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/KH HYROXWLRQ RI VDIH QDYLJD\
$Q RYHUYLHZ RI WKH WHFKQRORKLFDO
WLPH

‘U &KU\WRFKRX *HRUJLRYV

IW &RPPDQGHU + 1 J/HFWXUHU DW WKH +HOOHQLF 1DYDO $FDGH
6\VWHPV 1DYDO 2SHUDWLRQV 6FLHQFHV RI WKH 6HD 1DYLJDWLI
6\VWHPV

$EVWUDKIW SDSHU H[DHPLROIXWLRK® RI QDYLJDWLRQ IURP DQWLTX
OLJKW Rl PDULWLPH VDIHW\ DQG WHFKQRORJ\ DGYDQFHV 6W)
LQVWUXPHQWY PHWKRGVY DQG WRROV XVHG IRU GLVFRYHULQJ
DQG H[SORLWWQ@UDMKMHHYRXUFHV RI ERWK VHD DQG ODQG WK
DQDO\VLV RI WKH SULPDU\ QDYLJDWLRQ VDIHW\ FRQFHUQ LVVX
HUD DQG WKH UHOHYDQW VROXWLRQV JLYHQ LQ HYHU\ FDVH 7]
GHYHORSPHQW ®DYLJDWLRQ WRROV DQG PHWKRGV LV KLJKOLJ
WKH UHDGHU WR XQGHUVWDQG WKH IRXQGDWLRQ RI PRGHUQ V
WKLV VHQVH WKH SDSHU SUHVHQWY LQ D YLYLG ZD\ WKH ODYV
HOHFQLFE QDYLJDWLRQ FRQFOXGLQJ ZLWK D EULHI SUHVHQWDW
PHQWLRQ WKDW DOO WKH HIIRUWV RI WKH WHFKQRORJLFDC
FRQFHQWUDWLQJ RQ UHVROYLQJ WKH LVVXH H[DFW WLPH ERW
HOHFWURQLF QDYLJDWLRQ 7KLV LVVXH VWLOO UHPDLQV FRQVL
KDV WR GR ZLWK DFKLHYLQJ SRVLWLRQLQJ SUHFLVLRQ DW DOO

.H\ZRUG¥ODVVLFDO 1DYLJDWLRQ (OHFWURQLF 1DYLJDWLRQ
6\VWHP *36 (OHFWURQLF &KDUWYV 'LVSOD\ DQG ,QIRUPDWLRQ
%ULGJIJH 6\VWHPV ,%6

 QWURGXFWLRQ

ODULQH 1DYLJDWERBQIFWH WKHSLUHFWLQJ D YHVVHO ZD\ WR WKI
GHWHUPLGRYLWRROQVH DQG GDYWOWKEH "WH ILUVW PDULQHUV Z}
YR\DJHV DW VHDV WR H[SORUP GQB D OW HAHN.MRRIEHE V\VWHPDW
REVHUYLQJ DQG UHFRUGLQJ WKHLU ORFDWLRQ DV ZHOO DV WKH
FDOFXODWLQJ WKHLEBUDKGWYDWRIHU DQG SRWHQWLDO KD]DUC
*UDGXF®OOLVLRQ DWRLIBD EHFDPH D FRQFHUQ ZKLOH PRGHUQ CQ
SULQFLSDOO\ WR GR ZLWKWL DQREPWODWD W DQRHMIDWHE ,Q WKLV \
IURP VWDULQLVWKRLY FRQFHUQHG ZLWK FRUH REMHFWLYHV QDPHC
FROOLVLRQV UHGXFLQJ IXHO FRQVXPSWLRQ DQG FR@RUPLQJ
REYLRXVO\ PDULQH QDYLJDWLRQ EOHQGV ERWK VFLHQFH DQG D
WKURXJKRXW KLVWRU\ DQG WKH QDYLJDWRU PXVW EH WKH EHV)
QDYLJDWLRQ ZH FDQ OLVW WKH IROORZLQJ RQHV
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e '"HDG UHFNRQLQXLFBHWHUPLQHV SRVLWLRQ E\ DGYDQFLQJ D
FRXUVHV DQG GRUWWBEOWH®YJ WKH '5 SRVLWLRQ IRU WUXH FR
HITHFWV DQG VWHHULQ JHWNLRPIDW HIGH \&RYWW LLRXQ D Q3

e 3LORWIAKLAKQYROYHV QDYUMDWULQFWHG ZDWHWDSKQRDDEG Jt
K\GURJUDSKLF IHDWXUHV

e &8HOHVWLDO QXKILIKWIRRIX HVY FHOHVWLDO PHDVXUHPHQWV W
GHSLFWHG DIGQMHIHW IRD V8 R\QDW P R Q D&V LQD X WALIFOOX O/DNMGHY R U
FRPSXWHU SBRUKEDPG ZLWK DOPDQDFV

e 5DGLR QDYLIKWERIQV UDBGYIHRY WR GHWHUPLWK W RWIMWENWQIR QLF
GHYLEWYV WKH DSS ODFRIURLIRXM RFLHY WR GHWHUP(WRWHWVIK SRVLWL

e 5DGDU QDYLMXWERABY UDGDU W RV GH VWGH MPQIGHE H IRU LRIBM H F W V
ZKRVRV.WLRQ LV NQRZQ DQG

e 6DWHOOLWH QIKLKMWHVLRRGIOOV IURP VDWHOOLWHV>IRJ GHWF

2QH FRXOG DUJXDEO\ VWDWH WX®MO OD\EHR Q \DLGID W LIRDGGAHRD V
FDWHJRU\ X QG HiLD WKW UW QWP HPYVBDWRRQGD\V ZH FRXOG DGG RQ
WR ZKLFK WKH DXWKRUV Rl WKLV PRHH®O BF W WRQILLE XKLL\ B W L\
W\SH ZKLFK LV FKDUDFWHULVWLF RL FDKH DFRQW MR B R Q VW\ YOH B D«
GHSHQGHG RQ HOHFWURQLF FKDUWV UHODWHG V\VWHPV DQG LQ!
DV GULYLQJ QDYLJDWLRQ V\WWHP SODQQLQJ :LWK WKH DGYHQ
HOHFWURQLF FKDUWYV ¥ RIBOFRRY \QDHQWRWHRQ RQ HOHFWURQLF S
FRQVWDQWO\ W HiP B@MNER QPHRDWHHFOW U R QILHFY W WY KHFOHHRAW U R QLF QD YL J
VIVWHPV DUH DOZD\V VXEMHFW WR GHIHFWV WKHUHIRUH WKH QT
RIKLV VKLS PLIJKW UHO\ RQ VNLOOV UHODWHG WR FODVVLFDO QDY

7KHUHIRUH LW LV ZRUWK WR H[DPLQH KRZ WKH PHWKRGV DQG
EHHQ GHYHORSHG WKURXJKRXW R MMWDRW WEKEG GU K & GAHRD GIDPRIV HYO L
RI WKLV IRUP Rl FRPELQHG DUW DQG VFLHQFH ZKLFK KDV PDGH
PRUH JOREDOL]HG DQG LQWHUFRQQHFWHG ,Q WKDW SHUVSHFWL
IURP D KLVWRULFDO DQG PDULWLPH \KRLRHMAEH. FIRA. @BM YRH ORLSPZH QV
QDYLJDWLRQ JLYLQJ D FKDQFH WR PDULQH VFLHQWLVWY DQG S
SLFWXUH RI WKH RULJLQV DQG HYROXWLRQ RI PRGHUQ QDYLJDWL

TKH +LVWRULFDO S5SRXWH IRIDAOARWVLFDO 1

7KH ILUVW VW HSVHRQIV WR\

W LV FRPPRQO\ NQRZQ W KDWD FLODQ WK HS K MVKWHR DR MRS QUW KW L Q
RSHQ VHD KDYH EHHQ WUDGLWLRQDOO\ WDNHQ SODFH WKURXJ}
FRXUVH WWID@ELWLRQDO SUDFWLFDO PHWKRGY JHRPHWU\ DVWUR
H[DPSOHV ZHDHORKM DYLIDDWKIE QHGLW N X BB @DW R ERQEWHW H
OLQRDQV KDG EWHYQHX\DIOQ WMFX GIHTKE8W WKHLU ORFDWRIR® VL QKW XA
ODQG DQG XQGHUVWDQGLQJ WKH WHQGHQFLHV RI WKH ZLQGV DV
FHOHVWLDO QDYLJDWLRQ ERINSIRIZWN QB X\WEHY SRRIDVWY RW XWHV DQ H|
DQ HDUO\ :HVWH URKBIW XOH COEERBI Y WLRQS R VLWL RQMRI SDUWLFX
> @ WKRYW H[WWWEHEWHRARODYLIJDWLRR KN ERPAWNRWIEUVYV M \® U

WR WKH HYR\RU MW RHUWNQD Y LIDWRMH DV R 0D @RDOHLDPHBDWRKRYV V
IDPRXV YR\DJH IURP M@EE WWR BXWWLRQV RI WKH *UBH& QDYLJDWHF

ORUHRYKHU 3MRHQLFLDQV DQG WKHLU VXFFHVVRUV WKH &DUWKI
VDLOR@Q WKH RW K K K UKDFD & L O\ DIWQLUEWRRQ W U L EXDWHG DMRRQ ZL WK
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WUDGH QHWZRUNYV 7KDW QHWZRUN ZRXOG H[WHQW IURP WKH $W
6HIWR WKH ,QGLDQ 2FHDQ>D@®G MXEOQWLRIYD LQ &KLQD EHWZHHQ
WKHDJIJQHWLF FRP\SEWLQJ GHYGI® DS S®LHG WR @BYHUDWKIHRIHVY W
WUXH PDULQHU V FRPSDVV VWDUWHG WR EH LPSOHBHQWHG LQ (X

$OVR QDXWLFDO FKDUWY DQG UHOHYDQW GHVFULSWLYH WH[W\
XVH VLQFH*MHHNV XU\ %& ZKLOH QNMXQLFDWHBKRUWNSKLF DQG R
SURMHFWLRQV GDWH EDFN WR>W @ XM IERING FRK-BRWMXVRIOEBEERO & & D U W
EHJDQ WR DSMBMUWIQH HQG RI WKH @WK FHQWXU\

,Q JHQHUDO LQ KWK BW YSHORSFHQW RI EHWWHUDQUDHN V XDW.L RQ DG
DGYDQFHPHQW RI FRPPHUFH DQG WUDGH

WE WIEHQWX U\

7KH FRPPHUFLDO DRWARHMWEZHWEROG WK FHQWXU\ PDUNHG D P
VLIQLILFDQW SURJUHVV LG S@PEWX FOOVEDYLYDWLRRUY PDGH D G
LQ RFHDQLF QDYLJDWLRQ WKURXJK WKH $WODQWLF>WE&MWK®GLDQ

WK DQG WHLAWKRMXRZQ6KRDLROORZHG LQ SDUDOOHIDREDH 3R
H[SORUDW@BRWFKLQJ WKH 6XQ DQG VWDUV PDULQHUV EHJDQ XVL
ODWLWXGH DW VHD 7U\LQUH/WDR HDGE KL WK W IR Y DWIGHYWDUV WR Wt
WKHLU SODFH RQ WKH RSHQ RFHDQ 6RPHWDKKURDRQDIHGN WRP KDV
KDG EHFRPH LQFUHDVLQJO\ DFFXUDWH@\ WKH HQG RI WKH v

6RPH RI WKH HDUO\ LQVWUXPMQWX GRIUZ G HWW/WRKH. & K@D/ WU RO D
WKH TXDGUDQW VHH )LIXUHV UHVSHFWLYHO\ VVoBUHRY HWUK H
DVWURODEH DV ZHOO DV UXGLPHQWDU\ QDXWLFDO FKDUWYV ZHUH
RIEKULVWROKREX®R 7KHVH UHVRXUFHV LPSURYHG WKH DELOLW\ RI
DVVHVVPH QW OCE/RIGVKEWH

JLIXUHKHURVWDIVYEHQWXU\
ZDV DQ DQFLHQW SUHFXUVRU WR WKH PDULQH VH

6RXURHDQDGLDQ OXVHXP RI +LVW\RW\S DYREZ CDEGWR DWW XVHXP ¥ FPF H]J
DFFHVVHG -XQH
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JLIXUHQ DVWURODEH PDGH LQ BDXWMBEGE6HDPDQ V 4XDGUDQW
6RXUKHVWSY HQ ZLNLSHGLD R UGRZUNBHHQYREWFGWEBDULQH 0XVH
DFFHVVHG 0D\ KWWS Z2ZZ SHQREVFRWPDULQHP X\
DFFHVVHG 0D\

6LPSOH QDYLJDWLRQ PHWKRGV DQG LQVWUXPHQWY VHUYHG (
Starting at a known position, the navigator could track the ship’s compass heading and the
ship’s speed as well as the time spent on each heading and speed. 7TKHQ KDYLQJ GHWHUP
WKRVH HOHPHQWY WKH QDYLJDWRU FRXOG FDOFXODWH WKH U
SORWWLQJ WKHP RQ D VHD FKDUWHDGLVYHFNW® BGKEZWD \S FRPKWHG R
WKH ILUVW QDYLJDWarinergeampassROQ MOKUHO\ IRBB IRIHWRIASD VYV
ZDV QHFHWVMW\SLFDO FRPSDV¥HRIWXKKN FRQVLYIWH BDRRQ BWQDHG
QHHGOH FRQQHFWHG WR WKH XQGHUVLGH RI D FLUFXODU FDU
GLUHFWLRQV ZHUH GUDZQ@ VHH )LJXUH

JLIXUHU\ &DUG %R[ &RP'EBIDQW XU\
6RXURBHQREVFRW ODULQH OXVHXP
KWWS ZZZ SHQREVFRWPDULQHP
DFFHVVH®\

, Q D PRUH GHYHORSHG WHFKQERKS CRBNJILY WHOQW 8 D WEKBHW H Q)
> @URJUHVWKHBXJIJK WKH 0 LR KDIREXP X O D WL R Q RRJI D@D ® BXAWW R

&RS\ULJKW « +HOOHQLF 1DYDO $FDG




3%$57 ( ODULQH 6FLHQFHY DQG 1DYDO 2SHL

LQFUHDVHG SURGXEWLR QRERIDX ALHM DB &S GRXVLQJ PDWKHPDWLFDO
KHDGLQJ WR D QHZ VFLHQWLILF GLVFLSOLQH > @

,Q WKH ODWH *WHKDRHIOXWXAADGEMWIRWILFEQRWHPHQW YV FKR UK W L
VHH JXUH KHWKUWW DFFXUDWRIUWEH HNVIKHWD AL B HD UWKHY XUID
OHUFDWRU 3@ RMHWWIDR'URDW YDOXH WR QDYLJDWRUV EHFDXVH D
EH VKRZQ DV D VWUDLJKW OLQH EXW WKH SUREOHP RI GHWHUPL
FKDUWWDARRWHMWYHQW\ \HDUV DIWHU WKH\ ZHUHKDRDQWV RREIXPIBGQH X
YDULDWHRD)YDLODEOH PDNLQJ WKH PDIJQHWLF FRPSDWW D YDOXDE

YLIXUH "EHQWXU\ OHUFDWRU 3URMHFWLRQ F
BRXUKMWWSY ZZZ EULWDQQLFP FR R P/INMBHRY Z RFEFG VV HG $SULO

$QRWKHU PLOHVWRQH LQ WKH KLVWRU\ RI FODVVLFDO QDYLJD
1RUZRRG XVLQJ D VBHFUBQRPIEPO®WH[WDQW PHDVXUHG WKH O
ZLWK FKDLQV +LV UHVXOWYRULORYV KDWG&VWABDNEDOHR@® DO 6\VWHI
8QLWY GHILQLWLRQ RI > @XUWHEVUPRUH WKH ILUVW RI IRXU
RZKH (QJOLVXSSHODRWG FRYHULQJ PRVWO\ (XURSH WKH )DU (DVW
\HDUV ODWHU BR\DO 2WYHUDEHVRAWDEOLVKHG DW *UBHQIMWK ZKL
SDWHQWDARNHQWH@KLFK D YDQHG URWRU ZDV WRZHG IURP WKH
ZHUH FRXQWHG R® DQHIJHDWHIDWHWDLW SVIRHRQQDLVVDQFH GHV W
WKH LUV W QPQDIERDMD\O | RX Qa5 H G

WKk WKEHQWXU\ 'HDOLQJ ZLWK DFFXUDF\ DQG VDIHW\ FRQFHL
GHWHUPLQLQJ ORQJLWXGH

"EHQWXU\ FRQVWLWXWHG D UHYROXW L REUIRIK\QHEU BV REAWHKDLGDWQ D Y
VHH )LIXZBDVQGHSHQGHHNWHG LQ (QJODGSGE@® ® G\GIMIBRBMK DW
FHQWXUAHWKEQW LQYHQWHG VHMK)IVIKQWWUXPHQW UHSODFHG WK
DQG WKH RFWDQW DV WKH PDLQ 7IKH WH[XWVHIW SBEYQGYERBWURQH
DFFXUDWH PHDQV RI GHWHUPLQLQJ WKH DQJOH EHWZHHQ WKH K
FDOFXODWH ODWLWXGH E®WQIDW BQV W XGRS IREWRKBRGVWHR EH DSSC
QDYLJDWRUV FRXOG ILQG WKHLUW O®QJLWXGH PRUH DFFXUDWHO\
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JLIXUHEQ 2FWDQW DERXW YLIXUH 6H[WDQWHHQW X U\

BRXUFBPLWKVRORWOQRRIDDQGSDFIXVHXP7/LPHDQGLD Y LJDWLRILODEOH
KWWSV WLPHDQGQDYLJDVDIVR/ MW BIR¥ R X'0M® PR E& LD

WKH RSHQ VHD VDLORUV UHOLHG RQ GHDG UHFNRQLQJ PDNLQJ

GLUHFWLRQ DQG VSHHG 7KLV PHWKRG KRZHY
LW ZDV VXEMHRWUMBRWOHUHUURUY )LQGLQJ ODWLWXGH EHFDPH
DQJOMGLQJ LQVWUXPHQWY DV PHQWLRQHG DERYH EXW ILQGLQ
POUL@HSH FORFN ZDV ISH ZIHFAWNSBIQWSWWRPHG WKH LPSRUWDQFH RI
WLPH ZLWK SUHFLVLRQ WHKMASHIFQOD@) DR FR@IKDEICQ ZDIWBGXD O C
WKH HVWDEOLVKPHQW RI D PDULWLPH PK@BRQRPHWHU DERDUG HY!

,Q IXUWKHU GHWDLO (XURSHDQ JRYHUQPHQWV RIIHUHG ELJ S|
EHFDXVH DW WKH WLPH QR FORFN FRXOG NHHS EHWWHU WLPH \
&KULVWLDDQ +X\JHQ\
PDWKHPDWLFLDQ IURP WKH 1HWKHUODQGY SDWHQWHG WKH ILU}
ILIXUH DQG ODWHU GHYLVHG D ZDWFK UH JEXDWWRKY ANOOHGHD §
GHPRQVWUDWHG WR +X\JHQVORKIDVE RXIOH SHYGXOXRUN DFFXUDWHE
> @
ORQJLWXGH DW VHDQ IS IWRGHFE IWKHQJ D KXJH SULFH WR WKH SHUV
DFFRPSOLVKH@WKDW

8QGHU WKLVREKRWADXBWULVRQ DQ (QUQLVK FIRPSHOWHIG D FORFN |
D SDLU RI RRRQOWOHIUW LQJ ZHLIJKWHG EHDPV FRQQHFWHG E\ VSULQ
QRW LQIOXHQFHG E\ JUDYLW\ RU WKH RRVWDR® FHGWWR VRDY H* 3D
LVVXHV WKDW KDG EHHQ DULVHQ XQWLO KH SHUIKMRDHG RUV 2
IRQILVWBXEMWLVKHG KLV ZRUNKHQ BHILQWIKFHOWY VRO WU +DUYL@BRQ V W

ODULQH FKURQRPHWHNUH LRRURBXAMMPRVW WRWDOO\ HVYWDEOL
FHQWXU\ DQG ILQDOO\ D IDLUO\ DFFXUDWH GHWHUPL@WWLRQ
PRGXV RSHUDQGL LQ RUGHU WR ILQG ORQJLWXGH DW VHD ZDV |
WKH WLPHRAFOWRR® RI NQRZQ ORQJLWXGH L H *UHHQZLFK (QJ¢
GLIIHUHQFH LQ WLPH HTXDOV  GHJUHHV GLIIHUHQFH LQ ORQJLW
FKURQRPHWHU DQG ORFDO WLPH ZRX@G EULQJ LQ ORFDO ORQJLW
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JLIXUHNXWHHWEOH ZQRMKN3IHQGXOXP DbE®& XW

6RXUFHEPLWKVRDDWRRPODQEGSDFB@XVHXP/LPHDQ
I1DYLIDWIYRQODWOWIWVSY WLPHDQGQDYLIJDWWRIQ [VL HGX QDYLJDWLQJ
DFFHVVH® UFK

JLIXUH &KURQRPHWHU PFROYGH HRNG R J+
$UQROG DERX\@

BRXUFEPLWKVROMILJEQDQ BSDFHMHXVHXPLPI®Q
1IDYLJDWYRQODEMMWSY WLPHDQGQDYLJDWLRQ VL HGX QDYLJDWLQJ
DWHDDFFHVVH®UFK

'LWK WKH VH[WDQW IRU GHWH UFRKLOR@R P & D\M UWDRG&H GIHO\GH WAPKLK) L
VDLORUV E\ WKH V ZHUH FDSDEOH RI QDYLJDWLQJIJRWHKRYKLIK V
QDXWHEDWEBPNSPDLQEOYUH DW LWRIEBKISS$S VXFEWKH DQAQ@XWQFDO
$OPDQDLRZIOV LQDXJXUDW H GKHH Z$ P ID\QLEE BWQ F W DR O DAKR BKKD V
VHUYHG $PHULFDQ VDLORRZKHVOADWMWHU NQRZQ DV IRU LWV ILUV
ZULWHU 1DWKDQLHO %RZGLWFK LW VWLOO UHPIDMWVRD XX HGHOI R
DVWURQRPLFDO WDEOHV PHWHRURORJLFDO LQIRUPDWLRQ DV
PHWKRGV VHH )LIXUH

YXUWKHUPRUH WKH FHOHVWLDO OLQH RI $R@LKALIORQ LR QKHHS WW
FHQWXU\ WKH PRGHUQ LQWHUFHSW PEWK RVK MWV P KW K EGWR KEH QDS
FDOFXODWH WKH ERG\ KHLJKW DQG DJLPXWK IRU D FRQYHQLHQW
ZLWK WKH REVHUYHG KHLJKWGLLIG®IG®HDQF BW QVBHFHRIQ WWHY 7KLV

LOWHUFHSW
VKLIWHG WRZDUG RU DZD\ IURP WKH GLUHFWLRQ RI WKH ERG\ V V
VLIKWWKEKMRHQJLW XGH E\ AKQ®R GVREHHWLHBRIFDDK R G@

%HWWHU PDSSLQJ DQG FKDUWLQJ ZDV RQH PRUH LVVXH RI VDI
8QLWHG 6WDWHVY GLVSDWFKHG DQ DPELWDRXFHRIL WAKLIHR © RW R DXQUGF K
&KDUOHV >LO@BLKOWHY DQG KLV FUHZ PDGH WKH PRVW RI WKH DFF.
LQVWUXPHQWY 7KHLU REVHUYDWLRQV UHVXOWHG LQ VRPH RI WI
WLPH @Q DGGLWLRQ LQ LW ZDV GHFLGHG E\ LQMWUWLGLMDWLRQL
*UHHQZ(IGFXODQG ZRX GG LFPH WKHLEED@WHU RQ WKH UDGLR UHFH
SURYLGH D FRQWLQXRXVO\ XSGDWHG WL®@H VLIJQDO IURP WKLV OH
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JLIXUH7KH 1HZ $PHULFDQ 3UDFWLFDO 1DYLJDWRU

6RXUFIBPLWKVRODWQRRPIDUD QGESDFHWXVHXP7LPHDQGLIDYLJDWRLRIQL O MEOH
KWWSV WLPHDQGQDYLJDWWRIQDWHFHGYXHIEDWYHRK DWLQJ

+HDGLQJ IRU WKH IXWXUH
TKRUHFHQW KLVWRU\ RI HOHFWURQLF QDYL

WKgHQWXU\ 8VLQJ UDGLR ZDYHV DQG J\WURVFRSLF FRPSD
HVWDEOUDGURIGDQG VDWHOQUWWLRQ

7KHYFHQWXUSWREDEO\ ZLWQHVVHG WKH JUHDWHVW DGR QFHV
LPSHWXV IRU WKHVH GHYHORSPHQWY ZDV QR ORQJHRBLWUWBGUW\ D
RSHUDWERRPNYHU PDQ\ RI WKHVH LQVWUXPHQWY DQG WHFKQRC
FLYLOLDQXS/MUSRVH

W ZDY WKDW UDGLRV LQ WHKEHRUPSRY PLOUGHD MAKHMU ILUVW |
VKLSV DW \@\D WLPH VLIJQDOV ZHUH EHLQJ VHQW WR VKLSV WR
WKHLU FKURDRPIBWHUDY\ +\GURJUDSKLF 2IILFH ZDV WUDQVPLWW
WR YHVVHOV DW @PPRQJ WKH ODWHU GHYHORSPHQWYV RQH PLJk
RIOLJKWKRXEXRPWORVH WR VKRUH WR FODULI\ DPELIJXRXV IHDWX!
SRLQW RXW VDIH QDYLJDWLRQ FKDQQHORHB s /HUVEINR GX\F MK RV K B |
J\WURVFRSLF FRRSDNVRFRPBROMWK SRLQWV WKH WUXH QRUWK UDWHK
QRUWK EHLQJ XQDIIHFWHG E\ YDULDWLRQ RU GHYLDWLRQ 7KH
RYHU PDJQHWLF FRPSDVVHV LV WKDW WKH\ IUQ/& WUWRWQRULW® [\
GLIIHUHQW IURP DQG QDYLJDWLRQDHYBUFAK@H XVHIXO WKDQ

VDZ WKH LQVW DO OWMALRR) EREDW@HKIH| 2AOALW LV & REHUMF LWV R Q
‘DWW SURGXFHG W KUHIDIG B YO\ BHWDHRYQLEDMD J L YUV W HE@ ZKLOH LQ
$OIUHG / /RRPLV FRQFHLYHG WKH LGHD IRU DQ HOHFWURQL
ZKLFK ZDV ODWHU G25$HOROB GDQIHRIDYLIJDWLR® 6\VWHP
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$IWHU ::,, LW ZDV WKH WLPH IR UHVDRRMONDH GV HL Q D K B D FARLGRVD H\WH
‘DU DQWDJRQLVP EHWZHHQ WKH 86 DQ6S&KRWQHIR BXGRWQ | L/DWX\Y FIXU Y
VDWHOOLWH E\ WKH 6RYLHWV Z6§$16, DI/YWAHIOOL WM SOFELIQWLRQ V\
RUELW E\ WKH $PHULFRQVWL@WXWH WKH ILUVW PLOHVWRQHV R
QDYLJDW L@ Q

*36 *OREDO 3RVLWLRQDQW IEDWWHIEP L Q RSHUDWHG DQG PDLC
'HSDUWPHQW RI 'HIHQVH >X @\ PQ OPRIZAD G BXUSEIENQVWHP EHIHDQ WR E
RSHUDWLRQIBHXURSHDQ $3SBMEA{SHFWHG W RDIOLWHMRVHP ZL W K
VDWHOOLWEHKHIQQI SOOFRSKRDMMHRY DWKHUH LV VRPH H[WHDFARUN
IXO0O RSHUDW:R@DO DELOLW\

)XUWKHU GRZQ ZHHIJDALIRLQQ® WRUH GHSWK WKH GHYHORSPHQV
QDYLJDWLRQ

D 'HYHORSPHD®WIRIKYBIDWLRQ

KH ILUVW DSSOLFDWLRQ RI H@BWWIWUURQLFV ZWRFROWHGE DWHRGL
WHOHJUDSKLF WLPH VLIJQDOV WRDRKHF R @ KURGRP NP E HULHIRDIO V
WUDQVRRWWHCE FKUBRBPRWHWDGFDVW SURYLGLQJ QDYLJDWLR

E\ WKH 8 6 1DY\ +\GURJWVRPKIMWKPQKIHFMEP® LQFUHDVH WKH V
QDYLJDWLR®Q @®W VHD

7KH IIMUVWHP RI UDGLR QWKEDBWRRQUHIFWLRE) )LAGWNQLQJI LQ
DUDGLR \DMEBWWK® X¥HURFWLRQDO ®QUHHFQQRQWKR WKH EURDGFD
FRXOG EH GHW NUHFRQ@WGPHDVXUHPHQW XVLQJ DQRW KWHWW WD /& R ¢
IQDOO\ E\ WKMUX®@EDWLRQ WKH WZR BH UHFRWMIREG RROXO®GPDS
WKHQWHUVEHHFIWQRG WKRISWRNKHWLIRQL @XWMRILUVWHDEFEGRRZDV LQVWD (
GHYHORSPHQW RI WKH ILUVW HF

JROORZLQJ WKH GHYHORSPHQW U RRKEIHILERR EHD AR QWH PE/H H Q
GHYHORBHIGQJ WKH DQFHVWRUV RV KHWHYOHPWVHZE D WL 1QWURG X FH
., DQG UHPDLQHG WHKHIPDLEYOROHBG QDYLIJDWLRQ WHNSWHBPNGXQ
WKHRU EHWWHU VXSSD® PHQHV H GWMKEHRPOLF QDYLJDWLRQ V\VWHP
PRGLILHG IRUP Rl WUDQVSRQGHUV ,QVWHDG Rl SURGXFLQJ D VL
ORFDWLRIQD QRE@EHU RI K\SHUEROLF OLQHV LQ VSDFH 7ZR VXFK
LOQGLFDWKIHQSRVLWLRQ RAIKWKSDYBWOQOHO XVH RI WKRVH V\VWHPV
QDYLJDWLRQDO FKDUWVKIH @MHMHGE HRQL P DQX\BE @KUH DIPUIK\GHIWERQLF
VIVWHP WR EH GHYHOR SHHGVAD W BWPK@ % ULWLVK

'HFFD 1DYLZDWRDQRWKHU %ULWLVK V\VWHP IURP WKH VDPH HU
'"HFFD GLIIHUHG IURP *HH ,WV VLIJQDOV ZHUH QRW WUDQVPLWWH (
LOQKW FDVH RI *HH EXW FRQWLQXRXV VLIQDOV ZKLFK ZHUH GH(
LQIRUPDWLRQ UHWXUQHG E\ WKH SKDVH FRPSDULVRQ RI WKH WZF
GLVSOD\ WKDQ LQ WKHOFDVH RI *HH

Q WRHBEQ@VHG RQ WKHLOFRBEHYV86 GLUHFWHG WKHLU HIIRUW
UDQJH VA\VWHP ZKLFK XVHG ORYHWNIHMHZRN QEFRPIN CZKDBWQJIH $LG
WRDYLIJDWRQR@OMRZHG JUHDWHU FR $MOMIGWD FAKRRM®LY BIG YD QW D .
ZDV WXPAXUDWF\JAHDW O\ UMSXFHG WR IWKAXKUIRWHPY /25%$1 XVHG
SXOVHG UDGLR VLJQDOV WUDQVPLWWHG IURP D PDVWHU DQG D V
RQERDUG DQG UHFRUGHG DV ZDYHV RQ WWKB\ GMYEHD DY KHQ IG VR
EHWE® WKH UHFHLYLQJ ZDYHV FR U®HVISRQGHG BMRYV ZHEHD WALIPHH D U
VLIJQDOV IURP WKH WZR DIRUHPHQWLRQHG VWDWLRQV DQG LW ZI
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RUGHU WR SURGXFH D SRVLWLRQ IL[ WKDW SURRFWMKMUQWHWHR
WUDQVPLWWLQJ VWDWLRQV 7KH SRVLWLRQ RI WKH YHVVHO ZD'

SURGXFHG FXUYHV /RUDQ /LQHV RI 3RVLWLRQ 7KH DFFXUDF\ R
IHZ KXQGUHG PHWHUV DQG D@IHZ NLORPHWHUYV

JLIXUH'HFFD 5HFHLYHW V JLIXUH'HFFD 5HFHLYHW \%

6RXUF3IDOOLSDUDWVRXOLV * +LVWRULFDO (YROXWLRQ DQG 3
*UHHADXVLYLRV RKRXPHHOOHQLF 1DYD31L $BEEWBG6 1

JLIXUH /IRUBBQ UHFHLYHUYV V J)LIXUH /IRURQ UHFHLYHUV
6RXURWOOLNDULY $ .DWVRXOLV * +LVWRULFDO (YROXWLRQ DC
IDXVLYLRV SKRXPHHOOHQLF 1DYD QLIHDHXHR661

Vv

,Q WKLV FRQWH[W /RUDQZ®VVEHYHORSH® DWIH PROUQH QDYLJII
VIVWHP 7KLV ZDV UHSODFHG E\ WIKHVPRWHPERFXQURWE MKDRX JK
PXFK RHWRUZEG1& VHH )LIXWWV IDLUO\ FRPSOH[ WR XVH UHTX
HTXLSPHQW WR SXOO RXW 28k H&GADNM WHKGW RUNQBRSXODU QDYLJID
XVH WKURXJK WRIB ORUHRYHU YDULRXV VKRUW UDQJH PG UHJL
KDYH EHHQ GHYHORSHG E\ SULYDWH LQGXVWU\ IRU K\GURJUD
SRVLWLRQLQJ DQG JHQHUDO QDYLJDWLRQ
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6LPLODU WR /25%$1 K\SHUEROLF V\VWHPV IROORZHG E\ ERWK WKt
JOREDGH) 2PHJD 1DYLIJDWLRMHB\MWKEH 6 RQIGHOSKIDVWHP 7KH
RSHUDWLQJ FRQFHSW RI WKHVH UHOLHG RQ WKH GHWHUPLQDWLR
VLIQDOV EXW E\ FRPSDULVRQ RI DDW.RBDH AMARE® O1HLYWK VDKE& R H
VI\VWHP ZDWYRQX\V) G ZKHQ WKH 86 PLOLWDU\ KDDGD®U@D G\ WXUC

JLIXUH2PHJD 1DYLJDWLRQ 6DWHOWLWH 6\VWHP \%
6RXURHWOOLNDULY $ .DWVRXOLV * +LVWRULFDO (YROXWLRQ DC

IDXVLYLRVIKIKXPBPFHOOHQLF 1DYDIL $BPBEEWRBG61

E'HYHORSPHOQOW RI 5DGDU 1DYLJDWLRQ DQG 5DGLR 7UDQVSRQGHU

Q WKH %WDIGVNDYEHDXXGQ ZRUNGEY @Q WK H @W URWXFHIG UV W
VHDRLQJ UPRDHY WHRXQGDWUIRE RULQFLSOH RI WKH PEHDORFEDW LW
WR WKH &MYWQREHG E\ - 7 5DQGDOO DQGLY¥H®VEWW%RRYW LW L\GHE

Q DQG DIWHU D YHU\ VXFFHVVIXO XVH E\ WKH %UDWDWVK DC
EHFDPH DYDLODEOH IRUKHRPRHEBLO@KVHOH RI UDGWU DR Y P WW RO
SHULRGLFD ®RAWVBIQRUW SXOVH RI D UDGLR VLJQDO XVLQJ D E
VLIJQDO UHIOHFWV RIl D WDUJHW D SDEW RO WKDWG Y UHFIM RLQ
WUDQVPLWWLQJ VWDWLRQ 7KH UHFHLYHG VLJQDO KDV WR EH SR
LW FRQVWLWXWHV LV D VPDOO IUDFWLRQ Rl WKH EURDGFDVW SF

RGLVSOD% X@LW

$IWHU \HDUV Rl HYROXWLRQ PRGHUQ PDULQH DQG DYLDWLRQ
YHU\ XVHIXO QDYLJDWLRQ LQIRUPDWLRQ VWDUWLQJ IURP WKH F
DQJXODU EHDULQJV WR FKDUWHB REWBEWYVBEQIURVHR W &R VHWWR
SRVLWLRQ RQRDHRYDHUW XVLQJ
DYRLGDQFH FDQ EH HWURPQ¥FKIE WLPH UDGDU ZDV ILUVW LQWURGX
LQ ZKLFK UDGDU SLFWXUH LV

UD\ WXEH VFUHRFD @ B LLES\GEDN W

JXUWKHU HYROYLQJ WKH @XYLRPDWRE WDGDW $SE R AMSIDEL WL G

KDV FRPH XS VHH )LJXUHKHDYWKO QENORMRMWR IPORRFRSURFHVVRUYV
GHYHORSPHQW RI DGYDQFHG FRPSXWHU WHFKQRO®S58HB/XDUGJ WK
FRPSXWHU DVVLVWHG UDGDU G D¥W B VS$U R FHAGHR B0 WH VSWHPG/L FW LY H
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DQGNVRHU VKLS PR YRIPMIOR\) L BMRIDMND XVLQJ UDGDU FROPWDFKHW 71
FDSDELGDWFXWARDWH WKH WUDFNHG R E MWHFWAW SRROQUW IR | \DSSHSHI® DR]
,Q RWKHU ZRUGV LD\S FF\ B QWERDIBMRULYINVD. @ RWEKKIME RU O DX @PDVV

&RQVHTXHQREQAMGYDQWDJHV RI $53$ DUH D UHG X ANEHRIQGMIFDW KH Z |
DQBRUH LQWBQGBDWHGENHU LQIRUPDWLRQ RQ VHOHFWHG WDUJHWYV

JLIXUH$ W\SLFDO VKLSERDUG UDGDU V\VWHP''EHQW%$B8$ 'LVSC
6RXUKMWWSYV HQ ZLNLSHGLD RUJ ZLNIDESWRPBODWHBGUD ADUBSORWW.L

7KH ,QWHUQDWLRQDO ODULWLPH 2UJDQL]DWLRQ ,02 KDV LQVW
,QWHUQDWLRQDO &RQYHQWLRQ IRU WKH 6DIHW\ Rl /LIH DW 6HD
RI VXLWDEOH $XWRPDWHG 5DGDU 30RWWLQJ $LGV

7KBDGIZRIDQVSRODSFHHG VRRQ DIWHU WKH LQWURGXFWLRQ RI U
DUH D FRPELQDWLRQ Rl UHFHLYHU DQG WUDQVPLWWHU GHYLFHV
UHFHSRILRQSDUWLFXODU VLJQDO QRUPDOO\ D SXOVH RQ D SDU
WUBDRWY D SXOVH LQ UHVSRQVH ZLWK D> FERKWMDK®HVRR UMD GLLE
WUDQVSRQGHUV LV HVVHQWLDO LQ *OREDO ODULWLPH 'LVWUHVYV
RXW WKH LQVWLWXWLRQDO IUDPHZRUN RI WKHVXS6R WR GHRG HGH
LPSOHRH@WFK DQG UWYVKIXWH \B\ OGP ZKLFK DOO DO RRADMW R WKKIDAYILF
EHHQ LPSOHPHQWLQJ VLQFH LWV LQVWLWXWLRQ LV EDVHG RQ
UDGLR VHUYLFHV *0'66 KDV FKDQJP®GWKRI RRKHU GRBMIURQD (
FRPPXQLFDWLRQV IURP EMRXKLS ELDPLHANGRRRWKE SSHVFEXH &RRUGLC
&HQWHU ED®HG

7KH PDLQ W\SHV RI UDGLR WUDQVSRQG H U@DNH DPH RO XREG LQ

L (PHUJHQF\ 3RYQBMWRIQQJ 5DGLR %HD FRTKH \PEX B/9R PIFRWLIEY DW L QJ
GHYLFHV VHH )LJXUH DUH LQ XVHRVBE®EUV\IKMH UQQYFHWQPQV IR
VDW HEODDAWHMGHVHDUFK DQG UHVFXH VIVWHP HVWDE® LVRE G XV \&LDQ L
(3,5%\WQRZ UHTXLAHSE6RIOLSY FRPPHUFLDO ILVKLQJ YHVVHOV DQG
> @
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LL6HDUFK DQG 5HVFXH 7UDQVSRQ@&HUMW'66$IQNVWDOODWLRQ R
LOQFOMXRH WZR RQ YHVVHOV RYHU *7 6HDUFK DQG S5HVFXH
6HDUFK DQG 5HVFXHbWORBQGHUY 6%$57 VHAK)LEXXDHH XVHG WR C
VXUYLYDRU FUIDMWWUHVVHG&LYHVW MVDOMEL GUISDWERJ D VHULHYV RI WZH(
UHVFXLQJ VKLS V UDGDU GLVSODBHWEKHHQHW KHFWH R&H YIDFRHM D Q
GHSHQGHQW XSRQ WKH KHLJKW RI WKH VKLS VDUIFEDDKMBEMW D Q C
/IRFDWLQJ GHWICFRUPWOOWNPERXQMDXWLFDO PLOHV 2QFH$GHWHFWH
ZLOO SURGXFH D YLVXDO DQG DXUDO LQGL®PWLRQ WR WKH SHUVI

JLIXUH(3,5% 'HYLFH

6RXUKHWWSY ZZZ HIJPGVV FRP JPGVYV
FRXUVHVY PRG UHVRXUFH YLHZ SKS"LG
DFFHVVHG -XQH

JLIXUH6$57 '"HYLFH DQG 5DGDU 9LGHR ,PDJH

6RXURBMOOLNDULY $ .DWVRXOLVDYLDRQWLP@FEBEWURQLF ,QV
&KDWWSOD\ ,QIRUPDW LRQGEW MWRHP V(XJHQLGHV JRXQGDWLRQ $WKHQV

F_HYHORSPHOW RI 6DWHOOLWH 1DYLJDWLRQ

$VDWHOOLWH ROWINYWIDNIWRP LV D VRUWHWDRHORLMKHWBURYLGH
DXWRQRPRXSDMAIRDO SRVLWLRERYHUDIW IO QO RED GHIHBMWHUER IOYLHFU V
WR GHWHUPLQH VORHLI ERYHW XB@&W IDRXSGH HOHYDWLRQ YHU\ DFF
IHZ PHWHUWDPPVH. QIWQDQVYP L WWMHA B GREQIL DKW
GRQM WKH FDSDELOLW\ JLYHQ WR WKH UHFHLYHU WR FDOFXODWH
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DOORZLQJ WLPH VIQFKURQL]DWLRQ $ VDWHOOLWH QDYLJDWLRQ \
D *OREDO 1DYLJDWLRQ 6DW6B0O-LWEH 6\VWHP

30DQWMMR.IDWH IURP VSDFH ZHUH LQVSLUHG E\ WKHQOSWMMLE L
TXHVW Rl QMBWRWRLVHH ZKHWKHU UDGLR WUDQVPLVVLRQV IURP
XVHBR GHWHUPLQH SRVLWLRQV RQ (DUWK WK HRQLQIO O LIPAGINR
SUHFUDPWHQORWRGFNY WUDQVPLWWHG E\ UDGLR VLSRWDIONLRRXJ& H
86 PLOLWDU\ DIWHU WKH FRPELQMWHRQ OD § BV V6 WA HIDWR GRYY IRH
*OREDO 3RVLWLRQLQJ 6\VW HiFF R @&/ H X&) MVBIFEM2HO O ,QWHUQDW LR

DQG E\ /RFNKHHG ODMKMUGIDIWMU PRUH WKDQ  *36 VDWHOOLI

DIWHU > @VWWO\ SUHGHFHVVRUV DV PHQWLRQHG EHIRUH ZHUH
/25%$1 *(( DQG 2PBHGRRIQDYLIJDWLRQ V\VWHPV

1HYHUW KH GHMVH FWK BRY FHIVWIRQOLWH QDY L JDQWLRML B O Gl B HIHI@® WK
,QHUWLDO 1DYLJDWIBRQXBHWWHPWLRQ DQG URWDWLRQ VHQVRUV D
ILJXUH RXW WIKGHUSFEDRERIGIG RI D YHKLFOH DLU VIOD QE
ZIWRXW XVLQJRWKRWRHURXWVLGH ¥L@XDO UHIHUHQFHYV

+RZHYHKW MRQFHSW IRU WEDH HIGJ VW YW.SDPH RQ V\VWHP ZDV ERU
86$ DQG E\ WKH 86 1DY\ ZDV XVLQJ UDGLR VLIJQDODQVYRW LW
VIVWHP VHH )LIJXUH WR QDYLJDWH VXEPDULQHV DQ®VNMXUIDF
VDWHOOLWHY DUH FRQVLGHUHG WR EH WKH ILUVIW YZAHRUMK O HXAW
7UDQVLW VDWHOOLWHY ZHUH QRW GHVLJQHG WR SURYIHGH VIHF F X
TXDUW] RVFLOODWRUV WR FRQWI@RO WKHLU UDGLR IUHTXHQFLHYV

YLIXUH
6BRXUMBHLWKVRQWLEDDPESDFKVHXPLPEQGD Y LJDWY R QCD/E O H
KWWSV WILRBWQRQDWL HBIXY Y DIWHERIWY HI® U F K

7UDQVLW V RSHUDWLRQRZB\O EDVHG RQ WKH VDWHOOLWHY WUD®
DQG EURDGFDVW WKH L UUWITXHIORHROH R B RYZIPG IUHTXHQF\ ZDV VOL
WKDQ WKH EURDGFDVW IUHTXHQF\ 7KLV ZDV KDSSHQLQJ EHFDX
VDWHOOHWBHAWMKWR WKH UHFHLYHU %\ WUDFNLQJ WKLV IUHTXH
WKH UHFHLYHU FRXOG GHWHUPLQH LWV ORFDWLRQ WR RQH VLG
PHDVXUHFREWNVQH® BHNWRZ O H G J HDRV HVOIOH. WH WL [RIJ BSIDW WRKXOGDU SR
> @

+RZHYHU GXULQJ WKH &ROG :DU 86 GHIHQVH SODQQHUV Z
WKH 1DYDO 5HVHDUFK /DERODWRBKHG WKH 7,0¥7,21 3URJUDP LQ
QDYLJDWLRQ WHFKQLTXHV EDVHG RQ WKH IXQFWLRQ RI DWRPLF

LPSOHPHQWHG L IDYLIDPWHRK®RORJ\ 6DWHOOLZRH 17
FHVLXP DWRPLF PQRFRY WRRER SLRQHHU VDWHOOLWHY OLQNHG
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WLPLQJ WKXV PDNLQJ D EUHDNWKURBXRK UMV QDWHODWLRQ P HW/HKKHR
'HSDUWPHQW FRPELQHG LWV FRPSHWLQJ VDWHOOLWH QDRWK DWLF
DSURJUDP XQGHU WKH $LU )RUFHL$ERI$K RPN OFBRVIHGL RIEHQJ 6\V
RU *36 @&36 LQWURGXFHG VI\QFKURQL]HG WLPH IURP VSDFH DFFR
FORFNV $V GHVLJQV HYROYHG SRVLWLRQLQJ SQRYE& DB YWRD IKRQK
GHJUHI6 ZRUNV LQ JHQHUDO DV IROORZV

L )LUVWO\ WUDFNLQJ WWMDQRLEYWRVEHWHIUIRRLQH RUELWYV RI *:
WKHLU WXUQ FRPPDQG FHQWHUV WUDQVPLW RUELWDO GDWD
VDWHOOLWHY LQ WKH *36 FRQVWHOODWLRQ

LLYKHQ WKH *36 VDWHOOLWHY VLPXOWDQHRXYVOWW O D&DMW DWNVY
(DUWK DLHGDEBE YBBHFHLYHUY GHWHUPLQH WKH ORFDWLRQ XVLQJ
GLIITHUHQFHV RI WKH UHFHLYHG VLIQDOWIURP DW OHDVW IRXU VL

BRVLWLRQ DFFXUDF\ GHSHQGY RQ WKH UHFHLYHU F3RGWHQWR Y
DERXW WR PHWHUYV WR IHHW ZKLOH IRU PLOLWDU\ DQG
DFFXUDF\ PD\ EXH K& JKHU

$ORQJ ZLWKGALKMHWBBQW QDWLRQV KDYH GHYHORGHGWD Q6 YEHSW
FDSDELOLWLHV XVVWHPM66KHVH FDSDELOLWLHVEK WMHWEEBQWH
FRQVWHRIODWLRG@GLXP (DUWKW2 VDWHOOLWHY VSUHDBUEHWRBH C
SODQHEVPSOHYV RI *166 UHFHLYHUV DQG LWV VXEV\VWHPV DUH GHS

7KH EDVLERSRGIHWHUPLQDWLRQ SULQFLSOH XVLQJ D FRQWHPSF
*166 V\VWHP LV YHU\ VLPSOH VHH )LIJXUH | ERWK WKH GLVW
RI D *166 VIVWHP DQG WKUHH VDWHOOLWHYV DW OHDVYOL\WAG DK
NQRZQ WKHQ WKH H[DFW ORFDWLRQ RI WKH UHFHLYHU LV GH
VSKHULFDO VXUIDFHV WKDW KDYH DV FHQWHUV WKH DIRUHPHQW
DUH HTXDO WR WKH PUIBNXUHGU VEOMWNDEIHNQ SRIDFWLFH WKH LPS
RI WKH DERYH VLPSOH JHQHUDO SULQFLSOH LV VLPSOLILHG WKU
IXQFWLRQV E\ PHDVXULQJ WKH GLVWDQFHV EHWZHHQ WKH UHF}
VDWHGCOI@VHV

JLIXUHORGHUQ *166 UHFHDYBHXUH*166 UHFHLYHUV LQ IRUP
RI D PLFURFLUFXLW FRPSDWLEOH ZLW
*/21$66 %HLGX DQG RWKHU VA\VWHPV

BRXUBHOOLNDULYV $ .DWVRXOL\D YL DIVEL D DOMEW XRIQQW YV D
&KDUW 'LVSOD\ ,QIRUPHPWERWLARYWHRFWQLGHY )RXQGDWLRQ $WKHQV
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JLIXUH7KH EDVLF SULQFLSOH RI

GHWHUPLQLQJ SRVLWLRQ ZLWK WKH XVH RI

JOREDO VDWHOOLWH QDYLJDWLRQ V\VWHPYV
HFWL

Rl WKH VSKHULFDO VXUIDFHV ( ( (

DQG ( ZKLFK KDYH WKH

SRLOQWYV ZKHUH WKH VDW

DUH ORFDWHG DQG DV UDGLL WKH UHOHYDQW

6RXUBHWOOLNDULY $ .DWVRXOLV * DQG
'DODNOLNYLIDWHEWURQLF

,QVWUXPHQWY DQG (OHFWURQLF &KDUW 'LVSOD\
,QIRUPDWLRQ THANLMR\R Q

(XJHQLGHV )RXQGDWLRQ $WKHQV

7KH PRVW LPSRUWDQW RI WKRVH SURFHVVHY DUH VXPPDUL]JHC

L 7KH ORFDWLRQ RI WKH VDWHOOLWH UHFHLYHU RQ WKH (DUWK
(DUWK V VXUIDFH L H DLUFUDIW SRVLWLRQ LV GHWHUPLQH
VDWHOOLWHV RI WKH *166 V\VWHP XVHG L H *36 *ORQDVV *D

LL,Q WKH *166 VDWHOOLWH QDYLJDWLRQ VI\VWHPV WKH SRVLWLR
WKH\ FKDQJH DW DQ\ JLYHQ WLPH GXH WR WKHLU PRYHPHQW W
SUHFLVH SRVLWLRQV RI WKH VDWH®&® O EBHWHN WWHDWL PAHL RH GIHOG

> @

LLUDFK VDWHOOLWH RI D *166 V\VWHP *36 *DOLOHR *ORQDVV
HQFRGHG VDWHOOILWWHGJZQI MWK DWVRFUDQVPLVVLRQ WLPH 7Kl
WKH UHFHLYHU ZLWK DOO WKH LQIRUPDWLRQ QHHGHG WR GH'
SRVLWLRQV Rl VDWHOOLWHY D@&HOOLWH QHZVSDSHUV HWF

LY5S5HFHLYHU GLVWDQFHV IURPXOWHIVRRVIREOVWHNVNQI WKH SURSD.
VDWHOOLWH VLIQDOV PXOWLSOLHG WR WKH SURSDJDWLRQ

> @

Y 7KH HUURURHRIVWKHG SYNXWBDRFHY DUH PDLQO\ GXH WR WKH ID
WKH VDWHOOLWH UHFHLYHUVY DUH QRW DV DFFXUDWH DV WKI
FKDQJH LQ WKH SURSDJDWLRQ YHORFLW\ RI WKH VDWHOOLW
WUR SRIVSH

YL&RUUHFWLRQ RI W KL WNRDMIFA \S HHOUGRRJ UHTXLUHY VLPXOWDQHT
IURP DW OHDVW IRXU VDWHOOLWHY LQVWHDG RI WKH WKUHH Q

YLL )RU FDOFXODWLQJ UHFHLYHU GLVWDQFHV IURPGVBOMWHGOLW
PHWKRG RI PHDVXULQJ WKH SURSDJDWLRQ WLPH RI VDWHOQO
PHWKRG ZKLFK SURYLGHV PXFK KLJKHU DFFXUDF\ LV DOVR XV

YLLL 7KH SKDVH FRPSDULVRQ PHWKRG LV PDLQO\ XVHG LQ JHRC
7LPH .LQHFPBRNVLWLRQLQJ 7@ PHWKRG

L[ )RU WKH SUHFLVH GHWHUPLQDWLRQ RI WKH ORFDWLRQ RI WK
JURXQG PRQLWRULQJ DQG FRQWURO XQLW ZKLFK FRQVLVWYV R

D $ QHWZRUN RI WHUUHVWULDO PRQLWRULQJ VWDWLRQV
E $ PDLQ FRQWQ@RO VWDW
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[

F *URXQG VWDWLRQV IRU WUDQVPLWWLQJ WKH HODERUDWHG
WKH VDWHOOLWHYVY IRU IXUWKHU UHWUDQVPLVV@RQ WR WKH

,Q RUGHU WR SHUIRUP WKH FDOFXODWLRQ@V WHKFHXUHRBLWRUG HE\N
SRVLWLRQ RI WKH VDWHOOLWH UHFHLYHU DQG WKH SRVLWLR(
FRPPRQ JHRGHWLF UHIHUHQFH V\VWHP JHRGHWLF WGHIWXRQANW
JHRGHWLF VA\VWHP XVHG LQ WKH 36| NUWMIHP BRHRGKINWEBE V\VWHP
*ORQDVV VI\VWHP +RZHYHU UHJDUGOHVV Rl WKH JHRGHWLF UH
FRRUGLQDWHV Rl WKH UHFHLYHU V ORFDWLRQ *166 UHFHLYHU
VHYHUDO JHRGHWLF UHIHUHDREN\R/\GD'WRYP HWF GHSHQGLQJ F
RSWLRQ®

7KH PRVW VLI VRDOYWAWKHU RI JOREDO PUWH@LRQDO FRYHU

L *36 > @SHUDWHG E\ WKH 8 6 'HSDUWPHQW RI 'HIHQVH LQ F
'"HSDUWP HQW QRISRUWDWLRQ DQG RWKHU FLYLOLDQ JRYHUQPH(
PHGLXP (DUWERBWHEQWNHV IRUFLWBQO!ISHUHDW VHH )LIXUH
DUH SRVLWLRQHG LQ SUHFLVH RUELWYV NLORFHWAKUYY DER)Y
KRXUV WUDQVPLWWMQLPN\QBIGURQELWD G GEAWWD QR DHEIDJI W KW K F
ZRUOG V PRVW XWLOL]HG VDWHOOLWH QDYLJDWLRQ V\VWHP

LL*/21$66> @/2EDO 1$YLJDWLRQ 6DWHOOLW ED6!QW\W PDROD ¥ /@ HYEHO
E\ WKH 6RYLHW 8QLRQ
JHGHUDO 6SDFHW BHQ@BXUHDYLQJ SDVVHG D SHULRG RI GLVUHSE
&ROG :DU LW KDV EHHQ DJDLQ IXOO\ RSHUDWLRQDO VLQFH

LLbtHLGRX@7KH %HLGRX 1DYLJDW\WWRMHBDWHEO OKMMH EHHQ SODQQ
GHYHORSHG E\ WKH JRYHUQPHQW RI &KLQD ZLWK WKH DLP WR
VDWHOOLWHYV LQ CXHED)UWMNKHKSURFHVY RI XSJUDGLQJ WKH
WKH QBMPMMH'RXV\VWHP ZKIFRSRWHG WR FR@VUDWHRIOLWHY DQG
JHRVWDWLRQDU\ VDWHOOLWHYV

LY,5166> @QGLD IRDVWKH P RADMOHEDOIMNGHD XJPHQWDWLRQ V\V W3HP
DQG
*/21$66 SRVLWLRQV KIRZHYGUDQ 6SDFH 5HVHDUFK 2UJDQLVDWL
GHYHORSLQJ WKH ,QGLDQ 5HJLRQDO 1DYLJDWLRQDO 6DWHOOL
QDPH WR SURYLGH SRVLWLRQLQ
DRXQG ,QGVDDEWXDOO\ DQ DXWRQRPRXV UHJLRQDO VDWHOOL
FRQWURGL®IQ JRYHUQPHQW ,W FRQVLVWV RI D FRQVWHOOD)
LQWHQGHG VWDRDEVRWODIXG\WHH SRVLWLURQHFAREIFEN LR JW RDI@G
DURX@&GZDWKLQ D UHJLRQ H[WHQGLQN DSKHRQAPRPRFKORI VDW+H
KDV VWDUWHG VLQFH

Y 4=66> @KH 4XBNQLWK 6DWHOOLWH 6\VWHP 4=66VDMWHOOSWH

UHJLR\QDP®! W DDEY HOKDQFHBEQW WRIP ZLWK WRMHNEP QV R KH
ILUVW VDWHOOLWH ODXQFKHG LQ 6HSWHPEHU

YL*DOLOMBRWQGHU FRQVWDQW GHYHORBSHOIW PE DO REDIOO M QW F

FRQVRUWLXP RI (8 FRXQWULHV 2SHUDXURSH DQ H R RRINGLLIRIQN
WKHXURSHDQ 6SDFH $JHQPUUWKGE D@ WWHBK WR LQWURG.
DOWHUQDWLYH WR *36 *DOLOHR SRVLWLRQLQJ VRRWSIPW VEGIH)L
ZLWK PRIGH U QL]HBG\VB6EP WKXV SURYLALRI KAKKHARPEE XMW H
VDWHOOLWH *DOLOHR V\VWHP RSHUDWLRQDO DQG DFWLY}H
E\ W ZLOO KDYH ILYH EDVLF VHUYLFHV
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2SHQ DFFHVV QDYLJDWLRQ

&RPPHUFLDO QDYLJIAWLRWHELWKRDQ FKDUJHG ZLWK IHHV
2SHQ VHUYLFH IRU QDYLJDWLRQDO VDIHW\

3XEOLF UHJXODWHG QDYLJDWLRQ HQFU\SWHG IRU XVH E\ JR
*OREDO 6HDUFK BQ@ UHVFXH

JLIXUH*36 &RQVWHOODWLRIQXUH*/21$66 &RQVWHOODWLRQ

6RXURDOOLNDULYV $ .DWVRXOLVYDYLDQWLRPQDOOBEWURQLF ,QV!
&KDUW 'LVSOD\ ,QIRUPPWGRWLARAGWHRWQLGHY )RXQGDWLRQ $WKHQV

JLIXUH%(,'8 &RQVWHOODWLRQOXUH*$/,/(2 &RQVWHOODWLRQ

BRXUBHOOLNDULYV $ .DWVRXOULW YL DOO/MGL D DOMAWURQLF ,QVWU X
'LVSOD\ ,QIRUPDW LRM)GEW MWRHP V(XJHQLGHY JRXQGDWLRQ $WKHQV
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7KH EUHDNWKURXJK DQG WKH ZD\ DKHDG

V8 HQW XU\ 7KH GHRHOPRSMHH@WHOHFWURQLF QDYLJDWLRQ

7KH EHJLQQLYRIHRWXU\ ZLWQHVVHG D WHFKQRORJLFDO EUHDN
GLIJILWDOL]DWLRQ LQWHUFRQQHFWLYLW)\ HOMHFWDRMLEQ QDQYGJ
HTXLSPHQDM/DY KDSSIHRUH®KH VDNWDRLQVULPEHWWNW @EFXUVUHFW D
IDVWHU PDQDJHPHQW RI VDI QWW KIE\F XMSLFNTWORGFE FKDUWHULQJ
LQWURGXFHG DQG XVHG ZLGHO\ DXWRPDWLF WUDFNLQHHQVWHP
ILWWHG RQ YHVVHOVWHNGZEOIOGDN Y QAMHHIRM KD ZHR WMGKBE R QDY L
ZKLPEBKDQFLQJ WKH VDIHW\ Rl VKLSV

D (OHFWURQLF &KDUWV DQG UHOHYDOQW '@VSOD\ ,QIRUPDWLRQ 6\

$OQHOHFWURQLF QDYLJDW&RQWODFKRUWFLDO GDWDEDVH FUH
QDWLRGQGN®JIJUDSKLF RIILFH LQ PRVW FDVHV IRU XVH ZLWK DQ
,QIRUPDWLRQ 6\WVWHROMFYWUREQF FKDUWKDNHM RLFERQHRUP WR VW
VWDWHG, QW HW R W L R QBIOF +2 G UIRQ UIMZV IURKDHYD QW SXEOLFDWLRQV
EH FHUWLILHG DV DQG EH XVH® KWK UQ D& R ROPHIHW, WL PH 2UJ|
SHUIRUPDQFH VWDQGDU@02IRDD@RSWBGGDWRUULDIJH RI (&',6 DQ
(1&V R@HZ KNBKHHG YHVVHOVRLQRB\WKHDQG SURJUHVVLYHO\ IRU
IURP WR 7KHUH DUH FHUWDLQ W\SHV Rl HOHFWURQLF FKD!

L (1& FKDUWKWHVH PHHWRDUWY WKDW FRQIRUP WR WKH UHTXLU
GDWDEDVHV IRU (&',6 7KH\ DUH VWUXFWXUHG ZLWK VWDQGD
LVVXHG IRU XVH ZLWK (&',6 (1&V FRQWDLQ DOO WKH QHFHVVD
DV LQ WKH FDVHXRILEDSHRKQDWY +RZHYHU WKH\ PD\ FRQWDL!
DOVR QHFHVVDU\ IRUD@H QDYLJDWLRQ

LL5SDVWHU FKKDUWWHU QDYLIJDWLRQDO RIOD/WWHIH SINBIRIDKSIDAVH
FRQIRUPHG WR ,+2 VSHFLILFDWLRQV 7KH\ DU BYRG X KDG KV \
GLJLWDO LPDJH>E\@VFDQQHU

JLIXUH(OHFWURQLF 1DYLJDWLRQDXOU&ISDRR\G HRI'Q6 &RQVROH

BRXUKMWWSY HQ ZLNLSHGLD RUJBRXNLFBEHFW WMQILRH DYDLODEOH DW

1DYLJDWLRQDO &KDUW DFFHVRAM®BZZODSHUU\PDULQH FRMFEGUNVRQPDV
DFFHVVHG 0D\

$QHOHFWURQLF FKDUW GLVSOD\ DQ@'6QLR UP DAVRPHEQ WHN®W H P

QDYLJDWLRQ LQIRUPDWLRQ V\VWHP 7KLV W\SH RI HOHFWURQL
ZLWK2 UHJXODWLRQV SURYLGLQJ PDULQHUV WKH DOWHUQDWL
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SDSBDXWLFDO FE®'UMOQWHIUDWHY D WWUPH WO IRIUBEWQRQ EHLQJ
PDWHG GHFLVLRQ DLG IRU FRQWLQXRXVO\ GHWHUPLQLQJ D YHVV
QDYLJDWLRQ DLGV DQG> X Q@&H H6Q KHDHD)ILG XU H SURYLGHV FRQWL
DFFXWH SRVLWLRQ DQG QDYLJDWLRQDO VDIHW\ LQIRUPDWLRQ ,W
DODUPV ZKHQ WKH YHVVHO LV LQ SUR[LPLW\ WR QDYLJDWLRQDO
IRU (&',6 DUH DV PHQWLRQHG DER Y@K I6 FIRQWHVTEWWWWDQGDUGYV
EHHQ GHYHOR S®I\®HUQDMH. RQDO (OHFWURWHFK@LFDO &RPPLVVLRQ

E $,6 7TUDOQVSROGMHUYV

$XWRPDWLF ,GHQWLILFDWRRI) & MW BI® MG SWR E H QIRQUH DWRL8Q
DERXW WKH VKLS WR RWKHU VKLSV DQG F R DQQVW® LIVXWK®RWH
$6 LQIRUPDWLRQ VXSSOHBEBQWUYKQPK LER@INRQXHVZLWK YLV
QDYLJDWMRREH WKH SULPDU\ PHWKRG RIMWFRBIDHOLRO@ DR'QR L G
SURYLGHG E\ $,6 HTXLSPHOXHLQE®OXGWYISRUUWLRRQ FRXUVH
VSHHG ,WHFGRVSOD\HG RQ D VFUHMKQWKH DB UERW HIJUDWH YV
VWDQGDYEMWHBGQVFHLYHU ZLWK D SRVLIVUI*R§ LUHIF MLW\W H PDV X2
DV ZLWK RWKHU HOHFWURQ:F @ KW UDWQVRQ WMWK RUM QD OV
VWDWLRQV DUH ,BHWHDONG HAYHUV MMHWHGXRIG! RWKHU VKL S\
EDVHG V\VWHPV VXFK DV 9HVVHO 7UDIILF 6HUYLFHV 976
7KHUHIRUDHAHOV ILWWHG ZLWK $,6 WUDQVFHLYHUV FDQ EH
ORFDMLM@BERQJ FRDVW OLQHV RURIZWHE VR MD 8 | QUD/QIRIUNYV \

WKURXJK VDWHDOHOYWWUQDWLRQDO 0DULWQWH LUDWQRT
&RQYHQWLRQ IRU WKH 6DIBaV$6RI UHIEK LD \6 D6 RWRE B B UIG W V
LQWHUQDWLRQDO YR\RYMQW RGISNRIHZ LRUK RRDUH ZH O O IDO/OR Q
SDVVHQJHU VKLSV UHJDUGOHVV RI VL]H

JLIXUH$Q $,BTXLSSHG VI\VWHP RQ ERDUG D VKLS SUHVHC
EHDULQJ DQG GLVWDQFHRI QHDUNH BHVEBOV IRYMDWD GD L

6RXUKMWWSY HO ZLNLSHGLD RUJ ZLNL PHGLD )LOH $LVBGFXBEULGJ!I

7KH RULJLQDG SBBUSKRVHZDVROHO\ FROOLVLRQ DYRLGDQFH 1RW
RWKHU DSSOLFDWLRQV KDYH VLQFH GHYHORSHG QDPHO\ ILVKLC(
WUDIILF VHUYLFHY VHDUFK DQG UHVFXH PDULWLPR®@VWIGFXKRIL W\
FROOLVLRQ DYRLGDQFH WKH WHFKQRORJ\ RI $,6 LGHQWLILHV F
VSHFLILF SRVLWLRQ DQG PRYHPHQW W WKXV HQDEOHV D YLUW)>
JLIXUH> @
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JLIXUH7KH $,6 QHWZRUN
6RXUMMULQH (OHFWURQLFV -RXUQDO DYDLODEOH DW KWWSV ZZZ PD
DFFHVVHG $SULO

JLIXUH7KH XVH,®LQ FROOLVLRQ DYRLGDQFH

BRXUBHWOOLNDULY $ .DWVRXOLD YL IDWGE. RIQD DNOAWURQLF ,QVWUXPHQW
&KDUW 'LVSOD\ ,QIRUPHWERWLRYWHRWHQLGHY )RXQGDWLRQ $WKH

F_OWHIJUDWHG %YULGJH 6\VWHPV ,%6

$Q,QWHJIJUDWHG %ULGJHLG\\GWMHIPQ BGFRFNELQDWLRQ RI V\VWHPV
LQWHUFRQQHFWHG LQ RUGHU WR DOORZ FHQWUDOL]JHG DFFHVV
IURP ZRUNVWDWLRQV ZLWK WKH DLP RI LQFUHDV L .EV B XL \WREO
TXDOLILHG SHUVRQQHG @w QRWDEKOMHV QRW IVEOSW\BBVHRWKH VD
W\SH Rl ,%6 WKH OBFWRWHILQDU\LQJ EULGJH WKH YDULHW\
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> @
,02 LQ DGRSWHG SHUIRUPDQFH VWDQ&@® UKDWHRRI ,PDEAVOXUH R
QDYLIJDWLRQ HQJLQH SRZHU GLVWULEXWLRQ RU RWKHU LPSRUW
PXVW SURYLGH DURKQWDEROPHWEB RIILFHU RQ SAOWHEW 2R DK 8 D QWK+
IROORZL@IWVWXFRPYV DUH JHQHUDOO\ FRQQHFWHG WR DQ ,%6 L $
SRVLWLRQ IL[LQJ V\VWHPV Y (&',6 YL 3RZHU GLVWULEXWLRQ V'
VI\VWHOLQNY DOO WKH V\VWHPV DERYH DQG WUDQVPLWY DXGLR
HPHUJHQF\ +RZHYHU WKHUH FDQ EH PRUH V\VWHPV FRQQHFWE
V\VWHP @KRXJK , %6 FRQVWLWXWHY DQ H[FHOOHQW V\VWHP IRU
VKRXOG DOzD\V SD\ SURSHU DWWHQWLRQ WR YLVXDO QDYLJDV
SURYLGHY DUJXDEO\ D PXFK KLIJKHU FRQILG6HQ#FH OHYHO DV ZHOO

JLIMH
6RXUMBKHUU\ ODULQH DYDLODEOH DW KWWS ZAZL@SHWHWPDULQH FRF
DFFHVVHG -XQH

&RQFOXVLYH UHPDUNYV

'"HVSLWH WKH FRQVWDQW HYROXWLRQ RI WHFKQRORJ\ WKH E
QDYLIJDWLRQ KDYH UHPDLQHG XQFKDQJHG RYHU WLPH VXPPDUL]
SUHYHQWLQJ GDPDJH GXH WR DGYHUVH ZHDWKHU FREBHWLRQYV
FUHDWHG RYHU WLPH DUH WKH PRGHUQL]DWLRQ RI WKH PHWKRG"
WKHVH EDVLF REMHFWLYHYV &KDUDFWHULVWLFDOO\ ZH FDQ UHI
FODVVLFDO QDYLJDWLRQ L H WKH XWYWHQRIWI FODN) WHKUH URH SW R MV DU
FRPSDVV IRU PHDVXULQJ WUXH EHDULQJ WKH WUDGLWLRQDO U
GLVWDQFH RU HYHQ WKH WUDGLWLRQDO SULQWHG PDS DQG GUDZ
WKH VKLS DQG VXEPOXDXHQ@QWONKH DFFXUDF\ RI WKDW SRVLWLRQ
PDULQH SHUFHSWLRQ H[SHULHQFH DQG NQRZOHGJH 7KH VDPH
QRzZDGD\V ZLWK RWKHU QDYLJDWLRQDO DLGY DQG WRROV VXFK L
D KWKRXVH QHWZRUN WKH HOHFWURQLF QDYLJDWLRQ PDSV LC
VI\VWHP LQVWHDG RI GUDZLQJ LQVWUXPHQWYV

7KH PRGHUQL]DWLRQ Rl QDYLJDWLRQ PHWKRGVYV DQG WKH GHY
DXWRPDWLQJ WUDGLWLRQPEDQM SMURQWRYRHGZ WRKH UROH RI WK
RIILFHU LQ D VLPSOH SODLQ RSHUDWRU WR PRQLWRU DQG UHFRU
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WKH FRQWUDU\ WKH XVH RI DXWRPDWHG PHWKRGV UHTXLUHV D
DOHUWQHVKH RRHOHFWLRQ HYDOXDWLRQ DQG DSSURSULDWH XVH
,16 DQG LQWHJUDWHG EWL.GCE@ARVWKWNPYXUBRVH WKH G\QDPLF G
PDULWLPH V\VWHPV DQG WKHLU FRPSRQHQWYV LVGW £QHRBI®NIH &/
HQVXUH WKH UHTXLUHG DFFXUDF\ DQG LQWHURSHUDELOLW\

7KH PDLQ GHYHORSPHQWY LQ HOHFWURQLF QDYLJDWLRQ DV T
ZRUNLQJ JURXSV WKH ,QWHUQDWLR Q @EDQ GD R WW HRIH UHQIDQD QWY L
VXFK BAKH ,QWHUQDWLRQDO +\GURJUDSKL@ QG JWEIH] DMWMR-QU Q DA
$VVRFLDWLRQ RI ODULQH $LGV WR 1DYLJDWLRQ >DQ@&DILH KWK R X'
IROORZV

L ,PSURYHPHQW RI WKH H[LVWLQJ JHRJUDSKLF FFRRNULDDIHRI (1&V
LL 5SHYLHZ WKH WHFKQLFDO VSHFLILFDWLRQV RI (1&V
LLLLPSURYHPHQWY WR WKH (&',6 VIVWHP OLNH

GLPHQVLRQDO LPDJLQJ RI WKH FRDVW DQG WKH VHELC

HWF LQ GLIJLWDO IRUP

LY ,PSURYHPHQW RI WKH LQWHURSHUDELOLW\ DQG PXWXDO VXSSF
*36 */21$66 *$/,/(2 HWF

Y &RPSOHWILRMXH *166 V\VWHP ZLWK WHUUHVWULDO HOHFWURC
JHQHUDWLRQ RI K\SHUEROLF QDYLJDWLRQ V\VWHPV DV ZHOO [

YL ,PSURYHPHQW RI WKH H[LVWE®@Y @G VQDRUNDRQLRIRBQGY WKH FO
QJKWKRXVHV DHWWKZRRSKLVWLFDWHG LQWHUDFWLYH DLGV

YLL&RPSOHWH LQWHUIDFH RI LQWMHBDWHG @ QBLIDWHRIQDWHG E
VIVWHPV >, %@LWK VRSKLVWLFDWHG WHOHFRPPXQLFDWLRQV V\\
LQIRUPDWLRQ LMERRXVQIPRQG FRQWUROOLQJ PDULWLPH WUDIILI
HQYLURQPHQW D® QEUDROM HFIVBLHRIW LILFDWLRQ DQG WUDFNLQJ V\V

&RQFOXGLQJ LW LV PRUH WKDQ REYLRXV WKDW WKH HYRO.
PDULWLMBH YXKIRSHUDWLRQV DQG UHODWHG WHFKQRORJ\ JR KDQ
EULJKWHU IXWXUH ZKHUH DXWRPDWL]DWLRQ LQWHJUDWLRQ DQ
GHWHUPLQLQJ DFFXUDF\ VDIHW\ VHFXULW\ DQG HIIHFQ/GYHQHYV
SRVLWLYH FRQWURO E\ LQWHUQDWLRQDO DQG QDWLRQDO LQV
SURYLGHG WKDW ZH DOO ZDQW WR HIIHFWLYHO\ FRPELQH SURILW
KXPDQ OLIH DQG HQYLURQPHQW DQG UHVSHFW RI WKH UXOHV RI ¢

IHYHUWKHOHVV DV LW ZDV GHULYHG E\ WKH DERYHPHQWLRQH
SUHFLVLRQ VWDQGY HYHQ WRGD\ D FRUQHUVWRQKF D@ G WHDUN HO

SHUIHFWLRQ LQ GHWHUPLQLQJ H[DFW WLPH ZLWK PRUH VLPSOLIL
PHHW WKH GHPDQG&VHU WRELERWIKDQ DQG PLOLWDU\ SXUSRVHYV

%LEOLRJUDSKLF 5HIHUHQFHV
6HHGZDUG : $QGHUVRQ (QF\FORSHGLD %DNYWDQDE®GH DYV
KWWSV 777 EUL WDRRHWDHBRP 2FW

6HH 8@®WLRQDO ,PDJHU\ DQG OUEBESERPHUILFAHDQF\SUDFWLFDO 1DYLJDWRU
IDYLIDWURQLQDOO\ E\ 1DWKDQLHO %RZGLWFK //" (GLWLRQ O0DU\

6HH 7KH ODULQHUV7KBHXWHMKPRI ([SARMZBWURQ 1HZV 9LDEICH DDWDYD
KWWS 777 PDULQHU RUDMBRHVIVNEGH[ KR'YPO
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6HH 7TRIKLO&OHOGHMWLDO 1D Y4RDMWLRIR UWR®

3)\WKHDV FRPSHWHQW DVWURQRPHU DQG JHRJUDSKHU VDL®HRG IURP
"HVWHUQ (XURSH DQG WKHLY% WKH VKUMDHVWQRZQ SHUGRQJIWWR 6XY FUQGE
WKH SRODU LFH DV 6HH

$UHWKXVD DOHD2SR\@JHY RQ WKH OHGLWHUUDQHDQ ,QWHUQDWLRQD
-RXUQDO RI 1DXWLFDO $UFXWDAHKRORJI\SS

6HHKH *HRJUDSK\ RWERWNDER&K LQ /RHE &ODVVLFDO /LEUDU\ (G

6HH 'RQDO G 7HDIAKRHD L FAHD@M LQ %RRNV +DUPRQGVZRUBMORY ( *6HH
5 7KH KDMMH®BLQJ DUW $ +LVWRU\ RI 1DYLJDWLRQ IURFZ XRVYNHXV
$PHULFDQ (OVHYLHU 3XEOLVKAHH BAPBD-®KQ 07KHRENRWHUQ 2ULJLQV

"HVWHUQ &L YAMAFDWLIRQSEQLYHUVLW\ 3UHVYV S
6HH 6XE 7KH -RXUQDO RI (FRQRPLFS+LVWRU
6HH /L 6KX ,VLYRO 1R -XO S

7KLY FRPSDVV GHSHQGV RQ WKH XVH RI D SLORWLQ
7KH $PHULFDQ +LVWRRICFDO J3RYLHZ
$SU S Il

6HH 86 1DWLRQDO ,PDJHU\ DQTX K DSFHWUFBHIHQBEDFWLFDWRPMLEDWRU
1DYLJDWRISRBLW

6HH 5RVHQEDFK ®RP SBO\ %YRRNV DQG ODQXVFULSWYV RQ WKH $UW RI
1DYDO +LVWRU\ G6KLSEXLOGLQJ 9R\DJHV 6KLSZUHFNV DQG ODWKHP
6WROD@VILHOG &7 ORRUBKEOONKMWUWYV

7KRVH H[SHGLWLRQWHQWUWHKGE B BWHEDMRIHWK DDNZHEODURSLFV HVVD
RQ HPSLUH DQG RWRXW QMHRGIXBHV |1

,ELG
,ELG

6HHADYLJDWLQJ ®OPLVWKIWRQLDQ ,QVWRLW XXWHNSD/YDWOBPHOB GE&BB3YLIDWLR
DFFHVVHG 2FW

7TKH TXDGUDQW WKH ILUVW GHYLFH XVHGUF¥RHLRIGZ BL@L &/ BXTURHIEND V

ZLWK D SOXPE OLQH DQG D VLJKW DORQJ RQH HGJH ,W ZDV ILUVW
ODWIPWDOFXULQJ GHY LFHWIUROWEGD WHY EDFN WR DQFLHQW *UHHFH ZK
DVWURQRPHUV WR KHOS WH®OGW VP HZ LWKKH ®NWVIWUHRIODERGLY PRYDEOH L
ZDV ILUVW XVHG DW VHD DERXW $ +BHMRULORLDP UGED WG YRXDWVRQ

&R /WG HRHRPWOHRHYV 2[IRUGVKLUH

(DUO\ QDYLJDWRUV KDG WKH LRSWHFRPEQVWKDDW WKMHRD UQQFFXUDW
GLG QRW UHDOL]H WKH FRQFHSW RI PDJQHWLF YDULDWLRQ KODJQHWL
JHRJUDSKLF DQG PDJQHWLF QRUWK 7BHH6BRYV HERENAK BRRE DDQXVFULS
$UW RI MDLYRQD *HRJUDSK\ 1DYDO +LVWRU\ BKLSEXLOGLQJ O9R\DJHV
,QFOXGLQJ $WOD\GMAR DD@VODBO®G ODXUL]JLR ODUWLQR 3XEOLVKHUYV

6HH 20LYLD ,VLO HGLWHG DQG H[SDQGHG E\ /HEDPH +RX\
DYDLODEWHWWSY ZZZ OSV JRY IRUD OHDDQ GHIEW W& R RLPOIWW I D W L R
FHOWKQAODOQG KMFRHVVHG 2FW

W ZDV HVVHQWYWOOM /@ HHIDGRRHWHU LQ ZKLFK D WKLQ OLQH ZDV NC
ZHLIKWHG WRKHKUDWHQ WKLY GHYLFH WRVVHG RYHUERDUG RYHU WK
FRXQWHG XS WKH NQRWV WKDW ZHUH OHW RXW GXULQJ D VSHFLILF ¢
YHVVHO BMMWS 777 SHOREVFEFRWPDU L QOKHIPXREROPY IRIDIWIIERKIRI D VL R Q
DPHULHDS®MRUWUKWEHOWXUDLHRMMVVHG 1RY

6HH :LOOLDP (GZDUG RS FLW

, Q WKH )OHPLVK FDWDNREIXAM SKHBDWRU SXEOLVKHG D ZRUOG PDS
U KH GLG QRW GLVFORVH WKH GHWDL
WKH (QJOLVK P D WKHRIBBW:LLFLLIXQV
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OHUWRU FKDUW WKH PHULGLDQV RI ORQJLWXGH DUH UHSUHVHQWHG
SDUDOOHOV RI ODWLWXGH DUH UHSUHVHQWHG E\ KRULJRQWRDQOLQH)
QHDU WKH SROHV 7KLV XQHYHQ VSDRDRIFQUHPRP@H GVYDWHY DRAIMMDKRI W
GLVWDQFH EHWZHHQ DGMDFHQW PHULGLDQV DW KLJKHU ODWLWXGH\
UHPDLQV WKH VDPH RQ WKH FKDUW 6HH 5RVHQEDFK &RPSDQ\ RS FLW

(QFFORS GLD %ULW DVXQH 6D

6HHOLFKDHO :LOOLDP S5LFKHKWWYDLDDEEUHLWWOOLFED FRP WHFKQR!
WHFKQRDRBMVVHG 2FW

W FRPSULVHG WDEOHV IRU WKH VLPSOH GHWHUPLQDWLROQOWIRGRQJIL'
RU HFOLSVHYV RRRQV E\ -XSLWHU I L UNDW L ODBAIRH Q E\6HH
KWWS 777 SHOREVFEFRWPDU L QKPR RIDPY IRIDIWS EMOREDHUW UBES® RUH UV
WKWEHOWXULHAMVVHG 2FW

7TKH RFWDQW LV D SRUWDEOH LQVWUXPHQW IRU PHDVXUL®GIWKKH DQJ
HHLDYLJDWLQJ DW
6HD 6PLWKVRQLDQ ,QVWLWWWIYV D YDIUFOHIEIDGIO B8 IDWERIQVVHGB GX 2FW

7KH VH[WDQW ZDV RQH RI WKH QDYLJDWLRQ WRROV LQYHQWHG LQ
LQVWUXPHQWVPIODNHIBPOIH WKH VIPERO RI QDYLJDWLRQ 7KH GHYLFH

GHJUHHV RU WK RI DD¥LUFWHQJI6HBRLWHKMRQLDQ ,QVWDWXWH |
KWWSYVY WLPHDOQGOB&E JIDWER@WHGHGX2FW

6HHDYLIJDWLQJ6PWWHMNDRD ,QVWLWXWH RS FLW

6HH %HGLQL 7RHO¥YX®V#H RI 7LPH *DOLOHR *DOLOHL WKH 'HWHUPLQ
JHQGXOXP &ORFN

SWDOARLHQWLVWY LQ WKH /RZ &RXQWULHV LQ WK
&HQWXWIHWHG E\ & 6 ODIILROL DQG / & 3DOP $PVWHUGDP DQG $W

6HH 1DYLJDWLQJ DW 6HD 6PLWKVRQLDQ ,QVWLWXWH RS FLW
6HH /RQIJLWXGH $FWJUHEWVDUR QG R®R Q

KLY FDOFXODWLRQV RI ORQJLWXGH EDVHG XSRQ WKH FKURQRPFL
&RQVHTXHQWO\ &RRN FRROGDWWHE GHWNWFIFOHG IRU KLV WLPH FKDL
FKDQJLQJ WKH QDWXUH RI QDYLJDWLRQ HYHU VLQFH $IWHU WKDW
ZRUOG ©6HH 6RERQJLWXDBH 7KH 7UXH 6WRU\ RI D /RQH *HQLXV :KR
6FLHQWBUREOHP RLHEV<RUMNH 3HQJXLQ 86%

%\ DOO VKLSV LQ WKH 5R\DO 1DY\ ZHYWHK B AX L*RUHM ZE QOB KHP 6
6SDFEXVHXPEPLWKVRQ@Q\DWQLWRWRIR@MD EB®WWEBW WLPHDOGQDBBESDWLRQ
DFFHVVHG 2FW

BHH *RXO0G S5XKHIWDULQH &KURQBRWHBROODQG 3UHVYV 6HH DC
IDXGURKQ $UQROG 6RQ &KURQRPHWHRQIIRAMHUAMH $QWLTXDULDQ +R
BRFLHW\ DV ZHOO DV :KLMKEIHBKIO® WY &K URQRPHMNMDWL $PHULI

:DWFKPDNHUV ,QVWLWXWH 3UHVV
$YDLODEOH DW 1DWLRQDO O0XVHXP RI $PHULFDQ +LVWRU\

7KH DERYH LQVWUXPHQW ZDV PDGH E\ -RKQ 5RJHU $UQROG DERXW
ILQGLQJ ORKQ MH\DX GHLB

6HBILFKDHO :LOOLDP 5LFKH\ RS FLW

$V VWDWHG E\ 3KLOLS 6DGOKRP DK EXEADW GRBRXI@EHU RQH REVHUYD!
KH FRPSXWHG DQG SORWWHG KLV ORQIJLWXGH DW PRQG Q/RKWRBRQH W
WKH SRVLWLRQV OD\ DORQJ D OLQH 8VLQJ WKLV PHWKRG DIRNK WZR |
WZR SRVLWLRQ OLQHV DQG IREWDIHFW IGHHWHSRYQWQRERWK ODWLWXC
SKLEDE OBHWVWURQRP\ &HOHVWALDWY DUYGLIRWYRQVLW\ 86%
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$SSOLHG FHOHVWLDO QDYLJDWLRQ XVXD®8 DV UG XLKUHWRR/FKHDNRDUCHR Z |
WLPH E¥H[WWQWPHDH/XVKH DQJCHYVPDRPBQNKH VFKHGXOHV RI WKH FRI

KHLIJIKW DQG LQ PLOQXWHYV LV SHUIRI
E\ VPDOO KDQGKHOG FRPSXWHUVY ODSWRSV RU HYHQ VFLHQWLILF FDC

6HHDYLIJDWLQJ6PWWHKMRQLDQ ,QVWLWXWH RS FLW
6HBRSXODU 6FLHQFH ORQWKO\

%HIRUH WKDW DOO RI WKH VHDIDULQJ QDWLRQV KDG WKHNHQ®WUR®H F
FKDUWYV FUHDWHG LQ GLIITHUHQW FRXQWULHYV

6HH 1DYLJDWLQJ DW 6HD 6PLWKVRQLDQ ,QVWLWXWH RS FLW

,Q VBKH ODWWKMHZ WKH |LWRWWHKIZZIUHOHVY FRPPXQLFDWLRQ WR Ul
VHD G#+RZHWK &DSWDLQ /LQZRREWRU\ Rl &RPP)OHFDWRRIOFW LQ WKH |
BWDWHV:DFPKLQIJWRQ ' & %XUHDX RI 6KLSV DQG 29BELFH Rl 1DYDO +LV\

6 HH 'XWWRQ V IDXWLFIW& HLY LIDWDRQ
L, QVWLWXWH 3UHVYV SS

7KLV LV DFKLHY HDWBUWK¥WH WR EH XQDIIHFWHG E\ WKH IHUURPDJQH
LPSRUWDQWO\ E\ WKXODKLEKV DY VMAHMY WKH P DDQE@ UL HD Goo®HHieU
$FDGHPLF 3UHVV
'LOH\ (QF\FORSHGLD RI (OHFWULFDO I
(QILQHHURRQ :LOH\ ,QRQV S I
6HH 86 1DWLRQDO ,PDJHU\ DQTX KB DSPFHWUIFBIH@BEDFWLFDO 1DYLJDWRU
1DYLJDWS RFQ W

(OHFWUROQLWRIURRPPXQLFOWHRWVYRQLFV LQ WKH 8QDWKIGCQ 8WRQ HV&1D
%XUHDX RI 6KLSVY DQG 2IILFH RI 1DYDO +LVWRU\ SS

6HWHGZHOO 'RQ +HULWDJH ODJD]JLQH
*36 ZRUNV DOPRVW WKH VDPH ZD\ DV /RUDQ K\SHUEROLF V\VWHP \

VLIQDOV EXW WKH VLIJQDOV FRPWLUR@BOVDRDHEOLWKG B6BEHSLQJI $Jt
3XEOLFDWLRQ 5DGDU 1DYLJDWLRQ DQBRSOPIOMXYHULQJ %RDUG 0DQ

6HWHGZHOO 'R®S FLW
6HH +RZHWK &DSWDLQ /LQZRRG 6 RS FLW

d EEoSE]ME AP §]}v
Al}v] » E AJP 3]}V ACe3 ueU :}Zv t]BEE6X}veX (866U %o %o X
-RXUQDO RI 1DWRODWLRR /RQGRQ 5R\
,QVWLWXWH RI 1DYLJDWLRQ S

W GHYHORSER®EOG :DU ,, ,W LQFOXGHG D VHULHV RI WUDQVPLWWH
VLIQDOV 7KH VLIJQDOV ZHUH OHDYLQJ WKH VWDWLRQV DW WHPKB GHOLI
RI DUULYIRVIRDORWFRXH QDYLIJDWRU WKWHWVDW D@ HLRHA WIZR VWDWLR
WKH VDPH WLPH LW PHDQW WKDW WKH DLUFUDIW VKRXOG KPQYH EHHC
WKLV zZzD\ LW KHOSHG WKH QDYLJDWRU WR GHILQH D OLQHKRWSRVLW
GLVWDURFMH ERWK VWDWLRQV *HH ZDUWDDFFXWPDWW WRRABRXWQJIHV DQG
PLOH NP\ 6HHWWRQ %HQMDPLQ RS FLW

'"HFFD ZDV FRQVWDQWO\ EHLQJ XVHG RQ VKLSV IURP WKH KDFS WR W
&KD 63 5DGLR $LGV WR ODULWLPH 1DYLIJDRQBRRDQG +

A 3DOOLNDULV $ .DWVRXOUWD YL DOQ/GL D DOIAWURQLF ,QVWUXPHQWYV
'LVSOD\ ,QIRUPDW LRMDGEW WRHP V(XJHQLGHV )RXQGDWLRQ $WKHQV
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%\ KBRZHU /2®8$ZDV LQ SODFH LQ DW OHDVW  FRXTKMUIRHMD GBHH -
& B6\WWHP RI 1DYLMDENLRQ DYDLODEKWHW SDW ZK LO/RMRDUD LQIR /RUD
& -DOVN\BBD\OS@FFHVVHG 6HS

6HBDOOLNDULY $¢ .DWVRXOLV * DQG 'DODNOLV "' RS FLW
6HEXKWWRQ %HQMDPLQ RS FLW
,ELG

3DUDOOHO LQGH[LQJ LV D WHFKQLTXH FRQFHLYHG E\ :LOIOH/EP %XUJH
5DGREVHUYHU V +DIKEERRMFKQLTXH LQYROYHV FUHDWLQJ D OLQH RQ
WKH VKLS V FRXUVH EXW RIIVHW WR WKH OHIW RU ULJK\UYE\JDRRHW GL
WR PDLQWDLQ D JLYHQ GLVWDQFH H1DIML RIRPOWRHBJKD)DDGG 0ODSSLQ.
3XEOLFDWLRQ 5DGDU 1DYLJDWLRQ DQG VOB QGHXY % H MWXH%RD UG 0&
*RYHUQPHQW 3ULQWL®S 2IILFBHH DOVR 86 1DWLRQDO ,PDJHU\ DQG OC
7KH $PHULFDQ 3UDDPMRED®QLDYULWRPH RS LYW JDWIRAQRQ HDV (OEHUW 6
&KDSPDQ 3LORWLQJ DQG 6HDPDQVKLS WK HG 1HZ <RUN 1< +HDUV)

JURP WKH W RDYWHUWKHWLF GLVSOD\V EHLQJ FRPSODRGWUXWK W
KDYH EHHQ LQWURGXFHG 7KHLU UDGDU SLFWXUH \ LV SURGXFHG RQ
ODUJH QXPEHU RI KRULIRQWDO OLQHV ZKLFK IRUP D SDWWHUQ NQRZ
*HRVSDWLDO ,QWHOQGXE®QFBWLRHF\5DGDU 1DYLJDWLRQ DQG ODQHXY
ODQXRRDSWHU

'"HYHORSPHQW RI $53%$ VWDUWHG WR HPHUJH LQ WKH V DIWH®&® D PDU
$QGUHD 'RULD FROOLGHG LQ GHQVH IRJ DQG VDQN RUIGWKH HDVW FRD\

6HWROH $5BWDODQG $53%$2PIRQGD QOVHYLHU S

7TKH ODWHVW WUDQVSRQGHU V\VWHPV PRGH 6 FDQ DOVR SURYLGH
IURPOREDO 1DYLJDWLRQ 6DWG50ODWBP RANVQWHPRU HYHQ PRUH SUHFLVI
WDUJHWXWMHRIQ %HQMDPLQ RS FLW

, Q E\ VXLWDEO\ DPHQGLQJ WKH 6DIHW\ RI /LIH DW 6HD 62/%$6 &
VXEMHFW WR LW ILW *0'66 HTXLSPHQW 6 KLSH XQTHW HAGK RAMRH FRURML
(PHUJHQF\ 3RYGWEBWLQJ 5DGLR5%NDER@KIXVW DQG KDG WR Il
*0'66 HTXLSPHQW E\ )HEUXDU\

7TKHUH DUH DOVR VHYHUDO RWKHU FRPSRQHQWYV RI WHKOIMMIDWAKRQD @>
DQG VDIHW\ ZDUQLQJV GLJLWDO ¥)HO-H FOMLYYLHF HF\D OV W@ Bl O'@ bW Bl) VAVWHP
WKH ,QPDUVDW FRPSDQ\ IRU JOREDO FRYHUDJH GLVWUHVVeIRHVVDJIH\
,02 +DQGERRN RQ WKH *OREDO ODULWLPH "UD\GW(GHW. RPQ G/BQGRMD\ 6\VW
DOVR 6HH 8. +\GURJUIBSKLFOREDFHODULWLPH 'LVWUHVY DQG 6DIHW\ 6\

&263%6 6$56%7 VIVWHP XVHV IRXU JHRVWDW LIR{BBUY H/HBHALN @ O ¥ WWHR/ WLLLX
KLIKO\ DFFXUDWH SRVLWLRQV ZLWKLQ DERXW PHWHUVY RWWKH GL
KDG EHHQ DEOH WR RIIHU $,6 $XWRPDWLF ,GHQWLILFDWLRQ 6\VWHP

0+] b UHJLVWUDWARIFKQXNFEBUQNHG WR D GDWDEDVH RI 6QHRUPDWI
KWWS 72727 JPGVWFRRWYHG 2FW , V+DIQGERRN RQ WKH *OREDO O
'LVWUHVY DQG 6DRMWRALMWVWHP

,ELG

6HH 86 1DWLRQDO ,PDJHU\ DQTX HDIFHWUFBHIHABDFWLFDO 1DYLJDWRU
1DYLJDWS QW

,Q IDKW &R OG :DU FUHDWHG QHZ QDYLJDWLRQDO FKDOOHQJHV IRU W
UHVSRQVH LPPHGLDWHOQ DQ®RWHFRXWDMNWH @R UO &BIHHG AR QKWILEW DHLU R
DQRG ERPEHUV DV ZHOO DV EDOOLVWLF PLVVLOHY QHHGHG EHWWHU PF}
6PLWKVRQLDQ A/DOWHOMNWLHR ADYWD IO WERK SD/W WLPHDOQ GX VDIW B WQ RWY Hv
ODYLIDWIFRFMVVHG 2FW

7TUDGLWLRQDOO\ WKLV KDV EHHQ DFKLHYHG E\ WKH XVH RRPMKKWDQLF
UHVSHFW R H
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E\ FRQQHFWLQJ WKHP WR RWKHU QDYLJDWLRQDO V\VWHPV QDPHO\ F
VLIQDOV IRU FHOO SKRQH QHWVYR BNREQPWE ZLUHOHVYV DF

6HH 6P LWKVR QL DED YWD/ MWKV RBQEUWW LR Q

JELG

JRU IXUWKHU GHWDLOV VHH 1DWLRQDO $LU DQG 6SDFH OXVHXP
KWWSV WLPHDQGODYLJDWYRJID VILFH®@ X WEBMWH O O L W H

6HYHUDO VLIJQDOV ZLWK WKH SXUSRVH WR GHFRGH WKH \ORBDWLRQ [
VWDWLRQV ZKLOH RWKHU VLIQDOV VHQG RXW WKH WLPHDWKRIPAK LV F
FORFN 7DNLQJ PHDVXUHPMDQDWMOORWHWHYWKIBDQWHFHLYHU UHSURGXFH\
vVLIQDO &RPSDULQJ WKHVH VLIQDOV WKH GLVWDQFH WR WKH VDW

8VHUV FDQ REWDLQ KLJKHU DFFXUDF\ EHWWHU WKDQ FP E\ XVLQJ

JRU I XUWKEHHSHDW DILODDMNRXO LY * DQG 'DODNOLV ' RS FLW FK

6HH 3DOOLNDULY $¢ .DWVRXOLV * DQG 'DODNOLV " RS FLW FK

6HH 3DOOLNDULY $¢ .DWVRXOLV * DQG 'DODNOLV " RS FLW FK

6HH 3DOOLNDULY $¢ .DWVRXOLV * DQG 'DODNOLV " RS FLW FK
6HRBDOOLNDULY $¢ .DWVRXOLV * DQG 'DODNOLV ' RS FLW FK SDU
6HH 3DOOLNDULY $ .DWVRXOLV * DQG 'DODNOLV ' RS FLW FK SDU
6HH 3DOOLNDULY $¢ .DWVRXOLV * DQG 'DODNOLV " RS FLW FK

$V Rl HQG MRIQO\ WKH 86 *36 D\QA*PIK$H66ZHUH JOREDO O\ ERIHIIDMQ RQDC
WKH SURFHVV RI H[SDQ® HQ IR XWI\D YUHIR QD 6 DGWHR ON. KGR IBESHOBME
QDYLJDWLRE\V\VWHERLOH WWBO(OWHRQ DQ LQLWLDO SKDVH RI JORE
VFKHGXORIEH IXO0\ RSHUDWLRQDO BWUD QBB @ S\EH HHDQ OLKNWSURFH V\
GHYHORSLQJ UHJLRQDO QDYLJDWLRQ V\WWHPV DV ZHOO 6HH ,17(5
/& d U (93

(XURSH $XJIXVW

6HH 2IILFLDO 8 6 *RYHUQPHQW LQIRUPDWLRQ DERXW WKH *OREDO 3
WRSLFV 6SDFH 6HJPHRWWBY DAZYD EDH JRW _V\VWE PFHMWHGS D FHF W

6HH 3DOOLPMYIRX®LYV * DQG 'DODNOLV ' RS FLW SS
6HH ,QIRUPDWLRQ DQG $QDO\VLV &HQWHU IRU IFRVILHEEREMDW XYDYL
DYDLCODEOKWWSY ZPZBFJORMHIVY/ 2 DF6BHVVHG  2FW

BHH%HLGRX VDWHO®ROQNH\\ODWMPIDMWR FRYHU ZKROHD YZRUD®DE OHQ DV
KWWS HQJ FKLQDPEPHNRMGQ 1RY

6HH *36 :RUOG *166 3RVLWLR®LADNMIRDDWORYY VDWHOOLWHW¥K Q RUE

DYDLODEWWDWISVZRUDGORRWIWHRRIUWHWDUFKDFFHVVHG RFW 6
WKHLG@GGXRQOLQH®@ DYDLODE

KWWS ZZZ WKHKFRFGX FRE® IHE

LFH 1DWLRQDO 6SDFH 3RIOALKLEGMNEYH@IDVK DM WHO O L
6\WWHBYDLOBKRBOWSDWIVYV JR MS HIFEBGWHH KWP ORY
*DOLOHR LV LQWHQGHG WR SURYLGH KRUL]JRQWDO PAW UH KRWHFDWOL S
DQG DPHOLRUDWHG SRVLWLERDWQMVEKIWHEBY @ W R IRWMKHU SRVLWLRQ
9DQ 'HU -DJW *®0QVHB 7KH 'HFODUDWLRQ RI (XHRDHD QQ VA\ALMSH/DH
1DYLJDWLRQ 1RYHMEHHDQQRD &LYLO *OREDO 1DYLJDWLRQ 6DWHOO
EHWZHHQ WKH (XURSHDQ &RPPXQLW\ DQG LWV OMPIEHID EEWD VDA
KWWSV 777 JRY XN JRYHUQOPHQW XBPRDOGAM 8\VWHPQXSORDGYV

*36 :RUO@D\ 9RO 1R s

6HH DOMRNL OHQGL]DE® O GIW*DOECUHRZ +LOO
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JRU D GHWDLOHG YLHZ RQ (OHFWURQLF &KDUWYV DQG (&',6'VHH 3DOC(
RS FLW SS

BHHVE Ev §]}v 0 ,C E}PE % ZF2KEKEP VU EQWIHU 6WDQGDUG IRU 'LILWDC
'DWDV ZH®O6 6SHFLILFDWLRQV IRU &KDUW FRQWHQW D QG GLWESOD)\
KWWS ZZZ LKR LOW LKRBSXEVDF2BVREGERBDG KWP

6HH ,+2QWURGXFWLMROR Q/IFF (&KKIDUW 6\VWHPYDDQDEWW SWZZZ LKR LQV
DFFHVVHG 6HS

,+2 3XEOLFDWOLRRY I6GHV JXLGHOLQHV IRU WKH SURGRBFWBRR GHFWD VW
6SHFLILFDWLR@ |RUOKIVEWS ZZZ LKR LQW LKRBSXEVDFRBVRHGO R D GHISW

,02 SHVROXWLRQ 06& SHUPLWYV (&',6 HTXLSPHQW WR RSHUL
6\VWHP 5&'6 PRGH LQ WKH DEVHQFH RI (1&

6HH ,+20WURGXFWWRQ QLR @KXHDUW 6\VWRE8WDWG (&',6

$Q (&',6 VIVWHP GLVSOD\V WKHOHGVMRWROQWLR® Y UFRRNLRQ DOJIEWDOW
IDXWLFDO &KDUWV '1& ,W LQWHJUDWHV SRVLWLRQ HE RURDRWLIKQ |
RWKHU QDYLJDWLRQDO VHQVRUV VXFK DV UDGDU IDWKRPHWHU DQC
7KHUH DUH DOVR RWKHU VHQVRUV DEOH W B DLGDIM WEFFSWEKL WR XD H &'V
HWF 6HH :HLQWUKMW (®HFMWURQLF &KDUW 'LVSOD\ DQG ,QIRUPDWLR
2SHUDWLRQDO &DP®GHERRM 7D\ORU )UDQFLV *URXS KMRWSR@ZZ HF6HH
LOIR FRP DERXWBMHFFHWWKWPO 1RY

(&',6 LV GHILQHG LQ WKH ,02 (&',6 3HUIRUPDQFH 6WDQGDUGV ,02 5H
(OHFWURQLF &KDUW 'LVSOD\ DQG ,QIRUPDWLRQ 6\WWHP (&',6 PHDQ
ZKLFK ZLWK DGHTXDWH EDFN XS DUUDQJHBAQWY ZH MWW B/BKBH FHKDW WG
UHTXLUHG E\ UHJXODWLRQ 9 9 RI WKH 62/$6 &RQYHQWLRQ E\
IURP QDYLJDWLRQ VHQVRUV WR DVVLVW WKH PDULQHU LQ UREWH SOD
DGGLWLRQRQ QDYLJDWL

,Q ,QWHUQDWLRQDO 6WBEBMWHUMDWLRQDO (OHFWURMNHRKLPLHF DO
QDYLJDWLRQ DQG UDGLRFRPPXQLFDW (@RFMWIUR.GPH G WDD @G GL\WS\OLDR VD C
VIVWHP (&' 2SHWRRQDO DQG SHUIRUPDQFH UHTXLUHPHQWY PHWKRG)\

JRU DQ H[WUD YLHZ DW WKH RSHUDWLRQDO *XVB HO L{Q 6l 1HBRQ QWISHR Q G H
$XWRPDWLF ,GHQWLILF®WRDR®H\VWBHBWS, 6, YYHKHNW (K QWDR Q L, QWHU
$VVRFLDWLRQ RI ODULQH $LGV WR 1DYLJDWLRQ DQG /LJKWKRXVH $XWH}

7TKH\ LQ IDFW FRQVWLWXWH DQ DXWRPDWLF WUDFNLQJ V\WWBP WKDW
VHUYLFHV 976 WV LSHBRVIN DRGVRRFDWH YHVVHOV E\ HOHFWURQL
RWKHU QHDUE\ VKLSV VKRUH VWDWLRGWWBOFZ ZZVDRARHROJL WM\
:RUN 6DIHW\ 1IDYLJDWLRQ BPRIHYVHG6 DVSHS

6XFK DV D J\URFRPSDVV RUEDNDRUH HRWV NV 6WH@ ®&E 1DYLIDWLHREZ &HQWH
$,6 :RUNVW6 'HSDUWPHQW RI +RPHODQG 6HFXULW)\ 86 &RDVW
2727 ODYFHQ XVBFBRYVHG 1RY

6HH 7KH 1DYLJDWLRQ &HQWBW RV (366168 6BQWIRHQWO RQG RBAHFXULW\ 8
&RDVW *XDUG DNVZLOD¥EPHODXWMBIFBERYVHG 1RY

6HH ,08HVROXWLRQ 06& 5HFRE@RHQGDWLRQ RQ SHUIRUPDQFH VV
XQLYHUVDO 6KLSERUQH $XWRPDWLF ,GHQWLILFDWLRQ 6\WWHP $,6

6HH &KU\WRFKRX *
$FDGHP\ RI 6WUDWHRUVNLQDOBUVENMU 1R ODUFK

7KH $,6 VWDQGDUGV LQFOXGH XGDWIDRQV DXMMRFD VRIF WRB¥H SRV
6XJIJHVWLYHO\ RQH PD\ PHQWLRQ WKH &ORVHVW 3RLQW RI $SSUI
YXUWKHUPRUH $,6 LV XVXDOO\ XVHG LQ FRQMXQFWLRQ ZLWK UDGDU

6HHKWWS 777 LPR RUJ HQ 2XU:RUN 6 BIMWOSCHHWD WRHSE. PAU L3DIH 6\ V\
DFFHVVHG 6HS
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7KH UHYLVHG 62/$6 FKDSWHU 9 DGRSWHG LQ 'HFHPEHU DQG HQW
LGHIJXODWLRQ &DUULDJH UHTXLUHPHQWYV IRU VKLSE BDY®M JUDYSLK DW

,QWHJUDWHG EULGJH V\VWHPV VKDOO EH VRVDWWBPR JHG BURXWK WD
LPPHGLDWH DWWHQWLRQ RI WKH RIILFHU LQ FKDUJH RI WKHDQBGYLJDW
GRHV QRW FDXVH IDLOXUN\WWR DQ\FPWKHRI MREOXUH LQ RQH SDUW
QDYLJDWLRQDO V\VWHP LW VKDOO EH SRVVLEOH WR RSHUDWIH HDFK
WKH VIVWHP VHSDUDWHO\

6HH ,02 5HVROXWLRQ 06& S5HFRRPUHYIGDWLRQ RQ \WBQGRUP®WY FAIR UV
,QWHJUDWHG %ULGJH 6\WWHPV ,%6

,Q PRVW VKLSV DQ DGGLWLRQDO DODUP FRQQHFWHG WRR®DDD ,%6 |
RIILFHUV 7KLV DODUP SURGXFHV D VLJQDO LQ WKH FDELQVIIIWHKLQ
WR DFNQRZOHGJH DQ\ DODUP

BHHWWS 777 PDULOQHL QWD KM [FW PIREDEKHME D MGAIG W HPR Q/ KL SV
DFFHVVHG 6HS

6HH ,02 61 &LWXLGHOLQHV RQ WKH DSSOLFDWLRQ RI 62/$6 5HIJXODYV
%ULGJH 'RWPWIQ

6HH ,QWHUQDWLRQDO ODULWLPH 2UJDQL]DW LKRADW S02 ZRZILIPIRDRUZHE V|

6HH ,QWHUQDWLRQDO +\GURJUDSKLFLFRPDODQZRHEWLWE  DP2DLCD
KWWS ZZZ LKR VKRP IU
6HH ,QWHUQDWLRQDO $VVRFLDWLRQ RI ODULQH $LGV WR WLOFYLIDXDWLR
ZHEVLWH D YW ®/SE OHDAWP (R J
6HH ,02 5HVROXWLRQ 06& 5HFRPPERNGDWLRQ RQ SHUIRUPDQFH VW
,QWHJUDWHG 1DYLJDWLRQ 6\WWHPV ,16

6HH ,02 5SHVROXWLRQ 06& RS FLW
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