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,Q�UHFHQW� WLPHV�� WKHUH�KDV�EHHQ�VLJQLILFDQW� ULVH�
LQ� ZDVWH� JHQHUDWLRQ� JOREDOO\� �:DKOHQ�� �������
7KH�ZRUOG¶V� FLWLHV� JHQHUDWHG ����� ELOOLRQ� WRQV�
RI�VROLG�ZDVWH��DPRXQWLQJ�WR�D�IRRWSULQW�RI������
NLORJUDPV�SHU�SHUVRQ�SHU�GD\�LQ�������&KDYH]��
������� :LWK� UDSLG� SRSXODWLRQ� JURZWK� DQG� XU�
EDQL]DWLRQ��JOREDOO\�DQQXDO�ZDVWH�JHQHUDWLRQ��LV�
SURMHFWHG�WR�JURZ�E\�����IURP������OHYHOV�WR�
�����ELOOLRQ�WRQV�LQ�������&KDYH]���������� 

 
*KDQD��DV�PLGGOH-LQFRPH�FRXQWU\��LV�FRQIURQW�
HG� ZLWK� D� ORW� RI� FKDOOHQJHV� LQ� ZDVWH� PDQDJH�
PHQW�� $FFRUGLQJ� WR�0LH]DK� HW� DO�� �������� WKH�

UDWH�RI�ZDVWH�JHQHUDWLRQ�LQ�*KDQD�LV�KLJK��ZLWK�
ZDVWH� JHQHUDWLRQ� HVWLPDWHG� DW� ����� NJ�SHUVRQ�
GD\��0HL]DK�HW� DO�� ������� DOVR� FRQFOXGHG� WKDW�
LQ� *KDQD�� ELRGHJUDGDEOH� ZDVWH� �RUJDQLFV� DQG�
SDSHUV�� FRQVWLWXWHV� QHDUO\� ���� RI� WKH� GDLO\�
ZDVWH� JHQHUDWLRQ�� ZLWK� WKH� UHVW� EHLQJ� QRQ-
ELRGHJUDGDEOHV� RU� UHF\FODEOHV� �PHWDOV�� JODVV��
WH[WLOHV�� OHDWKHU� DQG� UXEEHUV��� *HQHUDOO\�� LQ�
*KDQD��VROLG�ZDVWHV�DUH�QRW�VRUWHG� LQWR�ELRGH�
JUDGDEOHV� DQG� QRQ-ELRGHJUDGDEOHV� EHIRUH� GLV�
SRVDO�� $� KXJH� IUDFWLRQ� RI� WKH� VROLG� ZDVWH� LV�
RUJDQLF�DQG�VXVFHSWLEOH�WR�SXWUHIDFWLRQ��&RQVH�
TXHQWO\�� GHOD\V� LQ� FROOHFWLRQ� RI� ZDVWH� OHDG� WR�
SXWUHIDFWLRQ�DQG�JHQHUDWLRQ�RI� VWHQFK��0RUHR�
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KWWS���G[�GRL�RUJ���������MXVW�Y��L��� 

.H\ZRUGV��0LFURFRQWUROOHU��VPDUW�ELQ��ZDVWH�GLVSRVDO��ZDVWH�FROOHFWLRQ� 

$%675$&7 
7KLV�SDSHU�SUHVHQWV�D�FRPSUHKHQVLYH�PHWKRG�WR�PDQDJH�GRPHVWLF�ZDVWH�DQG�SURYLGHV�D�GHWDLOHG�
GHVLJQ�RI� DQ�DOHUW� VXE-V\VWHP��ZKLFK� LV� RQH�RI� WKH�EORFNV�RI� WKH�SURSRVHG�ZDVWH�PDQDJHPHQW�
V\VWHP��7KH�ZDVWH�PDQDJHPHQW�V\VWHP�HQWDLOV�YDULRXV�EORFNV�RQ�DFWLYLWLHV��IURP�SUHSDUDWRU\�WR�
LPSOHPHQWDWLRQ��7KH�DOHUW�VXE-V\VWHP�XVHV�DQ�XOWUDVRQLF�VHQVRU�WR�PRQLWRU�WKH�OHYHO�RI�ZDVWH�LQ�
D�ELQ�DQG�QRWLILHV�D�ZDVWH�FROOHFWLRQ�FRPSDQ\�ZKHQ�WKH�ELQ� LV� IXOO�DQG�UHTXLUHV�HPSW\LQJ��YLD�
VKRUW�PHVVDJLQJ�VHUYLFH��606���,W�DOVR�DOORZV�WKH�XVHU�WR�TXHU\�WKH�VWDWH�RI�WKH�ELQ�DW�DQ\�WLPH��
7KH�DOHUW�VXE-V\VWHP�LV�VLPSOH�WR�LPSOHPHQW��LQH[SHQVLYH��XVHV�OHVV�SRZHU��DQG�ZLOO�HQDEOH�HIIHF�
WLYH�DQG�HIILFLHQW�ZDVWH�FROOHFWLRQ��7KH�LPSOHPHQWDWLRQ�RI�WKH�SURSRVHG�ZDVWH�PDQDJHPHQW�V\V�
WHP�VKRXOG�LPSURYH�WKH�FROOHFWLRQ�DQG�GLVSRVDO�RI�GRPHVWLF�ZDVWH� 
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 EHQHILFLDO�WR�ERWK�:0&V�DQG�KRXVHKROGV�� 
 

