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ABSTRACT

SKRWRYROWDLF 39 VA\VWHPV KDYH D KLJK QXPEHU RI S
W\SHV RI VHEXULW\ DUH RIWHQ EURNHQ GRZQRWKDYWWHV XC
DQG IXO0O\ DXBRWPHGVHRHVWKRGY VSHFLILFDO®SURY/H Q@ KNLKHKLK
XWLOLW\ LQ 39 SUHYHQWLRQ 7KH FRVW RI $, DOJRULWKPV
FRPSOH[ DOWKRXJK WKH\ DUH UDSLGO\ GHYHORSHG DQG H
DOJRULWKPV FDQ EH DSSOLHXMW R K4 R WHE YR 32 WKR B\N Y X!
VWXG\ SURSRVHV KRZ WR VLPSOLI\ WKH PRGHOV RI WKH
FRQVWUXFWLQJ DQ DJJUHIJDWLYH PRGHO ZLWK QXPHURXYV (
PHWKRG ZKRVH PDLQ DLPWWVYDWQLWQWUPSARLWLPRGHIO WKH WU
SURFHVV LW XVHV WZR PHWKRGV 7KH ILUVW VWHS WKDW Z
WKURXJK D KRUL]RQWDO VLPSOLILFDWLRQ VWUDWHJ\ 7KH
LV WKDW DQIFOMHWWERR LV SHUIRUPLQJ SRRUO\ LQ DQ DWWHF
VHWYVY WKHQ LW ZRXOG PRVW GHILQLWHO\ IDLO HYHQ ODU
YHUWLFDO VLPSOLILFDWLRQ VWUDWHJ\ WKDW \LNOLHFSND MHKHK
PRVW HIIHFWLYH FKDUDFWHULVWLFV DQG IXUWKHU UHGXFI
VWUDWHI\ SURYHV WR EH HIIHFWLYH DQG VRXQG E\ DSSO\L
WZR H[SHULPHQWDO VLWXDWLIRKQW YA WK \GW H& WAKNW SGIRE B V
ODWFHBOW\VWHP EDVHG RQ 0%7/$% 6LPXOLQN 7KH ILIJIXUHV L
LV LQ WKH FDMH) WKH VHFRQGQMDWEKH WKLUG 7KH DSSURDEF
HITHFWLYH LQ D YDULHW\ RI DVSHFWV FRPSDUHG WR RWKH!
WKH SDVW

.H\ZRUGRWRYROWDLFV ODFKLQH OHDBERQGRP) DXKIONW EHWHF

1. Introduction

SKRWRYROWDLF IDXOW GHWHFWLRQ LV FULWLFDO I|IRU
DuUuD\V DV FRQYHQWLRQDO SURWHFWLRQ PHFKDQLVPV RI\
$OWKRXEBBVHG PDFKLQH OHDUQLQJ WHFKQLTXYHYGHKWNHWGRF
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FDSDELOLW\ WKHLU KLJK FRPSXWDWLRQDO FRPSOH[LW\ O
VWXG\ LQWURGXFHV D VLPSOLILHG PDFKLQH OHDUQLQJ IUD
DQG UDQGHM®VRGHWWWXUH VHOHFWLRMWR B® DEXOHWH SIU R W
$Q $EDVHG VWDFNLQJ UHJUHVVLRQ PRGHO LV SURSRVHG IR
SUHGLFWLRQ XVLQJ PDFKLQH OHDUQLQJ %\ LQWHJUDWLQJ
PRGHO HIILFLHQWDQ GORSNMEUNREMLDE RXUNUBQWRQGXFWRUV X
RSHUDWLRQDO @ROBRIDLBRDWDLYHGS SKRWRYROWDLF IDXOW
HPSOR\LQJ PDFKLQH OHDUQLQJ FODVVLILHUV KLJKOLJKWYV
ERRVWLQJ PRGHOV (OHFWULFIDWUILQWNRQGKFWRQY DX
LGHQWLILH® BWHBI G/RWOVHWYV ZLWKRXW & EDYGIHE] P B WIXQH
OHDUQLQJ IUDPHZRUN IRU SKRWRYROWDLF IDXOW GHWHF
5DQGRP IRUHVW FRPELQHG ZLWK GDWDVHW EDODQFLQJ WH
IRU FXEDWOWQJ FRQGXFWRU DQRP DRGIELNWBEOE SDHB/LDO
PDFKLQH OHDUQLQJ DSSURDFK IRU SKRWRYROWDLFHIDXO)
H[SHULPHQWDO GDWD 5DQGRP IRUHVW DQG HQVHPEOH PHYV
SHUIRUPDQFH FIRUUFXQU FRWGXFWRU IRXIOWMDW K Q & H @ GEIDVF W
'HHS QHXUDO QHWZRUN IHDWXUH H[WUDFWLRQ ZLWK PDFKL
GHWHFWLRQ XQGHU OLPLWHG GDWD 'DWDVHW VKULQNDJF
VLIJQLILFDQW GE\DN® IGDI@KHD %, GHW H F WE B Q UB R®CXFRBRLQV F X U U

