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7KH� WDVN� RI� GHVLJQLQJ� WKH� V\VWHP� RI� UDGLR�IUHTXHQF\
LGHQWLILFDWLRQ� RI� FRQVWUXFWLRQ� DQG� URDG�PDFKLQHV� �&50�� RI�
YDULRXV� WHFKQRORJLFDO� SURFHVVHV� LV� EHLQJ� FRQVLGHUHG�� 7KH�
DGYDQWDJHV� RI� WKLV� W\SH� RI� LGHQWLILFDWLRQ� KDYH� EHHQ
VXEVWDQWLDWHG�� 7KH� PDWKHPDWLFDO� PRGHOV� RI� GHVLJQLQJ� WKH�
HOHPHQW�EDVH�RI� WKH�V\VWHP�RI�UDGLR�IUHTXHQF\� LGHQWLILFDWLRQ�
RI�REMHFWV�KDYH�EHHQ�GHYHORSHG��
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.H\� ZRUGV�� GHVLJQLQJ�� LGHQWLILFDWLRQ�� WDJ�� UHDGHU��
PDWKHPDWLFDO�PRGHOV��PXOWLFULWHULRQ�RSWLPL]DWLRQ��VWUXFWXUDO�
PRGHO��HOHPHQW�EDVH��

,QWURGXFWLRQ��7RGD\�D�PRUH�FRPSOLFDWHG� VWUXFWXUH�RI�
WKH� V\VWHP� RI� LQWHOOHFWXDOL]DWLRQ� RI� FRQVWUXFWLRQ� DQG� URDG�
PDFKLQHV��&50��LV�EHLQJ�GHYHORSHG��7KH�PDLQ�VXEV\VWHPV�RI�
WKLV� VWUXFWXUH� DUH�� WKH� VXEV\VWHP� RI� KLJK�VSHHG� FRPSXWHU�
GHYLFHV��WKH�VXEV\VWHP�RI�LQIRUPDWLRQ�KLJK�SUHFLVLRQ�VHQVRUV��
WKH� VXEV\VWHP� RI� PDWKHPDWLFDO� PRGHOV� RI� RSWLPL]LQJ� WKH�
SDUDPHWHUV� DQG� ZRUNLQJ� PRGHV� RI� PDFKLQHV�� (DFK� RI� WKHVH�
VXEV\VWHPV�LV�FKDUDFWHUL]HG�E\�D�VHW�RI�KDUGZDUH�DQG�VRIWZDUH�
ZLWK� LWV� UHTXLUHPHQWV� IRU� RSHUDWLRQ� DQG� PDLQWHQDQFH��
/RJLVWLFV� SURFHVVHV� RI� WRGD\� UHTXLUH� VWULQJHQW� FRQGLWLRQV�
UHJDUGLQJ�DFFXUDF\��VSHHG��FRQWURO�RI�PRYLQJ�REMHFWV�WKDW�DUH�
HVVHQWLDO� LQ� WKH� IXQFWLRQLQJ� RI� WHFKQRORJLFDO� SURFHVV�� 7KH�
FRQFHQWUDWLRQ� RI� URDG� FRQVWUXFWLRQ� ZRUN� UHTXLUHV� WKH� XVH� RI�
KLJK� WHFKQRORJ\�� *LYHQ� WKH� VL]H� UHTXLUHPHQWV� RI� WKHVH�
PDFKLQHV�� H[WHQVLYH� ZD\V� RI� WKHLU� SHUIHFWLRQ� RQO\� E\�
LQFUHDVLQJ� WKH� GULYH� SRZHU� DQG� GHVLJQ� VWUHQJWK� FD\� QRW�
SURYLGH� D� VLJQLILFDQW� LQFUHDVH� LQ� SHUIRUPDQFH�� 2QH� RI� WKH�
HIIHFWLYH� ZD\V� WR� LPSURYH� URDG�FRQVWUXFWLRQ� PDFKLQHV� LV�
LPSOHPHQWLQJ�PHFKDWURQLF� GHVLJQ� SULQFLSOHV�� ZKLFK� UHTXLUHV�
VROXWLRQ�RI�DQ�DFWXDO� VFLHQWLILF� WDVN�RI�FUHDWLQJ� WKH� WKHRU\�RI�
URDG�FRQVWUXFWLRQ� PDFKLQHV� ZRUNIORZV� DV� LQWHOOLJHQW
PHFKDWURQLF�V\VWHPV��

,W� LV� IRU� WKLV� IXQFWLRQ� WKDW� 5),'� �UDGLR�IUHTXHQF\�
LGHQWLILFDWLRQ��WHFKQRORJ\� LQWURGXFWLRQ� FDQ� GUDPDWLFDOO\�
LPSURYH� WKH� VSHHG� RI� REWDLQLQJ� LQIRUPDWLRQ�� LWV� SUREDELOLW\�
DQG�FDQ�UHGXFH�WKH�QXPEHU�RI�HUURUV�LQ�GDWD�LQSXW�WKURXJKRXW�

WHFKQRORJLFDO� SURFHVV�� DYRLGLQJ� WKH� ZHDNQHVVHV� RI� WKLV�
WHFKQRORJ\��

3DSHUV� UHYLHZ�� 7KH� GHYHORSPHQW� RI &50� FRQWURO�
V\VWHPV� LV� VWLPXODWHG� E\� WKH� LQFUHDVLQJ� QXPEHU� RI� VHQVRUV��
PRGHUQL]DWLRQ� DQG� FRPSOLFDWLRQ� RI� VWDQGDUG� DOJRULWKPV� IRU�
PDQDJLQJ�FRPSOH[�ZRUN�RSHUDWLRQV�RI�FRQVWUXFWLRQ�DQG�URDG�
PDFKLQHV�>�@��7KHUH�LV�DQ�LQWHJUDWLRQ�RI�DOJRULWKPLF�PHWKRGV�
IRU� PDQDJLQJ� FRPSOH[� REMHFWV� DQG� DUWLILFLDO� LQWHOOLJHQFH�
PHWKRGV� IRU� WDVNV� ZLWK� WKH� XQFHUWDLQW\� RI� WKH� RXWSXW�
LQIRUPDWLRQ�>�@��$�GLVWLQFWLYH�IHDWXUH�RI�LQWHOOLJHQW�V\VWHPV�LV�
WKH� DELOLW\� IRU� SODQQLQJ�� DGDSWLQJ� DQG� WUDLQLQJ� >�@�� 7KH�
QHWZRUN�FHQWULF�WHFKQRORJLHV�DUH�GHYHORSHG�DQG�LPSOHPHQWHG�
HIIHFWLYHO\�DFFRPSDQLHG�E\�URDG�EXLOGLQJ�HTXLSPHQW�>�@��7KH�
DGYDQFHG�LQIRUPDWLRQ�WHFKQRORJ\��LQWHOOLJHQW�V\VWHPV��VHQVRUV�
DQG�LGHQWLILFDWLRQ�V\VWHPV�DUH�LPSOHPHWHG��$Q�LPSRUWDQW�UROH�
LQ�WKLV�SURFHVV�LV�JLYHQ�WR�ORJLVWLFV�>�@��ZKRVH�LPSOHPHQWDWLRQ�
GHSHQGV�RQ�WKH�OHYHO�RI�DQ\�FRPSDQ\�GHYHORSPHQW��

,QFUHDVLQJ� UHTXLUHPHQWV� RI� PRGHUQ� EXVLQHVV�
RUJDQL]DWLRQV� WR� HQWHUSULVHV� ZLWKLQ� WKH� RYHUDOO� REMHFWLYHV� RI�
PD[LPXP�VDWLVIDFWLRQ�RI�WKH�HQG�XVHU�SXWV�WKH�TXHVWLRQ�RI�WKH�
QHHG� IRU� WKHLU� PRGHUQL]DWLRQ� DQG� LQWHOOHFWXDOL]DWLRQ� >�@��
7KHUHIRUH��WKH�FKRLFH�RI�LQWHOOHFWXDO�PDQDJHPHQW�V\VWHP�DQG��
LQ� WKH� ILUVW� SODFH�� WKH� V\VWHP� RI� LGHQWLILFDWLRQ� RI� REMHFWV� KDV�
EHFRPH�WRSLFDO�IRU�D�ZLGH�UDQJH�RI�FRPSDQLHV�>�@��

7KH�DQDO\VLV�VKRZHG�WKDW�QRZDGD\V�WKH�SUREOHP�RI�WKH�
FKRLFH�RI�LGHQWLILFDWLRQ�V\VWHP�XVLQJ�PDWKHPDWLFDO�PHWKRGV�LV�
SDLG�YHU\�OLWWOH�DWWHQWLRQ�>���@��

3XUSRVH�DQG�WDVN�VHWWLQJ��7KH�DLP�LV� WR� LPSURYH� WKH�
HIILFLHQF\� RI� WHFKQRORJLFDO� RSHUDWLRQV� E\� UHGXFLQJ� WKH� WLPH�
IRU�LGHQWLILFDWLRQ�RI�PDFKLQH��UHGXFLQJ�WKH�OLNHOLKRRG�RI�HUURUV�
GXULQJ�XQORDGLQJ��H[FOXGLQJ� WKH�HIIHFW�RI� KXPDQ� IDFWRUV�DQG�
LQFUHDVLQJ� HFRQRPLF� EHQHILWV� IURP� � WHFKQRORJLFDO� RSHUDWLRQ��
7KLV�FDQ�EH�DFKLHYHG�E\�GHYHORSLQJ�PRGHOV�RI�FKRRVLQJ� WKH�
HOHPHQW�EDVH�RI�WKH�5),'�LQWHOOLJHQW�V\VWHP��

%DVHG�RQ�WKH�H[LVWLQJ�SUREOHPV�WKH�PDLQ�REMHFWLYHV�RI�
WKH�VWXG\�DUH�WKH�IROORZLQJ����GHYHORSPHQW�RI�D�PDWKHPDWLFDO�
PRGHO�RI�FKRRVLQJ�WKH�HOHPHQW�EDVH�DQG�UDWLRQDO�VHW�RI�PHDQV�
RI� LQWHOOLJHQW� V\VWHP�RI� UDGLR�IUHTXHQF\� LGHQWLILFDWLRQ��:KHQ�
GHVLJQLQJ� WKH� 5),'� LQWHOOLJHQW� V\VWHP� WKH� PXOWLFULWHULRQ�
PHWKRG�RI�HYDOXDWLRQ�DQG�RSWLPL]DWLRQ�LV�D�EDVLF�RQH��

0DLQ�VWDJH�RI�GHVLJQLQJ�5),'�V\VWHP��,GHQWLILFDWLRQ�
LV� WKH� SURFHVV� RI� REMHFW� UHFRJQLWLRQ� E\� LWV� VSHFLILF�
FKDUDFWHULVWLFV� >�@�� ,GHQWLILFDWLRQ� FDQ� EH� GLYLGHG� E\�
FRQYHQLHQFH� LQWR� VHYHUDO� W\SHV�� YLVXDO� ��SDSHU�� WHFKQRORJ\���
EDU�FRGLQJ�DQG�UDGLR�IUHTXHQF\��5),'���7KH�ODWWHU� WZR�W\SHV�
DUH�WKH�H[DPSOHV�RI�DXWRPDWLF�LGHQWLILFDWLRQ��

+RZHYHU�� IRU� D� QXPEHU� RI� DSSOLFDWLRQV� WKH� ILUVW� WZR
WHFKQRORJLHV� DUH� LQHIIHFWLYH�� 9LVXDO� WHFKQRORJ\� SURYLGHV� IRU�
ORZ�VSHHG�RI�LQIRUPDWLRQ�SURFHVVLQJ��LQFUHDVHV�WKH�QXPEHU�RI�
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HUURUV�FDXVHG�E\�WKH�KXPDQ�IDFWRU��$�EDU�FRGH�WHFKQRORJ\�FDQ�
QRW�SURYLGH�FRQWURO�RI�PRYLQJ�REMHFWV� LQ� UHDO� WLPH�DQG�ZRUN�
LQ� ULJLG� FRQGLWLRQV� RI� RSHUDWLRQ�� 7KHUHIRUH��PRVW� FRPSDQLHV�
KDYH�EHJXQ�WR�VKLIW�WR�UDGLR�IUHTXHQF\�WHFKQRORJ\�RI�SURGXFWV�
LGHQWLILFDWLRQ�GXULQJ�WHFKQRORJLFDO�RSHUDWLRQV��

5DGLR� )UHTXHQF\� ,GHQWLILFDWLRQ� �5),'�WHFKQRORJ\��
XVHV� UDGLR� ZDYHV� WR� DXWRPDWLFDOO\� LGHQWLI\� SK\VLFDO� REMHFWV�
DQG�HQDEOHV�QRQ�FRQWDFW�LQSXW�DQG�UHDGLQJ�GDWD�IURP�WDJV�DW�D�
GLVWDQFH�DQG�ZKHQ�WKH\�DUH�RXW�RI�WKH�OLQH�RI�VLJKW��XVLQJ�ERWK�
IL[HG�DQG�PRELOH�GHYLFHV��

5),'�WHFKQRORJ\� LV� D� V\VWHP� WKDW� FRQVLVWV� RI� D� UDGLR�
IUHTXHQF\� WDJ� RU� WUDQVSRQGHU�� ZKLFK� FRQWDLQV� WKH� FRGHG�
LQIRUPDWLRQ�DERXW�WKH�SURGXFW��D�UHDGHU�RU�UHDGLQJ�GHYLFH�WKDW�
UHDGV� LQIRUPDWLRQ� IURP� WDJV� DQG� D� VRIWZDUH� WKDW� SHUIRUPV�
RSHUDWLRQV�RI�UHFRUGLQJ�DQG�UHDGLQJ�WKH�FRGH��

5),'� V\VWHP� UHDGHU� VHUYHV� DV� WKH� LQWHUIDFH� IRU� WKH�
DSSOLFDWLRQ� \RX� ZDQW� WR� UHDG� RU� WUDQVIHU� GDWD� WR� D� PRELOH�
FRQWDFWOHVV�WUDQVSRQGHU��

7KH� PDLQ� IXQFWLRQV� RI� WKH� WUDQVSRQGHU� LV� XWLOL]LQJ�
HQHUJ\� WKDW� WKH� UHDGHU� WUDQVPLWV� E\� WKH� UDGLR�� IRUPLQJ�
UHVSHFWLYH�PHVVDJH�WR�WKH�UHDGHU�LQ�WKH�IRUP�RI�FRGH��ZULWLQJ�
GDWD�� WUDQVPLWWHG� IURP� WKH� UHDGHU�� WR� WKH� VWRUDJH� RI� WKH�
LQWHJUDWHG�FLUFXLW�WUDQVSRQGHU��

/HW�XV�FRQVLGHU� LQ�GHWDLOV� WKH�H[DPSOH�RI� WUDFNLQJ� WKH�
REMHFWV� LQ� SURGXFWLRQ� XVLQJ� UDGLR� WDJV� LQ� WHUPV� RI� WKH� (53�
SODQQLQJ�V\VWHP��

�� UDZ� PDWHULDOV� DUH� GHOLYHUHG� WR� WKH� VKRS� IURP� WKH�
HQWHUSULVH�ZDUHKRXVHV��

�� SRZHU� UHVRXUFHV� �VWHDP�� JDV�� ZDWHU�� HOHFWULFLW\�� DUH�
GHOLYHUHG�WR�WKH�VKRS�DQG�WKH�RUGHUV�IRU�SURGXFWLRQ�DUH�LVVXHG��

��UDZ�PDWHULDOV�DUH�ZHLJKHG�DQG�HQWHU�WKH�VKRS��

��WKH�WHFKQRORJLFDO�SURFHVVLQJ�WDNHV�SODFH��
�� WKH� SURGXFW� DUULYHV� DW� WKH� ZDUHKRXVH� RI� ILQLVKHG�

SURGXFWV��
7KH�WHFKQRORJLFDO�SURFHVVHV�RI�5),'�V\VWHP�DUH�VKRZQ�

LQ�)LJXUH����
:KHQ� UDZ� PDWHULDOV� DUH� PRYHG� E\� FDU� RU� HOHFWULF�

ORDGHUV�� LW� LV� UHDVRQDEOH� WR� XVH� WUDQVSRQGHUV� IRU� LGHQWLI\LQJ�
�ODUJH�� FRQWDLQHUV� DQG� ORDGHUV� DQG� LQ� WKH� ZDUHKRXVHV�
�LQFOXGLQJ� LQWHUPHGLDWHV�� DQG� LQVWDOO� WKH� VFDQQHUV� RI� 5),'�
WDJV�RQ�WKH�SURFHVV�HTXLSPHQW�LQ�RUGHU�WR�UHGXFH�WKH�WLPH�IRU�
DFFRXQWLQJ�RSHUDWLRQV�DQG�WKH�DPRXQW�RI�IDOVH�LQIRUPDWLRQ�RQ�
PRYHPHQW�RI�JRRGV��

$V� D� UHVXOW�� WKH� V\VWHP� XVHUV� UHFHLYH� D� QXPEHU� RI�
EHQHILWV��

��WKH�SRVVLELOLW\�RI�FURVV�FXWWLQJ�YLHZ�RI�WHFKQRORJLFDO�
KLVWRU\��

�� SRVVLELOLW\� RI� DXWRPDWLF� PDNLQJ� RI� D� SURGXFW� EDWFK�
SDVVSRUW�UDQJLQJ�IURP�UDZ�PDWHULDOV�DQG�WR�WKH�SRLQW�RI�ZKR�
DW� DQ\� WLPH� SURFHVVHG� VHPL�ILQLVKHG� JRRGV� DW� LQWHUPHGLDWH�
WHFKQRORJLFDO�RSHUDWLRQV��WKH�FDSDFLW\�RI�SRZHU�FRQVXPHG�IRU�
WKH�SURGXFWLRQ�RI�D�JLYHQ�EDWFK�DQG�D�QHW�ZRUNLQJ�WLPH��

�� IL[LQJ��H[FHSW�QRPLQDO�� WKH� UHDO�ZHLJKW�RI� WKH�EDWFK��
7KH�XVH�RI�WUDQVSRQGHUV�DOORZV�WR�NQRZ�H[DFWO\�WKH�ZHLJKW�RI�
HDFK�SDUW\��LW�LV�ZULWWHQ�LQ�WKH�WDJ��DQG�WKHLU�QXPEHU��ZKLFK�LV�
EHLQJ�UHDG�ZKHQ� WKH�YHKLFOH�SDVVHV� WKH�UHDGHU�DQWHQQD��$V�D�
UHVXOW�� WKH� SURGXFWLRQ� SODQQLQJ� V\VWHP� UHFHLYHV� D� QRPLQDO�
ZHLJKW�RI�WKH�PDQXIDFWXUHG�SURGXFW��

��WKH� SRVVLELOLW\� RI� EXLOGLQJ� WKH� WUDQVSRUWDWLRQ�
PDQDJHPHQW� V\VWHP� RQ� WKH� HQWHUSULVH� WHUULWRU\� XVLQJ� DFWLYH�
5),'�WDJV� IRU� PDUNLQJ� ORDGHUV�� PDFKLQHV� DQG� RWKHU�
HTXLSPHQW��WKHLU�ORFDWLRQ�ZLOO�DOZD\V�EH�NQRZQ�WR�WKH�V\VWHP�

)LJ����7KH�VWUXFWXUH�RI��5),'�V\VWHP�RI�&50���
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)LJ����,QWHOOHFWXDO�ZRUN�RI�&50�ZLWK�5),'�V\VWHP��

��WKH�UHYLHZ�RI�WKH�VWDWXV�RI�ZRUN�LQ�SURJUHVV�DQG�D�OLVW�
RI� PDWHULDOV� VWRUHG� LQ� WKH� LQWHUPHGLDWH� WHFKQRORJLFDO�
ZDUHKRXVHV�LQ�DOPRVW�WKH�UHDO�WLPH�PRGH��

��LQWHOOHFWXDO� ZRUN� RI� WKH� PDWHULDO� PRYHPHQW�
DFFRXQWLQJ� V\VWHP� WKDW� GRHV� QRW� UHTXLUH� RSHUDWRUV� DQG�
DGGLWLRQDO�WLPH�IRU�GDWD�LQSXW��)LJXUH�����

7KH� PDLQ� VWDJH� RI� GHVLJQLQJ� 5),'� V\VWHP� LV� WKH�
FKRLFH�RI�KDUGZDUH�DQG�VRIWZDUH��7KLV�SUREOHP�FDQ�EH�VROYHG�
E\� PHWKRGV� RI� PXOWL�FULWHULRQ� RSWLPL]DWLRQ� RI� WKLV� W\SH� RI�
REMHFWV��

6HWWLQJ�REMHFWLYHV�RI�WKH�VWXG\�LQYROYHV�WKH�IROORZLQJ��
:H�NQRZ��

��WKH�VHW�RI�WHFKQLFDO�WRROV�RI�HOHPHQWV�EDVH�LQFOXGHG�LQ�
WKH�5),'�V\VWHPV��

��SDUDPHWHUV�DQG�FKDUDFWHULVWLFV�RI�WKH�HTXLSPHQW��
��D�VHW�RI�VRIWZDUH�WRROV�WKDW�DUH�FKDUDFWHUL]HG�E\�D�VHW�

RI�VRIWZDUH�DSSOLFDWLRQV��
��SDUDPHWHUV� DQG� FKDUDFWHULVWLFV� RI� VRIWZDUH�

DSSOLFDWLRQV� WKDW� PHHW� WKH� UHTXLUHPHQWV� RI� WKH� VHOHFWHG�
WHFKQLFDO�PHDQV��

,W� LV� QHFHVVDU\� WR� FKRRVH� WKH� HOHPHQW� EDVH� RI� WKH�
LGHQWLILFDWLRQ� V\VWHP��ZKLFK�ZLOO� LQFUHDVH� WKH� HIILFLHQF\� DQG�
TXDOLW\�RI�DOO�RSHUDWLRQV�RI�REMHFWV�PRYHPHQW��

7KH� VWUXFWXUH� RI� WKH� HOHPHQW� EDVH� RI� 5),'�V\VWHP�
LQFOXGHV�WKH�UHDGHU�DQG�WKH�UDGLR�IUHTXHQF\�WDJ��VR�WKH�FKRLFH�
RI�PHDQV� LV�PDGH�E\�GHFRPSRVLWLRQ�RI� WKH� JHQHUDO� WDVN� LQWR�
SDUWLDO� SUREOHPV�� 7KH� FKRLFH� RI� WDJV� DQG� WKH� FKRLFH� RI� WKH�
UHDGHU�DUH�PDGH�VHSDUDWHO\��7KH�SUREOHP�RI� � WDJ�FKRLFH�LV�DV�
IROORZV�:H�NQRZ��

��PXOWLWXGH�RI� WDJV� W\SHV� � ^ ` � �
� ��L' ' L L  ��ZKHUH�

Lc ��LV�D�QXPEHU�RI�WDJV��

��SDUDPHWHUV�DQG�FKDUDFWHULVWLFV�RI�WDJV��
7KH� FKRLFH� RI� D� WDJ� LV� PDGH� E\� WKH� IROORZLQJ�

IXQFWLRQDO�DQG�FRVW�EDVHG�LQGH[HV��
��WKH�ZRUN�IUHTXHQF\�RI�WKH�WDJ��:)7��

��WKH�UDGLXV�RI�UHDGLQJ�557��
��WKH�VWRUDJH�FDSDFLW\�6&7��
��WKH�UHDOL]DWLRQ�RI�DQWLFROOLVLRQ�5$��
��WKH�FRVW�RI�WKH�WDJ�&7��
7KH� SDUWLDO� FULWHULD� RI� RSWLPL]DWLRQ� DQG� WKH� DUHD� RI�

DFFHSWDEOH� GHFLVLRQV� RI� WKH� WDJ� FKRLFH� DUH� WKH� IROORZLQJ�
�)LJXUH�����

6HWWLQJ� WKH� WDVN� RI� WKH� UHDGHU� FKRLFH� LQFOXGHV� WKH�
IROORZLQJ��:H�NQRZ��

��PXOWLSOH�W\SHV�RI�UHDGHUV����� ^ ` � �
� ��M1 1 M M  ��

ZKHUH� Mc ��LV�D�QXPEHU�RI�UHDGHUV��
��WKH�SDUDPHWHUV�DQG�FKDUDFWHULVWLFV�RI�WKH�UHDGHUV��
7KH� FKRLFH� RI� WKH� UHDGHUV� LV� PDGH� E\� WKH� IROOORZLQJ

IXQFWLRQDO�DQG�FRVW�EDVHG�LQGH[HV��
��WKH�ZRUN�IUHTXHQF\�RI�WKH�UHDGHU��
��WKH�UDGLXV�RI�UHDGLQJ��
��WKH�SRZHU�VXSSO\��
��WKH�PDVV��
��WKH�FRVW�RI�WKH�UHDGHU��
7KH� FULWHULD� RI� RSWLPL]DWLRQ� RI� WKH� UHDGHUV� ORRN� OLNH�

WKLV��ILJ����VLPLODUO\��
7KH�JLYHQ�PDWKHPDWLFDO�PRGHO��ILJ����RI�VHOHFWLQJ�WKH�

HTXLSPHQW� RI� UDGLR� IUHDTXHQF\� LGHQWLILFDWLRQ� DSSOLHV� WR� WKH�
FODVV� RI� WKH� WDVNV� RI� PXOWLFULWHULRQ� RSWLPL]DWLRQ� RI� GLVFUHWH�
SURJUDPPLQJ�ZLWK�%RROHDQ�YDULDEOHV��

&RQFOXVLRQV��
7KH�DQDO\VLV�KDV�SURYHQ�WKDW� WKH�WDVN�RI�GHVLJQLQJ�WKH�

V\VWHP�RI�UDGLR�IUHTXHQF\�LGHQWLILFDWLRQ�RI�&50�LV�JHQHUDOO\�
FRPSOLFDWHG� E\� PXOWLSOH� PHDQLQJ� DQG� LQFRQVLVWHQF\� RI�
YDULRXV�SDUDPHWHUV�DQG�FKDUDFWHULVWLFV�RI�WKH�V\VWHP��,Q�RUGHU�
WR� VROYH� WKH� SUREOHP� RI� GHVLJQLQJ� 5),'� V\VWHPV� WKH�
PXOWLFULWHULRQ�RSWLPL]DWLRQ�PHWKRGV�ZHUH�XVHG�
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&KDUDFWHULVWLFV� 3DUWLDO�FULWHULD� $UHD�RI�DFFHSWDEOH�GHFLVLRQV�
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)LJ����7KH�SDUWLDO�FULWHULD�RI�RSWLPL]DWLRQ�DQG�WKH�DUHD�RI�DFFHSWDEOH�GHFLVLRQV�

7KH� PDWKHPDWLFDO� PRGHO� RI� VHOHFWLQJ� WKH� PHDQV� RI�
5),'�V\VWHPV�� ZKLFK� KDYH� EHHQ� EXLOW�� ZLOO�� XQOLNH� WKH�
H[LVWLQJ�RQHV��VHOHFW�WKH�EHVW�VHW�RI�PHDQV�RI�5),'�V\VWHPV�E\�
WKH� VSHFLILHG� FULWHULD� DQG� UHVWULFWLRQV� WKDW� ZLOO� VLJQLILFDQWO\�
UHGXFH� WKH� WLPH� IRU� LGHQWLI\LQJ�PRYLQJ� REMHFWV� DQG� LQFUHDVH�
WKH�HIILFLHQF\�RI�WKH�HQWHUSULVH�SHUIRUPDQFH��

7KH� H[SHULHQFH� LQ� GHYHORSPHQW� RI� WKHRUHWLFDO�
IRXQGDWLRQV�DQG�SUDFWLFDO�LPSOHPHQWDWLRQ�RI�&50�LQWHOOLJHQW�
V\VWHPV�LQGLFDWHV�WKHLU�JUHDW�SURPLVH�IRU�WKH�XVH�LQ�URDGZRUN��

7KH� 5),'� V\VWHPV� FDQ� EH� WKH� FULWHULD� WKDW� GHWHUPLQH
WKH� QHHG� DQG� SRVVLELOLW\� WR� XVH� RQH� RI� WKH� VWUXFWXUDO��
UHJXODWRU\�RU�GLDJQRVWLF�SDUDPHWHUV�LQ�FRQWLQXRXV�PRQLWRULQJ�
RI�WKH�WHFKQLFDO�VWDWH�RI�WKH�UHPRWH�REMHFW�����

��LQWHJULW\�RI�SDUDPHWHUV��SHUIRUPDQFH�RI�WKH�PDFKLQH��
HQJLQH� SRZHU�� IXHO� FRQVXPSWLRQ�� UHTXLUHV� WKH� IROORZLQJ�
DGYDQFHG� WURXEOHVKRRWLQJ�� EXW� FDQ� TXLFNO\� UHVSRQG� WR� D�
SRVVLEOH� FKDQJH� LQ� SHUIRUPDQFH� HIILFLHQF\� RI� PDFKLQHV� DQG�
UHGXFH�WKH�DPRXQW�RI�LQIRUPDWLRQ�WUDQVPLWWHG��

��DYDLODELOLW\� RI� WKH� V\VWHP� RI� VHOI�GLDJQRVLV� RI�
FRQVWUXFWLRQ�DQG�URDG�PDFKLQHV��

��WKH� LPSDFW� RI� FRQWUROOHG� SDUDPHWHUV� RQ� WKH� LQWHQVH�
ZHDU�RI�HOHPHQWV��

��WKH� SRVVLELOLW\� WR� IRUHFDVW� RQ� WKH� EDVH� RQ� WKH�
LQIRUPDWLRQ�REWDLQHG��

��WKH� QHFHVVLW\� WR� LQVWDOO� DGGLWLRQDO� VHQVRUV� QRW� QDWLYH�
WR�D�FRPSOHWH�VHW��

��WKH� FRVW� RI� WHFKQLFDO� FRQWURO� RI� WKH� VHOHFWHG�
SDUDPHWHUV���

'HVLJQLQJ�LQWHOOLJHQW�5),'�V\VWHPV�IRU�&50�RSHUDWRU
VXSSRUW� LV� LWHUDWLYH� LQ� QDWXUH� DQG� LV� EDVHG� RQ� WKH� GHVLJQ� RI�
LQGLYLGXDO� PRGXOHV�� VXEV\VWHPV� DQG� WKHLU� LQWHJUDWLRQ� LQWR� D�
VLQJOH� XQLW� EDVHG� RQ� DUWLILFLDO� LQWHOOLJHQFH� DQG� WKH� XVH� RI�
PRGHUQ�WRROV�RI�FUHDWLRQ�RI�LQWHOOLJHQW�DSSOLFDWLRQV�

5()(5(1&(6��

��� 6KDEDHY� 2�(�� 7KH� SULQFLSOHV� RI� LQWHOOHFWXDOL]DWLRQ� RI�
ZRUNLQJ� SURFHVVHV� RI� PHFKDWURQLF� PLQH�H[WUDFWLQJ� PDFKLQH� �� 2�(��
6KDEDHY�� $�.�� 6HPHQFKHQNR�� 1�9�� .K\WVHQNR� ��� 9LVWL� 'RQHWVNRKR�
KLUQ\FKRKR� LQVW\WXWX�� 9VHXNUDLQVN\L� QDXNRYR�WHNKQLFKQ\L� ]KXUQDO�
KLUQ\FKRKR�SURILOLX������������ʋ�����6����������

��� $PHOLQ� 9�0�� (OHFWURQLF� V\VWHPV� RI� PDQDJHPHQW� DQG
FRQWURO� RI� FRQVWUXFWLRQ� DQG� URDG� PDFKLQHV� �� 9�0�� $PHO\Q�� <X�0��
<QNRY��9�<��0DUVRY����0���,QWHNVW����������������V��

��� 3OXK\QD� 7�9�� 'HVLJQ� RI� LQWHOOLJHQW� RSHUDWLRQ� VWDWLRQV� RI�
GLVWULEXWLRQ�PDQDJHPHQW� V\VWHP� �� �7�9��3OXK\QD��'�2��0DUNR]RY� ���
9HVWQ\N�.K1$'8�������������9\S�������6������������

��� .KPDUD� /�$�� 1HW�FHQWULF� WHFKQRORJLHV� LQ� HIILFLHQW
PDLQWHQDQFH� RI� URDG�FRQVWUXFWLRQ� PDFKLQHU\� �� /�$�� .KPDUD�� � 6�<��
.RQRQRY����9HVWQ\N�.K1$'8��±���������9\S�������6�����������

��� 3OXKLQD� 7�9�� 7KH� WDVN� RI� LQWHOOHFWXDOL]DWLRQ� RI� PRGHUQ�
URDG�FRQVWUXFWLRQ� PDFKLQHV� �� � 7�9�� 3OXKLQD�� 9�2�� 6WRWVN\L� ���
7HNKQRORK\LD�SU\ERURVWURHQ\LD��VSHWV��Y\S������������6������������

���3OXKLQD��7��9��&KRLFH�RI�VRIWZDUH�IRU�WKH�V\VWHP�RI�UDGLR�
IUHTXHQF\� LGHQWLILFDWLRQ� �� 7�� 9�� 3OXKLQD�� 2�� /�� 5HXW� ��� 9HVWQ\N�
+1$'8��������9RO������SS�����������

���3OXKLQD�7�9��0RGHOV�RI�SDUDPHWHU�V\QWKHVLV�RI�WKH�HOHPHQW�
EDVH� RI� SURJUDP�WHFKQLFDO� FRPSOH[� PDQDJHPHQW� �� � 7�9�� 3OXKLQD��
$�9�� <HI\PHQNR�� =��0XVDLHY�� 17=K� 7HKQRORJ\MD� SU\ERURVWURHQ\MD��
������ʋ���SS���������

��� 'VKNKXQ\DQ� 9�� /�� (OHFWURQLF� LGHQWLILFDWLRQ�� &RQWDFWOHVV�
HOHFWURQLF�LGHQWLILFDWRUV�DQG�VPDUW�FDUGV����9��/��'VKNKXQ\DQ��9��)��
6KDQ¶JLQ��0�� ��222�©,]GDWHO
VWYR�$67ª� �� ,]GDWHO
VWYR� ©17�3UHVVª��
�����������>�@���LO���$GPLQLVWULURYDQLH����


