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$ OL[HG 5HDOLW\ 7THOHSUHVH
&§ROODERUDWLYH 6SDFH 2

$0C- )DLUFKLO3 &DPSLRQ $UWXUR 6 *DUFtD 5RE DC'DYLG - !

&RPPXQLFDWLRQ 19& ZKLOH FRQWH[WX
$EVWUREW SDSHU SUHVHQWY D OL[HG \GFHDHOQWL I\ W\HIPP WREDWLRQ RI 0DUV T
UHVXOWV IURP WKH LQWHJUDWLRQ RI BEWBPHBUHWNRHLW\VWRP G@RGHRMHQW ORF
VAVWHP FRPELQHY (URH YLHZSRLOW vion b uRiEY OWERRE BHib 6T g5266 5.9
WHFKQRORJ\ WR VXSSRUW QRQ YHUEDOSTE%Z'ELQ\{QZ‘ F\l/Dv"HFzLéj (ig’g;ic; ﬁ@?QJ DQG -
JD]JH LQWHU SHUVRQDO GLVWDQFH DQGEBWM5S [kuf\'/"VLFh D¥&R QW eSS HQVLYH

WKHVH FDQ EH LQWHUSUHWHG WRJHWKHERXEMW YN RS &k PPROPIWLIRAKX 3B FIWRILWLHY 7
VLPXODWLRQ PDLQWDLQLQJ QDWXUDO WRHWEKQFRQRWDRBN DQW HBG O IDFOMLGRREOH

LV D VLPXODWLRQ RI 0DUV ZLWKLQ ZKWKKH WKH G RWODEIRGRPW B RY XAHXKDFEKLHYDEOF

FRPH WR DJUHHPHQW RYHU IRU H[DPSQh pAAHGMER IFRVRH WV ERWAE Q D vLPXOD
ODQG DQG JR

IRU XQiVYHé) %@PW @QL]LQJ D

7KH ILUVW FRQWULEXWLRQ LV WKH FU [ H VA
VXSSRUWLQJ FRQWH[WXDOL]DWLRQ RI QFEDQE?FE %\%%B lLP'% | %Qg\%z XODWLRGC
WHFKQRORJLFDO FROQWULEXWLRQV DUHPRYRWRIRXQRE bV vieHd kA ¥RW wr® $SSUF
VXEWUDFW D SHUVRQ IURP D EDFNJURXWWKIWKOWQIDH ARIQWRIQD YSHKWELIFOOFRPPXQLFI
REMHFWYV DQG RU PRYLQJ LPDJHV DQGFRQMHUKWFAHLIMWWHWHWNOLYR ZKLFK LW\

PHWKRG IRU PXOWL YLHZ UHQGHULQJ émw;swﬁ%mw\/ﬁ@omwmuwew RI PRY!
H

WHUPV RI YLVXDO DQG WHPSRUDO TXDO S E
WKH GHPRQVWUDWLRQ RI SUDJPDWLF Jv's\gs%g V%%%%g%ﬁ\g‘{#\%jw“éinéRHPQPYXL‘
EHWZHHQ GLVSOD\ V\VWHPV RI GLVWL\%\RVV\‘%a HoVLR) vk &

UHVHDUFK WRRO FRQWULEXWLRQ LV D HNP wR BMHD ®EXZ vZKPY p B Uy K IR VKH
FRQYHQWLRQDO DXWKRUHG DQG YLGHRFREMMUDH ER-QIW B RMHPE QWD WIDIYV ZLWK V
ZLWKLQ DQ HQYLURQPHQW WKDW HQFREWRINKV QIREORHUDWDRY PREPWRFLPOWLRQ D
LQWHUDFWLRQ  $VSHFWV Rl VI\VWHP gGREQHY VROFLHFLRJH WG?NHUHQWO\ VSI
FRPPXQLFDWLRQ RI IDFLDO H[SUHVVLRQ BRGy HRE WRWRGGOWWHRTH OHYDOFH RI W

UHSRUWHG '5,9( SURMHFW FRQVLGHU WKH IROORZI

L QGH[ 7THRPEXWHU VXSSRUWHG FROODERUPWLYRERWNWHR 46HUH VKH WKLQNV V
UHDOLW\ WHOHSUHVHQFH ' YLGHR EDVMBQWFRQVWOXERHKY EWRERVRREE SRLQW
IRUHJURXQG VHIJPHQWDWLRQ VSDFH VFIWKWHH5RYHU DQG WKHQ WKH WHUUDLQ

+RZHYHU VHHLQJ WKDW RQO\ WKH PLVV
, ,1752'8&7,21 KHU VKH PRYHV LQWR WKH VFLHQWLVW

=~ +,6 SDSHU SUHVHQWV WKH LQWHKIUbWRREVRIQDY WaHFHERBRWHGHTHFLQJ Zk
,V\VWHP > @ DQG D ODUV VLPXODWRQWLEJ PYW ¥YREQBUNM-NRIOY EH ORVW D
(XURSHDQ 8QLRQ IXQGHG &5266 '5,9WKEHRMHINVRI FLIgSWeB!l D UHPRWH XVHU
'5,9( VHHNV WR LPSURYH FROODERUDRHWKRG YEHWEZRABDERWOWULYHY YLUWXD
DFURVV VSDFH PLVVLRQ FRQWURO RARQ¥HHRWLREO® HBRMGHRRUELGE YHRHD XWKR

DLP RI WKH ZRUN LV WR VXSSRQF RPWHR LEKQWLWEFEXOG EH ORVW
7KH NH\ FKDOOHQJH LV WR VXSSRUW D

FRPPXQLFDWLRQ FRQWH[WXDOL]HG ZLW

UHFHLYHG 1XQGLQJ IURP WKH (XURSHDO &RREX SISt Aok HUDB kRl oV FULERY
SURJUDPPH )3 XQGHU JUDQW DJUHH&F‘—E % Rb&éU}D&WéGLYH?R ll_\i LQFOXGH

7KH 8.1V (QJLQHHULQJ DQG 3K\VLFDO 5HVHDUER BRXWR & Q@b eWWBDURXPOV7L QFOXGH PRYL
5%621%$56(WEE'FexVJVXX?GngW\E)KoLVSRVvxDst%va\m%RM[(v\\; GNWan LPPHUWIORQ RI D ZDOO GLVSC
'$ - )DLUFKLOG 6 3 &DPSLRQ $ 6 *DUFtE\)/w7h Dggﬁ/v'ﬂ%é"e- UHDO WLPH WH[WXUL
SREHUWYV DUH ZLWK WKH 8QLYHUVLW\ RI 6D0OIRLY V¥R dLWVsDSEHWHBUDQFH HQDEOL

D M IDLUFKLOG#HGEXS VADPIRWRQB¥DXNRUG DF XNLGHR DYDWDU DQG VKDULQJ RI VSDFHV
DV JDUFLDMLPHQHY#MIUMBUGR¥VBNEIRUG DF XN
G M UREHUWV#VDOIRUG DF XN

5 :ROIlI LV ZLWK WKH *HUPDQ $HURVSDFH &HQWHU '/5 /LOLHQWKDOSODW]
: %UDXQVFKZHLJ *HWWPBDIQQ ZRIORDAGOU GH

&RS\ULJKW F ((( 3HUVRQDO XVH RI WKLV PDWHULDO LV SHUPLWW
+RZHYHU SHUPLVVLRQ WR XVH WKLV PDWHULDO IRU DQ\ RWKHU SXUSRVHV PXVW EH REWDLC
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, 9$&.*5281" J)DFHVKLIW > @ GRHV DOORZ IRU UHDO !

OL[HG 5HDOLW\ 05 PHUJHV LQIRUPBWLR® HIRPHWKHR M DFX W JHOLHV RQ D
YLUWXDO ZRUOGV XVLQJ PHGLXPV DR WEKUSI®E Ty WR SIPSEXIIHRQHWRLO ZKLF
DPRXQW RI YLUWXDO DQG UHDO LQIRUPHRVEROW ¥ U8 WY ki FRE b IPINDYY ER «
FDQ IDOO LQ GLIITHUHQW SRLQWV RI WK P Q@EP PIRk P DOP) YL & EKDUDF
OLOJUDP DQG .LVKLQR LQ > @ :LWRPEXWkEQ@HER LihkhopH Wy XMH EHFD XV
DFFHSWDEOH WR SODFH D +HDG ORXRBWMEBWKysHRE WwkPAC VMFRRAPDEH WKH
VHHQ WKURXJK LQ 9LUWXDO 5HDOLWY FRRWIFS WK I K @ %EQ DSSURD
$XJPHQWHG 5HDOLW\ ,W LV DOVR X¥VdlcRiluvWhlik8 QWWHWFWHEDW-eliiRo! RU F1
HQYLURQPHQW RYHUODLG E\ JUDSKL¥XFKy Ve ¥ YpHRMy HRsY B WHRE MR Bib & WHDWHC
YLUWXDO DYDWDU DEVWUDFWHG IURPLEITHGHEVWVRYHPRYH UK BRWMWXBWLRQ Ri Y
OHVV VWUDLJKWIRUZDUG WR SODFHSIPMWkMWY Xk F RDIRVYRE XWibhy R Y HRRY! DWW,
FRPELQDWLRQ ZLWK RXU WHOHSUHWVRORHHQELWH P> z@W kK REZHWRYY HWKHVH

