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$UWLFOH ,QIR $SEVWUDFW

e HE H LY KO 6HLVPLF PHWKRGV DUH DPRQJ WKH SULPDU\ DQG
SHEHLYHG Lo sHzewme RESGURFDUERQ H[SORUDWLRQ DV WKH\ HQDEOH FRPSI
Rl WKH (DUWK V VXEVXUIDFH +RZHYHU DFFXUDWH L
SFFHSWHEHPEHU GHWDLOHG® | DIR@\RLVFDO VWUXFWXUHV RIWHQ LQYR:
3XEOLVKHG 'RIGBREHU GHFLVDRQQJ SURFHVVHV &RQVWUXFWLQJ DQ LQLWLD
VHLVPLF REVHUYDWLRQV LV D FULWXBRDXIH DN \KMB S
LQIOXHQFKIG EQWWUSUHWHUYY H[SHULHQFH DQG SU
VXEVXUIDFH VWUXFWXUHV VDOW GRPHV DUH RI SDUW
2, MP H FKDUDFWHULVWLFV DQG WKHLU FULWLFDO UROH LG
H\ZRUGV PDQDJHPHQW DQY®VRUBYKXWBOSEEHLFDWLRQV 7KHLU GL
FRPSDUHG WR VXUURXQGLQJ VHGLPHQWY PDNH WKH
GHLVPLF DWWULEXWHV H\WWULEXWHYV 1HYHUWKHOHVV WKH PDQXDO GHOLQ
7H[WXUH DQDO\VLV FRQVXPLQJ DQG SROVRQWNDIEDAS HRLDROO\ JLYHQ Wi
SWWULEXWH VHOHFWLRJHGXQGDQF\ DQG FRPSOH[LW\ RI WKH VHLVPLF DW)
COXVWHULOY FKDOOHQJHV ZH SURSRVH D QRYHO XQVXSHUYLVE
LGHQWLI\LQJ VDOW GRPH JHRERG\ LQ ' VHLVPLF VI
OHWDKHXULVWLF 2SWLPIHPWURRFWLQJ D GLYHUVH VHW RI VHLVPLF WH[WXUH I
DWWULEXWHYV DQG QRYHO WH[WXUH GHVFULSWRUYV
WHFKQLTXHV )JROORZLQJ DWWULEXWH H[WUDFWLRQ
WHFKQLTRNV/ YXGBRFLDQ 6FRUH LV HPSOR\HG WR HOLF
RU KLJKO\ FRUUHODWHG DWWULEXWHY WKHUHE\
LQWHUSUHWDELOLW\ 7KH UHGXFHG VHW RI UHOHYD
FOXVWHULQJ DOJRUMMKEHX EEIDMHIGE RGWLPL]DWLRQ
DOJRULWKPV DLP WR SDUWLWLRQ WKH VHLVPLF GDWLE
WR JHRORJLFDO DWWULEXWHY SDUWLFXODUO\ VDOW
LQWHUSUHWDWLRQV GHPR QDWU B MY DWRXU D RE RY WO
PHWKRG 5HVXOWVY HPSKDVL]H WKH FDSDELOLW\ RI
HVSHFLDOO\ WKRVH JXLGHG ELQPHWDBKFXQLVMLWHWVE
XQFHUWDLQW\ DQG LPSUR

,QWURGXFWLRQ

8QGHUVWDQGLQJ VXEVXUIDFGWHUSBROWDWIDROQ WKH FRUQHUV
VWUXFWXUHY LV D IXQGDPHQWD®O PVSWEWQRI| UH@HBIN RQ DQDO
UHVRXUFH H[SORUDWLRQ SDUWVHX®BRJUEYV LQHGHIWDWWH\E QW KUR XJ
SRWHQWLDO RLO DQG JDV WUHNMHAMMQ H®VHAHIRZHYHU PDQXD!

B4 &RUUHVSRQGUR Y IKDXWAKHRW# V K DK LBRRR/E W ®HOL LD KR R



6ROWDQL HW DO -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEO

VHLVPLF VHFWLRQV LV LQKKBRHEW OC L \XSXTFHUWELTXH WH[WXUH
VXEMHFWLYRRQOWEC WVQPHRIWHQ WKHAXUUGRIMWLQFW SHWURSK\VLFDO
HISHUW MXGJPHQW > @ 7KL\ DWL®YJSVURNPREQHYWWHND EIHWWAHG IRU V
DGYDQFHPHQW R TXDOQWLWDRDWHYK UHWBDWIPREG > EDVH® 7KF
LOWHUSUHWDWLRQ ZKHUH VHIDSSUWFRDMWIULLEXWHBRPEQBODW WHFKC
SLYRWDO UROH LQ UHYHDOLQYDOWXEGRPHHVIHRBRNLMAMOJOHW DO >
IHDWXUHV DQG IDFLOLWDWLQJ PEKWKRFP® WHG DYBDVYPLW¥F ¥ROXPHV |
@ FHIFEVDWWULEXWHY DUH TXDFWXWDWHYCGHOGHQONRWHRQ 7R LPSUL
GHULYHG IURP VHLVPLF GDWD VAKMD VD @ H IO HF WS OHRREGIDHL.G-DER D O L Q.
JHRSK\VLFDO RU PDWKHPDWLRDHL\SFUFSHGWWBY BRHIWHKH */&0 FLC
VXEVXUIDFH > @ 7KH XVH RI ORHLIWRYRUDWWQLEXWKXKKBLLHY KDYH FR

EHID@ WKH V. EXW WKH GLDWWOWUHERWHRQZRWK VXSHUYLVHG (
VHLVPLF GDWD LQ WKH VDEOWIDONIHEXWRRB WHFKQLTXHV WF
GHYHORSPHQW RI PRUH VRSKLEMWHPBWHRBQSAUKRHFG VYROQQHIDGLWLRQ
WHFKQLTXHY  7KH V PDUNHKEGEHAVBPUVIWRUVLQ XFK DV */&0 DUH
DWW EDEXHWVEH LQWHUSUHWDWLRQFDSIWXW L RX OBPRFBOH[I[WKRORJILFDO I
WKH DGYHQW RI ' VHLVPLF V AAUWHY DQVWWL[WNKUWR WKH RULH
DQDO\WLY > @ %\ WKH vV  \WHVIH/EWN DWWULEXWHYV