5HVHDUFKHUV� KDYH�GHYHORSHG�YDULRXV�DSSURDFK�
HV� WR� DLG� WKH� GHWHFWLRQ� DQG� ORFDWLRQ� RI� ZDVWH�
ELQV�WKDW�JHW�IXOO��*XWLHUUH]�HW��DO��������=DYDUH�
HW��DO��������DQG�1LUGH�HW��DO���������+RZHYHU��
WKHVH�DSSURDFKHV�DUH�EHVHW�ZLWK�FKDOOHQJHV�WKDW�
PDNH� WKHP� HLWKHU� WRR� H[SHQVLYH� WR� LPSOHPHQW�
RU� QRW� SUDFWLFDOO\� IHDVLEOH�� )RU� H[DPSOH�� WKH�
ZRUN� LQ� =DYDUH� HW�� DO�� ������� UHTXLUHV� LQWHUQHW�
DYDLODELOLW\�DW� DOO�ZDVWH� ORFDWLRQV��ZKLFK� LV�QRW�
SUDFWLFDOO\� IHDVLEOH�� HVSHFLDOO\� LQ� GHYHORSLQJ�
HFRQRPLHV� ZKHUH� WKHUH� LV� OLPLWHG� LQWHUQHW� DF�
FHVV��7KH�DSSURDFK�LQ�6DPDQQ��������LQFRUSR�
UDWHV� H[WUDQHRXV� GHYLFHV� LQFOXGLQJ� SDVVLYH� LQ�
IUDUHG� VHQVRUV�� PHPRU\� FDUGV�� VSHDNHUV� DQG�
VRODU�SDQHOV�ZKLFK�LQFUHDVH�FRVW�DQG�FRPSOH[L�
W\��7KHUHIRUH�� WKHUH�LV� WKH�QHHG�WR�GHYHORS�V\V�
WHPV�WKDW�DUH�HFRQRPLFDOO\�DQG�SUDFWLFDOO\� IHD�
VLEOH�� 
 
7KLV�SDSHU�SUHVHQWV�D�FRPSUHKHQVLYH�DSSURDFK�
WR�PDQDJH�GRPHVWLF�ZDVWH��7KH�SURSRVHG�V\V�
WHP� EXLOGV� D� GDWDEDVH� RI� DOO� ELQV� LQFOXGLQJ�
WKHLU� ORFDWLRQV�� $OHUW� V\VWHPV� DUH� LQVWDOOHG� LQ�
WKH�ELQV�WR�DOHUW�ZDVWH�PDQDJHPHQW�FRPSDQLHV�
ZKHQ�WKH\�DUH�IXOO���:DVWH�PDQDJHPHQW�WUXFNV�
PRYH� LQ� WR� FROOHFW� ZDVWH� ZKHQ� DOHUWV� DUH� UH�
FHLYHG��7KH�URXWHV�RI�ZDVWH�WUXFNV�WR�ELQV�WR�EH�
HPSWLHG� DUH� RSWLPL]HG� WR� SURPRWH� HIIHFWLYH�
DQG� HIILFLHQW� FROOHFWLRQ�� $� GHWDLOHG� GHVLJQ� RI�
WKH� DOHUW� GHYLFHV� LV� SUHVHQWHG� LQ� 6HFWLRQ� �����
7KH� GHYLFHV� HPSOR\� XOWUDVRQLF� VHQVRUV� WR�
PRQLWRU� WKH� OHYHOV�RI�ZDVWH� LQ�ELQV�DQG�QRWLI\�
WKH�ZDVWH� FROOHFWLRQ� FRPSDQ\�� YLD� VKRUW�PHV�
VDJLQJ� VHUYLFH� �606��� IRU� FROOHFWLRQ� WR� EH�
GRQH�� 7KH� SURSRVHG� FRPSUHKHQVLYH� ZDVWH�
PDQDJHPHQW� V\VWHP� WRJHWKHU� ZLWK� LWV� VXE-
V\VWHPV�DUH�VLPSOH�WR�LPSOHPHQW�DQG�ZLOO�HQD�
EOH�DIIRUGDEOH��HIIHFWLYH�DQG�HIILFLHQW�GRPHVWLF�
ZDVWH�PDQDJHPHQW�� 
 
0$7(5,$/6�$1'�0(7+2'6� 
7KH�SURSRVHG�ZDVWH�PDQDJHPHQW�V\VWHP�FRP�
SULVHV�WZR�SKDVHV��7KH�SKDVHV�DUH�����SUHSDUD�
WRU\�SKDVH�DQG�����LPSOHPHQWDWLRQ�SKDVH��)LJ��
�� VKRZV� D� IORZFKDUW� WKDW� GHVFULEHV� WKH� DFWLYL�
WLHV�RI� WKH�SUHSDUDWRU\�SKDVH��7KH�SUHSDUDWRU\�
SKDVH�HQWDLOV�WKUHH�PDMRU�DFWLYLWLHV��7KH�DFWLYL�
WLHV�DUH�DV�IROORZV���$��&UHDWLRQ�RI�GDWDEDVH�RI�
ZDVWH� ELQV� LQFOXGLQJ� WKHLU� ORFDWLRQV�� �%�� VHW�
WLQJ�XS�RI�D�PDQDJHPHQW�VRIWZDUH� WR� UHJXODWH� 