GLVFUHWH FRQWDLQHUV 7KXV ZH VHAMHEQY O YoAP Y R LIRE WHHEEWRUH R
VAVWH P > @ ,0 RUGHU QRW WR FRQIXVH WKH VW

FRPPXQLFDWH DW OHDVW H\H JD]JH LQ
$ SHSURGXFLQJ 19& LQ 7THOHSUHVHQPBHt DO H[SUHVVLRQ > @ 7KH DGYDQWDJ
7HOHSUHVHQFH LV WKH IHHOLQJ RIHERQYWURFW LRIQ | DQHEQWPSEDFHYH GL)
GHULYHG IURP D WHFKQRORJ\ 7 HF KIR\KR XIOH W UDDQQVIAHL MU RPQ ZRIEDOO RI WK F
FDPHUDV WR HPERGLHG KXPDQRLG URRHARW W R KIHF W HQUIPWLX\WU B O/ON QLXW HE O SV L
WR GHVFULEH V\VWHPV WKDW DWWHFHWVWRHUPSURBXY¥HDIPEHUWRWDEHRW LR
PHHWLQJV DFURVV D GLVWDQFH +HW[NW & W RFIXV RFQ DX F/S VEVUWH BV $QRWKF
WKDW UDQJH IURP YLGHR FRQIHUH Q PLSEU RDEWKR KV KB RWH WKIHY R QrA.\UW KID®J W K
HQYLURQPHQWY WR WKH FRPELQD& LPQGRVKIWLEEHR EEDERGH DFURVV W
UHFRQVWUXFWLRQ DQG LPPHUVLYHEWGLYRDDNYDPBKOH | RFXIVF LYJ WWOHINHUV R
DIIRUGDQFHV WKDW HDFK JLYH WR FRRPXQHEDWLBOKDNOAHQJIJH LV VXSSRUWLQ
19& KDV EHHQ GHVFULEHG DV WKH YWWXQOPMSDLRIQDRI L@QGRWAPBRBRO TXDO
DQG LQIOXHQFH WKURXJK DQ LQGLYLGX \ E Y o)
FXHV > @ 7KLV WUDQVPLVVLRQ LV XMLD%%XW%%W@% @I—%%I IBX§WW
RIWHQ RQO\ UHWDLQ FRUUHFW PHDgf_lQYJHZ'k"F%'“E WHRQ UHwWH & YW WAHYK RBQ
DQG ZLWKLQ FRQWH[W 7KHUH DUH 8PMMbY W W&gjﬁ'oﬁz%W#\RWKﬂa@/FplﬁgH
EH XVHG LQ RUGHU WR FDSWXUH DYYRMEOTWROLIEWRVYRERPBEXYWHRYG DQDO\]!
PHGLDWHG FRQYHUVDWLRQ 9LGHR BRVIWVFRLORQARFMHEWXx L@ PREWY WL
19& ZLWKLQ WKH ILOPHG VSDWLDO RWIP@RIpOLERDWHYW LYR PHPHWERMHFWHG
ZKHQ ZKDW LV EHLQJ UHVSRQGHG WHR HSUEhWH QW BWVLR Q> c@GD @ G 7t - LQHI
PHDQLQJ RI WKH UHVSRQVH PD\ EH YRAMREWRURWOWKINY EPN LEHp W KDW KDV
LV GLIILFXOW WR FDSWXUH PXWXDVHOH SHHYHREHWKHY EBBREK D SpORIOH .1
GLVSOD\ FDQQRW VKDUH WKH VDPH SKANERSYWERAAWERS Rb Wh NSMRFW
DQG WKH XVHU FDQ RQO\ ORRN DW RORZRU®X H P RANM YOI W L pXOO @ E'J{‘FVBI@NWU‘
RWKHU KDQG 95 LQ LWV SXUHU |R%Qoﬁﬁpﬁ'@@ﬁQHs%%o%VﬂglpRY PHQW L
FRPSXWHU JUDSKLFV WUDFNLQJ VRPH RIQWKRWVY RER WiRe WKRW BoEHUVRQ G
KHQFH FDSWXULQJ VRPH RI WKH 19¥KRO@W KKK HEHZREG KkWRPRVKH VLGH 7
LPPHUVLYH GLVSOD\V DQG OLIH VLIHVBRAWKH Yw B b FALBVEY BRHU V YR P XO W
LW SRVVLEOH WR UHWDLQ VSDWLDO P WVHER WK MWEWY FbibUE L Qs VE
DQRWKHU UHPRWH SDUWLFLSDQW VKPUR UREVWH%QD{WMVFU BYoWRP@WKH LQGL
$YDWDUV RI YDU\LQJ GHWDLO DUHR&NW RVRK I sBH G WKL W TR Y HVQGHWH
,PPHUVLYH &ROODERUDWLYH 9LUWXBE8SMKXY URRPH QMW LEREOON AV XOWLQJ |
VWDQGDUG DSSURDFK XVHV OLYH PRMWRRHY WHRD WKIHE) c®WWHYIIHRH @RdH ER/W gH
WR PLUURU KHU PRYHPHQW WKURXJKHPYRDPRWH @ YRR WV IKHKY B PHHL Q¥KPHUI
IURP VLPSOH KHDG DQG KDQG WU'T—D*#N@%JX\WF@ PRY H' FRSYCGHH > @> @>
DSSURDFKHV VXFK DV > @ LQFRUSR®Rw® gﬁi—HHRJ@(PA Wo4R P BRIGKRE D ' DY
RI XVHU UHSUHVHQWDWLRQ KDV SU B % WE WMAH x ¥ X @RPQ$ HRYI J RQ
FROODERUDWLYH WDVNV > @ 6WXGYHYVUb¥N BoBAR JHYo RV REGMH 7 Kk A HY
QXPEHU RI 19& FDQ EH VXFFHVVIXO0OPWWHWHEY\RERMAFMHE BWRpBQRHFW RQ
FKDUDFWHUV > @ +RZHYHU FDSWRUBLIHNO®Y FPASMOPLQR D |IRFHPGIRP WKH
H[SUHVVLRQV LQ UHDO WLPH DORQJIVIPEH Y¥o 0 EIRG\UWYHRW Vo5 Q \SBRIK piH VR
ELJJHU FKDOOHQJH S$IIRUGDEOH FRPAPFHUAYDL ®WRINWYDIRR%ERKKDHRY WR DOC

S

<<

oY
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GLVWDQFH > @ & &RQWH[WXDOL]LQJ D ZLGH UDQJH R
'LWK SDVVLYH PHWKRGV DOVR NG@RHEQVDYH GDUSHODANVIHGG OLYH UHFRQV

SHFRQVWUXFWLRQ ,%5 > @ WKH "1RRGHIPUED & HRIPYHK@G IFPBWIDRYHW LQKHUE
RI FRQYHQWLRQDO FDPHUD LPDJHV WEDMWH ® O UFRR) VG [WH UM QW IRQVFKWYOOHQJ
DQG SRVLWLRQV FDSWXULQJ OLJKWHQLWKW YQVIEDWL¥KE DWW WX K7WHRKJIK
PHWKRGV WKHQ XVH WKLV LQIRUPDWALRJF W R HGIQHU DWB IRIMS JBRBHW URPEL
DQG DSSHDUDQFH WH[WXUH O9LGHRQ®DWKI&® GLBSHBGRQVUWHIXFWLRQ WKH ZD\
9%5 H[WHQGV WKLV DFURVV WLPHVWRUBOVRKENSVOXWHMURRYRSPBIOMVY RQ WK
IURP PXOWLSOH YLGHR VWUHDPV %RMHU R @ UMQ G/ HY HQ DDOO ORZ5 XVHUV WR
DSSURDFKHV VXLWDEOH IRU UHFRQVWMUNERWR QO \WAOO N LRAYPR RH IHRGK HRYWAKIHJHTV
KXPDQ WKDW IXOILOO WKH UHTXLL}HH:)-WK/XNHLR%EIW‘K\'—VQNWIKHQLQNSDFH ZK
H[DPSOH LV PXOWL YLHZ VWHUHR LQ@B? KOO WRBGEOSHEFbH R

ER
SURGXFLQJ KLJK TXDOLW\ VSDWLDOGPHFMEYBHwH BB W PR OP YD LIWR Px b0’
PRGHOV 8QIRUWXQDWHO\ LW FXUUE\%\%% ?&gﬁ@ %ﬂ\% ﬁvl‘\-/mp P Fm)%'%
i M
¥

UHTXLUHPHQWY RI D UHDO WLPH W T U|g|

EDVHG RQ WKH VKDSH IURP VLOKRXH> \

IRUP DQ DSSUR[LPDWLRQ WR WKH V\y H \y X VVHYV
KX00 > @ KDYH GHPRQVWUDWHGK 6 Ly%OWF&V @&VW VW

\
\
UHTXLUHPHQW ZKLOVW UHWDLQLQJ gx@é_p@(v&wxgHRLHH-bEDqggv WAL RR 1w @0 )R U
WKDW UHDVRQ PHWKRGV WR H[WUD RWVlgdK ROGFHEWH> L @ PP WERQ |\ 1Q|:XWVH
IRU 616 EHFRPH SDUDPRXQW IURQW RI D FROODERUDWLYH ZKLWH
%RWK DFWLYH DQG SDVVLYH PHWRKRREXQKPYWLRYURIQIWEKVDERGZULWWH Q
ZHDNQHVVHV ZKHQ DSSOLHG WR sSHUWSQHEWUHY HEWH vIVKBW XWHYV FDPH
JHQHUDWLRQ OXOWLSOH .LQHFW EDNVHG WXKXWRIDW KIHV FRUMH/ IFEXAIY HVRV DD RN F F
D ORZHU UHVROXWLRQ FRPSDUHG WRKWK DW HZ KRR & WAHD[Q/ YEDHO DIFHKG. HAIHVBK L Q
ZLWK 616 XVLQJ FRQYHQWLRQDO HFODNFHUBQPHAQWK LQHNY FORWALRQWVZD\ WR >
W\SLFDOO\ LQ H[FHVV RI [ FRPSD)RHEHWMRXQG VHIROYWDWLRQ IURP D |
GHSWK PDS UHVROXWLRQ 7KH\ RIIHRRY LQH VR/E MHRWKY XFROU UPDUREXFWLRQ
EHFDXVH WKH KROHV SURGXFHG GXH VWK DWW HU BRIPSWHWIHOH ¥ ERXQIPANG @/ R
EH ILOOHG DQG ZKDW ILOOV WKHP PBXVORWRVEHVE HALUXHXUH 88X RGN QRIWDHY WRID C
RI WKH UHDO ZRUOG ORUHRYHU WKW®RH EV N SWREQAGQIRY B OU X QRG GWISIWPKI QV
PDSV RYHU GLVWDQFH > @ DQG WKILBEDBNMEMRHYCWNOHE WD AYWR O 0> F @S WeXKWHR |
YROXPH ZKLFK LV QRW GHVLUDEOHGYRQF WG HED APNRIWHRHHREWI RRIMIURXQG Gt
LQWHUDFWLQJ ZLWK REMHFWYV 616 FX@UFH@WOQ@RIIHEW KEXRHLEFHVHRW X ERE N
UHVROXWLRQ DQG GRHV QRW VXIIHUVIRIFH QML R XRHMKRECO LS PEWNURQ
UHSUHVHQWDWLRQ RI H\H JD]JH DQ® HBROVY UXBWHRQLRQV ERWK RI
ZKLFK DUH YLWDO IRU SRUWUD\LQJ BEFEXUQWWMLBD®& DHBWRD DO WHRs FRPELQF
DSSURDFKHV KRZHYHU FDQ EH GHYOHKGR2RWK IZ) VWK IIUHFH YVLHEZIS RLQW YL
HQYLURQPHQW ZKHUH DV ZLWK WKH%WPEHSW@R G KRLIV> X@H G 1B WHITKW R HA\HIOHF\

