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ODMRU &RP SX@G{ YQ IRUPDWLR® FHEWQ RORQVRUPDWLRQ 7HFKQRORJ\ 5RL (W
5RL (W 7KDLODQG

ODMRU Rl &RPSXWHU 6FLHQFH 'HSDUWPHQW RI $SSOLHG 6FMBERBW)DFXOV
8QLYHUVLW\ 7TRBLODQG

&RUUHVSRQGLQUWXWHRUUX DF WK

SHFHLYHBFHPEHWHYLVHGEUXDUSFFHSWOHDGW FK $YDLODEOHORQOLQH

$SEVWUDFW

,Q WKLV SDSHUKYEBE FOSRGRBUDW KK IRQ QH @ GE XR G H GXRIUOW H U
VLQJOH LPDJHLGHWDNGY D KD] LPDJHKBY WEHDOQQYIWVKH KD]H
LPDJH ZLWK EDFNJURXQG DUHD DQG ORZ FRQWUDVW 1H[W LQ
RI KD]H UHPRYDWKLIMRIMER PHWIKKGEQ D PRGLILHG DSSURDFK L\
UHEXLOGLQJ WKH\SXDORMOLBHGWREKHQJ WKH VKDUSQHVYV DQG WKH D
ZKLWHQHVV LQ WHKH RMP DKHFDISIWXKHHU ZLWK IRJ DQG KD]JH FDXV
ZRUWHIQH TX OO JRD]H UHPRYDO DOJRULWKPY DUH PRUH XVHIX
LQ YLYKRMHDUFEHBSKOWHG D PHWKRG WR DGMXVW WKH FRQWUTL
UHPRYLQJ WKH KD]JH IURP 7KHW RIK LRGH/\GK:REPEH MKIH) PHWKR G Z
SURBRWHVY D YDULHW\ RI RW\®R B UP KW DLOQMHIDXO WK HV SRR SR V
DSSURDFK RXMEHWUIRXOE 'WXIPRPEKALQJ ZLW K OXRGHGKFL OWH U
PHWKRGV JLYH EHWWHU SHDIR VWRXFNV KO BDHEEH Q HQNDLIY \
WRRLVH UDWLRKLF&KLEV HNBRVWIRASDUDWLYH UHVXOWR RI WKH
QRLVH UDWLR DQG LPDJH TXDOLW\ LQGH[ G HMHRQWMRRBO/BYH WKH L
H\ZRUDWRKNKDQQH®DIH LRWBRIYRD *XLGHG ILOWHU

< 6DNRQ 1IDNKRQ 5DMDEKDW 8QLYHL

,OQWURGXFWLRQ
,Q VWKIDH\ ZHDWKH WWWKH Q FRRISMAGEYDFH WHQG WR EH EOXUUHG |
DQG DEVRUSWLRQ Rl DWPRVSKHULF SDOG FYQN Y ERD\L WK VEQGV LLV
GLIILFXOWLHV WR WKH DSSOLFDWLRTKRU HIRALIR QUDI®R Y& QW DV B
WKH LPDJH HIIHFWLYHO\ LV D FKDOOHQJLQJ DQG ZRUWK\ SUREC
 QUHFM-ODWFDQ\ UHVHDUFKHUV & BI'%M K RUpIEREWFE HFXKQLTXHV
PHWKRGV IRU VROYLQJ SUREOHPV UHKQBKW HIGOWRL QBWRYLDJIJVKD]
LPDJH DQG DQRWKHU ZD\ LV WR UHVWRUH FOHDU LPDJHV XVLQ
>@ ZKLFK WKHYD YHODRBKWBWWKHUX OWNM KEXWHU OLPLWDWLR
LPDSWRFHYNHQHIRUH HOLPLQDWLQJ GRXEOH LPDJHV LQ D VLC
UHVHDUFK RQ GHKD]LQJ WHFKQLTXHV 7KLV PHWKRGQSURGXFH
GLVWRUWLRQ RI FRQRIWD RBERYDVG WK\H ¥ @RH WKL D QBEWGR DVVHYV
VHFWLRQ RI WKH VFHQH E\ ,QGHSHQGHQW &RPSRQHQW $QDO\\
VXUIDFH IXQFWLRQ KDYHDQR WHKGICHVHLRQIL MARE MMXFIDQJ 7KLV PHW
TXDOLW\ UHVXOWV EXW LV XQDEOH WR KDQGOH LPDJHV WKDW
7KH IRFXV RI WKLV SDSHU LV W KHR®HR/Y HRIVURNKRSIGRY HOWKWBL
FRPELQH JX LPGHNK RIGBREHRUMDWLVWLFV ORWV RIKRNWBRROLPQBDW
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QDW X UD OKILFBJKEV H DAGAMAKNKY W\S3 RI@ DQG ZH SURSRVH D K\EUL
ZLWKLGHG BHFWHERBQ ,, RXWOLQHV WKH MXVW IHEDFNIBRXIRE® R X
L@RIUPDWLRQ WKDW VXK8SRUSWM EXVYHZRBNWIQRGRORJI\ ,Q 6HFWLF
TXDOLWDWLYH DQG TXDQWLWDWLYH UHVWGHHYD R MIYERRBHR SRV F
UDWLR 36RBDQQGNUXFWXWBBO @ LRXUDRR@ROXVLRQV DUH SUHVH
VHFWLRQ