$GMHL�HW�DO� � 

YHU�� WKHUH� LV� WKH� DWWUDFWLRQ� RI� YHUPLQ� �IOLHV��
FRFNURDFKHV��EHHWOHV��HWF���DQG�VFDYHQJHUV�WKDW�
SRVH� D� WKUHDW� WR� SXEOLF� KHDOWK�� *KDQD¶V� ZDVWH�
PDQDJHPHQW� SUREOHP� LV� IXUWKHU� FRPSRXQGHG�
E\� WKH� ODFN� RI� HIIHFWLYH� DQG� HIILFLHQW� ZDVWH�
FROOHFWLRQ� DQG� GLVSRVDO� V\VWHPV�� 7KHUH� LV� WKH�
QHHG�IRU�WLPHO\�ZDVWH�FROOHFWLRQ�DQG�DSSURSUL�
DWH�GLVSRVDO� 

 
*HQHUDOO\��WKHUH�DUH�WKUHH�PRGHV�RI�ZDVWH�FRO�
OHFWLRQ�DQG�GLVSRVDO� LQ�*KDQD��7KH� ILUVW�PRGH�
UHTXLUHV� SHUVRQV� ZKR� JHQHUDWH� ZDVWH� WR� FDUU\�
LW�� E\� DQ\� SUHIHUUHG�PHDQV�� WR� D� GDPSLQJ� VLWH�
ZLWKLQ�WKH�FRPPXQLW\��:DVWH�DW�VXFK�VLWHV�DUH�
RFFDVLRQDOO\� EXUQW�� UHOHDVLQJ� WR[LF� JDVHV� LQWR�
WKH� DWPRVSKHUH�� RU� OHIW� WR� IRUP� D� KXJH� SLOH��
EUHHGLQJ�DOO�PDQQHU�RI�SDWKRJHQV��EHIRUH�EHLQJ�
FDUWHG� WR� D� ODQGILOO� VLWH�� ,Q� WKH� VHFRQG� PRGH��
VNLSV�DUH�SODFHG�ZLWKLQ�FRPPXQLWLHV�IRU�LQKDE�
LWDQWV�WR�GDPS�ZDVWH�LQWR�WKHP��7KHVH�VNLSV�DUH�
ODWHU�HPSWLHG�E\�ZDVWH�PDQDJHPHQW�FRPSDQLHV�
�:0&V��ZKHQ� WKH\� EHFRPH� IXOO��+RZHYHU�� LW�
LV�FRPPRQ�WR�ILQG�VXFK�FRQWDLQHUV�RYHUIORZLQJ�
ZLWK�ZDVWH��XQGHUJRLQJ�SXWUHIDFWLRQ�DQG�UHVXOW�
LQJ� LQ� XQSOHDVDQW� VWHQFK� DQG� WKH� EUHHGLQJ� RI�
SDWKRJHQV��7KH� WKLUG�PRGH� HQWDLOV� KRXVHKROGV�
DQG�LQVWLWXWLRQV�DFTXLULQJ�WKHLU�RZQ�ZDVWH�ELQV�
DQG� GXPSLQJ� ZDVWH� LQWR� WKHP�� 7KHVH� ZDVWH�
ELQV�DUH�HPSWLHG�E\�:0&V�ZKR�GULYH�WKURXJK�
WKH� YDULRXV� FRPPXQLWLHV� ZLWK� ZDVWH� WUXFNV��
7KLV� PRGH� LV� HQYLURQPHQWDOO\� JRRG� DQG� LQ�
V\QFK� ZLWK� LQWHUQDWLRQDO� EHVW� SUDFWLFHV�� +RZ�
HYHU�� QRW�PDQ\� FRPPXQLWLHV� KDYH� VXFK�ZDVWH�
FROOHFWLRQ�VHUYLFHV��7KHUHIRUH��WKHUH�LV�WKH�QHHG�
WR�VFDOH�XS�VXFK�VHUYLFHV�DFURVV�WKH�QDWLRQ�� 