KDG EHFRPH LQGLVSHQVDEOH IRR WGGXFHWXUDWKHD QGLPLWDWLRQ
VWUDWLJUDSKLF LQWHUSUHWDWHW®RGNV HDOWKHOQ\D WKFK DSSURLE
OHOGDKO HW DG ® @QSRERKWWHWHD®RSHG 7KHVH [IE@QNONGGH J
> @ LQWURGXFHG GLVFRQWL@DWWULEXWHYWXU® @©REHO HGJIH C
HQWURBXWMMWWER HQKDQFH IDX®/W[WVQGHWJWEWRWRAQ XVLQJ )RX
GHWHFWLRQ WUDQVIRUPV > @ $GGLWLRQDOO\
$PRQJ WKH YDULRXV FDWHJRULHYWRIG VVHIDWGPLLHFQWY D ZLGHO\ »
DWWULEXWHY WH[WXUDO DWMWALLEX\SHURFHWWNHJEKPRPEHHQ DGD
HVVHQWLDO IRU DQDO\]LQJ VHGDRLEF DRDIHMIDWEYRWQWO > @ O
7KHVH DWWULEXWHYV TXDQWLI\.KDSEWLHVD DM Ut D@ LIRDEDRGBFHG C
DPSOLWXGH WUHDWLQJ VHLVPRWWUWHEBKVRIQW DYGLPOJHRQ IUDPHZR
FRPSRVHG RI GLWWALRURDVED\EOWHVPH@VDWURDQRWQORWHKH QQRYDWL]
,Q VHLVPRORJ\ WH[WXUH LV G&DIOBHGD YW WIKEKWBSDWHYEBORSHG E\
YDULDWLRQ LQ VHLVPLF DPSOLIMXGHK XVNVEDDEGWWYRIRRWKHWR KLJ
GLVWULEXWLRQ RI LQWHQVLW)\ MDREROBLHY O GLYHWDPLEP PR XPHV
> @ 9DULRXV DSSURDFKHV KD YKXE BB QY GHYBO BSHWEHBWLRQ
WH[WXUH DQDO\VLV ZKFK FDRDWKEHVKEHURPHUJHQFH RI PDFKL(
FDWHJRUL]JHG LQWR VWDWLVW LFED@MMWULLERMWXERULDION D ODYANEGRLU P E R
EDVHG PRGH® BDDHSE& OHDUWUPLLWLRQDO DQG PRGKIND WH[W
EDVHG DQGEDWGMEURSHWKRGVEHFR®H LQFUHDVLQJO\ LPSRUWDQ
BWDWLVWLFDO PHWKRGV SDUWQRXIDDIIDH WDKNRMHQ EDVHGFRQWDLQ\
WKH OBWYWHROFFRUUHQFH PDWUL[ BS®URDAKMAMHSDUWLFXODUO\ FRQ
PRVW ZLGHO\ XVHG GXH WR VQKRNAR WNM FL&QIFA LQXDYH EHHQ V
FDSWXULQJ VSDWLDO UHODWLRKFNK®BBVIRU DXWRPDWHG LQWHUSUF
$PRQJ WKH JHRORJLFDO VW WXF@& XUDYWGEHRFHAWDEOH@ DQG VHL
WKURXJK WH[WXUDO DWWULE®$®EVWLRDOW DBRFHYFHPHQ WYV LQFO
SDUWLFXODUO\ LPSRUWDQW 7KHMHX BWDBRQUR A WRBRBNWORKKVDYV 80$:
ULVH WKURXJK RYHUO\LQJ VHOPHIZRVUDY\ OUNHKIFKS$SLPSURYH
EHFDXVH Rl WKHLU ORZHU G®HYROXWLRROFXOUDWHQWHUSUHWDW
GHOLQHDWLRQ RI VIDE®W B\R RHKBND\P HO/W HQAWLHW DO > @ DQG :DC
VLIQLILFDQWO\ LQIOXHQFH KWSRADPYERQS WRI DS LPSURYHPF
IRUPDWLRQ XQGHUJURXQG VWIREDBN SBRMGLFWLR®D LIQWXUELGLW
GULOOLQJ VDIHW\ > @ ,Q VH$FPQM Y6 FWWLRFKH ¥ @OWPLQ HW DO
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GLFWLREIMHG FRGHERRN FODVVLI(D_PFFWWFRBQORK\LFK

RXWSHUIRUPHG HDUOLHU WHFKQ

GHWHFWLRQ :KLOH VXSHUYLVHSG)] H VXSF\LVULYFLV
SUHGLFWLYH SRZHU LW LV KHD E GD!
ODEHOHG GDWDVHWY ZKLFK D

t?ODEH(

JHRORJLFDOO\ FHROPYS HR[Q P H

8QVXSHUYLVHG OHDUQLQJ KDV f@ ﬁWﬁD@EE;ﬂ%
YLDEOH DOWHUQDWLYH WR Vi : ©H YD!
SDUWLFXODUO\ GXH WR LWV LQ NQ -EBY OFRPS

470\ GHYHO
VHQVLWLYH W
\%%\g GRPH VWL

DFW RI UL
% Q LQLWI

‘é F VHEWLI
%h & siHW

SUHVHQWDWLYH Y D (
YDOXHV FR

VHLVPLF IDFLHV WKDW UHGXF
LPSURYHG FODVVLILFDWLRQ SU
> @ DSSOLHG GHHS VFDWWH
FOXVWHULQJ WR XQFRYHU FR
VHLVPLF GDWD <DQJ HW DO >
HPSKDVL]HGRWKR WOSHAHY LVHG
PXODWMWWULEXWH DEXDVHE8LNFO XV H
IUDPHZRUNV > @ GHHS FOXVW R FHVV LV
XQVXSHUYLVHG GHWHFWLRQ UDEWHG
SURPLVLQJ VWHSV WRZDUG V Eg ILEDWLRQ

VHLVPLF LQWHUSUHWDWLIRIQ M h h OHYL
XQVXSHUYLVHG WHFKQLTXHV D I IE l'jr'DWHJ‘
VHOHFWLRQ RI LQSXW DWWUL \}JL\IN 7K
SDUDPHWHUYV

WuUDLQLQJ GDWD ODPPDGRY H g L
HITLFLHQW XQVXSHUYLVH®UO I—Y l%

7KLY VWXG\ DLPV WR XW (E’ WLH_ LV Y VHW RIWV};:VPRZVK

XQVXSHUYLVHGO\ GHOLQHDWH DE y\yvl} ULQJ SUF
" VHLVPLF GDWD E\ FOXVWHUL K ‘ 4 W W GRPH
DWWULEXWHY XVLQJ D PHWD My JUDSK\
DSSURDFK 8QOLNH WUDGLWLR 9 kY LRQ D
VXFK DPHDMKLFK RIWHQ VWUX H 4'

RYHUODSSLQJ FOXNWWHUPHWRK J DOJRULWKP LV VSHFL

HPSOR\V PHWDKHXULVWLF DOJ é y R PHPYWHLQV L
GHWHUPLQH WKH RSWLPDO QX RY G%’

DSSURDFK HQKDQFHV LQWHUS 89%'..\ fﬂY%%§|
ZKLOH HOLPLQDWLQJ WKH QHHBL IR 1. dO\LQWH
GDWD %LQRRFPEFRQYHQWLRQD R-: DWHG P
WH[VERYHG VHLVPLF DWWULEX ¥ £$ FRPSOHWH
PHWKRG LPSURYHV FOXVWHU R o g@ \Z IO W U
DGGUHVVHV WKH OLPLWDWLR % Qb 7KH IRO
LQWHUSUHWDWLRQ DQG FODYV Q%iﬁP- h %&bDQDWL
PRGHOV 8QOLNH PRVW SUHYL

HLWKHU RQ VXSHUYLVHGFOHD vV

FOXVWHULQJ ZLWK IL[HG SDUDPHWHUV RXU DSSURDFK
LQWHJUDWHY DGDSWLYH DWWULEXWH VHOHFWLRQ ZLWK
PHWDKHEGULYMWQHRFOXVWHULQJ SURYLGLQJ D IXOO\
XQVXSHUYLVBOLNGIQ GDDWMHZRUN IRU VDOW

