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0$18)$&785,1*

5ROOV�RI�SLH]R�ILOP�DUH�SURGXFHG�LQ�D�FOHDQ�URRP�HQYLURQPHQW�7KH�SURFHVV�EHJLQV�ZLWK�WKH�PHOW
H[WUXVLRQ�RI�39')�UHVLQ�SHOOHWV�LQWR�VKHHW�IRUP��IROORZHG�E\�D�VWUHWFKLQJ�VWHS�WKDW�UHGXFHV�WKH�VKHHW
WR�DERXW�RQH�ILIWK�LWV�H[WUXGHG�WKLFNQHVV��6WUHWFKLQJ�DW�WHPSHUDWXUHV�ZHOO�EHORZ�WKH�PHOWLQJ�SRLQW�RI
WKH�SRO\PHU�FDXVHV�FKDLQ�SDFNLQJ�RI�WKH�PROHFXOHV�LQWR�SDUDOOHO�FU\VWDO�SODQHV��FDOOHG�´EHWD�SKDVHµ�
7R�REWDLQ�KLJK�OHYHOV�RI�SLH]RHOHFWULF�DFWLYLW\��WKH�EHWD�SKDVH�SRO\PHU�LV�WKHQ�H[SRVHG�WR�YHU\�KLJK
HOHFWULF�ILHOGV�WR�DOLJQ�WKH�FU\VWDOOLWHV�UHODWLYH�WR�WKH�SROLQJ�ILHOG��&RSRO\PHUV�RI�39')�DUH�SRODUL]DEOH
ZLWKRXW�VWUHWFKLQJ�

(YDSRUDWLYHO\�GHSRVLWHG�PHWDOV�DUH�W\SLFDOO\�����WR������c�LQ�WKLFNQHVV��DQG�DOPRVW�DQ\�PHWDO�FDQ�EH
GHSRVLWHG��3RSXODU�PHWDOV�DUH�QLFNHO��DOXPLQXP��FRSSHU��JROG�DQG�DOOR\V���(OHFWURGH�SDWWHUQV�DUH
PDGH�E\�VSXWWHULQJ�WKURXJK�PDVNV�RU�E\�FKHPLFDO�HWFKLQJ�FRQWLQXRXV�PHWDOOL]DWLRQV�XVLQJ
SKRWRUHVLVWV��5HVROXWLRQ�WR����P�OLQH�ZLGWKV�KDV�EHHQ�DFKLHYHG��6FUHHQ�SULQWHG�HOHFWURGHV�RI
FRQGXFWLYH�VLOYHU�LQN�DUH�PXFK�WKLFNHU��DERXW�������P��DQG�FDQ�EH�DSSOLHG�LQ�FRPSOH[�SDWWHUQV�WR
IRUP�PXOWLSOH�VHQVRUV�RQ�D�VLQJOH�VKHHW��)RLOV�DUH�DGKHUHG�ZLWK�WKLQ�DGKHVLYH�OD\HUV�DQG�FDSDFLWLYHO\
FRXSOHG�WR�WKH�SLH]R�ILOP��(DFK�HOHFWURGH�DOWHUQDWLYH�KDV�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�

*HQHUDOO\��VSXWWHUHG�PHWDOV�DUH�IRU�YHU\�KLJK�UHVROXWLRQ�DUUD\V��S\URHOHFWULF�DSSOLFDWLRQV�UHTXLULQJ�D
ORZ�WKHUPDO�PDVV��RU�IRU�LQHUWQHVV��DV�ZLWK�LQYDVLYH�PHGLFDO�DSSOLFDWLRQV��)XOO\�PHWDOOL]HG�VKHHWV�FDQ
E\�FDUHIXOO\�FXW�ZLWK�D�UD]RU�EODGH�ZLWKRXW�VKRUWLQJ�DFURVV�WKH�ILOP�WKLFNQHVV��6FUHHQHG�LQNV�DUH�YHU\
UREXVW�DQG�FRPSOLDQW��ZLWKVWDQG�YHU\�KLJK�VWUDLQV��!������FDQ�RSHUDWH�DW�KLJK�YROWDJHV�ZLWKRXW
EUHDNGRZQ��DQG�DUH�HDV\�WR�SDWWHUQ�RQ�D�FRQWLQXRXV�EDVLV���+RZHYHU��XQPHWDOOL]HG�ERUGHUV�DUH
UHTXLUHG�IRU�FXWWLQJ�HOHPHQWV�RXW�RI�D�VKHHW�RI�VFUHHQ�SULQWHG�HOHFWURGHV��VLQFH�WKHUH�LV�D�KLJK
OLNHOLKRRG�RI�VKRUWLQJ�DFURVV�WKH�ILOPV�WKLFNQHVV�ZLWK�WKH�WKLFN�LQNV��)RLOV�PD\�PHFKDQLFDOO\�UHVWULFW
WKH�SLH]R�ILOP�IURP�UHVSRQGLQJ�WR�H[WHUQDOO\�DSSOLHG�VWUHVVHV�DQG�VWUDLQV�LQ�WKH�SODQH�RI�WKH�ILOP��EXW
IRLOV�DUH�XVHIXO�LQ�SXUH��WKLFNQHVV�PRGH��RSHUDWLRQ��

$IWHU�PHWDOOL]DWLRQ��D�ZLGH�YDULHW\�RI�SRVVLEOH�SURFHVVLQJ�VWHSV�DUH�IROORZHG�WR�SURGXFH�D�SDFNDJHG
VHQVRU��*HQHUDOO\��WKH�SLH]R�ILOP�LV�ODPLQDWHG�LQ�D�SURWHFWLYH�FDUULHU�ILOP��GLH�FXW�WR�VL]H��DQG
SDFNDJHG�ZLWK�OHDG�ZLUHV�RU�FULPS�FRQQHFWRUV�DQG��RFFDVLRQDOO\��VLJQDO�FRQGLWLRQLQJ�HOHFWURQLFV��7KH
ZLGH�UDQJH�RI�SDFNDJHG�VHQVRUV��IURP�D�IHZ�VTXDUH�PLOOLPHWHUV��LQFOXGLQJ�DQ�$6,&�FKLS��DV�D
VKLSSLQJ�GDPDJH�VHQVRU��WR�PXOWLSOH�VTXDUH�PHWHU�VHQVRUV�IRU�VSRUWV�VFRULQJ�WDUJHWV�VXJJHVWV�WKH
YHUVDWLOLW\�RI�WKLV�WHFKQRORJ\��

$33/,&$7,216

7KH�VHQVRU�DSSOLFDWLRQV�GHVFULEHG�EHORZ�UHSUHVHQW�D�JRRG�FURVV�VHFWLRQ�RI�WKH�SURGXFWV�QRZ�XVLQJ
SLH]R�ILOP�VHQVRUV���

6ZLWFKHV

7KH�UHOLDELOLW\�RI�FRQWDFW�VZLWFKHV�LV�UHGXFHG�GXH�WR�FRQWDPLQDWHV�OLNH�PRLVWXUH�DQG�GXVW�ZKLFK�IRXO
WKH�FRQWDFW�SRLQWV��3LH]R�ILOP�LV�D�PRQROLWKLF�VWUXFWXUH��QRW�VXVFHSWLEOH�WR�WKLV�IDLOXUH�PRGH��2QH�RI
WKH�PRVW�FKDOOHQJLQJ�RI�DOO�VZLWFK�DSSOLFDWLRQV�LV�IRXQG�LQ�SLQEDOO�PDFKLQHV��

$�SLQEDOO�PDFKLQH�PDQXIDFWXUHU�XVHV�D�SLH]R�ILOP�VZLWFK�PDQXIDFWXUHG�E\�06,�DV�D�UHSODFHPHQW�IRU
WKH�PRPHQWDU\�UROORYHU�W\SH�VZLWFK��7KH�VZLWFK�LV�FRQVWUXFWHG�IURP�D�ODPLQDWHG�SLH]R�ILOP�RQ�D
VSULQJ�VWHHO�EHDP��PRXQWHG�DV�D�FDQWLOHYHU�WR�WKH�HQG�RI�D�FLUFXLW�ERDUG��

7KH��GLJLWDO��SLH]R�ILOP�VZLWFK�IHDWXUHV�D�VLPSOH�026)(7�FLUFXLW�WKDW�FRQVXPHV�QR�SRZHU�GXULQJ
WKH�QRUPDOO\�RSHQ�VWDWH��,Q�UHVSRQVH�WR�D�GLUHFW�FRQWDFW�IRUFH��WKH�SLH]R�ILOP�EHDP�PRPHQWDULO\
WULJJHUV�WKH�026)(7��7KLV�SURYLGHV�D�PRPHQWDU\��FORVXUH��IRU�XS�WR�D����9�PD[LPXP�YROWDJH��7KH
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)LJXUH�����6ZLWFK�IRU�SLQEDOO
PDFKLQH

