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7KH 6ZHGLVK 6RODU &RPELV\VWHPY ORQLWRULQJ 3URMHFW ZDRQAMBEIDWHG LQ 0Dl
ODWH GXH WR YHU\ ODWH QDWLRQDO ILQDQFLQJKHH. IR ¥EHHE DHEH MVEFROOK
HQRXJK PHDVXUHG GDWD \HW WR PDNH UHOLDEOH IH¥D OXtRQERWV IR GRIDKKH
WKUHH &RPELV\VWHPV WKDW KDV EHHQ EXLOW DQG PRQLWRUHG

6WLOO WKH &RPELV\VWHPV KDV EHHQ RSHUDWLQJ YHSDIWNOQBPHEOBHG WK & RVKH
FXVWRPHUV DUH YHU\ KDSS\ HIFHSW IRU WKH &RPEXPYWHP\ZLSVIREBE®A LV PDLQO\
FDXVHG E\ WKH IDPLOLHV RZQ LQWHUDFWLRQ E\ LQWWWD®OQQ 1L € OHEW HEEXZHR B XULC
WKH PHDVXUHPHQW SHULRG ZLWKRXW LQIRUPLQERAE CRGIRWWE H RRMWUHRO DOJRUL
LQ WKLV VIVWHP ZDV VKRZQ WR EH LQ HUURU DIRVHRRQIKFVRUUYYWWCEMU KRG WR EH
UHDGMXVWHG E\ WKH PDQXIDFWXUHU WR RSWLPLVH WKH SHUIRUPDQFH DQG HQHUL.

7KH YHU\ ORZ EXGJHW IRU PRQLWRULQJ LQ WKLV SURDHZWRPEIEHD W/ RQURID
VHSDUDWHO\ ZHOO YDOLGDWHG PRQLWRULQJ HTXDBRHRVVESNUIR BRED QARHH ELDNVIDN
WKURXJK LQ PLFURSURFHVVRU DQG GDWDORJJHU WHFKQRORJ\ RQ WKH PDUNHW

$ QHZ ORZ FRVW GDWDORJJHU W\SH 0(/$&6 DERXW  (XUREEHEMIORSHES
6WHIDQ  /DUVVR@/HIDQ /DUVVRQ#IDWWHQIDQGFRPLNDHO  6YHQVVRQ
OLNDOH 6YHQVVRQ#9DWWHINWDIBWARRQIDOO 8WYHFNOLQJ $% LQ 6ZHGHQ

$ QHZ WASH Rl ORZ FRVW DERXW (XUR HDFK EXQRXDRFXE®DME WAWVDWH
WHPSHUDWXUH VHQVRUV /0 DQG /0

$ ORZ FRVW  (XUR FDOLEUDWHG VLOLFRQ 3KBRWRXRGWDOAQXRBDDQG
7HIWPD\HU *HUPDQ\

/IRZ FRVW DERXW (XUR HDFK EXW YHU\ UREXVWDB8BJIMMHBPOLEUDWLRQ
VWDQGDUG IORZ PHWHUV QRUPDOO\ XVHG IRU GLVWULFW KHDWLQJ
6WDQGDUG ORZ FRVW HOHFWULFLW\ PHWHUV ZLWK SXOVH RXWSXW &(:( 6ZHG
1HZ VLQJOH SKDVH LQWHJUDWLQJ HOHFWULFLW\ PHWISDV BMMKLE BRMB@D) IR
PHDVXUHPHQW RI SXPSV HWF ~ HXUR HDFK 0DQXDO UHDGLQJ

6LPSOH $& RSHUDWLQJ WLPH PHWHUV IRU WKH VRODU SXPSV 0DQXDO UHDGLC

7KLV SURYHG WR EH D JRRG VROXWLRQ FRVW DQG SWUNRFNDRWV P XENHP XMW LPH
WR JHW LW XS DQG UXQQLQJ WKDQ ZH H[SHFWHG (YRSRQMVKHUMIENUXIMDER

YDOLGDWHG DQG WHVWHG VHSDUDWHO\ LQ RWHKHRQ\PHEEKMFHBEQWWISGSQHEDW
IUHTXHQF\  +] SXOVH PHDVXUHPHQWV IRU IOXLG IORZ LQ WKAWUMWVIMR DQC
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FRQVXPSWLRQ 7KHUHIRUH FRPSOHWH DQG DFP\HIWHUGOWD RRJHDEXOOH LQ
DOO WUHH V\VWHPV