ODWHULDOV DQG PHWKRGYV

,Q WKLV VHFWLRQ PDWESSDRDFKQR R/H QY HBHE RWHHDH XK/DJNV G D L
FKDQQHOGHKHRUXD@HG ILOWHU
+D]HPDIHRGHO

"KHQ UHIHUULQJWKR W K WIRDVBNHQ ZLWK KD3IH@SUR IR GH® \E \
XVHG FDQ EH GHVFULEHROBORWKH FRPSXWHU D

[ W[ - W
ZKHUHY WE&WHQVLW\ RI WKW WHH SVWB&BULW\ RlI WKH LPDJH
KDJMLWRGHUDWH VLJQDO WUDQVPLVVLRQ VKRZ O$1KW IUDJP
WKRH HDWPRVSKHULF OLJKW
'DUN &KDQQHO 3ULRU
YRU WWDKUHRK D QRUHRR KH K\SRWKHVLV RI WKH HVWLPDWLRQ RI O
GHKD]HG WKH LPDJH WR JHW WK H SIDHDRK N V& RW VV [ARKGIRRIPBIL Q C
FKDQEDH/OD ORZ LQWHQVLW\ QRW MXVW B @Z SL[HOV DV LQ WKH

GDUN

- [ PLQ PL£Q

FAU JE\e: [
ZKHUHPYMWKH GDUN FKDLQQFHRORU:R[I EMDQARFDO SDWFK FHQW

DQG WWKIMWWLVWLFDO REVHUYDWLRQ LV QDPH DV GDUN FKDQQF
*XLGHG )LOWHU

7KH *XLGHG ILOWHU LV D WHFKQLTXH WKDW LV PRUH HIIHFW
ZKLOH UHPRYLQJ VPDOO IOXFWXDW LRIV QIQQWKHOWHDQVRUVOLR
ZKLFK WKH SURFHVV LQYROYHBNLFRWEBD ER SSQU\Y &HLRRRD B W
T7KH ILOWHULQJ LRX VWSXWH B WHSL PR/OD>Z@LIJKWHG DYHUDJH

T :M fiw S
ZKHUBQEDUWKH.[HO LQGH|[WVWHRAHD IXQFWLRQ SOWERIG LPDJH
LQGHSHG AIQW RLOWHRP BEDMR.QHD U
,Q JHQHUDO WKH FRQFUHWH RWHNMK HVHLYOI MHY EY ELODWHU

g — il et
L \ U
ZKHUHV WKH FRRUGKD®I@EBIOV D QRUPDOL]JLQJ SDUDPHWHU \

AY9yy TKH SDURPQ®&MGMXVW WKH VSDWLDO VLPLODULW\ DQG

VLPLODULW\ 7KH MEHGWWWRIONBEW G BN DRDQDW B O, D QED/WHK B K H Q
VDPH
'"HILQLWLRQ

JURP WKHPB®WRRIE WKH ILOWHU DQG LWV NHUYMRPSEBYHRBDHHQ
WKH ILOWHU LV D ORFDO, 0QY WX FPVRIGRHID DEQHBE BHHHQRBESX W | L O
WKH OLQHDU W UDD® W RN R QFERBVRIIUNG DW SL[HO