D VWHULOH EDFNJURXQG WKDW ZRXOMH & UEKWH GR WV KX WURWGIPLYR ARBIHBYDV
LPPHUVH WKH XVHU +RZHYHU WKLV SURYHG WR KDYH D QXP

7H[WXULQJ WKH PDWHULDO GRHV QRW DOORZ SUR
$IWHU FDSWXULQJ DQG UHFRQVW U XBIRMMHHF WKRIQX VKHDOLG \' LW ID[RZHIL GXH W
LV QHHGHG WR SURYLGH D OLIH OLNMKHHSEHMWUHRQWHDIWHR® L ¥ HF RIXPFROVIWMLIHRQ R
RI WKH VHIPHQWHG LPDJHV RI WKH &URNUYH R U\D WHRU D X SISR WW HYG. KKEAHG) D F U
WR JHQHUDWH WKH ILQDO WH[WXUHH WXWH QS GH Y HRRSE HE DURRDE X WL RW RV K D W
PXOWL YLHZ UHQGHULQJ XVHG WKHWRLPDIG \FRORK ®RAEE OHRZHYGUW > WKLV O
DQG WKLV UHVXOWHG LQ D FOHDU HNVB QWD WKHUUWEDRVMWRIMDLVRURBW E M W1
ZLWK XQGHVLUHG YLVLEOH OLQHV BQRWKHUERBQMYTRHQFKkH RG LW K HOHWH G |
LPDJHV 7KH XVH RI LPDJH EOHQGLQRROR@ LIS WKDNMG WKH YROBWWRQ LV QR
DV WKHUH ZHUH QR YLVLEOH OLQHV VERWOMKMLR QU RFFHAOL WO KV U H\E W K HGHILL
OLPLWLQJ WKH VHW RI 19& WKDW W KEHD IMIFRRMVQVGIX FWR R 8 U Y BI W DRI ZEDRAMIKE O M/ |
WR FRQYH\ )JORDWLQJ 7H[WXUHV > L@D\H\D P KW KRS NVWREDYER P L\GRIGX W LR G
KLJK TXDOLW\ UHVXOWV KRZHYHU ISWIWUFRPSOLFDWHG DQG ZH IRXQG
QR HYLGHQFH SXEOLVKHG RI WKH TXDOLW\ RI WKH H\H UHSURGXFWLRQ
7KLV VXJIJHVWY WKDW D VLPSOH \HW VX|L&LH @ ¥ ON 9®.;(HSWL¥66PEWKRG

FDQ EH XVHG 7KH FROODERUDWLYH 05 VI\VWHP LV UH
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WKH ODUV VLPXODWLRQ ZLWKLQ WKH H
RWKHUV ZKHWKHU LQ WKH VDPH RU GL\
QDWXUDO PRYHPHQW DURXQG IRU HJL
EULQJLQJ XVHUVY DWWHQWLRQ WR DWW
HQYLURQPHQW )LJ GHSLFWV WKLV LG}

% &XUUHQW V\VWHPV

7KLV VHFWLRQ GHVFULEHV WKH FXU]
WHOHSUHVHQFH V\WVWHP DQG WKH 0DUYV
DWWHQWLRQ LQ WKH XSGDWHYV FDUULHG
yLJ ,OOXVWUDWLRQ RRKREKMKH XFHDO V\WMKHP 05 V\VWHP
HYHU\ XVHU ZRXOG KDYH RQH LPPHUVLYH
WKH VDPH YLUWXDO VSDFH ZKHUH WKH RWKHUV PUWKIJ—I_V\/FKR&W\HéMgF \IVS’%‘Yéglf\pHG %( WKHU
HQKDQFHPHQWY WR DQ H[LVWLQJ WH@H

E\ LWV LQWHJUDWLRQ ZLWK WKH 0DWVYq
SUHVHQWY DQ LGHDO LPPHUVLYH S{RMHEWLRED W L%;JSM\FHVEQIgWDVF\\X,WHP

DQG WKHQ WKH WHOHSUHVHQFH DOQ&, AL pRUF WHPY WKH R
GHYHORSHG WR GDWH DQG ILQDOO\ pphiphlifh WQWHRIPYLRRUH +RZHYHU VHJI

$ ,GHDO LPPHUVLYH SURMHFWLRQ VMWHODWLRQ LV FXUUHQWO\ QRW VXSSF

7KH IROORZLQJ VI\IVWHP zZRX0G UHTAEHY WKOWY Wi Ve g YV IMIE Ky & VLP
GLVSOD\ DQG FDSWXUH HTXLSPHQW 'E?SWVDLYGdiBbﬁ:’VdW S\k/ gopd wit HR/DPU\W/'RV

-
Bv)

KDUGZDUH H[WHQGHG WR VXSSRUW UHD WS BHVTLIAH XVHUV
DJDLQVW OLYH VLPXODWHG EDFNJURXGS ¢ TERWEY VRE HQWL‘“UI% N@ﬁ
HDFK GLVSOD\ ,W ZRXOG DOVR IHDWX HL\)’W%H’JWhHQWJS QH BE\SL%DJS )L

JD]H FOHDUO\ YLVLEOH DW WKUHH Kb v \2% r5' DhAH & V\/RKQ-IOR2
PXOWLGLPHQVLRQDO GDWDVHWV ZL W'é@

IR

PX

UHVROXWLRQV ZRXOG EH DYDLODEQ @R8§9 q}‘%?d’[
VLPXODWLRQ FDSDELOLWLHV O LSOH QRWZRU FRQQHFWHG

8VLQJ WKLV VIVWHP HDFK XVHU ZRE FHESMGHR W AV Br Wik B yRAEFET V VL QY
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GHVFULEHG LQ GHSWK LQ > @ DQG VXWRDWHHIGFDQ QLJSR VAKLIRIQHBUN XU UR X
GHSLFWV WKH KLJK OHYHO YLVXDOLYDXWURQ QRG LVPK HE BVFHNJRURXKHQ\GH Q BH BPVTWH B
DUFKLWHFWXUH IURP WKH FDPHUDV WKTHS DIEY K MR OUKIHK W X EDMWRW VD PW R 8 H
WKURXJK WR UHQGHULQJ RQ WKH MX® QBBSIW 7XHLFB PHI®VERQIOQ FDSWXU
GLIIHUHQW DQG SRVVLEO\ JHRJUDSKIFIDE®\ DRIG/ §RWWKH @ J CSRIFOWHFRR/QN/G R Q
ERWWRP 7KH IROORZLQJ VXEVHFEMARGYRRIG MRV RYKHU ZRRGWIHUHV ZI
SURFHVV FDPHUD LV SK\WLFDOO\ SRVLWLRQHG L
LVLEOH OLJKW FDPHUD SDLU DQG LW

D SLGHR %DVHG SHFRQVWUXFWLR HWHUPL%HG XVL(%dyWKH FKHFNHUERD U
FKH RXWFERPH RI WKLV ILUVW VWD JHE, RIGWER SR BRI Wik Y M YR DssUuRDF
PHVK WKDW UHSUHVHQWYV WKH XVHU JWRJFWKRH 4 LW K el \f L E Ry ¥ WYH BRY
WKDW ZLOO EH XVHG WR WH[WXUHDIYWWBSL\6¢&F\(R/§§H¥RWEE BQ;VFL%QFV&I
DFTXLVLWLRQ WKH EDFNJURXQG IRUHIURXQG | 5E§§8W\Q/\A4_L\BQK?§Q8 W
' PRGHO JHQHUDWLRQ  ORGHO *HOHUDWLRG
'PDJH $SFTXLVLWLRQ 8SRO UHEHLYLQJI BOG GHFRGLQJI WKH Y
7KH SURFHVV EHJLQV ZLWK WKH DE k¥ R

VURIoWEHY wkH L
VXEMHFW V YLD DQ DUUD\ RI FDPHURV. b WKH B gLi%HULbQ)VOHOL]H
DUH HLWKHU PRXQWHG RQ WULSRGV Rl DR YHWKH GLYVSONY pGSHReLed >
RQ WKH GLVSOD\ FRQILIXUDWLRQ  prcHO WKH V\WVWHP UHTXLUHV NQRZOH(
%DFNJURXQG IRUHJURXQ G SS®IDRHOWDQ LRHOODWLRQ WR UHDO ZRUG

$ SDUWLFXODU FKDOOHQJH RI WKLV ZRUN LWy WiKDM/  RoXVHU PD\ EH

VWRRG DJDLQVW D EDFNJURXQG FRQWELQALQmwWHBWERWRUPBRYBRIHOHUDY
LPDJHV &XUUHQWO\ WKHUH DUH ,{MZR é,fﬁg, ﬁg@i D\g%g{EﬁQ.\/skﬁ:lR VWU XE!
kPS8 P W !

VHIPHQWDWLRQ WKH ILUVW LV IXO P WL R Vv HRA QI%H N

SDUWLDOO\ UHVWULFWLR D %JHZ PHWKRG RI GL\
x BHIPHQWDWLRQ LQ WKH YLVLEQ HEW &ﬁPHLfWHG ZKH U

n
3
o<
=
O
QO
%)

SUHYLRXV SXEOLFDWLRQV WKH V\VVWEHRVXWEQETHERB (38R0 B VOIS SOWHS Ew L F
EDFNJURXQG IRUHJURXQG VHIPHQWRWLRR,RHWKBCFRo@X DEBABY HY L How 7R
WKH QHZ UHTXLUHPHQW RI D PRUHLPdMKIX8; \/LWIE&Q\X/WMWLBQQGHUHU
SRVHG E\ WKH &5266 '5,9( SURMHFW ZDMRQRW RHYH FONVRRERRIPH UHFROVWU X
SUDFWLFDO SHUVSHFWLYH WKH SUHXLRXYqRHWKESR Usd % bU ey GRADHEF D v\
VSHFLILF NQRZOHGJH WR FRQILJXUUHICb%If_'I@LV{/%;IjPUL@/HR/DPder_q\IE;\H_\bJ DOO UH
UHSRVLWLRQHG VR H[SHULPHQWDWLRQZEWK

¢ AR Y HIROWD T & 2P uw

D SDLQVWDNLQJ SURFHVV 7R LPSURYH MKH ADEMIHROQBYY BHWEBPHUD

DYDWDU DQG DOOHYLDWH WKH FRQHdéU\WWFLﬁ\QWBFb%ng’%@é’\HUW\Nﬁ Y HAUHER
PRYN

ZDV HQKDQFHG ZLWK D *38 LPSOHEFRIMRW kKR LDRKH * PHVK L\
OL[WXUH EDVHG VHIJPHQWDWLRQ > @_g4KHoVRRIG Rk 5 RW BF WLE S
KDV DOVR DVVLVWHG HVSHFLDOO\ yRX£Gy JVKH %

