SURGXFWLRQ�FRVWV� 
,Q�RUGHU�WR�NHHS�WKH� LQGXFWLRQ�PRWRU� LQ�VDIH�DQG�IDXOWOHVV�FRQGLWLRQ��ZH�
QHHG�WR�FKHFN�LW�DJDLQ�DQG�DJDLQ� 
)RU� WKDW� SXUSRVH� &RQGLWLRQ� PRQLWRULQJ� RI� LQGXFWLRQ� PRWRU� LV� GRQH��
&RQGLWLRQ�PRQLWRULQJ�LV�D�SURFHVV�RI�FKHFNLQJ�WKH�VWDWH�RI�PRWRU�� 
�$FFRUGLQJO\�� WKLV� WKHVLV�SUHVHQWV� WZR�PHWKRGV�0RGHO�%DVHG�$SSURDFK�
DQG� 6LJQDO� $QDO\VLV� $SSURDFK� WR� GHWHFW� LQGXFWLRQ�PRWRU� IDXOWV�� 6LJQDO�
$QDO\VLV� $SSURDFK� LV� EHVW� IRU� FRQGLWLRQ� PRQLWRULQJ� RI� LQGXFWLRQ� PRWRU�
EHFDXVH�,W�GRHV�QRW�UHTXLUH�G\QDPLF�PRGHO�RI�WKH�UHDO�SURFHVV�� 
 
'HVLJQHG�%\� 
· 0RKDPPDG�$]HHP     ��(6�� 
· 0XKDPDPG�$NUDP     ��(6�� 
· 6KDNHHO�$KPHG     ��(6��� 
· 6KDILTXH�$KPHG     ��(6��� 
· )DURRT�$KPHG     ��(6��� 
· +DULVK�.XPDU     ��(6�� 
� 
6XSHUYLVRU�� (QJU��$DPLU�$OL�3DWROL 
&R-VXSHUYLVRU� (QJU��0DQVRRU�7HHYQR�	�'U��$UEDE�1LJKDW 



 

 

 

  

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϮϮ 

$XWRPDWLF�6LJQDOLQJ�DQG�$FFLGHQW�3UHYHQWDWLRQ�LQ�5DLOZD\�7UDQVSRUW� 
$EVWUDFW� 
5DLOZD\� WUDQVSRUW� LV� D� YHU\� HQHUJ\� HIILFLHQW� PHDQV� RI� WUDQVSRUWDWLRQ�
FRQVLGHUHG� DV� OLIH� OLQH� RI� DQ\� FRXQWU\�� ,W� LV� GLIIHUHQW� IURP� URDG�
WUDQVSRUWDWLRQ� LQ� VXFK� D� PDQQHU� WKDW� LQ� WUDLQ� WUDQVSRUW� WKH� WUDLQ� DUH�
JXLGHG�ZLWK�WKH�KHOS�RI�WUDFNV��0DQ\�UHVHDUFK�DQG�LPSOHPHQWDWLRQ�ZRUN�
KDV�EHHQ�GRQH�LQ�RUGHU�WR�LPSURYH�WKH�UDLOZD\�WUDQVSRUWDWLRQ�DFURVV�WKH�
ZRUOG�EHFDXVH�UDLOZD\�WUDQVSRUWDWLRQ�LV�WKH�VHFRQG�ODUJHVW�QHWZRUN�XVHG�
ZLWK�LQ�WKH�FRXQWULHV�IRU�WUDQVSRUWDWLRQ�� 
5DLOZD\� WUDQVSRUW� LV� D� YHU\� FKHDS� DQG� HDV\� ZD\� RI� WUDYHOOLQJ� WR� WKH�
FLWL]HQV� EXW� WKLV� WUDQVSRUWDWLRQ� LQ� 3DNLVWDQ� LV� QRW� SURYLGLQJ� WKH� VDIH�
MRXUQH\� WR� WKH� SDVVHQJHUV� GXH� WR� LWV� PDQXDO� V\VWHP� DQG�
PLVPDQDJHPHQW��7KH�UDLOZD\�WUDQVSRUWDWLRQ�KDV�EHFRPH�UHDOO\�YDVW�DQG�
DXWRPDWLF� LQ�RWKHU�ZHVWHUQ�FRXQWULHV�7KLV�EHFDXVH�ZH�KDYH�ZRUNHG� WR�
SURYLGH�VRPH�FRQFHSW�RQ�PRGHUQL]LQJ� WKH� UDLOZD\�V\VWHP� WR�DXWRPDWLF�
OHYHOV�E\�ZKLFK�ZH�FDQ�KDYH�OHVV�RU�QR�DPRXQW�RI�DFFLGHQWV��$V�PRVW�RI�
WKH� DFFLGHQWV� FDXVHV� DW� OHYHO� FURVVLQJV� GXH� WR� KXPDQ� HUURUV� RU�
PLVPDQDJHPHQW�RI�VLJQDOLQJ��)RU�WKLV�ZH�KDYH�ZRUNHG�WR�DXWRPDWH�OHYHO�
FURVVLQJ�E\�XVLQJ�VHQVRUV��:H�KDYH�GHVLJQ�D�FLUFXLW�LQ�ZKLFK�WKH�EUDNHV�
RI� WKH� WUDLQ� ZLOO� ZRUN� DXWRPDWLFDOO\� LI� WKH� UDLOZD\� WUDFN� GLVFRQWLQXHG� RU�
EURNHQ��:H�KDYH� LQVWDOOHG�VRPH�VHQVRUV�WR�GHWHFW�REVWDFOHV� LQ�IURQW�RI�
WUDLQ� WKURXJK� ZKLFK� WKH� EUDNHV� ZLOO� ZRUN� DXWRPDWLFDOO\� WKLV� ZLOO� DYRLG�
DFFLGHQWV�RU�FROOLVLRQV��7KHVH�FRQFHSWV�ZLOO�SURYH�YHU\�EHQHILFLDO� LI�WKH\�
DUH� DSSOLHG� LQ� UDLOZD\� V\VWHP� RI� 3DNLVWDQ�� 7KH\� ZLOO� VXUHO\� GHFUHDVH�
GHDWK�UDWH�RU�ORVV�UDWH�GXH�WR�PLVPDQDJHPHQW�RI�UDLOZD\�V\VWHP�DQG�ZLOO�
SURYLGH�VDIHW\�WR�WKH�FLWL]HQV� 
'HVLJQHG�%\� 
· 5HKPDQ�$WWD     ��-��(6��� 
· 0XKDPPDG�$ZDLV     ��(6�� 
· 6KHKU\DU�7DOSXU     ��-��(6��� 
6XSHUYLVRU�� (QJU��7XIDLO�$KPHG�:DVHHU 
&R-VXSHUYLVRU� 'U��,PWLD]�+XVVDLQ�.DOZDU 



 

 

 
 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       Ϯϰ 

5RERWLF�&UDFN�'HWHFWLRQ�6\VWHP�IRU�%ULGJH�'HFN�0DLQWHQDQFH� 
$EVWUDFW� 
6WUXFWXUDO� +HDOWK�0RQLWRULQJ� KDV� EHFRPH� H[WUHPHO\� LPSRUWDQW�ZLWK� WKH�
DJLQJ� RI� FULWLFDO� LQIUDVWUXFWXUHV� VXFK� DV� WUDQVSRUWDWLRQ� VWUXFWXUHV��
EXLOGLQJV� HWF�� :LWK� WKH� LQFUHDVHG� XVH� RI� WKHVH� VWUXFWXUHV�� WKHLU�
PDLQWDLQDELOLW\� DQG� PRQLWRULQJ� LV� HVVHQWLDO� WR� HQVXUH� SXEOLF� VDIHW\��
%ULGJHV�DUH�RQH�RI�VXFK�SXEOLF�VWUXFWXUHV�ZKRVH�KHDOWK�PRQLWRULQJ�ZLWK�
WLPH�LV�RI�YLWDO�LPSRUWDQFH�VR�WKDW�LW�FDQ�VXVWDLQ�KHDY\�WUDIILF�ORDGV�DQG�WR�
SUHYHQW� WKHP� IURP� EHFRPLQJ� IXQFWLRQDOO\� REVROHWH� DV� UHSODFHPHQW� RI�
VXFK�VWUXFWXUHV�FRXOG�FDXVH�HFRQRPLF�GRZQWXUQ��2QH�RI�WKH�PDMRU�WDVN�
LQ�PDLQWHQDQFH�RI�EULGJHV� LV� WR�GHWHFW�FUDFNV�RYHU� WKH�EULGJH�GHFN��6R�
WLPHO\� DZDUHQHVV� RI� FUDFNV� FRXOG� SUHYHQW� IURP� VWUXFWXUDO� IDLOXUH� DQG�
FROODSVLQJ�RI�EULGJHV��7KH�WUDGLWLRQDO�PHWKRG�RI�GHWHFWLRQ�RI�FUDFN�LV�WKH�
MRE� RI� KXPDQ� LQVSHFWRU� ZKR� VXUYH\V� WKH� ZKROH� EULGJH� WR� PDUN� WKH�
FUDFNV��,W�QRW�RQO\�WLPH�FRQVXPLQJ�EXW�LWV�DFFXUDF\�LV�ORZ�GXH�WR�OLPLWHG�
YLVXDO� FDSDELOLW\� RI� KXPDQ� EHLQJ�� 0RUHRYHU�� HYHU\� KXPDQ� EHLQJ� KDV�
GLVWLQFW�ZD\� RI� SHUFHLYLQJ� WKLQJV��0RQLWRULQJ� KDV� EHFRPH� IHDVLEOH�ZLWK�
WKH� GHYHORSPHQW� RI� FRPSXWHUV� DQG� QHFHVVDU\� KDUGZDUH� �6R� ZH� SXW�
IRUZDUG�WKH�LGHD�RI�FUDFN�GHWHFWLRQ�V\VWHP�WKDW�XVHV�D�PRELOH�URERW�ZLWK�
DQGURLG�SKRQH�KDYLQJ�FDPHUD�PRXQWHG�RYHU�LW��,W�ZLOO�FROOHFW�LPDJHV�IURP�
EULGJH�GHFN�DQG�VHQG�WKHP�WR�WKH�ODSWRS�XVLQJ�D�:L-)L�FRQQHFWLRQ�WR�ILQG�
FUDFNV� IURP� WKHP� WKURXJK� LPDJH� SURFHVVLQJ� LQ� 0$7/$%�� 2XU� FUDFN�
GHWHFWLRQ� V\VWHP� PDLQO\� IRFXVHV� RQ� LWV� SXUSRVH� DV� D� ZKROH�� :H� DUH�
DVVXPLQJ� DQ� LQGRRU� VHWXS� RI� FRQFUHWH� VODE� DV� D� EULGJH� GHFN� LQ� WKH�
KDUGZDUH� SDUW� RI� WKLV� SURMHFW�� 7HFKQLTXHV� IRU� KDQGOLQJ� ZLWK� VKDGRZ��
SDLQW�� SDWFKHV� LQ� FDSWXUHG� LPDJHV� DUH� QRW� DGGUHVVHG�� ,Q� UHDO� OLIH�
DSSOLFDWLRQV�� WKHVH� LVVXHV� VKRXOG� EH� FRQVLGHUHG� ZKLOH� GHYHORSLQJ� WKH�
LPDJH� SURFHVVLQJ� FRGH�� 2WKHU� WKDQ� WKDW�� ZH� DUH� XVLQJ� DQ� REVWDFOH�
DYRLGDQFH�URERW�WR�DYRLG�DQ\�NLQG�RI�REVWDFOHV�IDFHG�E\�URERW�LQ�D�VPDOO�
FRQFUHWH�WUDFN��7R�GHWHUPLQH�WKH�SRVLWLRQ�RI�FUDFNV��ZH�DUH�XVLQJ�GHDG�
UHFNRQLQJ�DOJRULWKP� LQ�RXU� LQGRRU�VHWXS�RI�FRQFUHWH�VODE��7KH�GHWHFWHG�
FUDFNV� ZLOO� EH� PDUNHG� RQ� WKHLU� UHVSHFWLYH� SRVLWLRQV�� ,Q� WKDW� ZD\�� WKLV�
RYHUDOO� V\VWHP� ZLOO� EH� FRQVLVWLQJ� RI� IRXU� SDUWV�� DQ� REVWDFOH� DYRLGDQFH�
URERW�FROOHFWLQJ�LPDJHV�ZLWK�FDPHUD��VHQGLQJ�WKHP�WR�ODSWRS�WKURXJK�:L-
)L� VLJQDOV�� ILQGLQJ� FUDFNV� WKURXJK� WKHP� XVLQJ� 0$7/$%� ,PDJH�
SURFHVVLQJ�DQG�ILQDOO\�GHWHUPLQLQJ�WKH�SRVLWLRQ�RI�WKRVH�FUDFNV�LQ�EULGJH�



 

 

GHFN�� 
 
'HVLJQHG�%\� 
· 0DKHQRRU     ��(6�� 
· $UVDODQ�$OL�6RRPUR     ��(6�� 
· 0DKLQ�*XO     ��(6�� 
· $PLU�$OL�6DPHMR     ��(6�� 
· $UHHED�.DLQDW�����������������������   ��(6�� 
· 6DJDU�/XQG�     ��(6�� 
 
6XSHUYLVRU�� (QJU��7XIDLO�$KPHG�:DVHHU 
&R-VXSHUYLVRU� 'U��$UEDE�1LJKDW 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       Ϯϲ 

