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7KLV LV.DQ LPSDFW UHSRUW RQ WKH WHFKQRORJ\-DUHDV-YLVXDOL]DWLRQ DQG LPDJH
DQDO\VLV LQ 6ZHGHQ 7KLV UHSRUW LV OAWXHDRE @HECGEQWKH RUJDQL]DWLRQ



)RU DOO RI
ZLWK DOO

6ZHGHQ V VWUHQJWKYV LQ YLVXDOL]DW
DQDO\VLV FRPH IURP D FRPELQDWLRQ
DFDGHPLF IRXQGDWLRQ LQQRYDWLYH
VXSSRUW IURP WKH JRYHUQPHQW DQG

SURPRWHYV UHVHDUFK DQG HQWUHSUHC(
IDFWRUVY ZRUN WRIJHWKHU WR SODFH 6
SRVLWLRQ JOREDOO\ LQ WKHVH WHFKQ
$SSOLFDWLRQV IRU WKH WHFKQLTXHV

VRFLHW)\

$ERXW WKH UHSRUW

7KLY UHSRUW LV GLYLGHG LQWR WZR SDUWYV
EURDG RYHUYLHZ RI WKH WHFKQRORJLFDO IL
LPDJH DQDO\VLY DFURVYV 6ZHGHQ ,Q WKH VHH
LOQWURGXFHG WR WKH RUJDQL]DWLRQ 9LVXDO
RXU HITRUWY WR GULYH LQQRYDWLRQ DQG SU

6RFLHWDO &KDOOHQJHYV

9LVXDOL]DWLRQ DQG LPDJH DQDO\VLYVY SOD\ D FUXFLI
FKDOOHQJHV E\ SURYLGLQJ FOHDU LQVLJKWY DQG HC

H G?UﬁPSd[ LVVXHV

BWURQJ-QQRYDWLRQ (FRV\VWHP
YDWLRQ HFRVA\VWHP LQ YLVXDOL]L

ZRG L
6 Z H?QF@HHU V FXWWLQJ HGJH WHFKQRORJLHYV

HQYLURQPHQW DW GULYHVY DGYDQFHPHQWYV LQ GL
KHDOWKFDUH VHFXULW\ DQG XUEDQ SODQQLQJ

SRYYLELORWOOVYRI VRFLHW)\

GROXWILRQV ZLWKLQ YLVXDOL]DWLRQ DQG LPDJH DQCL
ZLWKIL.Q RUIJDQL]DWLRQV OLNH WKH SROLFH HGXFDW

FURXQGEUHERNLQJ &RPSDQLHV

ODQ\ RI WKH JOREDO FRPSDQLHYVY GULYLQJ LQQRYDW
KHUH LQ 6ZHGHQ )RU H[DPSOH

t(.')bri I‘(. AXISa ContextVision

metiic N

RUOG FXDQJLQ) LQQRYDWLRQV

6ZHGHQ LV KRPH WR JURXQGEUHDNLQJ LOQQRYDWLRQ
LPDJLQJ VA\VWHPV 9ROYRYfV GULYHU DVVLVWDQFH WFE
EORRG DQDO\VLV $XWROLYYV QLJKW YLVLRQ IRU YHI
DGYDQFHPHQWY LQ ' UHQGHULQJ
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(KH ZRUOG ZLC

37TKH SURILOH DUHD ZLOO SOD\ DQ LQFUHD
LPSRUWDQW UROH LQ WKH IXWXUH :HTYEL
RXUVHOYHV ZHOO LQ UHODWLRQ WR WK
FKDQJHV WKDW ZHYfUH VHHLQJ ZLWK GL
PDFKLQH LOWHOOLJHQFH DV GULYHUYV
WHFKQRORJ\ WKDW SODFHYVY PDQ DW WK
GHYHORSPHQW DQG WKLV LV RQH RI W
FKDOOHQJHV JRLQJ IRUZDUG 1RZ ZH Q
RQ 9LVXDOL]DWLRQ DV D NH\ WHFKQROR
&SHQWHUHG 7THFKQRORJLHV ~

