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Sensor-based sorting is an essential technology in processing primary and 
secondary raw material. Over the past 30 years, sensor technology has 
provided important development impulses for increasing the efficiencies 
of processing procedures and processing chains regarding throughput, 
yield, and product quality. However, increasing material composition and 
product design complexity as well as handling of non-bulk materials re-
quire further improvements in sensor-based sorting.

Furthermore, digital characterization of material flows opens a new role 
for sensor technology in process chains. Sensor-based material flow cha-
racterization methods can provide new process insights, enable an auto-
matic process and machine control, and make material flow data available 
across the value chain, which could greatly increase the process perfor-
mance and generated ecological and economic benefits.

These latest solutions and findings, new applications and developments 
are key aspects of the 9th international conference „Sensor-Based Sorting 
& Control 2022“.
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.H\ZRUGV��VHQVRU�EDVHG�PDWHULDO�ÀRZ�PRQLWRULQJ��SODQW�FRQWURO��VRUWLQJ�SHUIRUPDQFH

$EVWUDFW
7R� LQFUHDVH� UHF\FOLQJ� UDWHV� PDQ\� WHFKQRORJLFDO� LPSURYHPHQWV� FDQ� EH� PDGH�
ZLWKLQ�VRUWLQJ��SURFHVVLQJ�DQG�VRUWLQJ�RQ�DUWLFOH�EDVLV��DQG�UHF\FOLQJ��SURFHVVLQJ�
DQG�VRUWLQJ�RQ�SDUWLFOH�EDVLV��RI�ZDVWH��7KLV�SDSHU�GLVFXVVHV�VXFK� WHFKQRORJLFDO�
LPSURYHPHQWV�� IRFXVVLQJ� RQ� WKH� SRWHQWLDO� RI� SUH�SURFHVVLQJ� �SUH�VKUHGGLQJ��
VFUHHQLQJ�� DLU� DQG� EDOOLVWLF� VHSDUDWLRQ�� LQ� VRUWLQJ� SODQWV�� )RU� WKLV� SXUSRVH�� WKH�
JHQHUDO�VWUXFWXUH�RI�VWDWH�RI�WKH�DUW�VRUWLQJ�SODQWV�LV�EULHÀ\�LQWURGXFHG��

0DWHULDO� ÀRZ� FKDUDFWHULVWLFV� VXFK� DV� LQSXW�PDWHULDO� FRPSRVLWLRQ� RU� YROXPH� ÀRZ��
KDYH� KLJK� LPSDFW� RQ� WKH� SHUIRUPDQFH� RI� VXFK� VRUWLQJ� SODQWV� DQG� DUH� GLVFXVVHG�
DFFRUGLQJO\�� %\� DGMXVWLQJ� SDUDPHWHUV� VXFK� DV� VKUHGGHU� VSHHGV� RU� VFUHHQ� FXWV��
WKHVH�FKDUDFWHULVWLFV�FDQ�EH�VHW� WR�DGMXVW� WKH�SODQW� LQ�DFFRUGDQFH�ZLWK�YDULDWLRQV�
LQ�WKH�LQSXW�PDWHULDO��6XFK�DGDSWLRQV�FDQ�RQO\�EH�PDGH�LI�WKH�PDWHULDO�ÀRZ�GDWD�LV�
UHOLDEOH�DQG�DYDLODEOH�LQ�QHDUO\�UHDO�WLPH��H�J���WKURXJK�EXLOW�LQ�VHQVRUV���7KH�UHODWHG�
FKDOOHQJHV�LQ�GDWD�DFTXLVLWLRQ��GDWD�DQDO\VLV��DQG�SODQW�FRQWURO�DUH�GLVFXVVHG�

)LQDOO\��D�FDVH�VWXG\� LV�SUHVHQWHG� WR�GHPRQVWUDWH� WKH�SRWHQWLDO�RI�DGDSWLYH�SODQW�
FRQWURO��7KURXJK�GDWD�GHULYHG�IURP�QHDU�LQIUDUHG�VHQVRUV�WKH�ORDG�RI�WZR�SURFHVVLQJ�
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OLQHV� FRXOG� EH� DGMXVWHG�� UHVXOWLQJ� LQ� VLJQL¿FDQWO\� LQFUHDVHG� SODQW� SHUIRUPDQFH��
<LHOG�RI�SURGXFW�IUDFWLRQV�IURP��'��KHDY\�SURFHVVLQJ�OLQHV�FRXOG�EH�LQFUHDVHG�E\�
�����ZW��

���,QWURGXFWLRQ
0HPEHU�VWDWHV�RI�WKH�(XURSHDQ�8QLRQ�KDYH�LPSOHPHQWHG�GLႇHUHQW�FROOHFWLRQ�DQG�
UHF\FOLQJ�V\VWHPV�IRU�YDULRXV�W\SHV�RI�SDFNDJLQJ�ZDVWHV�WR�DFKLHYH�HQYLURQPHQWDO�
EHQH¿WV� WKURXJK� �D�� PLQLPL]LQJ�DYRLGLQJ� OLWWHULQJ� DQG� ODQG¿OOLQJ� RI� SDFNDJLQJ�
ZDVWHV�DQG��E��VXEVWLWXWLQJ�SULPDU\�UDZ�PDWHULDOV�ZLWK�WKH�REWDLQHG�UHF\FODWHV�IURP�
UHF\FOLQJ��&RPSDUHG�WR�RWKHU�HQG�RI�OLIH�RSWLRQV�VXFK�DV�LQFLQHUDWLRQ��PHFKDQLFDO�
UHF\FOLQJ� RI� SDFNDJLQJ� ZDVWH� LV� DGYDQWDJHRXV� EHFDXVH� RI� WKH� DFKLHYHG� HQHUJ\�
VDYLQJV�DQG�UHGXFHG�JUHHQKRXVH�JDV�HPLVVLRQV���(XURSHDQ�8QLRQ��������5DJDHUW�
HW�DO���������3HUXJLQL�HW�DO���������$VWUXS�HW�DO��������

6LQFH��PHFKDQLFDO��UHF\FOLQJ�RI�SDFNDJLQJ�ZDVWHV�LV�HQYLURQPHQWDOO\�DGYDQWDJHRXV��
D�KLJKHU�PDWHULDO�UHFLUFXODWLRQ�LV�HQFRXUDJHG�RQ�D�SROLWLFDO�OHYHO��&LUFXODU�(FRQRP\�
$FWLRQ�3ODQ��3DFNDJLQJ�DQG�3DFNDJLQJ�:DVWH�'LUHFWLYH���)RU�H[DPSOH��WKH�QHZ�(8�
3DFNDJLQJ�'LUHFWLYH�LV�EHLQJ�GLVFXVVHG��ZKLFK�LV�GHPDQGHG�WR�LQFOXGH�UHTXLUHPHQWV�
IRU�PLQLPXP�UHF\FOLQJ�FRQWHQWV�RI����ZW��IRU�SODVWLF�SDFNDJLQJ�E\�3ODVWLFV�(XURSH��
�*U�QHU�3XQNW�������

6WDWH�RI�WKH�DUW� PDWHULDO� UHFLUFXODWLRQ� RI� SDFNDJLQJ� PDWHULDOV� LV� DFKLHYHG� LQ�
WKUHH� VWHSV�� �L�� FROOHFWLRQ� RI� SDFNDJLQJ� ZDVWHV�� �LL�� SUH�VRUWLQJ� �SURGXFWLRQ� RI�
SUHFRQFHQWUDWHV� RQ� DQ� DUWLFOH� EDVLV��� DQG� �LLL�� UHF\FOLQJ� �ZDVKLQJ�� VRUWLQJ�� DQG�
SURFHVVLQJ� LQWR� D� SURGXFW� ±� PRVWO\� RQ� SDUWLFOH�ÀDNH� EDVLV��� VHH� )LJ�� ��� 7\SH��
H[WHQG�DQG�SHUIRUPDQFH�RI�HDFK�VWHS��IURP�ZDVWH�FROOHFWLRQ�RYHU�SUH�VRUWLQJ�XS�WR�
UHF\FOLQJ��LV�KLJKO\�UHOHYDQW�IRU�PD[LPLVLQJ�WKH�UHF\FOLQJ�RI�YDOXDEOH�PDWHULDOV��L�H���
NHHSLQJ�PRUH�SDFNDJLQJ�LQ�FORVHG�PDWHULDO�F\FOHV�

Collection Pre-Sorting Recycling
100% 80% 80% 80% 64% 80% 51%

End-of-life Collected
packaging material packaging waste Pre-concentrates Recyclates

Fig. 1: Relevance of collection-, pre-sorting and recycling-performance (80% 
exemplary performance) for the overall achieved recycling performance
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$V�FDQ�EH�VHHQ�LQ�)LJ�����HDFK�VWHS��IURP�FROOHFWLRQ�WR�UHF\FOLQJ��FRQWULEXWHV�WR�WKH�
RYHUDOO�UHF\FOLQJ�TXRWD��UHVXOWLQJ�LQ�DSSUR[LPDWHO\�����UHF\FOLQJ�UDWH�IRU�DQ\�DUWLFOH��
LI�WKH�SHUIRUPDQFH�RI�HDFK�VWHS�LV������$FFRUGLQJ�WR�WKH�3DUHWR�SULQFLSOH��HDFK�RI�
WKH� WKUHH� VWHSV� VKRXOG� EH� LPSURYHG� HTXDOO\�� WR� DFKLHYH�PD[LPXP� LPSURYHPHQW�
RI�RYHUDOO�UHF\FOLQJ�UDWH��6XFK�RYHUDOO� LPSURYHPHQWV�LQ�WKH�YDOXH�FKDLQ�LQKLELW�WKH�
LQFUHDVHG�ORVVHV�LQ�FHUWDLQ�VWHSV��WKDW�FDQQRW�EH�UHJDLQHG�WKURXJK�LPSURYHPHQWV�LQ�
GRZQVWUHDP�VWHSV��H�J���LQ�WKH�UHF\FOLQJ�SURFHVV��

,Q� FDVH� RI� WKH� FROOHFWLRQ� RI� ZDVWH� WKLV� FDQ� EH� SDUWLFXODUO\� DFKLHYHG� E\� SROLWLFDO�
RUJDQLVDWLRQDO� PHDVXUHV�� H�J��� E\� LQWURGXFLQJ� D� GHSRVLW� V\VWHP� IRU� D� FHUWDLQ�
SDFNDJLQJ��WKURXJK�WKH�SURYLVLRQ�RI�GXVWELQV�LQ�SXEOLF�SODFHV�WR�SUHYHQW�OLWWHULQJ�RU�
HQFRXUDJLQJ�RSWLPL]HG�ZDVWH�VHSDUDWLRQ�WKURXJK�SXEOLF�FDPSDLJQV�

3UH�VRUWLQJ� DQG� UHF\FOLQJ� SHUIRUPDQFH� DUH� PRVWO\� GULYHQ� E\� WHFKQRORJLFDO�
LPSURYHPHQWV��+RZHYHU��FHUWDLQ�DVSHFWV�VXFK�DV�TXDOLW\�FRQWURO�RI�SURGXFW�IUDFWLRQV�
DUH�WR�WKLV�GD\�RIWHQ�KDQGOHG�PDQXDOO\���.UDQHUW�HW�DO��������

,Q�WKH�SDVW��PRVW�WHFKQRORJLFDO�DGYDQFHV�LQ�SUH�VRUWLQJ�KDYH�EHHQ�PDGH�WKURXJK�
LPSURYHPHQWV� DQG� H[SDQVLRQV� LQ� VHQVRU�EDVHG� VRUWLQJ� �6%6�� FDVFDGHV�� DV�
LQFUHDVHG�SURFHVVLQJ�SRZHU�RI�FRPSXWHUV�DOORZHG�IRU�PRUH�VRSKLVWLFDWHG�VRUWLQJ�
DOJRULWKPV�� UHVXOWLQJ� LQ� LPSURYHG� SHUIRUPDQFHV� RI� RSWLFDO� VRUWLQJ� PDFKLQHU\²
SULPDULO\� QHDU�LQIUDUHG� �1,5��EDVHG� VRUWHUV� IRU� WKH� VRUWLQJ� RI� �SODVWLF�� SDFNDJLQJ�
ZDVWHV��

+RZHYHU��DOO�VRUWLQJ�PDFKLQHU\��LQ�SDUWLFXODU�RSWLFDO�VRUWHUV��UHTXLUH�DQ�HYHQ�PDWHULDO�
IHHG��LGHDOO\�ZLWK�D�OLPLWHG�SDUWLFOH�VL]H�UDWLR��UDWLR�RI�PD[LPXP�WR�PLQLPXP�SDUWLFOH�
VL]H��� 7KHUHIRUH�� FRPSUHKHQVLYH� SUH�SURFHVVLQJ� RI� FROOHFWHG� ZDVWH� LV� RI� XWPRVW�
LPSRUWDQFH�WR�DFKLHYH�KLJK�SUH�VRUWLQJ�SHUIRUPDQFH�LQ�ZDVWH�VRUWLQJ�SODQWV���)HLO�HW�
DO���������)HLO�HW�DO��������)HLO�HW�DO��������

,Q�WKH�SUHVHQW�SDSHU��WKH�RYHUDOO�GHVLJQ�RI�VXFK�D�VRUWLQJ�SODQW�LV�H[SODLQHG�WR�GLVFXVV�
YDULRXV�SDUDPHWHUV�WKDW�FDQ�EH�DGMXVWHG�LQ�SUH�SURFHVVLQJ��DOORZLQJ�IRU�LQFUHDVHG�
VRUWLQJ�SHUIRUPDQFH�RI�GRZQVWUHDP�SURFHVVLQJ�OLQHV�WKDW�DUH�PRVWO\�FRPSULVHG�RI�
�RSWLFDO�� VRUWLQJ�PDFKLQHU\�� 6XEVHTXHQWO\�� WKH� SRWHQWLDO� DQG� FKDOOHQJHV� RI� XVLQJ�
VHQVRUV�IRU�DGMXVWPHQWV�LQ�WKH�SUH�SURFHVVLQJ�RI�ZDVWH�LV�GLVFXVVHG��HQGLQJ�ZLWK�
DQ�H[DPSOH�RI�VHQVRU�EDVHG�DGDSWLYH�SODQW�FRQWURO�LQ�SUH�SURFHVVLQJ��UHVXOWLQJ�LQ�
LPSURYHG�VRUWLQJ�SHUIRUPDQFH�RI�GRZQVWUHDP�VRUWLQJ�WHFKQRORJ\�
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���6WUXFWXUH�RI�VRUWLQJ�SODQWV
,Q�PRVW�VRUWLQJ�SODQWV�� WKH� LQSXW�ZDVWH� LV�GHOLYHUHG� WR�DQ� LQSXW�VWRUDJH��7KLV�FDQ�
FRPSULVH�RI��H�J���VLPSOH�ER[HV�PDGH�RI�FRQFUHWH�EORFNV�RU�XQGHUJURXQG�EXQNHUV��
)URP�KHUH�WKH�LQSXW�PDWHULDO�LV�IHG�WR�WKH�VRUWLQJ�SODQW�E\�PHDQV�RI�ZKHHO�ORDGHUV��
FUDQHV��RU�ZLWK�VLPLODU�PDFKLQHU\��7KH�VRUWLQJ�V\VWHP�LWVHOI�FDQ�EH�GLYLGHG�LQ�WZR�
VHFWLRQV���L��SUH�SURFHVVLQJ�VWDJH�DQG��LL��VRUWLQJ�VWDJH��)HLO�HW�DO���������

,Q� SUH�SURFHVVLQJ�� WKH� ZDVWH� VWUHDP� LV� WUHDWHG� WR� DOORZ� IRU� RSWLPDO� VRUWLQJ� RI�
YDOXDEOHV��UHVLGXHV��DQG�LPSXULWLHV�LQ�GRZQVWUHDP�VRUWLQJ�OLQHV��)RU�WKLV�SXUSRVH��
PRVWO\�SUH�VKUHGGHUV��WKLV�DOVR�LQFOXGHV�EDJ�EDOH�RSHQHUV���VLHYHV��DLU�FODVVL¿HUV��
DQG�EDOOLVWLF�VHSDUDWRUV�DUH�XWLOLVHG�

x� 3UH�VKUHGGLQJ� DOORZV� IRU� RSHQLQJ� RI� EDOHV�� EUHDNLQJ� XS� DJJORPHUDWHV�
DQG�FODPSHG�PDWHULDOV�� OLPLWDWLRQ�RI�PD[LPXP�SDUWLFOH�VL]H��DQG�VHOHFWLYH�
VKUHGGLQJ� IRU� PDWHULDO� HQULFKPHQW� LQ� GLႇHUHQW� SDUWLFOH� VL]H� IUDFWLRQV��
$GGLWLRQDOO\��SUH�VKUHGGHUV�GRVH� WKH�PDWHULDO� WR� WKH�VRUWLQJ�SODQW��FUHDWLQJ�
D� PDWHULDO� VWUHDP�� SRWHQWLDOO\� GLVSOD\LQJ� ÀXFWXDWLRQV�� ,Q� VRUWLQJ� SODQWV� RI�
OLJKWZHLJKW�SDFNDJLQJ�ZDVWHV��/:3���PRVW�RIWHQ�EDJ�RSHQHUV�DUH�LQVWDOOHG�

x� 0RVW�RIWHQ�WKH�SUH�VKUHGGHU�LV�IROORZHG�E\�RQH�RU�PXOWLSOH�VLHYLQJ�VWDJHV��
,Q�/:3�VRUWLQJ�SODQWV��PRVW�RIWHQ�GUXP�VFUHHQV�DUH�XWLOLVHG�IRU�VFUHHQ�FXWV�
RI�DSSUR[�������PP��'HSHQGLQJ�RQ�WKH�VL]H�RI�VXFK�SODQWV��DERXW�IRXU�VFUHHQ�
FXWV�PXVW� EH� LPSOHPHQWHG� WKURXJK�GUXP�VFUHHQV� LQ� WKH� VFUHHQLQJ� VWDJH��
)LQHU� VFUHHQ� FXWV� �DERXW� ��� PP�� DUH� XVXDOO\� LPSOHPHQWHG� DV� YLEUDWRU\�
VLHYHV��'HVSLWH� WKH� VHSDUDWLRQ� RI� RYHUVL]H� DQG� ¿QH� LPSXULWLHV� WKH� VFUHHQ�
FXWV�DUH�FKRVHQ�WR�HQULFK�FHUWDLQ�PDWHULDOV� LQ�VSHFL¿F�SDUWLFOH�VL]H�UDQJHV�
�WR�FDSLWDOLVH�RQ�WKH�VHOHFWLYH�VKUHGGLQJ��XS�VWUHDP��DQG�WR�FUHDWH�PDWHULDO�
ÀRZV� ZLWK� VL]HV� WKDW� ¿W� WR� WKH� SURFHVVLQJ� OLQHV� WKDW� IROORZ� WKH� VFUHHQLQJ�
VWDJH��$GGLWLRQDOO\�� WKH�SHUIRUPDQFH�RI�GRZQ�VWUHDP�PDFKLQHU\� LV�RSWLPDO�
ZKHQ� OLPLWHG�SDUWLFOH� VL]H� UDWLRV� ����� WR� ����� DUH�SUHVHQW� LQ� DOO� SURFHVVLQJ�
OLQHV��)HLO�HW�DO���������

x� 2IWHQ� DLU� FODVVL¿HUV� DUH� SRVLWLRQHG� DV� WKH� ¿UVW� SURFHVVLQJ� XQLWV� LQ� WKH�
SURFHVVLQJ� OLQHV�DIWHU� WKH�VFUHHQLQJ�VWDJH��ZKLOH�EDOOLVWLF�VHSDUDWRUV are 
LPSOHPHQWHG� DIWHUZDUGV� �.OHLQKDQV� HW� DO��� ������� ,Q� VXFK� FDVHV�� WKH� DLU�
FODVVL¿HUV�DUH�XVHG�WR�SURGXFH�UHODWLYHO\�FOHDQ�¿OP��'�OLJKW�IUDFWLRQV��ZKLOH�
WKH�EDOOLVWLF�VHSDUDWRUV�PXVW�HQVXUH�KLJK�SXULWLHV�LQ�WKH��'�KHDY\�IUDFWLRQV��
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SRWHQWLDOO\� DOVR� VHUYLQJ� DV� DQ� DGGLWLRQDO� VFUHHQLQJ� VWDJH�� GHSHQGLQJ� RQ�
WKH� FKRVHQ� SDGGOH� PHVK�� 1RQHWKHOHVV�� ERWK� PDFKLQH� W\SHV� FDQ� DOVR� EH�
XVHG� VHSDUDWHO\� IURP� HDFK� RWKHU�� DOZD\V�ZLWK� WKH� JRDO� RI� VHSDUDWLQJ� �'�
OLJKW�DQG��'�KHDY\�IUDFWLRQV��0|OOQLW]�HW�DO����������7KLV�HQULFKHV�YDOXDEOH�
PDWHULDOV� LQ� ERWK� IUDFWLRQV� DQG� UHGXFHV� WKH� YROXPH� RI� �'�PDWHULDO� ÀRZV�
DGGLWLRQDOO\��DOORZLQJ�IRU�LQFUHDVHG�WKURXJKSXW�UDWH�DQG�SHUIRUPDQFH�LQ�WKH�
�'� SURFHVVLQJ� OLQHV� DV� WKH� �'�PDWHULDO� LV� UHGXFHG�� 9DOXDEOH� IUDFWLRQV� LQ�
WKH��'�OLQHV�DUH�IHUURXV�DQG�QRQ�IHUURXV�PHWDOV�DV�ZHOO�DV�YDULRXV�SODVWLF�
IUDFWLRQV�DQG�EHYHUDJH�FDUWRQ�

,Q� HDFK� SURFHVVLQJ� OLQH� RI� WKH� VRUWLQJ� VWDJH�� VHYHUDO� VRUWLQJ� PDFKLQHV� DUH�
LPSOHPHQWHG�� XVXDOO\� DIWHU� DLU� FODVVL¿FDWLRQ�� 7KRVH� XQLWV� DUH� FKDUDFWHULVHG� E\�
WKH� IDFW� WKDW� WKH\� VHSDUDWH� VSHFL¿F�PDWHULDO� W\SHV�� LQ� FRQWUDVW� WR� SUH�SURFHVVLQJ�
XQLWV�PHQWLRQHG� DERYH��ZKLFK� SUHSDUH� �DW�PRVW� HQULFK�� FHUWDLQ�PDWHULDO�� 6RUWLQJ�
PDFKLQHV�DQG�WKHLU�SULPDU\�SURGXFWV�DUH�

x� 0DJQHWV�±�3URGXFWLRQ�RI�IHUURXV�SURGXFW�

x� (GG\�FXUUHQW�VHSDUDWRUV�±�3URGXFWLRQ�RI�QRQ�IHUURXV�PHWDO�SURGXFW�

x� 2SWLFDO�VRUWHUV� �SUHGRPLQDQWO\�1,5��EXW�DOVR� LQGXFWLRQ��DQG�FRORXU��EDVHG�
VHQVRUV��±�3URGXFWLRQ�RI�SUH�SURGXFWV�VXFK�DV�33��3(��3(7��36��EHYHUDJH�
FDUWRQ��3DSHU��5')���.OHLQKDQV�HW�DO��������

6XFK�VRUWLQJ�PDFKLQHV��PRVWO\�RSWLFDO�VRUWHUV��FDQ�DOVR�EH�XVHG�DV�FOHDQHUV��IXUWKHU�
HQULFKLQJ�WKH�UHVSHFWLYH�SURGXFW�IUDFWLRQV�FUHDWHG�EHIRUHKDQG�WR�UHDFK�LQFUHDVHG�
SURGXFW�TXDOLWLHV��2WKHU�RSWLFDO�VRUWHUV�DUH�XVHG�DV�VFDYHQJHUV��REWDLQLQJ�YDOXDEOHV�
IURP�UHVLGXH�VWUHDPV�WKDW�ZHUH�ORVW�E\�XSVWUHDP�VRUWLQJ�XQLWV��6RUWLQJ�PDFKLQHU\��
WKDW�LV�XVHG�WR�FUHDWH�D�SURGXFW�IUDFWLRQ�RXW�RI�D�PL[HG�PDWHULDO�VWUHDP�DUH�GH¿QHG�
DV�URXJKHUV���)HLO�HW�DO��������

0DQ\� SURGXFW� VWUHDPV� XQGHUJR� PDQXDO� TXDOLW\� FRQWURO� GXULQJ� ZKLFK� YDOXDEOH�
PDWHULDOV�DUH�UHFLUFXODWHG�WR�WKH�SURFHVV��ZKLOH�UHVLGXHV�FDQ�EH�VSHFL¿FDOO\�SDVVHG�
WR�WKH�UHVLGXHV�IUDFWLRQ�
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�����5HOHYDQFH�RI�PDWHULDO�ÀRZ�FKDUDFWHULVWLFV�IRU�SODQW�SHUIRUPDQFH
7R� DGMXVW� D� VRUWLQJ� SODQW� D� PXOWLWXGH� RI� SDUDPHWHUV� FDQ� EH� VHW�� GHSHQGLQJ� RQ�
WKH� FRPELQDWLRQ�GHVLJQ� RI� SURFHVVLQJ� VWDJHV�PDFKLQHU\� XVHG� ZLWKLQ� D� SURFHVV��
7KH� DYDLODEOH� SDUDPHWHUV� FDQ� EH� VHW� WR� DႇHFW� WKH� IROORZLQJ� PDLQ� PDWHULDO� ÀRZ�
characteristics:

x� The PDWHULDO�FRPSRVLWLRQ�KLJKO\�DႇHFWV�WKH�SHUIRUPDQFH�RI�DQ\�SURFHVVLQJ�
XQLW��DV�WKH�EHKDYLRXU�RI�DQ\�SDUWLFOH�W\SH�GLႇHUHQWLDWHV�LQ�DQ\�SUH�SURFHVVLQJ�
XQLW��)RU�H[DPSOH��¿OPV�DUH�PXFK�PRUH�SURQH�WR�UHPDLQLQJ�DW�LWV�SDUWLFOH�VL]H�
GXULQJ�SUH�VKUHGGLQJ�DQG�WHQGV�PRUH�WR�EH�SXOOHG�WKURXJK�D�VFUHHQ�PHVK��
$GGLWLRQDOO\�� WKH� OLNHOLKRRG� WR� EH� HQWUDLQHG� LQWR� DQ\� SURGXFW� RI� D� VRUWLQJ�
PDFKLQH�LV�VXEVWDQWLDOO\�KLJKHU�WKDQ�IRU�KHDY\�WKUHH�GLPHQVLRQDO�SDUWLFOHV��
$FFRUGLQJO\��WKH�DGMXVWPHQW�RI�DQ\�PDWHULDO�FRPSRVLWLRQ�EHDUV�KLJK�SRWHQWLDO�
IRU� DOWHUDWLRQV� LQ� PDFKLQH� SHUIRUPDQFH�� �.�SSHUV�� 6FKO|JO�� HW� DO��� ������
.�SSHUV��6HLGOHU��HW�DO��������

x� The SDUWLFOH� VL]H� UDQJH� DႇHFWV� WKH� SHUIRUPDQFH� RI� DQ\� SURFHVVLQJ� DQG�
VRUWLQJ� PDFKLQH�� :KLOH�� H�J��� KLJK� DPRXQWV� RI� YHU\� ¿QH� PDWHULDO� LQ� DQ�
RWKHUZLVH� UDWKHU� FRDUVH� PDWHULDO� VWUHDP�� FRPSDUHG� WR� WKH� VFUHHQ� FXW��
LPSURYH�WKH�SHUIRUPDQFH�RI�VFUHHQV��VXFK�SDUWLFOHV�DUH�PXFK�PRUH�SURQH�WR�
SDVV�WKH�PHVK�LPPHGLDWHO\���HVSHFLDOO\�IRU�VHQVRU�EDVHG�VRUWLQJ�WKHVH�¿QHV�
RIWHQ�UHVXOW�LQ�UHGXFHG�\LHOG�DQG�RU�SXULW\��WKXV�UHGXFHG�VRUWLQJ�SHUIRUPDQFH��
,I�VXFK�¿QHV�DUH�PDJQHWLF��WKHVH�SDUWLFOHV�FDQ�KDUGO\�EH�UHPRYHG�E\�DQ�RYHU�
EHOW�PDJQHW��ZKLOH�WKH\�WHQG�WR�UHPDLQ�LQ�DQ�HGG\�FXUUHQW�¿HOG��ZKHUH�WKH\�
FDQQRW�RQO\�KLQGHU�WKH�GLVFKDUJH�RI�QRQ�IHUURXV�PHWDOV�EXW�DOVR�FRQVWLWXWH�D�
ULVN�WR�WKH�GXUDELOLW\�RI�WKLV�PDFKLQH�W\SH�

x� The YROXPH� ÀRZ� FRQVWLWXWHV� RQH� RI� WKH� PRVW� LPSRUWDQW� IDFWRUV� IRU� WKH�
GLPHQVLRQLQJ�RI�VKUHGGHUV��VLHYHV��DLU�FODVVL¿HUV��PDJQHW�VHSDUDWRUV��DQG�
HGG\�FXUUHQW�VHSDUDWRUV��$FFRUGLQJO\��WKH�DGMXVWPHQW�RI�WKLV�FKDUDFWHULVWLF�LQ�
DQ\�SODQW�DQG�SURFHVVLQJ�OLQH�DOORZV�IRU�PDQLSXODWLRQ�RI�PDFKLQH�DQG�SODQW�
VSHFL¿F�SHUIRUPDQFH�DGDSWLRQ��&XUWLV�HW�DO����������7KH�YROXPH�ÀRZ�FDQ�EH�
WLHG�WR�RWKHU�FKDUDFWHULVWLFV��DV�WKH�LQSXW�FRPSRVLWLRQ��,I��H�J���WKH�EXON�GHQVLW\�
RI�WKH�LQSXW�LV�UHGXFHG��GXH�WR�D�FKDQJH�LQ�PDWHULDO�FRPSRVLWLRQ��H�J���KLJKHU�
VKDUH� RI� ¿OP��� WKLV� FDXVHV� DQ� LQFUHDVHG� LQSXW� YROXPH� ÀRZ�� ZKLFK� LQ� WXUQ�
UHGXFHV��WKH�SHUIRUPDQFH�RI�EXLOW�LQ�VLHYHV��DV�WKRVH�PDFKLQHV�DUH�GHVLJQHG�
IRU�VSHFL¿F�YROXPH�ÀRZV��6XFK�D�VLHYLQJ�SHUIRUPDQFH�UHGXFWLRQ�FDQ�UHVXOW�
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LQ�VKLIWV�RI�WKH�YROXPH�ÀRZ�LQ�DOO�GRZQVWUHDP�SURFHVVLQJ�OLQHV��HYRNLQJ�WKH�
SHUIRUPDQFH�RI�DOO�SURFHVVLQJ�PDFKLQHV�WR�FKDQJH�

x� The DUHD�ÀRZ�LV�GH¿QHG�DV�WKH�ÀRZ�RI�SURMHFWHG�REMHFW�DUHD�DV�VHHQ�E\�D�
VHQVRU��PRXQWHG�RYHU�D�FRQYH\RU�EHOW��7KLV�FKDUDFWHULVWLF�LV�PRVWO\�LPSRUWDQW�
IRU�RSWLFDO�VRUWHUV�DV�FODVVL¿FDWLRQ�DQG�WKXV�VHSDUDWLRQ�SHUIRUPDQFH�LV�KLJKO\�
GHSHQGHQW�RI�WKH�VL]H�RI�WKH�VSHFL¿F�DUHD�ÀRZ��&XUWLV�HW�DO����������,GHDOO\��
WKH�RFFXSDWLRQ�GHQVLW\��DUHD�RQ�D�EHOW�WKDW�LV�RFFXSLHG�E\�PDWHULDO��GRHV�QRW�
H[FHHG����DUHD����7KH�KLJKHU�WKH�RFFXSDWLRQ�GHQVLW\��DQG�WKH�FORVHO\�OLQNHG�
DUHD�ÀRZ���WKH�ORZHU�WKH�SHUIRUPDQFH��\LHOG�DQG�SURGXFW�SXULW\��RI�DQ\�RSWLFDO�
VRUWHU�LQ�PRVW�FDVHV��.�SSHUV��6FKO|JO��HW�DO���������.�SSHUV��6HLGOHU��HW�DO���
������.URHOO�HW�DO����������7KLV� LV�GXH� WR� WKH� LQFUHDVHG�SUREDELOLW\�RI� IDOVH�
FODVVL¿FDWLRQ�RI�REMHFWV�DQG�WKH�UHVXOWLQJ�UHGXFHG�VRUWLQJ�SHUIRUPDQFH�WKDW�
SHUVLVWV�DW�LQFUHDVHG�RFFXSDWLRQ�GHQVLWLHV�

�����+LJK�LPSDFW�SDUDPHWHUV�LQ�VRUWLQJ�SODQWV
,Q�VRUWLQJ�SODQWV��VHYHUDO�SDUDPHWHUV�FDQ�EH�DGMXVWHG�WR�LPSURYH�WKH�SHUIRUPDQFH�
RI�VXFK�D�SODQW�� ,Q�JHQHUDO�� WKH�VLJQL¿FDQFH�RI� WKHVH�SDUDPHWHUV� LV� OLQNHG� WR� WKH�
SRLQW� LQ� WKH�SURFHVVLQJ� OLQH��ZKHUH�WKH\�FDQ�EH�VHW��7KH�HDUOLHU� WKLV�FDQ�KDSSHQ��
WKH�KLJKHU�WKH�LPSDFW�RQ�WKH�ZKROH�SURFHVVLQJ�OLQH�LV�DV�DOO�GRZQVWUHDP�PDFKLQHU\�
LV� DႇHFWHG� E\� VXFK� SDUDPHWHUV�� $GGLWLRQDOO\�� FKDQJHV� �SRVLWLYH� RU� QHJDWLYH�� LQ�
VXFK� SDUDPHWHUV� PXOWLSO\� ZLWK� HDFK� PDFKLQH�� VLQFH� WKH� UHGXFHG� RU� LQFUHDVHG�
SHUIRUPDQFH�RI� HDFK�XQLW� QHJDWLYHO\� RU� SRVLWLYHO\� DႇHFWV� WKH�SHUIRUPDQFH�RI� WKH�
IROORZLQJ�RQH��+HUHDIWHU��VHYHUDO�RI�SRWHQWLDO�KLJK�LPSDFW�SDUDPHWHUV�DUH�GHVFULEHG�

x� &RPSRVLWLRQ�RI�LQSXW�PDWHULDO��$V�VLQJOH�SODQWV�DUH�RIWHQ�IHG�ZLWK�PDWHULDOV�
IURP� VHYHUDO� FROOHFWLRQ� V\VWHPV�� WKH� LQSXW� FRPSRVLWLRQ� FDQ� YDU\� VWURQJO\��
H�J���IURP�GD\�WR�GD\�RU�IURP�VKLIW�WR�VKLIW��(DFK�SURFHVVLQJ�SODQW�LV�GHVLJQHG�
IRU�D�VSHFL¿F�LQSXW�FRPSRVLWLRQ��/LPLWHG�ÀXFWXDWLRQV�FDQ�RFFXU�ZKLOH�WKH�IXOO�
IXQFWLRQDOLW\�RI�WKH�SODQW�LV�VWLOO�HQVXUHG��+RZHYHU��H[WUHPH�ÀXFWXDWLRQV�LQ�WKH�
LQSXW�FRPSRVLWLRQ�FDQ�DႇHFW�WKH�SHUIRUPDQFH�RI�VLQJOH�PDFKLQHV��SURFHVVLQJ�
OLQHV�RU�RI�WKH�ZKROH�SODQW��$FFRUGLQJO\��PL[LQJ�WZR�LQSXW�PDWHULDOV�RI�GLႇHUHQW�
FRPSRVLWLRQV�FDQ�DOORZ�IRU�LPSURYHG�SODQW�SHUIRUPDQFH��ZKLOH�SURFHVVLQJ�RI�
VXFK�LQSXW�PDWHULDOV�VHSDUDWHO\�PLJKW�LQKLELW�UHDFKLQJ�D�SODQWV�IXOO�SRWHQWLDO�
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x� 5RWDWLRQDO�VSHHG� LQ�SUH�VKUHGGHUV��3UH�VKUHGGHUV�KDYH�VHYHUDO�SDUDPHWHUV�
OLNH� VL]H� RI� WKH� GLVFKDUJH� JUDWH�� VSHHG� RI� FUXVKLQJ� WRROV� RU� LQWHUYDO� VL]H�
IRU� FKDQJHV� LQ� GLUHFWLRQ�RI� FUXVKLQJ� WRROV�� ,I� WKH� FUXVKLQJ� WRROV� DUH� ORFDWHG�
RQ� VHYHUDO� VKDIWV� WKH� VSHHG� DQG� LQWHUYDO� FKDQJHV� PLJKW� EH� FRQWUROOHG�
LQGHSHQGHQWO\�IURP�HDFK�RWKHU�WR�DOORZ�QRW�RQO\�IRU�WKH�ULJKW�DPRXQW�RI�SDUWLFOH�
UHGXFWLRQ�EXW� DOVR�JHQHUDWLQJ� UHGXFHG� YROXPH�ÀRZ�ÀXFWXDWLRQV� �)HLO� HW� DO���
������

x� 6FUHHQ�FXWV��,Q�VLHYHV��WKH�VHOHFWHG�VFUHHQ�FXW�LV�WKH�PRVW�REYLRXV�SDUDPHWHU�
IRU�SODQW�FRQWURO��'HVSLWH�LWV�REYLRXV�SXUSRVHV��FUHDWLQJ�PDWHULDO�VWUHDPV�ZLWK�
VSHFL¿HG�SDUWLFOH�VL]H� UDQJHV��DQG�HQULFKPHQW�RI� FHUWDLQ�PDWHULDO� IUDFWLRQV��
WKH�PRVW� LPSRUWDQW� IXQFWLRQ�RI� D� VFUHHQ� LV� WKH� VSOLW� RI� WKH� LQ� JRLQJ� YROXPH�
ÀRZ�LQWR�RXWSXW�VWUHDPV�WKDW�KDYH�WKH�ULJKW�VL]H�IRU�GRZQVWUHDP�SURFHVVLQJ�
OLQHV�DQG�EXLOW�LQ�VRUWLQJ�PDFKLQHU\��%\�XVLQJ�D�SURJUHVVLYH�PHVK�VL]H�DQG�
VSOLWWLQJ� WKH�UHVXOWLQJ�VLHYH�XQGHUÀRZ�LQ�DFFRUGDQFH�ZLWK� WKH�GLPHQVLRQV�RI�
GRZQVWUHDP�SURFHVVLQJ�OLQHV�D�VXLWDEOH�YROXPH�ÀRZ�VSOLW�FDQ�EH�DFKLHYHG��,Q�
D�PXOWLWXGH�RI�/:3�VRUWLQJ�SODQWV�PRYDEOH��EL�GLUHFWLRQDO�EHOWV�DUH�SRVLWLRQHG�
XQGHU�GUXP�VFUHHQV��DOORZLQJ�IRU�WKLV�DGMXVWPHQW�RI�WKH�VFUHHQ�FXW�

x� $LU�ÀRZ�LQ�DLU�FODVVL¿HUV��7KH�VHOHFWHG�DLU�ÀRZ�VLJQL¿FDQWO\�DႇHFWV�WKH�VHOHFWLYLW\�
RI�DLU�FODVVL¿HUV��'HSHQGLQJ�RQ�WKH�DLU�ÀRZ�WKH�PDWHULDO�FRPSRVLWLRQ�DQG�WKH�
FRUUHODWLQJ�EXON�GHQVLW\�LQ�OLJKW�DQG�KHDY\�IUDFWLRQ�DUH�PDQLSXODWHG�VLJQL¿FDQWO\�
�3UHW]�HW�DO����������7KLV�ZD\�WKH�ORDG�RQ�SURFHVVLQJ�OLQHV�IRU�OLJKW�DQG�KHDY\�
PDWHULDO� LV� DGMXVWHG�� DV� ERWK�� YROXPH� DQG� DUHD� ÀRZ�� DUH� DႇHFWHG� OLNHZLVH��
5HJDUGLQJ�WKH�PDWHULDO�FRPSRVLWLRQ�LQ�OLJKW�DQG�KHDY\�SURFHVVLQJ�OLQHV��WKLV�
UHVXOWV� LQ�FKDQJHV�UHJDUGLQJ� WKH�VKDUH�RI�¿OP�DQG��'�SODVWLFV� LQ�HDFK� OLQH��
%RUGHUOLQH�REMHFWV��OLNH�IRRG�WUD\V�WKDW�DUH�FKDUDFWHULVHG�E\�SURSHUWLHV�ZKLFK�
FDQ�EH�DVVRFLDWHG�ZLWK�OLJKW�and�KHDY\�IUDFWLRQ�REMHFWV��H�J���WUD\V�IRU�FKHHVH�
SDFNDJLQJ� WKDW� FRQWDLQ� D� ¿OP�OLNH� OLG��� 7KRVH� DUH� VKLIWHG� IURP� RQH� RXWSXW�
IUDFWLRQ�WR�DQRWKHU��ZKHQ�UHVHWWLQJ�WKH�SDUDPHWHU�³DLU�ÀRZ´�LQ�DQ�DLU�FODVVL¿HU�

x� 3DGGOH� DQJOH� LQ� EDOOLVWLF� VHSDUDWRUV�� 7KH� SDUDPHWHU� ³SDGGOH� DQJOH´� DႇHFWV�
WKH�VHOHFWLYLW\�RI�EDOOLVWLF�VHSDUDWRUV�VLPLODUO\�WR�WKH�DLU�ÀRZ�LQ�DLU�FODVVL¿HUV��
+RZHYHU��WKH�XQGHUO\LQJ�PHFKDQLVPV�RI�D�EDOOLVWLF�VHSDUDWRU�DUH�GLႇHUHQW�WR�
WKRVH�RI�DQ�DLU�FODVVL¿HU��&RQWUDU\� WR�SRSXODU�EHOLHI��EDOOLVWLF�VHSDUDWRUV�QRW�
RQO\�VSOLW�WZR�GLPHQVLRQDO�IURP�WKUHH�GLPHQVLRQDO�REMHFWV��$GGLWLRQDOO\��WR�WKH�
VKDSH�RI�DQ�REMHFW� WKH�GXFWLOLW\��ÀH[LELOLW\��HODVWLFLW\��DQG�ZHLJKW�RI�DQ�REMHFW�
DႇHFWV� WKH� VHSDUDWLRQ� LQWR� WKH� �'� RU� �'� IUDFWLRQ�� 2Q� EDOOLVWLF� VHSDUDWRUV��
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W\SLFDO�ERUGHUOLQH�REMHFWV�DUH�IRDPV��IURP�PDWWUHVVHV���EHYHUDJH�FDUWRQV��DQG�
FDUGERDUG�ER[HV��7KH�VWHHSHU� WKH�SDGGOH�DQJOH�� WKH�PRUH�RI� WKH� LQFRPLQJ�
PDWHULDO�ÀRZ�LV�\LHOGHG�LQWR�WKH��'�IUDFWLRQ�DQG�YLFH�YHUVD�

7KH� SRWHQWLDO� RI� WKH� DIRUH� PHQWLRQHG� SDUDPHWHUV� LV� RIWHQ� QRW� FDSLWDOLVHG� RQ� E\�
PDQ\� SODQW� RSHUDWRUV�� 7KLV� LV� GXH� WR� WKH� KLJK� FRPSOH[LW\� PRGHUQ� VRUWLQJ� SODQWV�
H[KLELW��$FFRUGLQJO\��PRVW�SODQWV�FRQVWLWXWH�D�EODFN�ER[�DQG�RQO\�D�OLPLWHG�QXPEHU�RI�
SDUDPHWHUV�LV�FRQWUROOHG�PDQXDOO\��H�J���URWDWLRQDO�VSHHG�RI�WKH�VKUHGGHU�IRU�WKURXJKSXW�
DGMXVWPHQW���$XWRPDWHG�SODQW�DGDSWLRQV�FRXOG�H[SORLW�VXFK�XQXVHG�SRWHQWLDOV�LI�WKHLU�
FRQWURO�FRXOG�EH�PRQLWRUHG�LQ�QHDU�UHDO�WLPH�DQG�DVVHVVHG�DGHTXDWHO\�

���&KDOOHQJHV�LQ�SODQW�FRQWURO
$V� GHVFULEHG� DERYH�� WKH� DGMXVWPHQW� RI� SDUDPHWHUV� EHDUV� KLJK� SRWHQWLDO� IRU�
FRQWLQXRXV�SODQW�RSWLPLVDWLRQ��+RZHYHU��VHYHUDO�FKDOOHQJHV�PXVW�EH�RYHUFRPH�WR�
HQDEOH�DQ�DXWRPDWHG�SODQW�FRQWURO��7KHVH�FKDOOHQJHV�DUH�UHODWHG�WR�

x� WKH�VHQVRUV�XVHG�WR�REWDLQ�PDWHULDO�ÀRZ�DQG�PDFKLQHU\�GDWD�

x� WKH� SURFHVV� FRQWURO� DOJRULWKP� WKDW� LV� XVHG� WR� WUDQVIRUP� WKH� GDWD� LQWR� DQ�
DXWRPDWHG�UHVSRQVH��SDUDPHWHU�DGDSWDWLRQ���DQG

x� WKH�DFWXDWRUV��GLUHFWO\�DႇHFWLQJ�WKH�RSHUDWLQJ�SULQFLSOH�RI�D�SUH�SURFHVVLQJ�RU�
VRUWLQJ�PDFKLQH���.KRGLHU�HW�DO��������

7KH�UHOLDELOLW\�RI�GDWD�GHULYHG�IURP�D�VHQVRU�LV�GHSHQGHQW�RQ��L��WKH�W\SH�RI�PHDVXUDQG�
�H�J��� YROXPH�� DUHD��PDWHULDO� FRPSRVLWLRQ��� �LL�� WKH�PDFKLQH� WKDW� LV� FRQWUROOHG�� �LL��
WKH� GHVLUHG� HႇHFW� WKDW� LV� WR� EH� DWWDLQHG�� DQG� �LY�� LWV� RYHUDOO� YDOLGLW\�� 7KH� W\SH� RI�
PHDVXUDQG�GHULYHG�IURP�D�VHQVRU��H�J���YROXPH�ÀRZ��LV�UHOHYDQW�DV�LW�PD\�EH�XVHG�WR�
DGMXVW�WKH�UHVSHFWLYH�YROXPH�ÀRZ�GHSHQGHQW�SDUDPHWHU��H�J���VFUHHQ�FXW���+RZHYHU��
WKLV�SDUDPHWHU�PLJKW�EH�VHW�ZLWK� WKH�DLP� WR�FKDQJH�D�GLႇHUHQW� WDUJHW�YDOXH� �H�J���
DUHD�ÀRZ��WKDW�LV�PRUH�UHOHYDQW�IRU�WKH�SHUIRUPDQFH�RI�GRZQVWUHDP�RSWLFDO�VRUWHUV��
$FFRUGLQJO\�� WKH� EDVLF� LQIRUPDWLRQ� WKDW� FDQ� EH� GHULYHG� IURP� VHQVRU� GDWD�PXVW� DW�
OHDVW�FRUUHODWH�ZLWK�WKH�WDUJHW�YDOXH��LQ�WKLV�FDVH�WKH�DUHD�ÀRZ���$Q�H[DPSOH�IRU�VXFK�
D�FRUUHODWLRQ�LV�JLYHQ�LQ�)LJ������GLVSOD\LQJ�YROXPH�DQG�RFFXSDWLRQ�GHQVLW\��RU�DUHD�
ÀRZ��DW�WKH�VDPH�SRVLWLRQ�LQ�D�SURFHVV�OLQH�IRU�OLJKW�ZHLJKW�SDFNDJLQJ�VRUWLQJ�
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Fig. 2: Comparison between occupation density (strongly correlated 
ZLWK�DUHD�ÀRZ��DQG�YROXPH�ÀRZ�RQ�D�EHOW�FRQYH\RU

