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,PDJLQJ &DPHUD DQG +DUGZDUH RI,JRQNDVE&D IRU WKH 7%,*$ &ROOD

MRLQW ,QVWLWXWH IRU 1XFOHDU 5HVHDUFK 'XEQD 5XVVLD

NQVWLWXWH IRU &RPSXWHU 6FLHQFH +XPEROGW 8QLYHUVLW\
66 %XFKDUHVW 5RPDQLD

7TKBUUD\ RI ZLGH DQGPW RAWRBIVYNRYY &25( ZKLFK LV SUHVHQWO\ X(
LQ WKH 6LEHULDQ 7XQND YDOOH\ LV JRLQJ WR EH FRPSOHPHC
$WPRVSKHULF &KHUHQNRY 7THOHVFRSHVY 7XQND ,$&7 7RJHWKHU W
5D\ 2EVHUYDWRU\ 7KH K\EULG RSHUDWLRQ RI +L6&25( DQG'7XQND
HQHUJ\ WKUHVKROG RI +L6&25( ,Q WKLV DUWLFOH ZH GHVFULEH
PHDVXULQJ V\VWHP ZKLFK LV EDVHG RQ WKH UHDG RXW FKLS $¢
GLVFXVV ILUVW WHVW UHVXOWY Rl WKH GHWHFWLRQ FKDQQHOYV

7TKH WK QWHUQDWLRQDO &RVPLF 5D\ &RQIHUHQFH
-X 0\ $XIXVW
7KH +DJXH 7KH 1HWKHUODQGYV
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,QWURGXFWLRQ

7$,*$ 7XQND $GYDQFHG ,QVWUXPHQW IRU FRVPLF UD\ SK\VLI
QHZ K\EULG GHWHFWRU V\VWHP IRU WKH JURXQG EDVHG JDPPEL
7H9 WR VHYHUDO 3H9 DQG IRU FRVPLF UD\ VWXGLHV IURP y
ZLOO EH ORFDWHG LQ WKH 7XQND YDOOH\ GB6LEHULD 5XVVL
&KHUHQNRY ($6 GHWHFWRUKIH FLRQ RIS S WDRN L\RRH>7$,1@ 2EVHUYD\
WKH FUHDWLRQ RI D FRPSOH[ RI GHWHFWRUV DEOH WR SURY
HIITHFWLYHO\ VHSDUDWH JDPPD LQGXFHG ($6 IURP KDGURQ LQG

7KH NH\ DGYDQWDJH RI WKH 7%$,*$ JDPPD UD\ REVHUYDWRU\
&KHUHQNRY UDGLDWLRQ E\ WKH ZLGH DQJOH DUUD\ 7XQND +
LPDJLQJ GHWHFWRUV 7XQND ,$&7 > @ 7KH EDVLV Rl WKH 2EV
ODUJH DUHD XS WRGH DREBOMH Y VU DLULMKWRFNMURU +L6&25(
+XQGUHG L 6TXDUH NP &RVPLF 25LJLQ ([SORUHU ZKLFK LV D
JDPPD UD\V IURP D IHZ V RI 7H9 WR (H9 XVLQJ WKH QRQ LP
WHFKQLTXH

$W SUHVHQW WKH ILUVW SURWRW\GHSRIRGHWK HP DX Q § B WHOG
OLUURUV RI WKH WHOHVFRSH ZLODQKD DHI PED O UHDQ BW B¥E RRIW
FDPHUD ZLOO FRQVLVW RI B/IRRWDROP KLOHVDIGS B L UL Z L Y2 R W K H
)29 Rl RQH SL[BOHOLPLQDU\ UHVXOWV RI VLPXODWLRQV VKRZ
+L6&25( DUUD\ DQG D QHW RI ,$&7V FDQ EH D YHU\ HIIHFWLY!
H[SDQG JDPPD UD\ DVWURQRP\ LQ WKH XQH[SORUHG XOWUDKL.
WKH VHQVLWLYLW\ RI +L6&25( DW ORZHU HQHUJLHV DQG.WR
JDPPD LQLWLDWHG ($6 DIJDLQVW WKH EDFNJURXQG RI FKDUJHC
DOORZ LQFUHDVLQJ WKH GLVWDQFH EHWZHHQ WKH WHOHVFRS
ZKLFK RWKHUZLVH FRXOG EH RQO\ REWQLWKIGV IDRR L §OH \2AM HI
UHVXOWY RI WKH GHYHORSPHQW Rl WKH PHDVXULQJ V\VWHP R
0$52& ZKLFK ZDV GHVLJQHG IRU WKH UHDGRXW RI PXOWLDQRG