4

$OQOGHUV <Q

BURIHVVRU RI 6FLHQW

JLQN|SLQJ 8QLYHUVLW\ LQ 6
1RUUN|SLQJ 9LV XD




3/LQN|SLQJ 8QLYHUVLW\ KDV EHHQ D O
LQ WKH ILHOG RI LPDJH DQG YLGHR FR
VLQFH WKH V 7KLV LQFOXGHV GLJ
- UD\ LPDJHV DV ZHOO DV WKH HDUO\
WKH 03(* VWDQGDUGV IRU GLJLWDO
NQRZOHGJH OHYHUDJHG IURP WKHVH
KDV VSXUUHG WKH GHYHORSPHQW RI
FKLSV IDVW DOJRULWKPV DQG XVHU
DSSOLFDWLRQV ZKLFK DUH DW WKH F
RXU VSLQ RIl FRPSDQLHV ~

6ZHGHQ QHHGV WR NH 5REHUW )RUH
YLVXDOL]DWLRQ DQG 3URIHVVRU RI ,PDJH &R

8QLYHUVLW\ LQ 6ZHGHQ &






«9LVXDOL]

LV WKH SURFHVV RI UHSUHVHQWLQJ GDWD ==l "EE s
IRUPDW VXFK DV FKDUWV JUDSKV PDSV RU &
HDVLHU WR XQGHUVWDQG DQDO\]H DQG FRF
WUDQVODWLQJ FRPSOH[ GDWD LQWR D YLVXI
DFFHVVLEOH DQG LOQWHUSUHWDEOH DOORZ
DQG EHWWHU FRPSUHKHQVLRQ

="

&RPPRQ DSSOLFDWLRQV 5
 %XVLQHVV ,QWHOOLJHQFH 9LVXDOL]LQJ :
VWUDWHJILF GHFLVLRQ PDNLQJ -
+ +HDOWKFDUH 'LVSOD\LQJ SDWLHQW GDW—
HSLGHPLRORJLFDO LQIRUPDWLRQ WR LPSU—
+ 6FLHQWLILF 5HVHDUFK 9LVXDOL]LQJ H[SI .
SDWWHUQV FRUUHODWLRQV DQG LQVLJK\V
ELRORJ\ DQG HQYLURQPHQWDO VWXGLH ==




«,PDJH $QDAC

LV WKH SURFHVV RI H[DPLQLQJ DQG LQWHU
PHDQLQJIXO LQIRUPDWLRQ DQG LQVLJIKWYV
VXFK DV SDWWHUQ UHFRJQLWLRQ REMHFW
VHIPHQWDWLRQ ZKLFK KHOS LQ XQGHUVWI
YLVXDO GDWD %\ DQDO\]LQJ LPDJHV LW L\
WDVNV LGHQWLI\ WUHQGY DQG PDNH LQIR
YLVXDO LQSXWYV

&RPPRQ DSSOLFDWLRQV

f OHGLFDO ,PDJLQJ $QDO\]LQJ : UD\V 05,
WR GHWHFW DEQRUPDOLWLHY GLDJQRVH
WUHDWPHQW SODQV

+ 6XUYHLOODQFH DQG 6HFXULW\ ORQLWR
IRRWDJH WR GHWHFW VXVSLFLRXV DFWLY
DQG HQKDQFH VHFXULW\ PHDVXUHYV

tf 5HPRWH 6HQVLQJ ,QWHUSUHWLQJ VDWF
IRU HQYLURQPHQWDO PRQLWRULQJ XUEL
PDQDJHPHQW



$ +LIK:

WR WKH

9LVXDOL]DWLRQ DQG ,PDJH $QDO\VLYV
NH\V WR WKH GHYHORSPHQW DQG X(
RWKHU WHFKQRORJLFDO DUHDV

ZRUNIOR

'LVWULEXWHG
DQG FRQQHEF *HQHUDWLY

+XPDQ LQ WK
WHFKQROR

6HQVRUYV
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OLVXDOL]|DWLRQ DQG LPDJH DQDO\VLY DUH DOVR FUXFLDO IRU RWKHU WHFKQRORJLFI
+HUH DUH VRPH NH\ DUHDV ZKHUH ZH DQWLFLSDWH WKHLU JURZLQJ VLJQLILFDQFH
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3 H VHH WKDW SHRSOH DUH L¢
Z/LWK SURFHVVHV LQVWHDG

.ULVWRIHU 6N\W

& (2

JRXQGHU DW 6N\0D

o006 200¢

"7KH UROH RI SDLG ZRUN LV UDSLGO\ ®kD
WKDW SHRSOH DUH LQFUHDVLQJO\ ZR@NL(
LQVWHDG RI LQVLGH SURFHVVHV 3HU®RUF
UXOH GULYHQ WDVNV DUH KDQGOHG E®@ Wt
PRGHUQ ZRUNIRUFH $QG WKH OHYHO &1 F
WHFKQRORJ\ FDQ VROYH LV LPSURYLQg ID