8UEDQ�$UHD�$LU�4XDOLW\�0RQLWRULQJ�6\VWHP� 
$EVWUDFW� 
,Q�WRGD\
V�IDVW�H[SDQGLQJ�ZRUOG��DLU�3ROOXWLRQ�LV�D�PDMRU�SUREOHP�IRU�DQ\�
XUEDQ�FLW\�ZLWK�KLJK�9HKLFXODU�GHQVLW\��7KLV�SROOXWLRQ�FDQ�EH�LQ�WKH�IRUP�
RI� KDUPIXO� JDV� HPLVVLRQ� IURP� YHKLFOHV� RU� LQ� WKH� IRUP� RI� 3DUWLFXODWH�
PDWWHU��7KLV�KD]DUGRXV�DLU�KDV�VRPH�VHULRXV�DQG�GHWULPHQWDO�HIIHFWV�QRW�
RQO\�WKH�OLYLQJ�FUHDWXUHV�EXW�RQ�WKH�HQYLURQPHQW�DV�ZHOO����7UDGLWLRQDO�DLU�
TXDOLW\� PRQLWRULQJ� PHWKRGV�� VXFK� DV� EXLOGLQJ� DLU� TXDOLW\� PRQLWRULQJ�
VWDWLRQV�� DUH� W\SLFDOO\� H[SHQVLYH� DQG� JHQHUDOO\� OHVV� GHQVHO\� GHSOR\HG��
3URSHU�KDQGOLQJ�RI�WKH�SUREOHP�LV�FRQVLGHUHG�WR�EH�TXLWH�FRPSOH[�GXH�WR�
ODFN�RI�DFFXUDWH��XS�WR�GDWH�DQG�RUJDQL]HG�GDWD�DQG�DQDO\VLV�DV�ZHOO�DV�
ODFN� RI� DQ� LQWHJUDWHG� V\VWHP� IRU� DFTXLVLWLRQ�� VWRUDJH�� PDQLSXODWLRQ��
UHWULHYDO�� DQDO\VLV�� SUHVHQWDWLRQ� DQG� H[FKDQJH� RI� HQYLURQPHQWDO� GDWD��
2XU�DLP�LV�WR�GHYHORS�D�WRRO�IRU�UHDO-WLPH�DLU�TXDOLW\�PRQLWRULQJ��VR�DV�WR�
WDNH� DSSURSULDWH� DQG� WLPHO\� GHFLVLRQ� E\� FUHDWLQJ� D� JHQHULF� DQG�
QHWZRUNDEOH� V\VWHP� XVLQJ� YDULRXV� LQH[SHQVLYH� VHQVRUV� ZKLFK� FDSWXUH�
WKH�$LU�4XDOLW\�GDWD�DQG�GLVSOD\� LW�RQ�D�*8,�ZKLFK�DOORZV�XV�WR�PRQLWRU�
WKH�FXUUHQW�GDWD�DQG�FRPSDUH�LW�ZLWK�SDVW�GDWD�VR�DV�WR�SURYLGH�WKH�XVHU�
ZLWK� WKH� DELOLW\� WR� DQDO\]H� WKH� WUHQGV� RI� WKH� GDWD� DW� GLIIHUHQW� WLPH�
LQWHUYDOV�� ,Q� WKLV� SURMHFW�� ZH� SUHVHQW� D� LQWHUDFWLYH� PRQLWRULQJ� WRRO� WKDW�
DOORZV�NQRZLQJ� WKH�FRQFHQWUDWLRQ�RI�SROOXWLQJ�JDVHV� LQ�YDULRXV�DUHDV�RI�
WKH� FLW\� E\� DOORZLQJ� XVHUV� WR�PRQLWRU� WKH� DUHD� RI� WKHLU� LQWHUHVW� WKURXJK�
GHSOR\HG� VHQVRU� QRGHV�� ,Q� DGGLWLRQ�� WKH\� FDQ� DOVR� VKDUH� WKH� FROOHFWHG�
GDWD�WKURXJK�D�VRFLDO�QHWZRUNLQJ�DSSURDFK� 
 
'HVLJQHG�%\� 
· .DVKLI�$OL�     ��(6��� 
· $EGXOODK�4D]L     ��(6��� 
· )DKDG�)DWDK�4XUHVKL     ��(6��� 
· 6DMLG�$OL�6RRPUR�     ��(6��� 
· 6KDK]DLE�0HPRQ     ��(6��� 
· $KVDQ�0HPRQ     ��(6�� 



 

 

6XSHUYLVRU�� (QJU��0DQVRRU�$OL�7HHYQR 
&R-VXSHUYLVRU� (QJU��.DPUDQ�.D]L 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       Ϯϴ 

%URDGFDVWLQJ�RI�6RXQG�6LJQDO�IURP�&RPSXWHU�WR�6SHDNHUV� 
$EVWUDFW� 
7KH�JRDO�RI� WKLV�SURMHFW� LV� WR�FUHDWH�D�V\VWHP�WR�ZLUHOHVVO\�EURDGFDVW�D�
VRXQG� VLJQDO� IURP� D� FRPSXWHU� WR� D� VHW� RI� VSHDNHUV� XVLQJ�:L�)L�� 7KLV�
DOORZV� RQH� WR� SOD\� PXVLF� ILOHV� IURP� D� FRPSXWHU� DQG� KDYH� WKH� VRXQG�
FRPH�RXW�RI�DQ\�VSHDNHUV�WKDW�DUH�LQ�UDQJH�RI�WKH�ZLUHOHVV�QHWZRUN��7KH�
LGHDO� XVH� FDVH� IRU� WKLV� SURGXFW� ZRXOG� LQYROYH� WKH� DELOLW\� WR� KDYH� D�
FRPSXWHU� LQ� RQH� URRP� SURFHVVLQJ� PXVLF� ILOHV� ZKLOH� PXOWLSOH� VSHDNHUV�
WKURXJKRXW� WKH� KRXVH� DUH� DFWXDOO\� SOD\LQJ� WKH� PXVLF�� 7KLV� ZRXOG� EH�
SDUWLFXODUO\� XVHIXO� LQ� D� SDUW\� VHWWLQJ� ZKHUH� RQH� ZRXOG� OLNH� WR� NHHS� D�
FRPSXWHU� VDIH� LQ� D� ORFNHG� URRP�ZKLOH� VWLOO� EHLQJ� DEOH� WR� XVH� LW� WR� SOD\�
PXVLF��,W�PD\�EH�XVHG�LQ�SXEOLF�DGGUHVVHV�ZKHUH�ORXG�VSHDNHUV�DUH�IDU�
DZD\� IURP� WKH�PLNH�VR�:L-)L�VLJQDO�FDQ�HDVLO\�EH� UHDFKHG�DW�DOO� WKRVH�
VSHDNHUV�WKDW�DUH�LQ�WKH�UDQJH�RI�:L-)L�VLJQDO���$GGLWLRQDOO\��LI�D�SDUW\�LV�
WKHUH�DUH�VHWV�RI�VSHDNHUV� LQ�PXOWLSOH�URRPV��WKH\�FDQ�DOO�EH�V\QFHG�WR�
WKH�VDPH�DXGLR�VRXUFH�� 
 
'HVLJQHG�%\� 
· 0LTGDG�+\GHU�     ��(6�� 
· 0XKDPPDG�,O\DV     ��(6�� 
· -XQDLG�$KPHG��     ��(6��� 
· $VKIDTXH�$OL     ��(6�� 
· 0XKDPPDG�.KDQ     ��(6�� 
· 0RWL�5DP�     ��(6��� 
 
6XSHUYLVRU�� 3URI��'U��:DMLKD�6KDK 
&R-VXSHUYLVRU� (QJU��0DQVRRU�$OL 



 

 

 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϯϬ 

/RFDWRU�DQG�)DOOV�'HWHFWRU�IRU�'HPHQWLD�3DWLHQW 
$EVWUDFW� 
)DOOV�DUH�LGHQWLILHG�DV�D�PDMRU�KHDOWK�ULVN�QRW�RQO\�IRU�WKH�HOGHUO\�EXW�DOVR�
IRU�SHRSOH�ZLWK�QHXURGHJHQHUDWLYH�GLVHDVHV��VXFK�DV�GHPHQWLD�SDWLHQWV��
DQG� DUH� FRQVLGHUHG� DV� D� PDMRU� REVWDFOH� WR� LQGHSHQGHQW� OLYLQJ�� )DVW�
GHWHFWLRQ�RI� IDOOV�ZRXOG�QRW� RQO\�GHFUHDVH� WKH�KHDOWK� ULVNV�E\�HQDEOLQJ�
TXLFN�PHGLFDO�UHVSRQVH��EXW�DOVR�PDNH�LQGHSHQGHQW�OLYLQJ�D�VDIH�RSWLRQ�
IRU�WKH�HOGHUO\� 
,Q�WKLV�SURMHFW��ZH�SURSRVH�D�IDOO�GHWHFWRU� WKDW�XVHV�WKH�DFFHOHURPHWHUV�
DQG� LQFRUSRUDWHV� GLIIHUHQW� DOJRULWKPV� IRU� UREXVW� IDOO� GHWHFWLRQ� VXFK� DV�
WKUHVKROGLQJ��:H�LPSOHPHQWHG�RXU�IDOO�GHWHFWRU�RQ�D�DUGXLQR�EDVHG��:H�
SHUIRUPHG� DQ� H[WHQVLYH� VHW� RI� H[SHULPHQWV� IRU� HYDOXDWLQJ� WKH�
SHUIRUPDQFH� RI� WKH� LPSOHPHQWHG� IDOO� GHWHFWRU�� 7R� WKH� EHVW� RI� RXU�
NQRZOHGJH�� DOWKRXJK� XVLQJ� VPDUWSKRQHV� IRU� IDOO� GHWHFWLRQ� KDYH� EHHQ�
UHFHQWO\�VWXGLHG��HYDOXDWLQJ�WKH�SHUIRUPDQFH�RI�UREXVW�DOJRULWKPV��UDWKHU�
WKDQ� WKUHVKROGLQJ�� KDV� QRW� EHHQ� H[SORUHG� EHIRUH�� 2XU� H[SHULPHQWDO�
UHVXOWV�VKRZ�WKDW�FRPSDUHG�WR�D�VLPSOH�WKUHVKROGLQJ�DOJRULWKP�� 
%HVLGHV� WKH� IDOO� GHWHFWLRQ� FDSDELOLW\�� RXU� LPSOHPHQWDWLRQ� DOVR� SURYLGHV�
ORFDWLRQ� LQIRUPDWLRQ�XVLQJ�*RRJOH�0DSV�DERXW� WKH�SHUVRQ�H[SHULHQFHG�
WKH�IDOO��XVLQJ�WKH�DYDLODEOH�*36�LQWHUIDFH�RQ�WKH�VPDUWSKRQH�FRPSXWHU�
DQG�D�ZDUQLQJ�DERXW�WKH�IDOO�DQG�WKH�ORFDWLRQ�LQIRUPDWLRQ�DUH�WUDQVPLWWHG�
WR� WKH� XVHUV�� VXFK� DV� DODUP� V\VWHP� �E\� PHDQV� RI� RQOLQH� QRWLILFDWLRQ��
ZKLFK�LQGLFDWHV�WKDW�D�SHUVRQ�KDV�JRQH�RXW�IURP�VSHFLILF�DUHD� 
 
'HVLJQHG�%\� 
· 6DGDI�%DVKLU�0HPRQ     ��(6�� 
· 6DQDP�6DED�6L\DO     ��(6�� 
· 3DUYHHQ�6KRUR     ��(6�� 
· 0XQWDKD�6KDK�     ��(6�� 
6XSHUYLVRU�� (QJU��=DLJKDP�$EEDV�6KDK 
&R-VXSHUYLVRU� (QJU��$DPLU�3DWROL 



 

 

 

  

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϯϮ 

)3*$�%DVHG�&RQGLWLRQ�0RQLWRULQJ�RI�,QGXVWULDO�0RWRU 
$EVWUDFW� 
2YHUDOO� V\VWHP� SHUIRUPDQFH� RQ� D� SURGXFWLRQ� OLQH� LV� RQH� RI� WKH�PDMRU�
FRQFHUQV� LQ� PRGHUQ� LQGXVWU\� ZKHUH� LQGXFWLRQ� PRWRUV� DUH� SUHVHQW� DQG�
WKHLU�FRQGLWLRQ�PRQLWRULQJ� LV�PDQGDWRU\��3UHYHQWLYH�PDLQWHQDQFH�LV�RQH�
RI� WKH� PDMRU� FRQFHUQV� LQ� PRGHUQ� LQGXVWU\� ZKHUH� IDLOXUH� GHWHFWLRQ� RQ�
PRWRUV� LQFUHDVHV� WKH� XVHIXO� OLIH� F\FOH� RQ� WKH� PDFKLQHU\�� 7KHUH� LV� WKH�
QHFHVVLW\� RI� ORZ-FRVW� LQVWUXPHQWDWLRQ� IRU� FRQGLWLRQ� PHDVXUHPHQW� DQG�
DQDO\VLV�RI� FXUUHQW� LQ� WKH� IUHTXHQF\�GRPDLQ��DQG� WKLV�FRXOG�EH� IL[HG� WR�
WKH�PDFKLQH� IRU� FRQWLQXRXV�PRQLWRULQJ� WR�SURYLGH�D� UHOLDEOH�FRQWLQXRXV�
GLDJQRVLV�ZLWKRXW�QHHGLQJ�WUDLQHG�VWDII��$�QRQLQYDVLYH�PHWKRG�EDVHG�RQ�
WKH�PRWRU�FXUUHQW�KDV�EHHQ�DQDO\]HG�KHUH��7KH�FRQWULEXWLRQ�RI�WKLV�ZRUN�
SUHVHQWV�D�PHWKRGRORJ\�IRU�VLQJOH�SKDVLQJ�IDXOW�GHWHFWLRQ�LQ�WKUHH�SKDVH�
LQGXFWLRQ�PRWRU��6LJQDO�VSHFWUXP�RI�PRWRU�FXUUHQW�HQKDQFH�GHWHFWDELOLW\�
IRU�PHFKDQLFDOO\�ORDGHG�DQG�XQORDGHG�RSHUDWLQJ�FRQGLWLRQV�RI�WKH�PRWRU���
7KH� SURSRVHG� PHWKRGRORJ\� LV� LPSOHPHQWHG� LQ� D� ORZ-FRVW� ILHOG-
SURJUDPPDEOH�JDWH�DUUD\��)3*$���JLYLQJ�D�VSHFLDO-SXUSRVH�V\VWHP-RQ-D
-FKLS� �6R&�� VROXWLRQ� IRU� FRQGLWLRQ� PRQLWRULQJ� RI� PRWRU�� )LHOG-
SURJUDPPDEOH�JDWH�DUUD\V��)3*$V��DUH�GLVWLQJXLVKHG�E\�EHLQJ�YHU\�IDVW�
DQG�KLJKO\�UHFRQILJXUDEOH�GHYLFHV��DOORZLQJ�WKH�GHYHORSPHQW�RI�VFDODEOH�
SDUDOOHO�DUFKLWHFWXUHV�IRU�VSHFWUXP�DQDO\VLV�ZLWKRXW�FKDQJLQJ�WKH�LQWHUQDO�
KDUGZDUH� 
 
