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6$1&78%5. $/3+% 1'.$ X
SANCTU/\RI

7HDP OHPEHIAWNVRQ $OEUR &3( DQG *UH\ 'DO\ /DEHOOH (/( AAAY XAl "$"+.$ 0$. " ;08" $.7

/HFKQLFDO 'LUHFWRU -RH ORUHLUD &RQVXOWLQJ 7THFKQLFDO "'LUHFWRU -DPHV "HOHOUC

S .m ). #0 .#)(m

LWKLQ WKH ILHOG RI ZLOGOLIH UHKDELOLWDWLRQ WKHUH LV LWKLQ WKLY SURMHFW WKHUH DUH VHYH
UHKDELOLWDWHG ZKHWKHU WKDW EH WKURXJK WUDGLWLRQDO PF RQO\ KDYH WR FRPSOHWH WZHQW\ ILYH &

UHKDELOLWDWLRQ FHQWHU DQLPDOV DUH PRQLWRUHG ZLWK D P yYyXEFHVVIXO SURMHEW 7KH ILUVW WKLudg@Vv
ZKHQHYHU WKH\ GHWHFW PRWLRQ :KLOH WKLY IHDWXUH LV KH( EHHQ IRFXVLQJ RQ WKXV IDU DQG WKH\ Lic

RFFDVLRQV RI D 3IDOVH SRVLWLYH” PRWLRQ RU D QRQ DQLPDO EH

GLVN VSDFH 2YHU WLPH PXFK RI WKH YLGHR GDWD FDSWXuHG g\ PHWKRG LQ RUGHU WR SURFHVV ODUJH D
IXUWKHU XVH $V WKH WHDP DVVLJQHG WR WKLV SURMHFwW Rxu \ PQG UHOLDEOH PDQQHU 7KH UHVW RI Wi
UHFRJQLWLRQ DQG $, WR ILOWHU RXW WKH 3IDOVH SRVLWLYH" vyL FRQWLQXHG SURFHVVLQJ RI WKH UHILQHG,
'KHQ WKLV REMHFWLYH LV DFKLHYHG WKH UHILQHG GDWD FDQ E WR FODVVLI\ DQLPDO EHKDYLRUV DQG PRY}{
FODVVLI\ DQLPDO EHKDYLRUYVY DQG PRYHPHQWY WKDW ZLOO EH XVI |

" 2EMHFW '"HWHFWLRQ &ODV V [DIUFDWR@R @ LAMIOLHF WKRIQSURMHFW ZH 7KH SURMHEFW FRQVLVWYV RI VHYHQW\ ILYH $%2V R
HQRXJK WR ILQG SUHWUDLQHG $, PRGHOV WKDW FRXOG EH XVH EggéthGv:/FiUJVéFF:I\ﬁ/;fa FVSF:ESVT/\I/*VLLJE%QJ ;ﬁf\llvkgéV\/lLREI
SULPDU\ PRGHO WKDW ZH KDYH EHHQ XWLOL]LQJ WKXV IDU *RR 5. °°& KDVQEHHQQ FFSPSOHWHSXVLQJ OHJDQ,HWHFWRU .
DPRXQWV Rl GRFXPHQWDWLRQ DQG ZDV VWUDLJKWIRUZDUG LQ g DV LOOXVWUDWHG LO ILIXUH DOG 7KL V LPS®
7KH FDPHUD WUDS $, DFFHSWYV LPDJHV DV LQSXW DQG RXWSXW .UHGXFWLRQ. RY UBZYLGHR GDMWD LQWR D UHILQHG. LX]
HDFK EDWFK SURFHVVHG UHYHDOLQJ ZKDW ZDV IRXQG LQ WKH ‘ ' -
FDQ SRVVLEO\ EH XVHG IRU UHGXQGDQF\ SXUSRVHV EXW VR ID
WKH FDPHUD WUDS $,

" &ROQVWUXFWLRQ RI 3URFHWWIOH SURMMIEQHSURJUHVVHG WKHUH

GHWHUPLQH WKH FRPSRQHQWYVY WKDW ZRXOG QHHG WR IXQFWLEF -
Processing
Interface

SURFHVVLQJ ILOWHULQJ SLSHOLQH LQ RUGHU WR UHFHLYH D X\
GHWHFWLRQ FODVVLILFDWLRQ WRRO WKDW ZH DUH XVLQJ RQO\
LOQWR IUDPHV ZDV QHFHVVDU\ WR DGG LQWR WKH SURFHVVLQJ ¢ @ =
UHILQHG DQG GHYHORSHG WR EH PRUH UREXVW DQG WRHI®FO X!

ILJ Preprocessing
" '"HYHORSPHQW RI 3URFHVYQ QUK ) WHBERMFHVHPHVWHU D PRUH IH

LQWHUIDFH ZDV GHYHORSHG LQ RUGHU WR PDNH WRH ISURFHV V|
7KH LQWHUIDFH LV ZULWWHQ ZLWK WKH 3\6LGH OLEUDU\ LQ RU
WKH GHVNWRS HQYLURQPHQW 7KH LQWHUIDFH FDQ FRPSOHWH
LV IDU PRUH UREXVW DQG DOVR JLYHV WKH XVHU DGGLWLRQDO Retetivy
EXLOW LQ IUDPH VDPSOLQJ VHOHFWLRQ DQG IDFH EOXUULQJ IF il ek o
DELOLW\ WR VZLWFK EHWZHHQ GHWHFWLRQ PRGHOV ZLWKLQ Wt
OHJDGHWHFWRU

" '"HYHORSPHQW RI 9LVXDOL]QWLRK VEBWRIQEGD¥HPHVWHU ZRUN ZD\

e

(=

Optional post-processing

DQ LQWHUIDFH IRU YLHZLQJ SRVW SWRF HVWVIKQY G BW HEWLRH DJOK (faca: Bliieing)
XVHU WR YLVXDOL]H GHWHFWLRQ GDWD IRU D JLYHQ YLGHR :Kt!
WKH DSSOLFDWLRQ ZLOO OHW WKH XVHU YLHZ WKH GHWHFWLRC @ i
FDQ DOVR DGMXVW WKH FRQILGHQFH OHYHO DQG GHWHFWLRQ F ——
VFDWWHUSORW ,W LV LPSRUWDQW WR QRWH WKDW WKH VEDWW U
LOLWLDOO\ ZKLFK FDQ WKHQ EH ILOWHUHG E\ WKH XVHU E\ VH\ Q
FDWHJRU\ J)URP WKHUH WKH XVHU FDQ FOLFN RQ WKH VFDWWH )
WKH WKUHH <2/2 PRGHOV 7KH XVHU FDQ DOVR RYHUOD\ WKH IR J)LJ J)ORZ GLDJUDP RI SURFHVVLQJ Sl
PRGHOV DJUHHG RQ XVH D UDQJH VHOHFWRU WR ILQG IUDPHV | R
WKH JUDSK WR YLHZ IUDPHV DPRQJ RWKHU IHDWXUHYV

" 8VH Rl '"HWHFWLRQ 'HQWKMQ WX$ YLVXDOL]JHU LQWHUIDFH WKH X
QRUPDO DQG FUHDWH D GHQVLW\ PDS WKDW VKRZV ZKHUH WKH Choose input directory: C
YLGHRIH ILJ7KLV LV HVSHFLDOO\ XVHIXO EHFDXVH WKLV GDWD | | fpome/i/projectsfeest owpur RSN SR
IDOVH SRVLWLYHVY VR WKHVH GHWHFWLRQV GR QRW UHSHDW Wk :
DVVXPSWLRQ WKDW DQLPDOV PRYH DURXQG D ORW DQG WKHUH o LS et Do

UDQJH VR WKH GHQVLW\ SRLQWYV RI DFWXDO DQLPDO GHWHFWLI

Begin Processing Cancel Processing

Progress: 1/2

I

Current Video: Turkeys_on_Trail_Camera copy | Frames: 83

uttoldars in: NVIS feaders emrt J018-15XK setput (Cio)s Chek bogpem, S+ Chick remge) Sabfendars Wi WVIS fesders aast DOLE-07-HX sutpet mesked (Chrf+ Click Soguie, SR +Click renge)

)L 6 FUHHQVKRW RI SURFHVVLQJ XVHL

J 2018-11-01 00:12:20

)L 6FUHHQVKRW RI YLVXDOL]J]HU XVHU LQWHUIDFH

)L 6 FUHHQVKRW RI GHWHFWLRQ GHQVLV
YLVXDOL]J]HU XVHU LQWHUIDFH

(/(&203 &DSVWRQH 3URJUDP 'LUHFWRU 3URIHVVRU +DULVK 5 " 6 XQDN

HPDLO VXQDN#HOH XUL HGX WHOHSKRQH (/(&203 :HEVLWH KWWSV XUL HG
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7HDP OHPEKDN )DUPHU (/( 6RSKLH 30DQWH &3( 'RXJODV )LVFKHU &3( (/(

/HFKQLFDO 'LUHFWRU -RH ORUHLUD

S .m ). #0 .#)(m

5SHKDELOLWDWRUV WOHEBB8DVH KSIGMMHWSRVRQ DQLPDOV FU EXFFHVVIXO GHVLJQ SURWRW\SLQJ DQG
XQGHUVWDQGLQJ VXUYLYDO DQG UHKDELOLWDWLRQ VXF QLJKWZHLJKW ZHDUDEOH ORQJ VHUYLF!
WHFKQRORJ\ DV D VROXWLRQ (FKRABIRVYH U GHORYEDECOHY HOHFWURQLFY DQG EDWWHU\ SRZHU VR)
EXLOW VSHFLILFDOO\ IRU VSHFLHV OLNH IR[HV UDFFRRQ PDPPDOLDQ VSHFLHV VXFK DV IR[HV UDF
6$1&78%$5,1V PLVVLRQ WR LPSURYH ZLOGOLIH ZHOIDUH DC RSRVVXPV UDEELWV DQG PRUH $ 3VWUFL
SRABWMOHDVH EHKDYLRU %\ HQBAROI®WGEG 6RYDL ¥ WOGIQMFWIHC VPDOOHU VSHFLHVY VKRXOG WKH EDVLF D
KHOSV EULGJH WKH JDS EHWZHHQ UASKDUEL BXWHFWPR® HIl VXLWDEOH

(PEHGGHG &ORXG ,Q@RIPSOMWRG IXO0 HQG WR HQG FRF

ILUPZDUH PRELOH DSSOLFDWLRQ DQG $SSZULWH EDF
*

WHOHPHWU\ VFKHPD *36 EDWWHU\ WLPHVWDPSV DQ [ccqiFpwLRO KDV EHHO GHYHORSHG Sl

0f * (
HIFKDQJH EHWZHHQ WKH % GHYLFH DQG )OXWWHU DS: FRPPXQLFDWLRQ DQG YLVXDOL]DWLROQ,
DXWKHQWLFDWLRQ DQG SHUPLVVLRQV DQG EXLOW D VIVWHP IRU IXO0 LOQOWHJUDWLRQO DQG UH
YDOLGDWHG WKH FRPSOHWH SDWK IURP GHYLFH : PRELC .. | . . ... .. .. . - __ __.. e e e ... o
UHWULHYDO )LJXUH