6LQFH ZH VWLOO QHHG SHRSOH WR E ® oc
WKHVH SURFHVVHV ZH FRQVWDQWO\ HC
WRROV VR ZH FDQ PRQLWRU DQDO\]H DQC
ZRUOG DURXQG XV 7KDW V ZK\ YLVXD®L]C
DGYDQFHG DQDO\WLFDO PHWKRGV RI ®xU
DUH FULWLFDO WR HQVXUH WKDW ZH ®DQ
LQFUHDVLQJ FRPSOH[LW\ RI WKH ZRU®G

o

®



7KHKRDOOHQJHV R

6ROXWLRQV LQ YLVXDOL]|DWLRQ DQG LPDJH DQDO\WLY KDYH WKH SRWHQWLDO WR PDNH D V
LPSDFW RQ VXVWDLQDELOLW\ FKDOOHQJHV VXFK DV FOLPDWH FKDQJH VRFLDO YXOQHUDEL
VHFEXULW\ LVVXHYV

,QWHUDFWLYH 9LVXDOL]DWLRQ BP®»URGIRUHMWILWIKURXJIK 'LILWRELDDLQRFOXVLRQ DQG &KLOGUHAQ
%LRGLYHUVLW\ YLVXDOL]JHG LQ D&PBOW\ WRLIQRGRUMWDIDWVGW HQY LQWRIQWPBIRWLY K HB®P\IJURXQG ZLWK V
ZD\ XVLQJ DQ LQWHUDFWLYH JORERUPW\VERRQMUH® ZLWK GHFLVLRQSPDNIWUGHPRWH IURP WKH KRVSLYV



OLVXDOL]DW
OXVWDLQDE

",QWHUDFWLYH YLVXDOL]D
SRZHUIXO WRROV IRU VSDU
GLVFEFXVVLRQV RQ VRFLHWD
VXFK DV ELRGLYHUVLW\ OR

ﬁ 6@ "f/ \) @ C ( @ @ SURIHVVRU LQ 7TKHRUHWLFDO %LRO

8QLYHUVLW\ FUHDWRUJIDIPHR/KEW
Grupper o fumssssssiin Relationer WHDFKHV NLGV DERXW ELRGLYHUYV







OLVXDOL]|DWLRQ RI VFLHQWLILF GDWD L
H[SODLQLQJ WKH ZRUOG EXW DOVR D WI
7TKURXJK GDWD YLVXDOL]|DWLRQ LQVSLU
UHVHDUFK LOQQRYDWLRQ FROODERUDWL
VXVWDLQDEOH GHYHORSPHQW LQ 6ZHGH
,QFUHDVHG UHVRXUFHV IRU YLVXDOL]DW
DUH QHHGHG WR PDNH FRPSOH[ UHVHDUI
DFFHVVLEOH WR GLIITHUHQW DXGLHQFHYV
XQGHUVWDQGLQJ RI ERWK WKH FKDOOHC
RSSRUWXQLWLHY ZH IDFH



36ZHGHQ LV SOD\LQJ D IXQGDPHQWDO UROH
GHYHORSPHQW RI DGYDQFHG GLJLWDO WHFHK
VROXWLRQV WKDW ZLOO XQGHUSLQ GLJLWD(
RQJRLQJ WUDQVIRUPDWLRQ RI LQGXVWULHYV
ODUJH $GYDQFHG WHFKQRORJLHV LQFOXGL
LPDJH DQDO\VLY DQG RWKHU HPHUJLQJ WHF
SOD\LQJ D UROH LQ GHVLJQLQJ VROXWLRQV
WKDW PHHW IXWXUH VRFLDO DQG EXVLQHVV
WHFKQRORJLHY DUH WDNLQJ WKH ZRUOG LQ
ZDWHUV ZLWK GLJLWDOL]J]DWLRQ DQG LQIUD
WUDQVIRUPDWLRQ VKDSLQJ LQGXVWU\ DQG
SHRSOH OLYH DQG ZRUN ~




"&@RQWLQXHG LOQYHVWPHQW LQ YLVXDOL]
LPDJH DQDO\VLV JLYHV XV DQ RSSRUWXC
3LQGXVWULDOL]H KHDOWKFDUH GLVFLS(
PHGLFDO LPDJLQJ E\ DXWRPDWLQJ UHSF
DV ZHOO DV KHOSLQJ XQFRYHU LPSRUWL
WKH GDWD OHDGLQJ WR PRUH DFFXUDW
DQG WUHDWPHQW GHFLVLRQV 8OWLPDW
GRFWRUV WUHDW PRUH SDWLHQWYV DW O
ZLOO EH FUXFLDO DV WKH SRSXODWLRQ