 
7KH�VXFFHVV�RU�IDLOXUH�RI�VFDOLQJ�XS�LQGLYLGXDO�
RZQHUVKLS� RI� ZDVWH� ELQV� ODUJHO\� GHSHQGV� RQ�
WLPHRXV� HPSW\LQJ� RI� WKHP�� 7KLV� ZLOO� LQYROYH�
WKH�H[WHQVLYH�XVH�RI�WUXFNV��ZLWK�LWV�DVVRFLDWHG�
FRVWV��6WXGLHV�VKRZ�WKDW� WKH�FRVW�RI�ZDVWH�FRO�
OHFWLRQ� FRQVWLWXWHV� ��-���� RI� WKH� RYHUDOO� FRVW�
RI� ZDVWH� PDQDJHPHQW� �$QVDUL� DQG� 3DNURX��
������ %HOLsQ� HW� DO��� ������ 6XOHPDQD� HW� DO���
�������7KLV�LV�GXH�WR�WKH�KLJK�FRVW�RI�IXHO�DQG�
PDLQWHQDQFH� �/L� HW� DO��� ������ DQG� 7DYDUHV� HW�
DO��� ������� � 7KLV� FRVW� LV� IXUWKHU� FRPSRXQGHG�
ZKHQ�WUXFNV�GULYH�WR�ORFDWLRQV�ZKHUH�ELQV�QHHG�
QRW� EH� HPSWLHG�� 6XFK� FRVW� FDQ� EH� UHGXFHG� RU�
FRPSOHWHO\� HUDGLFDWHG� YLD� WKH� GHSOR\PHQW� RI�
WHFKQRORJLHV�WKDW�DOHUW�:0&V�ZKHQ�ZDVWH�ELQV�
QHHG�WR�EH�HPSWLHG��6XFK�WHFKQRORJLHV�ZLOO�EH�
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ZDVWH� FROOHFWLRQ�� VFKHGXOH� DQG�GLVSDWFK�ZDVWH�
WUXFNV��7KH� ILQDO�SUHSDUDWRU\� DFWLYLW\� �DFWLYLW\�
&��LQYROYHV�WKH�GHSOR\PHQW�RI�ELQ�DOHUW�GHYLF�
HV�RQ�WKH�UHJLVWHUHG�ELQV�� 
 
$� IORZFKDUW� RXWOLQLQJ� WKH� LPSOHPHQWDWLRQ�
SKDVH� LV� SUHVHQWHG� DV� )LJ�� ��� ,W� EHJLQV� E\�
FKHFNLQJ�IRU�QRWLILFDWLRQV�IURP�ELQ�DOHUW�GHYLF�
HV�� :KHQ� QR� QRWLILFDWLRQV� DUH� UHFHLYHG�� WKH�
V\VWHP� ZDLWV� IRU� D� SHULRG� ��� PLQXWHV� DQG�
FKHFNV�DJDLQ��7KLV�FDQ�EH�DGMXVWHG�GHSHQGLQJ�
RQ� H[SHULHQFHV� JDWKHUHG� GXULQJ� LPSOHPHQWD�
WLRQ�� &RQVHTXHQWO\�� WKH� ZDVWH� PDQDJHPHQW�
VRIWZDUH�DOORZV�IRU�WKLV�SHULRG�WR�EH�DGMXVWHG��
:KHQ� QRWLILFDWLRQV� DUH� UHFHLYHG�� WKH� VRIWZDUH�
H[WUDFWV� WKH� ELQV� WKDW� FRUUHVSRQG�ZLWK� WKH� UH�
FHLYHG�QRWLILFDWLRQV�DQG�SURFHHGV�WR�GHWHUPLQH�
WKH� RSWLPDO� URXWHV� IRU� FROOHFWLRQ�� $� IXUWKHU�
DVVHVVPHQW� LV�GRQH� WR�GHWHUPLQH� WKH�FRVW�HIIL�
FLHQF\�� 7KLV� DVVHVVPHQW� LV� SURSRVHG� WR� EH�
EDVHG�RQ� WKH�QXPEHU�RI� ELQV� LQ� WKH� URXWH� DQG�
WKH� FRVW� RI� FROOHFWLRQ�� :KHUH� WKH� DVVHVVPHQW� 

 
Start

Create Database 
of waste bins and 

bin locations

Set up waste management 
software

Deploy bin alert devices

End

)LJ�����)ORZFKDUW�RI�DFWLYLWLHV�IRU�SUHSDUDWRU\�SKDVH� 

WKH� HQWLUH� ZDVWH� PDQDJHPHQW� RSHUDWLRQV�� DQG�
�&��GHSOR\PHQW�RI�ELQ�DOHUW�GHYLFHV� 
 
7KH� ILUVW� SUHSDUDWRU\� DFWLYLW\� �DFWLYLW\� $�� HQ�
WDLOV�WKH�HQUROPHQW�RI�DOO�ZDVWH�ELQV�ZLWKLQ�WKH�
RSHUDWLRQDO�DUHD�RI�D�:0&��+HUH��LW�LV�UHFRP�
PHQGHG� WKDW� HDFK� FXVWRPHU� DFTXLUHV� PXOWLSOH�
ELQV� LQ�ZKLFK�VRUWHG�ZDVWH� LV�GHSRVLWHG��(DFK�
ELQ� LV� JLYHQ� D� XQLTXH� LGHQWLILFDWLRQ� QXPEHU�
DQG� FODVVLILHG� EDVHG� RQ� WKH� ZDVWH� FDWHJRUL]D�
WLRQ�DSSURDFK�DGRSWHG�E\�WKH�:0&���$OVR��WKH�
*36� ORFDWLRQ�RI�HDFK�ELQ� LV�GHWHUPLQHG� WR�DO�
ORZ� IRU� HDV\� ORFDWLRQ� LQ� WKH� LPSOHPHQWDWLRQ�
SKDVH�� )RU� WKH� VHFRQG� DFWLYLW\� �DFWLYLW\� %��� D�
VRIWZDUH� GHYHORSHG� WR� PDQDJH� ZDVWH� FROOHF�
WLRQ�LV�VHW�XS��7KH�VRIWZDUH�ZLOO�KRVW�WKH�GDWD�
EDVH�FUHDWHG�LQ�DFWLYLW\�$��,W�ZLOO�DOVR�DOORZ�IRU�
WKH�UHFHLSW�RI�QRWLILFDWLRQV�IURP�GHYLFHV� WR�EH�
LQVWDOOHG�LQ�WKH�HQUROOHG�ELQV�WKDW�ZLOO�DOHUW�WKH�
:0&� ZKHQ� WKH� ELQV� UHTXLUH� HPSW\LQJ�� )XU�
WKHUPRUH��WKH�VRIWZDUH�ZLOO�FROODWH�DOO�UHFHLYHG�
QRWLILFDWLRQV�� SORW� RSWLPDO� URXWH� PDSV� IRU� 
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Start