&RUH KDUGZDUH IXQFWLRQDOLW\ ZDV FR
LV QRZ LQ SURJUHVV $ ZRUNLQJ FOR

%/( SRPPXQLFDWLRQ )UBDPHARBNG D UREXVW %/( FRPPX
XVLQJ VWUXFWXUHG -621 FRPPDQG UHVSRQVH PHVVI
LOWHUDFWLRQ IRU WHOHPHWU\ VWUHDPLQJ GHYLFH
5SHVROYHG HDUO\ ILUPZDUH LQVWDELOLW\ DQG HQVXL
UHVXOWLQJ LQ UHOLDEOH UHDO WLPH FRPPXQLFDWLRQ
DSSOLFDWLRQ

$XWR /RJ] 6FKHGXOLQIHWBLVQHME® DQG LPSOHPHQWHG D
VFKHGXOHU ZLWKLQ WKH PRELOH DSS VXSSRUWLQJ EI
VFKHGXOHG ORJJLQJ ,QWHJUDWHG VFKHGXOHU H[HFXWL
DFFXUDWH GDWD FDSWXUH 9DOLGDWHG WKH IXOO SLSH
ORFDO KLVWRU\ : $SSZULWH XSORDG

ORELOH $SSOLFDWLRQ &RPABDRSPHOWWKH )OXWWHU DS
DUFKLWHFWXUH %/( LOQOWHJUDWLRQ DQG XVHU LQWHUIL
GDWD YLVXDOL]DWLRQ XVLQJ 2SHQ6WUHHWODS LQFOXG
GLVSOD\LQJ WLPHWDPSHG ORFDWLRQ GDWD ODWLWXG
ZLWK SHUVLVWHQW VWRUDJH DQG LQWHUDFWLYH PDS F . iackeriocations =
UHVSRQVLYH 8, XSGDWHV DQG FRQVLVWHQW GDWD V\QF ra—

JLIXUBURMHFW %ORFN 'LDJUDP

SVHU ([SHULHQFH 5 HOQ ME LGV \XVDELOLW\ IHDWXUH"
FRQILJIXUDWLRQ DXWR ORJ FROQOWUROV DQG DXWKHQWL]
SDVVZRUG FKDQJH IHDWXUH DQG D VXSSRUW EDVHG S
GHEXJ LOVWUXPHQWDWLRQ DQG YDOLGDWLRQ DFURVV W
DQG FRUUHFW HQG WR HQG EHKDYLRU

YRDUG "HVIKH)3&% WHVWLQJ ERDUG GHVLJQ ZDV FRPSOH
WKH PD[LPXP DPRXQW RI PRGXODULW\ DQG GHVLJQ FRU
WKH WHVWLQJ ERDUG VLIQLILFDQWO\ ODUJHU WKDQ \
PDQXIDFWXUHG OD\RXW KDV WKH FDSDELOLW\ WR KDYt 7319
EDWWHU\ IXHO JDXJH FRPSRQHQW ERDUG FRQQHFWHG Tracker Previous Loc...
LQWR WKH GHVLJQ $GGLWLRQDOO\ D SUHOLPLQDU\
FRPSOHWHG DQG LV UHDG\ WR KDYH DGGLWLRQDO FRPES
LPSOHPHQWHG LQWR WKH GHVLJQ )LJXUH

%RDUG 7THY®Q FRPSRQHQWY WUDFHV DQG VLJQDO FRUU
38&% WHVWLQJ ERDUG $00 DSSDUHQW GHVLJQ HUURUV P
EHHQ FRUUHFWHG DQG DOO WKDW UHPDLQV LV WR LP!
FRQQHFWLRQ DQG FRPPXQLFDWLRQ DQG WKH GDWD VWF

%* BS5HSODFHPHQW BSREOFW/ILRERYHULQJ WKH H[FHVVLYH
WKH 9% * D UHSODFHPHQW ,R7 PRGXOH ZDV QHHGHG |EFEEabisticiails s #
UHIHUHQFH PDQXDOV RI HOHYHQ RWKHU ,R7 ,& FRPSRQ}I [JESEihi s I
EDVHG RQ VHYHUDO FULWHULD 1RW RQO\ GRHV WKH Q5 AN e e
DQG ZKHQ SRZHULQJ /7( FRPPXQLFDWLRQ EXW D VWULSS )LIXUHB&% /D\RXW RI WKJ = o=

LV VFKHGXOHG IRU UHOHDVH WKLV VXPPHU ZKLFK ZLOO %RDUG

DQG UHGXFHG VL]H $GGLWLRQDOO\ WKH Q5) 9V ILUPZD

%* IV ZLWK FRPSDUDEOH IXQFWLRQ OLEUDULHV 7KLV V
%* DQG WKH Q5) ZKHQ WHVWLQJ FRPPXQLFDWLRQ ) Y LIXUH UDFNHU
ERDUG ZDV WKH PRVW FRPSUHKHQVLYH DQG WKH FRC

LQWHJUDWH WKH Q5) LQWR WKH 3&% WHVWLQJ ERDUG | SUHYLRXV /RFD
EH LPSOHPHQWHG RQFH WHVWLQJ ZLWK WKH %* LV FRP 6FUHHQ 0DS 9L

.
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+\EULG &URVVRYHU :_.500“D<

$ VPDUW 6HOI 3BRZHUHG 9DOYH ,PSURYLQJ +RW :DWHU (II

-

THINK BIG+%* WE DO"

Comfort _lSo/uﬁons”

omuoany

7HDP OHPEBRIMWQ ORUHOOL (/( 0&( *DEULHO $UDELN &3( OD[ZHOO *OHDGRZ (/(

/HFKQLFDO 'LUHFWRU V $GDP %YRXFKDUG 1LFKRODV &RVWHOOR $DURQ +HUW]HU &7' (

S .m ). #0 .#)(m

(KH ePDUW YDOYH SURMHFW DLPV WR UHGXFH ZDWHU ZDVWH GXU ‘H DLP WR GHYHORS DQ DXWRQRPRXY OLQHOHTLI
PDVVLYH LPSURYHPHQWY LQ GRPHVWLF ZDWHU XVDJH EXW DOVR LOWHIJUDWHG 0&8 DFWXDWRU DQG VHQVRUV \H
RQ KRW ZDWHU KHDWHUV 7KLV ZRXOG EH LGHDO IRU DUHDV WK DW WKH YDOYH IRU IDVWHU KRW XVDJH DW WK
DXWRPDWHG VHOI SRZHUHG V\VWHP KDV WKH SRWHQWLDO WR | GDWD DQG UXQ WKURXJK SUHGHWHUPLQHG Sl
VWDQGDUGY SRWHQWLDOO\ OHDGLQJ WR PDMRU HQHUJ\ VDYLQJY DXWRQRPRXVO\ VWURNH WKH YDOYH E\ XVDJR
FRQFHSW H[SORULQJ WKH JURZLQJ ILHOG RI ,R7 GHYLFHVY DQG SRZHUHG VROHO\ E\ HQHUJ\ KDUYHVWLQJ PH
VXFFHVV LQ WKLV SURMHFW ZRXOG LQGLFDWH SRWHQWLDO IRU Il FRPSOHWHO\ OLQHOHVVY DQG EDWWHU\OHVV YV
GHYLFHYVY PDNLQJ XVH RI HQHUJ\ KDUYHVWLQJ WHFKQRORJLHY 80" GHYHORSPHQW NLW WKDW DOORZV IRU IXUWKFE
FRQGXFLYH WR IRUZDUG WKLQNLQJ HQJLQHHULQJ WDNLQJ D VW EHWZHHQ WZR PRGHV SURJUDPPLQJ DQG OLQK
LOWHOOLJHQW V\VWHPVY DYDLODEOH WR UHVLGHQWLDO KRPHYV

5(9 'HY.LWILUVW UHYLVLRQ GHYHORSPHQW NLW ZDV GH' 7KH RULJLQDO $%2 ZDV QRW IXOO\ DFKLHYHG
WKH SURSRVHG OLQHOHVKLV\S®HPLOQWHIJUDWHY D ) vxg PGGLWLRQDO WHFKQLFDO FRPSOH[LWLHV EHI\R
UHVXOW WKH SURMHFW GLUHFWLRQ HYROYH

UDWHG IRU VoKLY LY UHIX@DWHE WR ¥ WR S Cuvliome We IRUWKEL LoYREY LI D o6 5
VHQVRUV DQ DGGLWLRQDO ERRVW EXFN FRQYHUWHU LV

SRZHULQJ RXU PRWRU GULYHU $ 63'7 VZLWFK LV ORFDWHG LQ WKH FHQWHU RI WKH ERDUG WR
FRQYHUW IURP SURJUDPPLQJ DQG GHEXJJLQJ WR OLQH
GHEXJJLQJ DOORZV IRU WKH 0&8 WR EH IODVKHG DQG IF
Y YLD XVE ZKLFK LV VWHSSHG GRZQ YLD D OLQHDU UH

DFFHVVLEOH RQ WKH EDFNVLGH RI WKH ERDUG IRU HDVH

(QHUJ\ +DUYH¥ WXSOHUFDSDFLWRU SRZHU EDQN ZDV GHY}F
WKH V\VWHP 7KLV ZDV DFKLHYHG E\ FRQQHFWLQJ ILYH ’
WKH EDQN ZLWK KLJK SUHFLVLRQ EDODQFLQJ EOHHG UH . _
DQ LQOLQH WXUELQH FDSDEOH RI SURGXFLQJ DSSURJI —
FRQGLWLRQV 6\WWHP IHDVLELOLW\ ZDV YDOLGDWHG WK il
VKRZQ)LD WKH EDQN UHDFKHG Y WKH PLQLPXP LQSXV Call for Hot water

FRQYHUWHU LQ DSSUR[LPDWHO\ VHFRQGYV Y LQ DERX - e
URXJKO\ VHFROGYVY 'LVFKDUJH WHVWLQJ ZDV DOVR S .l .l
Power Harvesting

o N

W@

Power

YDOXHV 7KH ) FRQILIXUDWLRQ RXWSHUIRUPHG DOO RW!
GD\V WR IDOO EHORZ WKH Y RSHULWLQJ WKUHVKRO

water circulator

6HQVRU ,QWH WBHYMHWDRQOVHQVRUY DUH LQWHJUDWHG LQ V
D GLIJLWDO WHPSHUDWXUH VHQVRU YROWDJH PRQLWR! [
FXUUHQW VHQVLQJ RQ WKH + EULGJH PRWRU GULYHU O9R , §
GHWHUPLQH WKH IORZ UDWH RI WKH VLQN &XUUHQW VF )LJ 3URMHFW RYHUYLHZ %ORFN GLI
WKH YDOYH $ WHPSHUDWXUH WKUHVKROG PD\ EH VHW L