GRPH GHWHFWLRQ
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DFKLHYH W KQW DQ RIDUDFONIDRAY
DV ORJDULWKPLF H[SRQHQWLDO

SDUWLFXODUO\ WKH FERIJPRHG IX
Bl HPSOR\HG 7KH VLJPRLG IXQFWLR
PLEDQJH ZHDN DPSOLWXGHV DQG

Pre-processing KLIKPSOLWXGH YDOXHV UHV XOW L
YLVXDO FODUDWWNRRE K®BWIORQD OO

P——— WKH VLPSOHVW DQG PRVW DFFHV)
| e UHVFDOLQJ WKH DPSOLWXGH RI W
- T JUD\WVFDOH LV OLQHDU WUDQVIRUP
Calculation DFFRUGLQJ WR (TXDWLRQ
Create Super Pixel
O F <
| Lt F g i
- ; Tao F =av
Feature Selection fe—]  coror Extract\Aon
for Each Super Pixel ,Q WKLV WUDQVIRUP EDVHG RQ W
RI JUD\VFD®@4Y WHHHODWVSOLWXGH U
et = 0 #52067LV GLYLOHGTKQW R/ XEUDQJIH)
T : (DFK VXEUDQJH LV WKHQ DVVLJQHG
HVWDEOLVKLQJ D OLQHDU UHODWLR
Validation DPSOLWXGHYV DQG WKHLU FRUUHV.
OHYHOV 7KLV OLQHDU PDSSLQJ SUI
END DPSOLWXGH KLVWRJUDHPQWR@FBDUJ
J)LIXUAKHRPSOHWH ZRUNIORZ RI WWﬁ'%LYF%é’F#\!EIJr@'—W\ RI VSHFLILF DPSO
DSSU RD F@ HDU WUDQVIRUP VXFK DV WKH
PD\ EH XVHG 7EBVVHGRRIDGVFDOH YI
B3UBURFHVVLQJ GDWD LV FDOFXODWHG XVKRUH(CVXDWLRQ
FRHIILFLHQW WKDW GHWHUPLQHYV
/KH VHLVPLF GDWD XVHG LQ W, w vV SDUW RI D
" VHLVPLF VHFWLRQ WKDW LQFOXGHV OW GRPH

7KHVH \QRNYMNP IWUPKMHG GDWD F(RQVLVV\PLFH
WLPH VDPSOHV DQG DSSURTLPDWHO) .

VSDWLDO VDPSOHV DFTXLUHG zZLWK D VD|5$OL‘<§J LQWHUYDO
RI PLOOLVHFRQGYV

7KH FRPSXWDWLRQ RI VHLVPR %Y\é/%\& V\'7JPR"G WLZJEI?FVI
FDUULHG RXW LQ WZR PDLQ vw ﬁ? W vx%'é
VHLVPLF GDWD LV FRQYHUWHG \H E/ o )RU D
7KLV LQYROYHV PDSSLQJ WKH D “b 2 LV DSS
WKH UBQdaHos? WR WKH JUDI\VFD DWDO7BiWVWl\NLEE\NMM—WERIB<
ady Fsg ZKHELH =0eDUH WKH P'-Q'-ZPLW’KLQ HDFK ZLQGRZ LV DVVLJQHG
DQG PD[LPXP DPSOLWXGHYV RI QGRTLMA LR WoANP OEH FKRVHQ FD
DQGgUHSUHVHQWYV WKH QXPEHU \RH@UD\)\M_ R HYKKPWWUXFWXUDO
7KH PRVW EDVLF DQG ZLGHO\ XYh& DESSRHRIE KQIRW WKHLYPDOOHU W
FRQYHUVLRQ LV OLQHDU WUDQXDRBIP®DHOWMAK RIUNMMEHIYHHLVPLF ZD)
WKH KLVWRJUDP RI WKH RULMHRDOQHPSOLWGH D LV WKH LQW
GLVWULEXWLRQ DQG PDLQWDLQM WKKHRY B Y WO 6 -oF85 HDHWDX@RL Q J |
Rl WKH VHLVPREHWHFIW UROQPBQ\ FDYXYO LQWHUSUHWDWLRQ RI W
WKIHWWWVULEXWEWHUHVW RFFEXS\LRBWAIUOUMRANMHYY )HYRU WH[WXUDO D
SRUWLRQ RI WKH IXOO DPSOLVEXGIK) UDHFD OHGT UHRRYBID\VFDOH X

DOORFDWLQJ PRUH JUD\VFDOH WHDIHOYYRWR WALIR QLR HGRD RV VKR Z
HQKDQFH WKHLU YLVLELOLW\ LQLWXHHIUD\VFDOH LPDJH 7R
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JLIXUH D 7KH VHLVPLF VHFWLRQ IURP RQH RI WKH HFIDMHG WRY LQ W

JUD\VFDOH EOLEHRB QVU D QWHERIWP H7KW WKH LQWHUSUHWHG ERXQGDU\ RI V
IURP WKH DYHUDJH PDQXDO LQWHUSUHWDWLRQ RI WKUHH SURI

6HLVPLF WH[WXUH $WWULEXWH®SXSIBU[HO

6HLVPLF WH[WXUH DWWULEXRMHVLQWHSSHWMWQWJ DQG FOXV
LQIRUPDWLRQ GHULYHG IURP VHH¥FRILR GO WD SREWWZQWE DSSURDF
HLWKHU WKURXJK GLUHFW PHZWHWHIPHRRAK FBDWQISRBRUE® LQ WKH
XVLQJ HPSLULFDO RU ORJLFDO MRSGWIRDHFKHE DQ@ QBYMNUGXDO VDPS
WLPH D ZLGH UDQJH RI VHLVPLD DW\GHVEXWHENGKXYHEHNQULRXV V
GHYHORSHG HDFK GHWBRWHGSRIFHYHU FOXVOMNYVQIHWKUD WIS SU |
JHRORJLFDO DWWULEXWHV ZLWKIMH@HDSBHD G DWRDLWHWTVKLAR LV S
HIITHFWLYHO\ LGHQWLI\ DQG GLLUBKHQMQ\WNW N HID/PWFG RPIWD FKDU
DWWULEXWHY WKDW DUH VHQVQWRMHRXR WOHIWRUW WBEDMDWQRQWR C
FDQ EH SDUWLFXODUO\ XVHIX0O FOMMMAHW H QW XIHRBEWVWUI LEXRKHYD V UL
DUH FRPPRQO\ JHQHHUBWWNB[WXWLHEMXOW FOXVWHU DVVLIQPHQWYV V
DQDO\VLV WHFKQLTXHV DQG FRIQRWINLEX\8BWILDQLIUDMIWD\ SURG)>
WR WKH HQKDQFHG LQWHUSUHWDWXBRQRN VWIK\DRL FP\DN FIWQRR VEH D
> @ ,Q WKLV VWXG\ D WRWDOIBHTXEBRIFH FRQW MOHYWRXUWKH GDW D
EDVHG VHLVPLF WH[WXUH DWWHQIHEXMO-OA KONHXLEMWCHEDH I|RU Ut
DSSOLHG ZLWK D EULHI VXPPDUQ\WHRBUGM®WQRMEDKHUHIRUH WK
SRLQWZLVH PHWKRG OLWLWRQVLG

SURPSWLQJ WKH XVH RI VXSHUSL]
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WHFKQLTXHY DV D PRUH DFFXDOWHSIOBWWHUQ@DW IZYCH WVRADW HQV XL

VHL
DV

VPLF GDWD DQDO\VLYV > @ ¥DVRBHOSEHMO MMKDBUBHL@IHGEWULEXWH'
D JURXS RI DGMDFHQW SL[HQW MW \D URU JWRIXWKXGH 7KH UF

WRJIJHWKHU EDVHG RQ VKDUHG FRIDWMHAFMWHLY H\OW LURH/F RROBUIGMPEFLVD IV K H
WKHP D FRKHUHQW DQG PHDQ LGN WL QFW. WERRQIGDOWIHHY EHWZHHQ
DQDO\VLV HEOXSBUSLLQ LGHQW LED\WHG REMWKWMVH DWWULEXWHYV
SRVLWLRQV DQG ERXQGDULHV E\ DVVLJQLQJ ODEHOV WR

TDEOWHKH OLVBLRHUHOQW IOMWANMHDEXWHS/ LOQ WKLV SDSHU

6HLVWH WXWI/OLEXWH %ULHI GHVFULSWLRQ

&KL

YDULDQFH

7DPLU (GJH FROQWHQWV GL

*UDGLHQW R

*UD\ /HYRERRIUHQFH ODWUL]J
+RPRJHQHLW\ HQHUJ\ HQWURS\ WUDFH &OXVWHU SURPLQHQFH
&RUUHODWLRQ

*UD\ /HYHO 5XQ /HQJWK ODWULJ

*UDHYHO 1RQXQ4URKPUMYHO 5XQ (FBREDVLV
*UDAHYHO (PS®EDVRQJ 5XQ +LIKYHWO\(PSKDVLV
5XQ /H1RQOXQLIIBKRUW 5XQ /HYHO (P!

*UD\ /HYHO 'LIITHUHQFH ODWUL[ $0Q

6WDWLFDOUJH =RQH (PBWKIWERQH +IHMHOQUDRSKDYV

DSSURDF

*UD\ JHYHO 6LIH =ROH ODWULI 6WDWLVWLFDO PHWKRGYV DQDO\]H WKH VSDWLD¢
UDHYHO lRQXQ'—'RUF’'-""U\“"”’”H*'E)Dm':’-q”ﬂ‘3QE:LVPLF WH[WXUH GDW D WWRUHK B WIHFWP R WK @ GQ/J

F VFULEH SDWWHUQV RI LQWHQVLW\ YDULDWLR
&PDOO =RQH EPDICIOVERQH AHLYKOUBSKDYV FDSWXULQJ ORFDO VWUXFWXUHV DQG VXEW

=RQH (QWBRS\ 3HUFRIMIHHIRQXQLHRQHA
6L]H 1RQXC =R 6L]H 9D Wb sH v @

1HLJKERULQJ *UD\ /HYHO 'HSHQGHQFH ODWUL]J
'"HSHQGHQFH FREWSHABGHQFH (QWURS\

'"HSHQGHG 1RQXBSHUPH®/\LIRQXQLIRUPLW\ 1IRUPDOL]JHG
GHSHQGHQFH 9DULDQFH

*UDAHYHO 1R QX QU BMHIYIHMO\ 1IRQXQLIRUP LW\

1RUPDOLUHDG OHYHO 1RQXQLIRUPLW\

JUD\ OHYHO 1RQXQLIRADRLMA 'HSWRIGAQ A B

(PSKDVDWJH GHSHQGHQHN HQ J(® SBEPNVQ T

"HSHQGHQFH EPIKDY IGH S H QGWIDGHFHHOL J K

(PSKDVLV

+LVWRJUDP RUL PLQLPXP

/RFDO ELQDU\ SDWWHUQ
JRXULHU * 2 2 ,W DQDO\]HV VHLVPLF WH[WXUHV LQ DOWHUQDW

RU VFDOH VSDFH E\ DSSO\LQJ PDWKHPDWLFDO
GHFRPSRVH WKH VHLVPLF LPDJH LQWR FRPSRQF

7UDQVIR%§XULHU' $QLVRW URNSH Z REMVOPWIEWD JHD QG RULH QWD W L RQHV RIPOEIORQ DRROOWILY 7K H\

DSSURDF

HGLDQ HVSHFLDOO\ HIIHFWLYH IRU LGHQWLI\LQJ SHULF
SDWWHUQ VG DS HIDHFOHZ KWK DUH YDOXDEOH L«
FKDUDFWHUL]JLQJ FVWUX >

W PRGHOV WKH VHLVPLF LPDJH DV D QHWZRUN

*UDSK WUHDWHG DV QRGHV DQG WKHLU UHODWLRQVKL
EDVHG 6KRIDWDK HUBPWBQGDUG 'HYLDWLRQ JUDSK SURSHUWLHYV OLNH QRGH GHJUHH FRQQ}
DSSURDFK PHDQLQJIXDWW\ WEXGMEH H[WUDFWHG 7KHVH PH
HITHFWLYH LQ FDSWXULQJ ERWK ORFDO@QG JOI
W TXDQWLILHY WKH FRPSOHQEWHRUGU D WG RE QW
, ZLWKLQ VHLVPLF LPDJHV %\ PHDVXULQJ WKH X«
(OWURS\ LVSHUVLRQ SL[HO LQWHQVLW\ SDWWHUQV WKHVH DSSURDF
U H e LUUHJXODULWLHY WKDW P DWRRWLLEKIEHRQG WR J
CeSURDEK HQWURS\ YDOXHV RIWHQ LQGLFDWH PRUH FRPS!
, YDOXHV VXJIJIHVW KRPRIJHQHLW\ 7KHVH PHWKRG
LVWULEXWLRQ GHWHFWLQJ VXEWOH YDULDWLRQV LQ VHLVPLF

WKURXJK WUD G L B/D REGIODPLS/O L@ X G H
6HYHUDO DSSURDFKHV H[LVWOXFRWHIHWIRYBPLO@ ,Q WKLV VWXG
VXSHUSL[HO VHIJPHQWDWLRQ IDGDAHWNVPHFPRBBKIRWIRILFDO UHFRC
LQFOXGLQJ DOJRULWKPV OLNHPHWERE ONR) HIDRK L MAHHU DWKISYHHU S L[ H (



6ROWDQL HW DO -RXUQDO RI OLQLQJ (QYLURQPHQW 3XEO

$05 DLPV WR LPSURYH VHJIJPHQWDWWRIQWXDOLMAIJE\WKH PRVW P
HOLPLQDWLQJ LQVLJQLILFDQWVHHVEPRRE DO WURQERWHYQLY D FULWL]
JUDGLHQW LPDJHV ZKLOH SURWMHUKQLIXHLPFREIR UWWKDQBXUSRVH LV \
HGJHV ZKLFK LV FUXFLDO IRU IZKRE¥KDW HDGN DROHODVBIWKR EHFD XV H
LQ LPDJHV ZLWK FRPSOH[ WH[WXHNVOBIGG GDRLN H>>@ @7KLV PHWKR
&RPSDUHG WR RMW KR GAM PLOBDR ID MWWWU L E XRMDH KIRZVBABOO LW PDLQWD
VLIJQLILFDQW DGYDQWDJHV ZKWQP IDEBOLWGV SWIXEW XWR Y ZLWKLQ
LPDJH FOXVWHULQJ $0EDOWHOG PBHBKROWRR PRGHO WKH GDWDVHW |
WHFKQLTXH WKDW HQKDQFHV APWRUWRDRQW LWWI XQRVGHU D/BIH $SSH
IHDWXUHV ZKLOH WEDSOUHH QRILY H \DRDID O

LUUHOHYDQW GHWDLOV 8QOLN —+ 2J RU
SUHSURFHVVLQJ DSSURDFKHYV ,
WKH FRQWHQW Rl WKH LPDJH wEe= Los
VWUXFWXUHV DQG REMHFW =
SUHSURFHVVLQJ VWHS HQVXUl e
IHDWXUHV |RU ¥R \DW HLQ\G B Q V = ————
RU WH[RMRUH DFFYHBWHANHQW W 8 ~——___ | .,
FRQWHQW RI WKH LPDJH UDWK 3 =—_ G
E\' QRLVH RU PLQRU DUWLIDFW Gk X~ |'#
FOXVWHULQJ UHVXOWV EHFF s = |
PHDQLQJIXO DQG UHIOHFWLYFE% ,3_‘3/‘% 0
VWUXFWXUHV RXWSHUIRUPLQJ ; =— :
QRW FRUWSRUDWH DGDSWLY!E ==
UHFRQVWUXFWLRQ o =——=~1 B
$GGLWLRQDOO\ ZH DSSOLH ————
IXQFWLRQ WR IXUWKHU UHIL ="
VHIPHQWDWLRQ SURFHVV 7KL ?"f;‘;’f‘
SDUWLWLRQV WKH LPDJH LQV "=t ="
UHJLRQV SURPRWLQJ EHWWHU : ‘
ERXQGDU\ DGKHUHQFH WQ W] wEE=
XVLQJ WKH VXSHUSL[HO IXQFW =
DFKLHYHV KLJK DFFXU)OLFN HIEQ G 1w 0
KDQGOLQJ QRLV\ DQG VWUXFW o F
LPDJHV > @ Y SRUBKH UHYXOVELEHEXSHIP HQWDWLRC
JLIXUH SUHVHQWYVY WKH UHVXOW RIT W WA\ SHUEHWHRo

VHIPHQWDWLRQ DSSOLHG WR VHLVPLF GDWD ,Q WKH QH[W
VWDJH WR VXSSRUW WKH FOXVWHWHrQy SWRAHVEK\WRVHEDRXDYH G
VXSHUBIPMON WMIHPWRU LV FDOFXYQRRDWBOLIPRWLRQ LV DSSOLHG EHIR
HDFK VHJP HDQWW WVHEPWRU LV FRASXWWHIGEXWH YDOXHV DUH UHVFDOH
E\ DYHUDJLQJ WKH DWWULEXWHQYRXOKHW®LIRO® FIHOAVULEXWLRQ
ZLWKLQ HDFK VXSHUSL[HO WgKRPHBED GRIR YELGDQOW DLEXWHY ZLWI
UHSUHVHQWDWLYH GHVFULSWRUD®8YHKO X ¥KH U/IpESIOADAL D\DH GIFRW H G
EHFDXVH LW SUHVHUYHV WKH ORFD
JHDWXUH 6HOHFWLRQ Rl WKH GDWD DOORZLQJ WKH VHOH

,Q XQVXSHUYLVHG OHDUQLQEHYWHVRRLQAMEKQ RHLIKERUKRRG F
FOXVWHULQJ WKH FKRLFH RI DWRITERWWHY SRYWLLXBBWHWEHQHI
LQIOXHQFHV WKH FODULW\ RI XWWH VYINORRWERR oW \ D
VSHHG LQWHUSUHWDELOLW\ D¥OIGNHYKWHROE{ BRI DWRVULEXWHYV

JHQHUDOL]H 6SHFLILFDOO\ LQ VAL Wi eBwWhLEEpDRANWWLEXWHY W

ZKHUH FOXVWHULQJ LV XVHG WRRYOAEYYRFDORYEEQ VR ULW WR
PHWKRG ,QVWHDG RI VHWWLQJ D |
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PHWKRG H[DPLQHV YLVLEOH FKD®QWUL ERWWHRK/H IRRQ FIOXVWHULQJ V
VORSH WR VHOHFW WKH PRVW YASBFWIDRX DWWBLEGQWHNVY.IJBSPDO SR
LOOXVWUDWHG LQ )LIXUH B WXWEX WHYG XHRUG GLEBQULRQDOL'
VHOHFWHG 7KHVH DFFRXQWHGLORWHBSHUHHWLYRI DFKXUDF\ IRU WK
WRWDO VFRUH UHSUHVHQWLQGRPKHIHRERMGLHYRUPDWLYH

O I T I T T I T A A I O O A

JLIXUBFRULQJ RI DWWULEXWHYV XVLQ‘J W K H /IDSODFLDQ PHWKRG UHG F

JLIXUAKH VHOHFWHG DWWDWBRXIW H&  WHWARQIOOJRULWKP IURP WKH DW!
7TDEOH WLV QRWDEOH WKDW WKHVH DWWULEXWHY DUH VK

&OXVWHULQJ H[LVW ZLWK (XFOLGHDQ GLVWDQFP

&OXVWHULQJ LV RQH RI WKH P o¥e
ZLGHO\ XVHG XQVXSHUYLVHG gﬁf P DVURS(';
DLPLQJ WR SDUWLWLRQ D GDW o
PHPEHUV ZLWKLQ HDFK JURXS : % Q
=)

HDFK RWKHU DQG GLVWLQFWO\ H‘QWHD "
RI RWKHU JVRSBRFHNKL KHOSV QHDU

H
KLGGHQ VWUXFWXUHV LQ G IQWE\\/\SE?WHHGU%F
VXEVHTXHQW DQDO\VLV 9DULRX Q
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LWHUDWLYH SURFHVV FRQWLQXHVWRXQURID®HQW H HPOI XK WWRHU WR KDY
FHQWHUV VWDELOL]JH RU D FRQYHUJH R EYRLM2H RIS UM P HW

*LYHQ WKH OLPLWDWLRQV RI FQDYMVARPRS PP IRYRWKPM How FKU
WUDQVIRUPLQJ WKH FOXVWHULQJ w3tEQHPs plQWRR IDKHLU JHQHYV
RSWLPL]DWLRQ WDVN DQG HPSOR\WR) PHRERKH XQYHY WRLF/SULQJ )R
DOJRULWKPV KDV SURYHQ HIIHFWLWLH J®RHEQ WPFUIRRYRQHU LV GHILQHC
FOXVWHULQJ TXDOLW\ 7KH REMHFWLYH LV WR ILQG FOXVWHU

FHQWHUV WHKDWKPLQWPLIQGH[ &Na & a 15 | f g | ¢

$SSHQGL[ % , -
. ke &KL@G % a1 F5 Y a it

FELY S ZKHOHY WKH FURVVRSH WD SRLQW D
o« WKH SDUHQWYV

,Q WKLV VWXGEQREZRDRPHMMOXHXULVWILF _
DOJRWLMIOAWLE $OJRULWKP x ¥ 0% WLRQ :LWK D VPDOO SUREI

FOXVWHU FHQWHU FRRIL
SDUWLFOH 6ZDUP 2SVDIUAH POWLARQHG OGRPO\ DOWHUHG WR PDLQWI

WR VROYH WKH FOXVWHULQJ SUREQHNHUVLW\ DQG LQFUHDVH WKH Fk
7KH *HQHWLF $OJRULWKP LV LQ%&IFBUGRSMIL}BmHOXWDWLRQ LV RIV

QDWXUDO HYROXWLRQ SURFHVV PBQEGARQLUOWONNVQAYWQIQRLVH WR Wk

SRSXODWLRQ RI FDQGLGDWH VROXWLRQV

FKURPRVRPHY HDFK UHSUHVHQWLQRD HW RI FOXVWHU

FHQWHUV (DFK FKURPRVRPH LV % QHG DV, D YHEW
FRQWDLQLQJ WKH FRRFUGBX.\QVDM/B—IH\S%EL?S?@@ gULD;g(QVFVHLBB QRLVH ZLV
Flv_lQWHU&/GILQ RQDO IHDWXUH?K Q/ URFHVV UHSHDWY XQWLO D

Srteteter Ll I8 1 1 EQY VXFK DV D PD[LPXP QXPEHU RI JH(

,Q HDFK JHQHUDWLRQ GDWD SRFYWR! DS H @Y HPGH RV Wi TLWQH
FOXVWHUV EDVHG RQ WKH FHQZIV\?‘/HJ VPO A B QH Y gk WR H[WHC
FKURPRVRPH DQ®RWRIGLOYLYE EDH/FK SDFH DQG DYRLG SUHPDW
FDOFXODWHG IRU HDFK FKURP KR J7 kW " BQy BREEKR UL YLP PUHRAVKL Q .
LV FRQVLGHUHG LQYHUVHO\ suﬁD@é%MWt‘N%g\? ;/VT%R?\/Q(%M\LW@R,S\PUHG

IXQFWLRQ RULW
: 3DUWLFOH 6ZDUP 2SWLPL]DWLR
(EPJ L— LQVSLUHG E\ VRFLDO EHKDYLRUV R
& VXFK DV ELUG IORFNV (DFK SDUW

7KH HYROXWLRQDU\ SURFHVVFDQBQX®MAM WHROKMAIRRQ FOXVWHU F
FURVVRYHU DQG PXWDWLRQ RSMHDOMWRUWSDFH 3DUWLFOHV XSGDW

x 6HOHFWLRQ 6XSHULRU FKURPRGMFMA ?@ E@w NS YW SR
XVLQJ PHWKRGV VXFK DV URXOHW LW\%G R S0 Q Q

LRQ XSGDWH

FIUUEs; LS FU;E% L (I9P FT1:4E I, WCOP FT ;¢ 1l Es; L1:1;EFIEs;

c KHUH LY WKH LQHUWLD ZHLDKW EDODRQRIQUDPHWHUY  SHUIRUF
JOREDO DQG ORMIOZ WHIHURMKKH RQWLQXRXV RSWLPL]DWLRQ SURE
FRIJIQLWLYH DQG VRFLD® D®® U GIRPIS KWDWIARGQAWOA PRUH HIILFLH
NDUH UDQGRP QXPEHUV XQLIRURAHGHVYWIEZE RWHGHMWQWUDSSHG LC
> @ ZKLFK FDQ EH PLWLJDWHG E\ SUR

IXPHURXVY VWXGLHV KDYH VKRR WXDW B 6KR\EGH Kb L]DWIKREG VZLWK
WR LWV VLPSOH VWUXFWXUH IBRWMBUMHDPUNH USH Q¥KRXSKHBGORZHU
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SURYLGHVY EHWWHU H[SORUDWLHRX ORMD\s XVILQUWAKEGVFDOW X RFED DL W
UREXVWQHVYV DJDLQVW ORFDOWNZRSWHADQH® FORWMWBUYVY ,W ZDV RI
PHWDKHXULVWLF DOJRULWKPV WXHFHKIDMBBPDYERBEGEHQWLILFDWLRQ
FOXVWHULQJ HVSHPHDOQAR OQRDWEDMWHEG RQ VHLVPLF DWWULEXWHYV V
FRPSOH[ GDWDVHWY RIIHUV D QRYREHKHXQFDSSUBRBEK WR QRW HJ[k
RYHUFRPH WKH OLPLWDWLRQV NHEOWWELRDLOVP HY KRG MDWQPWULEXW I
DFKLHYH TKDJIXHN\ FOXVWHUL@WYXKH UHODDYWNDB DY PHWKRG \LHOC
TKURXJKRXW WKLV %RXGG LY LKMVERHRBWLPDO UHVXOWY DV LOOXVW
VHUYHVY DV WKH SULPDU\ PHWWEFRRWUDWVWD QWXWBWLYYH®QG F G
FRPSDULQJ WKH SHUIRUPDQRHHVROWGLIIKVHQW PHWDIKHXULVWL

FOXVWHULQJ DOJRULWKPYV DOJRULWKPV VSHFLILFDOO\ *HQHW
DQRG 3DUWLFOH 6ZDUP 2SWLPL]DWI
5HVXOW SDUDPHWHU YDOXHV XVHG IRU HELC

R W G LQ 7DEC(
5 E\LM PHWKRG
g I-_GLVWLQJX

4
ééj Ii: F?( E \'?qﬁ]c; LVGV\I/—|UQDV\\A

$ SUHKHQVLYH |
P,H R QRS DWXK Ht

e éiiggiﬁ DO JHRO]

E Ne \‘EI}/?AEQVVLRQ |
PHWDK

LL(EJLLF% O\ HQKD
g@l DXWRPDWLF V

HFWLRQ

VXSHUSL[HOV ZHUH JHQHUDW E@
DWWULEXWHYV ZH U HKWH (DFSFOMDHE G
VFRUH )RU HDFK VXSHUSL[HO
ZDV FRPSXWHG DFFRUGLQJ
DWWULEXWHV 7KH FOXVWHULQ é_
SHUIRUPHG XVLQJ ERWK FODVV L ll;

. OHDQV PHWKRGV ZLWK WKH M
JLIXUH XUHJ D LOOXVWUDWH\}IDR %

7KH REMHEWLYH RI WKLV vw>Pc9\J$1 Fﬁ{/
VDOW GRPH JHRERG\ E\ FOX
DWWULEXWHY  WKHUHE\ IDE J
LOWHUSUHWDWLRQ RI VHLVPLE }gg
W
v