ORUHRYHU LQ WKH VWHULOH HQYLURQPHRQ W R W &
QR GRPDLQ VSHFLILF NQRZOHGJH V\bR{d:L%Qa_I_,]g(QﬁSU\&

P |
R ELRIFRPSUH\
UHVHDUFKHUV WR FKDQJH FDPHUD SRNEWEBRY LW KR NEFD
x 6HJPHQWDWLRQ LQ WKH LQIU oG GhIKW 5
&UHDWLQJ D ' UHFRQVWUXFWLRQ RIpRWMHY ZKL

;\d‘j&d EROURR Wk H
R GDW(D3 WRJH
LQ DQ HQYLURQPHQW ZLWK D PRYLQJ EDFNJURXQG LV FK

5HJDUGLQJ WKH VHIJPHQWDWLRQ LQ WKH RFWHRAGHRAHCEHWKIY SUREOHPV
ZLWK 9%5 LQ D IXOO\ LPPHUVLYH GLV$ODHN A/ W [MPX UV QN KPRMWWRE XVHWPSOHP
LV VXUURXQGHG E\ WKH GLVSOD\ DQUBHPRXVL QJKHULY HERPHQWIRWIVR BW $\R R RIAR Q
HPSOR\HG QHHGV WR H[WUDFW WKHPD I YKRRXWKYEOH®REPLPI PRIRWKHU JR
EDFNJURXQG $V KDV DOUHDG\ EHHQEMFRP P KIQMYHIG 1Z0 WK FONM. RS SU RVIKREK VLPSO
SRVHG D OLPLWDWLRQ LQ WKH RFWD YHKH HW@GHL IQRG R @GHHVRBBHBVVHIVQ W
XVHG IRU WKH GLVSOD\ UHGXFLQJ RHKK HG O WDV \DLQrG GHRVP\E W HYK NHUWH[ QF
DYDWDU WKH XVHU ZDV QRW DEOH WRHYRUHW IRYWKIRRAQIOW BHKW GBI @ ¥R OQ|
WKH VFUHHQ ,Q DQ DWWHPSW WR SROKHVWKKN OH BWHMD\B RENOW DR QN O YR VR
XWLOL]JLQJ WKH ,5 OLJKW VSHFWUX?SWR'/SEXIRHWY RIQJMKIWEBWLREHLTFRPSU
EHLQJ FRQVLGHUHG 7KH VXEMHFW DIWHDOBNRGH GWRAGPEEGIOHHG RGLDEFWO\ F
LPPHUVLYH GLVSOD\ DQG LV LOOXPB®DWHG ZLWK ,5 OLJKW IURP

u>vi@uLpboL]D
#'WKNSULQ VLI
P XK H W
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3D Mesh
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1. Weighted Color per Camera CW:Z w;C; 2. Blending Factor b:[e""ﬁ< (ﬂm]
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3. Final Texture Pixel Color C,,:(l—b)cw+bcm

JLJ &RPSXWLQJ WKH ILQDO SL[HO FRORU RI WKH WH[WXUH E\ FRPELQLQJ ZHLJKW EDVHG EOHQ
'"HLJKWHG EOHQGLQJ EDVHG RQ WKH DWMG G FEHHEDZ AKHEERKUN R A HZ B IRIKPID B TV KHD SWIRIM HFWHG SL[F
FDPHUMLYQWKH QXPEHU RI FDPHUDYV 9LHZSRLQW GHSHQGHQW E O 8 QG GQYHFIWRIE FRR QW K HF O R'
ZKHBHLV WKH VPDOOHWNVDDW KO H VIKR® G 7KH ILQDO FRORU LV WKH FRPELQDWLRQ RI WKH ZF
YLHZSRLQW EOHRGHGKE WHHUME LY JWSKHHERPBRWH G Z H L J KW HVGWHKRD B U RM HF WBISHSIDHO FRORU F
WKH YLHZSRLQW

7H[WXULQJ LV UHDOL]JHG LQ D SL[HOWRF KD GH U HFWRLR® FF ARV AKWRKWKH FXU !
HDFK WH[WXUH LV SURMHFWHG ROQMR KDKH K IPIHKHU LOQRGXHDEH WKDQ WK
FRUUHVSRQGLQJ FDPHUD SHUVSHFWLYWIDFKHQROBRONWKP GHRPSXVEHG DERY|
WKH FRORU RI D SL[HO EDVHG RQ D HHIGK@H & D FQRVGY W | FOFRWHDF WHERP S
SL[HOV IURP WKH FDPHUD LPDJIHI URKKH ERD-PI®IDQ G LAHHBWWRQV YHFWRU IUR
GHWHUPLQHG E\ FRPSXWLQJ WKH GRWHFSMLREX VR BKWMZAXQUMEW YLHZSRI
IUDJPHQW1Q@RUP MKH GLUHFWLRQ IURPH®WKYH |UWH®PHQW WR D,I WKH VPDOOH
FDPHRUNR WKDWLAWK f DG ZLWK f WKUHVKROG WKHQ WKH LPDJH RI WKLV
7KH ZHLJKWVY DUH WKHQ QRUPDOL]HSUHRY MRROAD \WFIRHPISX W M 1B MTH IVOXW R QWHH H ) |
DQG DSSOLHG ZKHQ DGGLQJ WKH SURMQNWHEHD[ SO RFFRORNMLR @D OV KRR WK H
UHVSHFWLYH FDPHUD LPDJHV VHH )IFDPHUD DQG YLHZHU GLUHFWLRQ DQG
7KH ZHLJKWHG EOHQGLQJ PHWKRG GRRYQE HVDW KO MV VXWRISHKHW 1D UQPKHU EC
FORVHU WRZDUG D VSHFLILF FDPHUIRIUHHR YHH B XIOLW K HIUQ F RCDVDY LE XWA R\ L Q
WR WKH ILQDO SL[HO FRORU IURP WRPHWEDPHUD V LPDJH WKDQ IURP
RWKHUV 7KH UHVXOW LV D VPRRWK$ BVOH Q®E®H RAKRIKAH SBE MWMIKMW BGK U H V k
WH[WXUHV :KLOH WKLV PHWKRG LV DUPOQHHPY®W RRV BRIWXKHHX LADP RYD V
D VSHFLILF FDPHUD DUUDQJHPHQW EWHOQ®LPD XE/HKE YV RB U W IGRIGM RG@ BMKHIHW
ZLWKRXW D GRPLQDQW FDPHUD DQGDZKH UR RQON WKW & DWKH WLIPHDHDW LV YHU
ZHLIJKWV )XUWKHUPRUH LW GRHV QRKWKDNRE @PHON AHEU HUKHPDWYG LRI/ HV
DFFRXQW ODUJHU GLVWDQFH ,Q RXU VHWXS D W
,Q RUGHU WR IXUWKHU LPSURYH FWKRXBQ TXDOLW\ WKH WH[WXUH
PDSSLQJ DOJRULWKP KDV EHHQ H[WHG@EHGUBVWRW NV HZERIQW EDVUHG 7KH
EOHQGLQJ PHWKRG ZKHUH D FDPHUWH[WHUH WEONW @D WPHWERXWU A RYLGHV

Mesh Normals Texture with weighted  Texture with weighted Mesh Normals Texture with weighted  Texture with weighted
blending only and viewpoint-dependent blending only and viewpoint-dependent

bl g blending
)LJ 6WDJHV RI ' PRGHO UHQGHULQJ LQFRPLQJ PHVK QRUPDO JHQHUDWLRQ WH[WXUH JHQ
EOHQGLQJ RI WKH LPDJH RI WKH FDPHUD WKDW LV FORVH WR WKH XVHU V YLHZSRLQW
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FRPSXWDWLRQ HIIRUW DQG YLVXDO7KHKDPRARXOQREDWXRBQV\RRGHPOH UXQV
$OWKRXJK WKH YLHZSRLQW EDVHG UH@MGHWL@I WHPKQHSBHDWH BURFHVYV Z
HITHFWLYH ZKHQ WKH YLHZHU ORRNW DWJ LWXHU i 6 FHROQPKWWHK @ B/HIGL @ H VKD P H :
IURP QHDU D FDPHUD YLHZ LW VLJQQHIZFGOWO\ LL\P DYFOLO\D BVKHH RQVXBPH LY L C
TXDOLW\ DW WKHVH RFFDVLRQV )RUWRPPSRH QWKNZRE R OFHW D JFHREXHE W OW |
FRORUHG LQ WKH IURQW YLHZ DQGD @& WHKIHD YLGHR BOERGHG DIQMGKWXH UHC
VKDGRZ VHH )LJ $V RXU WH[WXUBD ePBWLRND WHFKQLVXHQGWHYWH G
QRW WHVW IRU YLVLELOLW\ RI VXUIDFKN SRR/ LADIPRIQY RV WW KHO REBDSRV.IQW ZD \
EDVHG EOHQGLQJ PHWKRG KDV D |XUWDKNHIUU D GUBIGW O JHR UD W KV YKUHZHB\R L Q W
ZURQJO\ DSSOLHG SL[HOV WR RFFOSWHRY LIGHHED B\ YRAUH KPP S OMU IANLQJ V\VW
WKH VLPSOH ZHLJKWHG EOHQGLQJHPNWHKRGPHEQWHG RQ VXUIDFH
QRUPDOV WKH SL[HOV RI WKH KDQG BDSWWUR QDB ONKE RLMHUDRWR DWLHR Q P
OHIW Rl WKH VXEMHFW DUH PDSSHG RQWW @Q DOHDQR| WHH R H E R \RU XNFKHH G
PHVK QHDU WKH KLS VHH )LJ YRUDLSSQ\RQIWWHKH' YUHZB@RYWWXFWHG DYD
EDVHG WH[WXUH PDSSLQJ PHWKRG WIKUHWLXFDDO) HZ FRRU ON\GK H Q WRIQWY FDPHYVDVLP X O |
LV EOHQGHG RYHU WKH ZHLJKWYV EDVKIG X\QHWXUE B RIE FDSHW SUR WISPWH GV R
KDQG RQ WKH KLS GLVDSSHDUV VSDFH 7KLV ZD\ ZKHQ PRYLQJ DURXC
0ODUV VLPXODWRU UHIHUHQFHV ZLWKLQ WKH ' 0DUV VLPXO
$W WKLV VWDJH Rl WKH &5266 '5,9WK&HRUVHFRQ VRO FIHHR® RBYDWDU DSSHD
GDWDVHWYV KDYH EHHQ LQWHJUDWH G RQWR/ SRKGGLDU VS RIVR XA RWYRLQ & DRNLIQHIQ
LW SRVVLEOH WR VWXG\ WKH VXUIDE® RIK@DUNPRWHK YA_LU WDHXUDH® W QG/LLIURVIFH Q
WHUUDLQ PRGHO '70 UHVROXWLRQWRDOIG HNHOLRYLOY FEOVXKNSMWXUH DQG
GDWD REWDLQHG IURP VXEVXUIDFH WRRHIGL QD ]UDBQE IDFLDO H[SUHVVLRQ D!
7KHUHIRUH WKH VLPXODWRU LV HDIQMHIR\RQVIDR Q5Z IFWKMWRJIUP SIM\GLL IURP V
VIVWHP GHVLJQHG IRU LQWHUDFWLYH H[SORUDWLRQ DQG DQDO\VLV RI D
SODQHWfV VXUIDFH ZLWKLQ LPPHUVOY3es¥tdJWXDO HQYLURQPHQWV > @

7KH VIVWHP LV FDSDEOH RI YLVXDOLIERIVWRUERREMH YU GPWENHWYKH TxDO
DW LQWHUDFWLYH IUDPH UDWHV ZKLOFRD VY XYLQY WKW Wi A VY VY PLODR
UHVROXWLRQ LV DOZD\V VKRZQ 7KHoWH{ERHYHY SHIHEHEHM DR R YYRPKDYLRUT
JHR UHIHUHQFHG UDVWHU GDWD D@ SH&Y LG Vs W YR F Wik M HF WRRP v |

FRPPRQOV IRXQG LQ *HR ,QIRUPDWLRRQWEY WMHPYR%EG QRZ EH DFKLHYDEOH |
& QWHJIUDWLRQ DSSURDFK WR VXSSRUWLQJ LQWHUSHUV

7KH 0DUV VLPXODWRU SURYLGHV ﬁ[\ﬁHUM?!WFEQFPQIQRWﬁJH\ LWRRROW HWERQ RI
VXSSRUWYV FROODERUDWLRQ EHwWzHUOIWEMWHRSHRYS I H GRRYoWER MK FK

LPPHUVLYH YLUWXDO HQYLURQPHQW HAHWIX®IO WHDGILW\LBQB O RPPKORPEBW LR C

DYDWDUV ,Q WKLV SDSHU LW LV XVH{ WMRyLS ORMH WKH VISP Bl R Ip RRMHOR 6
(DFK SDUWLFLSDWLQJ VLWH UXQV DQ) k@ ¥WDQTH Ry Wé‘l#'FWi%@ivo WiR B A9y |
WKH 0DUV GDWD VWRUHG ORFDOO\ yBY¥HU\ kQ@WH UWPEW LRQYY Didh oW O L w)
VIQFKURQLJHG E\ D FROODERUDWLRQS%I@JQIB.PEIRUggH@DW#@L;HWM\QVVKA@-!”HGQ

£5266 '5,9( SURMHFW ,Q LWV GHIGyeQW% pfR PR P YW ikRQp MKHLogHQwD WL
LQVWDQFHV XVH D WUDGLWLRQDO g&&. F&EPYER DWEVER Yo DB oRYPMWAWHWRIH s
UHSUHVHQW UHPRWH XVHUV LQ WKH¥EEWA ﬂg\%\MLiJﬁEaiﬁlbgw_'”7M0D]%YV |
VLPXODWRU KDV WKHQ EHHQ H[WHQGEHE FEREWL AR U nY LR 1X0 DY

J
DYDWDUV 7KH H[WHQVLRQV LQFOXGH. QykgR FPWIIRRAQ PR OHWRYYH EH
UHFHLYLQJ WKH ' PHVK DQG YLGHRk \E R VKRZ J

L

N Rp

UHQGHULQJ PRGXOH IRU YLVXDOLILQY WKH ‘sHHE
ZLWKLQ WKH 0DUV WHUUDLQ UHQGH WKH VIVWHP LV EDSDEOH R

WLR
KHQ D SDUWLFLSDQW MRLQV D ykR@y VXHk DVvORMY JDJH DQG 1D
H[SORUDWLRQ VHVVLRQ IURP LQVLGKR 7y MPASYV ¥ Y Ho{ $RFHlo R FMB Y w\ R1 1D
WKHQ WKLV XVHU ZLOO EH UHSUHVH@WE B\ Prp & H L)'\bg)izFDVblTl_@d:bYVPQ/ﬁQgU
LQVWHDG RI WKH WUDGLWLRQDO y&fynbYBYDY WWHPULERG L
FRPPXQLFDWHV WKH VHUYHU DGGUHYY R oW KH) WG RRY W %Q
WKH RWKHU SDUWLFLSDQWYV ZKLFBG%@%R F \ng
UHFRQVWUXFWLRQ QRGH GLUHFWO\ dRUW Pk bR I WU 5 RHYK ARGk W Fr
YLGHR VWUHDP 7KH VHUYHU VWD UWYy ¥R B KR W O oVRERS0 PW DL RBIGY b
H

FOLHQW LV FRQQHFWHG XVHU DSSHDU VDG DJHG RU XQZHOO Zk

&P o W U
RYVWWUIFE HG RN BYPYVR O
K
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LQFOXGLQJ PRYKQY VRMFMWHMQ PLQDU\
UHVXOWV RI D QF,5 OLIJKW VSHFWUXP
VHIPHQWDWLRPPBEVR¥WY DQG VWDW]
EDFNJUBRRQGWKLY SURRI RI FRQFHS

,5 FDPHUD EXW LW ZLOO EH UH

FDPHUDV LQ IXUWKHU WHVWYV

‘H KDYH FRQILUPHG WKDW ERWE
RFWDYH DQGRDHURD WEHDUH QRW
IUHTXHQF\ WKDW LQWIYV ,5 FDPHUD 7KX
LV SRVVLEOH WR VHIPHQW WKH X"
ZLWK LWIKSQRWRXHVWHG ZH KDYH
WKH UHVXOW LQ WKH RWKHU )LJ
VKRZV WKH SUHOLPLQDU\ UHVX(UHQW
,5 HPLWWMHDIR/SDSR/LWLRQV DQG WK
UHVXOWY GXH WR GLITHUHQFHV LQ
WKH UHVXOW LV EHVW ZKHQ WZR
WKH ERWWRP OHIW POUMKHU H[BHULPHC
QRZ UHTXLUHG WR GHWHUPLQH LI
DQG SHUKDSV FDPHUDV ZLWK JUH

yLJ 6HIPHQWDWLRSUHRPRXV 0(67(5 OF FRXOG LPSURYH WKH UHVXOW

*DXVVLDQ BDMWGUHILIKW LPSO LQFRUUHFW
UHJLRQV DQG MDJJHG HGJHWKH SUHYLRX\SUﬁVZS'\ﬁ§<6IPQI?]O TXDOL WA

FRPSDUHG WR WKH ILGHQJIVKDGRZ GHWHEQFO® TXDQWLWDWHLWHOWBWER UIBD[@ VW K CRIX
JUH\ RI WKH FXUUHQW PHWEk SODWIRUP LV SWBWHWVBQWREB8DULY >WE&H WLPI
XVHU DSSURDFKHVY WKH RXWIF > @ 7RHTXLUH D VHTXHQFH RI | WKHQ VHJPHC
FDPHUD VHWXSS SRHWD YWIWR EH VHW HQFRGH YLGHR DQG UHFRQVWI 7KLV
EHLQJ FDBWXWKHK FDPHUDYV DUl VHFWLRQ SUHVH RI WKH QHZ GLVWULE
$SDUW IURP WKH TXDOLW\ RI WK UHQGHULQJ VXEV\VRMHPRZHG E\ WKH HQ
IDFW WKDW XVHUV PD\ KDYH GLIIH ODWHRBEMHYYHG GXU

FDQ UDLVH QHZ VMKXRXWVWKUWIHH LF 7KH ILUVW VWDJH LV PHVK FRP¢
UHFRQVWUXFWHG DYDWDU RI D XY DFKLHYHG XVLQJ WKH /=0%$ DOJRL
GLITIHUHQW GLVSOD\ WHFKQROR. VHULDOL]LQJ WKH FRPSUHVVHG F
UHFRQVWUXFWLRQ ,I VKXWWHU J YLGHR IUDPHSUHDHEQWY, WLPHV IR
WKHQ H\H JD]H LV QRWFED® WXUIH® DQE WKHHG WR GLVWULEXWH DQG U

H\HV DUH SDUWLD@OIXROEKF@RGHWY X VLWHYV

OLWWOH RIYWKIHEOMHFH7KM UHVXOW 7KH SDFNHW IRUPDW DQG VI,, 7KH
IDFLDO H[SUHVVLR@NVFWHERMIVWMMHY SDFNHWV DUH WKHQ GLVWUL QHWZRUN
FDSDEIOXWLOL]LQJ ERWK DV ZH UH FRQQHBWRRQHFHLYLQJ WKH SDFN
ZLOO KDYH D ' FDSWXUH V\\ GHFRGHG DQG WKH P

:KLOVW FRQGXF WKH DXWKRUV FDUUL

% 6HJPHQWDWLRQ IURP VWD! ODWHQFNRWHNVNKM DQG UHSHDWHG ZLWK
$ VSHFLILF JRDO ZDV WR VHJIF FRPSDULMRQHVXOWY DUH VKF

)L $ELOLW\ RI WKH VIVWHP WR FROYH\ SRLOWLOJ |

&RS\ULJKW F ((( 3HUVRQDO XVlI
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J)LJ 8QLYHUVDO IDFLDO H[SUHVVLRQV RI HPRWLRQ DQG H\H JD]JH 7KLV ILIXWKH/ KRXW(D ' UHF
HPRWLRQV DQG TXDOLW\ Rl H\H JD]JH LQ WKUHH GLUHFWLRQV

7$%/¢ 78%/(,,
' 675,%87,21 $1' 5(1'(5,1* 68%6<67(0 7,0,1*6 /$7(1&< 2%6(59("' '85,1* 7+( /,1.836
3URFHVYV 7LPH PV /IRFDO 7+,1.0DE '/5
OHVK FRPES 2FWDYH 6DOIRUG *HUPDQ\
OHVK GHFRPSUHVVLRQ 6DOI
9LGHR GHFRPSUHVVLRQ IUDPHV ! \Y \Y \Y
8SORDG WHIV 5HFRQVWUXFWLRQ
8SORDG PHVK WR *38 6N\
5HQGHU
7KH XSGDWH WR WKH VHIJPHQWDWLR®WWVIRFY EOkQN XSHWHYWEHG LQ
BHFWLRQ ,,, % UHVXOWHG LQ DQ LPSUKYNPHHIW LBQWNKXP BB B X UHW WIKGIGL QLW |
WKXV LQ WKH ' IRUP RI WKH UHFRQWMUW H® & bDRADWOXW RSRHZHYHU LW LV