RFFXUYV Supercapicator Bank Charging Curve

12

SOCKX XX XX XXX
XXXXXXXXXXXXXXXX
XXX
XXX
XXX

&EROQWURO 6\VWHARH/ R&IBFIJRHYV WKURXJK D VLPSOH SURFH)\ 10 s
/KH 0&8 FKHFNV WKH FXUUHQW WHPSHUDWXUH RI WKH ZI 0
WR ORZ WKHQ WKH YDOYH VHQGV D %/( DGYHUWLVHPHQ ; o

LYV PDGH WR WKH FLUFXODWRU WR FDOO IRU KRW ZDWHU
FXUUHQW WHPSHUDWXUH RI WKH ZDWHU DW WKH YDOYH
UXQ IRU DQG D FDOO IRU KRW ZDWHU 7KH 0&8 RSHQV : x
SURFHVV 7KHQ WKH 0&8 FDOFXODWHY D G\QDPLF GHHS x
ZKHQ WKH F\FOH LV FRPSOHWH DQG JRHV LQWR D GHH © x| vin=20vatt=30s

WHPSHUDWXUH LV ZLWKLQ DFFHSWDEOH OLPLWV WKHQ ok

VOHHS WLPHU DQG JRHV EDFN WR VOHHS ’ v . ” . 7 w ” o

Time (sec)

X
N\

Voltage (V)
(2]
X

M = <

T S

)LJ 6 XSHUFDSLFDWRU FKDUJLQJ F

Usable Supercapacitor Voltage Decay (2 V Cutoff)

Hot Water e 12 4 Capacitance
Recirculation @ (. __
Valve REV1

— 0.3F
— 0.5F
— 1F

— SF

Voltage (V)

0 20 40 60 80 100 120 140 160
Time (hours)

JLJ +RW :DWHU 5HFLUFXODWLRQ 9povk? 6XSAUFDSLEDWRU GLVEKDUJILQ

5(9 3&%

@ 20— 20—
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85, &<3+(5 &HQWHU

SHD O 7LI-H’\HHFWLER(H) IRO IMKEOWNVDFENYV LQ ,QGXVWULDO &4RQWURO 6\VWHPV
SVLOBWZRUWMNNIILF $QDO\VLYV

THINK BIG+%> WE DO"

7HDP OHPBEHUWQ .RVK\ &3( $OHMDQGUR :X &3( 5LFN\'LODUH (/( ,VDDF )HOGPDQQ (/( -DF
7HFKQLFDO 'LUHFWRUV 'U +XL /LQ OHHP 7DVILD =DPDQ -DNH 1LF\QVNL =DFN

,QGXVWULDO FRQWURO V\VWHPV OLNH SRZHU JULGV SU $%2 $ IXO0\ IXQFWLRQDO ,&6 LQFOXGLQJ2EWNEHRWS
FROOHEW PHDVXUHPHQW GDWD DQG SHUIRUP FRQWURO (QDEOHV VWXGHQWV WR REWDLQ D 'XQGDPHQWD9

LQ WRGD\Y{V ,&6V
WUDGLWLRQDO SRZHU VA\VWHPV WR UHFHQW VP QU WKDUWLG $%2 $ IXOO\ IXOFWLRODO PDQ LO WKH PLGGOH

LQIRUPDWLRQ LQ WKLV GRPDLQ (YHQ WKRXJK WKH\ XV EpFkHy L0 QHVRERUHE\GRGH V(ODEOH V VWXGHQWV%\
LQGXVWULDO FRQWURO FRPPXQLFDWLRQV QHWZRUNV VF F\EHU DWWDFNV LO FRPPXOLFDWLRO OHWZRUNV L
UHODWHG WR SK\WWLFDO SURFHVVHY DQG GHOLYHWMLQIJIKF $%2 $ IXO0\ IXQFWLRQDO GHWHFWLRQ PRGXOH
IHDWXUHV DGG QHZ LQJUHGLHQWY WR LQIUDVWUXFWXUF PDQ LQ WKH PLGGOH DWWDFNV WKUR 2 EH HFHW AR
PDOLFLRXV DFWRUV FDQ OHYHUDJH WR ODXQRK GVE FWK \D \L’é’g"jSGHHFQW"VL\éQWR REWD - LY Galsiic NERaQREJh g
SURFHVVHY 8QOLNH F\EHU DWWDFNV WDUJHWLQJ JHQ i oo o onvoiTvit 1 v oawiwe 11w Lo 11
DWWDFNV WDUJHWLQJ FULWLFDO LQGXVWULDO FRHOW U R& ‘

LOQFOXGLQJ SRZHU RXWDJH HFRQRPLF ORVVHV DQG HYH

/KLY SURMHFW LQFOXGHV WKUHI
JXLGDQFH RI RXU 7/HFKQLFDO "LUF

" &RQVWUXFWLRQ RI B@MIDAMSPIHUFXUWXLW z VXFFHVVIXOO\ FRPSOHWH DOO WKI
N RKP UHVLVWRU /(' DQG D 0'' FLUFXLW EUHDNHU 7KLV FLUFXLW LV

SRZHUHG E\ D UDVSEHUU\ SL DIWHU HVWDE
/KLY ZLOO DOORZ XV WR FRGH WKH /(' x| /
/KH IROORZLQJ LPDJH ZLOO GLVSOD\ WKH F

" 6(/ $ 5HODKH PDQOXDO IRU WKH 6(/ $ UHO
LO VHWWLQJ XS DOG FRQILIXULQJ LW 1H[W
FRQILIJIXUHG XVLQJ WKH DF6(/HUDWRU TXLF
VZLWFK ZKHQ FROQOQHFWHG ZLWK WKH H[DF
FROWUROOHG WKURXJK HWKHUQHW FROQOHF

" '13 ‘13 /DV XVHG DV WKH FRPPXQLFDWL
5DVSEHUU\ 3L DFWLQJ DV WKH PDVWHU DQ( <
RXWVWDWLROQ KH SURWRFRO DOORZHG e
PRIFEDGEY DGGE R be ey LQIRUIPIDEE o p rerEy @lpiune Bl Rel SURMEEE &

FROQOQHFWLRQ 8VLQJ D 3\WKRQ LPSOHPHQW zKkHUH WKH '13 PDVWHU DWWDFNHU PDFKLQH |

/DV DEOH WR LVVXH FROQWURO UHOD\ RXWS DUH FRQQHFWHG WKURXJK D QHWZRUN VZLWF\

VSHELILF UHOD\ ELWV DOG SHUIRUP SROOL LQIUDVWUXFWXUH PRGHOLQ) WKH SRZHU JULG

UHPRWH FRQWURO DQG PRQLWRULQJ RI WKF

" 0,70 SWWDRNU RXU SURMHFW DQ $53 FDFKI
NQRZQ DV D PDQ LQ WKH PLGGOH 0,70 DWV W
RXWVWDWLRQ UHOD\ DQG WKH PDVWHU QRG (
QHWZRUNLQJ WRRO WR FDUU\ RXW WKH DW' '
WKH PDVWHU QRGH WR WKLQN WKH DWWMD F N
WKLQN WKH DWWDFNHU PDFKLQH LV WKH P
QHWZRUN SDENHWYV WR WKH DWWDENHU PDF V
LV DEOH WR PRQLWRU DOO QHWZRUN WUDII H
NQRZQ DV SDENHW VOQLIILQJ

" 3DFNHW ORGLQ PEBVGILRQRQ WR SDFNHW VOL

A 9 U

IXUWKHU DQG PRGLILHG WKH QHWZRUN SDF JLIXUH VKRZLQJ WKH SLQRXWV RQ %
WKLV FDVH ZKHQ WKH PDVWHU VHQGV WK R
LOVWHDG UHFHLYH WKH uRIIY FRPPDQG DC H
FRPPDQG WKH UHOD\ UHFHLYHV WKH uRQT >
UXQQLQJ D S\WKRQ VFULSW XVLQJ WKH 1t 7
S\WKRQ VFULSW ILOWHUVY RXW DOO QHWZRL r
DQDO\]HV WKH '13 SDFNHWV IRU VSHFLILF |
VEFULSW LGHQWLILHY WKH VHTXHQFH IRU uR P

FRUUHVSRQGLQJ SDFNHW
577 TUDFNRUWUDFN ZKHQ D 0,70 DWWDFN P

WUDFN WKH URXQG WULS WLPH 577 RI WKH V
DQ DWWDFN RFFEXUV '13 SDEFENHWYV ILUVW ) |
EHIRUH KHDGLQJ WR WKH UHOD\ DQG UHVS \

U_IDFKLQJ WKHR PDVWHRU DGGLQJ ODWHQF\ /R WKH OHIW VKRZVY DQ LPDJH RI WKH SK\V1|
SDFNHWV LI WKH ODWHQF\ LQFUHDVHV ZH wih  LowHOoLsnow S unobt EROOHEWH
DWWDFN PD\ EH RFFXUULQJ 7KLV ZDV GRQ C
REVHUYHU PDF(LQH ZKLEK PRQLWRUV W K H /KH LPDJH WR WKH ULJKW VKRZV WKH RXWSP

VFULSW +HUH ZH FDQ VHH ZKHQ D GLUHFW
PDVWHU DQG UHOD\ WKH FRPPDQG LV IOLSSHG

(/(&203 &DSVWRQH 3URJUDP 'LUHFWRU 3URIHVVRU +DULVK 5 " 6 XQDN
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/HFKQLFDO 'LUHFWRU V 'DYLG 3DXO /LDP

)% .m ).#0 .#)(m

9LFRU V FXVWRPHUV UHTXLUH IDLOXUH DQDO\VLV ODEV WR H[DPLQH H[FXUVLRQ 'HYHORS ZROHHD UQ VW UIRFW(IORHFW ULFDO $QD O \WY
WKURXJK 5HWXUQHG ODWHULDO $XWKRUL]DWLRQ 50$%$ 7KHVH LWHPV XQGHUJR 'VRODWLRQ )6, RI 50$ IDLOXUHYV