SHYHQXHH
WKRXVDQG VHN

® SHYHQXH WKRXVDQG VHN
® 5SHVHDUFKHUV
® RFWRUDO VWXGHQWYV

$Q H[DPSOH RI KRZ WKH DUHD RI YLVXDOLVDWLRQ
DQG LPDJH DQDO\VLVY KDV JURZQ LQ WKH
1IRUUN|SLQJ /LQN|SLQJ UHJLRQ LV WKH &HQWHU
IRU OHGLFDO ,PDJH 6FLHQFH DQG
9LVXDOL]DWLRQ ,W LV D UHVHDUFK FHQWHU DW
/JLQN|SLQJ 8QLYHUVLW)\ LQ 6ZHGHQ IRFXVHG RQ
PHGLFDO LPDJLQJ DQG YLVXDOL]DWLRQ
(VWDEOLVKHG LQ &0,9 VHUYHV DV DQ
LOWHUGLVFLSOLQDU\ SODWIRUP ZKHUH UHVHDUFKHUV
IURP PHGLFLQH HQJLQHHULQJ

DQG FRPSXWHU VFLHQFH FROODERUDWH

<HDU

1XPEHU R
SHVHDUFK
'RFWRUD
VWXGHQV
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OLFURWHE
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6HFWUD
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7KRPSXWHU 9LVLRQ /DERUDWR L
JLQN|SLQJ 8QLYHUVLW\ IRFXVHV
VIVWHPV LQFOXGLQJ REMHFW Gt
DQG ' YLVLRQ RIWHQ DSSOLHG |
7KWHGLD DQG ,QIRUPDWLRQ 7HF¥
0,7GLYLVLRQ HPSKDVL]HV YLVXI
KXPDQ FRPSXWHU LQWHUDFWLRQ
WKH 1RUUN|SLQJ 9LVXDOL]DWLRC
FXWWLQJ HGJH YLVXDOL]DWLRQ

JRWDCOC UHYHQXH VHN

<HDU

® 5SHYHQXH WKRXVD

VH






((IWHQGHG 5HDOLW\ ;5 LV WKH LQWHUIDFH WR D QHZ GLJLWDO UHDOLW\ GULYHQ E\ $
FRQQHFWHG YLD * * DQG PDGH LQWHUDFWLYH ZLWK ,R7 DQG URERWLFV 7KH *DPHYV
, QGXVWU\ KDV OHG ;5 V GHYHORSPHQW GULYLQJ WHFKQLFDO SURJUHVY DQG FUHDWL
LOQWHUDFWLYH PHWDYHUVH HQYLURQPHQWY 1RZ ;5 LV H[SDQGLQJ LQWR LQGXVWU\
ZKHUH 95 $5 DQG GLJLWDO WZLQV ZLOO HQKDQFH ZRUNHU FDSDELOLWLHV OHWD IR
J)DFHERRN LV LQYHVWLQJ KHDYLO\ LQ WKH PHWDYHUVH ZLWK 95 DQG $5 H[SHFWHG W
EHFRPH NH\ WRROV IRU DFFHVVLQJ YLUWXDO ZRUOGV EXLOGLQJ FRQQHFWLRQV FRQ
FRPPHUFH DQG HQDEOLQJ GHFHQWUDOL]JHG EXVLQHVY DQG VPDUW FRQWUDFWYV

7UDGLWLRQDOO\ 6ZHGHQ KDV EHHQ SURPLQHQW LQ WKH DQDO\VLV RI LPDJH FRQWHQV
ZLWK WKH JURZWK RI WKH JDPHV LQGXVWU\ 6ZHGHQ KDV DOVR EHFRPH YHU\ VWURQJ
SURFHVV RI JHQHUDWLQJ LPDJH FRQWHQW ,Q WKH SDVW \HDUV 6ZHGHQ KDV ULVFE
EH RQH RI WKH ZRUOG OHDGHUV LQ YLVXDOL]DWLRQ ZLWK WKH FOXVWHU LQ
ILQN|SLQJ 1RUUN|SLQJ DQQRXQFHG DV (XURSHYV PRVW DWWUDFWLYH LQQRYDWLRQ
HQYLURQPHQW IRU YLVXDOL]DWLRQ DQG LPDJH DQDO\VLY 1RUUN|SLQJ KRVWYV WKH GI
WKHDWHU 9LVXDOL]DWLRQ &HQWUH & WKH PRVW WHFKQLFDOO\ DGYDQFHG LQ 1RUWKH