FXUUHQWO\ KLQGHUHG E\ RXU DJLQJ KD WEKIDW HOLEWBSFRWKHTXKQIMHH RI Ol
D UHGXFWLRQ LQ WKH WHPSRUDO THKOKY W LRRIQW KHQG\VWPRPIKDV EHMHWD U
H[SHULHQFHG :LWK QHZHU KDUGZDUFHWKGOQWH?YERQBI® 2V KXW HIR XCRGSEGD WD

UHVROYHG WKXV HQDEOLQJ RYHUD®WVLASURYNPHOHNY GDDWBWBOHP,SL[HO ZL
GHPRQVWUDWHYV WKLV E\ SUHVHQWRRUHWKKD @HD'® WLPH WDNHQ WR

VHIPHQW D VHTXHQFH RI LPDJHV RQ DrRQXWEHBVWR IWRL IMHKIHHQWEHDO LPPHIL
*38V 7KH *H)RUFH *7 LV WKH FDUGHRBEFWHBWIOQ BLHSORWHKEH LRXUUHQW V\VYV
WKH UHFRQVWUXFWLRQ V\VWHP WHVW GRHV QRW IHDWXUH LPPHUVLYH

$QRWKHU DVSHFW LQIOXHQFLQJ WXWHW\HP)XRUDOL ®ROXE MWWIDHWH RV KW K HF X U U
VI\VWHP LV WKH VWUHDPLQJ RI WKH WHKBR®® VWHUPW HRRQ OY B B R G WH FAPR LW K H
KLJK UHTXLUHPHQWY RQ EDQGZLGWKQ WKW RFVBXHHW RKWEBH VDKW RMKDAW V D
WKH ' JHRPHWU\ DQG VHYHUDO +' YALRSWIRRQU GRPHY HIRUBYDWDHNPH G
DFURVV WKH QHWZRUN $OWKRXJK VLORSOH FHREVFWKSIURRRERQHMW DQG L
IDVW K YLGHR DUH XVHG UHODWHUYHB\ VORHMVUDKBWD WEHYHD OHQNHG L
FXUUHQWO\ DFKLHYHG ,Q RUGHU WFR RYRLUX WPHWIGRQ JRO DW K DFPIRSVYXMIH RV \V \
GDWD WR VHYHUDO UHPRWH XVHUV QLISHEBHQWH MV H U VZ AR R/M \8 DXIBNVD R Y\WM K HW K
VLWH LQ *HUPDQ\ 7KLV UHGXFHG WHBIFKW FBXQMWWR VHNLDQJOH WWQRIBFRQO\
IURP WKH 8. WR *HUPDQ\ DQG DO O R XHG JX¥\Q MRD & HY WQIG EVYWUH VK H' YLGHR DY
YLGHR VWUHDP WR XVHUV LQVLGH WKHIS$H VHIQGY MR B\ K\W UFDOGOWWMLHRID D@ EHW K F
RI RXU PXOWL SLSH YLVXDOL]DWLRQDWO\WRVHPR 6HRIZIMRUHU 2ADKLW KOH & VQMRD E
LQFUHDVHG GHOD\ ORUH DGYDQFH®GFRPGURSWLRQODYEDENWDI V\VWHP
UHGXFWLRQ PHWKRGY DUH QHFHVVDUHWRD®OHN D FKDGL RIQ HUDWPHU VRAQHFWHG X

Lso6 ZLWK IORRU H[WHQVLRQ DQG RSWLFDO V
7<3,&%/ 3%&.(7 &,20321(17 6,=(6 XVLQJ D GHVNWRS V\VWHP

LWHP 6L]JH E\WHV 7$%/(9

&DOLEUDWLRQ GDWD 8203$5,621 2) 6(*0(17$7,21 7,0(6 :+(1 3528&(66,1* 7:2 675($06
(QFRGHG YLGHR IUDPHV 6,08/7$1(286/< 86,1* 9$5,286 *5$3+,86 &$5'6
FDPI DYHUDJH RI

&RPSUHVVHG YHUWLEHYV *HYRUFH *7H)RUFH *7; 4XDGUR *H)RUFH *7;
DYHUDJH QXPEHU RI YHUDWIHUHD/IH R I[UDPHV :
&RPSUHVVHG WULDQJOHYV PV PV PV PV
DYHUDJH QXPEHU RI WULDQHOBYH RI IUDPHV
&RS\ULJKW F ,((( 3BHUVRQDO XVH Rl WKLV PDWHULDO LV SHUPLWW

+RZHYHU SHUPLVVLRQ WR XVH WKLV PDWHULDO IRU DQ\ RWKHU SXUSRVHV PXVW EH REWDLC
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)L3 8VHUV JUHHWLQJ HDFK RWKHU IURP ODUV 7KLV ILIXUH VKRZV D XWHU PEDRR QUKBIWG WKUHH
WRRN SDUW LQ WKH H[SHULPHQW 7KH WRS OHIW SLFWXUH VKRZV KWVHWFWFUWHKWUKREZWDYH ZDY
DYDWDU ZDYLQJ LQ WKH 7KLQN/DEOHIWRZHPQGEDOAOKY. VKKH HRWWRPWLRQ DV LW ZDV YLH.
*HUPDQ\ 7KH VWHUHR YLHZ ZDV UHPRYHG IURP WKH WZR 3RZHUZDOOV WR WDNH WKH SLFWXUL

)LJ VKRZV IRXU SLFWXUHV VKRZLQJ XVHUV JUHHWLQJ HDFK
RWKHU IURP ODUV 7KH ILUVW SLFWXUH VKRZV D XVIHWsE®OYLQJ DW WKH

UHVW IURP WKH RFWDYH ZKHUHDV Wk RWKHY MWK S WK HEK LN A gRR-
SHUIRUPHG E\ WKH ' UHFRQVWUXRMihG sBYURWEFH WKYR \ibKD%gHD ODUV V
YLHZSRLQW RI HDFK RI WKH RWKHUEYHGYy Ky SPY WL RIpKRRAIW O RRERERQV
IUHHO\ QDYLJDWH DQG WDON WR HDGKAWKBY\ )LypyEHFLRWMYD KRS WHH p
- UHFRQVWUXFWHG XVHU LV YLHZHG/ || BRB vWo-bIIR NN M ESIFRELQWV Y WD vHW
RQH XVHU PRYHV DURXQG KLP 7KL\piphHA Wb WRROD\ EH
RITHUV WKH XVHU LQWHUDFWLYH IXQEWHRBR®LWHHRY YHDRG[HDERY H WKBWH
RIIHUHG E\ WUDGLWLRQDO YLGHR FRRIGHHQFLB#EOREPERLZLER L ¥BHYN WR/ VLR
YLHZ 19& IURP DQ\ DQJOH IDPLO
7KH ' DYDWDU LV VWUHDPHG IURPpWK @ Rb UHPRV
K%ﬁ'&v FRQF!

g
VHQGLQJ LW GLUHFWO\ WR HDFK XVKHEGgR
VHQG LW WR WKH GHVNWRS FOLHQW HG HHGHG LC
WKH RFWDYH
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YLJ 7KLV ILJXUH GHPRQVWUDWHY WKH RFFOXVLRQ SUREO KH YLHZHU ZKH

XVLQJ YDULRXV GLVSOD\ GHYLFHV J/HIW QR VWHUHR 3% bOL A BHY HE[S\(J"HWH%W&%WHMXOW‘
VWHUHR JODVVHV H\H JD]JH DQG VRPH IDFLDAJVREOWKKNW REVERD AP RYGENHG) HHYHG ZLWK
ORVW RI WKH IDFH REVFXUHG LGHOWLILF SRVLWLRQHG R o UGV DQG ERYV

&RS\ULJKW F ,((( 3HUVRQDO XVH Rl WKLY PDWHULDO LV SHUPLWMW
+RZHYHU SHUPLVVLRQ WR XVH WKLV PDWHULDO IRU DQ\ RWKHU SXUSRVHV PXVW EH REWDLC

This work is licensed under a Creative Commons Attribution 3.0 License. For more information, see http://creativecommons.org/licenses/b



This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation info
Transactions on Circuits and Systems for Video Technology

)LJ ,OOXVWUDWLRQ RI WKH FXUUHQW
LPPHUVLYH GLVSOD\ DQG VKH LV DOVR WKH R?_O\ R(%H IDLWKIXOO\ UHFROVWUXFWHG LQ
1RWH 7KH VI\VWHP WHVWHG XWLOL]JHG R JLJ KLV ILJXUH LOOXVWUDWHY IUHH YLHZSRLQV

GLDJUDP UHIOHFWV ZKDW LV DFKLHYDEOH zLWRSWY b YXEMHEMNoD WikdH FHWRRAVKH OHIW FH

WRJIJHWKHU IRUP D WHVWEHG WKDW HIRRKO & | | VKIHO/HN B RAHS Ri QSHHOUN VP HKQ@VE D BVHL IR G
DURXQG VRFLDO LQWHUDFWLRQ DQGQR®VR SURYLGH D GHPRQVWUDWLRQ RI
WKLV IXQFWLRQDOLW\ LQ D UHPRWH FRKLO/D ERIDIWDUHH FHWZOIBIWLREKHVH QR
ORVW 19&V VXFK DV LQWHUSH UV RIMWMVR FLIDWHGE ZHWKQWRUOEWMLR®DO QG W
JDJH DQG JHVWXUHV RI IDPLOLDULWWHDDAWDRQWHGHEQGV®FLRO LQVWDC
LQWHUDFWLRQ 3HRSOH REH\ WKHVHYEDWLMF \DRFEL DIKHRFOHW 2KHRX ®&DHRQGEI 9
D YLUWXDO HQYLURQPHQW ZLWK HYRRPP XYQHU\D WLLRRSD HVHEKW R DA JK XIP\D QI H Q H
> @ +RZHYHU WKLV KDV QRW EHBIQ\WKHWOWHBXWLWRXRG DWKHNVDWDEOH Pt
UHSUHVHQWDWLRQ RU ZLWK IDLWKIR®A YUHHPFHROQW W\ XAFRADLDRAQU B L Q GG QVARL \IV \ VIHQC
IDFLDO H[SUHVVLRQ 7KLV LV QRW BWUB FIRQ@IFDWHGONVKZKQR ORHO BRI HVHQ |
VXSSRUW LW KDV QRW HMWHQREN EGLXRBEMBROINEOHWWHQWLRQ WR VRPHWKLQ.
ILUVW V\VWHP DEOH WR VXSSRUW LAKHQ@® SHRGIOMLRRQIPRIWI B RY HF DY FEHQ G H [
HVWLPDWHG WR ZLWKLQ WKH WROHUWFRQ@FMHV[WR | MR BLDIX H QWKHDWD FAR IOR BV LLORIP R
YLGHR UHFRQVWUXFWHG DYDWDU BDPBWRQBGLEWHRUBMHUWRQ DRXGVVEBD QFH k
LPPHGLDWH VRFLDO VSDFH > @ > @R |+RRZMPOHQL FDRALIORHQ WXISSRQRO RRIV WKH D
WUXVW DQG UDSSRUW DQG VKDUHG H[S
EH LW UHDO YLUWXDO RU PL[HG 6XSS
'5,9( DSSOLFDWLRQ E\ WKH LQWHJUDWL]
KDV SURYLGHG D FDVH VWXG\ DQG SODW
DUH VXSSRUWHG DQG XOWLPDWHO\ LI W