,VRODWLRQ )6, EHIRUH GHVWUXFWLYH SURFHVVLQJ WR H[SRVH SK\VLFDO IDLO F
7KLV SURFHVYV YDULHY EDVHG RQ IDLOXUH W\SHVY DQG SURGXFW GHVLJQV $V 'H 'RFXPHQW SURFHGXUHV WR SUHVHUYHXPR A& XE
)DLOXUH $QDO\VLYV VXFFHVV UDWHVY DQG UHGXFHG F\FOH WLPHV ZRXOG HQKDQF WUD[FQ@( YDOLGODWLRROODERUDWLRQ ZLWK)-y
7KLV SURMHFW IRFXVHVY RQ GHYHORSLQJ D SURWRW\SH FXUYH WUDFH VROXWLR \
DQG YHULI\ WZR ZRUN LQVWUXFWLRQV IRU SURGXFW UDPS XS HQVXULQJ 50% PF , QFOEKEGHANVLGH EHQFK WRIFKRQLDROKBVFRRUGLQI
FDQ EH YDOLGDWHG WKURXJK $7( DQG 8QSRZHUHG &XUYH 7UDFH 7HVWLQJ X" 'HVLJIQ (QJLQHIMWIOXURM[FLWDW MWRKHB RIV& FF®
WKURXJK )DLO 6LWH ,VRODWLRQ ZLWK YXQFWLRQDO %HQFK 7HVWLQJ 6FDQQLQJ 2SWLFDO OLFURVFRS\ SURJUDPPH:

(OHFWULFDO $QDO\VLV 5HVHDUFK KLOH WKH DQWLFLSDWHG ILQDO RXWFRPH ZDV

WKH LQWHQGHG ZRUN ZDV FRPSOHWHG SUR)
" &RPSOHWHG LQ GHSWK VWXG\ RI HOHFWULFDO FKDUDFWHUL]DW WHFKQLFDO XQGHUVWDQGLQJ WR VXSSRUW IXW

LOQFOXGLQJ FXUYH WUDFLQJ ,9 VZHHSV DQG OHDNDJH EUHDNG

ODSSHG DEQRUPDO HOHFWULFDO VLIQDWXUHYVY WR OLNHO\ GHIH
, VRODWLRQ )6,

$7( 9DOLGDWLRQ 3URFHVYV 5HYLHZ
" $QDO\]HG $XWRPDWHG 7THVW (TXLSPHQW $7( YDOLGDWLRQ IOR:
SURFHGXUHYV

» (VWDEOLVKHG XQGHUVWDQGLQJ Rl KRZ HOHFWULFDO IDLOXUHYV
50$ DQG )$

R

UHH

DFNVLGH )DXOW /RFDOL]DWLRQ OHWKRGV
" S HVHDUFKHG EDFNVLGH DQDO\WLFDO DSSURDFKHV VXFK DV VLC
ODVHU EDVHG H[FLWDWLRQ

" ,GHQWLILHG VFHQDULRY ZKHUH EDFNVLGH DFFHVV LPSURYHV O
GHIHFWYV

'REFXPHQWDWLRQ 6WDQGDUGV

5HYLHZHG LQWHUQDO GRFXPHQWDWLRQ H[SHFWDWLRQV LQFOX
LOQVWUXFWLRQ VWUXFWXUH

H
F
" (QVXUHG IXWXUH GHOLYHUDEOHY DOLJQ ZLWK SURIHVVLRQDO H
)6, 7TRROV )DXOW /RFDOL]DWLRQ 7THFKQLTXHYV
" 6WXGLHG RSHUDWLRQDO SULQFLSOHYV DQG EHVW XVH FDVHV IR
(PLVVLRQ OLFURVFRS\
" &RPSDUHG FRQWUDVW PHFKDQLVPV DQG H[FLWDWLRQ VWUDWH/. L
IDLOXUH VLIQDWXUHYV
+DUGZDUH '"HYHORSPHQW

6HOHFWHG DQG YDOLGDWHG DSSURSULDWH SRJR SLQV IRU WHYV

" '"HVLIJQHG DQG GHYHORSHG D FXVWRP GDXJKWHU ERDUG WR VX<

"6RFNHW '"HVLJQ

" QLWLDWHG BXHWWR® RI DULQWHGNV R WREEGMW UDSLG GHYLFH LQVt
SURELQJ

" '"HYHORSHG SUHOLPLQDU\ PHFKDQLFDO DOLJQPHQW FRQFHSWYV
IDXOW ORFDOL]DWLRQ

" (YDOXDWHG VRFNHW JHRPHWU\ UHTXLUHPHQWY IRU DFFHVVLEL
EDFNVLGH DQDO\VLYV

REHV

(/(&203 &DSVWRQH 3URJUDP "'LUHFWRU 3URIHVVRU +DULVK S " 6X0QDN

HPDLO VXQDN#HOH XUL HGX WHOHSKROH (/(&203 :HEVLWH KWWSV XUL HG




HFKQLFDO 'LUHFWRU V &DPLOR *LUDOGR &KULV 5RWKZHOO &7°

)% .m ).#0 .#)(m

/KH VWDWXV FRGHV IRU HDFK 9ROW6HUYHU GHYLFH DUH GLITHUHQW | 7KH $SQWLFLSDWHG %HVW 2XWFRPH IRU'L

VHTXHQFHV &XUUHQWO\ 9ROWGHUYHU HQJLQHHUV PXVW PDQXDOO\ GHF |y p SURRI RI FROFHSW FHOO SKRQOH DSS®

XS DQG ZDWFKLQJ WKH VHTXHQFH UHSHDW PXOWLSOH WLPHV 7KLV SU :
DQG FDQ EH WURXEOHVRPH IRU ERWK HQJLQHHUYVY DQG WHFKQLFLDQV ZFk WR VFDQ EOLQNLQJ /("V RQ D 9ROW6HUYH[¥

UHO\LQJ RQ PDQXDO LQWHUSUHWDWLRQ EHFRPHY HYHQ OHVV suDFwWLFt WKH /(" FRGH LV WHOOLQJ WKH XVHU 7KHUY
LVVXH E\ GHYHORSLQJ D FURVV SODWIRUP DSSOLFDWLRQ FDSDEOH RI L ERDUG ZLWK HPEHGGHG PLFURSURFHVVRUHK

SDWWHUQV WKURXJK D PRELOH GHYLFHIV FDPHUD %\ VWUHDPOLQLQ EH XVHG WR VLPXODWH WKH /(' FRGHV 7K

GRFXPHQWDWLRQ WKH DSSOLFDWLRQ FDQ VLJQLILFDQWO\ LPSURYH GL \
WKH FRGHV ZLOO EH VFDQQHG GLJLWDOO\ WKHUH LV DQ RSSRUWXQLW\ ERWK WKH FHOOSKRQH DSSOLFDWLRQ DQ@

HISDQGLQJ WKH XVHIXOQHVV RI HILVWLQJ VWDWXV LQGLFDWRUY DQG HC(C wE\IEIH/\?/'\K/HU WR GHPRQVWUDWH WKH IHDVL%

3&% 7THVW %RDUG 6FKHPDWLF DQG /D\RXW 'H GLG QRW DFKLHYH WKH $QWLFLSDWH

, ~ ZDV SURYLGHG ZLWK D ZRUNLQJ /(' %O LG
XULQJ WKH GHVLJQ SURFHVV RI WKH VFKHPDWLF ZH UHVHDUFKHC ZDV ORW GHOLYHUHG D ZRUNLQJ %OL)C

ZH QHHGHG WKH ERDUG WR DFFRPSOLVK ‘H KDG WR VZLWFK RXW yUHVXOWHG LQO QR EOXHWRRWK FDSDELOL
GHVLJQ SURFHVV WR DOOHYLDWH WKH QHHG RI KDYLQJ D EOXHWRRWK FROQQHFWLRQ ZLWK WKH DSS WR FROWURO Z

WHVWY DUH EHLQJ EOLQNHG 7KDW ZDV WKH RQO\ REVWDFOH ZH |
FRPSROQHQWYV VXFK DV UHVLVWRUYVY DQG FDSDFLWRUV EXW LQLWLI
HYHU\WKLQJ ZRUNLQJ DV LQWHQGHG ‘H ZHUH DEOH WR UHYLHZ W
WKH QH[W VWHS ‘H WKHQ ZHUH DEOH WR FUHDWH WKH OD\RXW IR
2UGHUHG %Y OLQN 7THVW %RDUG

$IWHU ILQDOL]LQJ WKH OD\RXW ZH RUGHUHG ILYH /(" %OLQN 7HVW
RUGHU ZH ZHUH LQIRUPHG WKDW WKH IRRWSULQWY ZH SURYLGHG
KDG WR VXE RXW ‘H VXEVHTXHQWO\ UHGHVLJQHG WKH OD\RXW DQ
DFFHSWHG DQG SURPSWO\ PDOQXIDFWXUHGLDQG GHOLYHUHG ZLWKL

JOXWWHU &DPHUD $SSOLFDWLRQ DQG &0ORXG 3LSHOLQH

'XULQJ GHYHORSPHQW ZH HYDOXDWHG VHYHUDO )OXWWHU FDPHU
OLEUDU\ IRU LWV VWDELOLW\ HDVH RI LQWHJUDWLRQ DQG VWURC
SURWRW\$HID®KXDW DOORZV XVHUV WR UHFRUG D YLGHR RU VHOH
OLEUDU\ SUHYLHZ LW LQ DSS DQG XSORDG LW GLUHFWO\ WR )LU}
WULJJHUV DQ (YHQWDUF HYHQW ZKLFK LQYRNHV D FRQWDLQHUL]Jt
SURFHVVLQJ SLSHOLQH 7KH EDFNHQG KDQGOHVY HYHQW SDUVLQJ
SURFHVVLQJ EHIRUH VWRULQJ VWUXFWXUHG UHVXOWY LQ &0RXG |

LOWHJUDWHY )LUHVWRUH OLVWHQHUYV WR G\QDPLFDOO\ )&AUVSOD\ ¢

2SHQ&9 3URFHVVLQJ

7R SURFHVV /(' EOLQN SDWWHUQV ZH VHOHFWHG 2SHQ&9 IRU LWV
DQDO\VLV DQG 3\WKRQ ZRUNIORZV 7KH EDFNHQG LV PRGXODUL]HC
RUFKHVWUDWLRQ YLGHRBSURFHVVLQJ S\ VLJQDO H[WUDFWLRQ
7KH PDLQ S\ HQWU\SRLQW KDQGOHV HYHQW SDUVLQJ YLGHR UHW!
SLSHOLQH 7KH YLGHRBSURFHVVLQJ PRGXOH DQDO\JHV WKH YLGHF
LQIRUPDWLRQ DQG FRQYHUWLQJ IUDPHV IURP %*5 WR +69 FRORU \
VLIQDOV XVLQJ WXQHG WKUHVKROGY ORUSKRORJLFDO ILOWHULQ.
VHTXHQFHYV DUH JHQHUDWHG SHU FKDQQHO DQG FRQYHUWHG LQW
VHTXHQFHBPDWFKHU PRGXOH WKHQ QRUPDOL]HY DQG FRPSDUHV V
EOLQN SDWWHUQV XVLQJ "\QUIPLFMHQDEWLRUDFRRIXUDWH FODVVLILED
YDULDWLRQ &KDQQHO DZDUH YDOLGDWLRQ LV DSSOLHG WR UHMH
GHWHFWHG VWDWH DQG FRQILGHQFH VFRUH WKDW DUH VWRUHG L