6RXUFH %XVLQHV)

FRPSDQLHVY DFWLYH LQ ;5 WHFKQRORJ\
VXSSRUWHG E\ 6FLHQFH 3DUNV DQG
,QFXEDWRUYV

2XWVLGH RI JDPLQJ DQG HQWHUWDLQPHQW WKH
PRVW EHQHILFLDO XVH FDVHV RI ;5 WHFK
DUH VHHQ DV KHDOWKFDUH HGXFDWLRQ
PDQXIDFWXULQJ DQG PDUNHWLQJ

RXW :5 FRPSDQLHVY DUH SODQQLQJ WR
UHFUXLW ZLWKLQ WKH QH[W PRQWKV ZLWK
DFWLYHO\ VHDUFKLQJ IRU WDOHQW RXWVL RI
6ZHGHQ

7KH 6ZHGLVK JDPHV LQGXVWU\ LV UHDFKLQJ
QHZ KHLJKWV DW (85 ELOOLRQ LQ WXUQRYHU
7KLV LV RQ SDU ZLWK QDWLRQDO ZRRG H[SRUW
OHYHOV

7KH 1RUUN|SLQJ /LQN|SLQJ C
LV D FOXVWHU IRU UHVHDUF]
FRPSDQLHV ZLWKLQ WKH DUF



37KH FRPSHWHQFHY LQ FRPSXWHU YL\
LPDJH SURFHVVLQJ DQG YLVXDOL]DWI
IDFWRUV IRU WKH VXFFHVV RI 0D[DU

QWHUQDWLRQDO 6ZHGHQ $% 7KH FR
ZLWK WKH XQLYHUVLW\ ZLWK UHVSHF
HQJLQHHULQJ HGXFDWLRQ DQG WKH Z
UHVHDUFK DUH PDMRU IDFWRUV IRU W
FRQWLQXRXV FRPSDQ\ GHYHORSPHQW
WKH 86 PDQDJHPHQW DOVR XQGHUVW
DSSUHFLDWHY ,Q SULQFLSDO WKH UF
OLVXDO 6ZHGHQ LV RQH Rl WKH WRS ¢
ZRUOG WR EH VLWXDWHG LQ IRU RXU



6ZHGHQ KDV D YHU\ VWURQJ FXOWXUA4 RI LQOQRYDWLRQ SDUWLFXODUO\ LQ
WKH ILHOGV RI YLVXDOL]DWLRQ DQG LPDJH DQDO\VLYVY 7KH LQQRYDWLRQYV
vVSDQ PDQ\ DUHDV DQG H[DPSOHV RI WKHVH FDQ EH IRXQG KHUH

,Q /ILQN|SLQJ WKH ZRUOG V PRVW

DOJRULWKP IRU PRI (CQJIKDRDEHHMQ

GHYHORSHG DQG SHUIHFWHG 7KH
WRGD\ E\ GLJLWDO 79 VWUHDPLQJ
FRQIHUHQFHY PRELOH SKRQHV D(

DSSOLFDWLRQV

7KH ZRUO G 1Y WHDWOND X WIRGE R\QW D E O
RI WKH PDQ\ UHVHDUFK UHVXOWYV |
8QLYHUVLW\ :KLOH D WUDGLWLRQ
WDNH VHYHUDO GD\V WKH YLUWXD
WDNHV RQO\ VHFRQGY DQG VHUY
HIFHOOHQW FRPSOHPHQW

*DSPLQ&HDYW IRXQGHG LQ 6WRFNE
5RVOLQJ $QQD 5RVOLQJ 5|QQOX
5RVOLLQJ ,Q +DQV JDYH KL\
FDOOHG “7KH EHVW VWDWLVWLF
EHFDPH RQH RI WKH PRVW ZDWF
HYHU B6LQFH LWYTV IRXQGLQJ *D
GHYHORSHG VHYHUDO LQQRYDW
YLVXDOL]DWLRQYV







5SHVHDUFK RQ YLVXDOL]DWLRQ DQG LPDJH DQDO\VLV LQ 6ZHGHQ LV H[WHQVLYH DQG
GLYHUVH FRQGXFWHG DW VHYHUDO OHDGLQJ XQLYHUVLWLHY DQG UHVHDUFK LQVWLWX"
OHHW VRPH RI WKH NH\ DFWRUV