$ VLPSOLEDBWHSG, SKRWRYROWDLF IDXOW GHWHFWLRQ
LWHUDWLYH GDWDVHW VKULQNEJH WHIQF KBD WXHM BBGERW
HIITHFWLYH P DF4IDWVH ® HDXQWQGH W B BWURY FR FEKBER WY ZL
FRPSXWDWER®EOVVRY WKRWRYROWDLF LQYHUWHU IDXOW Gl
ZLWK GLPHQVLRQDOLW\ UHGXFWLRQ 'DWDVHW VKULQNDJH
HQDEOH DFFXUDWH |DXORD UGN MMHIF W RRG XIFQV FEX USIDVQK\VZ D \ V
FRPSXWBDWLRQH® $SEDVHG PDFKLQH OHDUQLQJ LQYHVWLJD
HQVHPEOH PRGHOV IRU SKRWRYROWDLF IDXOW GHWHFWLR
ERRVWLQJ DOJRULWKHWI HFRK LIHDWH WQ HDHUW H F W LFFDQJ LDEOA UD |
FRQGXFWR UQI DOLIBOBH GD@DEMHWHG SKRWRYROWDLF IDXOW
PDFKLQH OHDUQLQJ FODVVLILHUV DQG GHHSGOHDH@ LUQX QW
GHWHFWLRQ HIITHFWL FIDOWU LIGHIQMR.QIGKF W RUUGIDIW DGDWLRQ
XQGHU UHDOLVWRVFGI@® $OM NEHRIDAKLQH OHDUQLQJ IUDPHZR
SKRWRYROWDLF IDXOW GHWHFWLRQ DFURVV PXOWLSOH RS
UDQGRP IRUHVW DQG ;*%RRXWDFNQDKOMW KILKWBBUILRY LC
FRQGXFWRU V\QWRPY LTLOWKH@LODUPV

7TKHUH DUH VWLOO VRPH FRQVLGHUDEOH EBORBMHHYV W
LQIRUPDWLRQ LQ WKH OLWHUDWXUH RQ WKH XVH RI 0/ PRGI
WKH OLWHUDWXUH DUH QRW FDSDEOH RI GHWHFWLQJ FRP:
VLPSOH DQGHHPWLIRDEOH IDXOWYV VQHHONLYH WKBLRRQH
GLIILFXOW WR REWDRRHMMNMWOUFX ODILO\7K@RIUH DUH PRGHOV
DFFXUDF\ WR EH XVHIXO L@ QUKH) UHHDWP ¥ RRJIIOCGH VEBBPWILG X T D
QRW XQOLNH WKRVH RI QRUPDO RSHUDWLRQD®HFRIO®RISAK RR Q
SUDFWLIEPDRBM- XPRWBHOV RI IDXOW GHWHFWLRQ WR HQVXU
HIWHQVLYHO\ DSSOLHG LQ 39 DSSOLFDWLRQV LQ WKH UHDO
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2. Problem formulation

$V LOOXVWUDWHG LQ )LIXUH HQYLURQPHQWDO VWUF
HOHFWULFDO PDOIXQFWLRQV DQG IDLOXUHV WKDW RFEX!I
FRPSRQHQWY LQ RSHQ HQYLURQPHQWYV

Vpy
—

+
Fs Fs §
/J\Nv—\ o 11,
—~_s PV
Fs
TUTTTIT T 1] OCPD
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OCPD
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Fq F2

)L 6FKHPDMWERF 39 (OHFWULFDO )DXOWYV

JLIXUH GHILQADUW\EXQUUHROOMG XFWRU &&& DV DQ XQF
FXUUHQW FDUU\LQJ FRQGXFWRU 2&)URXLWK 2& UBXOW HE |
RIIHQGHUV RI WKHVH W\SHV Rl LVVXHV DUH WHKHJ PLRHRF
PDOIXQFWLRQLQJ 39 PRGXOHV RU LPSURSKQEMNREIMHFINLR Q
ER[HV

ORUHRYHU ORQJ WHUP RXWOD\ RQ WKH VXQ UDGLDWLTH
39 VIVWWHRMHVWUXFWLRQ RI WKH HQWLUH 39 DUUD\ RU RI L
UHGXFWLRQ RI SRZHU JHQHUDWLIRQGHIUDG®XWWRI@WRH® KD V¥
'(* DS GHIJUDGDWLRQ RI WKH DUUD\V $UUD\ "(* )LJ V K
FKDUDFWHU WKDW UHSUHVHQWYV WKHVH IODZV RI GHJUDGD'
RI WKH DUUD\

)LOD® MQE VKRDOVYBLQH IDXOW HYHQWYV WKDW DULVH
DUUD\ ZLWK YDU\LQJ YROWDJH SRWHQWLDOV E\ FKDQFH FR
FDXVHV RI // IDXOWV D U HF LLU BX{QUIQIVWRH QUZIRR D&V V KIRU WU R V V
LQOWKH FDEOHV RU LLL PHFKDQLFDO VWUHVV ZDWHU LQW
VKRRUWFXLWLQJ LQ WKH '& MXQFWLRQ ER[HV

&RPPRQ SURWHFWLYH HTXLSPHQW LQFOXGLQJ WKH RYF
JLIXUH DUH DOzD\V SUHVHQW WR SURWHFW WKH 39 DUUL
WKHUH DUH YDULRXV DVSHFWV WKDW PD\ EGHDIXIDDERSEWDW K
VZLIWO\ LQ WKH HYHQW RI DQ LVVXH 7KH SULPDU\ LPSHGLP
GLRGHV DQG 0337V ,Q JHQHUDO WKH\ KLQGHU WKH FDSDE
IDXOWYV 7KLV LV EHFDXVHFXQYEFEPYW RQWR\ WEKXOSW RWKH W L |
FRQVWULFWHG &RQVHTXHQWO\ WKH IDLOXUH WDNHV SOl
SURWHFWLRQ PHFKDQLVPYV 7KLV LPSOLHV WKDW WKH LVVX
DQRG WKH\ PD\ HQEL QP WKINVBDREBIVVHY XS WR WKH SRLQW R

,Q )LJ D DQG )OIFXEYHWKHI9 XQGHU YDULRXV FLUFXP
$V VKRZQ LQ WKH ILIJIXUH WKH PHQWLRQHG IDXOWYV PD\ FD>
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WKDQ H[SHFWHG WKHUHE\ UHVXOWLQJ LQ WKH GHYLDW
FXUUHQW¥YRGCWID@WKDQKFR/HHU SURGXFWLRQ ERWK SULRU WHF
7KLV KDV OHG WR WKH IDFW WKDW IDXOW GHWHFWLRQ DQC
WKDW WKH 39 FRPSRQHQWYV ZRXOG EH VDIHIXDUGHG DJDLQ
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SDSHU FRQWULEXWLRQV