Match notifications with 
bins in database

Determine optimal routes 
for waste collection

End

Check for notifications 
from bin alert devices

Are there any 
notifications?

Yes

Observe 
waiting period

No

Schedule and dispatch 
trucks

Are the number 
of bins for route X optimal for 

collection?

Yes

No

)LJ�����)ORZFKDUW�IRU�LPSOHPHQWDWLRQ�SKDVH 

SRLQWV� WR� D� SRVLWLYH� FRVW� HIIHFWLYHQHVV�� ZDVWH�
WUXFNV�DUH�VFKHGXOHG�DQG�GLVSDWFKHG��:KHQ�WKH�
DVVHVVPHQW� WXUQV� RXW� WR� EH� XQHFRQRPLFDO�� WKH�
DOJRULWKP�ZDLWV�DQG�FKHFNV�IRU�PRUH�QRWLILFD�
WLRQV� WR� HQVXUH� FRVW-HIIHFWLYH� RSHUDWLRQV�� 7KH� 

IDFW�WKDW�GRPHVWLF�ZDVWH�LV�JHQHUDWHG�PDLQO\�LQ�
WKH� PRUQLQJV� DQG� HYHQLQJV� ZRXOG� QRW� PDNH�
VXFK� GHIHUPHQW� RI� FROOHFWLRQ� RQ� JURXQGV� RI�
HFRQRP\�LQLPLFDO�WR�ZDVWH�FROOHFWLRQ�HIIRUWV� 
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%LQ�DOHUW�GHYLFH� 
)LJ����VKRZV�D�EORFN�GLDJUDP�RI�WKH�SURSRVHG�
DOHUW�GHYLFH��7KH�GHYLFH�ZLOO�EH�LQWHJUDWHG�LQWR�
WKH�OLG�RI�ELQV��,W�FRQVLVWV�RI�IRXU�XQLWV�QDPHO\��
SRZHU� XQLW�� VHQVLQJ� XQLW�� SURFHVVLQJ� XQLW� DQG�
FRPPXQLFDWLRQ�XQLW��7KH�SRZHU�XQLW�FRPSULV�
HV� D� �9� '&� EDWWHU\� DQG� VXSSOLHV� WKH� QHHGHG�
SRZHU�WR�DOO�WKH�XQLWV�RI�WKH�GHYLFH��7KH�VHQV�
LQJ� XQLW� FRPSULVHV� DQ� XOWUDVRQLF� VHQVRU�PRG�
XOH�ZKLFK�GHWHFWV�WKH�OHYHO�RI�ZDVWH�LQ�WKH�ELQ�
XVLQJ� WLPH� RI� IOLJKW�� $Q� $UGXLQR� PLFURFRQ�
WUROOHU�ZDV� XVHG� IRU� GDWD�SURFHVVLQJ��7KH�PL�
FURFRQWUROOHU�ZDV�SURJUDPPHG�XVLQJ�$UGXLQR�
,QWHJUDWHG� 'HYHORSPHQW� (QYLURQPHQW� �,'(���
$�*OREDO�6\VWHP�IRU�0RELOH�&RPPXQLFDWLRQV�
�*60��PRGXOH� ZDV� XVHG� DV� WKH� FRPPXQLFD�
WLRQ�XQLW��7KLV�XQLW� VHQGV�6KRUW�0HVVDJH�6HU�
YLFH� �606�� DOHUWV� WR� WKH� ZDVWH� PDQDJHPHQW�
FRPSDQ\�DQG�XVHU¶V�SKRQH��� 
 
7KH�PRGXOH�LV�FRQWUROOHG�E\�VHQGLQJ�$7�FRP- 

6HQVRUV 

3RZHU�
6XSSO\ 
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ZDVWH�PDQDJHPHQW�
FRPSDQ\ 

)LJ�����%ORFN�GLDJUDP�RI�SURSRVHG�GHVLJQ 

PDQGV� RYHU� LWV� �9� VHULDO� SRUW�� 7KH�5[� SLQ� RI� 
*60�PRGXOH� LV� FRQQHFWHG� WR� DQDORJ� SLQ� �� RQ�
WKH�$UGXLQR�8QR�DQG�WKH�7[�SLQ�RI�WKH�PRGXOH�
LV� FRQQHFWHG� WR� SLQ� ��� RI� WKH� $UGXLQR� 8QR�
ERDUG��3LQ���DQG����DUH�WXUQHG�LQWR�7UDQVPLWWHU�
�7[�� DQG� 5HFHLYHU� �5[�� SLQV� XVLQJ� D� VRIWZDUH�
OLEUDU\� VLQFH� WKH�*60�PRGXOH� UHOLHV� RQ� VHULDO�
FRPPXQLFDWLRQ��6DPDQQ�������� 
 