O0QO0@Q

.7+ KDV VHYHUDO UHVHL
JURXSV WKDW DUH OHDC

YLVXDOL]DWLRQ DQG LP

DQDO\VLVY SDUWLFXODU
LPDJLQJ FRPSXWHU YLV

LOWHUDFWLYH YLVXDOL

IRFXV LQFOXGHYV DSSOL/

PHGLFLQH LQGXVWU\
DXWRQRPRXV V\VWHPV

D

/L8 KRVWV VWURQJ UHVH 5HVHDUFK KHUH IRFXV 6ZHGHQ KDV VHYHUDO QDWLRQ
HQYLURQPHQWY LQ PHGL DSSOLFDWLRQV LQ PHC UHVHDUFK SURJUDPV DQG LQLW
DQDO\WVLYVY DQG YLVXDOL] ELRORJ\ LQFOXGLQJ P WKDW VXSSRUW UHVHDUFK LQ

SDUWLFXODUO\ DW WKHL DQG PHGLFDO LPDJH D YLVXDOL]DWLRQ DQG LPDJH DQ

OHGLFDO ,PDJH 6FLHQFH DQG VXFK DV :$63 :DOOHQEHUJ $,

9LVXDOL]DWLRQ &0,9 7KH\ DUH $XWRQRPRXV 6\VWHPV DQG 6RI
NQRZQ IRU WKHLU ZRUN LQ BURJUDP ZKLFK LV RQH RI (XU
DGYDQFHG LPDJH DQDO\VLV DQG ODUJHVW UHVHDUFK SURJUDPV

YROXPH YLVXDOL]DWLRQ DXWRQRPRXV V\VWHPV



OLG 6ZHGHQ
S8QLYHUVLW\
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6ZHGHQ KRVWYV ZRUOG FODVV UHVHDI
YLVXDOL]DWLRQ DQG LPDJH DQDO\VL®
9LVXDOLVHULQJVFHQWHU & LQ 1RUUN
8QLYHUVLW\ 7KHVH IDFLOLWLHV GUL
VXFK DV PHGLFDO LPDJLQJ YLUWXDO
VFLHQWLILF YLVXDOL]DWLRQ

'LVGRPEHJIDQ LQ ZLWK VXSSRUW IL
DQG $OLFH :DOOHQEHUJ JRXQGDWLRC
6ZHGHV LQ WHFKQRORJ\ DQG VFLHQF
FRQQHFWV ILYH VFLHQFH FHQWHUYV









30\ LQOWHJUDWLQJ QHXUDO PHWKRGV
JUDSK EDVHG FRPSXWDWLRQ ZH DLP
GDWD GULYHQ DSSURDFKHVY WR PHGL]
FRPELQHVY WKH VWUHQJWKV RI PDFKL
WKH WUDQVSDUHQF\ RI UXOH EDVHG
VXFFHVVIXO WKLV HIIRUW ZLOO HQKI
DQG UHDVRQLQJ FDSDELOLWLHV RI $,
DOORZLQJ WKHP WR EHWWHU VXSSRU
FRPSOH[ GHFLVLRQ PDNLQJ ~



9LVXDO FRPSXWLQJ OLHV DW WKH LQ HFWLRQ RI
FRPSXWHU JUDSKLFV YLVLRQ DQG YL LIDWLRQ
%XLOGLQJ QHZ PRGHOV RI DQG FRPSX RQDO
PHWKRGV IRU WKH YLVXDO ZRUOG SOl NH\ UROH WKH
GHYHORSPHQW RI SKRWR UHDOLVWLF VIQWKHVLV
VHQVRU VLPXODWLRQ IRU YLVXDO $, L KLQH
OHDUQLQJ LPDJH DQDO\VLV DQG GD ROL]DWLRQ
SXVKLQJ WKH ERXQGDULHV RI ZKDW L ~




"0\ UHVHDUFK LV DERX
GHYHORSLQJ WKH SUR
FUXFLDO IRU 6ZHGHQ |
HQKDQFH VRFLHWDO G
SUHVHQWLQJ GDWD LQ
LGHQWLI\ DQG DGGUH\
WUDQVSDUHQF\ DQG \
GDWD YLVXDOL]DWLRQ
KDYH D YRLFH DQG WK
DFFXUDWH DQG LQFOX
WR EH DZDUH RI KRZ Z
IURP FROOHFWLRQ WF
7KLV FRQWULEXWHV W
VRFLHW\ ZKHUH HYHU\
DQG GHYHORSPHQW