(/(&203 &DSVWRQH 3URJUDP "'LUHFWRU 3URIHVVRU +DULVK S " 6X0QDN
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$ PRELOH URERW LV WKH SHUIHFW SODWIRUP WR GHPRQVWUDWH V (KH DQWLFLSDWHG EHVW RXWFRPH RI WKLV &
,2 FRQWURO KLJK SHUIRUPDQFH SURFHVVLQJ FRUHV DQG VRIWZDUH FDSDELOLWLHV RI WKH ;026 [FRUH DL FKLS LQ D H
LOWHUIDFHY ZLOO LQFOXGH RQH OLQNLQJ WKH [FRUH DL FKLS DQG V WKLV LW ZRXOG EH VKRZFDVLQJ WKH XQLTXH FDU
WUDQVFHLYHU DQG WKH ODVW OLOQNLQJ WKH FKLS WR DGGLWLRQD( FRQWURO SDUDOOHO SURFHVVLQJ DQG ORZ ODW
EHWZHHQ VHQVRUVY DQG DFWXDWRUV [FRUH DLYV KDUGZDUH OHYHO G UHOLDELOLW\ RI WKLY DSSOLFDWLRQ WKURXJK W|
UHOLDEOH ORZ ODWHQF\ KDQGOLQJ RI HQFRGHUV PRWRU GULYHUV H[SDQGLQJ LOQWR WKH URERWLFV LQGXVWULDO DV
HIWHUQDO SHULSKHUDOV RU LQWHUUXSW KHDY\ 0&8 FRGH 7KH SDUIl PDUNHWYV %H\RQG WKLV ZH PD\ FRPELQH $%2V ZL
[FRUH DL DOORZ LW WR UXQ FORVHG ORRS PRWRU FRQWURO VHQVR ZRXOG FRPELQH RXU $%2 ZLWK WKHLUV RI FUHDW
REVWDFOH DYRLGDQFH ORJLF FRQFXUUHQWO\ RQ D VLQJOH FKLS 7KL RXU PDLQ JRDO RI SURYLQJ WKH [FRUH YLDEOH IR(
FRPSOH[ WLPH VHQVLWLYH ZRUNORDGV W\SLFDOO\ VSUHDG DFURVV P

5RERW 30DWIRUP 6HOHFWLRQ 3RRPWEBDP ZHQWHWKURXJK [ :H ZHUH DEOH WR PHHW WKH DQWLFLSDWHG EHV\
RSWLRQV IRU SUHEXLOW SODWIRUPV WKDW ZRXOG EH EHV) oHSRUW RQ WKH SURMHEW DQG RXU ILQGLQJV W
FKRVHQ RYHU RWKHUV IRU D FRXSOH UHDVRQV B5RRPED

DQ\ H{IWHUQDO PLFURFRQWUROOHU WKURXJK WKH 5RRPED : - _ . H
7KH SUHEXLOW FRPHV ZLWK DOPRVW DOO VHQVRUV ZH QHHG RXW RI WKH ER[ DQG WKH SODWIRUP LV
FKHDSHVW E\ IDU FRPSDUHG WR RWKHU SODWIRUPV ZH ORR

IXWXUH

6\VWHP $UFKLWHFWXWH ™HMIWQODO V\VWHP DUFKLWHFWXU
GRFXPHQWHG 7KH %ORFNREKWXIJIDPHYVY WKH LQWHUDFWLRQV
SURFHVVRU EXLOW LQ DQG H[WHUQDO VHQVRUV DQG WHI
SODQQHG RXW KRZ ZH LQWHQG WR UHDFK RXU DQWLFLSD
GHVLJQ 7KH GLDJUDP LV UREXVW EXW DOVR ZLOO EH HDV\
WKH KLGGHQ FKDOOHQJHV WKDW FRPH ZLWK DQ\ WHFKQLFD

((WHUQDO 6HQVRU 7T8&BWHIRIBRELLR@QUHEXLOW VA\VWHP PLJKW
UHDFK RXU EHVW DQWLFLSDWHG RXWFRPH +RZHYHU DGGL
yLJ PDGH WKH V\VWHP PRUH UREXVW DQG LPSURYHG RXlI
FDSDELOLWLHYV RI WKH [FRUH DL SURFHVVRU 7KH FDPHUD
FRPSXWHU YLVLRQ KHOSHG ZLWK PDLQWDLQLQJ D FRQVLVW
UREXVWQHVYV

ODFKLQH /HDUQLQJ $SBPKEQWLR{LDUQLQJ LV XVHG LQ FRPS
VIVWHPVY RQ WKH URERW 7KLV FRXOG KDYH EHHQ GHYHOR
KDG FRQVLGHUHG LI WKLV PRGHO ZRXOG EH RQ WKH UF
WUDQVPLWWHG $V ZH GLVFXVVHG RSWLRQV ZLWK RXU WHF
RI PDQ\ GLIIHUHQW PDFKLQH OHDUQLQJ DSSOLFDWLRQV E
GLDJUDP Rl XVWVHJIJFDWH®HFLGHG WR JR ZLWK DQ RQERDUG PF
WKH FDPHUD 6RPH RI RXU LQLWLDO WHVWVY LQFOXGHG FF
UHSUHVHQWLQJ D IUDPH W DINJH Q7 EY WMKH] ZFDR/HDOVR SHUIRUT
VHWXS RI WKH URERW XVLQJ D 5DVSEHUU\ 3L UXQQLQJ WK
LQVWUXFWLRQV IRU FRPPDQGV

/HOHPHWU\ DQG 'DWD &WUMHB®EHEH WX SHOHVY WUDQVFHLYHU
RUGHU WR ZLUHOHVVOWLWUDGBBNY M)A OWHPRHWWNSH RI WHOHPH
UHTXLUHPHQWY IRU RXU DQWLFLSDWHG EHVW RXWFRPH :H
DV D IDOOEDFN RQERDUG WKH URERW V\VWHP +DYLQJ WKL
IRU UHPRWH FROQWURO DQG RIIl ERDUG PDFKLQH OHDUQLQ
VHUYHU VLGH DQG WUDQYPLW WKH FRPPDQGYV

SXWRQRPRXV 1DY2Z@GQBWILIRYKH PDLQ REMHFWLYHV RI WKH ;1%!
DXWRQRPRXVO\ QDYLJDWLQJ URERW O6SHFLILFDOO\ D URER
VHW SDWK DQG FDQ UHVSRQG WR RXWVLGH VWLPXOXV ZLWiI
EXPS GHWHFWLRQ SDWK IROORZLQJ WKURXJK FRPSXWHU Y

7HVWLQJ &BMWWH. QJ XS DQG GHFLGLQJ KRZ WKH URERW ZL
KDQG LQ KDQG ZLWK KRZ ZH GHVLJQHG WKH WHVWLQJ FR
SUHVHQW WKH ILQDO SURGXFW DQG DV SURRI RI XV FRPSC
EDVLF LGHD LV WR VHW D FRXUVH WKH URERW KDV WR IROC

(/(&203 &DSVWRQH 3URJUDP "'LUHFWRU 3URIHVVRU +DULVK S " 6X0QDN

HPDLO VXQDN#HOH XUL HGX WHOHSKROH (/(&203 :HEVLWH KWWSV XUL HG



! 1
| # & $ /
$ % & $ ( !
) 2 $ 3 456
l $ 5 #
N %
/ $  $ 0 0%
( . &4 7
$ &
11} % 1 %
% $ ( $
8 9 |,
&!13 !
& % 0 2<
*
( 2
>
" 0% > %
? $ ! % %
(! 2 '6
1 % % % !
% % $ 8
9 " gy 2
% - !
$ %
! # -% 6 !7 616
, * @ 2 A 3 8
9 ( -
. | % %
% $
( % % 2 $
| *
$ %
(
%
&4 7 "
5 $ 8 I
% " $
> ( * :
&' &I13
%
* * > .
% %
% $ $ ( § 2 1-&"" 9
x) % & 30 3
& $ '
- &'
% ? 6 !
$ 8 Ol %
$ %

Pt @1l 1%! &"

(). 0, ( # /01-23/-4245




HFKQLFDO 'LUHFWRU V ODWWKHZ &RUYHVH 3DWULFN +HJDUW\
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7KHUPDO ODEHO SULQWHUV DUH H[SHFWHG WR GHOLYHU FRQV 7KH EHVW RXWFRPH IRU WKLV SURNHEJ

ODEHO VWRFNV LQFOXGLQJ PDQ\ ORZ FRVW WKLUG SDUW\ PHGL 'HYHORS DQG WUDLO D PDFKLQOH OH
DJJUHVVLYHO\ SXUVXH FRVW VDYLQJV DQG VPDOO GLIIHUHQFHV L
HYHU\ FKDQJH LQ PHGLD FKHPLVWU\ RU VXSSOLHU FDQ DOWHU S | GHQWLILHY SULQWHG SDWWHUQ?
RYHUDOO UHDGDELOLW\ 7RGD\ =HEUD HQJLQHHUV VSHQG VLJQLII ODEHOV 'F
UHVSRQGLQJ WR FXVWRPHU UHTXHVWV WR PDNH D QHZ )

%\ LOWURGXFLQJ $, GULYHQ DQDO\VLYV RI SULQWHG SDWWHUQV = | &RPSDUHV WKHP WR DQ 3LGHDO" L

UHFRPPHQG RU DSSO\ RSWLPDO VHWWLQJV 7KLV UHGXFHV PDQX | $XWRPDWLFDOO\ DGMXVWV SUL Q!
RSWLPDO SULQWLQJ TXDOLW\

WLPH IRU QHZ PHGLD DOORZLQJ HQJLQHHUV WR IRFXV RQ KLJKHU

&XVWRP 3\WKRQ 'ULYHU 5DVSHRWRQBEOHFBWXISUF :H PHW RXU $QWLFLSDWHG %HVW 2XWI|
FRPPXQLFDWLRQ EHWZHHQ WKH 5DVSEHUU\ZZ# D DWWHQWLRQ EDVHG PRGHO DFKLHYHYV
GHYHORSHG D FXVWRP 3\WKRQ EDVHG 86% GULYH LQ FODVVLIRLQJ GRW SDWWHUQ SULQW
OLPLWDWLRQV RI SURSULHWDU\ RU ROQH GLUHFwL °2UYLQWHUV XVLQJ D FKDQQRHO LQsSXW