6LPXODWLRQ�RI�WKH�V\VWHP�GHVLJQ�LQ�3URWHXV�� 
7KH�SURSRVHG�GHVLJQ�ZDV� VLPXODWHG�XVLQJ� WKH�
SURWHXV�VLPXODWLRQ�VRIWZDUH�WR�DVVHVV�LWV�YDOLG�
LW\�EHIRUH�SURWRW\SLQJ��$�VQDSVKRW�RI�WKH�VLPX�
ODWLRQ�LV�SUHVHQWHG�LQ�)LJ�����,Q�)LJ�����%ORFN�$�
VKRZV� XOWUDVRQLF� VHQVRUV�� %ORFN� %� GHSLFWV�
*60�PRGXOH��%ORFN�&�LQGLFDWHV�/&'�GLVSOD\�
DQG� %ORFN�'�� YDULDEOH� UHVLVWRUV�� 7KH� YDULDEOH�
UHVLVWRUV� ZHUH� XVHG� WR� VLPXODWH� WKH� OHYHOV� RI�
ZDVWH�LQ�WKH�ELQ�� 
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6RIWZDUH�IRU�PRQLWRULQJ�V\VWHP� 
7KH� SURJUDP� IRU� WKH� PLFURFRQWUROOHU� ZDV� GH�
YHORSHG� XVLQJ� $UGXLQR� ,'(�� )LJ�� �� VKRZV� D�
IORZ�FKDUW�RI�WKH�$UGXLQR�SURJUDP��7ZR�OLEUDU�
LHV� ZHUH� XVHG� WR� PLPLF� FRPPXQLFDWLRQ� EH�
WZHHQ� WKH� PRGXOHV�� 6RIWZDUH� VHULDO� OLEUDU\� LV�
XVHG� WR� FRPPXQLFDWH� ZLWK� WKH� *60� PRGXOH�
DQG�VHQG�$7�FRPPDQGV�WR�LW�� 
 
7KLV�OLEUDU\�WUDQVIRUPV�SLQV���DQG����LQWR�H[WUD�
7[�DQG�5[�SLQV�WR�FRQQHFW�WKH�7[�5[�SLQV�RI�WKH�
*60� PRGXOH�� 7KH� 6HWXS� IXQFWLRQ� RI� WKH� $U�
GXLQR� SURJUDP� ILUVW� GHILQHV� WKH� XVHG� SLQV� DV�
RXWSXWV�RU�LQSXWV�DQG�WKHQ�VHQGV�$7�FRPPDQGV�
WR�WKH�*60�PRGXOH�WR�HQDEOH�WH[W�PRGH��HQDEOH�
ORFDO�WLPH�GDWH�VWDPS�DQG�VWRUH�FXUUHQW�VHWWLQJV�
RQ� WKH�*60�PRGXOH�PHPRU\��7KLV� IXQFWLRQ� LV�
DOVR� XVHG� WR� JHW� WKH� SKRQH� QXPEHU� DQG� 606�
DOHUW� WH[W��ZKLFK�ZLOO�EH�VHQW� WR� WKDW�QXPEHU� LQ�
FDVH�RI� IXOOQHVV�RI� ELQ��7KH� ILQDO� VWHS�RI� VHWXS�
IXQFWLRQ� LV� LQLWLDOL]LQJ� GLJLWDO� SLQV� RI� WKH� $U�
GXLQR� FRQQHFWHG� WR� WKH� 8OWUDVRQLF� VHQVRU�� 7KH�
/RRS� IXQFWLRQ� LV� XVHG� WR�PHDVXUH� WKH� GLVWDQFH�
EHWZHHQ� WKH� XOWUDVRQLF� PRGXOH� DQG� WKH� WUDVK�
FRQWLQXRXVO\�� 7KH� PHDVXUHPHQW� SHULRG� FDQ� EH� 

FKDQJHG� WR� VXLW� RSHUDWLQJ� FRQGLWLRQV�� $Q� ,)�
ORRS�LV�XVHG�WR�FRPSDUH�WKH�PHDVXUHG�GLVWDQFH�
E\�WKH�XOWUDVRQLF�VHQVRU�WR�WKH�VHW�WKUHVKROG��,I�
WKHUH� LV� IXOOQHVV�� DQ� 606� DOHUW� LV� VHQW� WR� WKH�
:0&�� 7KH� V\VWHP� FDQ� DOVR� EH� TXHULHG� YLD�
606�ZLWK�³67$7(´��,W�UHWXUQV�WKH�VWDWH�RI�WKH�
ELQ� DV� IXOO�� KDOI� IXOO� RU� HPSW\� E\� VHQGLQJ� DQ�
606�WR�WKH�XVHU¶V�SKRQH�� 
 
3URWRW\SLQJ�RI�DOHUW�GHYLFH�� 
7KH�SURSRVHG�GHYLFH�ZDV�SURWRW\SHG�XVLQJ�WKH�
IROORZLQJ� FRPSRQHQWV��8OWUDVRQLF� VHQVRU��$U�
GXLQR�� *60� DQG� /&'�� ,Q� ILHOG� LPSOHPHQWD�
WLRQV�� WKH�/&'�PRGXOH�ZLOO�EH�UHPRYHG�VLQFH�
LWV�UROH�ZLOO�QRW�EH�QHHGIXO�DQG�ZLOO�RQO\�GUDLQ�
WKH�EDWWHU\�SRZHU��)LJV��D�	�E�VKRZV�WKH�FRQ�
QHFWLRQ�RI� WKH�PDMRU�FRPSRQHQWV� XVHG� IRU� WKH�
SURWRW\SH� 
 
5(68/76�$1'�',6&866,21 
7KH�PRQLWRULQJ�GHYLFH�ZDV� WHVWHG�RQ�D�JDOYD�
QL]HG�PHWDOOLF� ELQ��ZLWK� WKH�ELQ� LQ� HPSW\� DQG�
IXOO�VWDWHV��:LWK�WKH�ELQ�HPSW\��WKH�GHYLFH�ZDV�
LQLWLDOL]HG� IROORZLQJ� ZKLFK� D� WH[W� PHVVDJH�
ZLWK�WKH�FRQWHQW��67$7(��VHQW�WR�WKH�6,0�FDUG� 

 

�>K�<�� 

�>K�<�� 

�>K�<�� 

�>K�<�� 

)LJ�����6QDSVKRW�RI�VLPXODWLRQ�LQ�3URWHXV�VRIWZDUH�� 
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6PDUW�GXVWELQ�PRQLWRULQJ�V\VWHP��� � 

 

)LJ�����)ORZ�FKDUW�RI�WKH�FRGH�IRU�WKH�SURWRW\SH 
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)LJ���D��&RQQHFWLRQ�GLDJUDP�RI�WKH�SURWRW\SH 

 

)LJ���E��/&'�DQG�606�GLVSOD\V�GXULQJ�WHVWLQJ 



-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\����.1867������ 

 

 

�6PDUW�GXVWELQ�PRQLWRULQJ�V\VWHP��� � 

LQ� WKH�*60�PRGXOH��7KH�VWDWH�RI� WKH�ELQ�ZDV�
UHWXUQHG� WR� WKH� XVHU¶V� SKRQH� DV� EHLQJ� HPSW\��
7KH� ELQ� ZDV� ODWHU� ILOOHG� ZLWK� SDSHU� DQG� WKH�
V\VWHP� HQHUJL]HG�� 7KH� V\VWHP� UHSRUWHG� WKH�
VWDWXV� RI� WKH� ELQ� WR� WKH� XVHU¶V� SKRQH�ZLWK� WKH�
PHVVDJH�³'XVWELQ�IXOO´��,Q�ERWK�FDVHV��WKH�VWDWH�
RI� WKH� ELQ� ZDV� DFFXUDWHO\� GLVSOD\HG� RQ� WKH�
/&'�� )LJ�� �E� VKRZV� YDULRXV� GLVSOD\V� GXULQJ�
WKH�WHVWLQJ�� 

 
&21&/86,21� 
$� FRPSUHKHQVLYH� ZDVWH� PDQDJHPHQW� V\VWHP�
DQG� D� GHYLFH� IRU�PRQLWRULQJ�ZDVWH� KDYH� EHHQ�
SUHVHQWHG��7KH�ZDVWH�PDQDJHPHQW�V\VWHP�ZLOO�
DIIRUG� D� PRUH� RUJDQL]HG� ZDVWH� PDQDJHPHQW�
DQG�LPSURYHG�ZDVWH�FROOHFWLRQ���7KH�GHYLFH�IRU�
PRQLWRULQJ� ZDVWH� FDQ� EH� HDVLO\� LQWHJUDWHG� LQ�
WKH� OLGV� RI� H[LVWLQJ� ELQV� DQG� GRHV� QRW� UHTXLUH�
DQ\�UHGHVLJQ�RI�ELQV��6LQFH�WKHUH�LV�EURDG�FRY�
HUDJH� RI� FHOOXODU� QHWZRUNV�� WKH� GHYLFH� FDQ� EH�
XVHG� DW� DOO� ORFDWLRQV�� ,W� LV� XVHU� IULHQGO\� DQG�
GRHV�QRW� UHTXLUH�DQ\�H[SHUWLVH� WR�RSHUDWH��)X�
WXUH�ZRUNV�ZLOO� H[SDQG� WKH� RWKHU� VXE-V\VWHPV�
RI�WKH�SURSRVHG�ZDVWH�PDQDJHPHQW�V\VWHP�DQG�
GHDO�ZLWK�SXWUHIDFWLRQ�DVVRFLDWHG�ZLWK�RUJDQLF�
ZDVWH�� ZKLFK� ZLOO� QHFHVVLWDWH� HDUO\� FROOHFWLRQ�
RI�ZDVWH�HYHQ�ZKHQ�ELQV�DUH�QRW�IXOO�� 
 
5()(5(1&(6 
$QVDUL�� 0��� DQG� 3DNURX�� 6�� �������� 2SWLPL]D�
WLRQ� RI� 06:� FROOHFWLRQ� URXWHV� XVLQJ� *,6�
�&DVH� VWXG\�� 7DEUL]� &LW\��� &XUUHQW� :RUOG�
(QYLURQPHQW�������������–����� 