)LJXUH������%HDP�VZLWFK

RXWSXW�RI�WKLV�ORZ�SURILOH�FRQWDFWOHVV�VZLWFK�LV�ZHOO�VXLWHG�WR�ORJLF�OHYHO�VZLWFKLQJ��7KH�XQLW�GRHV�QRW
H[KLELW�WKH�FRUURVLRQ��SLWWLQJ�RU�ERXQFH�WKDW�DUH�QRUPDOO\�DVVRFLDWHG�ZLWK�FRQWDFW�VZLWFKHV�

7KH�FRPSDQ\�KDV�WHVWHG�WKHVH�VZLWFKHV�LQ�H[FHVV�RI����PLOOLRQ�F\FOHV�ZLWKRXW�IDLOXUH��7KH�VZLWFK
VROYHV�WKH�QDJJLQJ�SUREOHP�RI�IRXOHG�FRQWDFWV�LQ�SLQEDOO�PDFKLQHV��D�VLJQLILFDQW�VRXUFH�IRU�PDFKLQH
GRZQWLPH�DQG�ORVW�UHYHQXH��7KH�VLPSOLFLW\�RI�WKH�GHVLJQ�PDNHV�LW�HIIHFWLYH�LQ�DSSOLFDWLRQV�ZKLFK
LQFOXGH�

� &RXQWHU�VZLWFKHV�IRU�DVVHPEO\�OLQHV�DQG�VKDIW�URWDWLRQ
� 6ZLWFKHV�IRU�DXWRPDWHG�SURFHVVHV
� ,PSDFW�GHWHFWLRQ�IRU�PDFKLQH�GLVSHQVHG�SURGXFWV
� 3DQHO�VZLWFKHV
� )RRW�SHGDO�VZLWFKHV
� 'RRU�FORVXUH�VZLWFKHV

7KH�FDQWLOHYHU�EHDP�WKDW�FDUULHV�WKH�SLH]R�ILOP�FDQ�EH�PRGLILHG�WR
DGMXVW�VZLWFK�VHQVLWLYLW\�IRU�KLJK�WR�ORZ�LPSDFW�IRUFHV��)LJXUH���
VKRZV�WKH�FRQVWUXFWLRQ�RI�WKH�GLJLWDO�VZLWFK�

%HDP�6ZLWFK

�3LH]R�ILOP�VZLWFKHV�FDQ�EH�XVHG�WR�PHDVXUH�WKH�DPSOLWXGH�
IUHTXHQF\�DQG�GLUHFWLRQ�RI�DQ�HYHQW�DQG�DUH�XVHIXO�LQ�REMHFW
GHWHFWLRQ�DQG�UHFRJQLWLRQ��FRXQWLQJ��ZDNHXS�VZLWFKHV�DQG�ELGLUHFWLRQDO�HQFRGLQJ�DSSOLFDWLRQV��7KH
FRQVWUXFWLRQ�RI�WKH�EHDP�W\SH�VZLWFK�LV�VKRZQ�LQ�)LJXUH�����

1RWH�WKDW�WKH�SLH]R�ILOP�HOHPHQW�LV�ODPLQDWHG�WR�D�WKLFNHU�VXEVWUDWH�RQ�RQH�VLGH��DQG�KDV�D�PXFK
WKLQQHU�ODPLQDWH�RQ�WKH�RWKHU��7KLV�PRYHV�WKH�QHXWUDO�D[LV�RI�WKH�VWUXFWXUH�RXW�RI�WKH�SLH]R�ILOP
HOHPHQW��UHVXOWLQJ�LQ�D�IXOO\�WHQVLOH�VWUDLQ�LQ�WKH�SLH]R�ILOP�ZKHQ�GHIOHFWHG�GRZQZDUG��DQG�D�IXOO\
FRPSUHVVLYH�VWUDLQ�ZKHQ�GHIOHFWHG�LQ�WKH�RSSRVLWH�GLUHFWLRQ�
:HUH�WKH�QHXWUDO�D[LV�LQ�WKH�FHQWHU�RI�WKH�SLH]R�ILOP�HOHPHQW��DV
ZRXOG�EH�WKH�FDVH�LI�WKH�WZR�ODPLQDH�ZHUH�RI�HTXDO�WKLFNQHVV��WKH
WRS�KDOI�RI�WKH�SLH]R�ILOP�ZRXOG�EH�RSSRVLWHO\�VWUDLQHG�IURP�WKH
ERWWRP�KDOI�XQGHU�DQ\�GHIOHFWLRQ�FRQGLWLRQ��DQG�WKH�UHVXOWLQJ
VLJQDOV�ZRXOG�WKHUHIRUH�EH�FDQFHOHG�

%HDP�VZLWFKHV�DUH�XVHG�LQ�VKDIW�URWDWLRQ�FRXQWHUV�LQ�QDWXUDO�JDV
PHWHUV�DQG�DV�JHDU�WRRWK�FRXQWHUV�LQ�HOHFWULF�XWLOLW\�PHWHULQJ��7KH
EHDP�VZLWFK�GRHV�QRW�UHTXLUH�DQ�H[WHUQDO�SRZHU�VRXUFH��VR�WKH
JDV�PHWHU�LV�VDIH�IURP�VSDUN�KD]DUG��2WKHU�H[DPSOHV�RI�
DSSOLFDWLRQV�IRU�WKH�EHDP�VZLWFK�LQFOXGH�D�EDVHEDOO�WDUJHW�WKDW�GHWHFWV�EDOO�LPSDFW��D�EDVNHWEDOO�JDPH
ZKHUH�D�KRRS�PRXQWHG�SLH]R�ILOP�VHQVRU�FRXQWV�JRRG�EDVNHWV��VZLWFKHV�LQVLGH�RI�DQ�LQWHUDFWLYH�VRIW
GROO�WR�GHWHFW�D�NLVV�WR�WKH�FKHHN�RU�D�WLFNOH��DQG�WKH�VHQVRU�LV�VHZQ�LQWR�WKH�IDEULF�RI�WKH�GROO���DQG
FRLQ�VHQVRUV�IRU�YHQGLQJ�DQG�VORW�PDFKLQHV�

6QDS�$FWLRQ�6ZLWFKHV

3LH]RHOHFWULF�PDWHULDOV�GR�QRW�KDYH�D�WUXH�GF�UHVSRQVH��9HU\�VORZ�HYHQWV���������+]��IRU�H[DPSOH��DUH
QRW�QRUPDOO\�SRVVLEOH�WR�GHWHFW�ZLWK�SLH]RHOHFWULF�ILOP��,Q�VZLWFK�DSSOLFDWLRQV�ZKHUH�GF�UHVSRQVH�LV
UHTXLUHG��SLH]R�ILOP�LQ�FRPELQDWLRQ�ZLWK�D�VQDS�GRPH�SURYLGHV�D�KLJK�YROWDJH�SXOVH�

�:KHQ�WKH�VQDS�GHYLFH�DFWXDWHV��WKH�ILOP�LV�UDSLGO\�VWUDLQHG��W\SLFDOO\�JHQHUDWLQJ�D����YROW�SXOVH�LQWR�D
RQH�PHJRKP�FLUFXLW�DV�VKRZQ�LQ�)LJXUH�����7KLV�FRQFHSW�LV�HVSHFLDOO\�ZHOO�VXLWHG�IRU�ZDNHXS
VZLWFKHV��ZKHUH�DQ�HOHFWURQLF�GHYLFH�FDQ�EH�GRUPDQW�IRU�ORQJ�SHULRGV�ZLWKRXW�SRZHU�FRQVXPSWLRQ
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)LJXUH�����6QDS�DFWLRQ�VZLWFK

)LJXUH�����3HUPDQHQW�,Q�7KH�5RDG�7UDIILF�6HQVRU

XQWLO�WKH�VQDS�DFWLRQ�GHYLFH�LV�DFWXDWHG��7KH�SLH]RHOHFWULF
SXOVH�WXUQV�RQ�WKH�HOHFWURQLFV��%DWWHU\�RSHUDWHG�SDUNLQJ
PHWHUV��ZKHUH�EDWWHU\�OLIH�LV�YHU\�FULWLFDO��DUH�DQ�H[DPSOH�RI
D�SLH]R�VQDS�DFWLRQ�VZLWFK�DSSOLFDWLRQ�

,PSDFW�6HQVRUV

,PSDFW�3ULQWHUV

+LJK�VSHHG�LPSDFW�SULQWHUV�UHTXLUH�YHU\�DFFXUDWH�SULQW�KHDG
WLPLQJ��,PSDFW�PXVW�RFFXU�WKH�LQVWDQW�WKDW�D�KLJK�VSHHG
UHYROYLQJ�VWHHO�EDQG��HPERVVHG�ZLWK�SULQW�FKDUDFWHUV��LV
SURSHUO\�SRVLWLRQHG�LQ�IURQW�RI�WKH�SULQW�KDPPHU��$Q\
DGYDQFH�RU�GHOD\�LQ�HQHUJL]LQJ�WKH�SULQW�KDPPHU�ZLOO�UHVXOW
LQ�DQ�RIIVHW�SULQW�RI�WKH�GHVLUHG�FKDUDFWHU�

3LH]R�ILOP�VHQVRU�VWULSV��EXLOW�LQWR�WKH�SULQWHU�SODWHQ��PRQLWRU�WKH�LPSDFW�WLPLQJ�DQG�IRUFH�RI�WKH
EDQN�RI�SULQW�KHDGV��DQG�WUDQVPLW�WKH�LQIRUPDWLRQ�WR�WKH�FRQWUROOHU��$XWRPDWLF�DGMXVWPHQW�LV�PDGH�LQ
WKH�DFWXDWRU�WLPLQJ�WR�DFFRPPRGDWH�DQ\�PLQRU�FKDQJH�LQ�SULQW�KHDG�WLPLQJ��7KH�YHU\�KLJK�VSHHG�RI
WKH�HPERVVHG�VWHHO�ULEERQ��DERXW�����LQFKHV�SHU�VHFRQG��UHTXLUHV�D�YHU\�IDVW�VZLWFK�UHVSRQVH�
$OWHUQDWLYH�LPSDFW�VZLWFKHV�DUH�TXLFNO\�GHVWUR\HG�E\�WKH�ODUJH�LPSDFW�IRUFHV�RI�WKH�SULQW�KHDG��3LH]R
ILOP�VZLWFKHV�KDYH�EHHQ�LQ�XVH�LQ�WKLV�DSSOLFDWLRQ�IRU�PRUH�WKDQ�ILYH�\HDUV�ZLWKRXW�IDLOXUH�

6SRUWV�6FRULQJ

3LH]R�ILOP�VHQVRUV�FDQ�EH�XVHG�WR�PHDVXUH�LPSDFW�WLPH��ORFDWLRQ��DFFXUDF\��DQG�IRUFH��7KHVH
SDUDPHWHUV�DUH�GHVLUDEOH�LQ�VHYHUDO�VSRUWV�VFRULQJ�DSSOLFDWLRQV��7KH�HQHUJ\�RI�D����PSK�SLWFK�KDV
LQVWDQWDQHRXV�SRZHU�RI�DERXW��������ZDWWV���7KH�JUHDW�FKDOOHQJH�LQ�WKLV�DSSOLFDWLRQ�LV�WDUJHW
UXJJHGQHVV�ZLWKRXW�WKH�LQWURGXFWLRQ�RI�VHYHUH�ERXQFHEDFN�LQWR�WKH�GHVLJQ�

$�VHFRQG�VSRUWV�VFRULQJ�DSSOLFDWLRQ�LV�HOHFWURQLF�GDUWERDUGV��ZKHUH�SLH]R�ILOP�PRQLWRUV�WKH�PDQ\
LPSDFW�]RQHV�LQ�WKH�JDPH��6FRULQJ�LV�HOHFWURQLFDOO\�UHFRUGHG�

0XVLFDO�,QVWUXPHQWV

7KH�SRSXODULW\�RI�HOHFWURQLFV�IRU�PXVLFDO�LQVWUXPHQWV�SUHVHQWV�D�VSHFLDO�SUREOHP�LQ�GUXPV�DQG
SLDQRV��7KH�YHU\�KLJK�G\QDPLF�UDQJH�DQG�IUHTXHQF\�UHVSRQVH�UHTXLUHPHQWV�IRU�GUXP�WULJJHUV�DQG
SLDQR�NH\ERDUGV�DUH�PHW�E\�SLH]R�ILOP�LPSDFW�HOHPHQWV��/DPLQDWHV�RI�SLH]R�ILOP�DUH�LQFRUSRUDWHG�LQ
IRRW�SHGDO�VZLWFKHV�IRU�EDVV�GUXPV��DQG�WULJJHUV�IRU�VQDUHV�DQG�WRP�WRPV��3LH]R�ILOP�LPSDFW�VZLWFKHV
DUH�IRUFH�VHQVLWLYH��IDLWKIXOO\�GXSOLFDWLQJ�WKH�HIIRUW�RI�WKH�GUXPPHU�RU�SLDQLVW���,Q�HOHFWURQLF�SLDQRV�
WKH�SLH]R�ILOP�VZLWFKHV�UHVSRQG
ZLWK�D�G\QDPLF�UDQJH�DQG�WLPH
FRQVWDQW�WKDW�LV�UHPDUNDEO\�VLPLODU
WR�D�SLDQR�NH\�VWURNH���
����
7UDIILF�6HQVRUV