ELW 5DVSEHUU\ 3L 26 IHDWXULQJ D XQLILHG HC
DQG 96 &RGH WXQQHOV 7KLV VHWXS HQVXUHV VH
DQG IXO0O UHSURGXFLELOLW)\ IRU DOO SURMHFEW F

/HVW 3IDWWHUQ /DEHK®DGGAIVLIHY GLIITHUHQW LWHUDY
VHWWOHG RQ D SDWWHUQ WKDW SULQWHG RQO\
WKLV PD\ VHHP ZDVWHIXO ZH VWUXJJOHG WR FU
GDWD ZLWK PXOWLSOH URZV DV LW LQWURGXFHC
VWDWH RI WKH V\VWHP

3ULQW &DSWXUH 9B LBMWYDMRRSFROOHFW RXU GI
DXWRPDWHG DSSURDFK WKDW DOORZHG XV WR HI
NQRZLQJ ZKHQ 7+$7 WHVW SDWWHUQ ZDV LQ YLHZ
EHWZHHQ ZKHUH WKH SDSHU LV IHG RXW RI WKH ¢
OLQHV DQG WKHQ HQVXULQJ WKDW ZH DUH QRW
)L J

6HIPHQWDWLRQ23XUSROLQHQDO VHIPHQWDWLRQ D¢
GHWHFWLQJ / VKDSHG FRUQHU PDUNHUV WR ZDUS
7KLV PHWKRG IDLOHG HQWLUHO\ RQ EODQN RU OF
SLSHOLQH WR XVH D NQRZQ H[SHFWHG WHPSODW !
VIVWHP SDUVHV WKH WHPSODWH WR ORFDWH DOO
WKHP LQWR D JULG DQG XVHV DQ DIILQH WUDQV|
ODEHO FDSWXUH PDNLQJ VHIPHQWDWLRQ UREXV!'
OR YLVLEOH LQN

6\QWKHWLF /DEHO 3LSHOLQH :I«IQQZ\BZ[—ILV\M_F[KLLCQQLJQ\NR
VLQJOH URZ FROQWLQXRXV SULQWLQJ EURNH RXU

EXLOW D VIQWKHWLF ODEHO JHQHUDWLRQ SLSHOI
H[DPSOHV DW VFDOH 7KLV GDWD ZDV XVHG WR Ul
*38 FOXVWHU UHVWRULQJ UREXVW GHWHFWLRQ D

5DQNLQJ %DVHG 7UDLQISQWISSSUBBGERJ WKDW DEV
QRW \LHOG D QRUPDO GLVWULEXWLRQ DFURVV SU
UDQNLQJ EDVHG PRGHO +XPDQ LQO WKH ORRS ILQ|
6WUHDPOLW DSS WKDW DOORZV RSHUDWRUV WR L

)L J
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SDWWHUQV 7KH IXOO SLSHOLQH IURP

FDPHUD FDSWXUH WKURXJK VHIJPHQW
DQG PRGHO WUDLQLQJ LV FRPSOHWH

ULPHQWDC
RWWRP Ul
H SURMHEYV

FDQGLGDWF
RQSUREOH

LUUHJXODU DQG RQO\ ZHDNO\ RUGHUHG

HDFK RWKHU JHQHUDWLQJ D ULFK ODEHOHG GDW
JURXQG WUXWK VFRUHV

SWWHQWLRQ %DVHG HLOIDWWREEHBRQ DQ DWWHQW L
XVLQJ FKDQQHO LQSXW LQFRUSRUDWLQJ GDWD
7KH PRGHO DFKLHYHG YDOLGDWLRQ DFFXUDF
ZLWK FRQVLVWHQW FRQGLWLRQV UHDFKLQJ RXU ¢

PRGHOTV
QG WKH P

XUL HG
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.m ). #0 . #)(m

7KHUPDO PDQDJHPHQW SOD\V D FULWLFDO UROH LQ WKH SHUIRUPDQF|
SULQWHUV 'XULQJ KLJK VSHHG RU FROQWLQXRXV RSHUDWLRQ XQHYHQ
FDQ FDXVH SULQW TXDOLW)\ LVVXHV LQFUHDVHG ZHDU DQG SRWHQWL
SDVVLYH RU OLPLWHG FRQWURO PHWKRGV WKDW FDQQRW G\QDPLFDO(
ZDV PRWLYDWHG E\ WKH QHHG WR GHYHORS D VPDUWHU PRUH UHVSR!
PDLQWDLQLQJ FRQVLVWHQW SULQWKHDG WHPSHUDWXUHV XQGHU YDU
PLFURFRQWUROOHU DQG WKH SULQWKHDGYV LOWHUQDO WKHUPLVWR!
WKH WHDP DLPV WR HQKDQFH WHPSHUDWXUH VWDELOLW\ LPSURYH HC(
~HEUDYV SULQWLQJ KDUGZDUH %H\RQG DGGUHVVLQJ WKHVH WHFKQLF
KDQGV RQ H[SHULHQFH LQ GLIIHUHQW HOHFWULFDO HQJLQHHULQJ+UH
VIVWHPV SUHSDULQJ WKH WHDP IRU IXWXUH ZRUN LQ UHDO ZRUOG HC

,PSOHPHQWDWLRQ RI &ORVHG /RRS &RQWURO 6\VWHP

JRU WKH SULPDU\ FRQWURO HOHPHQW RI WKH VI\VWHP WK
WHVWLQJ SXUSRVHY DQG ZDV XOWLPDWHO\ XKHG LQ WKH
PLFURFRQWUROOHU ZDV SURJUDPPHG WR XWLOL]JH LWV $Q

LOOLDP [/

ODWWKHZ &RUYHVH &7

7JHPSHUDWXUH G5HOROQWDRQV SUHFLVH FRQWURX
WHPSHUDWXUH ZLWKLQ D GHILQHG UDQJH 2\
+DUGZDUH %DVHG &RPSHORDWYRQHPSHUDWXUH FR
GHGLFDWHG KDUGZDUH FRQWURO ORRS >
QWHJUDWIWKUIDFHV VHDPOHVVO\ ZLWK WKH SL
RSHUDWLRQ O
'DWD /RJIJL/RIV WHPSHUDWXUH GDWD RYHU wLb
SHUIRUPDQFH DQDO\VLV _
ORGXODYHBWXUHY D VFDODEOH DQG PRGXODU G&F
DGDSWDWLRQV

(KH WHDP ZDV DEOH WR PHHW DOO RXWFR
PRGXODU GHVLJQ ,Q WHUPV RI LPSURN)
UHIJXODWLRQ FRXOG EH PRGLILHG WR HQKL
DVSHFW RI WKH V\VWHP

$'&4 SLQV WR REWDLQ WHPSHUDWXUH UHDGLQJV IURP WKH SULQWKHDG 7KLV

WHPSHUDWXUH UHDGLQJ SURYLGHYV WKH IHHGEDFN VLJQD
VI\VWHP %DVHG RQ WKLV LQSXW WKH PLFURFRQWUROOH
UHJXODWH V\VWHP RSHUDWLRQ

%LGLUHFWLRQDO +HDWLQJ DQG &RROLQJ 8VLQJ SHOWLHU
/KH WKHUPDO V\VWHP FRQVLVWY RI SHOWLHU FRLOV KHD
DOORZ IRU WHPSHUDWXUH UHJXJO D WKHLHR @ HRO WMKHHU F-UIRLLA@W KIEX |
WKH SULPDU\ KHDWLQJ DQG FRROLQJ HOHPHQWY WKURXJK
+HDWVLQNY DQG IDQV DUH XVHG WR GLVVLSDWH KHDW I1UF
WKHUPDO VWDELOLW\ GXULQJ RSHUDWLRQ 7KH RYHUDOO
PLFURFRQWUROOHU ZKLFK FRRUGLQDWHY DFWLYDWLRQ R
IHHGEDFN IURP WKHLFRQWURO ORRS

SRZHU 6\VWHP  QWHJUDWLRQ

/ZR UHOD\ PRGXOHV FRQWDLQLQJ IRXU UHOD\V LQ WRWDO
WKH GLUHFWLRQ RI FXUUHQW WKURXJK WKH 3HOWLHU FRL
FRROLQJ IXQFWLRQDOLW\ 7KH\ ZHUH DOVR XVHG WR VZLW
VI\VWHP ZzDV LQWHJUDWHG ZLWK DQ $UGXLQR 8QR ZKLFK &
IRU FRQWURO 7KH IDQVY DQG SHOWLHU FRLOV ZHUH VXSSC
ZLWK WKH UHOD\V XVHG WR VZLWFK DQG UHJXODWH WKH I

'DWD /RJJLQJ 6\VWHP

‘'H GHYHORSHG D FRQWUROOHG WHVWLQJ VHWXS WR HYDO
HITHFWLYHQHVYVY XQGHU UHDO SULQWLQJ FRQGLWLRQV 8V|
GDWD DFTXLVLWLRQ DQG D 3\WKRQ VFULSW IRU ORJJLQJ L
FROQWLQXRXVO\ WUDFN WKH SULQWKHDG WHPSHUDWXUH Z
VWDUWYV D)QG VWRBY DOORZV XV WR GLUHFWO\ FRPSDUH W
SHUIRUPDQFH DFURVYV GLIIHUHQW SULQW GXUDWLRQV DQC
SHUIRUPDQFH JDSV DQG JXLGH IXWXUH GHVLJQ LPSURYHE

7HVWLQJ 3URFHGXUHYV

'LWK GDWD ORJJLQJ HQDEOHG WKURXJK 3\WKRQ+$UGXLQR
ZH ZHUH DEOH WR HYDOXDWH WKH HIILFLHQF\ DQG HIIHFW
SHUIRUPDQFH ZDV DVVHVVHG XVLQJ EHQFKPDUNV WKDW P
3HOWLHU FRLOV UHVSRQGHG WR KHDWLQJ DQG FRROLQJ C
DOVR LOQFOXGHG FRPSDULVRQV DFURVYV GLIIHUHQW SULQW
UDQJLQJ IURP W R SHU SULQWHG ODEHO WR REVHUY
WHPSHUDWXUH DIIHFWHG V\VWHP SHUIRUPDQFH ,Q WKLV
ZKHWKHU WKH SULQWKHDG EHFRPHVY WRR KRW GXULQJ SU
SUHKHDWLQJ EHIRUH SULQWLQJ

QWURO 6\VWWHP

RQWUR
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7KLV SURMHFW LV IRFXVHG RQ HYDOXDWLQJ WKH IHDVLELOLW\ Rl PDQXIDF $FKLHYH D FOHDU DQG PHDVXUDEOH LPSUWR