SHUIRUPDQFH DQG H[SHULHQFH )LJ
UHPRWH SHUVRQ FDQ EH YLHZHG IUR
GHJUDGDWLRQ RI TXDOLW\ 7KLV LV XQC
WKDW FDSWXUH D SHUVRQ IURP SUHGRP]
8QIRUWXQDWHO\ 19&V PD\ ORVH WKHL
VSDFH LV QRW FRUUHFWO\ RULHQWDWFE
OLQNXS WHVW VKRZHG D SUDJPDWLF D¢
EHWZHHQ OHJDF\ GLVSOD\ V\VWHPV F
LPPHUVLRQ ,Q VLPSOH WHUPV GLVSO
LPPHUVH D XVHU FDQ EH OLQNHG VR WK
HDFK RWKHU +RZHYHU LI DQ\ GLVSOD)
XVHU SHRSOH FDQ DW PRVW ZDON XS W
7KH OHJDF\ GLVSOD\V RI WKH &5266 '5,¢
ERWK NLQGV 7KH SUDJPDWLF VROXWLRC
LQ IURQW RI D ZDOO GLVSOD\ ZDV XVHG
,Q WKLV FRPSURPLVH SHRSOH FDQ FRPI
RWKHUYV VRFLDO VSDFH ZLWKRXW WKH
GLVSOD\ WR VWDQG ULJKW XS DJDLQVW
FRQILJIXUDWLRQ ZLWK RQH DYDWDU M»
QDWXUDO VRFLDO VSDFH $ VHHPLQJO\
" LV QHHGHG WR DOORZ PXWXDO H\H
SHRSOH \HW ' JODVVHV RU +0' RFFOXG

yLJ /ILQNXS DUFKLWHFWXUH 7KLV IXIXHH VISREZD MPKOHWFXB UVR'® PWAKR HAWWVR WKLV LV QRW
LQLWLDO WHVW FDUULHG RXW

&RS\ULJKW F ,((( 3HUVRQDO XVH Rl WKLY PDWHULDO LV SHUPLWMW
+RZHYHU SHUPLVVLRQ WR XVH WKLV PDWHULDO IRU DQ\ RWKHU SXUSRVHV PXVW EH REWDLC
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RQ SDUDOOD[ WR VXSSRUW PXW XD OWXB]H X:34S RDW LDO UHIDGHRV BRRYLGH HYL:
WKDW JD]JH FRXOG EH DFFXUDWHO\ GHWHWIQ QUKEOHMRID LQWRGEBUVRQDO
ZLWKRXW VWHUHRE\JOIDWAMALVF L S D@ WNV WXRUMIVWULRJIEULQJ WKHP WR LW H J
UHFRQVWUXFWHG KXPDQV XQWLO WK®®\DBSHDRIH®KMRD®RBRID UDMWZDKHPHFRQ
+HUH ZH KDYH WULHG LW RXW IRU WRMDIHUD/ODHEH ERQEYRYWLR @DOLER,URKVW
H[SHULPHQW WUDFNLQJ DQG DQRWKHU RQH IURP D Gt
2XU DSSURDFK SURYLGHV D FRPSURBIOAHVEWMEZP MR WRXH TXORZOHGYH WKDV
RI YLGHR DQG 95 2QH RI RXU JRDOVXML QUR ED®MR FH HAR/XDWU ¥BWIWRQ@OD QG
DQG WHPSRUDO TXDOLWLHV WR WKHIBG®0QWLQKHRRHWWRE \ WDDFXNKES B DW DV K7H
OLQNDJH EHWZHHQ LQWHUSHUVRQD® | GHLR/ZVKAH WH\R DB B FODFK HU FLP®D FW
H[SUHVVLRQ 7KH RWKHU JRDO LV WRSSRUMIBE ®XUDGS O RFD W ORLQD WH D VF W |
HQFRXUDJHV SHRSOH WR PRYH DURXDS PRIGNG MMHFXF FRKHVDLE O OMGBLWDVN S|
DSSHDUV VXIILFLHQW WR FRPPXQLFDW H WXUWRXFIXOWRKRIQ WUFIHE XLWEGLHRQQNV L W\W K H
JDJH DQG HPRWLRQ )LJ 7KH JUD @SGDRDWK IRV RWRKWKDQRIQVSDE BDEHW ZHH (
FRPPXQLFDWLRQ VFDOHV WR FOHD UG ILVQIHIF WHYAWHIHW R| QL PPHURY RRI )RU |
VSDWLDO TXDOLW\ RXU FDSWXUH D@® QM FRIQASW DX FADIVR € [W H BIGRILGT XZH W K DIO |
WR IX0O GHJUHHV DURXQG WKHLPSBRMHAWYKH LV SRUMW RRIRXB& LQ WKH
GLVSOD\ VA\VWHPV PDWFKHV WKLV WKH BWKHUNQ®R GLR\S O DDW HD@FO RIZV W K H
PXFK ORZHU WKDQ ZKDW KDV EHHQ VOWFERGNGWIRDWHIGH B L IRWWK MU PIX ZQ W K Y L C
IUHH YLHZSRLQW V\VWHPV +RZHYHU $LWH\VQRWHOOWHF¥XBRP®RAVF & LFMRQW UL
PD\ LPSDFW RQ PXWXDO H\H JD]H EBKEZY PRIXWKRP® Gl RIR CBD RN JOREQG VHJIPHC
YHUEDO FRPPXQLFDWLRQ LQ FRQYHDODWREZRQD G HUXRQ WBNED JF D)XW WKHE ZL
LPSURYHPHQWY DUH EHLQJ FDUULWGDWXWKH\ FRQLEH *DPSRUWHG  OLYH L
FRQVHUYDWLYH WLPH PDQDJHPHQW TIBEYLRXAK PIHQ\GK R @ VE V0% SIR BIWWHIGL V H J P H (¢
ZLOO PDNH SRVVLEOH WR DFKLHYH ODUW M®BMH\F REDIFINR ¥ @ & GKE\O | VREIHW HU W |
WKH &5266 '5,9( SDUWQHUV KDG GLVWLQ
9, &218&/86,216 7KLV PHDQW WKDW VRPH SHRSOH QHHGH

‘H KDYH SUHVHQWHG WKH FRPELEBWLRY &Ry BRENIYRARQRGRYXRPH IURP D V
WHOHSUHVHQFH V\VWHP DQG D 0DUWWKKOD WRE BriuRRAL QPDYVAFR WY R W
IDFLOLWLHV LQ *HUPDQ\ DQG WKH WHFKQLKDQ) KRR LEL §1L WRY EHHQ G
GHPRQVWUDWH KRZ VSDFH VFLHQWRQYWLREIKBMHRRW Db EHRNQ LS OHPH!
FRQWUROOHUV FRXOG GLVFXVV 0DUVYRpUWY XkEFVz WAKHR R WU kY B HHIGPR/RH
WUDYHO WR VLQJOH VLPXODWLRQ IBAI1L WOV QR‘?;HXNHWKﬁsgﬂELUWIEIDL%\WW
FRXQWULHVY 7KH FRQWULEXWLRQ RIRFRKHWY RGN L v By RIRB ¥ Y HRALIRIY W (L P
D WHOHSUHVHQFH V\VWHP WKDW DO8REZYQshbyy WHRoEHRW WHRW YD IDWLRQ RI
ODUJH UDQJH RI 1RQ 9HUEDO &RPPX@E#‘DWLL‘]RRC%J R gWKEMyERYN LV LQ WKF
VLPXODWLRQ WKDW SURYLGHV FRQWHA®WRBRSRJI\pG&H HQREEH @WVRIY RE kDN F KT
GHPRQVWUDWHY XWLOLW\ ZKLOH DGRV KLY WH R IR\ R RO Rio WHWH Vv

&XUUHQWO\ FRPPXQLFDWLRQ WHFKOYROFRDR HVRE R XEHWOMLRR vREERVWP UV 11
WKH OLQNDJH EHWZHHQ LQWHUSHUWRMY BRWWHQFH PYH LR 4R UbloR! 2
IDFLDO H[SUHVVLRQ $ NH\ SUREOHKOMX QREN G oS H L L PMM@VXSSRUV‘
VSDWLDO \HW UHWDLQLQJ VSDWLDOERWEHWHRW LEMURRWSH WKRIYRO o &6 WHRIE DM
UHVRXUFHV LV KDUG ZLWKRXW GLPHOIWRYYLERWKHXE WKH VIR &L \RPKDYH DG
‘'LWK RXU DSSURDFK JD]H LQWHUYSH 3d WIWWDYo MR EROORFH YLVX
H[SUHVVLRQ DQG RWKHU 19& FDQ ERXBRPWXHVFDWIEY WY Ry RYXH WKDW W
PRYH WRJHWKHU DURXQG D SODFH REJIRIW HRY VW X\Whr kZBYNp BBp B@PORELQJ
VLWH 7KH XOWLPDWH DLP LV WR DORIR SHREQDH WRO HE M PRl Q DF
DFFXUDWHO\ FRPPXQLFDWH ERWK zZKDRPWRHRPWOHLRDDOMW b QirERYGM \b PR
KRZ WKH\ IHHO DERXW LW ZLWKL%FW'I’(QIFW:R PR LAY\ D KRKDY KBK WHFKC
VLPXODWLRQ 7RGD\ WKLV LV PXFRLMWYLESWAHG QYRR FRKHDGERQ DQG Ul
SK\WLFDOO\ WRJHWKHU ,Q ZLGHQLQRR®WRE BRHP WL RQ e k¥ W FPURRREK FRXO
FRQWH[WXDOL]JHG ZLWKLQ VLPXODW@W&%{?'UVMB'E'JQ@VDW HHd%VW%\%’#HPRV‘
WKLV ZRUN FRXOG XOWLPDWHO\ LPSBbRWPFBWLR @ R RFRPHRH WKDW WKH\ QI
$Q LPSRUWDQW FRQWULEXWLRQ LVHR L®P X\ A KsRiy HE R RYRyS DU
PHGLDWHG VRFLDO LQWHUDFWLRQ M8BHYRHRE WL Y- FHNDRRPER® FRC
LQWHUSHUVRQDO GLVWDQFH Pxwxod Po{RRfEIPFERDH RHZEHVYLR MSD
OLNHO\ WR SOD\ D UROH %RWK WKHISKRWRIEDsRYHEG WKL\VEBUWREDBXCBHHER)