JLIXUBXWRPDWLF UHIOHFWLRQ SDWWHUQ LGHQWLILFERHRQ\EV1$QJ FO XV
DQG3627KH JUHHQ OLQH LV WKH LQWHUSUHWHG ERXQGDU\ RI WKH VDOW
LOQOWHUSUHWDWLRQ RI WKUHH SURIHVVLRQDO LQWHUSU
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'LVEXVVLRQ DUH SUHVHQWH&HL Q HNDX®WY GHPRQ

'O WKLV VWXG\ WR TXDQWLO[(S;Q( \LNIE_( \V G ik JRRQU\}‘CA\/,}?NF}
DFEXUDF\ Rl VDOW GRPH JHRER & R%DUHG WR
XQVXSHUYLVHG FOXVWHULQJ ORWLF DOJRULWEK
PHWDKHXULVWLF RSWLPL]DWLR | ﬁ QL' WU D \
YDOLGLW\ Rl WKH UHVXOWV RE 32 HE; 2 A WE@R

ZDV DVVHVVHG BMKHRPP ZDWKQRBD G\ U WKH
LOWHUSUHWDWLRQV SHUIRUPHGCEPHRWYHH H[sHUW
LQWHUSUHWHUV WKH LQWHUSU)EP\g %
DUH LQGLFDWHG E\ JUHHQ OLQ H|_'§;’c§l'g) ?g%@ﬁfgw HERUHIFY bo
TXDQWLWDWLYH FRPSDULVRQ UHVXGWYI DRI P rOyH G LQ
7DEOH
7R DVVHVV WKH LGHQWLILFDWL 5
VDOW GRPH WKH H[WUDFWHG UHRVzxOWYVY ZHUH TCOVW
ELQDUL]HG LQWR WZR F@DUWHY VDOW DQG QRQ
7KLV ELQDUL]DWLRQ HQDEOHG WKHVH SIS®CEQWLRQIKROLIKW WKH
TXDQWLWDWLYH HYDOXPWLRQPHWBWHWXBNVWIKHRSWLPL]DWLRQ P|
VFRADW XVHG DV WKH SULPDU\ IOMOX DWIDRQAVRNWWIGE WKH SUHFLV
ZKLFK FRPELQHV SUHFLVLRQ FREeSOHFDAHRORAGE DD VWUXFWXUH)
HVSHFLDOO\ YDOXDEOH ZKHGQGRVEHD®PWLRO DY¥LWIKHFWLYH WRROV
LPEDODQFHG GDWHLRMWHWYNY THHLQE G DD W XWIFG BHYRRUDWLRQ )U
IROORZV JHRORJLFDO SHUVSHFWLYH WKH LF
Rt Rl VDOW GRPH ERXQGDULHV DFKLF
Y BT SURSRVHG PHWDKHXULVWLF FOXVW
GLUHFW LPSOLFDWLRQV IRU K\GURI
¥ 7KH LGHQWLILHG VDOW ®RPH JHI
T Lo GLVWLQFW GHIRUPDWLRQ SDWWH!
FRQWUDVWV WKDW OLNHO\ FRUUH
vy 8 XSOLIWV DQG SRWHQWLDO K\GUR
" "6.E (0 SDUWLFXODU WKH VKDUS ODWHUDC

ZKHUH WKH6Y YOXHV3RN2WLYHQ WKH FOXVWHUHG UHVXOWV PD
)DOVH 3RMLWROWH 1HJIJDWAYH YBEEPFHYV DARRA RIKWKIOGRPH ZK
7UXH 1HJDWLYH DUH REwDYR®EHVHRW HRRUDEOH VLWHV
FODVVLILFDWLRQ FRQIXVLRQ 6E};}£>;/Oﬂ<\4lll- QvFRYPRUHRYHU Wi
UDQJHV IURP ZRUVW WR FRYYRYVS QR \VEHWZHHQ DXWRI
HVSHFLDOO\ XVHIXO ZKHQ ERWXP@®W v iFFRs WYY, PRE  HISHUW

IDOVH QHJIDWLYGKHPDRRWHUYDOXRRILUPYV WKH UHOLDELOLW\ RI
IRU WKH ELQDUL]HG FOXVWHULDYHGHT XSGR Y (B WL XRAG x BIRVHVV

sF .. LtF
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GULOOLQJ ULVNV 2YHUDOO WKBBGH FUDNWHEK CRY W UERWHRAR QW GROUAVLHIDOON
WKDW EH\RQG DOJRULWKPLF S®OMKRDRD QFEXFK WIKHVLIJKWV FDQ
SURSRVHG ZRUNIORZ SURYLGHWYHPRHPRHQ@QWIXOWUDWHJLHY SDU
JHRORJLFDO LQVLJKWW HQW\R HGOB\FXPIHDGW RIDMBVIHPWIQW LQ GULC
VWUXFWXUHY DQG HQKDQFHV WKRKUBXJRVRYEXHWOG WRR® \LQDWKB FH
FRQWH[WRUQG NBHVHUYRLU FKDEMGEMWHUL]DWLRQ
7R HYDOXDWH WKH TXDOLW\ RI FOXVWHULQJ REWDLQHG
IURP GLIIHUHQW PHW®%RG@GLMPKH 'DYLHV
,QGH[ ZDV XVHG/WDOBPOZN®BAG DQG UHOLDEOH
PHWULF 7KLV LQGH[ VLPXOWDQHRXVO\ PHDVXUHV WKH
LQWHUQDO FRKHVLRQ RI HDFK FOXVWHU DQG WKH
VHSDUDWLRQ EHWZHHQ FOXVWHUV SURYLGLQJ D
FRPSUHKHQVLYH DVVHVVPHQW RI WKH FOXVWHULQJ
DOJRULWKPYV SHUIRUPDQFH $ ORZHU 'DYLHV
%RXOGLQ ,QGH[ YDOXH LQGLFDWHV KLJKHU FOXVWHULQJ
TXDOLW\ DQG EHWWHU VHSDUDWLRQ EHWZHHQ FOXVWHUV
g TG S K DA SB Y BATHRUXUIILE coviic ro
DOJRULWKPV *HQHWLF $OJRUL £$ ©3BUYYE-bBFrRULWKP
6ZDUP 2SWLPL]DWLRQ 362 SHUIRUPHG EHWWHU
WKDQ FODVVLFDO PHWKRGV 6SHPEOUFRO@WWRH DIYGEY EDVHG RQ
%RXOGLQ ,QGH[ YDOXHV ZHUH | RDDKBHDQ@@IJRULWKP
IRU 362 ZKLOH FODVVLFDO PHWHKR&G Vs\LHO:GHG gobDVVLF