LV WR LQYHVWLJDWH D YDULHW\ RI DOQWHQQD GHVLJQV DQG DQDO\]H KRZ \ 8+) SDVVLYH RQ PHWDO 5)," WDJ DFURVYV EJ'E
ZKHQ SODFHG RQ PHWDOOLF VXUIDFHVY ,Q DGGLWLRQ WR LGHQWLI\LQJ GH ’

o)
FKDOOHQJLQJ HQYLURQPHQWY WKH SURMHFW DLPV WR H[SDQG WKH WHDP IUHTXHQF\ EDQGYV DQG FUHDWH D WDJ WKI
EHKDYLRU RQ PHWDO 7KURXJK VI\VWHPDWLF WHVWLQJ DQG bDQDOo\vLY zH DW OHDVW PHWHUYV DZD\ XVLQJ =HEUD HT

VSHFLILFDOO\ VXLWHG IRU PHWDO DSSOLFDWLRQV *DLQLQJ LQVLJKW LQW R (
ZLOO DOVR VXSSRUW DQ DVVHVVPHQW RI ZKHWKHU LQ KRXVH PDQXIDFWXU R C
=HEUD 7KLV HIIRUW LV LQWHQGHG WR HVWDEOLVK D VWURQJ WHFKQLFDO H

FXVWRPL]DWLRQ DQG PRUH LQIRUPHG GHFLVLRQ PDNLQJ IRU IXWXUH 5),'"

$0& )LQDO GHVLJQ KDG D UHDG UDQJH RI P

$ SHUIHFW PHWDO FRQGXFWRU 30& LV VRPH NLQG RI PDWHULDOMNRET 2ok iRV DOREIRIEHRIR Y WK V) && VWD

DUWLILFLDO PDJQHWLF FRQGXFWRU $0& LV D W\SH RI 30& WKRXJK YRVWUIRM WRPAVXDO O\ pSHUIHFWY :KHQ DQ
LQFLGHQW ZDYH KLWV WKH VXUIDFH RI DQ $0& WKH UHIOHFWHG ZDYH LV ,1 3+$6( ZLWK WKH LQFLGHQW ZDYH 7KLV
LV LQ FRQWUDVW WR D SHUIHFW HOHFWULF FRQGXFWRU 3(& ZKLFK FDXVHV UHIOHFWHG ZDYHV WR EH RXW RI SKD\
GHJUHHV $Q $0& W\SLFDOO\ FRQVLVWVY Rl PDQ\ UHVRQDWRUV J€ ] R1 F s RUPLC ]

WKH UHVRQDWRUY DUH VPDOO KH[DJRQV 7KH $0& WDJV ZH GHVLJ(
DQG D UHVRQDWRU SDWFK 7KH WDJ ZDV GHVLJQHG WR EH IROGHG
WKUHH OD\HU WDJ 9DULRXV IDFHWV Rl WKH WDJ ZDV DGMXVWHG
UHVRQDWRU VKDSH UHVRQDWRU VL]H WDJ VL]H DGGLWLRQDO JUR
SDWFK DQJOH

&DSDFLWLYH *DSV
/KH FDSDFLWLYH JDSV 5)," WDJ GHVLJQ ZDV GHYHORSHG WR HQKDQF

FXUUHQW GLVWULEXWLRQ IRU LPSURYHG SHUIRUPDQFH SDUWLFXODUO\ DSSUI

XWLOL]HVY VWUDWHJIJLFDOO\ SODFLQJ FDSDFLWLYH JDS VWUXFWXUHVzW\ DFHG

FRQGXFWLYH ILQJHUVWR KHOS LOWURGXFH DGGLWLRQDO FDSDFLWDQF

" ,QFRUSRUDWHG $UWLILFLDO ODJQHWLF &RQGXFWRU $0& OLNH VWUX RQ PHW
VXUIDFHYV

" ,PSOHPHQWHG DQ QWHUGLJLWDO &DSDFLWRU ,'& GHVLJQ WR HQKD DLQ
HITLFLHQW HQHUJ\ WUDQVIHU

" $FKLHYHG D PHDVXUHG UHDG UDQJH RI PHWHUYVY LQ ODE WHVWLQJ

OHDQGHUHG )ROGHG 'LSROH
7KH DQWHQQD LV D PHDQGHUHG GLSROH ZLWK DQ RXWHU JDLQ ORRS

PP XVLQJ DOXPLQXP ULEERQ FRQGXFWRU FRQMXJDWH PDWFKHG WR
&67 VXUIDFH FXUUHQW GLVWULEXWLRQ JUHHQ DQWHQQD DUURZV LQGL
FRQFHQWUDWLQJ DORQJ WKH PHDQGHUHG DUPV DQG RXWHU ORRS
* PP IRDP VSDFHU LVRODWHY DQWHQQD IURP JURXQG SODQH GLUHFW
" OHDVXUHG RQ PHWDO UHDG UDQJH P

" &67 VLPXODWLRQV LQFRQVLVWHQW ZLWK SK\VLFDO UHVXOWYVY PHDVX

ZLWK

DG UDQ

EHQFKP

/ 6LPXODWL
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/KH PRWLYDWLRQ IRU WKLY SURMHFW FRPHV IURP =HEUD 7THFKQR 7KH DQWLFLSDWHG EHVW RXWFRPH LV D 1XC
DQG HIILFLHQW PHWKRG RI FKDUDFWHUL]LQJ VWHSSHU PRWRU SF PHDVXUHPHQW IL[IWXUH FDSDEOH RI FKDUDFWW
UHO\ RQ ODUJH SRZHU VXSSOLHVY DQG EXON\ EUDNLQJ PHFKDQLVP XQGHU FRQWUROOHG ORDG FRQGLWLRQV 7KH
IDFLOLWLHY =HEUD SULQWHUV GHSHQG RQ SUHFLVHO\ FRQWURO( PRWRU FRQWURO D FXUUHQW UHJXODWHG SDU
DQG UHVRQDQFH EHKDYLRU GLUHFWO\ LPSDFW SULQW TXDOLW\ WUDQVGXFHU WR JHQHUDWH DFFXUDWH WRUT X
YDU\LQJ ORDG FRQGLWLRQV PDNHV LW GLIILFXOW WR SUHGLFW SRZHU DUFKLWHFWXUH UHOLDEOH VLJQDO FRH
SUREOHPV 7KLV SURMHFW DGGUHVVHYVY WKDW JDS E\ GHYHORSLQ IL[WXUH WR VXSSRUW VWDEOH RSHUDWLRQ /X
LOQWHJUDWLQJ D PRWRU XQGHU WHVW WRUTXH WUDQVGXFHU SD UHDO WLPH FRQWURO YLVXDOL]I|DWLRQ DQG/\
7KH IL[IWXUH HQDEOHV UHDO WLPH PHDVXUHPHQW YLVXDOL]|DWLI VA\VWHP LV GHVLIQHG WR EH UHSURGXFLEOH E
FRQWUROOHG FRQGLWLRQV LPSURYLQJ PRWRU FKDUDFWHUL]|DWL DQG UHDG\ IRU GHSOR\PHQW DFURVYV =HEUD ID.E

7ZRUTXH 6LJODO &ROGLWHRQLQH G DUFXLWSOHPHOWHG DO pDopory 0 £HUH DEOH WR PHHW RXU DQWLFLSDWH
« 9 RXWSXW RI WKH WRUTXH WUDOVGXFHU ZLWK WKH + 9 Lo¢ [XOOV IXQFWLRQDO WRUTXH PHDVXUHPHQV
SHUIRUPY UHVLVWLYH VFDOLQJ DQG LOQWURGXFHV D PLG vXsSso\ R OLYH WHVWLQJ UHVXOWV GDWD FROOHER'
$'& UDQJH HQDEOLQJ DFFXUDWH ELGLUHFWLRQDO WRUTXH PHDvx HYDOXDWLQJ VWHSSHU PRWRU SHUIRUPDQ|
FXWRII UHGXFHV VZLWFKLQJ QRLVH IURP WKH PRWRU GULYHU ZKLOH SUHVHUYLQJ UHOHYDQW WRUTXH G\QDPLFV

FLUFXLW ZDV VLPXODWHG DQG YDOLGDWHG WKURXJK EHQFK WHVWLOJ WR FROILUP SURSHU YROWDJH PDSSLOJ

VWDEOH VLIQDOLDFTXLVLWLRQ

3DUWLFOH %UDNH &MWHORBHGLY HFHKUUHQW FRQWUROOHG GULYHU
EUDNH XVLQJ DQ RS DPS DQG 026)(7 ORZ VLGH FRQILJXUDWLRQ $
'$& UHJXODWHY EUDNH FXUUHQW IURP + P$ FRUUHVSRQGLQJ W

WRUTXH DSSOLHG WR WKH PRWRU $ VHQVH UHVLVWRU HQDEOHV F D
SURWHFWY DJDLQVW LQGXFWLYH WUDQVLHQWY 7KLV GHVLJQ D W
JHQHUDWLQJ WRUTXH+VSHHGLIHUIRUPDQFH FXUYHYV

AXDGUDWXUH (QFRGHU ,Q WA/ UDFHG & WAXIIOM O FRQGLWLRQLQJ FL

HOQFRGHU RXWSXWV IURP WKH WRUTXH WUDQVGXFHU WR HQVXUH .
7KH FLUFXLW LPSURYHV VLJQDO LQWHJULW\ DQG HQDEOHV DFF> [
GLUHFWLRQ 7KLV VXSSRUWYVY VIQFKURQL]JDWLRQ EHWZHHQ WRUTX F
UHVRQDQFH EHKDYLRU DQG VWHS FRQVLVWHOF\ XQGHU YDU\LQJ O

6\WWHP ,QWHJUDWLROQ ORWRU &ROMHIROWIDE LWRMWLBRTO PLF

'59 (90 VWHSSHU PRWRU GULYHU VLJODO FRQGLWLRQLQJ FLUF; L [WXQ
GULYHU LOQWR D XQLILHG WHVW SODWIRUP (OHFWULFDO LQWHJU! G PDJGg

—

DQG WHUPLQDO FRQQHFWLRQV WR UHGXFH QRLVH DQG LPSURYH G
GLUHFWLRQ DQG HQDEOH ZHUH YDOLGDWHG DFURVV PXOWLSOH )\
REVHUYHG XQGHU YDU\LQJ ORDG FRQGLWLRQV 7KLV HQDEOH H
PHDVXUHPHQW DQG VSHHG IHHGEDFN IRU FRQWUROOBRIGI FKDUDFW

OHFKDQLFDO )L[WXUH 'HYWHIORSPHWQG UHILQHG WKH PHFKDQLFI

PRXQWLQJ DQG DOLJQPHQW RI WKH VWHSSHU PRWRU WRUTXH WU ]
VKDIW DOLJQPHQW DQG FRXSOLQJ VHOHFWLRQ PLQLPL]JHG YLEUI N
ILLWXUH SURYLGHV D VWDEOH DQG UHSHDWDEOH SODWIRUP IRU \ H
FRQGLWILRQV

670 ORWRU &RQWUROHMHPROHWE ILUPZDUH WR SUHFLVHO\ FRQWL LQJ 67
WLPHU JHQHUDWHG VWHS SXOVHV *3,2 EDVHG GLUHFWLRQ HQDE ULY H |
PRGHV 6XSSRUWV G\QDPLF VSHHG XSGDWHV DQG UDPSLQJ SURI

PLVVHG VWHSVY ,QWHJUDWHG '$& FRQWURO HQDEOHV V\QFKURQL® L
IRU UHSHDWDEOH WRUYXH VSHHG WHVWLQJ

(QFRGHU 3URFHVVLQJ 530 ,RBOARENDWHREQ TXDGUDWXUH HQFRGI
KDUGZDUH WLPHU PRGH IRU DFFXUDWH SRVLWLRQ DQG GLUHFWLR
FDOFXODWHG IURP HQFRGHU FRXQWVY RYHU IL[HG LQWHUYDOV ZlI
UHDO WLPH VSHHG IHHGEDFN DQG VWDOO GHWHFWLRYLJV\QFKURQ

'‘DWD /RJIJLRBVLIQHG KLIJK VSHHG 86% GDWD VWUHDPLQJ XVLQJ 67
WRUTXH 530 DQG WHVW SDUDPHWHUY LQ UHDO WLPH 8WLOL]JHV
DFFXUDWH WLPH VHULHV UHFRQVWUXFWLRQ 6XSSRUWYV FRQW
SRVW SURFHVVLQJ DQDO\VLV )LJ

*8,  QWHJUDWLRQ'HRROQRSHROFRPPXQLFDWLRQ EHWZHHQ 670 DOQC
VIVWHP FRQWURO DQG YLVXDOL]DWLRQ 8VHUV FDQ DGMXVW PRWI
UHFHLYLQJ OLYH WRUTXH DQG 530 GDWD (QDEOHV LQWHUDFWLYH
yLJ

$XWRPDWHG ORWRU &KDUDFAWHUV|\DWHRQ FSOWRHQWY DXWRPDWH
UHSHDWDEOH WRUTXH VSHHG FKDUDFWHUL]J]DWLRQ XQGHU FRQWU
WHVW WKH PRWRU LV GULYHQ DFURVV D XVHU GHILQHG IX0O0O VW
IUHTXHQF\ LQFUHPHQWHG LQ IL[HG LQWHUYDOV DQG WRUTXH DQ
FRQWLQXRXV WRUTXH YHUVXV VSHHG FXUYHV ,Q0 WKH SURJUHVV
VSHHG ZKLOH WKH SDUWLFOH EUDNH ORDG LV LQFUHDVHG YLD '$
IHHGEDFN UHFRUGLQJ VWDOO WRUTXH DW HDFK IUHTXHQF\ DQG
+DUGZDUH WLPHG FRQWURO HQVXUHV FRQVLVWHQW GZHOO WLP
VHTXHQFLQJ DQG HQFRGHU EDVHG IHHGEDFN SURYLGH UHOLDEOF
DQG LPSURYHG GDWPLUHSHDWDELOLW\

u)
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7KH 8QLYHUVDO 3ULQWKHDG )LIWXUH SURMHFW VHHNV WR " &RPSOHWH FXVWRP HOHFWURQLFV EDSDF
F\FOH RI =HEUD 7THFKQRORJLHY WKHUPDO SULQWKHDG HYD( SULQWKHDG IRU XVH LQ D =HEUD s
IRU QHZ SULOQWKHDGYV RIWHQ UHTXLUHYVY GHGLFDWHG ILUPZ LOQGXVWULDO VXSSRUWLQJ FRQlLJXUDlJ_'_

LOQFUHDVLQJ HQJLQHHULQJ WLPH DQG FRVW 'HYHORSLQJ [ » J)LUPZDUH DQG 3& VRIWZDUH LQWHUlDFlH
ILUPZDUH HOLPLQDWHYV WKH QHHG WR GHVLJQ IURP VFUDW VHQVRU FDOLEUDWLRQ DQG SULQWLQJXZ

WKH SURGXFW GHYHORSPHQW F\FOH " 6XFFHVVIXO GHPRQVWUDWLRQ RI FRRUC
7KLV SURMHFW GLUHFWO\ VXSSRUWVY =HEUDYV JRDO RI DF} PRWRU VHQVRUV DQG SULQWKHDG WR
FUHDWLQJ D PRGXODU WHVW HQYLURQPHQW ,W LQWHJUDW RXWSXW IURP D SUHORDGHG VHW RI 'V

HPEHGGHG FROWURO SRZHU HOHFWURQLFV DQG VRIWZDL SURFHVVLQJ QRW ZLWKLQ VFRSH
FDOLEUDWLRQ ZKHQ HYDOXDWLQJ QHZ SULOQWKHDGY IRU =H_cCco Ccoivont v

7KH $%2 zZDV FRPSOHWHG ZLWK VRPH R

" &XVWRP 3ULQWKHDG $ BUMHUNEK&EP G ORJLF DQG SRZHU GHC GHYHORSPHQW DQG UHILQHPHQW 7KH =HE
GHYHORSHG WR ZRUN ZLWK D ZLGH UDQJH RUKBUMXWKHDCc £LOO SURYLGH WKH RSSRUWXQLW\ WR WHYV
ODQHV RI GDWD WKURXJKSXW DQG D ZLGH WKHUPDO HOoH LQ GHSWK ¥YDOLGDWLRQ RI WKH PHWKRGV 3
FDSDEOH RI GULYLQJ PRVW DQ\ SULQWKHDG ZLWK WKH FRUUHFW VRIWZDUH FROILIXUDWLRQV 7KH , :
FRQQHFWLRQV DUH D VWDQGDUG EUHDGERDUG VW\OH FR
GHSOR\PHQW RI ZLULQJ KDUQHVVHVY WR FRQQHFW GLIIHU
ORJLF OHYHO VKLIWHUV DQG EXIIHUV SURYLGH D FOHDQ
FKDQJHG IURP 9 WR 9 ZLWK WKH IOLS RI D VZLWEFK

" &XVWRP ORWRU 'U$ PHRIWRE%GULYHU ERDUG ZDV GHYHORSH
WKH :026 ERDUG DQG WKH VWHSSHU PRWRUV QHHGHG WR
SULQWHU )ILJWXHHRLY ERDUG XVHV DQ RIl WKH VKHOI GUR
FDSDEOH RI EHLQJ HDVLO\ VZDSSHG RXW LI D QHZ GULYH
DEOH WR DFFRPPRGDWH WKH PLFURVWHSSLQJ RI WKH VW
QHHGHG WR HYDOXDWH VWHSSHU PRWRUV DORQJVLGH S

" 3ULQWKHDG DQG ORWRU G\QHF KURBRKIRWLRIDNLRQ IUDPHZR
SULQWKHDG ILULQJ F\FOH DQG VWHSSHU PRWRU PRWLRQ
026 SDUDOOHO WDVNV 7KH FXUUHQW SURFHVV IRU V\QF
VSHHG YDOXH UHOLDEOH HQRXJK IRU FRUUHFW SULQWLQ

" 7JHVWLQJ RI 6XEV\VWHPV ZLWKLD2@ RVWAZDSBILQW SDWWH
VWHSSLQJ VHTXHQFHV ZHUH SHUIRUPHG WR FRQILUP UHC
FRPSRQHQWY 7LPLQJ VLJQDOV GDWD RXWSXW DQG PRW
WKURXJK WKLV WHVWLQJ RQ WKH ODWHVW ILUPZDUH

" /JRJLF DQG 9ROWDJH 'HOLYHU\ 6\V@UHPRQW KN B G R'SSFAHVODI H D
FRQWUROV YDU\ E\ DSSOLFDWLRQ PRELOH EHQFKWRS L
VSHFLILFDWLRQ ZDV HVWDEOLVKHG WR HQVXUH WKH PDJI
ZLWK WKH FXVWRP KDUGZDUH DQG ILUPZDUH VROXWLRQV

" 026 )LUPZDUH DQG 5HDO 7% PR GRQDWI RQPZDUH V\VWHP :
RQ WKH :026 SODWIRUP UHSODFLQJ WKH HDUO\ $UGXLOR
GDWD KDQGOLQJ DUH VWUXFWXUHG DV SDUDOOHO WDVN\)
DQG VWUREH VLIJQDOV ZKLOH PDLQWDLQLQJ PRWRU PRW
WR HQVXUH FRQVLVWHQW DOLJQPHQW

" 5DVWHUL]DWLRQ 3LSHOLQH POBVOWOLIDWGRQBLSHOLQH
LPDJHV LOQWR SULQWKHDG UHDG\ ELQDU\ GDWD 7KLV LQF
IRUPDWWLQJ DQG VXSSRUW IRU PXOWL ODQH GDWD WUD
ILUPZDUH DOORZLQJ ERWK FRGH JHQHUDWHG WHVWV DQ
VDPH V\VWHP

" 8VHU ,QWHUIDFH D@GWRUMNIBDRZHG 8, ZDV GHYHORSHG WR
WKH IL[IWXUH 2SHUDWRUV FDQ VHOHFW EHWZHHQ GLIIHU
FRQILIJIXUDWLRQ ILOHV DQG UXQ WKH V\VWHP ZLWKRXW
VHWXS HIIRUW ZKLOH LQFUHDVLQJ HIILFLHQF\

" (OHFWURQLFW)IL[WXWH ZDV GHVLJQHG WR KROG WKH FXV
GULYHU 3&%V DV ZHOO DV WKH ;03B JEHWHORBW HDW HE®R D U
FRQQHFWRUV DQG EUHDGERDUG VW\OH KHDGV RQ WKH 3¢
SULQWKHDG EUHDNRXW ERDUGV ZKLFK FDQ EH FXVWRP P
SULQWKHDG )URQW SDQHO , 2 DOORZV IRU TXLFN VHOHF
WXUQLQJ WKH IL[WXUH RQ DQG RIl 7KH IL[WXUH LV RSHQ
RU DOWHUDWLRQV VKRXOG QHZ KDUGZDUH EH GHYHORSH

" 3ULQWKHDG %UHDNRX¥R & RQPHADNRUEHWZHHQ WKH SULQ!
XQLTXH SULQWKHDG FRQQHFWLRQV D IHZ FRQQHFWRU E|
DQG UHOLDEOH FRQQHFWLRQ EHWZHHQ WKH VWDQGDUG
3% WR WKH SULQWKHDG KDUQHVV %RDUGV ZHUH GHVLJ
VHULHV SULQWHUV EXW FDQ EH HDVLO\ PDGH IRU DGGLW
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