TL DN’L ENZ
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ZKHWHE DUH WRPHIFOLH)GI DU FRHAJLEHHQMWMTX@UH ZLQGRZ RI T
UDGUWXWKLY ORFDO POLNQH\DWKIRIHOQ HGJH, RDOMZKEGIH EHFDXVH
VT DV,

'KHQ ORRNLQJ IRU OLOQH®XWERBI IHFERDE®@IIHIZG W KIHQ BSOMW H U
HVSHFLDOO\ ZKHQ ZLOO UHGXFH WKH IROORZLQJ FRVW IXQFWL

(DNENL.:Z OnviL En S P
N

+HWHVSUHYHQWLRQ R WY WQ SEDR A VEHUL QDIHW RRHOWR OXWLRQ
FDQ EH JLY H® B HOAVQHRDU

7:L‘ZN’LS‘ P_NE
) 12
‘/N .
EN _SN IPI\
+HUW, DQB DUH WKH YDULD QFHQD QG LKHWRHRQXPEH W, RI SL[HOV
DO — ! _SLV WKH BHE@EQ RI

ERES
BURSRVHG PHWKRG
‘H LPSURYRIIPW&W SURSRVHG GHKD]LQJ WHFNIGHK DXIHD W HKLRVAN L) |

RI WKH LPDJH WKDW LV DIIHFWHG EHWZHHQ WPKHY WRLIRHUHIGR XNDICH
VKRUWFRP L& \P HW KFGDHRID O\]H & HZBIQS/D O J R WIP\S K RAKHRD J H
GHKD]LBUHDWISIRPRO LP D JHVE&S HAHW KR G DQHS JKR B ELGHW KOHADH U
PDGISLOMOHFLILF DM DRIQ Q\L BAKHDAWE/BH D]LQJ UHVXOW

+D]H LPDJH

v

(OLPLQDWH KD]H E\N '&3 PHWKRG
FRPELQLQJ JXLGHG ILOWHU

2

EXLOG SL[HO RI WKH KD]J]H UHPRYDO
LPLC

v

FUHDWLQJ SL[HO

v

RXU UHVXOW,

J)LI7KH IORZ FKDUW SURSRVHG PHWKRG

7KH VWHSV RI LPSURYHG PHWKRG DUH DV IROORZV
GUHDWKD]H LPHPDORILQS (WXBWLRIEDW HQVERU UKMKBWQGLQJ WR

KLJKHVWQSWKEVEWHQ VLWV IBHH®Q RI
(OLPLQYBW H DV KLIFLDQENX V LW B&3 PHWWRGW FR PELIQGHVGRIE® W H U

W K FIQH DWWSH BRW KH LR BPHRMN KH RRIHKH@G WRAH BLQVKH VKDUS

SR L QSN [ISD
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&UHB WHX VHHRQKID Q F HE HDMWREBIS(TXDW MRR) HQKDQFH WKH VKDUSC
ULMMBKH VKDUS SRLQWV ,Q WKLV SDSHU ZB XNH BWQHEWRDGUDWL
WKH EHILQQU®BY DIBNH QIGO0 \

)LQDPDN I$ [ W OH F L | LR DRAULHRDQV LoQSIL PHRH@ Z WV EHWUHV X OW LPDJH

S5HVXOW DQG GLVFXVVLRQ

,OWKH H[SHUZHPHWRONO OV KHMARVYWDQFH UHVXOWYV RI WKHQSURSF
FRPSDUH RXU PHWKRIG KZHWKP\WM WHK R@\D W FOXGLQJ '&3 JXLGHG
$00 WKH PHWEABRHMWHG LQ WKH 0$7/$% D HQYi&U RDWKQW R
*0h 580 E\ XVLPIDIHMMALQ WKH H[SHULPHQW ZKLFKKHDYH GLI
FRPSDULVRQ GDWRGRWRV D@0 XCAWGR RRIKIHANR O WKH UHVHDUFI
FDOFXODPWBG WKXDUHV HUURU 06( WR DQDO\]H WKMHRYLJQLILF
06(LQGLFDWHYV VDWLVIDFWRU\ W HKDWLKKI96G HBKIHQEYD EWBY WO WV |
HOLP LGHDDHLQJ FDSDELBLMRXOG DOVR DVVHVVVMK HR EN S WLLPYHHQ
HYDOXDWLRQ FULWHULD PHDQ VWUXFWXUDOWRLRPL\GD WD L RQ ¢
3615ZHWHKRZQ 7DEOH
$ 4XDOLWDWLYH FRPSDULVRQ

7KH KD]H HOLPLQDWLRQ DOJRULWKP WKDW ZH RILQURFDQ ZR U]
H[SHULPHERO®H H[SHULPHQWDO PHWKRGYV DEQHQWR DEBW XRBRR
LPDJHV VVWRZ WKH GHKD]LQJ LPDJHQ DIQIR XKW XTCRSSNDKWERD © M
WISHURSRVHG PHMRKR & KDQGR XU DS S KRB R KWROHWIS LS RTLRANODAO H Q W
WR GREMHFW VXEWUDFWLRQ PHWKR®IDW&BLH®IRY HDFK FRORU

7TUDIILF MDP %XLOGL@ JRUBVW® 5RDG > @

B3
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&RPPXQGLVW 2XWGRR@® %ULG I 2XWGRR@®

7TUDL@ > + R XV Ha> SHR SO i® BHRSOH > @
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6WDGLXP > @ WLOGEBQ@ 2XWGRR W@

)L 4AXDOLWDWLYHZRHDG WP B WHWBIHKCDQ\ LPDJH E '&3 PHWKRG F
PHWKRG G SURSRVHG PHWKRG

([SHULPMX@WWLWDWLYH HYDOXDWLRQ

,Q WKH ILUVW UHVXOWYVY WKH SHUIRUPDQFH Rl WKH SURSRVH
'&3 DOJRULWRFP W WRWMBDIRY ZLWK WKH HOLIKMQ DWW IDRXY FRUWDN. K G
DWPRVSKHY BI®,0YDOXHV IRU WKH HQVEKWNY W KRZIQ/HQL @KH 7DEO
ZKLFK WKH EHVW YDOXHV DUH KLJKOLJKWHG

7TDEOHKHRPS D WRI/MRUD PHOVMMEMHKDWR WKH WHVW LPDJH
PDJH &3 *XLGHG ILOWHU3URSRVHG
3615 G%066,0 3615 GU66,0 3615 G%066,0

7UDIILF -DP

%XLOGLQJ

YRUHVW

&RPPXQLW\

2XWGRRU

7UDLQ

BWDGLXP

%ULGJH

+RXVH

3HRSOH

%XLOGLQJ

5RDG

3HRSOH

2XWGRRU

2XWGRRU

7DEOH RXWOLQHV WKH UHVXOWV Rl WKH GHKD]JLQJ PHWKRG \
066,0 YDOXHV ,W FDQ EH VHHQ WHRSRWHKE SHKDRU®DYEB HR DIV\K
9LVXDO FRPSDULVRQ FRQILUPVGWMKDWRPIE DQR Q W K&3 FZR-R\SKD WIK\M L X
ILODVGHAR ULWKP V
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06(
\

—'&3
== *XLGHG ILOWHU
BURSRVHG

,PDIJHV

)L AXDQWLWDWLYH FRERIBUMNDROXWHGDWDVHW

&RQFOXVLRQ

+DQJ LPDJH FODULW)\ LV DQ LPSRYWDLERQ \5 USCESHP SLUH VRO W/
DOJRULWKP WKDW SURGXF B G FFIUHHD AOHIVU DIVWPYS DEMEHUIKBY Bl Q GW R
FRQWUD VW KIPIXIHM VWBW V &V BRIRFHVY WKH LPDJHV ZLOO KDY
GLVWRMWIRRQ)/LGHULQJ WKH DQDO\VLV RI KD]JH OLNH FRYHULQJ
2XU DOJRULWXPVXBOOOWDWRVI\LQJ UHVXOWV DQG WHMICDQWR P
RWKHU WHFKQLTXHV &RPSDUHG WR RXU SURSRVHG WOHRULW Kk
VWUXFWXUH 066,0 RI WKH LPDJH LV HIIHFWLKB6EBRMIIXUHG WR
RXWSHUIRUM LZXWOHQLQJ FRPSDUBBOHGSHRRBRUPWQNFH VWXGLH
TXDQWDWDMMWRHH QWY G H PHRRMYAWBD RILRI WRHWKRGY FDQ EH LPS
D KLJKHU KD§HJ RRIGBIOFKR 2 QKWIBKGD WU R S R VAR AFHW RV HUBIQ ©
JRRG KD]RYMWEHEGHU WKDWHPIRY®IE RU WKH WUDQVPLVVLRQ WKD
RULJLQDO IRRZHPYDHHVWKH JXLGHG ILOWHU KDV WDNHQ WKDW SU
DWPRVSKHULF OLJKW WUDQVPLVVLRQ WR LQFUHDVH WKH HIILF
ZLOGDG WKDW JX K®HGHE VMORVUMUL R DAZIB36 05 KLIKHU EXW WKH VWU
LPDJH LV DOVR ORZHU 066,0 7KHUHIRUH WR LQFUHDVH WKH F
KD]JH FRPSDUBOG MR LRWKH 7 KH H [ SHIMHLVAHYW VKREDMKDMW WKH HIIF
RI KDJH DQG WKH \SMWXRK WXKLGIFRI| LKD) KH V

5HIHUHQFHYV
>@+ /KRQJ 'HIRJJLQJ PHWKR G, QR U DGHIG DES\HH UP CRIH
>@/ 6FKDXO & )UHGHPEDFK L6P DEXVGW KRN J&RQRID WHG! QH
, QWHUQDWLRQQDO &RQIHUUHQFH RQ ,PDJH 3UR¥FHNEHQJ
+

> @ &KDYHJUPSURYREMBEW 6XEWUDFWLRQ 7HFKQLTXH IRU $\
&RUUHFWLR QWU DOEHRRWEHBHQV (QYLURQ
> @ 7DQ 6LQJOH LPDJH GHKD]LQJ #$&0 6LJJUDSK
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> @ /L 3 YDQPDQ ' =RX=BRX &KHRQJ B6LPXOWDQHRXV YLGHR
VWHUHR UHFRQV&RX AW HRERP RXQVHU 9LVLRQ DQG 3DWWHUQ
&935 %RVWRQ #$% -80H +

> @ )DWWDO O9LVLELOLW\ LQ EDG ZHDWKHU IURP D VLQJOH 1
9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ JXVWQFKRUDJH LQ $. ¢

>@% /L 5HG®(6,'( $ EHQFKPDUN IRU VLQJIZWWDLYDJIHOFHVKD]ILQJ

+

>@) 6KDL : )H@1Q3 6LPXOWDQHRXV 'HKD]LQKDIQGQGJHARUWLQJ
)5 %, +

> @ -LDQR + MOD 4 EAML ,PSURYHG DOJRULWKP RQ LPDJH K|
GDUN FKDQQE® SULRU

® )DWWDO O9LVLELOLW\ LQ EDG ZHDWKHU IURP D VLQJOH L
9LVLRQ DQG 3DWWHUGGOGHKRUQIMWILRQ$. 86$ + $XIXVW

@ &KDQJ 3HIKHQ 7([MHFWLYH ,PDJH +D]J]H 5HPRYDO 8VLQJ 'DUI
SRWWRFHVVLQJ ,((( . QWHUQDWLRQDO 6\PSRVLXP RQ &LUFXL
6RXVWRKUHD $XIXVWE

@ +H - 6XQ *XIBA& ,PDJH )LOWHULQJ LQ 'DQLLOLGLYV
(GV &ERPSXWHILILVLRHEQIHU +HLGHOEHUJ SS

@®LQJOH ,PDIHKWAWKS|LRRKDQQHVNRSI GH SXE OLFDMWRRHQYW GHHSBS

@KDLODQG KDKWWBBJIHHQ YLHW QO BRBR@XR/OVE MIKEDRHPIHEGV

\Y

\

\

VvV Vv

GHDO YQREWREHU
> @LQJIJOH ,PDJH 'HKD]LQJ KWWSV 72ZZ FVH KXML DF LO aU
2FWREHU

\

@QQSXW KD]JKWWBJIHNDLPLQJKH FRP FYSU 2FRREBULVRQV KWPC