7KH VWXG\ SUHVHQWYV VRPH RI WKH QRYHOWLHY DQG FI
JDSV PHOQWLRQHG DERYH DQG RYHUFRPLQJ WKH FKDOOHQJI

)LRQDOO\ WKH DJJUHIJDWLYH PRGHO FRQVLGHUYV DOO WK
DUH XQDEOH WR GHDO ZLWK PRUH GLIILFXOW GDWDVHWYV
RI DOO WKH DOJRULWKPV ZDV GRQH ZLAMWKIKDWHK D) G/ R RREQ
LVVXH RI KRZ PDQ\ FODVVLILHEDNVMHGHDEBAVWIBWVRHERRGE M L&
WURGN EHWZHHQ VLPSOLFLW\ DQG DFFXUDF\

7KH IRUPHU PRGHOV KDYH XWLOL]H® FRPHHRR IVBRHD BUR!
&RQYHUVHO\ RXU VWXG\ LV WKH ILUVW WR DSSO\ (XFOLG,
DWW LIRIEWWHXUYH RI D 39 DUUD\ RQ WKH EDVLV RI D VSHFLI
$ 5) DOJRULWKP LV XVHGDMWRNVUR® & YRHL\D HR5L 8 GDIKQHWGLPHQ VL
GDWDVHW ZKLFK IXUWKHU VLPSOLILHY WKH ILQDO PRGHO |

([SHULPHQWYVY RQ WKH SHUIRUPDQFH RI ILQDO 63( DJJUH
VLWXDWLRQV LOOXVWLIMVEH QWY KAD 8 PFEH. W WR GR) ONKHK @ WG H O
WKDW DUH E R DIDFRORB@ELAQ UL WXRO &H W HIFW 3 ® X00U0WW\ %\ DGGLQ
H[SHULPHQWDO FDVH RI 39 DUUD\ IDXOWY ZH FDQ DOVR WF

2. Proposed Aggregative ML Model

7KH LQLWLDO VWHSV Rl WKH SURFHVV DQG LWV GHYHOF
LQ WKH ILIXUHDR@O).GXWHFWRRQHRD & (RRBH® IDXOWV UHG
SUREDELOLW\ RI DUF IRUPDWLRQ DQG WKHUPDO WPOXCHZ D\
39 LQVWDOOBWHRIQUVW SODFH WR FROOHFW GDWD VDPSO
GLIIHUHQW SR2EGWVYRIQRWHKHKH 39 DUUD\ R X VDSWMWULEIXWHRIV V
HIWUDFWHG EDVHG RQ (XF@LEMBQ\GLXYRVRQ MHWHEHWEZYH SF
WKHQ HQWHULQJ WKH HOLPLQDWLRQ SURFHVV LQ D V\VWHP
D PRGHO WKDW LV DJJUHJDWLYH DQG FDSDEOH RI UDQNL
FRPSOH[LW\ RIV) GDMFKXVVHG
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JRUPDWLAQWRIDO 'DWDVHW

7KH ILUVW SDUW RI WKH GDWD FROOHFWLRQ LV WR VS(
WUDLQ WKH PRGHO DQG YDOLGDWH LW DWGFRKREBHFW WKH
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LH QR IDXOW 2WKHU HOHFWULFDO SDUDPHWHUV LQFOX
WKH IDXOWV GLIIHULQJ YDOXHV Rl PLVPDWFK DQG WKH °
HQYLURQPHQWDO Y DAL DHEWHYW LD PXIEULRW XUHVY DQG LUUDC
LQWR FRQVLGHUDWLRQ GXULQJ WKH IRUPDWLRQ RI WKH FX

(XFOLGHDQ+%IVVWBEWH EXWHYV

KHQ FRQVWUXFWLQJ 0/ PRGHOV IHDWXUH H[WUDFWLRC
wubLQ WKH PRGHO DQG PDNHV LW HDVLHU WR LQWHUSU
FRPSUHKHQVLYH DQDRX\WWYNM R¥ZMWEWD\ULHG DV D SDUW RI V
HIWUDFWLRQ SURFHVV +HUDKMO WXKHUH WKOMW IKFMHSROQWD G\
ZLWK WKH GLVWDQFHV WKDW DUMWRHEKXXWUHEMS HE FRWPHHHGQ W K H

2QH PDWKHPDWLFDO GHILQLWLRQ Rl (XFOLGHDQ GLVW
VHIPHQW EHWZHHQ WZR IRGQWVQVQRQY®MFHXFOLGHDQ VSE
&DUWHVLDQ FRRUGLQDWHVY Rl WKH SRLQWYV WKH GLVWDQF

(a; - Pj)z

7KIBDQGRT WIGHRHQVLRQDO VSDFH GHILQHG E\ WKH (XF
YHFWRUV S DQG T ZKLFK DUH WKH H[WHQVLRQV RI WKH ED
DWWUBEEWHVUH GLVSOD\HG LQ )LJ DV SHU WKH GLVWDC
RXWOLQHSG XU WHKIRI, WKH 39 DUUD\

d(p,q) = \/Zj-‘zl

7KH (XFOLGHDQ GLVWDQBH\KEUWREZWHQLVMALHRFARH® WYV F
GHIRUPDWLRQ SDWWHUQV RI WKH FXUYH XQGHU GLIITHUHQV
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DOWHU VORSH NQHH SRVLWLRWQRIDQB FEXNW®BDIMNMWU IRA VWXUHR
FRPSDFW UHSUHVHQWDWLRQ RI WKHVH QRQOLQHDU GHYLD\
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RI FODVVHV LQWR (T ZKLFK LV GLUHFWO\ SURSRUWLRQ
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)L VKRZV WKBWH LV D KRULJRQWDO VLPSOLILFDWLRQ
LQYROYHV UHGXFLQJ QXPEHU RI FODVVHV 7KH PDLQ UHDV
FOWYDOOGDWDVHW ZLVIK URHE B DROXFOD VDAL G MQRL \WE DV WIWWU X J
SURYLGH DFF)WDMWD WHDXDOALMW R RIDW\ZRUN PDNHV XVH RI D
GDWDVHW VLPSOLILFDWLRQ DV VKRZQ LQ )LJ ZKLFK LQY
SRUWLRQV