$V�GHSLFWHG�LQ�)LJ������D�KLJK�FRUUHODWLRQ�EHWZHHQ�RFFXSDWLRQ�GHQVLW\�DQG�YROXPH�ÀRZ�
FDQ�EH�REVHUYHG��+RZHYHU��WKH�H[WHQW�RI�FKDQJHV�LQ�RQH�PHDVXUDQG�LV�QRW�GLUHFWO\�
WUDQVIHUDEOH� WR� WKH�RWKHU�RQH��)RU� WKLV� FDVH�� RQH�FDQ�H[SHFW� WKDW� WKH� FRUUHODWLRQ�
EHWZHHQ�ERWK�PHDVXUDQGV� LV� VXႈFLHQW� DV� ORQJ�DV� WKH� RFFXSDWLRQ� GHQVLW\� LV� ORZ�
HQRXJK�WR�NHHS�REMHFW�RYHUOD\� WR�D�PLQLPXP�ZKHQ�FRPSDULQJ�GDWD�EHIRUH�������
ZLWK�GDWD�DIWHU�WKLV�SRLQW�LQ�WLPH��$GGLWLRQDOO\��FKDQJHV�LQ�WKH�LQSXW�FRPSRVLWLRQ�PLJKW�
OHDG�WR�D�FKDQJH�LQ�WKH�SURSRUWLRQ�RI�RFFXSDWLRQ�GHQVLW\�WR�YROXPH�ÀRZ��+RZ�VWURQJ�
DQG�KRZ�VWDEOH�WKH�FRUUHODWLRQ�EHWZHHQ�PHDVXUDQG�DQG�WDUJHW�YDOXH�PXVW�EH��PXVW�
EH�GHFLGHG�RQ�D�FDVH�E\�FDVH�EDVLV��,GHDOO\��WKH�PHDVXUDQG�W\SH�GLUHFWO\�FRPSOLHV�
ZLWK�WKH�WDUJHW�YDOXH�DQG�FRUUHODWLRQ�LV�VWURQJ��7KH�RYHUDOO�YDOLGLW\�RI�D�PHDVXUDQG�
LV� GHSHQGHQW� RQ� WKH� VXLWDELOLW\� IRU� WKH� DSSOLFDWLRQ� �D� FHUWDLQ�1,5�VHQVRU�PD\� EH�
LGHDOO\� VXLWHG� IRU� DVVHVVLQJ� WKH� VKDUH� RI� SDSHU� LQ� D�PDWHULDO� VWUHDP� EXW� QRW� IRU�
GLႇHUHQWLDWLRQ�RI�SODVWLF�W\SHV���RQ�WKH�TXDOLW\�YHUVDWLOLW\�RI�WKH�VHQVRU�LWVHOI�EXW�DOVR�
RQ� WKH�HQYLURQPHQWDO�FRQGLWLRQV��)RU�H[DPSOH�� LQ�D�GXVW\�HQYLURQPHQW�D�YROXPH�
ÀRZ� VHQVRU� WKDW� LV� OHVV� SUHFLVH� EXW� JHQHUDWHV�PRUH� VWDEOH� GDWD� LV� EHWWHU� VXLWHG�
IRU�YROXPH�ÀRZ�PRQLWRULQJ�WKDQ�D�YHU\�SUHFLVH�VHQVRU�WKDW�LV�VWURQJO\�DႇHFWHG�E\�
D�GXVW\�HQYLURQPHQW��(VSHFLDOO\�LQ�WKH�ZDVWH�UHF\FOLQJ�VHFWRU�WKLV�FDQ�HQWDLO�FDVH�
VSHFL¿F�VHOHFWLRQ�RI�GLႇHUHQW�VHQVRUV�IRU�VLPLODU�RU�HYHQ�LGHQWLFDO�WDVNV�
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7KH� DOJRULWKPV� XVHG� IRU� SURFHVV� FRQWURO� LQFOXGH� WKH� UDZ� GDWD� SUH�SURFHVVLQJ�
�GHULYLQJ�XVDEOH�GDWD�IURP�GHWHFWHG�VLJQDOV�±�IRU�1,5�VHQVRUV�WKLV�PLJKW�UHVXOW� LQ�
QRUPDOL]DWLRQ�� VPRRWKLQJ� DQG� GHULYLQJ� WKH� UDZ� GDWD��� 7KH� UHVXOWLQJ� FRPSUHVVHG�
GDWD��LQ�IRUP�RI��H�J���IDOVH�FRORXU�SL[HOV��YROXPHWULF�LQIRUPDWLRQ��FDQ�WKHQ�EH�IXUWKHU�
SURFHVVHG��WR�FRPSHQVDWH�IRU�V\VWHPDWLF�PLVLGHQWL¿FDWLRQV��KDQGOLQJ�HUURU�YDOXHV��RU�
ZHLJKWLQJ�WKH�GDWD�VWUHDP��H�J���WUDQVIRUPLQJ�D�SL[HO�UHODWHG�VHQVRU�PHDVXUHPHQWV�
LQWR�PDVV�EDVHG�PDWHULDO�ÀRZ�FKDUDFWHULVWLFV�>.URHOO�HW�DO�������@�RU�HPSKDVL]LQJ�
FHUWDLQ�PDWHULDO�FODVVHV���$GGLWLRQDOO\��YROXPHWULF�DQG�DUHDO�LQIRUPDWLRQ�FDQ�EH�XVHG�
WR�DOORZ�IRU�REMHFW�UHFRJQLWLRQ�ZKLFK�FDQ�VWURQJO\�LPSDLU�RU�LPSURYH�WKH�YDOLGLW\�RI�
GDWD��GHSHQGLQJ�RQ�WKH�FLUFXPVWDQFHV��PDWHULDO�SUHVHQWDWLRQ�WR�WKH�VHQVRU��PDWHULDO�
FKDUDFWHULVWLFV��HWF���DQG�DOJRULWKP��2EYLRXVO\�� WKH�XWLOLVDWLRQ�RI�VHQVRU�GDWD� IURP�
EXLOW�LQ�RSWLFDO�VRUWHUV�UHSUHVHQWV�DQ�DWWUDFWLYH�RSSRUWXQLW\�WR�FDSLWDOLVH�RQ�GDWD�WKDW�
LV�RWKHUZLVH�XVHG�IRU�VRUWLQJ�SXUSRVHV�RQO\��+HUH�WKH�SUREOHP�LV��WKDW�WKH�PDLQ�IRFXV�
RI�WKH�DOJRULWKPV�LQ�VXFK�VRUWLQJ�PDFKLQHV�LV�FRUUHFW�FODVVL¿FDWLRQ�DQG�VHSDUDWLRQ�RI�
HMHFW�DQG�UHMHFW�PDWHULDO��7KLV�GRHV�QRW�PHDQ��WKDW�WKH�GDWD�JHQHUDWHG�WKURXJKRXW�
WKLV�SURFHVV�LV�UHOLDEOH�IRU�WKH�PRQLWRULQJ�DQG�DVVHVVPHQW�RI�D�PDWHULDO�VWUHDP�

:LWK� WKLV� SUH�SURFHVVHG� GDWD� WKH� DFWXDO� FRQWURO� DOJRULWKP� FDQ� EH� UHDOL]HG�� H�J���
EDVHG�RQ� WKUHVKROG� WUDQVJUHVVLRQ��VWHDG\�DGMXVWPHQW�RI� WKH�PHDVXUDQG�DOORZLQJ�
IRU�PD[LPDO�DSSUR[LPDWLRQ�WR�D�WDUJHW�YDOXH��RU�DOLNH��7KH�WLPHIUDPH�LQ�ZKLFK�VXFK�
DGDSWDWLRQV�PXVW�EH�LQGXFHG�E\�WKH�DOJRULWKP�PXVW�EH�WDLORUHG�WR�WKH�DSSOLFDWLRQ�DW�
KDQG��)RU�H[DPSOH��VFUHHQ�FXW�FKDQJHV�LQ�DQ�XSVWUHDP�VLHYH�HYHU\�VHFRQG�EDVHG�
RQ�VWURQJO\�ÀXFWXDWLQJ�GDWD�WKDW�LV�UHFHLYHG�E\�WKH�VHQVRU����VHFRQGV�DIWHUZDUGV��
FDQQRW� EH� XVHG� HႇHFWLYHO\�� $FFRUGLQJO\�� PRYLQJ� DYHUDJHV� FRXOG� EH� DSSOLHG� WR�
VPRRWKHQ� WKH� KLJKO\� ÀXFWXDWLQJ� YROXPH� GDWD� DQG� DGHTXDWH� FRQWURO� F\FOH� WLPHV�
ZRXOG�DOORZ�IRU�VHQVLEOH�VFUHHQ�FXW�DGDSWLRQV�

'HVSLWH�WKH�DIRUHPHQWLRQHG�WKUHH�PDLQ�FKDOOHQJHV��D�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�
UHJDUGLQJ� LQWHUGHSHQGHQFLHV� RI� SDUDPHWHUV�� WDUJHW� YDOXHV�� DQG� PDFKLQH�
UHTXLUHPHQWV� IRU� RSWLPDO� SHUIRUPDQFH� DUH� LPSHUDWLYH� WR� LPSOHPHQW� DQ\� IRUP� RI�
DGDSWLYH�SODQW�FRQWURO��$GGLWLRQDOO\��WKH�FRVWV�RI�DQ\�DGDSWLYH�SODQW�FRQWURO�DQG�LWV�
LPSDFW�SRWHQWLDO�PXVW�EH�DSSURSULDWHO\�LQWHUUHODWHG�
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���&DVH�VWXG\�RQ�DGDSWLYH�VFUHHQ�FXW�FRQWURO
,Q�WKH�IROORZLQJ��ZH�SUHVHQW�SUHOLPLQDU\�UHVXOWV�IURP�D�FDVH�VWXG\�RQ�DGDSWLYH�VFUHHQ�
FXW�FRQWURO�LQ�D�/:3�VRUWLQJ�SODQW��6HQVRU�EDVHG�DUHD�ÀRZ�FRQWURO�ZDV�LPSOHPHQWHG�
LQ� WKH� PLG�FRDUVH� DQG� PLG�¿QH� SURFHVVLQJ� OLQHV� GXULQJ� UHJXODU� RSHUDWLRQ� WLPH��
$FFHVV�WR�WKH�VRUWLQJ�SODQW�IRU�WKHVH�WULDOV�ZDV�SURYLGHG�E\�WKH�FRPSDQ\�3UH=HUR��

)RU�GDWD�DFTXLVLWLRQ�� WZR�K\SHUVSHFWUDO�LPDJLQJ�1,5�VHQVRUV� �+HOLRV�(4��� >(9.�
.HUVFKKDJJO�*PE+��5DDED��$XVWULD@��RSHUDWLQJ�LQ�WKH�ZDYHOHQJWK�UDQJH�RI�DERXW�
�����QP�WR�������QP�ZHUH�XWLOL]HG��(DFK�1,5�VHQVRUV�PHDVXUHV�RQH�DFFHOHUDWLRQ�
RI�D�VHQVRU�EDVHG�XQLW� IRU�VRUWLQJ�RXW�EHYHUDJH�FDUWRQV�LQ�WKH��L��PLG�FRDUVH�DQG�
�LL��PLG�¿QH� SURFHVVLQJ� OLQH�� UHVSHFWLYHO\�� L�H��� WKH� SUH�FRQGLWLRQHG�PDWHULDO� ÀRZV�
DIWHU� DLU� FODVVL¿FDWLRQ� DQG� IHUURXV� VHSDUDWLRQ�� %DVHG� RQ� WKH� FODVVL¿HG� 1,5�GDWD�
�IDOVH�FRORUV�� WKH�RFFXSDWLRQ�GHQVLW\�� L�H��� WKH�DUHD�VKDUH�RI� WKH�DFFHOHUDWLRQ�EHOW�
WKDW�LV�RFFXSLHG�ZLWK�PDWHULDO�LV�FDOFXODWHG��ZKLFK�LV�GLUHFWO\�OLQNHG�WR�WKH�DUHD�ÀRZ�
�RFFXSLHG�DUHD�SHU�WLPH�XQLW��

7KH�PRYDEOH�EHOW�XQGHU�WKH�GUXP�VFUHHQ��)LJ�����ZDV�DGMXVWHG�WR�YDULRXV�SRVLWLRQV�WR�
DVVHVV�WKH�HႇHFW�RI�WKLV�SDUDPHWHU�ZLWK�UHJDUG�WR�WKH�VSOLW�RI�WKH�DUHD�ÀRZ�RSWLPDOO\�
EHWZHHQ�WKH�PLG�FRDUVH�DQG�PLG�¿QH�SURFHVVLQJ�OLQH��7KH�DUHD�ÀRZ�ZDV�FKRVHQ�
DV� WKH� HYDOXDWLRQ� FULWHULRQ�� DV� ERWK� SURFHVVLQJ� OLQHV�ZHUH�PRVWO\� HTXLSSHG�ZLWK�
RSWLFDO�VRUWHUV�ZKLFK�LQ�WXUQ�FODVVLI\�WKH�PDWHULDO�VWUHDP�EDVHG�RQ�DUHDO�LQIRUPDWLRQ��
$FFRUGLQJO\��WKH�SDUDPHWHU�WR�EH�DGMXVWHG�LV�WKH�VFUHHQ�FXW��ZKLOH�WKH�FRUUHODWLQJ�
WDUJHW� YDOXHV� DUH� WKH� RFFXSDWLRQ� GHQVLWLHV� �RU� DUHD� ÀRZV�� LQ� WKH� GRZQVWUHDP�
SURFHVVLQJ�OLQHV��7KH�FKRVHQ�EHOW�SRVLWLRQV�IRU�VFUHHQ�FXW�DGMXVWPHQWV�DUH�VKRZQ�
LQ�)LJ����
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Fig. 3: Positions of moveable conveyor under drum screen for screen 
FXW�DGDSWDWLRQ�EHWZHHQ�PLG�FRDUVH�DQG�PLG�¿QHV

7KH� RFFXSDWLRQ� GHQVLW\�� DV� PRQLWRUHG� E\� WKH� 1,5�VHQVRUV�� DW� HDFK� SRVLWLRQ� LV�
GLVSOD\HG� LQ� )LJ�� ��� 7KH� ER[SORWV� �GLYLGHG� LQ� TXDUWLOHV�� LOOXVWUDWH� WKH� RFFXSDWLRQ�
GHQVLW\�ÀXFWXDWLRQV�LQ�HDFK�OLQH�
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of conveyor belt position (positions in Fig. 3 are colour coded accordingly)
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2QH�FDQ�VHH�WKDW�WKH�RFFXSDWLRQ�GHQVLWLHV�RQ�ERWK�OLQHV�GLႇHU�VWURQJO\��RQ�DYHUDJH�
E\� ���� �� 0&�� ���� DQG� 0)�� ����� GLႇHUHQFH� DW� FRQYH\RU� EHOW� SRVLWLRQ� ������
ZKLOH� WKH� HTXLOLEULXP� �DW� DERXW� ����� LV� UHDFKHG� DW� PRYDEOH� FRQYH\RU� SRVLWLRQ�
�����%HWZHHQ�SRVLWLRQV������DQG�����QR�VLJQL¿FDQW�FKDQJH�ZLWK�UHJDUG�WR�WKH�
RFFXSDWLRQ� GHQVLWLHV� FDQ� EH� UHFRUGHG�� )URP� SRVLWLRQV� ���� WR� ����� KRZHYHU��
QRWLFHDEOH� FRQYHUJHQFH� RI� WKH� RFFXSDWLRQ� GHQVLWLHV� LQ� ERWK� OLQHV� ����Æ���� LQ�
PLG�FRDUVH� DQG� ���Æ����� FDQ� EH� REVHUYHG�� $� VWHDG\� EXW� VORZ� FRQYHUJHQFH�
WR�HTXLOLEULXP�FDQ�EH�QRWHG�EHWZHHQ�����DQG��������SRVLWLRQ��%HORZ����� WKH�
RFFXSDWLRQ�GHQVLWLHV�GLYHUJH�QRWLFHDEO\�

7R�DVVHVV� WKH� LPSDFW�RI� WKLV�SDUDPHWHU� �VFUHHQ�FXW�� WKH�\LHOG�RI�VHYHUDO�SURGXFW�
IUDFWLRQV� LQ� WKH� KHDY\� OLQH� RI� WKH� SODQW�ZDV�PHDVXUHG� DW� SRVLWLRQ� ����� IRU� RQH�
PRQWK�DQG�FRPSDUHG�WR�WKH�\LHOG�RI�WKRVH�SURGXFW�IUDFWLRQV��ZKHQ�RSHUDWLQJ�DW�����
SRVLWLRQ�IRU�RQH�PRQWK��5HVXOWV�VKRZ�VLJQL¿FDQWO\�LPSURYHG�\LHOG��� ZW��WR��� ZW���
IRU�WKH�SURGXFW�IUDFWLRQV�JHQHUDWHG�IURP�WKH�KHDY\��'�PDWHULDO�ÀRZV��SURGXFHG�DW�
WKH�����SRVLWLRQ�FRPSDUHG�WR�WKH�\LHOG�DW�WKH������SRVLWLRQ��

%RWK� WHVW� SKDVHV� ZHUH� FRQGXFWHG� LQ� VXPPHU�� WR� UHGXFH� WKH� HႇHFW� RI� FKDQJLQJ�
KXPLGLW\�GXULQJ�WKHVH�PRQWKV��+RZHYHU��VLQFH�WKH�GHSLFWHG�WULDOV�ZHUH�FRQGXFWHG�
GXULQJ� QRUPDO� RSHUDWLRQ� RI� WKH� SODQW� FHUWDLQ� H[WHUQDO� HႇHFWV� �FKDQJHV� LQ� LQSXW�
FRPSRVLWLRQ�� KROLGD\� VHDVRQ�� HWF��� FDQQRW� EH� IXOO\� H[FOXGHG�� 'XULQJ� WKHVH� WHVW�
PRQWKV�FKDQJHV�ZHUH�PDGH�LQ�WKH��'�OLJKW�SURFHVVLQJ�OLQHV��ZKLFK�LV��ZK\�QHLWKHU�
LPSURYHPHQWV�QRU�D�GHFOLQH�LQ�WKRVH�SURFHVVLQJ�OLQHV�FDQ�EH�WUDFHG�EDFN�WR�WKHVH�
FKDQJHV��1RQHWKHOHVV�� LW� LV�UHDVRQDEOH�WR�K\SRWKHVLVH�WKDW�VLPLODU�HႇHFWV�FDQ�EH�
H[SHFWHG�LQ�WKH��'�OLJKW�SURFHVVLQJ�OLQHV�LI�WKH�PDWHULDO�GLVWULEXWLRQ�RI�WKHVH�PDWHULDO�
VWUHDPV�FKDQJHG�HTXLYDOHQWO\�

,W�PD\�EH�DVVXPHG�WKDW�D�QHDU�UHDO�WLPH�DGDSWLYH�VFUHHQ�FXW�FRQWURO�ZRXOG�DOORZ�
HYHQ� KLJKHU� LPSURYHPHQWV� LQ� SODQW� SHUIRUPDQFH�� DV� WHPSRUDO� ÀXFWXDWLRQV� FRXOG�
EH�SRWHQWLDOO\�FRPSHQVDWHG��1RQHWKHOHVV��VXFK�D�FRQWURO�FLUFXLW�SRVHV�D�FRPSOH[�
FKDOOHQJH�LQ�ZKLFK�QRW�RQO\�WZR�SURFHVVLQJ�OLQHV�RI�D�VRUWLQJ�SODQW�PXVW�EH�REVHUYHG�
EXW�UDWKHU�WKH�HႇHFW�RQ�DOO�RXWSXW�IUDFWLRQV��\LHOG�DQG�SXULW\��VKRXOG�EH�SDUW�RI�VXFK�D�
IXQFWLRQ��7KLV�LV�EHFDXVH�WKH�IRFXV��SXULW\�YV��\LHOG��UHJDUGLQJ�WKH�VRUWLQJ�DOJRULWKPV�
LQ�DOO�RSWLFDO�VRUWHUV�KLJKO\�DႇHFWV�ZKDW�LV�DႇHFWHG�E\�DQ�DGDSWHG�VFUHHQ�FXW��$�¿[HG�
SUHGLFWLRQ�UHJDUGLQJ�WKH�EHQH¿W�IRU�D�SURFHVV�ÀRZ�FDQ�EDUHO\�EH�PDGH�LQ�DGYDQFH��
(VSHFLDOO\�DV�WKH�SUHFHGLQJ�RSHUDWLRQ�RI�DQ\�SODQW�OHDYHV�RQO\�D�FHUWDLQ�SRWHQWLDO�
IRU�LPSURYHPHQW�
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���&RQFOXVLRQ
,Q�WKLV�SDSHU��WKH�SRWHQWLDO�DQG�FKDOOHQJHV�LQ�DGDSWLYH�SODQW�FRQWURO�IRU�ZDVWH�VRUWLQJ�
SODQWV�ZDV�GLVFXVVHG��:KLOH�D�PXOWLWXGH�RI�SDUDPHWHUV� LQ�VHYHUDO�SUH�SURFHVVLQJ�
DQG�VRUWLQJ�PDFKLQHV�FDQ�EH�DGDSWHG��RYHUORRNHG�KLJK�LPSDFW�SDUDPHWHUV�VHHP�WR�
EH�ORFDWHG�LQ�WKH�SUH�SURFHVVLQJ�VWDJH�RI�D�VRUWLQJ�SODQW��7KH�DFFXUDWH�DGDSWDWLRQ�
RI�D�VRUWLQJ�SODQW�EDVHG�RQ�VHQVRU�GDWD�LV�VXEMHFW�WR�WKH�VWDELOLW\�DQG�DFFXUDF\�RI�
VHQVRUV�DQG�SURFHVV�FRQWURO�DOJRULWKP��3UHUHTXLVLWH�WR�DOO�HႇRUWV�UHJDUGLQJ�DGDSWLYH�
SODQW�FRQWURO�LV�FRPSUHKHQVLYH�NQRZOHGJH�UHJDUGLQJ�WKH�TXDQWLWDWLYH�LQÀXHQFH�VXFK�
SDUDPHWHUV�KDYH�IRU�DOO�SURFHVV�OLQHV�LQ�D�SURFHVVLQJ�SODQW�

7KH�SRWHQWLDO�RI�RQH�KLJK�LPSDFW�SDUDPHWHU�ZDV�VKRZQ�E\�D�FDVH�VWXG\�RQ�DGDSWLYH�
VFUHHQ�FXW�FRQWURO��7ZR�1,5�VHQVRUV�ZHUH�DSSOLHG�WR�DVVHVV�WKH�DUHD�ÀRZV�LQ�WZR�
SDUDOOHO�SURFHVVLQJ�OLQHV�E\�PHDQV�RI�WKH�GHWHFWHG�RFFXSDWLRQ�GHQVLWLHV�RQ�VSHHG�
EHOWV�� 5HVXOWV� VKRZ� VLJQL¿FDQW� LPSURYHPHQWV� RI� WKH� SODQW� SHUIRUPDQFH� LQ� WKH�
KHDY\��'�SURFHVVLQJ� OLQHV��%\� RSWLPLVLQJ� WKH� VFUHHQ� FXW� EDVHG� RQ� WKH� DFTXLUHG�
VHQVRU�GDWD�WR�DFKLHYH�HYHQ�RFFXSDWLRQ�GHQVLWLHV�LQ�ERWK�SURFHVVLQJ�OLQHV��WKH�\LHOG�
RI�DOO��'�SURGXFW�IUDFWLRQV�FRXOG�EH�LQFUHDVHG�E\�� ZW��WR��� ZW��

5HIHUHQFHV
$VWUXS��7���)UXHUJDDUG��7���&KULVWHQVHQ��7�+���������5HF\FOLQJ�RI�SODVWLF��DFFRXQWLQJ�

RI�JUHHQKRXVH�JDVHV�DQG�JOREDO�ZDUPLQJ�FRQWULEXWLRQV��:DVWH�PDQDJHPHQW�	�
UHVHDUFK��������±�����KWWSV���GRL�RUJ����������������;��������  

&LUFXODU�(FRQRP\�$FWLRQ�3ODQ��KWWSV���HF�HXURSD�HX�HQYLURQPHQW�VWUDWHJ\�FLUFXODU�
HFRQRP\�DFWLRQ�SODQBGH

&XUWLV�� $��� .�SSHUV�� %��� 0|OOQLW]�� 6��� .KRGLHU�� .��� 6DUF�� 5��� �������� 5HDO� WLPH�
PDWHULDO�ÀRZ�PRQLWRULQJ�LQ�PHFKDQLFDO�ZDVWH�SURFHVVLQJ�DQG�WKH�UHOHYDQFH�RI�
ÀXFWXDWLRQV��KWWSV���GRL�RUJ���������M�ZDVPDQ������������ 

(XURSHDQ�8QLRQ��������(XURSHDQ�3DUOLDPHQW�DQG�&RXQFLO�'LUHFWLYH�������(&�RI����
'HFHPEHU������RQ�SDFNDJLQJ�DQG�SDFNDJLQJ�ZDVWH�
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)HLO��$��� &RVNXQ�� (��� %RVOLQJ�� 0��� .DXIHOG�� 6��� 	� 3UHW]�� 7�� �������� ,PSURYHPHQW�
RI� WKH� UHF\FOLQJ� RI� SODVWLFV� LQ� OLJKWZHLJKW� SDFNDJLQJ� WUHDWPHQW� SODQWV� E\� D�
SURFHVV�FRQWURO�FRQFHSW��:DVWH�0DQDJHPHQW�	�5HVHDUFK��7KH�-RXUQDO�RI�WKH�
International Solid Wastes and Public Cleansing Association, ISWA�� 37�����
���±�����KWWSV���GRL�RUJ����������������;�������� 

)HLO��$���3UHW]��7����������8QJHQXW]WH�3RWHQ]LDOH�LQ�GHU�$EIDOODXIEHUHLWXQJ��,Q��5HF\�
	�'HSR7HFK�&RQIHUHQFH�������/HREHQ��$XVWULD��

)HLO��$���.URHOO��1���3UHW]��7���	�*UHLႇ��.����������$QIRUGHUXQJHQ�DQ�HLQH�Hႈ]LHQWH�
WHFKQRORJLVFKH� %HKDQGOXQJ� YRQ� 3RVW�&RQVXPHU� 9HUSDFNXQJVPDWHULDOLHQ�
LQ� 6RUWLHUDQODJHQ�� 0�OO� 8QG� $EIDOO�� ������� ���±����� KWWSV���GRL�RUJ���������
�M���������������������

*U�QHU�3XQNW��������1HZ�(8�SDFNDJLQJ�GLUHFWLYH�RQ�LWV�ZD\��KWWSV���ZZZ�JUXHQHU�
SXQNW�GH�HQ�FRPSDQ\�QHZV�GHWDLOV�QHZ�HX�SDFNDJLQJ�GLUHFWLYH�RQ�LWV�ZD\ 

.KRGLHU��.���&XUWLV��$���6DUF��5��� /HKQHU��0���2¶/HDU\��3���3RPEHUJHU��5�� ��������
6PDUW�VROLG�ZDVWH�URFHVVLQJ�SODQW��YLVLRQ�DQG�SDWKZD\�� ,6:$�ZRUOG�FRQJUHVV�
����

.OHLQKDQV�� .��� +DOOHUPDQV�� 0��� +X\VYHOG�� 6��� 7KRPDVVHQ�� *��� 5DJDHUW�� .���
&DQ� *HHP�� .�0��� 5RRVHQ�� 0��� 0\V�� 1��� 'HZXOI�� -��� 'H� 0HHVWHU�� 6�� ��������
'HYHORSPHQW�DQG�DSSOLFDWLRQ�RI�D�SUHGLFWLYH�PRGHOOLQJ�DSSURDFK�IRU�KRXVHKROG�
SDFNDJLQJ�ZDVWH�ÀRZV�LQ�VRUWLQJ�IDFLOLWLHV��:DVWH�0DQDJHPHQW���������������±
�����KWWSV���GRL�RUJ���������M�ZDVPDQ������������ 

.UDQHUW��0����������(LQI�KUXQJ�LQ�GLH�.UHLVODXIZLUWVFKDIW��KWWSV���GRL�RUJ�������������
������������� 

.URHOO��1���'LHWO��7���0DJKPRXPL��$���&KHQ��;���.�SSHUV��%���)HLO��$���*UHLႇ��.���������
$VVHVVPHQW� RI� VHQVRU�EDVHG� VRUWLQJ� SHUIRUPDQFH� IRU� OLJKWZHLJKW� SDFNDJLQJ�
ZDVWH�WKURXJK�VHQVRU�EDVHG�PDWHULDO�ÀRZ�PRQLWRULQJ��&RQFHSW�DQG�SUHOLPLQDU\�
UHVXOWV��6HQVRU�EDVHG�6RUWLQJ�DQG�&RQWURO������

.URHOO��1���&KHQ��;���0DJKPRXPL��$���.RHQLJ��0���)HLO��$���*UHLႇ��.����������6HQVRU�
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