D YDOXH RI 7KLV LQGLFDWRY S WRDOW WKH
FOXVWHULQJ TXDOLW\ REWDLQH%M&H—L&QHW&%
$OJRULWKP LV VXSHULRU

$V VKRZQ LQ 7DEOH WK H *H(j%—?\ﬁll_zl—o%gIJ%%LWKP
DFKLHYHV WKH KLIKHVW DFFXUDFQ D@&/&MWKH OKBNVWZHH SURSRVHC
LQGH[ LQGLFDWLQJ VXSHULRUXQNGSYWWIMIDG TUXDPHHRUN IRU V
FRPSDUHG WR WKH RWKHU PHOWKRGBMLADWYXRY RI VID@W' GRPH
LOOXVWUDWHY WKH FKDQJHV VIQVRKH REPAWPRQV FEVWOHYHUDJ
REMHFWLYH IXQFWLRRXRPEBDOXRWRF¥FKQLWXH#HY EDVHG RQ PHWDKHXU
LWHUDWLRQV IRU WKH *$ DQG D3G2RDODWKPVWKPKH $FHWKRGRORJ\
REVHUYHG 362 FRQYHUJHV IDV¥WRYUWKHQVEFHDYELWH RI ERWK F
UHGXFHV WKH FRVW PRUH VWMGHSDQFHG WKHVXQODW®W MO VPLF DWV
LWHUDWLRQV GHPRQVWUDWLQD WY \/EIW K H\URMIGIHIE MDLSFO® SXML@ 6 FR
LQ UHDFKRWLPHIUVROXWLRQVHXKPREH PRGHO HIILFLHQF\ DQG
+RZHYHU DOWKRXJK 362 FRQYMKUIWVNOHFVWOH G WD WWKWHLEXWHY ZHUH
ILQDO RSWLPDO FRRWOGQE ,OBHWWKHEKDVN@WLAMOJRULWKPV  ZKL
YDOXHV DUH ORZHU EHWWHU HARODWERH R§ BOQRBPLMWXPO\ GHWHUPI
7KLV VXJIHVWY WKDW GHVSLWH XWEHU R4 HBOPRQOWHHWN HRE@E8 HIITHF)\
UDWH WKH *HQHWLF $OJRULWKRERRB O HI \ERHNOY HBDFD s DD GWVWULE
WR ILQG PRUH RSWLPDO VROXWKRIQYURBRYVIBEG FOGSEAMRDFK ZDV YD
KLIKIKKDWDOLW\ FOXVWHULQJ VHLVPLF GDWD IURP DQ RLO ILHOG
%H\RQG WKH DOJRULWKPLF D&Y BBHWDKIMFUNWRHIDLQVW PDQXI
SURSRVHG PHWDKHXULVWLF FB URWHIH® JE\|UDFPOHWYZ RYNH H[SHUW |
DOVR SURYLGHV QHZ JHRORJLRDHYXQWVJIRWRR QYW R DWEHBVW&DW W
WHFWRQLFV 7KH LGHQWLILHG FORRNMW IR XQL DRHWYRBQ R RW RQO\
GHIRUPDWLRQ IURQWY FRUUHOD®AXZRB\ODOLGN K REX M WRMYYDRI VDO
KLIJKV DQG FORVX\SLFOD@DHOA WEWWDDOVR VLIQLILFDQWO\ UHGXFHC
K\GURFDUERQ WUDSV )XUWKMNUMH WHPHVEHTXKUHG IRU DQDO\VL)
WH[WXUDO FRQWUDVWY DW WKMHGRPWKRERBEDENQ RQGH[ DV D FO
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TXDOLW\ PHWULF FRQILUPHG WKDKH®HKWH P HWWDIOHRQULSWWEPHWHU
DOJRULWKPV RXWSHUIRUPHG WUWNGHWLKQXOLVXFWDEOLQRU WKU
WHFKQLTXHV RHXBQVDWWSHFLDRMHONKRGY WKDW H[SORUH GLIIHUHQ
VFHQDULRYV LQYROYLQJ FRPSOWHXFWHRORIERDYLVWHQF\ $00 V
VWUXFWXUHYV DVVHPEOHG LQWR dg PDRMWIH
'HVSLWH WKHVH SURPLVLQJ xR\ BROMHEWHERPRIGHY \LHOG JHUR |
OLPLWDWLRQV UHPDLQ 7KH BXWIHSYWYWMRNEWKPVXP RI VLPLOD
FRQGXFWHG RQ D VLQJOH ' VHIMPHREOMHFWLRQ PHEHWEHIUHH DG

VFDODELOLW\ RI WKH PHWKRG, %R 2R B iy RRG L ﬁ@H
GLYHUVH ' GDWDVHWV UHPDLQV WR EH H[SORU

$GGLWLRQDOO\ ZKLORHWRWN SURSRVHG 1UD

UHGXFHV GHSHQGHQF\ RQ ODSEH®MHG |:GDWD LWV

SHUIRUPDQFH LV VWLOO VHQVLWL |

LQSXW DWWULEXWHV DQG DOJR %E}éw’%/ %ﬂgﬁg LFR\APR& RI'R(
)XWXUH UHVHDUFK ZLOO IRFX % \)U&J QeH LV HYDC

FRPSXWDWLRQDO HIILFLHQF\ RI WKH DOJRULWKP WR

HQDEOWRMOHH VHLVPLF GDWD DD\ ViV gtk H

PHWKRG ZLOO DOVR EH WHVWHG DQG _YDOLGDWHG DFURVV

PXOWLSOH GDWDVHWYV IURP YDUL%X}/ YJ&"lR RJLFDO VHWWLQJV

WR HQVXUH LWV UREXVWQHVV DQ W@HUDO DSSOLFDELOLW\

, QWHJUDWLQJ VXSSOHPHQWDU\ G d%?Vﬁ%UlﬁHé/oH/ﬁW@v\ﬂ)\&NLRQv W
SHWURSK\VLKD@&J DI RIHD® W L R O i v XVHG GLUH,:WO\ WR UDG

IXUWKHU HQKDQFH WKH LQWH DWLQJ
UHOLDELOLW\ RI WKH DXWRPDW RU WLRQ IL
WKLY UHVHDUFK SDYHV WKH ZD HT d{lWLRQ Z K
Rl KISHKUIRUPDQFH 1XOO0\ DXW LR; YDQFH
VHLVPLF GDWD DQDO\VR® b

VXSSRUWLQJ PRUH HIILFLHQ%O%R ﬁ%&é?\g\Mbgé\]JD%v RSWLP)

VXEVXUIDFH FKDUDFWHUL]DWL

LQGXVWU\ 7KH  SUHVHQWH SHUYLVHG
PHWDKHXULVWLF FOXVWHULQJ |U©FPH&LRLtB\DLQRwEI\RH®I@QMYHVRWR
DGYDQFHV DXWRPDWHG VHLVPPEQLGEWIHIU \HV YWPRBI EXKMKDUHG
DOVR RIIHUV D SUDFVWRIRRDARDGHILFO@DVOH W

UHGXFLQJ LQWHUSUHWHU ELDV sLQ VXEVXUIDFH
FKDUDFWHUL]DWLRQ DQG K\GURFDIUERQ!H{SORUDWLRQ %

EEE € EC( ' € EC

$S/§';88H_D SERUH '"HVSLWH LWV VLPSOLFLW\ DQG
$ Q HIILFLH@MADQV VXIIHUV IURP OLPL

)RU D JLYHQ DWWULEXWHK DV VHQVLWLYLW\ WR WKH LQL)
QF\ WR JHW WUDSSHG L

Yyl g ZLWIUHSUHVHQWLQJ Wg Ycﬁﬁﬁg FOXVWHULQJ TXDOLW
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