Sample Number Feature1 | Feature2 Feature3 | Featuref Classes

1 Viftet Vet Vig3a1 Vi1 Class 1
2 Vattet Voo Vasadt Vanf1
3 Vsttet Vet Vasadt Vainf1
n an1e1 an2c1 an3d1 annf1
1 Vifte2 Visac2 Vifaa2 Vitnf2 Class2
2 Vattez Varac2 Vatagz Vain2
3 Vstte2 Vafac2 Vatadz Vitnf2
m Vinf1e2 Vintac2 Vinfad2 Vintnf2

)L +RUL]JRQWDO 6LPSOLILFDWLRQ YLD &ODVV 5HGXF

7KH QH[W VWHS LV WR GLYLGH WKHYDOEGHDWNADR@BW R W Z
RQHWRWLQLQJIH WUDLQ HDFK FODVVLILHUF@DWK WKRE GO DAD L
WUDLQLQJ VHWY DQG WKHQ ZH XVH WKH YDOLGDWLRQ VHW
$ VFRUH DVVHVVPHQW PHDVXUH 7KDW LV ZK\ WKHUH DU}
YDOLGDWLRQ IRU HDFK FODVVLILHU DV WKHUH DUH VXEJU
DFFRUGLQJ WR (T WKH ILUVW VHTXHQFH WRP®QGQ KDFK
FODVVLILHU VL[ WLPHV (YHU\ VHTXH @EHVKRQFFHODX@ N D @ IL G/IXW
VFRUH IRU HYHEHAQDVWLYVIWHS ZDV WR UHPRYH WKH FODVV
VFRUM[W ZH HOLPLQDWH WKH OHDVW DFEXUDWH ©ODVVLILI
UHPDLQLQJ BOBWLVILIQ B OMGHW DO®W ODVVHY KDYH EHHQ DGC
SURFHVV HQGV DQG WKH LQLWLDO GDWDVHW LV UHEXLOW
GDWDVHW WR EXLOG DJJUHJDAKHY IS URRSGRIV® &Z LKWRK LH R Q WADLO |
VLPSDWILRQ VWUDWHJILHY UHGXFH FRPSXWDWLRQDO EXUG
IHDWXUH GLPHQVLRQV GXULQJ HDUO\ LWHUDWLRQV 7KH
DSSUR[LPDWHO\ SURSRUWLRQDO WR 2 QT P 1 NV ZBEBIGHNQ U
FODVV VXEVHWYV

5) % DVHG )HDWXUH 6HOHFWLRQ

'LPHQVLRQDOLW\ UHGXFWLRQ LV FUXFLDO IRU VKULQI
FRPSOH[LW\ IRU EBWMNMHWDWIKOUL\YNDIH WHFKQLTXHV E\ IHDV
LPSURYH UDQGRP IRUHVW DQG 690 SHUIRDBDQRH FQR @GEX W\
IDXOWV ZLWXK SUREBEMER GHWHUPLQH ZKLFK WUDLWYV DUH F
VFHQDULR DFURVYVY DOO VHTXHQ HBEDW HEKILHVD WEKWHID D & & UHRADIG-&X

8VLQJ WKH HQWURS\ RU JLQL LQGH[ DWWUWERWW R &
UHGXFH GDWDVHW LPSXULW\ IRU HDFK GHFLVLRQ WUHH DQ
WKH KHOS RI (T DQG (T RQH PD\ GHWHUPLQH WKH L
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GHWHUPLQLQJ WKH IHDWXUH V HIILFDF\ LQ HQKDQFLQJ WKH
D PHDQ YDOXH SHUWDLQLQJ WR QXPEHU RI WUHHYV

(QW UzRgél — pilog, pi
*LQE1 =X, (p)?

Sample Number | Feature 1 Feature 2 Classes

1 Vittet Vifact Class 1
2 Vatter Vatze
3 Vittet Vatact
n Vhnftet Vnt2e1
1 Vifte2 Vifac2 Class2
2 Vatte2 )
3 Vitte2 Vstaco
m Vimte2 Vimf2c2
)LJ JHBDMGOUFHW LRQ 6LPSOLILFDWLRQ 7HFKQLTXH

,Q WKLV UHVHDUFK ZH PDGH X\OHNRJIURVEKRUHBA DO LWR W
LPSRUWDQW WKH\ DUH WR WKHDWRH&MA KD 6 RVIUMHFOLQ HRDMW
DWWUWEKRWHNVNUH QRW JRLQJ WR LPSURYH WKH PRGHO V DFI
7KLY DOORZV IRU D VPW U/ OWBXEHYW\RH G QZWLRVMWOUD LQ WKH PRG
VDPSQHWUH VKRZV KRZ WKH GDWDVHW SUHVHQWHG LQ )
VWUHDPOLQHG E\ UHPRYLQJ XQQHFHVVDU\ DWWULEXWHYV