7XQND ,$&7 VHWXS

(DFK WHOHVFRSH ZLOO EH FRPSRVHG RI D PRVDLF VHJIPH
ZLWK D GLDPHWHU RI LQGLYLGXDO PLUURUYV FP 7KH IX00 G
OHQJWK P VHH )LJ OHIW $W SUHVHQW WKH FDPHUD ZL

KH[DJRQDO ULQJV DURXQG D FHQWUDO SL[HO )LJ ULJKW

$V D SKRWRGHWHBWRWBE®HZ2LWK WKELQGRZ RI PP GLDPHWHU
LV HTXLSSHG ZLWK D :LQVWRQ FRQH ZLWK DQ HQWUDQFH VL]F
GLDPHWHU 7KH VHQVLWLYH DUHD RI WKH FDPHUD KDV D GLDF
SL[HOV LV GLYLGHG LQWR FOXVWHUV RI 307V LQ HDFK (DFI
0$52& WKH EDVLF HOHPHQW Rl ZKLFK LV D FKDQQHO FKLS $6

,Q WKH )LIJXUH ULJKW WKH OD\RXW RI WKH EORFN RI D F
7KH EORFN LV WKH EDVLF FDPHUD X QLW O &WWXEWKLLDHG L QWK
VHYHUDO ERDUGV IRXU GLYLGHU ERDUGV RI WKH 307 JURX
SODWHV DQG FURVV ERDUG ZLWK WKH '$& IRU WKH KLJK YROW
PHDVXUHPHQW RI WKH 307 FXUUHQW DQG VLJQDO SURFHVVLQ.
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PRQLWRULQJ RI WKH 307 YROWDJH XS WR 9 DQG FXUUHQ
VHWWLQJ DFFXUDF\ LV DERXW OD[LPXP SRZHU FRQVXPS)
FRQQHFWHG ZLWK WKH DGDSWHU SODWH E\ PHDQV RI FRD[LDO

D 307 '$4 ERDUG EDVHG RQ WKH $6,& 0%$52&

JLIXUWHFKDQLFDO GHVLJQ RI WKH ILUVWKS,PH WRIDJLRIJSW FHIOHV RR S\
7XQND ,$&7 FDPHUD ULJKW

190.0 mm

121.2 mm SR
114.6 mm

150.3 mm

JLIXUH2QH FOXVWHU RI SL[HOV DUUDQJHG LQ IRXU KH[DJRQDO FHO
ERDUG OHIW 7KH VKDGHG DUHD FRUBHMSR QW K HWVERD WIKH 30 REVY REERID
,$&7 FDPHUD

+DUGZDUH RI WKH 7XQND ,%$&7 FDPHUD

7KH PHDVXUHPHQW V\VWHP &KL W KGH FIDIRHHLD PRRGX OB UO\ DQG L
FDPHUD GHWHFWLRQ V\VWHP WKH '$4 WKH V\VWHPV RI WUL
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FXUUHQWY DQG WKH 307 KLJK YROWDJH VXSSOHFVKIINRIHGM U D (
VKRZQ LQ )LJ

JLIXURKHW FKHRRPHVKB ND ,$&7 FOPAHWD RQLF

7KH GHWHFWLRQ V\VWHP FRQVLVWV RI LGHQWLFDO FOXVW]
&HQWUDO &RQWUROOHU 7KH &HQWUDO &RQWUROOHU FROWUF
YROWDJH DQG PRQLWRULQJ WKH 307 FXUUHQW WKH FRPPRQ '
FROOHFWLRQ V\QFKURQL]DWLRQ VWRUDJH RI GDWD LQ WKH
EHWZHHQ GDWD FROOHFWLRQ FHQWHUV DQG WKH &RQWUROO]|
EHWZHHQ WKH ERDUGYV DQG WKH 307 FRQWUROOHU DUH FRQIL
WLPLQJ RI WULJJHU VLIJQDOV QRW ZRUVH WKDQ QV 7KH GDV
OHQJWK RI WKH WUDQVPLVVLRQ OLQHV LV GHWHUPLQHG EV WK
QRW H[FHHG P (DFK FOXVWHU RI 307 DOVR KDV DQ DGGLWL
GDWD WUDQVPLVVLRQ 86% IRU WKH DXWRQRPRXV ZLWKRXW
FRPSXWHU