 
%HOLsQ�� -��� 'H� %RHFN�� /��� DQG� 9DQ� $FNHUH�� -��
��������0XQLFLSDO�VROLG�ZDVWH�FROOHFWLRQ�DQG�
PDQDJHPHQW�SUREOHPV��$�/LWHUDWXUH�5HYLHZ��
7UDQVSRUWDWLRQ�6FLHQFH������������–����� 

 
&KDYH]��'���������7KH�:RUOG�%DQN�,%5'�,'$��
>2QOLQH@� $YDLODEOH� DW�� KWWSV���
ZZZ�ZRUOGEDQN�RUJ�HQ�WRSLF�
XUEDQGHYHORSPHQW�EULHI�VROLG-ZDVWH-
PDQDJHPHQW� >$FFHVVHG����'HFHPEHU�����@� 

 
*XWLHUUH]�� -�� 0��� -HQVHQ�0��� +HQLXV� �� 0�� DQG��
5LD]��7����������6PDUW�:DVWH�&ROOHFWLRQ�6\V�
WHP� %DVHG� RQ� /RFDWLRQ� ,QWHOOLJHQFH�� 3URFH�
GLD�&RPSXWHU�6FLHQFH���������-���� 

 

0LH]DK�� .��� 2ELUL-'DQVR�� .��� .DGDU�� =��� )HL- 
%DIIRH��%��DQG�0HQVDK��0��<����������0XQL- 
FLSDO�VROLG�ZDVWH�FKDUDFWHUL]DWLRQ�DQG�TXDQWL�
ILFDWLRQ�DV�D�PHDVXUH�WRZDUGV�HIIHFWLYH�ZDVWH�
PDQDJHPHQW� LQ�*KDQD��:DVWH�0DQDJHPHQW��
����SS����-��� 

 
1LUGH�� .��� 0XOD\�� 3�� 6�� DQG� &KDVNDU�� 8�� 0��
�������� ,RWD� EDVHG� VROLG� ZDVWH� PDQDJHPHQW�
V\VWHP�IRU�VPDUW�FLW\��0DGXUDL��,QGLD���,QWHU�
QDWLRQDO� &RQIHUHQFH� RQ� ,QWHOOLJHQW� &RPSX�
WLQJ�DQG�&RQWURO�6\VWHPV��,&,&&6�� 

 
/L��&�-=���=KDQJ��<���/LX��=�-+���0HQJ��;��DQG�
'X��-����������2SWLPL]DWLRQ�RI�06:�FROOHF�
WLRQ�URXWLQJ�V\VWHP�WR�UHGXFH�IXHO�FRQVXPS�
WLRQ� DQG� SROOXWDQW� HPLVVLRQV�� 1DWXUH� (QYL�
URQPHQW� DQG� 3ROOXWLRQ� 7HFKQRORJ\�� �������
���–���� 

 
6DPDQQ�)DGG\��(�� )�� �������� 7KH�'HVLJQ� DQG�
,PSOHPHQWDWLRQ� RI� 6PDUW� 7UDVK� %LQ�� $FD�
GHPLF� -RXUQDO� RI� 1DZUR]� 8QLYHUVLW\�� ������
���-������ 

 
=DYDUH��6���3DUDVKDUH��5���3DWLO�� 6���5DWKRG��3��
DQG� %DEDQQH�� 9�� �������� 6PDUW� &LW\�:DVWH�
0DQDJHPHQW� 6\VWHP� 8VLQJ� *60�� ,QWHUQD�
WLRQDO� -RXUQDO� RI� &RPSXWHU� 6FLHQFH� 7UHQGV�
DQG�7HFKQRORJ\�����������-��� 

 
6XOHPDQD��$���'RQNRU��(�$���)RUNXR��(�.��DQG�
2GXUR-.ZDUWHQJ�� 6�� �������� (IIHFW� RI� RSWL�
PDO� URXWLQJ� RQ� WUDYHO� GLVWDQFH�� WUDYHO� WLPH�
DQG� IXHO� FRQVXPSWLRQ� RI� ZDVWH� FROOHFWLRQ�
WUXFNV��0DQDJHPHQW�RI�(QYLURQPHQWDO�4XDO�
LW\�������������-���� 

 
7DYDUHV�� *��� =VLJUDLRYD�� =��� 6HPLDR�� 9�� DQG�
&DUYDOKR�� 0�� *�� �������� 2SWLPLVDWLRQ� RI�
06:� FROOHFWLRQ� URXWHV� IRU� PLQLPXP� IXHO�
FRQVXPSWLRQ�XVLQJ��'�*,6�PRGHOOLQJ��:DVWH�
0DQDJHPHQW��������������–������ 

 
:DKOHQ�� &�� %��� ������ ,,6'�6'*� .QRZOHJH�
+XE�� >2QOLQH@� $YDLODEOH� DW�� KWWSV���
VGJ�LLVG�RUJ�QHZV�ZRUOG-EDQN-UHSRUW-ZDUQV-
JOREDO-VROLG-ZDVWH-FRXOG-LQFUHDVH-��-SHUFHQW
-E\-������ >$FFHVVHG� ��� 'HFHPEHU� ����@� 