(YDOXDWLRQ PHWULFV

3DUWLWLRQLQJ WKW UDQWLQH GDWDYEWDOLGDWLRQ

HY D OKKIDMFHRIQIFQO GLY L G X ZQ WK BPPL LBHWNVRQ DQG ILQDO HQVF
WRS LW DOO RIl ZH ZLOO XVH D WHVW GDWDVHW WKDW ZD\
KRZ ZHOO WKH ILQDO DJJUHJDWLYH PRGHO SHUIRUPHG 7KH
PDWUL[ DOMHWEKWQWR FREBWMAHF RBKH FQIPDFKLGHVERDUQLQJ
LV D PHDVXUH RI D PRGHO V SUHGLFWLYH DELOLW\ WKDW |
UDWKHU WKDQ LWV RYHUDOO SHUIRWY RIHERHUWNGRMXWIK W X6 M
$,EDVHG SKRWRYROWDLF IDXOW GHWHFWLRQ IUDBHEZWRUN 3
VWDFNLQJ HQVHPEQHED\FD® CPREAUIRIUGIV WQDEOHY DFFXUDWH
FXUUFDQW\LQJ FRQGXFWRU IDXOWYV DQG RVKHL®IXBSLORQG
FKDUDFWHULVWLFV DFKLHYLQJ» K@M/ I\W XS\ DEH IV §1 S QVLLAROQVL |
RI GDWD LPEDODQFH VXFK DV ZKHQ RQH FODVV V VDPSOH
3DUWLWLRQLQJ WKH HQWLUH GDWDVHW DV WUDLQLQJ
HIILFLHQF\ Rl LQGLYLGXDO FODVVLILHUV

+\SHUSDUDPHWHUV ZHUH IR®\GL NDFNGE B WILRIPHDYWK JU L
WXQLQJ 5DQGRP )RUHVW ZDV FRQILIJXUHG ZLWK WUHHV
NHUQHOV ZHUH WXQHG DFURV&/"UHJXODUIEPBNLRQ SDUDPHYV
/IRILVWLF UHJUHVVLRQ XVHG / UHJXODUL]DWLRQ
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7TDEOMSLFDO FRQIXVLRQ PDWULJ

SUHGLFWHG /DEH
SRVLWLY, 1HIJDWLY

/IDEHOV SRVLWLYH TUXBRVLWLYH )DOMHIDWLY

1HJDWLYH J)DO3RVLWLY| 7JUXIHHIDWLY |

1TP (True Positive): &§DVHV ZKHUH ZRRHGDUFFAWXOOOMO SRVLWLYH
ITN (True Negative): ([DPSOHV RI DFFXUDWHO\ LGHQWLILHG QHJDW|

TFP (False Positive): ([DPSOHV RI WKH 7\SH , HUURU LQFOXGH WKF
QHIJDWLYH FDVHV DV SRVLWLYH

1FN (False Negative): 7KH RFFXUUHQFH RI IDOVH QHJDWLYHV GXH V
7\SH ,, HUURU

Al— 6FRYH—2
TP+0.5(FP+FN)

3. Results and Discussion

([SHULPHQWDO WHVWEHG

‘H GHYHORSHG DQG HUHFWHG D i 39 DUUD\ WR WHVW
7KH DUUD\ FRQVLVWY RI WKUHH VWULQJV ZLWK VL[ 39 PR
7TDEOH GHWDLOV WKH VSHFV RI WKH ERRVW FRQYHUWHU D

Table 2 Specifications of PV modules and the boost converter.

System/Module Parameter Value

Boost Converter ,QGXFWRU P+

&DSDFLWRY —) 9

6ZLWFKLQJ IU N +]

/IRDG UHVLVYV

Yingli YL010D-18b PV

Module VF

9RF

9
,PSS $

9PSS 9

(YDOXDWLQJ DO FXDYHIUHTXLUHYV PHDVXULQJ WKH FXUU
QHHGYV WKH XVERRVIW'ERQYHUWHU ZKLFK LV D'& ERRVDWPPDE
FRQYHUWHU DQ $50 FRQWUROOHU D VHQVL@GHERDUWG DG,
D UHVLVWLYH ORDG DUMUDEE L5 VUWYWHRI WKWKLV VHWXS
3:0 VLJQDO FRQWUROV WKH ERRVW FRQYHUWHU V UHVLVW
BHQVLQJ ERDUG UHFRUGV FXDWW ®WXVWIPGNY R R W B LHF DR\F R Q \D |
WKH YDOXHV DQG VHQGV WKHP WR D FRPSXWHU WKURXJK V
N+] 7R FUHDWFHXUMHY , WKH GXW\* FXN® HD IOV QrOLWED @

10
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VIQWKHWLFDOO\ LQMHFWHG LQWR YROWDJH DQG FXUUHQW
7KH ILQDO PR G $0OVERIUMWDERG FRQILUPLQJ UHVLOLHQFI

,PSRUWDQW FRQVLGHUDWLRQV IRU WKH VXJJHVWHG P
VFDOH 39 IDFLOLWLHV LQFOXGH WKH IROORZLQJ )LHOG PH
XVH Rl VSHFLDOLVW FRPPHUFLDO WUDFHUVXWIOLFE& WDPRHE!
FRQVXPLQJ SURFHVV RI PDQXDOO\ GLVFRQQHFWLQJ VWULQ
IDLU VKDUH Rl ORJLVWLFDO LVVXHVY DQG WKH ULWRDIROHHYH
LQVWDOODWLRQV WKH FRVW RIWARM@MHYMHCRXZRX ®8 ELHVR BR
WR WKLV SUDFWLFDO FRQVWUDLQW

7KH VWUDWHJILF EHQHILWY RIIHUHG E\ WKH VXJJHVWHC
IRU WKHVH GLIILFXOWLHV :KHQ SXW LQWR SUDFWLFH WKI
UHJXODU 6&%$'$ GDWD DQG RQPN DL\OXWHDHADIW W D GG IABR Q V
DQRPDOLHV GHWHFWHG E\ WKH LQLWLDO SUREOHP GHWHEFV
.9 DQDO\VLV WKLV K\EULG PRQLWRULQJ WHFKQLTXH PDLQV

W LV ZRUWK GHYRWLQJ VSHFLDO DWWHQWLRQ WR WK
UHODWHY WR DFWXDO LPSOHPHQWDWLRQ 2XU HPSKDVL'
XQGHUYDOCRN® WHDDEPCPLWDWLRQV HYHQ WKRXJK FRQWHPSR
SWHQWLDOO\ VXSSRUW PRUH FRPSOLFDWHG DOJRULWKPV
RQ KDUGZDUH FRVWY DQG HQHUJ\ XVDJH DUH JUHDW IRU
LOQYHUWHUV G6HFRQGO\ ILHOG WHFKQLFLDQV WL ¢ LFFEENOHH T X
PRGHOV EHFDXVH RI WKHLU LPSURYHG LQWHUSUHWDELOLW