$6,& 0$52&

7KH EDVLV Rl WKH HQWLUH FDPHUD UHDGRXW HOHFWURQLFV
UHFHLYHV VLJQDOV IURP WKH 307V (DFK FKDQQHO LQFOX
DPSOLILFDWLRQ ELW D FKDUJH VHQVLWLYH DPSOLILHU DQG
7KH $6,& FKLS FRPSULVHV D ELW :LONLQVRQ $'& ,W KDV D P
H[WHUQDO $'& ZLWK D VKDSHG VLJQDO SURSRUWLRQDO WR W
VLIQDOV 7KH VKDSHG VLJQDOV DUH VHQW WR WKH )3*$ )3
IRUPDWLRQ RI WKH QPDWWR WDIHW\HPRWQREUGHQFHY IURP 307V 71
WKH VHWWLQJV RI WKH FKDQQHO DPSOLILHU VKDSHU FRPSD!
RI WKH 0$52& FRQWURO LQFOXGHV JHQHUDWLQJ D ORFDO WL
ORDGLQJ RI WKH 0$52& FRQILJXUDWLRQ DQG WKH LQWHUIDF
FKDQQHOV RI 0$52& SURFHVV WKH VLJQDOV IURP RQH SKRWR
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G\QDPLF UDQJH 3XOVHV DUH GLYLGHG E\ D SDVVLYH VSOLWW
IURP HDFK SKRWRPXOWLSOLHU DUH VHQW WR WKH FXUUHQW PF

JLIXUASOLWWHU RI 307 RXWSXW SXOVHV

7KH GHWHFWLRQ V\WWHP RI WKH ,$&7 FDPHUD SURYLGHV Ut

VLIQDOV LQ WKH IROORZLQJ PRGHV
H[SRV LWL/ XUXNRW@MARIYLWRULQJ RI WKH 307 QRLVH

,Q WHBRVLWLRQ UHJLPH WKH GHWHFWLRQ V\VWHP RI WKH
GLVFULPLQDWLRQ RI WKH 307 VLJQDOV ZLWK D SUHGHWHUPL
FRUUHVSRQGLQJ WR WKH OLJKW VSRW IURP DQ ($6 PXOWLSOH
WLPH JDWH DQG VWRUHV WKHP LQ WKH LQWHUQDO EXIFHU I
PLQLPXP WKUHVKROG LV 1& $W WKLV WULJIJHU WKH QXPEHL
LOWHEHYD®Y WKH DPSOLWXGHVY RI WKH VLIQDOV DKHs WKH HY
HVWLPOMIHG WLPH WLPH RI VLIJQDO GLJLWL]LQJ DQG IHHGLQJ
WKDQ V ZKLFK LV DERXW Rl IXO0 WLPH GAMHHBWERQ DW V
FRQVXPBWKRQWMPHWKDO®: FKDQQHO

,Q WKH QRLVH PRQLWRULQJ PRGH WKH V\VWHP FRXQWV /307 S
ZLWKLQ D FHUWDLQ WLPH ZLQGRZ DGMXVWDEOH IURP W.R
ERDUG FDQ FRXQW WKH WRWDO QRLVH IURP SDUDOOHO FKE
FKDQQHOV ,W LV DOVR SRVVLEOH WR FRXQW WKH QRLVH IRU H