'HVLJQHG�%\� 
· 6KDKED]�3DWKDQ������     ��(6�� 
· 0XKDPPDG�<RXVLI�:DGK\R���   ��(6��� 
· 6DLIXOODK�0HPRQ�����     ��(6�� 
· *KXODP�5DVRRO�6RRPUR����   ��(6�� 
· 0XKDPPDG�$OL�-DIIUL�����    ��(6�� 
· 6KDKLG�1RRU�7XQLR������     ��(6�� 
 



 

 

6XSHUYLVRU�� 'U��7D\DE�'LQ�0HPRQ 
&R-VXSHUYLVRU� 'U��,PWLD]�+XVVDLQ�.DOZDU 

 
 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϯϰ 

'HVLJQ�DQG�,PSOHPHQWDWLRQ�RI�(OHFWURP\RJUDP�$FTXLVLWLRQ�6\VWHP 
$EVWUDFW� 
7KH�DLP�RI�WKLV�SURMHFW� LV�WR� LQYHVWLJDWH�(OHFWURP\RJUDP�;�D'Ϳ� ƐŝŐŶĂůƐ�
ĚĞƚĞĐƚĞĚ�ĨƌŽŵ�ŚƵŵĂŶ�ŵƵƐĐůĞ͘�tĞ�ŚĂǀĞ�ǁŽƌŬĞĚ�ŽŶ�ƚŚĞ�ĐŚĂůůĞŶŐĞ�ŽĨ�ƌĞĂů�
ƟŵĞ͕� ŶŽŶ-ŝŶǀĂƐŝǀĞ� ƐŝŵƵůƚĂŶĞŽƵƐ� ĂĐƋƵŝƐŝƟŽŶ� ĂŶĚ� ǁŝƌĞůĞƐƐ� ƚƌĂŶƐŵŝƐƐŝŽŶ�
ŽĨ� ŚƵŵĂŶ� ƉŚǇƐŝŽůŽŐŝĐĂů� ƉĂƌĂŵĞƚĞƌƐ� ƵƐŝŶŐ� ĞĂƐǇ� ĂŶĚ� ĐŽƐƚ� ĞīĞĐƟǀĞ�
ĂƉƉƌŽĂĐŚ͘� dŚĞ� ƐĞŶƐŽƌ� ŝƐ� ƵƐĞĚ� ƚŽ� ĚĞƚĞĐƚ� ƚŚĞ� ƐŝŐŶĂůƐ� ĨƌŽŵ�ŵƵƐĐůĞ͘� dŚŝƐ�
ƐŝŐŶĂů� ǁŝůů� ƵŶĚĞƌŐŽ� ŵŽĚŝĮĐĂƟŽŶƐ� ƚŽ� ĞůŝŵŝŶĂƚĞ� ůŽǁ� ĨƌĞƋƵĞŶĐǇ�
ŝŶƚĞƌĨĞƌĞŶĐĞ͕�ĂŶĚ�ĞƐƚĂďůŝƐŚ�ĂŶ�ĂǀĞƌĂŐĞ�ƉƌŽĮůĞ�ǁŚŝĐŚ�ĐŽƌƌĞĐƚƐ� ĨŽƌ�ƐŝŐŶĂů�
ĚĞŐƌĂĚĂƟŽŶ͘��ĞĨŽƌĞ�ŽƵƚƉƵƫŶŐ�ƚŚŝƐ�ĮůƚĞƌĞĚ�ƐŝŐŶĂů�ďǇ�ƵƐŝŶŐ��D'�ƐĞŶƐŽƌ͘�
/ƚ� ĂůƐŽ� ƌĞŵŽǀĞƐ� ĞƌƌŽƌ� ĂŶĚ� ĂŵƉůŝĮĞĚ� ƚŽ� ĂƉƉƌŽƉƌŝĂƚĞ� ůĞǀĞůƐ͘� dŚĞ� �D'�
ƐŝŐŶĂů� ĨƌŽŵ� ƚŚĞ�ďŝĐĞƉ� ŝƐ� ƚŚĞŶ� ƐĞŶƚ� ƚŽ� ĐŽŵƉƵƚĞƌ� ĨŽƌ� ĨƵƌƚŚĞƌ�ƉƌŽĐĞƐƐŝŶŐ͘�
KƵƌ�ƉƌŽũĞĐƚ� ŝƐ�ĚŝǀŝĚĞĚ� ŝŶƚŽ�ƚǁŽ�ƉŽƌƟŽŶƐ͘�&ŝƌƐƚ� ŝƐ�ƚŚĞ� � � ƌŽƚĂƟŽŶ�ŽĨ�ƐĞƌǀŽ�
ŵŽƚŽƌ� ƵƐŝŶŐ� ŽďƚĂŝŶĞĚ� ĂŵƉůŝĮĞĚ� �D'� ƐŝŐŶĂů� ĂŶĚ� ƚŚĞ� ƐĞĐŽŶĚ� ƉŽƌƟŽŶ�
ŝŶĐůƵĚĞƐ� ƚŚĞ� ǁŝƌĞůĞƐƐ� ƚƌĂŶƐŵŝƐƐŝŽŶ� ŽĨ� ŽďƚĂŝŶĞĚ� �D'� ƐŝŐŶĂůƐ� ƵƐŝŶŐ� Z&�
ŵŽĚƵůĞ͘�dŚĞ�ĚĞƐŝŐŶ�ŽĨ�ŚĂƌĚǁĂƌĞ�ĐŽŶƐŝƐƚ�ŽĨ�ŵƵƐĐůĞ� ƐĞŶƐŽƌ͕�Z&�ŵŽĚƵůĞ͕�
ƉŽǁĞƌ�ƐƵƉƉůǇ͕�ƐĞƌǀŽ�ŵŽƚŽƌ͕�ŵŝĐƌŽĐŽŶƚƌŽůůĞƌ�ŝŶĐůƵĚŝŶŐ�ĂƌĚƵŝŶŽ�hEK�ĂŶĚ�
ĂƌĚƵŝŶŽ�ŵĞŐĂ�ϮϱϲϬ�ĂŶĚ�ƚŚĞ�>Ăďs/�t�ƐŽŌǁĂƌĞ�ŝƐ�ƵƐĞĚ�ƚŽ�ŝŶƚĞƌƉƌĞƚ�ƚŚĞƐĞ�
ƐŝŐŶĂůƐ͘� �ůĞĐƚƌŽŵǇŽŐƌĂƉŚ� ;�D'Ϳ� ƐŝŐŶĂů� ĚĞƚĞĐƟŽŶ� ĂŶĚ� ĂŶĂůǇƐŝƐ� ĐĂŶ� ďĞ�
ƵƟůŝǌĞĚ� ŝŶ� ǀĂƌŝŽƵƐ� ĐůŝŶŝĐĂů� ĂŶĚ� ďŝŽŵĞĚŝĐĂů� ĂƉƉůŝĐĂƟŽŶƐ� ŝŶĐůƵĚŝŶŐ�
ŐĞŶĞƌĂƟŽŶ�ŽĨ�ĐŽŶƚƌŽů�ƐŝŐŶĂů�ĨŽƌ�ƉƌŽƐƚŚĞƟĐ�ƚŽŽůƐ͘ 
 

'HVLJQHG�%\� 
· $UVKDG�$OL�$EEDVL�     ��(6�� 
· )DODN�1D]�     ��(6�� 
· 3DVKPD�+DELE�     ��(6�� 
· 3RRMD�     ��(6�� 
· 6\HG�'HHGDU�6KDK�     ��-��(6�� 
· =DKLG�0DOLN�     ��(6�� 



 

 

6XSHUYLVRU�� 'U��:DQRG�.XPDU 
&R-VXSHUYLVRU� (QJU��+XQDLQ�0HPRQ 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϯϲ 

(QHUJ\�+DUYHVWLQJ�7KURXJK�5DGLR�)UHTXHQFLHV 
$EVWUDFW� 
7KHUH� LV� D� VWURQJ� QHHG� WR� SURGXFH�PRUH� HQHUJ\� IRU� RXU� OLYLQJ�� 6R� ZH�
UHSUHVHQW�D�PRUH�SURGXFWLYH�DQG�XVHIXO�ZD\�RI�HQHUJ\�SURGXFWLRQ�FDOOHG�
³(QHUJ\�+DUYHVWLQJ�WKURXJK�5DGLR�)UHTXHQFLHV´��7KLV�SURMHFW� LV� IXQGHG�
E\�1DWLRQDO�,&7�5	'��(QHUJ\�KDUYHVWLQJ�FDQ�EH�XVHG�DV�DQ�DOWHUQDWLYH�
HQHUJ\�VRXUFH�WR�VXSSO\�HQHUJ\�WR�D�SULPDU\�SRZHU�VRXUFH�DQG�FRQYHUW�
LQWR� D� UHOLDEOH� HOHFWULF� RXWSXW�� � 5DGLR� IUHTXHQF\� HQHUJ\� KDUYHVWLQJ��
PDNHV� XV� DEOH� WR� UHFRYHU� HQHUJ\� IURP� DYDLODEOH� 5)� HOHFWURPDJQHWLF�
VRXUFHV��*60��:,),��&(//�3+21(6��WR�SRZHU�ZLUHOHVV�VHQVRU�QRGHV��
7KLV�LV�D�SURFHVV�WKDW�FDSWXUHV�XQXWLOL]HG�HQHUJ\�IURP�HQYLURQPHQW�WKDW�
ZRXOG�RWKHUZLVH�EH� ORVW�DQG�XVHV� WKLV�FDSWXUHG�HQHUJ\� WR� UXQ�ZLUHOHVV�
FRPPXQLFDWLRQ� V\VWHPV�� (QHUJ\� +DUYHVWLQJ� GHYLFHV�� HIILFLHQWO\� DQG�
HIIHFWLYHO\�FDSWXUH��DFFXPXODWH��VWRUH��FRQGLWLRQ�DQG�PDQDJH�WKLV�HQHUJ\�
DQG�VXSSO\�LW� LQ�D�IRUP�WKDW�FDQ�EH�XVHG�WR�SHUIRUP�D�KHOSIXO�WDVN��:LWK�
WKH�GHWDLOHG�VWXG\�RI�GLIIHUHQW�DQWHQQD�XVHG� IRU�(QHUJ\�+DUYHVWLQJ�DQG�
VRPH�RI�WKHP�DUH�WHVWHG��0LFURVWULS�SDWFK�LV�WKH�EHVW�FKRLFH��7KLV�WKHVLV�
ERRN�LV�EDVHG�RQ�GHVLJQLQJ�RI�(QHUJ\�+DUYHVWHU�'HYLFH�ZKLFK�LQFOXGHV�
&DSWXULQJ� (QHUJ\� IURP� VXUURXQGLQJV�� &RQYHUVLRQ� LQWR� DQ� (OHFWULFDO�
(QHUJ\��$&�WR�'&�FRQYHUVLRQ��DPSOLI\LQJ�DQG�8VLQJ�+DUYHVWHG�(QHUJ\�
LQ�RXU�DSSOLFDWLRQ� 
 

'HVLJQHG�%\� 
· -XQDLG�$KPHG�8TDLOL�     ��(6�� 
· =DIDU�%DORFK     ��(6�� 
· 6KRDLE�0HPRQ     ��(6��� 
· 5DGLND�0DQZDQL     ��(6�� 
· 0DKDU-8-1LVD     ��(6�� 
· $LVKD�$UDLQ     ��(6���� 
6XSHUYLVRU�� 3URI��'U��%�6�&KRZGKU\ 
&R-VXSHUYLVRU� (QJU��$]DP�5DILTXH�0HPRQ 



 

 

 
 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϯϴ 

6PDUW�52��5HYHUVH�2VPRVLV��3ODQW 
$EVWUDFW� 
1RZ-D-GD\V�52�ZDWHU�WUHDWPHQW�SODQWV�DUH�EHFRPLQJ�D�ZLGHO\�XVHG�ZD\�
RI�VXSSO\�ZDWHU�WR�GLIIHUHQW�DUHDV�GXH�WR�WKH�VXUJH�LQ�JOREDO�GHPDQG�IRU�
ZDWHU�� $XWRPDWLRQ� DQG� PRQLWRULQJ� LV� DQ� LPSRUWDQW� IRU� 52� �5HYHUVH�
2VPRVLV�� 3ODQWV� HVSHFLDOO\� LQ� UHPRWH� DUHDV�� $Q� DXWRPDWLF� V\VWHP� LV�
QHHGHG� WR� SUHYHQW� GLIILFXOWLHV� ZKHQ� RQH� GRHV� FRQWURO� DQG� PRQLWRU� WKH�
SODQW�PDQXDOO\��,Q�WKLV�V\VWHP�XVH�$UGXLQR�PLFURFRQWUROOHU�PHJD������WR�
FRQWURO� WKH� V\VWHP��:DWHU� OHYHO� VHQVRU� WR� PHDVXUH� WKH� ZDWHU� OHYHO� LQ�
SDUWLFXODU� WDQN��ZDWHU� IORZ� VHQVRU� WR�PHDVXUH� WKH� IORZ� RI� ERWK� SURGXFW�
DQG� UHMHFW� ZDWHU�� S+� VHQVRU� WR� FKHFN� WKH� TXDOLW\� RI� ZDWHU� DQG� *60�
6,0���'�PRGXOH� WR�VHQG�DQG� UHFHLYH�606��7KH�V\VWHP�FDQ�PHDVXUH�
WKH�LPSRUWDQW�SDUDPHWHUV�WKDW�LQIOXHQFH�WKH�SHUIRUPDQFH�RI�V\VWHP�DQG�
JLYH� WKH�PHDVXUHPHQW� UHSRUW� XSRQ� UHTXHVWHG�PHVVDJH� DQG� DOVR� DOHUW�
WKH� XVHU� LI� DQ\� FULWLFDO� VLWXDWLRQ� RFFXUV� DW� SODQW� VLWH�� 7KH� V\VWHP� FDQ�
SODFHG�DW�DQ\�ORFDWLRQ�DQG�FDQ�EH�FRQWUROOHG�IURP�VLQJOH�ORFDWLRQ�� 
 
'HVLJQHG�%\� 
· %KDUDW�/DO     ��(6��� 
· )DUNKDQGD�$]L]     ��(6�� 
· 6DQGHHS�6DJDU     ��(6�� 
· 0LVEDK�=XOILTDU�$UDLQ     ��(6�� 
· 5DLFKDQG     ��(6�� 
 
6XSHUYLVRU�� 'U��:DQRG�.XPDU 
&R-VXSHUYLVRU� (QJU��=DLJKDP�$EEDV�6KDK 



 

 

 
 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϰϬ 

,PSOHPHQWDWLRQ�RI�3RUWDEOH�(&*�0RQLWRULQJ�6\VWHP 
$EVWUDFW� 
+HDUW�GLVHDVH�LV�RQH�RI�WKH�PDMRU�FDXVH�RI�GHDWK��HVSHFLDOO\�IRU�HOGHUO\�
SRSXODWLRQ� LQ� PDQ\� FRXQWULHV�� 'XULQJ� WKH� KHDUW� DWWDFN�� KHDUW� PXVFOH�
EHFDPH�GHSULYHG�RI�R[\JHQ�DQG�ZLOO� OLWHUDOO\�GLH� LI� WKH�DUWHULHV� UHPDLQV�
EORFNHG��7KH�ILUVW�IHZ�KRXUV�DUH�PRUH�FULWLFDO�LQ�VDYLQJ�PXFK�RI�WKH�G\LQJ�
KHDUW� PXVFOH� DQG� SUHYHQWLQJ� IURP� SHUPDQHQW� KHDUW� GDPDJH��
8QIRUWXQDWHO\�� WKHVH� V\PSWRPV� YDULHV� DQG� WKH� PRVW� RI� WKH� FRPPRQ�
UHDVRQV�IRU�VXFK�GHOD\V�LQ�PHGLFDO�WUHDWPHQW�DUH�GXH�WR�WKH�ODFN�RI�HDUO\�
ZDUQLQJ� DQG� SDWLHQW¶V� XQDZDUHQHVV�� 7KH� RWKHU� UHDVRQ� FRXOG� EH� WKH�
H[LVWLQJ� DPEXODWRU\� (&*� PRQLWRULQJ� V\VWHP� WKDW� WDNH� D� FRQVLGHUDEOH�
DPRXQW�RI� WLPH�DQG�HIIRUW�� UHFRUG�(&*�VLJQDOV� LQ�SDWLHQWV� WKURXJK� ORQJ�
WHUP� KRVSLWDOL]DWLRQ�� DQG� WKH� (&*� GDWD� KDYH� WR� EH� VHQW� WR� WKH�
SURIHVVLRQDOV�IRU�GRPHVWLF�DQDO\VLV� 
+RZHYHU�� LW� LV� SRVVLEOH� WR� GHWHFW� WKH� RQVHW� RI� WKH� KHDUW� DWWDFN� DQG�
HOLPLQDWH� SDWLHQW� HUURU�� ,Q� WKLV� WKHVLV� ZH� SUHVHQW� WKH� LGHD� RI� SRUWDEOH�
(&*�PRQLWRULQJ� V\VWHP�ZKLFK� SURYLGH� D� UHDO� WLPH�PRQLWRULQJ� RI� KHDUW�
GLVHDVHV� DQG� FDQ� KHOS�PHGLFDO� GHFLVLRQ�PDNLQJ� E\� GHWHFWLQJ� VSRUDGLF�
HYHQWV�RI�KHDUW�GLVHDVHV�DV�HDUO\�DV�SRVVLEOH�� 
$OWKRXJK� WKH� FRQYHQWLRQDO� (&*� PRQLWRULQJ� GHYLFHV� KHOSHG� WKH�
SURIHVVLRQDOV� WR� PRQLWRU� DQG� GHWHFW� WKH� KHDUW� GLVHDVHV� DV� TXLFNO\� DV�
SRVVLEOH�EXW�WKHVH�GHYLFHV�DUH�H[SHQVLYH�DQG�VWDWLRQDU\�DORQJ�ZLWK�WKDW�
LW�KDG�DOVR�D�GLVDGYDQWDJH��WKDW�SDWLHQW�KDG�WR�XQGHUJR�PDQ\�WHVWV�DQG�
YLVLW�WKH�KRVSLWDOV�PDQ\�WLPHV��%XW�ZLWK�WKH�SRUWDEOH�GHYLFH�LW�LV�SRVVLEOH�
IRU�D�SDWLHQW�WR�SHUIRUP�WKHVH�WHVWV�DW�KRPH� 
:LWK� WKLV� VPDOO� SRUWDEOH� GHYLFH�� LW� HQDEOHV� WKH� SHRSOH� ZLWK� DEQRUPDO�
KHDUW� FRQGLWLRQV� WR� SHUIRUP� PHDVXUHPHQW� RI� DFWLYLW\� RI� WKH� KHDUW�
DQ\ZKHUH� DQG� DQ\WLPH� DQG� FDQ� WDNH� WKH� UHVXOWV� WR� WKHLU� KHDOWK� FDUH�
SURYLGHU� IRU�HYDOXDWLRQ��7KLV�GHYLFH� LV�FRQYHQLHQW�DQG�HDV\� WR�XVH�DQG�
HFRQRPLFDO�� 
,Q�RXU�SURMHFW�WKH�PRQLWRULQJ�RI�SRUWDEOH�(&*�LV�HTXLSSHG�ZLWK�EDWWHULHV�
DQG�VPDOO�/&'��,WV�GHVLJQ�PDLQO\�FRQVLVW�RI�WZR�SKDVHV�L�H���L��+DUGZDUH�
�LL�� 6RIWZDUH�� ,Q� WKH� ILUVW� SKDVH� ZH� KDYH� XVHG� (OHFWURGHV�� $PSOLILHU��
)LOWHU��0LFURFRQWUROOHU�� DQG�/&'�GLVSOD\�� ,Q� WKH�VHFRQG�SKDVH�ZH�KDYH�



 

 

JRQH�WKURXJK�WKH�$UGXLQR�SURJUDPPLQJ�ZKLFK�DFFHSWV�WKH�DQDORJ�VLJQDO�
DQG�WKHQ�SDVVHV�RYHU�WR�WKH�7)7�/&'�LQWHUIDFHG�ZLWK�LW�IRU�DQDO\]LQJ�WKH�
(&*�VLJQDO�YLVXDOO\� 
 
 

'HVLJQHG�%\� 
· +DUHVK�.XPDU     ��(6�� 
· %KDUWL     ��(6�� 
· )DUD]�0HPRQ     ��(6��� 
· 7D\\DED�1DZDE     ��(6�� 
· +DULV�$OL�     ��-��(6��� 
· $OL�$KPHG     ��(6��� 
 
6XSHUYLVRU�� (QJU��=DLJKDP�$EEDV�6KDK 
&R-VXSHUYLVRU� 'U��6\HG�$PMDG�$OL 

 
 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϰϮ 

'HVLJQ�	�'HYHORSPHQW�RI�5HPRWH�3RZHU�0RQLWRULQJ�6\VWHP�RI�6RODU�3DQHO�XVLQJ���*60�0RGXOH 
$EVWUDFW� 
(QHUJ\�FULVLV� LV� WKH�PRVW� LPSRUWDQW� LVVXH� LQ� WRGD\¶V�ZRUOG�HVSHFLDOO\� LQ�
3DNLVWDQ�� &RQYHQWLRQDO� HQHUJ\� UHVRXUFHV� DUH� GHSOHWLQJ� DV� ZHOO� DV� WKH�
SULPH� IDFWRU� IRU� HQYLURQPHQWDO� KD]DUGV�� 5HQHZDEOH� HQHUJ\� UHVRXUFHV�
DUH� JHWWLQJ� SULRULWLHV� LQ� WKH� ZKROH� ZRUOG� WR� UHGXFH� WKH� GHSHQGHQF\� RQ�
FRQYHQWLRQDO� UHVRXUFHV�� 6RODU� HQHUJ\� LV� DWWDLQLQJ� WKH� IRFXV� DV� DQ�
LPSRUWDQW� PHDQV� RI� H[SDQGLQJ� UHQHZDEOH� HQHUJ\� XVHV�� 'LIIHUHQW�
PHWKRGV�DUH�DSSOLHG�WR�LQFUHDVH�WKH�HIILFLHQF\�RI�WKH�VRODU�FHOO�WR�UHGXFH�
WKH�FRVW��6RODU�WUDFNLQJ�V\VWHP�LV�WKH�PRVW�DSSURSULDWH�ZD\�WR�HQKDQFH�
WKH�HIILFLHQF\�RI�WKH�VRODU�FHOOV�E\�WUDFNLQJ�WKH�VXQ�DFFXUDWHO\�� 
7KLV� SURSRVHG� SURMHFW� SUHVHQWV� WKH� GHVLJQ� DQG� GHYHORSPHQW� RI� KLJK-
HIILFLHQF\� VLQJOH� D[LV� VRODU� WUDFNLQJ� V\VWHP� ZLWK� PRQLWRULQJ� DQG�
FRQWUROOLQJ� RI� HQHUJ\� H[WUDFWHG� IURP� D� VRODU� SKRWRYROWDLF� �39�� SDQHO�
XVLQJ�$95�PLFURFRQWUROOHU�SODWIRUP�LQ�D�KLJKO\�VHFXUH�HQYLURQPHQW��7KH�
PDLQ�SXUSRVH�RI�WKLV�SURMHFW�LV�WR�JHW�WKH�PD[LPXP�H[SRVXUH�RI�VXQOLJKW�
WR� VRODU� SDQHO� LQ� RUGHU� WR� LQFUHDVH� HIILFLHQF\� ZLWK� PRQLWRULQJ� DQG�
FRQWUROOLQJ�IHDWXUH�� 
7KLV� UHVHDUFK� LV� GLYLGHG� LQWR� WZR� VWDJHV�� ZKLFK� DUH� KDUGZDUH� DQG�
VRIWZDUH� GHYHORSPHQW�� +DUGZDUH� GHYHORSPHQW� FRQVLVWV� RI� PRYDEOH�
VRODU�SDQHO��$95�PLFURFRQWUROOHU�ERDUG��'&�JHDU�PRWRU��D�PRWRU�GULYHU��
6HFRQG� SKDVH� ZKLFK� LV� 6RIWZDUH� 'HYHORSPHQW� LV� EDVHG� RQ� 1DWLRQDO�
,QVWUXPHQW� /DERUDWRU\� 9LUWXDO� ,QVWUXPHQW� (QJLQHHULQJ� :RUNEHQFK� �1,�
/DE9,(:��DQG� LW¶V� LQWHUIDFLQJ�ZLWK�$95�PLFURFRQWUROOHU�ERDUG�� ,Q�ZKLFK�
*8,�LQWHUIDFH�IRU�XVHUV�LV�SURYLGHG�� 
7KH� SURSRVHG� V\VWHP� QRW� RQO\� H[WUDFWLQJ�PD[LPXP� HQHUJ\� IURP� VRODU�
SDQHOV�EXW�DOVR�SURYLGLQJ�DQ�HIIHFWLYH�DQG�HIILFLHQW�PHWKRG� WR�UHDO� WLPH�
FRQWURO�DQG�PRQLWRU�WKH�SURJUHVV�RI�SRZHU�JHQHUDWLRQ�DQG�FRQVXPSWLRQ�
ZLWKLQ� WKH�V\VWHP�HPEHGGHG� LQ�D�KLJKO\�VHFXUH�HQYLURQPHQW��$OWKRXJK�
WKH�PRQLWRULQJ�LQWHUIDFH�XVHV�UHDO�WLPH�PHDVXUHPHQW�UHVXOWV�WR�SUHSDUH�
WKH� FXUUHQW� DQG� YROWDJH� JUDSKV�� 7KLV� ZLOO� DOVR� KHOS� WR� LQFUHDVH�
SHUIRUPDQFH� RI� WKH� H[LVWLQJ� VRODU� V\VWHP� DOVR� RWKHU� DOWHUQDWLYH�
UHVRXUFHV� RI� HQHUJ\� VXFK� DV� ZLQG� HQHUJ\� DQG� WLGDO� HQHUJ\�� �,Q� WKLV�



 

 

SURMHFW� PRQLWRULQJ� IHDWXUH� LQFOXGHV� SRZHU� SURGXFWLRQ�� SRZHU�
FRQVXPSWLRQ�DQG�SRZHU�PDQDJHPHQW�ZLWK�KHOS�RI�JUDSKV�DQG�PHWHUV�RQ�
*8,�LQWHUIDFH�� 
&RQWUROOLQJ�IHDWXUH� LQFOXGHV� WXUQ�RQ�VKXWGRZQ�RI�VRODU�V\VWHP�� LQFUHDVH�
RU� GHFUHDVH� HQHUJ\� FRQVXPSWLRQ�� JHQHUDWLRQ� DQG� VZLWFKLQJ� WR� RWKHU�
DYDLODEOH� V\VWHP� VXFK� DV� ZLQG� HQHUJ\� V\VWHP� HWF�� �LQ� FDVH� IDLOXUH� RI�
VRODU� V\VWHP��� 6HFXULW\� IHDWXUH� LQFOXGHV� SODFLQJ� D� PRYDEOH� FDPHUD�
ZKLFK�FRQWLQXRXVO\�PRQLWRUV� WKH�SODFH� LQ�ZKLFK� WKH�V\VWHP� LV� LQVWDOOHG��
&DPHUD�PRYHV�DXWRPDWLFDOO\�RU�PDQXDOO\�DV�SHU�UHTXLUHPHQW�WR�SURYLGH�
D�KLJKO\�VHFXUH�HQYLURQPHQW� 
7KH� SURSRVHG�6\VWHP� LV� LPSOHPHQWHG� LQ� KDUGZDUH��7KH� DOJRULWKP�DQG�
ZRUNLQJ�SURWRW\SH�LV�GHYHORSHG��7KH�H[SHULPHQWDO�UHVXOWV�VKRZ�WKDW�WKH�
SRZHU� JHQHUDWHG� E\� SURSRVHG� 8QLYHUVDO� 6RODU� 7UDFNHU� LQFUHDVHV� DV�
PXFK� DV� ������ LQ� FRPSDULVRQ� ZLWK� IL[HG� DQJOH� RU� QRQ-WLOWLQJ� VRODU�
SDQHOV��5HVXOWV� LQGLFDWH�WKDW�8QLYHUVDO�6RODU� WUDFNLQJ�V\VWHP� LV� UHOLDEOH�
DQG�HIILFLHQW�WKDQ�VWDWLRQDU\�VRODU�SRZHUV�V\VWHP�� 
 

'HVLJQHG�%\� 
· 9LYHN�5DWKL��*�/�     ��(6�� 
· 5DPHH]�,TEDO��$�*�/�     ��(6�� 
· 7DOKD�$KPHG     ��(6��� 
· $VKIDTXH�.KDWWL     ��(6�� 
· )DUD]�.DFKHOR     ��(6��� 
· .DVVDP�-DQ     ��(6��� 
 
6XSHUYLVRU�� 'U��7D\DE�'LQ�0HPRQ 
&R-VXSHUYLVRU� 'U��$UEDE�1LJKDW 

 
 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϰϰ 

'HVLJQ�	�'HYHORSPHQW�RI�5HPRWH�3RZHU�0RQLWRULQJ�6\VWHP�RI�6RODU�3DQHO�XVLQJ���*60�0RGXOH 

 



 

 

 
2XU�3UHYLRXV�%RRNOHW 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϰϲ 

3HUVRQDO�&RPSXWHU-%DVHG�0DULQH�(QJLQH�0RQLWRULQJ�	�,QWHUDFWLYH�6DIHW\�&RQWURO�6\VWHP 
$EVWUDFW� 
(QJLQH�'DWD�DFTXLVLWLRQ��'$4��LV�WKH�SURFHVV�RI�PHDVXULQJ�DQ�HOHFWULFDO�
RU� SK\VLFDO� SDUDPHWHUV� RI� DQ� HQJLQH� LQ� UHDO� WLPH� VXFK� DV� YROWDJH��
FXUUHQW�� KXPLGLW\�� WHPSHUDWXUH�� SUHVVXUH�� RU� YLEUDWLRQ�ZLWK� D� FRQWURO� E\�
FRPSXWHU���� 
0RVWO\�WKH�PDULQH�HQJLQH�V\VWHPV�DUH�KXJH�DQG�FRYHU� ORW�RI�VSDFH��VR�
WR�NHHS�WUDFN�RI�HQJLQH¶V�SHUIRUPDQFH�RQ�UHJXODU�WLPH�LQWHUYDOV�LV�TXLWH�D�
WHGLRXV�DQG�FRPSOH[� WDVN��&RPSDUHG� WR� WUDGLWLRQDO�PRQLWRULQJ�V\VWHPV�
ZKHUH� VWDII� ZRUNHUV� KDG� WR� FKHFN� WKH� FKDQJHV� LQ� SK\VLFDO� SDUDPHWHUV�
DJDLQ� DQG� DJDLQ�PDQXDOO\� WR� NHHS� WUDFN� RI� HQJLQH¶V� SHUIRUPDQFH� DQG�
HQJLQH� � DQRPDOLHV��ZH� KDYH� SURSRVHG� D�'$4�V\VWHP�ZLWK� QHWZRUN� RI�
YDULRXV�VHQVRUV�ZKLFK�ZRXOG�PDNH�WKLV�WDVN�RI�HQJLQH�PRQLWRULQJ�HDV\�
DQG� OHVV� FRPSOH[� DV� FRPSDUHG� WR� WKRVH� WUDGLWLRQDO� DQG� WLPH� WDNLQJ�
ZD\V�� 3&-EDVHG� 0DULQH� '$4� V\VWHPV� H[SORLW� WKH� SURFHVVLQJ� SRZHU��
SURGXFWLYLW\�� GLVSOD\�� DQG� FRQQHFWLYLW\� FDSDELOLWLHV� RI� LQGXVWU\-VWDQGDUG�
FRPSXWHUV� SURYLGLQJ� D� PRUH� SRZHUIXO�� IOH[LEOH�� DQG� FRVW-HIIHFWLYH�
PHDVXUHPHQW�VROXWLRQ��� 
5HPRWH�(QJLQH�FRQWURO� LV�DOVR�RI�LPPHQVH�LPSRUWDQFH��:H�DUH�QHHGHG�
WR� EH� ZDUQHG� DERXW� DQ\� XQZDQWHG� DQG� VXGGHQ� FKDQJHV� LQ� HQJLQH¶V�
SHUIRUPDQFH�ZKLFK� FRXOG�JLYH� ULVH� WR�SUREOHPV�DQG�FRXOG�DOVR� OHDG� WR�
HQJLQH�IDLOXUH�DQG�FHUWDLQ�PLVKDSV�DQG�DFFLGHQWV��6R�ZH�KDYH�LQFOXGHG�
D�UHDO�WLPH�DODUP�LQGLFDWLRQ�V\VWHP�DV�D�FRQWUROOLQJ�HOHPHQW�LQ�RXU�'$4�
V\VWHP�LQ�ZKLFK�HDFK�HQJLQH�VHQVRU�SDUDPHWHU�ZRXOG�EH�JLYHQ�GHVLUHG�
UDQJHV�DQG�VHW�SRLQWV��DQG�WKHQ�LQ�FDVH�RI�DQ\�VXGGHQ�FKDQJHV�RU�ZKHQ�
GDWD�YDOXHV�DUH�H[FHHGHG�DERYH�GHVLUHG�VHW�SRLQWV��WKH�DODUP�RU�EX]]HU�
ZRXOG�JLYH�WKH�LQGLFDWLRQ�RI�WKHVH�VXGGHQ�FKDQJHV�VR�WKDW�ZH�FRXOG�WXUQ�
RII�WKH�V\VWHP�DQG�UHFWLI\�WKH�SUREOHP�EHIRUH�DQ\�NLQG�RI�PDMRU�IDLOXUH�RU�
LQFLGHQW��� 
7KH�(QJLQH�'DWD�$FTXLVLWLRQ�6\VWHP�SURSRVHG� LQ� WKLV� SURMHFW� FDQ�DOVR�
EH�PRGLILHG�DQG� IXUWKHU�GHVLJQHG� IRU� FDU� HQJLQHV�� LQGXVWULDO�PDFKLQHV��
PRWRU�QHWZRUNV��WUDLQ�HQJLQHV�DQG�DLUFUDIW�HQJLQHV�HWF�� 
 



 

 

'HVLJQHG�%\� 
· 5DKHHO�4XUHVKL     ��(6���� 
· 'DQLD�.KDQ�     ��(6��� 
· +R]HID�+XVQDLQ���     ��(6���� 
· .XQGDQ���     ��(6���� 
· $QLO�.XPDU��     ��(6��� 
· ,UIDQ�$OL��     ��(6�� 
6XSHUYLVRU�� (QJU��.DPUDQ�.D]L 
&R-VXSHUYLVRU� (QJU��$DPLU�$OL�3DWROL 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϰϴ 

$Q�$UGXLQR�%DVHG�9HKLFOH�7UDFNLQJ�6\VWHP� 
$EVWUDFW� 
0RVW� RI� WKH� YHKLFOH� VHFXULW\� RU� WUDFNLQJ� V\VWHP� DUH� XVHOHVV� RQFH� WKH�
YHKLFOH� KDV� EHHQ� VWROHQ�� <RX� GRQ¶W� KDYH� DQ\� DFFHVV� WR� FRQWURO� WKH�
YHKLFOH�UHPRWHO\��6R�WKHUH�FRPHV�D�QHHG�RI�WKH�V\VWHP�ZKLFK�FDQ�ORFDWH�
\RXU�YHKLFOH�DORQJ�ZLWK�WKH�RSWLRQ�RI�FRQWUROOLQJ�WKH�YHKLFOH�UHPRWHO\� 
7KH� DLP� RI� WKH� 3URMHFW� LV� WR� GHVLJQ� D� V\VWHP� ZKLFK� FDQ� ORFDWH� DQG�
FRQWURO� WKH�YHKLFOH� UHPRWHO\��:KHQ�WKH�XVHU�VHQGV� WKH�606�³/RFDWLRQ´�
WR�WKH�V\VWHP��WKH�V\VWHP�UHSOLHV�WKH�ORFDWLRQ�LQ�WKH�IRUP�RI�/DWLWXGH�DQG�
/RQJLWXGH�YDOXHV��ZKLFK�DUH�LQSXW�LQ�WKH�JRRJOH�PDSV�E\�WKH�XVHU�WR�ILQG�
WKH� /RFDWLRQ� RI� WKH� YHKLFOH� JUDSKLFDOO\�� 7KH� XVHU� DQDO\]H� WKH� VLWXDWLRQ�
DQG� LI� IRXQGV� WKH� YHKLFOH� RXW� RI� QRUPDO� UDQJH� RU� LQ� DQ� XQFHUWDLQ� DUHD�
WKHQ� XVHU� KDV� WKH� DELOLW\� WR� GLVDEOH� WKH� YHKLFOH� E\� VLPSO\� VHQGLQJ� WKH�
606�³2II´�WR�WKH�V\VWHP��7KH�XVHU�KDV�DOVR�WKH�ULJKW�UHVHUYHG�WR�HQDEOH�
WKH�HQJLQH�DJDLQ�E\�VHQGLQJ�606�³2Q´�WR�WKH�V\VWHP�� 
�7KH� V\VWHP� LV� EDVHG� RQ� IRXU� GHYLFHV�� $UGXLQR� %RDUG� ZKLFK� LV� WKH�
FHQWUDO� SURFHVVLQJ� XQLW� RI� WKH� V\VWHP�� *60� 6KLHOG� UHVSRQVLEOH� IRU�
EXLOGLQJ� WKH� UHPRWH� FRPPXQLFDWLRQ� EHWZHHQ� XVHU� DQG� V\VWHP�� *36�
6KLHOG� WKDW� ORFDWH� WKH� V\VWHP� SRVLWLRQ� RQ� WKH� SODQHW� DQG� ILQDOO\� 5HOD\�
ZKLFK�LV�DEOH�WR�GLVDEOH�RU�HQDEOH�WKH�YHKLFOH�UHPRWHO\�E\�VZLWFKLQJ�WKH�
FLUFXLWU\�LQVLGH�YHKLFOH�LJQLWLRQ�V\VWHP� 
 

'HVLJQHG�%\� 
· 6DDG�6LGGLTXH�8PUDQL�    ��(6�� 
· 6DFKDO�5DKRR     ��(6�� 
· 6DJDU�0HQJKZDU     ��(6�� 
· 'KHHUDM�%UDKPDQ     ��(6�� 
· =DLQ�0HPRQ     ��(6�� 
· )DKHHP�%XJKLR     ��(6�� 
 



 

 

6XSHUYLVRU�� 'U��$UEDE�1LJKDW 
&R-VXSHUYLVRU� (QJU��=DLJKDP�$EEDV�6KDK 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϱϬ 

%UDLQ�FRPSXWHU�,QWHUIDFH��%&,� 
$EVWUDFW� 
%UDLQ-FRPSXWHU� LQWHUIDFHV� �%&,V�� DFTXLUH� EUDLQ� VLJQDOV�� DQDO\]H� WKHP��
DQG� WUDQVODWH� WKHP� LQWR� FRPPDQGV� WKDW� DUH� UHOD\HG� WR� RXWSXW� GHYLFHV�
WKDW� FDUU\� RXW� GHVLUHG� DFWLRQV��%&,V� GR� QRW� XVH� QRUPDO� QHXURPXVFXODU�
RXWSXW� SDWKZD\V�� 7KH�PDLQ� JRDO� RI�%&,� LV� WR� UHSODFH� RU� UHVWRUH� XVHIXO�
IXQFWLRQ� WR� SHRSOH� GLVDEOHG� E\� QHXURPXVFXODU� GLVRUGHUV� VXFK� DV�
GDPDJH�FHOOV�RI�0RWRU�PRYHPHQWV�ZKLFK�KHOS�WKHP�WR�SHUIRUP�WDVNV�WR�
FRQWURO� GHYLFHV� E\� PHDQV� RI� HOHFWULF� LPSXOVHV� RI� EUDLQ�� 7KH� LQLWLDO�
GHPRQVWUDWLRQ� EDVHG� RQ� 6LQJOH-&KDQQHO� (OHFWUR-(QFHSKDORJUDSK\�
KHDGVHW� E\�1HXURVN\� HQDEOHV� XV� WR� GHWHFW� WKH�$OSKD�ZDYHV� DQG�%HWD�
ZDYHV� DQG� E\� FRQFHQWUDWLQJ� DQG�PHGLWDWLRQ�ZH�ZHUH� DEOH� WR� YLVXDOL]H�
WKH� ZDYHV�� )XUWKHU� DGYDQFLQJ� WKH� SURMHFW� ZH� FRQWURO� JDGJHWV� XVLQJ�
LQWHUIDFLQJ�ZLWK�$UGXLQR�PLFURFRQWUROOHU�VXFK�DV�7XUQ�RQ�/('V�XVLQJ�H\H�
EOLQNV��WXUQLQJ�21�WKH�7HOHYLVLRQ�DQG�FRQWURO�WKH�)RUZDUG�DQG�%DFNZDUG�
PRYHPHQWV�RI�DQ�5&�FDU� 
 

'HVLJQHG�%\� 
· $WWLT�%KD\R     ��(6�� 
· (OLVKD�1LVKZDQ�     ��(6��� 
· +DVQDLQ�%KXWWR�     ��(6��� 
· 6DMDG�$OL�.DWLDU�     ��(6��� 
· :DTDV�%KXWWR�     ��(6���� 
 
6XSHUYLVRU�� (QJU��.KXKHG�0HPRQ 
 



 

 

 
 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϱϮ 

 

6WXGHQW·V�3URILOHV 
1DPH�� 0U��8VDPD�4DGHHU 
5ROO�1XPEHU� ��(6��  
(PDLO�� XVDPDTDGHHU#KRWPDLO�FRP 

1DPH�� 0V��6DGDI�%DVKLU 
5ROO�1XPEHU� ��(6�� 
(PDLO�� VDGDIPHPRQ����#JPDLO�FRP 

1DPH�� 0U��$OL�$KPHG�.KDQ 
5ROO�1XPEHU� ��(6�� 
(PDLO�� DOL�NN��#\DKRR�FRP� 

1DPH�� 0U��=DLQ�$OL�0HPRQ 
5ROO�1XPEHU� ��(6�� 
(PDLO� PHKUDQLDQ�VWXGHQW#KRWPDLO�FRP 

1DPH�� 0U��$OODK�%X[�)DKHHP 
5ROO�1XPEHU� ��(6�� 
(PDLO� IDKHHPDKPHG��HV��#JPDLO�FRP 

1DPH�� 0V��3DVKPD�+DELE 
5ROO�1XPEHU� ��(6�� 
(PDLO�� SDVKPDKDELE#JPDLO�FRP 

1DPH�� 0V��0DKHQRRU 
5ROO�1XPEHU� ��(6�� 
(PDLO�� ��HOHFWURQLFV��#JPDLO�FRP 



 

 

 

 6WXGHQW·V�3URILOHV 
1DPH�� 0U��6DDG�6LGGLTXH 
5ROO�1XPEHU� ��(6�� 
(PDLO�� VDDGXPUDQL#JPDLO�FRP� 

1DPH�� 0V��0DOHHKD�)DWLPD 
5ROO�1XPEHU� ��(6�� 
(PDLO� PDOHHKD�VKN#JPDLO�FRP 

1DPH�� 0V��0DKQRRU�)D\D]�0HPRQ� 
5ROO�1XPEHU� ��(6�� 
(PDLO� PDKQRRUPD\PRQ#JPDLO�FRP 

1DPH�� 0U��$KVHQ�$KPHG 
5ROO�1XPEHU� ��(6�� 
(PDLO� DKVHQVKDLNK��HV��#JPDLO�FRP 

1DPH�� 0V��+LPD�=DIDU 
5ROO�1XPEHU� ��(6�� 
(PDLO� PXHW��HV��#JPDLO�FRP� 

1DPH�� 0V��$TVD�$EEDVL 
5ROO�1XPEHU� ��(6�� 
(PDLO� DTVDDEEDVL#URFNHWPDLO�FRP 

1DPH�� 0U��/XWXI�$OL�6KDK�+DODU 
5ROO�1XPEHU� ��(6�� 
(PDLO� OXWXIDOLVKDK#JPDLO�FRP 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϱϰ 

 

6WXGHQW·V�3URILOHV 
1DPH�� 0V��6DQMKD�.KDQ 
5ROO�1XPEHU� ��(6�� 
(PDLO� VDQMKD��NKDQ#JPDLO�FRP� 
1DPH�� 0U��$UVODQ�$OL 
5ROO�1XPEHU� ��(6�� 
(PDLO� ��HV��#VWXGHQW�PXHW�HGX�SN� 

1DPH�� 0V��3UL\D�'HYL� 
5ROO�1XPEHU� ��(6�� 
(PDLO� SUL\DORKDQD��#JPDLO�FRP 

1DPH�� 0U��6DGDP�+XVVDLQ 
5ROO�1XPEHU� ��(6�� 
(PDLO� VDGDP�ULQG��#\DKRR�FRP 

1DPH�� 0U��$VDGXOODK 
5ROO�1XPEHU� ��(6�� 
(PDLO� DDVDGBUDKRR#KRWPDLO�FRP� 

1DPH�� 0V��)DWLPD�=DUHHQ 
5ROO�1XPEHU� ��(6�� 
(PDLO� IDWLPDK]DUHHQ#JPDLO�FRP� 

1DPH�� 0U��6DJDU 
5ROO�1XPEHU� ��(6�� 
(PDLO� ��HV��VWXGQW�PXHW#JPDLO�FRP 



 

 

 

 6WXGHQW·V�3URILOHV 
1DPH�� 0U��6KDKQDZD]�.KDQ 
5ROO�1XPEHU� ��(6�� 
(PDLO� VKDK]�����#JPDLO�FRP 

1DPH�� 0U��$PHHW�.XPDU 
5ROO�1XPEHU� ��(6�� 
(PDLO� DNODQJKDQL#JPDLO�FRP 

1DPH�� 0U��%LODO�+XVVDLQ 
5ROO�1XPEHU� ��(6�� 
(PDLO� ELODOKXVVDLQBDEEDVL#\DKRR�FRP 

1DPH�� 0V��$XQVD�6KDK� 
5ROO�1XPEHU� ��(6�� 
(PDLO� DXQVDBVKDK#\DKRR�FRP 

1DPH�� 0U��$DPLU�.KDQ 
5ROO�1XPEHU� ��(6�� 
(PDLO� DDPLUPDVVDQ#JPDLO�FRP 

1DPH�� 0U��$PLU�$OL 
5ROO�1XPEHU� ��(6�� 
(PDLO� 

1DPH�� 0U��6DFKDO�5DKRR 
5ROO�1XPEHU� ��(6�� 
(PDLO� VDFKDOBUDKRR#KRWPDLO�FRP� 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϱϲ 

 

6WXGHQW·V�3URILOHV 
1DPH�� 0U��6DDGXOODK�0HPRQ 
5ROO�1XPEHU� ��(6�� 
(PDLO�  

1DPH�� 0U��0X]DPLO�$KPHG� 
5ROO�1XPEHU� ��(6�� 
(PDLO� MDODOL\DVDDMDQDOL#JPDLO�FRP 

1DPH�� 0U��'KHHUDM�%UDKPDQ� 
5ROO�1XPEHU� ��(6�� 
(PDLO� UDMKHUDX#JPDLO�FRP� 

1DPH�� 0U��0XKDPPDG�=XEDLU 
5ROO�1XPEHU� ��(6�� 
(PDLO�  

1DPH�� 0U��=DKLG�$OL�0DOLN 
5ROO�1XPEHU� ��(6�� 
(PDLO� ]P�����#JPDLO�FRP� 

1DPH�� 0V��3RRMD 
5ROO�1XPEHU� ��(6�� 
(PDLO� SRRMDORKDQD�#JPDLO�FRP 

1DPH�� 0V��0DKHHQ�*XO� 
5ROO�1XPEHU� ��(6�� 
(PDLO� NUD]LD��#\DKRR�FRP 



 

 

 

 6WXGHQW·V�3URILOHV 
1DPH�� 0V��6DQDP�6DED 
5ROO�1XPEHU� ��(6�� 
(PDLO� EHQD]LUVL\DO#JPDLO�FRP 

1DPH�� 0V��'DQLD�.KDQ 
5ROO�1XPEHU� ��(6�� 
(PDLO� NKDQGDQLDDPHHU#JPDLO�FRP 

1DPH�� 0V��3DUYHHQ 
5ROO�1XPEHU� ��(6�� 
(PDLO� SDUYHHQVKRUR#JPDLO�FRP� 

1DPH�� 0V��4XGVLD�0HPRQ 
5ROO�1XPEHU� ��(6�� 
(PDLO� TXGVLDPHPRQ#\DKRR�FRP 

1DPH�� 0V��)DUKHHQ�,UVKDG � 
5ROO�1XPEHU� ��(6�� 
(PDLO� IDUKHHQ�PXHW��#JPDLO�FRP 

1DPH�� 0U��$PLU�$OL� 
5ROO�1XPEHU� ��(6�� 
(PDLO� ��HV��#VWXGHQW�PXHW�HGX�SN 

1DPH�� 0U��0XKDPPDG�+DQLI� 
5ROO�1XPEHU� ��(6�� 
(PDLO� KDQLIODVKDUL��#JPDLO�FRP 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϱϴ 

 

6WXGHQW·V�3URILOHV 
1DPH�� 0U��$UVKDG�$OL� 
5ROO�1XPEHU� ��(6�� 
(PDLO� DUVKDG�NDOKRUR��#JPDLO�FRP 

1DPH�� 0V��7D\\DED�1DZDE 
5ROO�1XPEHU� ��(6�� 
(PDLO� QDZDEBWDLED#\DKRR�FRP� 

1DPH�� 0V��0XQWDKD�6KDK� 
5ROO�1XPEHU� ��(6�� 
(PDLO� PXQWDKDVKDK��#\DKRR�FRP 

1DPH�� 0V��)DODN�1D] 
5ROO�1XPEHU� ��(6�� 
(PDLO� IDODNSDWKDQ���#JPDLO�FRP 

1DPH�� 0U��6\HG�0XQHHE�$KPHG 
5ROO�1XPEHU� ��(6�� 
(PDLO� PXQHHE���#JPDLO�FRP 

1DPH�� 0V��%XVKUD�6KDLNK 
5ROO�1XPEHU� ��(6�� 
(PDLO� EXVKUDBVKDLNK��#\DKRR�FRP� 

1DPH�� 0V��0DULQD�-RVHSK� 
5ROO�1XPEHU� ��(6�� 
(PDLO� PDJJLMRVHSK��#JPDLO�FRP 



 

 

 

 6WXGHQW·V�3URILOHV 
1DPH�� 0V��%XVKUD 
5ROO�1XPEHU� ��(6�� 
(PDLO� EXVKUDBHV��#\DKRR�FRP 

1DPH�� 0V��$UHHED�.DLQDW� 
5ROO�1XPEHU� ��(6�� 
(PDLO� DUHHEDVKDLNK���#\DKRR�FRP 

1DPH�� 0U��%LODO�$WKDU�-DZHG 
5ROO�1XPEHU� ��(6�� 
(PDLO� ELODO�DWKDU#KRWPDLO�FRP� 

1DPH�� 0U��6KDK]HE�$OL� 
5ROO�1XPEHU� ��(6�� 
(PDLO� VKDK]HEPHPRQ���#\DKRR�FRP 

1DPH�� 0U��$VLI�-DOLO� 
5ROO�1XPEHU� ��(6�� 
(PDLO� DVLI�ME#JPDLO�FRP 

1DPH�� 0U��6DJDU�*HQR�0HJKZDU� 
5ROO�1XPEHU� ��(6�� 
(PDLO� 6DJDU'KDUPDQL��#JPDLO�FRP� 

1DPH�� 0U��0XKDPPDG�$ZDLV 
5ROO�1XPEHU� ��(6�� 
(PDLO� TDGLUBDZDLV#\DKRR�FRP� 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϲϬ 

 

6WXGHQW·V�3URILOHV 
1DPH�� 0U��+DVQDLQ�)DURRT 
5ROO�1XPEHU� ��(6�� 
(PDLO� 

1DPH�� 0U��)DKHHP�$OL�%XJKLR 
5ROO�1XPEHU� ��(6�� 
(PDLO� IDKHHPEXJKLR�#JPDLO�FRP� 

1DPH�� 0U��)LGD�+XVVDLQ 
5ROO�1XPEHU� ��(6�� 
(PDLO� VDKLWRILGD��#JPDLO�FRP� 

1DPH�� 0U��$DIDTXH�$KPHG 
5ROO�1XPEHU� ��(6�� 
(PDLO� 

1DPH�� 0U��0XKDPPDG�$I]DO� 
5ROO�1XPEHU� ��(6�� 
(PDLO� DI]DOPHPRQ����#JPDLO�FRP 

1DPH�� 0U��+DULVK�.XPDU 
5ROO�1XPEHU� ��(6�� 
(PDLO� KDULVK����#JPDLO�FRP� 

1DPH�� 0U��,UIDQ�$OL� 
5ROO�1XPEHU� ��(6�� 
(PDLO� 



 