J)LQGLQJ D KDSS\ PHGLXP EHWZHHQ GLDJQRVWLF UHVRC
FUXFLDO %\ LPSURYLQJ IDXOW LGHQWLILFDWLRQ DFFXL
DFTXLVLWIFRRK@@YRHY WKH VXJIHVWHG WHFKQLTXH VWULNHV I

,Q FRQFOXVLRQ WHPSRUDO UHVWULFWLRQV PD\ PDNH |
PRQLWRULQJ WKURXJKRXW WKH HQWLUH IDFLOLW\ 7DUJHW
VWULQJV LGHQWLILHG E\ SURGXFWLRQ GDWAX LQ WREWSWDWV
UHWOPH SURGXFWLRQ@@ FKDWXYHBHQMD/O |LQHU GHWDLOV V.
VKDGLQJ RU GHJUDGDWLRQ KDV RFFXUUHG RU WKH GHJUH
FRPSURPLVH YDOLGDWHYV WKWHIFR QWEHONFDWLRQ LQ SDUWLF

,Q RUGHU WR HQVXUH WKDW WKH VXJJHVWHG VWUDWH
GDWDVHWYVHIOB OPU SR 6LPXOLQN VFHQDULR DQG WZR VHS|
+HUH ZH EUHDN RXW WKH RXWFRPHV IRUQWHKWGIHU W\R SHRRKI
FRPSUHKHQVLYH H[SODQDWLRQ ZH ZLOO JR LQWR GHWDL
SURYLGLQJ EULHI LOOXVWUDWLRQV RI WKH VHFRQG DQG W|

SHVXOWYV IRU WKH ILUVW VFHQDULR

1RUPDO VLWXDWLRQV WKUHH W\SHV RI // IDXOWYV DQC
VROH ILYH FODVVHV LQ WKH ILUVW VFHQDULR V EDVHOLQH
GDWDVHWY UHWULHYHG XQGHU YDULRGXHHD 8 AWRELEBBES D Q C

7R FRYHU EURD D XBWERUBBRQRBILWLRQV FDVHV KDYH WHF
EHWZHHQ DQG +& LUUDGLDWLRQOXIPEHEHHRY |DXIOQME\ PR G X
VWULQJ UDQJLQJ IURP WR WZBGI® |DXDGNKPSAGBRIFEWH |
DGGLWLRQ WKH PRGHO LV UHDG\ WR VW IDUNMWWEKIENMM R\Q V H

11
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(XFOLGHDQ 7TRLSWIBOHOW RYHUILWWLQJ VWUDWLILHG VSOL
WUDLQLQJ YDOLGDWLRQ DQG WHVW VDPSOHV (QYLURQPH
WKH WHVW GDWDVHW ZHUH GLVWLQFW IURP WUDQLQLQJ FRQ

7TDEOH DYWWBW 6FHQDULR

Event Label Test samples | Training samples
line mismatch faults 20% LL3 73 343
line mismatch faults 20% LL2 25 115
line mismatch faults 10% LLI 25 115
Array degradation faults ARRDEG 50 580

6WULQJ GHJUDGDWLRQ 675'(* UHIHUV WR ORFDOL]HG
ZKHUHDV DUUD\ GHJUDGDWLRQ $55'(* UHODODMVHOWRZKOQLI
DFURVV PXOWIKSOH YWUWIMWNS LQ SUHSDULQJ IRU WKH ILUV
WUDGLWLRQDO2Q/ WRB\VRMMWIRABS ¥ ¥E PREGAXQALM-LYV EHVW WR
ZLWK D ODUJH QXPEHWRH WXBVEGDWBVWYWW FRQWDLQV ILYH
VHTXHQFHYV ZLOO EH LQYROYHG LY EXUFBLQJ WKH PRGHO

SHVXOWYV IRU WKH ILUVW VHTXHQFH

(YHU\ RQH Rl WKH WHQ FODVVLILHUV LV WKHUH LQ WK#
RULJLQDO GDWDVHW LQWRIWIZR MO YVHY &V WKH PDWKHPE
WKDW GHWHUPLQHVY WKH QXPEHU RI VXEVHWYV DV SUHYLRX
WUDLQ WHQ FODVVLILHU\W BFRIPEL QD LRQ Q 7 KG-DON ZWHXWAH | RD
WR HYDOXDWH $ DR BOID YRL{UBO SEDRMRRKY IRU ILUVW VHTX
HDMKZRODVV VXEVHWV $GGLWLRQDOO\ IRU HDFK SDLU RI F
JHQHUDWH G WHHRIBHRZ HV W FODVVLILFDWLRQ SURFHVV Wk
VHUZHHWIBE HQW LI\ FODVVLILHU ZLWKVERBZHVDAD 8 HD[© OOGH. G VW |
FRQVLGHUDWLRQVRKRIZIX¥UMKDW RXW Rl DOO WHQ FRPELQD
HOLPLQDWLRQV DQG OR ZH\RW HP H D @HQIF®IL ®DIVILR Q@ HPRYHG 1L
ILUVW WHO@EBQ@RHY QRW PRYH RQ WR WKH VHFRQG

(b)
110 8
105 Average Validation F1 - Score
M SVM(RBF) @ SVM (Linear) A SVM (Polynomial) W LR @ kNN Number of Elimination
GNB » DT(ID3) @ DT (CART) Y MLP @ RF

B o : ¢
TR L

o
)

T
o

v
90
* o

*

T
o

80

£
Number of Elimination

85

¥ ev o ped

80 4 *

w

70

[N}

754

Validation F1 - Score (%)

60

Average Validation F1 - Score (%)