7KH EORFN WHKKH@®$5RE ERDUG RI D FDPHUDSKRWRRZAN)LQ )LJ

JLIXURKHORFN GLDJUDP RI WKH 0$%$52& ERDUG
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JLIXUHKBI$52&ERDUG

TKB$52&ERDWE VW

)LJ  VKRZV KRZ WKH HIILFLH®@HFY HRO JHQLHU B W LRI W KIH B\OW ER |
RQ WKH GHOD\ EHWZHHQ W KAR L@SDGB@AM QO \D Q@Y W KH
UHVSHFWL HRHDVXUHPHQWYV ZIHWIK V8HR) IRADPHEHO JHQHUDWRU
$)* ZLWK QV GHOD\ LQFUHPHQWYV 7KH HIILFLHQF\ RI WKH \
WKH IUHTXHQF\ RI WKH 307 PHDVXUHG E\ WKH 0$52& SODWH
VLIJQDOV 7KH UHVXOW FRQILUPV WKH VWDELOLW\ RI WKH FLUTF

QV ZKLFK VDWLVILHV WKH UHTXLUHPHQWY RI XVHIXO HYHQW

JLIXUHFHSHQGHQFH RI WKH ILUVW OHYHO WULJJHU IRUPDWLRQ

&DOLEUDWLRQ FKDUDFWHULVWLFV RI D VSHFWURPHWULF
FRHIILFLHQWVY RI WKH SUHDPSOLILHU DUH VKRZQ L@\)LJXUH
PHDQV RI +9 VXSSO\ DMXVWPHQW 7KH PHDVXUHPHQWV ZHUH
JHQHUDWRU LQ DXWRPDWLF PRGH XQGHU WKH FRQWURO RI D |
VLIQDOV & 7KH UDQJH RI OLQHDULW\ RI RQH FKDQQHO RI
0$52& ERDUG LV QRW OHVV WKDQ
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JLIXUBBDOLEUDWLRQ FKDUDFWHULVWLFVY RI D VSHFWURPHWULF WUDF
WKH VSHFWURPHWULF WUDFW ULJKW

JLJIXUH ULJKW VKRZV WKH GHSHQGHQFH RI WKH OLQHDULW
UHFRUGHG E\ WKH 0$52& ERDUG DW VLPXOWDQHRXV GHWHEWLF
/('V )RU RQH 307 ZH XVHG WZR 0$52& FKDQQHOV ZLWK GLHHU
FRHIILFEHQRW WKH &KDQQHO DQG * IRU WKH &KDQQHO. U
yLJ ULJKW WKH OLQHDULW\ UDQJH _._ " IRU RQH 307 LV

&RQFOXVLRQ

‘H KDYH GHYHORSHG D UHJLVWUDWLRQ V\WVWHP RI WKH ;$&7
2EVHUYDWRU\ ,W LV EDVHG RQ SKRWRPXOWLSOLHUV &3
307 VLJQDOV DUH SURFHVVHG E\ DQ HOHFWURQLF ERDUG RC
0$52& 7KH VLJQDOV IURP HDFK 307 DUH SURFHVVHG E\ WZR LC
FRUUHVSRQGLQJ WR GLIIHUHQW JDLQV RI WKH SUHDPSOLILHU"
307 VLJQDOV LV DW OHDVW SK HO $W SUHVHQW WKH-FRC
ILUVW ,$&7 LV XQGHUZD\

‘H DFNQRZOHGJH WKH VXSSRUW RI WKH 5XVVLDQ )HGHUDWLF
DJUHHPHQW % DQG JRYHUQPHQW DVVLJQPHQW

DQG WKH 5XVVLDQ )RXQGDWLRQ IRU %DVLF UHVHD

SHIHUHQFHYV

> @ $ SQWRNKRBQRWZNW$IBRKHUHQNRY DUUD\ LQ WKH 7XQND YDOOH\
OHWK $

\%

@) %YHUHIKQHKWY HXWODO ($6 &KHUHQNRY OLLUXRO D | QMNVNUXWDW XV |
OHWK $ DU;LY >DVWUR SK +(@ @

\%

@ 7OXFI\MROQ&HHIURXQG EDVHG ODUJH DUHD ZLGH DQJOH JDPPD U|
HI[SHULPHQV/$BL6RQBEHY LQ 6SDFH 5HVHDUFK

\%

@0 %XGQHY7MYNDO$SGYDQFHG ,QVWUXPHQW IRU FRVPLF UD\ SK\VLF
SUHVHQW VWDWXV,D&/G SHUVSHFWLYHV

\%

&WWS 27272 ZHHURF FRP SURGXFWYV PDURF