2Q WKH RWKHU KDQG WKLV WLPH GHOD\ KDV QRW EKEQHZ IRMBGRRGWRQ®E/BAW WF
WKH KRXVH RZQHUV GXULQJ WKH IUHTXHQW YLVLWYRDYHGH. Q GCK BRYRQIKMRUL Q.
DQG RSHUDWLRQ RI WKH VAVWHPV :H KDYH DOVR JRW IVERREDGVEKRVHQ ZRODU
HQHUJ\ DQG KRZ WKH\ YDOXH WKHLU LQYHVWPHQW

6\WVWHPV PRQLWRUHG

6\WWHP /RFDWHG LQ 8SSVDOD NP 1RUWK Rl 6WRFNKROR/RODK RRDOISONRIBY DQG
DQ HOHFWULF GULYHQ KHDW SXPS FRQQHFWHGPWRKMHGHHS GRUNRROE HQHUJ\
HQHUJ\ LV LQMHFWHG LQWR WKH ERUHKROH DQG LV DJDLQ XVHG GXULQJ WKH ZLQW

6\WWHP /RFDWHG LQ )DOXQ DERXW NP QRUWK QRUWKHIDWVK RDBWRSDIBWRER/RODU
FROOHFWRUV FRQQHFWHG WR D VRODU WDQN ZOMWE@E X EHNL @ \EBIBNRS/HGHFFVU
KHDWHU LV DOVR DYDLODEOH LQ WKH O WDQGN BYMWRKDREBHEDUQLRBOO\ ZKHQ
DGMXVWLQJ WKH SHOOHWV EXUQHU

6\WWHP /RFDWHG RXWVLGH gUHEUR DERXW NP HDVW R| 6WRERRROGPVRODK (Ol
FROOHFWRUV FRQQHFWHG WR RQH O VRODU WBNMYN LA BBFENIS/ HMHIMWVHG $EH[WU
O VODYH WDQN LV FRQQHFWHG LQ SDUDOOHO DQGPPHX\KEEDPHIMMOX KB QKK Y X
HOHFWULF KHDWHU LV WXUQHG RIl 7KH KRXVH DQVRKDODYZRRGRRFRYEG LV XVHC
IRU 3FRPIRUW ILULQJ" EXW DGGV VRPH HQHUJ\ WR WK\WKNE R KQY \DRR' R7RLVPDOO
HOHFWULF DIWHU KHDWHU IRU WKH '+ 'RPHVWLOOZRW DWWHDQWRH D KRW ZDWHI

WHPSHUDWXUH VDIH IRU OHILRQHOOD HYHQ LI WK& RDIWKUXNDONWBR BHOGRERXVH
RZQHUV DOVR KDV VWDUWHG WR UXQ WKHLU ZDVKLQMRADFHLQBVRIQAKRINK RIVAEDRIV -
ORDG DQG VDYH HOHFWULFLW\ 7KLV FRQFHSW LV QRZ BHFRRLQQFERVIMGHHIBOO\
NQRZQ DQ DSSOLHG \HW DV WKH HOHFWULFLW\ QUIHH WIR K SRLOAIHGIDI LV DOVR
UHGXFHG

([SHULHQFHV DQG UHVXOWYV VR IDU

6\WWHP :H KDYH LGHQWLILHG VHULRXV SHUIRUPDQFH ZLVHPBRQ@XURO WHREOHPY\
KHDW SXPS RSHUDWLRQ 7KH V\VWHP KDV D YHURERBSORBRDWKIB WROWUWYV FODLPHC
RSWLPLVH WKH XVH Rl VRODU HQHUJ\ 2QH PD\RBREWMIRBURNVKRHZ BRQWHQWLILHG D
KDV EHHQ IL[HG GXULQJ WKH DXWXPQ

7KH KRXVH RZQHU DOVR FODLPV WKDW WKH VAVWHP GRHN FRRIV R KHVDQYRMDHD
HOHFWULFLW\ ELOO GXULQJ WKH ILUVW \HDUH R)RBHQDMURQIDVWHL QULI WKLV PD\ El
FDXVHG E\ WZR HOHFWULF IORRU KHDWLQJ V\VWHRPKIDNGGHERVIRANERMKFORBG [URP