7KH�8�6��*RYHUQPHQW�LV�DFWLYHO\
VWXG\LQJ��VPDUW�KLJKZD\V��DV�DQ
DOWHUQDWLYH�WR�PDMRU�QHZ�KLJKZD\
FRQVWUXFWLRQ��7KH�LGHD�LV�WKDW
H[LVWLQJ�KLJKZD\V�FDQ
DFFRPPRGDWH�JUHDWHU�YHKLFOH
GHQVLWLHV�LI�HOHFWURQLFDOO\�PDQDJHG�
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)LJXUH�����3HUPDQHQW��,Q�7KH�5RDG�7UDIILF�6HQVRU

-

+ Electronics

Bi-Directional Sensor

Concrete
Barrier

Traffic 
Flow

)LJXUH�����0XOWLGLUHFWLRQDO�6HQVRU

,Q�DGGLWLRQ�WR�FRQYHQWLRQDO�WUDIILF�PRQLWRULQJ�IRU�KLJKZD\�VWXGLHV�DQG�HQIRUFHPHQW��WKH�,QWHOOLJHQW
9HKLFOH�+LJKZD\�6\VWHP��,9+6��SURJUDPV�FUHDWH�WKH�QHHG�IRU�QHZ�FODVVHV�RI��VPDUW�KLJKZD\��KLJK
VSHHG�VHQVRUV�WR�FRXQW�DQG�FODVVLI\�YHKLFOHV��SURYLGH�ODQH�FRQWURO��DQG�WR�PRQLWRU�ZHLJKW�DQG�VSHHG�
,9+6�DOVR�UHTXLUHV��VPDUW�FDU��VHQVRUV��DQG�DGYDQFHG�YHKLFOH�VXUYHLOODQFH��FRPPXQLFDWLRQV��DQG
VRIWZDUH�

)XWXULVWLF�SURJUDPV�OLNH�WKH�,9+6��DQG�PRUH�FRQWHPSRUDU\�SURMHFWV�OLNH�WKH�6WUDWHJLF�+LJKZD\
5HVHDUFK�3URJUDP��6+53���UHTXLUH�WUDIILF�GDWD�FROOHFWLRQ�WR�SURYLGH�WKH�QHFHVVDU\�LQIRUPDWLRQ
UHTXLUHG�E\�WKH�)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ�RQ�KLJKZD\�VWUXFWXUHV��5HFHQW�DGYDQFHPHQWV�LQ
VLJQDO�SURFHVVLQJ�RSHQ�WKH�GRRU�WR�JUHDWO\�LPSURYHG�UHDO�WLPH�YHKLFOH�GDWD�DQDO\VLV��SURYLGHG�WKDW
LQH[SHQVLYH�UHOLDEOH�VHQVRU�WHFKQRORJLHV�DUH�GHYHORSHG�

3QHXPDWLF�URDG�WXELQJ�KDV�ORQJ�EHHQ�WKH�ZRUNKRUVH�RI�WUDIILF�GDWD�FROOHFWLRQ��5RDG�WXEHV�SURYLGH�D
SQHXPDWLF�SXOVH�WR�D�SLH]RHOHFWULF�PHPEUDQH��ZKLFK�WULJJHUV�QHDUE\�HOHFWURQLFV�ZKHQ�DQ�D[OH�LV
GHWHFWHG�

7KH�HYDOXDWLRQ�RI
DOWHUQDWLYH�VHQVRU
WHFKQRORJLHV�KDV�VKRZQ
SLH]R�FDEOH�SURYLGHV�WKH
QHFHVVDU\�VHQVLWLYLW\�
OLQHDULW\��QRLVH�LPPXQLW\
DQG�HQYLURQPHQWDO
VWDELOLW\�IRU�KLJK�WUDIILF
LQWHUVWDWH�YHKLFOH
FODVVLILFDWLRQ�DQG�ZHLJKW�
LQ�PRWLRQ�V\VWHPV��3LH]R
FDEOH�%/�VHQVRUV�DUH�XVHG
IRU�WUDIILF�GDWD�FROOHFWLRQ
IURP�6DVNDWFKHZDQ�WR
)ORULGD�

3LH]R�FDEOH�WUDIILF�VHQVRU
FRQVWUXFWLRQV�DUH�VKRZQ�LQ�)LJXUHV����DQG�����7KHUH�DUH�WZR�EDVLF�FDWHJRULHV�RI�WUDIILF�VHQVRU����
SHUPDQHQW�DQG�WHPSRUDU\��*HQHUDOO\��SHUPDQHQW�VHQVRUV�DUH�PRXQWHG�LQ�WKH�URDG�ZLWK�WKH�WRS�RI
WKH�VHQVRU�IOXVK�WR�WKH�KLJKZD\�VXUIDFH��ZKLOH�WHPSRUDU\�XQLWV�DUH�DGKHVLYHO\�DSSOLHG�WR�WKH�URDG
VXUIDFH�IRU�VKRUWHU�PRQLWRULQJ�SHULRGV��3HUPDQHQW�VHQVRUV��XVHG�IRU�WROO�ERRWKV�DQG�LQWHUVWDWH
KLJKZD\�GDWD�FROOHFWLRQ��DUH�IOXVK�PRXQWHG�WR�D�URDG�VXUIDFH�DQG�PXVW�ZLWKVWDQG�WKH�ULJRUV�RI�\HDUV
RI�KLJK�GHQVLW\�WUDIILF��VQRZ�SORZV��VDOW��VDQG��ZDWHU�DQG�GUDJJLQJ�PXIIOHUV�

�1HZ�-HUVH\�EDUULHUV���WKH�PRGHUQ
FRQFUHWH�EDUULHUV�WKDW�VHSDUDWH
RSSRVLQJ�ODQHV�RQ�KLJKZD\V�
LQWURGXFH�SUREOHPV�IRU�PXOWLODQH
VHQVLQJ�RI�IRXU�ODQH�KLJKZD\V��3LH]R
FDEOH�FDQ�VROYH�WKLV�SUREOHP�ZLWK�D
VLQJOH�VHQVRU�WKDW�KDV�RSSRVLWH
SRODULWLHV�FRUUHVSRQGLQJ�WR�HDFK�ODQH�
9HKLFOHV�FURVVLQJ�WKH�QHDU�ODQH
SURGXFH�D�VLJQDO�RI�RSSRVLWH�VLJQ
IURP�YHKLFOHV�LQ�WKH�IDU�ODQH��)LJXUH
�����7KLV�DELOLW\�WR�SURYLGH�ODQH
DFWLYLW\�LQ�D�VLQJOH�VHQVRU�LV�D
VLJQLILFDQW�GHYHORSPHQW����
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7UDIILF�VHQVRUV�FDQ�PRQLWRU�YHKLFOH�VSHHG��FRXQW�D[OHV��ZHLJK�YHKLFOHV��SURYLGH�GLUHFWLRQ��DQG�YHKLFOH
FODVVLILFDWLRQ��5HFHQWO\��WKHVH�VHQVRUV�KDYH�DOVR�SURYHQ�YDOXDEOH�RQ�DLUSRUW�WD[LZD\V���)URP�WKH
RXWSXW��RQH�FDQ�GLVFHUQ�WKH�JURXQG�VSHHG�RI�DQ�DLUFUDIW��WLPH�ODJ�EHWZHHQ�WZR�VHQVRUV���LWV�GLUHFWLRQ�
ZHLJKW��IXHOHG���QXPEHU�RI�D[OHV��DQG�WKH�VSDQ�RI�WKH�DLUFUDIW��GHWHUPLQHG�IURP�WKH�VSHHG�DQG�WKH
NQRZQ�IL[HG�GLVWDQFH�EHWZHHQ�VHQVRUV���7KLV�LQIRUPDWLRQ�FDQ�EH�XVHG�WR�FODVVLI\�WKH�DLUFUDIW�DQG
SURYLGHV�WD[LZD\�WUDIILF�FRQWURO�DQG�VDIHW\�LQIRUPDWLRQ�DW�DLUSRUWV��
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