 

 

 6WXGHQW·V�3URILOHV 
1DPH�� 0U��9LYHN�5DWKL� 
5ROO�1XPEHU� ��(6�� 
(PDLO� YLYHNUDWKL��#KLWPDLO�FRP 

1DPH�� 0U��$VKIDTXH�$OL� 
5ROO�1XPEHU� ��(6�� 
(PDLO� DVKIDTXH�DOL��HV��#JPDLO�FRP� 

1DPH�� 0U��0XKDPPDG�,O\DV 
5ROO�1XPEHU� ��(6�� 
(PDLO� P�LO\DVVDPHMR#\DKRR�FRP� 

1DPH�� 0V��5DGLND 
5ROO�1XPEHU� ��(6�� 
(PDLO� UDGLNDPDQZDQL#KRWPDL�FRP� 

1DPH�� 0U��0XKDPPDG�$]HHP�3DQKZDU 
5ROO�1XPEHU� ��(6�� 
(PDLO� HQJLQHHUBD]HHP#\DKRR�FRP 

1DPH�� 0U��6KDNHHO�$KPHG�6DPRRQ 
5ROO�1XPEHU� ��(6�� 
(PDLO� VKDNLO�VDPRRQ#JPDLO�FRP� 

1DPH�� 0U��6DLIXOODK�0HPRQ 
5ROO�1XPEHU� ��(6�� 
(PDLO� VDLIXOODK�PXHW#JPDLO�FRP 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϲϮ 

 

6WXGHQW·V�3URILOHV 
1DPH�� 0U��$QLO�.XPDU 
5ROO�1XPEHU� ��(6�� 
(PDLO� PU�NDODL#KRWPDLO�FRP 

1DPH�� 0V��)DUNKDQGD�$ZDQ� 
5ROO�1XPEHU� ��(6�� 
(PDLO� IDUNKDQGD-DZDQ#KRWPDLO�FRP 

1DPH�� 0V��0LVEDK�=XOILTDU�$UDLQ 
5ROO�1XPEHU� ��(6�� 
(PDLO� PLVEDK�D#KRWPDLO�FRP 

1DPH�� 0U��$DIDTXH�$KPHG 
5ROO�1XPEHU� ��(6�� 
(PDLO� NKDWWLDVKIDTXH#JPDLO�FRP 

1DPH�� 0U��*KXODP�5DVRRO 
5ROO�1XPEHU� ��(6�� 
(PDLO� JUVRRPUR��#JPDLO 

1DPH�� 0U��6DQGHHS�6DJDU 
5ROO�1XPEHU� ��(6�� 
(PDLO� VDJDUVDQGHHS���#JPDLO�FRP 

1DPH�� 0V��%KDUWL�%DL� 
5ROO�1XPEHU� ��(6�� 
(PDLO� QLVKDORKDQD�����#JPDLO�FRP 



 

 

 

 6WXGHQW·V�3URILOHV 
1DPH�� 0U��6KDKED]�$OL 
5ROO�1XPEHU� ��(6�� 
(PDLO� TD]LVKDKED]DOL#JPDLO�FRP 

1DPH�� 0U��0LTGDG�+\GHU 
5ROO�1XPEHU� ��(6�� 
(PDLO� PLTGDGMXQHMR#\DKRR�FRP 

1DPH�� 0U��+DUHVK�.XPDU 
5ROO�1XPEHU� ��(6�� 
(PDLO� KNVDFKGHY#\PDLO�FRP 

1DPH�� 0V��0DKUDX�1LVD 
5ROO�1XPEHU� ��(6�� 
(PDLO� PDKDUXQLVD�PHPRQ#JPDLO�FRP� 

1DPH�� 0U��5DLFKDQG 
5ROO�1XPEHU� ��(6�� 
(PDLO� UDL��HV��#JPDLO�FRP 

1DPH�� 0U��0XKDPPDG�$OL�-DIIUL 
5ROO�1XPEHU� ��(6�� 
(PDLO� PPXKDPPDGDOL���#JPDLO�FRP� 

1DPH�� 0U��$KVDQ�$OL 
5ROO�1XPEHU� ��(6�� 
(PDLO� DKVDQDOLPHPRQ#KRWPDLO�FRP 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϲϰ 

 

6WXGHQW·V�3URILOHV 
1DPH�� 0U��5DPHH]�,TEDO 
5ROO�1XPEHU� ��(6�� 
(PDLO� UDPHH]�LTEDO��#JPDLO�FRP 

1DPH�� 0U��0XKDPPDG�.KDQ 
5ROO�1XPEHU� ��(6�� 
(PDLO� PXKDPPDG��NKDQ#JPDLO�FRP� 

1DPH�� 0U��0XKDPPDG�$ZDLV�0HPRQ� 
5ROO�1XPEHU� ��(6�� 
(PDLO� DZDLV����#JPDLO�FRP� 

1DPH�� 0U��$WWLT-XU-5HKPDQ�%KD\R� 
5ROO�1XPEHU� ��(6�� 
(PDLO� DWWLT-E#KRWPDLO�FRP 

1DPH�� 0U��=DIDUXOODK 
5ROO�1XPEHU� ��(6�� 
(PDLO� ]DIDUEDORXFK��#JPDLO�FRP 

1DPH�� 0U��%LODO�$KPHG 
5ROO�1XPEHU� ��(6�� 
(PDLO�  

1DPH�� 0U��6KDKLG�1RRU�7XQLR 
5ROO�1XPEHU� ��(6�� 
(PDLO� VKDKLGQRRUWXQLR#\DKRR�FRP 



 

 

 

 6WXGHQW·V�3URILOHV 
1DPH�� 0U��-XQDLG�$KPHG 
5ROO�1XPEHU� ��(6�� 
(PDLO� MXQDLG�XTDLOL#JPDLO�FRP 

1DPH�� 0U��0XKDPPDG�$NUDP�6RODQJL 
5ROO�1XPEHU� ��(6�� 
(PDLO� DNUDP�PXHW#JPDLO�FRP 

1DPH�� 0U��:DTDV�$OL�%KXWWR 
5ROO�1XPEHU� ��(6��� 
(PDLO� ZLFN\GHPRQ#\DKRR�FRP� 

1DPH�� 0U��.XQGDQ�-DLVKDQNDU 
5ROO�1XPEHU� ��(6��� 
(PDLO� PU�NM��#\PDLO�FRP 

1DPH�� 0U��0XKDPPDG�6KDILTXH�6RRPUR 
5ROO�1XPEHU� ��(6��� 
(PDLO� VKDILN�VRRPUR#JPDLO�FRP 

1DPH�� 0U��$VLI�1DZD] 
5ROO�1XPEHU� ��(6��� 
(PDLO� DQE����#JPDLO�FRP� 

1DPH�� 0U��:DOHHG�$VODP�NDLPNKDQL� 
5ROO�1XPEHU� ��(6��� 
(PDLO� ZDOHHGDVODP��#\DKRR�FRP� 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϲϲ 

 

6WXGHQW·V�3URILOHV 
1DPH�� 0U��-XQDLG�$KPHG� 
5ROO�1XPEHU� ��(6��� 
(PDLO� MXQDLGB��HV���#\DKRR�FRP� 

1DPH�� 0U��%KDUDW�/DO� 
5ROO�1XPEHU� ��(6��� 
(PDLO� MHVVDQL���#JPDLO�FRP 

1DPH�� 0U��6DMLG�$OL 
5ROO�1XPEHU� ��(6��� 
(PDLO� VDMLGDOLVRRPUR��#JPDLO�FRP 

1DPH�� 0U��0XKDPPDG�<RXVLI 
5ROO�1XPEHU� ��(6��� 
(PDLO� PXKDPPDG\RXVLI���#KRWPDLO�FRP 

1DPH�� 0U��-DYDLG�$KPHG�7DQZDUL� 
5ROO�1XPEHU� ��(6��� 
(PDLO� MDYDLGBWDQZDUL#OLYH�FRP� 

1DPH�� 0U��6DUIUD]�6RKR 
5ROO�1XPEHU� ��(6��� 
(PDLO� VDUIUD]VRKR#\PDLO�FRP� 

1DPH�� 0U��)DKDG�)DWDK 
5ROO�1XPEHU� ��(6��� 
(PDLO� IDKDG�IDWDK�TXUHVKL#JPDLO�FRP 



 

 

 

 6WXGHQW·V�3URILOHV 
1DPH�� 0U��6KDNHHO�$KPHG�-DPDOL 
5ROO�1XPEHU� ��(6��� 
(PDLO� VKDNHHO���DKPHG#JPDLO�FRP 

1DPH�� 0U��6DMDG�$OL 
5ROO�1XPEHU� ��(6��� 
(PDLO� VDMMDGDOLNDWLDU#\DKRR�FRP 

1DPH�� 0V��$LVKD�%LEL 
5ROO�1XPEHU� ��(6��� 
(PDLO� VDJLWDULRXV���#JPDLO�FRP� 

1DPH�� 0U��5DKHHO�-DYDLG� 
5ROO�1XPEHU� ��(6��� 
(PDLO� UMIT��#JPDLO�FRP 

1DPH�� 0U��+DVQDLQ�$OL� 
5ROO�1XPEHU� ��(6��� 
(PDLO� KDVQDLQ�EKXWWR#\DKRR�FRP 

1DPH�� 0U��0RWL�5DP 
5ROO�1XPEHU� ��(6��� 
(PDLO� UDPVRRWKHU#JPDLO�FRP� 

1DPH�� 0U��)DURRT�$KPHG�'DKUL 
5ROO�1XPEHU� ��(6��� 
(PDLO� IDURRTXHDKPHG���#JPDLO�FRP 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϲϴ 

 

6WXGHQW·V�3URILOHV 
1DPH�� 0U��)DUD]�.DFKKHOR� 
5ROO�1XPEHU� ��(6��� 
(PDLO� NDFKHORIDUD]#JPDLO�FRP 

1DPH�� 0U��7DOKD�$KPHG 
5ROO�1XPEHU� ��(6��� 
(PDLO� 

1DPH�� 0U��.DVKLI�$OL� 
5ROO�1XPEHU� ��(6��� 
(PDLO� NDVKLIQL]DPDQL#JPDLO�FRP 

1DPH�� 0U��.DVVDP�-DQ 
5ROO�1XPEHU� ��(6��� 
(PDLO� IDURRTXHDKPHG��#\DKRR�FRP 

1DPH�� 0U��(OLVKD�1LVKZDQ 
5ROO�1XPEHU� ��(6��� 
(PDLO� HOLVKDQLVKZDQ#RXWORRN�FRP� 

1DPH�� 0U��6KRDLE�$KPHG� 
5ROO�1XPEHU� ��(6��� 
(PDLO� VKRDLE�PHPRQ��#\DKRR�FRP� 

1DPH�� 0U��)DUD]�0HPRQ 
5ROO�1XPEHU� ��(6��� 
(PDLO� IDUD]PHPRQ���HV���#JPDLO�FRP� 



 

 

 

 6WXGHQW·V�3URILOHV 
1DPH�� 0U��+R]HID�+XVQDLQ� 
5ROO�1XPEHU� ��(6��� 
(PDLO� +R]HID���#KRWPDLO�FRP 

1DPH�� 0U��6KDK]DLE�0HPRQ 
5ROO�1XPEHU� ��(6��� 
(PDLO� VKDK]DLE�VP��#JPDLO�FRP 

1DPH�� 0U��$EGXOODK�4D]L� 
5ROO�1XPEHU� ��(6��� 
(PDLO� DEGXOODK�TD]L��#JPDLO�FRP 

1DPH�� 0U��5HKPDQ�$WD 
5ROO�1XPEHU� ��-��(6��� 
(PDLO� UHKPDQ�DWWD�#\DKRR�FRP� 

1DPH�� 0U��6KDKHU\DU�7DOSXU� 
5ROO�1XPEHU� ��-��(6���� 
(PDLO� GHYLOBJUDYH���#KRWPDLO�FRP� 

1DPH�� 0U��=DLQ�$OL�� 
5ROO�1XPEHU� ��-��(6�� 
(PDLO�  

1DPH�� +DULV�$OL� 
5ROO�1XPEHU� ��-��(6��� 
(PDLO� KDULVODWLI��#\DKRR�FRP� 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϳϬ 

7KH�6WHSV�WR�*HWWLQJ�<RXU�5HVHDUFK�3XEOLVKHG 
0RVW� VFLHQWLVWV� GR� QRW� JHW� D� IRUPDO� WUDLQLQJ� LQ� VFLHQWLILF� ZULWLQJ� RU�
PDQXVFULSW�SUHSDUDWLRQ��DOWKRXJK�WKH�SXEOLFDWLRQ�RI�UHVHDUFK�SDSHUV�LV�ZKDW�
GLIIHUHQWLDWHV�VFLHQWLVWV�ZKR�VXFFHHG�IURP�WKRVH�ZKR�GRQ¶W��,W�LV�LPSRUWDQW�
WR�NHHS� LQ�PLQG� WKH�ZKROH�SURFHVV�DQG�DV�\RX�JURZ�DV�D�VFLHQWLVW�� \RX¶OO�
VHH�WKDW�ZULWLQJ�DUWLFOHV�DQG�JUDQWV�ZLOO�DFWXDOO\�WDNH�PRVW�RI�\RXU�WLPH� 
6R�ZKDW�DUH� WKH�GLIIHUHQW�VWHSV� WKDW� \RX�QHHG� WR� WDNH� WR�SXEOLVK�VFLHQWLILF�
SDSHUV" 
��� 2EWDLQ� UHVXOWV� 2I�FRXUVH��EHIRUH�\RX�DFWXDOO\�SXEOLVK�DQ�DUWLFOH��\RX�
QHHG�WR�KDYH�VLJQLILFDQW�UHVXOWV�LQ�WKH�ILHOG�\RX�DUH�LQYHVWLJDWLQJ��RWKHUZLVH�
ZKDW�ZRXOG�\RX�ZULWH�DERXW"�$FWXDOO\�VRPHWLPHV�\RX�FDQ�FLUFXPYHQW�WKLV�
UHTXLUHPHQW�E\�SXEOLVKLQJ�UHYLHZV�RU�RWKHU�W\SHV�RI�DUWLFOHV��EXW�WKH�PRVW�
W\SLFDO�RULJLQDO�DUWLFOHV�DUH�EDVHG�RQ�WKH�UHVXOWV�RI�\RXU�ZRUN�DQG�SURMHFWV�
DQG�DUH�XVXDOO\�DOVR�SXEOLVKHG�LQ�PRUH�LPSRUWDQW�MRXUQDOV� 
���'HILQH� UROHV� DQG� DXWKRUVKLS� 8VXDOO\�HYHQ�EHIRUH�\RX�VWDUW�D�SURMHFW��
\RX�KDYH�WR�GHFLGH�ZKR�DUH�WKH�SHRSOH�ZKR�DUH�JRLQJ�WR�EH�LQYROYHG�LQ�LW��
7KLV�LV�LPSRUWDQW�DOO�DORQJ�WKH�WLPH�FRXUVH�RI�WKH�SURMHFW�EXW�DOVR�WR�GHFLGH�
ZKR�DUH�JRLQJ�WR�EH�WKH�ILQDO�DXWKRUV�RI�\RXU�SDSHU� 
���'DWD�DQG�VWDWLVWLFDO�DQDO\VLV� 7KH�HDVLHVW�ZD\�WR�VWDUW�LV�WR�SUHSDUH�WKH�
UHVXOWV� RI� \RXU� SURMHFW�� WKURXJK� GDWD� DQG� VWDWLVWLFDO� DQDO\VLV�� 7KLV� ZLOO�
SHUPLW�\RX�WR�SHUIRUP�DOVR�WKH�QH[W�VWHS��ZKLFK�LV�WR�SUHSDUH�WKH�WDEOHV�DQG�
JUDSKV�IRU�WKH�PDQXVFULSW� 
��� 3UHSDUH� WKH� JUDSKLFV� 7KH� WDEOHV� DQG� JUDSKV� DUH� SUREDEO\� WKH�PRVW�
LPSRUWDQW� RI� \RXU� DUWLFOH�� 7KLV� LV� ZKHUH� DOO� \RXU� PDLQ� UHVXOWV� ZLOO� EH�
FRQGHQVHG�DQG�WKLV� LV�DOVR�VRPHWLPHV�WKH�RQO\�SDUW�SHRSOH�ZLOO�UHDG�� ,W� LV�
JRRG� WR� SUHSDUH� WKHP� DW� WKH� EHJLQQLQJ� RI� \RXU� ZULWLQJ� SURFHVV�� EHFDXVH�
WKH\�VHUYH�DV�D�JXLGH�IRU� WKH�HODERUDWLRQ�RI�WKH�UHVW�RI�WKH�DUWLFOH�DQG�ZLOO�
GHILQH�WKH�VHFWLRQV� 
��� 7KH� ILUVW� GUDIW� 3UHSDUH� D� ILUVW� YHUVLRQ� RI� \RX� DUWLFOH� LQFOXGLQJ� WLWOH�
SDJH�� LQWURGXFWLRQ��PDWHULDO� DQG�PHWKRGV�� UHVXOWV�� GLVFXVVLRQ��FRQFOXVLRQV�
DQG�UHIHUHQFHV��(DFK�SDUW� LV� UHDOO\�GLVWLQFW� LQ� LWV� IRUPDW�DQG�SXUSRVH��3D\�



 

 

FORVH�DWWHQWLRQ�WR�RWKHU�DUWLFOHV�LI�\RX�DUH�QRW�VXUH�KRZ�WR�ZULWH�RU�ZKDW�WR�
ZULWH�LQ�HDFK�SDUW��<RX�FDQ�DOVR�FKHFN�MRXUQDOV¶�JXLGHOLQHV�DW�WKLV�SRLQW�WR�
KDYH�DQ�LGHD�RI�WKH�UHTXLUHPHQWV�IRU�HDFK�VHFWLRQ� 
���7KH� DEVWUDFW� 7KLV�LV�WKH�VXPPDU\�RI�\RXU�DUWLFOH��,W�LV�YHU\�LPSRUWDQW�
EHFDXVH� WKDW¶V�ZKDW� SHRSOH�ZLOO� XVH� WR� GHWHUPLQH� LI� \RXU� DUWLFOH� LV�ZRUWK�
UHDGLQJ� RU� QRW�� ,W� VKRXOG� FRQWDLQ� �� VHFWLRQV�� LQWURGXFWLRQ�� PDWHULDO� DQG�
PHWKRGV�� UHVXOWV� DQG� FRQFOXVLRQV�� ,Q� JHQHUDO�� DEVWUDFWV� VKRXOGQ¶W� EH�PRUH�
WKDQ�����ZRUGV�ORQJ��7KH�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�DEVWUDFW�VKRXOG�EH�
WKH� PLQLPDO� DQG� VXIILFLHQW� LQIRUPDWLRQ� WR� XQGHUVWDQG� WKH� WRWDOO\� RI� \RXU�
DUWLFOH¶V�FRQWHQW� 
��� (GLWLQJ� DQG� ILQDO� UHYLHZ� 7RJHWKHU� ZLWK� WKH� RWKHU� DXWKRUV�� UHYLHZ�
FDUHIXOO\�\RXU�PDQXVFULSW�DQG�PDNH�VXUH�LW�GRHV�QRW�FRQWDLQ�HUURUV��0DNH�
VXUH� DOVR� WKDW� HYHU\RQH� IHHOV� FRPIRUWDEOH� ZLWK� WKH� FRQWHQW� DQG� OLVWHQ� WR�
UHFRPPHQGDWLRQV�IURP�RWKHU�DXWKRUV� 
��� &KRRVH� D� MRXUQDO� <RX� FDQ� FKRRVH� EHWZHHQ� WKRXVDQGV� RI� GLIIHUHQW�
MRXUQDOV�IRU�\RXU�SXEOLFDWLRQ��VR�WDNH�WLPH�WR�WKLQN�DERXW�LW�FDUHIXOO\��<RX�
FDQ�FKHFN�ZKHUH�VWXGLHV�VLPLODU�WR�\RXUV�KDYH�EHHQ�SXEOLVKHG��DVN�DURXQG�
\RX�RU�FKHFN�GLUHFWO\�WKH�VFRSHV�DQG�LPSDFW�IDFWRU�RU�WKH�MRXUQDOV�LQ�\RXU�
ILHOG� 
���)RUPDW�WKH�PDQXVFULSW� $IWHU�FKRRVLQJ�WKH� MRXUQDO��LW�LV�WLPH�WR�IRUPDW�
\RXU� PDQXVFULSW� LQ� FRQFRUGDQFH� WR� WKH� UHFRPPHQGDWLRQV� RI� WKH� MRXUQDO�
SXEOLVKHU� 
����6XEPLVVLRQ� 2QFH�\RX�DUH�UHDG\�WR�VHQG�\RXU�DUWLFOH��\RX�FDQ�VXEPLW�LW�
GLUHFWO\�RQOLQH��WKURXJK�WKH�MRXUQDO¶V�KRPHSDJH�WR�DQ�HGLWRU�ZKR�ZLOO�VWDUW�
WKH�UHYLVLRQ�SURFHVV�E\�VHQGLQJ�\RXU�PDQXVFULSW�WR���RU�PRUH�UHIHUHHV� 
����5HYLVLRQ� ,I�WKH�HGLWRU�RI�WKH�MRXUQDO�DFFHSWV� WR�UHYLHZ�\RXU�DUWLFOH��LW�
ZLOO�EH�VHQW�EDFN�WR�\RX�ZLWKLQ�D�FRXSOH�RI�PRQWKV�ZLWK�WKH�FRPPHQWV�IURP�
WKH� GLIIHUHQW� UHYLHZHUV�� $W� WKLV� SRLQW�� \RX� ZLOO� QHHG� WR� DQVZHU� WKH�
FRPPHQWV�SRLQW�E\�SRLQW�LQ�RUGHU�WR�VDWLVI\�WRWDOO\�WKH�UHIHUHHV��ZKR�ZRXOG�
WKHQ� JLYH� D� SRVLWLYH� UHFRPPHQGDWLRQ� IRU� SXEOLFDWLRQ� WR� WKH� HGLWRU� RI� WKH�
MRXUQDO� 
���� 3URRIUHDGLQJ� 7KLV�LV�WKH�ILQDO�VWHS��1RZ�\RX�MXVW�QHHG�WR�PDNH�VXUH�
\RXU�DUWLFOH�LV�SHUIHFW�EHIRUH�LW�LV�SXEOLVKHG�DQG�SULQWHG� 

 

&ŝŶĂů�zĞĂƌ�WƌŽũĞĐƚƐ�ϮϬϭϲ       ϳϮ 

(OHFWURQLF�(QJLQHHULQJ�LV�DQ�LQFUHDVLQJO\�LPSRUWDQW�HQJLQHHULQJ�GLVFLSOLQH�WKDW�
VLJQLILFDQWO\�DIIHFWV�WKH�RWKHU�GLVFLSOLQHV�RI�HQJLQHHULQJ��,W�LV�LQ�JUHDW�GHPDQG�LQ�
ERWK� GHYHORSHG� DQG� GHYHORSLQJ� QDWLRQV�� &RQWLQXDO� DGYDQFHV� LQ� HOHFWURQLF�
HQJLQHHULQJ�LQ�WKH�DUHDV�RI�PDWHULDOV��SURFHVVHV��GHYLFHV��DQG�FLUFXLWV�KDYH�EHHQ�
OHDGLQJ�WR�UDSLG�DGYDQFHV��LQ�WKH�H[LVWLQJ�DSSOLFDWLRQV�RI�HQJLQHHULQJ�DV�ZHOO�DV�
LQ�WKH�HPHUJHQFH�RI�QHZ�DSSOLFDWLRQV��7R�KDUQHVV�WKH�IXOO�SRWHQWLDO�RI�HOHFWURQLF�
HQJLQHHULQJ� GHYHORSPHQWV� DQG� IXUWKHU� DGYDQFH� WKH� VWDWH� RI� HOHFWURQLF�
WHFKQRORJ\�� LW� LV� LPSRUWDQW� WR� KDYH� VWURQJ� SURJUDPV� WR� HGXFDWH� DQG� WUDLQ�
LQGLYLGXDOV�LQ�WKLV�NH\�GLVFLSOLQH�RI�HQJLQHHULQJ� 
(OHFWURQLF�(QJLQHHULQJ�DUWLIDFWV�SOD\�PDMRU�UROH�LQ�WKH�HYROXWLRQ�RI�PDQNLQG�DQG�
FXOWXUH�� 7RGD\�� WKH� (OHFWURQLF� (QJLQHHULQJ� SURIHVVLRQ� DQG� WKH� HGXFDWLRQ� RI�
HQJLQHHUV� DUH� FKDOOHQJHG� E\� WKH� UDSLGO\� FKDQJLQJ� QDWXUH� RI� WKRVH� HQJLQHHULQJ�
V\VWHPV�ZKLFK�GHWHUPLQH�ZKDW�LV�PHDQW�E\�µPRGHUQ�WHFKQRORJ\¶��7KH�DGYHQW�RI�
0LFURSURFHVVRU� 7HFKQRORJ\� KDV� SUREDEO\� PDGH� (OHFWURQLF� (QJLQHHULQJ� WKH�
H[HPSODU\� WHFKQRORJ\� RI� WKLV� FHQWXU\�� DORQJ�ZLWK� HPHUJHQFH� RI� QHZ� VSHFLHV��
ZLWK� KLJKHU� OHYHOV� RI� LQWHJUDWLRQ�� 7KH� H[LVWLQJ� DQG� SRWHQWLDO� XVHV� DQG�
DSSOLFDWLRQV� RI�(OHFWURQLFV� DUH�PXOWLWXGLQRXV�� ,QGHHG� LW� LV� GLIILFXOW� WR� SRLQW� WR�
DQ\�LQGXVWULDO�RU�FRPPHUFLDO�DUHD�ZKLFK�PD\�QRW�HYHQWXDOO\�EH�DIIHFWHG�E\�WKLV�
WHFKQRORJ\� 

'HSDUWPHQW�RI�(OHFWURQLF�(QJLQHHULQJ 

�ĚĚƌĞƐƐ͗� �ĞƉĂƌƚŵĞŶƚ�ŽĨ��ůĞĐƚƌŽŶŝĐ��ŶŐŝŶĞĞƌŝŶŐ͕�DĞŚƌĂŶ�hŶŝǀĞƌƐŝƚǇ�ŽĨ� 
  �ŶŐŝŶĞĞƌŝŶŐ�Θ�dĞĐŚŶŽůŽŐǇ͕�:ĂŵƐŚŽƌŽ 
�-ŵĂŝů͗  ĐŚĂŝƌŵĂŶ͘ĞƐΛĂĚŵŝŶ͘ŵƵĞƚ͘ĞĚƵ͘ƉŬ� 
WŚŽŶĞ͗  нϵϮ-ϮϮ-Ϯϳϳϭϯϯϰ 