WKH VRODU FROOHFWRUV DQG WKH KHDW SXPBHD QG IHD\WMKH VXK HHOHFWULF
FRQVXPSWLRQ DQG ELOO %XW ZH KDYH WR WU\ WRYPXIDYWUN @/ KW \IID H CHBVKULFL
FRQVXPWLRQ WKDW LV DOVR LQGHSHQGHQW LQ QBRURDNARGYMAR SVKEHFIRXDERQRW
IRUVHH WKLV QR VHSDUDWH PHDVXUHPHQWY DUHF DYRR O BEDMRQMWKAMTHFWUL

6\WWHP 7KLV VIVWHP UXQV SURSHUO\ EXW QR FRQFOX\DEOBHHMMO WXYHDWR DYDRR
VKRUW PHDVXUHPHQW SHULRG IRU WKH NLQG RI ORR\EXABI KDY PREHMCRIRLHG RVR
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FKRRVH 1R QHJDWLYH RSHUDWLQJ H[SHULHQFFSORUGNWURFFRFUNMFREASRUWHG E\ \
KRXVH RZQHU

B\WWHP 7KLV VIVWHPV DOVR UXQV SURSHUO\ DQG UHOLDEO\ DEIGKRSH KRNKH RZQF
LW 7KH PRQLWRULQJ UHVXOWV DUH HYDOXDWHGAXRZOERWAZW R BB BHEIRR XJK GDV
WR EH DEOH WR H[WUDSRODWH WR D IXOQMHDVRCREQIDDARQBEWKQ WKLY VIVWHP
KDYH DOVR PDGH DQ H[SHULPHQW WR LQFUHD/G! DG \KRVDZDWHULQR/XPPHU E\
RSHUDWLQJ WKH ZDVKLQJ PDFKLQH RQ KRW ZDWHRQDYWHKDG IRl ARPFRQLELW
RWKHU FRXQWULHV EXW LQ 6ZHGHQ WKH HOMHPR/OIEL WY HFBRWVQ REBREHMWLE ZDVKL(
PDFKLQHV EXLOW IRU WKLV RSHUDLWRQ DUH VROG7K&XGEHEHHF\BQRPRUBUH
PDQXIDFWXULQJ IRU H[SRUW 7KH LQFUHDVH RIFMNH/HOFHFWKEF BMUSIJXODWLRQ RI
HOHFWULWL\ PDUNHW LQ 6ZHGHQ LQ  ZLOO PDNMWRFUMD)MH QIEs GFOHFWULFL
VDYLQJ YHU\ FRVW HIIHFWLYH ZH EHOLHYH DOPRVWVEX \WRWW RPKVRH DY KD
PDFKLQH GXULQJ WKH OLIHWLPH DV WKH H[WUD KRW ZIDHDX\A LGHAMHR FRPRHU K

([SHULHQFHV ZLWK WKH QHZ ORZ FRVW PRQLWRRLQJ V\VWH

‘H GHVFULEH WKLV KHUH LQ PRUH GHWDLO DVUNKLY IRD\ IEM/RUHQXREODU PRQLWRL
WDVNV ZKHUH ORZ PRQLWRULQJ FRVW EXW VWLOBQBFBHOWDHEOH V- FXUWDAROD!
DSSOLFDWLRQV DUH QHFHVVDU\

7KH PHDVXUHPHQW V\WWHPV QRZ RSHUDWH YHU\ UHORBR@VDRQGGAHDIDVR KBQGOH
WKDW WKH KRXVH RZQHUV FDQ FRQQHFW DQG HP SV GDWRORIBIHU REDIB&

DQG VHQG GDWD RQ HPDLO HYHU\ ZHHN WRJHWKHU ZLWIRVROHRDQMDO/ UPDEGHQY
DQG IORZ PHWHUV $OVR UHSURJUDPPLQJ KDV EHHQ SRVVLEOH WKLV ZD\ LQ VRPH F