'Q PHGLFLQH DGYDQFHG LPDJH
HQDEOHV WKH HDUO\ GHWHFWL
PRUH SUHFLVH WUHDWPHQWYV |
TXDOLW\ RI FDUH ,Q WKH MXVW
WHFKQRORJ\ LV XVHG QRW RQO
HYLGHQFH DQG PRQLWRU VHFXI
VSDUN FXULRVLW\ DQG HGXFDW
\RXQJ SHRSOH $GGLWLRQDOO\

WUDQVSRUW LV EHFRPLQJ D UHEL

)VH'
VK

)V R

v

V

H

DQDO\VLYVY SOD\V D FUXFLDO UROmH Ly yurLvDWLKRY

DQG VDIHW\ ORYLQJ IRUZDUG WKHVH

WHFKQRORJLHY ZLOO EH HYHQ PRUH LQWHJUDWHG
FUHDWLQJ D VPDUWHU PRUH VXVWDLQDEOH DQG

VHFXUH SXEOLF VHFWRU



7KH 6ZHGLVK 1DWLRQDO 3ROLFH $XWKRULW\ EHQHILWY JUHDWO\ IURP
YLVXDOL]DWLRQ LQ LWV ZRUN WR VROYH FULPHV /HQD .ODVpQ
5HVHDUFK 'LUHFWRU DM WIKRQ®OLOHBRUKFH $XWKRULW\ DQG

$GMXQFW 3URIHVVRU 'LJLWDO )RUHQVLFV /L8 VD\V WKDW IRU
HIDPSOH WKH\ KDYH LQWURGXFHG WHFKQRORJ\ IRU '

PHDVXUHPHQW RI FULPH VFHQHYV IRU GRFXPHQWDWLRQ DQDO\VLV

DQG YLVXDOL]DWLRQ RI ODUJH DQG FRPSOH[ FULPH VFHQHYV RI ZKLFK
LW PD\ EH GLIILFXOW WR JHW D FOHDU RYHUYLHZ IRU YDULRXYVY UHDVRQV

PRGHOV DOVR PDNH LW SRVVLEOH WR UHFUHDWH DQG YLVX [ KH
FRXUVH RI HYHQWY :HYfYH DOVR SDUWLFLSDWHG LQ VHYHUDO AVAY
IRU ELRPHWULF LGHQWLILFDWLRQ DQG DXWRPDWHG VHDUFKH)

SHUVRQV REMHFWYV RU YHKLFOHV LQ ODUJH GDWD YROXPHV . .. . .G
YLUWXDO ZLWQHVYV YLVLWYVY WR FULPH VFHQHVY DOG WHVWHG K\SHUVSHFWL
VHQVRUV IRU GHWHFWLRQ RI GLITHUHQW W\SHV 'H

VFHQHV ~




S0HGLFDO LPDJLQJ WHFKQRORJLHYV SURYLGH GHW
WKH DQDWRP\ DQG IXQFWLRQLQJ RI WKH KXPDQ |
DEQRUPDOLWLHV VXFK DV WXPRUV IUDFWXUHV

SK\VLFDO H[DPV FDQQRW GHWHFW $GYDQFHV OL
DUWLILFLDO LQWHOOLJHQFH HQKDQFH WKH TXDOQ
FRPSOH[ GDWD LQFUHDVLQJ WKH SRZHU RI PHGL

7KHVH YLVXDO WRROV DUH FUXFLDO IRU HDUO\ G
WKH FKDQFHV RI VXFFHVVIXO WUHDWPHQW DQG E
7KH\ DOVR HQDEOH PRQLWRULQJ DQG FRPELQHG
SUHGLFWLRQ RI GLVHDVH SURJUHVVLRQ RU WUHI
RITHULQJ FULWLFDO LQVLJKWY IRU RSWLPL]DWLR
VXUJHU\ WKHVH WHFKQLTXHY DLG LQ SODQQLQJ
PDNLQJ WKHP PRUH HIIHFWLYH 9LVXDOL]DWLRQ
WKHUHIRUH LQGLVSHQVDEOH IRU SURYLGLQJ KLJ
HIILFLHQW KHDOWKFDUH LQ WKH IXWXUH ~