&RS\ULJKW F ((( 3HUVRQDO XVH RI WKLV PDWHULDO LV SHUPLWW
+RZHYHU SHUPLVVLRQ WR XVH WKLV PDWHULDO IRU DQ\ RWKHU SXUSRVHV PXVW EH REWDLC
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DSSOLFDWLRQV FRXOG LQFOXGH URPRWH 'H 'SEFQ"\VJWUH5WFKQ-IUDS5\D|'D@GGVD+HWG 5

EHWWHU XQGHUVWDQGLQJ RI WKH LPSRUPR, F@XH% gx{;@&ﬁ,ﬁ@ﬁ'@ Y HBED
FXHV LQ LQWHUDFWLRQV ZLWK YLUWXD(bdﬁ_X@’@;QWL@)&u:lRQJH v@dJaDe@uﬁm
VHOl WUHDWPHQW +RZHYHU WKH ZLGHVARQLHUHD FkV PD95FRPSHK((1URP

DGGLQJ NQRZOHGJH WR WHOHSUHVHQPH UPE (g K H

WKDW QHHG WR EH PHW EHIRUH WKH DEFEL%% %%5@,@ ';, %Kvpﬁ&%%ﬁfﬁﬁi%%
UROH LQ VWDUWLQJ DQG PHGLDWLQJ@ RQYHU VDOWLIRGV. 6 Q6 HYLNMMRRG L*QUG !
WKLV FRXOG OHDG WR JHQHUDO UDWKHWHW@%% LR#JKHRB@%LPl@ﬁFREP-F\%LW%gg

EULQJLQJ SHRSOH WRJHWKHU DFURVYV 3[8 RW&%’@Q@'DWLR

UDGLFDOO\ UHGXFH GHSHQGHQF\ RQ WWDYHG [B@@FNLFPEBJ_URY:H&T()QDO*LWA RQG 1

OLIH DQG UHFRJQLWLRQ RI ULJLG RE&MEWVROVL
6\WWHPV O0DJD]LR® (&S

> @ $ ODLPRQH DQG + )XFKV S5HGXFLQJ L

$33(1',; PXOWLSOH VWUXFWXUHG OLJKW G HISWXID O/ H C

9LGHR IRRWDJH RI WKH OLQNXS WHvVW"EBQ" EHRYRXIPE" LG PRAARVIWISEY 95

IROORZLQJ 85/ KWWSV YLPHR FRP > @ $ ODLPRQH DQG + )XFKV $ )LUVW /RR
6\WWHP ZLWK 5RRP 6L]HG 5HDO 7LPH ' &D
$8.12:/('*0(17 7UDFNHG 'LVSOD\ SUHVHQWHG DW WKH ,Q

12:(0( $UWLILFLDO 5HDOLW\ DQG 7HOH[LVWHQFH ¢

'H WKDQN -RKDQQHV +XPPHO )DQJ>&r@HQ2 $LWRF|’_|B@J*I-FXQQIQH* D FG(V7H50HHDSOU|Z\L/ZZ£§C
$QGUHDV *HUQGW IURP '/5 DQG _RKQ ﬁ %%ﬁQﬁM%EHW&H—I 9LVLR &DSWXUH
8QLYHUVLW\ Rl 6DOIRUG IRU WKHLU vxssR|u LA AW K+ z&wn&@mm&%tﬁmgubaqe

WKLV SDSHU > $ ODLPRQH DQG + )XFKV (QFXPEUDQH
VIVWHP ZLWK UHDO WLPH ' FDSWXUH DQG

GHSWK FDPHUDV SUHVHQWHG DW WKH OL][

5()(5(1&(6 ,60%5 WK ,((( ,QWHUQDWLRQDO 6\PSR\

> @ * - BREHUWV $ - )DLUFKLOG 6 3> &BpsLrRQS6 -$QHIbDGLY, 'o =DUSDODV DQG 3 'DU

ORRUH 5 $WBLMQRWK\RX2$Q ([SHULPHQWDO (Q&InMAMMEUXFWLRQ RI PRYLQJ IRUHJURXQC

7HOHSUHVHQFH 6\WWHP 8VLQJ 9LGHR %Dvﬁ%QV G BWHQAIRRHCDR Y, ((( 7WRDVDFWL

6HOHFWHG 7RSLFV LQ 6LJQDO 3(LRFOFHV\S[SQJ (S §XUQDo RI

=KDQJ 4 &DL 3 &KRX = =KDQJ DQ

> @ 5 :HVWHUWHLJHU $ *HUQGW DQG % +DP5H-¢'(?S VKH@JLGELDVdNVHEESWt' LPPHUVLYH Wi
5HQGHULQJ XVLQJ WKH KLHUDUFKLFDO +($/3L{-QLH_[6 HG GHRNO WD WHGHYIRXO, ( SS

> @ $ *DUFLD ' 5REHUWV 7 )HUQDQGR & @ypuU 5(RUE|HYH5?G&L\D W—RNORU DQG - ODOLN

DO $ FROODERUDWLYH ZRUNVSDFH DUFKLWP#‘J\Fvb’(k-JW 65'3 JUDSKV D K\E
FROODERUDWLRQ DPRGHVBYEBPHLHQWLVWYVEQWG SSURDFK UHVH HG DW WKH 3U
> @ 3 0LOJUDP DQG ) .LVKLQR $ 7D[RQRP\ QA B BQLHRPSXWHU JUDSKLFV DQG L

9LVXDO 'LVSOEHV7UDQVDFWLRQV RQ Qmu@DwuiQ) géN@\%Q\/HQ\G - 3RQFH S$FFXUDWH Gt
YRO ( G SS "HE BWIWHUQ $QDO\WLV DQG ODFKLQH

> @ 0 / 3DWWHUVRQ $Q DURXVDO PRGHO R|7E @/WQ)%‘NBW%@@SLQWLPDF\
3V\FKRORJLFDRO5HY L$iZ @ %D XPJ SRO\KHGURQ UHSUK
> @ " - BREHUWV - 5DH 7 : 'XFNZRUWK & YGV'e'&‘RLEJFFF@'Lb"§¢QsJV RlI ' WKH 0D\ QDV
$VSLQ (VWLPDWLQJ WKH JD]#HLRXDDOVY W QG HISQVOLWLRQ
DQG &RPSXWHU *UDSKLFV YRO7UD®BEWERQV R JUDQFR DQG ( %R\HU ([DFW SRO\K
%ULWLVK ODFKLQH 9LVLRQ &RQIBBHQFH %¢
> @ ' BREHUWV 5 :ROIl 2 2WWR DQG $ 6WHHG _&RQVWUXFWLQJ D

*DJHER VXSSRUWLQJ WHDPZRUN LQ D WLXRWO)\ FR7>BSQ)]HG CKRWULEMWHE wiWN DQG + <L
LQ YLUWXDO3UBWBIQIW\ 7HOHRSHUDWRUYV 5665’ LB R&ptbV XVBQ\JXWQQ]@W\W—‘RQ DQRG &
(QYLURQPRIWYV SS UDSKLFV ,((( TUDYPRDFWLBGQV RQ
> @ 9 9LQD\DJDPRRUWK\ 0 *DUDX $ 6WHH® D, G 5 BthbwHy - Lo §\§g $KQ + R 0 7 /LF
JDJH PRGHO IRU G\DGLF LQWHUDFWLRQ LQ? @OLWIDWE'JVLPHD 1DV KRB o L Q SWHRAHRGLLYQH \P
HQYLURQPHQW 3UDFWLFERDQBWHSHWDSEERY! MgKH 6,**5$3+ LQWHUQDWLRQDO F|
YRUXP ss 5HD LW\ FRQWLQXXP DQG LWV DSSOLFDWLF
> @ 0 60DWHU $ S5RYLUD 5 B6RXWKHUQ
&DPSEHMO DOVWDQGHU UHVSRQVHYV WR>D@{LRoﬁ %@-LQSQ—Q% 'Qllfbg BURMHFWLYH F
LPPHUVLYH YLUWXDIRBE ®RREURQBHEW FRQ XFWLRQ DQG UHQGHF
> @ YDFHVKLIW ODUNHUOHVV IDFLDO PR@LRQO\NLII#NEQQQ % 'H "HFNHU 0 O0DJQRU
VIVWHP > 2&YDUQKNEVDOH ZZZ IDFHVKLIW FRP $HWH®)®RDWLQJ WERWENWWU L
> @ 9LFRQ 9LFRQ RSWLFDO PRWLRQ WUDMPL%'—RM\)WHW
> @ + )XFKV * %LVKRS . $UWKXU / W®WoLOODY RsJWRaF WMHBENRHVHOWHRQ DQG &RPSXW
DO 9LUWXDO VSDFH WHOHFRQIHUHQFLQJ xviLd§ TWRRWDRWRBR M BE
3URF )LUVW ,QWHUQDWLRQDO &RQIHUHGQ®H R(?O oﬁ't\’MFWo%RéfﬁM[F\% gBVVDY'—W"W /HJI
&RPSXWHU $VVLVWHG 6XUJHU\ DO WD QWHQV'-YH V8 H 8 A HHPPLHQUIWL R
> @ 5 5DVNDU * :HOFK 0 &XWWV $ /DNH_/ WWH Q%’V WLRQGHKY FRQIHESQFH RQ 0XOV
7KH RIILFH RI WKH IXWXUH $ XQLILHG @ssuRDFKkIWR LLP|5JH&E<dS|\QHG3 $ &KRX = =KI
PRGHOLQJ DQG VSDWLDOO3URPHWELYBHVGRNVE&BERHUYHF%RDUG PPHUVLYH 7HOHSUHVHQF

WK DQQXDO FRQIHUHQFH RQ &RPSXWHU JubJs'-MLP@ W@QWW@_QWHR| WKH UG $(
WHFEKQLTXHYS QIHUHQFH RQ +XPDQ )DFWRUV LQS&RPSX\
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