7KH OHODFV 'DWD /RJJHU

)LIXUH 7KH OHODFV GDWD ORJJHU EDVHG RQ WKH %DVLF 6WDPS PLFURSUREF

‘H WKHQ DOVR KDV JRW YHU\ IDVW IHHGEDFN Rl QRQ PHDRWWWHG EWREQHPYOOEH
HQHUJ V\WWWHP RI WKH KRXVH 2QH H[DPSOH LV D VDIH WQRBELRD2MAQDUKHRQ
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KROLGD\V IRU HIDPSOH RU WKH\ KDYH D ORW RI JXHWMRHIRRDGZHAN D&REDOO\
FKDQJHG $OVR REVHUYDWLRQV DV VQRZ RQ FROOHFWRUNWGHDNM RD\BWRRIBIGVE XF

UHOLDEO\ :H WKHQ FDQ FROOHFW WKHUH HPBIEOYLPY BRIERGHEBRNRQ ZLWK WKH KR!
RZQHUV ZDV D ELW XQH[SHFWHG WKRXJK IRU XV

3XOVH PRQLWRULQJ I0RZ DQG HOHFWULFLW\

7KH ELJ PHDVXUHPHQW DFKLHYHPHQW LQ WKLV ZRUN_YHDRAHUH DHE HWRVEHVLIQ
DQG SURJUDPPH WKH GDWDORJJHU WR KDQGOH SXO¥BVGUHRPHERZERMW DG I0R.
PHWHUV ZLWK YHU\ ORZ IUHTXHQF\ RXWSXW LQ WKBVUBHB@W WKIMWKH VIVWHP FD

XVH YHU\ UREXVW DQG ORZ FRVW VWDQGDUG PHWHUWRWKDYH MUERIDMVRL GHVILBEH
RQFH LQVWDOOHG

JLIXUH &RQQHFWLRQ RI D IORZ PHWHU ZLWK 3SDVVLYH" RXWBXYRMHRIMWKH OH(
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7HPSHUDWXUH PRQLWRULQJ

$OVR WKH VROLG VWDWH WHPSHUDWXUH VHQVRUV /0  [EBIGY/AUKINCEIIRECHD SO

DV WKH\ GHOLYHU VLIQDOV LQ WKH PY UDQJH WKHYBUMLYRWBIOBRAML K QRL V!
DQG DURXQG WKH VHQVRU FDEOLQJ :H DOVR KDV XVH®HRYMIKPDTHENGRURRA QYK
FDUHIXO LQVXODWLRQ RXWVLGH DQG WKLV VHHPVPRNG BFSHNFINURRGVEMARRIHIVLFD
FDOFXODWLRQV ,W LV WKRXJK LPSRUWDQW D\OREDK/RWHKH\HIWRUMINRSLSH S
ZKHUH WKH IORZ LV ULVLQJ WR DYRLG LQIOXHQFHV WKEDGHQVRY BIWDDSSHGVBLU L

WKH SLSLQJ V\WWHP 7KLV HWHUQDO PRXQWLQDVYW Y6 SEIFVR\RBQQ DQ H[LVWLC
VIVWHP

JLIXUH  7KH &RQQHFWLRQ RIWKH /0 7HPSHUDWXUH VHQVRU WRIWKH PHODF
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&OLPDWH PRQLWRULQJ

‘H KDYH DOVR EHHQ DEOH WR LQFOXGH ORFDO (WOVPRXW GREY/ AHERRHQW
WHPSHUDWQBRODU UDGLDY/MH PHDVXUHPHQWY DW D UHDVRQDEOH FRVW 7K
/0 VHQVRU LV ORZ LQ FRVW DERXW (XUR )RU VROKDYHDEUDMERQVZBLFRQ VHQVR
IURP OHQFNH DQG 7HJWPD\HU WKDW LV QRW WKH FKHBRSEXW LINERXWDO[LEUDWHG D
UREXVW DQG KDV D VLIQDO OHYHORI PO9DWD :P

J)LIXUH ([DPSOH RI D YHU\ ORZ FRVW VRODU UDGLDWLROQWRQLVARRELQDIRRD ELOL
ZLWK WKH OHODFV GDWDORJJHU ,Q IDFW HYHQ D VWDQGDUG /(' FDRHEWXUHIG 3 EDFN.
VRODU UDGLDWLRQ DV LW LV D NLQG RI 39 FHOO DFWXDOO\ GRX\Z EBWHDABLIIHUHQ\
XVHG D UHDG\ PDGH FDOLEUDWHG 39 FHOO ZLWK LQWHJUDWHG HOHFWURQLF