6ZHGHQ V LOQQRYDWLRQ HFRV\VWHP H[FHOV LQ YLVXDOL]DWLRQ DQG LPDJH
DQDO\VLV GULYHQ E\ FROODERUDWLRQ EHWZHHQ DFDGHPLD LQGXVWU\ DQG
SXEOLF LQVWLWXWLRQV .H\ KXEV OLNH .7+ DQG /LQN|SLQJ 8QLYHUVLW\ OHDG
DGYDQFHPHQWY LQ PHGLFDO LPDJLQJ $ GULYHQ DQDO\VLV DQG UHDO WLPH
GDWD YLVXDOL]DWLRQ 7KLV IRFXV RQ LQWHUGLVFLSOLQDU\ FRRSHUDWLRQ DQG

VXVWDLQDELOLW\ SRVLWLRQV 6ZHGHG DV D JOREDO OHDGHU LQ YLVXDO WHFK
LOQQRYDWLRQ
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" ww-




"9LVXDOL]DWLRQ DQG VLPXODWLRQ
WRROV IRU ERWK ODUJH DQG VPDO(
FRPSDQLHV 7KH\ RIITHU RSSRUWXQL
HIILFLHQF\ VDYLQJV DQG VXVWDLC
FROODERUDWLRQ ZLWK 9LVXDO 6ZH
D UHDO ERRVW LQ RXU VLPXODWLR(



"9LVXDOL]DWLRQ DQG LPDJH DQDO\VL UDQVIRUP
ZRUNIRUFH VNLOOV UHTXLULQJ H[SH LVH LQ GDWD
YLVXDOL]DWLRQ $, UHDO WLPH SURFHIEMVLQJ HWKLFV
DQG FROQWLQXRXV OHDUQLQJ %XW W H
WHFKQRORJLHY DOVR VLPSOLI\ QHZ HIBESOR\HH
RQERDUGLQJ , DP WKHUHIRUH ORRNL IRUZDUG RI
VHHLQJ KRZ WKH ZRUNIRUFH ZLOO W )VIRUP DQG
KRSHIXOO\ LQFOXGH D ZLGHU UDQJH
DQG FRPSHWHQFHV LQ WKH IXWXUH ~







(XURSHYY PRVW DWWUDFWLYH LQQRYDWLRQ HQYLURQP
IRU YLVXDOL]DWLRQ DQG LPDJH DQDO\VLYV






&RQQHFWV WKH LOGXVWU\ DQ $UUDQJHV DQG VXSSRUWYV HYI 6XSSRUWV SURMHFWYV E\ EUL
NQRZOHGJH DURXQG YLVXDOL RWKHU LQLWLDWLYHV ORQLW WRJHWKHU DQG ZH FRQWULE
VLPXODWLRQ DQG LPDJH DQD( FDSWXUHV WHFKQRORJ\ DQG | IXQGLQJ

WUHQGV

ODNH SURMHFWY UHVXOWYV D( ORQLWRUV DQG FDSWXUHV RS :H HQFRXUDJH LQLWLDWLYH
RUJDQL]DWLRQV YLVLEOH IRU QHZ SURMHFWYV LQFOXGL RI YLVXDOL]DWLRQ DQG LPD
LOQWHUQDWLRQDO RQHV )RUP BWDNHKROGHUV DUH HQFRXI
DSSOLFDWLRQV DQG EXLOGV | XVH WKH 9LVXDO 6ZHGHQ EU

&ROODERUDWHY ZLWK VWXGHQWYV

UHVHDUFK FRPSDQLHV DQG SXEOLF
DFWLYLWLHV UHJLRQDOO\ QDWLRQDOO\ DQG
LQWHUQDWLRQDOO\



2YHU WKH SDVW  \HDUV 9LVMHQ ‘ ‘
KDV EXLOW D VWURQJ LQQRY

HOYLURQPHQW WKURXJK FROODERUDWLRQV

SURMHFWV DQG HYHQWY WKDW KDYH HQJDJHG

FRPSDQLHY DQG LQGLYLGXDOV WR GULYH UHDO
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O9LVXDO 6ZHGH
OHG E\ 'DQ -DQ

SURFHVY 0DQD
OHG E\ 3BHWHU :H
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1RQH RI ZKDW ZH GR ZRXOG EH S
7JRIHWKHU ZH VKDSH WKH IXWXU
FROODERUDWLRQ EHWZHHQ LQQR
UHVHDUFKHUV VWXGHQWVY DQG

7KDQN \RX IRU EHLQJ SDUW R RX
DQG RXU YLVLRQ $QG UHPHPEHU