704

65 ; : : : ; 5
0 2 4 6 8 10 LR RF SVM DT DT SVM kNN SVM GNB MLP
(Linear) (CART) (ID3)Polynominal) (RBF)
Stages Models

o

)LI DDOLGPWERQH (YREDHDEREFRUH DQG (OLPLQDWLRQV
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7TDEOCSH )HDWXUH 6HOHFWLRQ 5HVXOWYV

Grouping Attributes

LLI A}lAvu

LL2 AWAz

LL3 Az

Degree AzZATAVA}
LL1#12 AZAWA LA~
LL1 £13 AWAZAXA{A}AT-AyAvu
LL1 Deg AV,A}

LIL2 413 A{AWVAVWATAZ
LL2 Deg AJAYAIAVAV
LL3 Deg AVA|AXA}AY

6HFRQG 6HTXHQFH 5HVXOWYV

'LWK LDQG QLQH PHWKRGV OHIW RYHU

VXEVHWYV RI

I[URP WKH ILUVW

IRU WKH VHFRQG VHTXHQFH RYHU DOO WKUHH VXEVHWYV

DFKLHYHG WKWFRBBAHWW HDFK VHW RI

YLIXU HE

WKU

*12ZdAUHHPRYHG DW FRQFOXVLRQ RI

FODVVLILFDWLRQ RSEBDUWLIREV\WLERIDOFRHDQ% KDG WKH
IHZHVW HOLPLQDWLRQV DW QLQH

(a)
110

» DT (ID3)

o
&

71 % one

B SVM(RBF) @ SVM (Linear) A SVM (Polynomial) ¥ LR
¢ RF < kNN

@ DT (CART)

(b)
110

1<)
S
1

Average Validation F1 - Score
Number of Elimination =11

%100 g x y ‘ 9 ¥ ] ' sg :9 e
(‘no_’ 95 4 g . : I N [ 3 ‘ . é,.’ 004} ['a -.§
T 0 4 - : x X I= r7E
g 80 * 2 % IS 8
g 701 $ o0 L2
< 65 * - = L1
50 )
” 0 2 4 6 8 10 S (Lsir:g:r] (Cg;T) (IDDE)(F‘Q);\QxinaI)kNN (i\[lar) R
Stages Models
)LJ DDOLGHPWERQH (YREOHDEREFRUH DQG (OLPLQDWLRQV
7DEOBH )HDWXUH 6HOHFWLRQ 5HVXOWYV
Grouping Attributes
LL1#£12 AZAWAV WA}
LL1 413 AZAWA {AXAVWAZ
LL1 Degree A{AvhAzA}
LL2 413 AXAWA-A{A}AZ
LL2 Degree AZAVWA LA
LL3 Degree AVAJATAZAVAWA LAY
LL1#£12#13 A{AWAIAVAZ
LL1 £1.2 Deg AJAVvWAyAl
LL1 £1.3 Deg AVA|A}AZAVWAY
LL2 £1.3 Deg AVA|AWAVWUZAIA{AAY

13

RULJLQDO GDWDVHW DUH DDADKRZEDW G RUHY VHF

HH FODVVHV ,Q
VHFRQG VHTXH
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SHVXOWYV IRU WKLUG VHTXHQFH

8S WLOO QRZ WKH ZHDNHVW FODV\DMILLWW RIQTWHKEO FEOIL
*1%DWHFRQG +HQFH HLJKW RI WKH WHQ DOJRULWKPV DUH
LQFUHDVH WKH QXPEHU RI FODVVHV LQ HDFK VXEJURXS E\ |
ZH JHQHUDWH ILYH & | X U VXE® Bl W Y\DRORMGEDMV LRRWD W K
WKLUG VHTXHQFH RYHU DOO IRXU FB DWKRIZW WKW RFOWHIOWD
OHDVW DEFXUDWH FDG® Y EILGNWLKRIQ JMHR/GIHRQ HY BQWZRD OO\ |
UHG EDUV UHSUHVHQWLQS$ WFRRIHQRWLRQV DQG D PHDQ

(a)

104 (b)

@ SVM(RBF) ® SVM (Linear) A SVM (Polynomial) ¥ LR 110
Y kNN RF

102

Average Validation F1 - Score
DT (ID: DT (CAR’
> (03) ( L E Number of Elimination

1 4 . : i

. v

©
@
1
=}
t=}
L

©
)
T
w

©

o

L 1 L L
©
1=}
!

2
* %

80

N
Number of Elimination

o ve»

o

@
@
1

704

Validation F1 - Score (%)
8
[ 3

©
)
1

60

i3
*

Average Validation F1 - Score (%)

*

™
N
1 1

50
; 2 :’3 "1 é LR RF SVM DT DT (ID3) SVM kNN SVM
(Linear) (CART) (Polynominal 1) (RBF)

Stage Models

®
o

)L DIDOLGPWERQH (YREODHDEREFRUH DQG (OLPLQDWLRQV

7TDEC®H )HDWXUH 6HOHFWLRQ 5HVXOWYV

Grouping Attributes

LL1#12413 AJAWA{AvAzZ

LL1 #£.L2 Degree AV}

LL1 #.L3 Degree AVAYALIAVA|

LL2 £..3 Degree AVAYAWAZAIAVAFA{A|
LL1 £1.2 £1.3 Degree AVAJAVAIAWA{AY

SHVXOWYVY IRU ODVW VHTXHQFH

$V SUHYLRXVO\ PHQWLRQHG ODVW VHTXHQFH VWDUWV
FUHDWHIG ZHUMN QXPEHU RI FOD\D\QMVZE G B H\GR VD@ \DREREHHW R
DOBTXHQFH $IWHU UHPRYLQJ 0/3 *1% DQG N11 IURP WKH C
RI WKH WHQ UHP P LDPLRYYJ FROFDAMY IPER K WOSVH. QDO DJIDUMIDW L)
ODVW VHTXHQFH ZKLFK UHBB QMU DGDHVD WHW HEWWKH UP Rk
HDUOLHU WKLV ZRUN GHW R WRKLEQMRIO WKL LIGHD ORBDM V V L I4 I
VLPSOLFLW\ DQG DRBKVHRU®GJ FRIVORIMHMWWKH FRQILUPDWL
FODVVLILHUV WKLV SURFHGXUH ILQGV WKH EHVW FODVVLI
GDWDVHW VIRRK D Q| FOWWKVIHBHUUGBDWLYH PRGHO FRPSU
/ILQHDU RXWSHUIRUPV DOO RWKHU FRPELQDWLRQV RI FOI
$GGLWLRQDOO\ WKH ZLQQLQJ DJJUHY DWIRWUH PRRGHO DHKFHKQ F
WHVWHG ZLVEH WD NDRPSDHOVRBLIQFOXGHY WHVRAQAINVVD FLAXW |
PRGHOV ZAKHRKRW UHTXLUHG EXW PDNH IRU D EHWWHU FRF
FODVVLILHU DJJKBGOWR YO-F RRHGYHIG D SHUSHFRMRVARRUZH RD YW
GHFLGHG DJDLQVW QRPLQDWLQJ LW DV RXU ILQDO PRGHO |
WKDQ WKH RWKHU PRGHO GXH WR WKH LQFOXVLRQ RI DQ

14
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YDOLGDWRROPH UDWKHU WKDQ WHVW HYDOXDWLRQ PHWULF
WKDW WKH ILQDO VHTXHQFH DOVR HPSOR\V 5) DMDNAUCERK W HX
IRU HYHU\ PRGHO

[ Test
[l] validation
100 4 (b)

% Combination Selected Features (Prioritized)

Two - classifier model f10, f1, fs, fa, f2, fs
80

F1 - Score (%)

Three - classifier model  fy, fy, fg, f4, f2

799 Four - classifier model | fy, fy, g, fs, 2, 5

60 - Five - classifier model f10, f1, fs, fs, T2, f5, fo, f7, f
g0 Six - classifier model f10, f1, fs, f4, f2, 5, fo, f7, e
Number of classifiers Seven - classifier model | i, fy, fs, T4, 2, fs, fo, f7, e, 5

)LJ D9DOLGIDMEWAIUIRUPBDEHOHFWHG )HDWXUH 3ULRULWL]D
ORGHO IXUWKHU YHULILFDWLRQ 6HFRQG VFHQDULR
$GGLQI RMHQAFLUAXQ@HIDRGWYWWR H | DXWMWQIJ GDWDVHW |

ODUJHU GDWDVHW IRU VHFRQG VFHQDULR DOORZV XV WR
UREXVWQHVKRRODEOOWKH LQIRUPDWLRQ DERWWWIMBRDGLGD W

VDPSOHV
TDEOCGHHFRQ QU FRH @ WD VDPSOHYV

Method Label Training Test
String faults STRDEG 574 50

Array faults ARRDEG 574 50

Normal condition N 414 62

Open faults ocC 422 62

Line mismatch 20% LL2 126 26

Line mismatch 10% LL1 126 26

Line mismatch 20% LL3 314 74

8VLQJ (T ZH FDQ GHGXFH WKDW 16 VLQFH 1&

VKRZV WKH ILYH VHE XMWQRRHW BYWHWBROHFOXVLRQ RI HDFK
DFFXUDWH FODVVLILHUV DUH DOVR GLVSOD\HG X¥Y¥HQ®8 D FUF
HIFOXGHG ZLWK$DWFRDEBLKGIDDWLRRRZQ LQ DHJWUHH JR RQ WR
UHPRYDO RI *1%N11 690 5%) DQG /5 LQ WKDW R
J)LOQGLQJ WKH EHVW FRPELQDWLRQ WR EXLOG DJJUHJDWLYH

15
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SHUIRUPDQFH

First Sequence Second Sequence
SVM (RBF) 93.12% SVM (RBF) 86.07%
SVM (Linear) 96.27% SVM (Linear) 91.88%

SVM (Polynomial) 95.07% & SVM (Polynomial) 89.49%

LR 96.63% LR 91.36%
GNB 86.37% kNN 91.17%
KNN 91.17% DT (D3) 94.09%
DT (ID3) 94.09% DT (CART) 93.32%
DT (CART) 93.32% RF 93.97%
RF 93.97% GNB 73.11%
MLP 85.34%
)LJ

Fifth

Third Sequence Fourth
SVM (RBF) 81.36% SVM (Linear) 87 49%
SVM (Linear) 90.47% SVM (Polynomial) 79.28%

SVM (Polynomial) 84.13% | LR78.14%

LR 84.05% DT(ID3) 76.93%
DT(ID3)78.62% DT (CART) 75.75%
DT (CART) 78.39% RF 75.11%

RF 79.04% SVM (RBF) 75.23%
KNN 74.29%

SVM (Linear) 79.67%
SVM (Polynomial) 79.58%
DT (ID3) 72.05%

DT (CART) 72.26%

RF 72.13%

LR6224%

6HFRQG VFRI®HDQ SAHUIRUPDQFH

JLIXUWKRZV WKDW VLPLODU WR WKH SUHYLRXV FDVH
HISORUHG DQG PRGHOV ZLWK WFR~H HM JKHHYWW SYJIHY/IHIDWH R Q
HIFHGBOMBPRWH RIRQ WKH XQNQRZQ GDWDVHW LV IXUWKHU

J)RU D EHWWHOL/ F RAUBFOYULLG/HRWQ WHNW DFFXUDF

FobvvLILHU DJJUHIJDWLYH PRGHOV DW FDVH VLPLODU WR \

F1 - Score (%)
3

70

60 -

[ Test
] validation

Number of classifiers

(b)

Combination
Two - classifier model
Three - classifier model
Four - classifier model

Five - classifier model

Selected Features (Prioritized)
f10, f1, fs, T4, f2, f5, fo
f1o, f1, fs, fa
f10, f1, fs, fa, T2, f5

fi0, F1, T3, f4, f2, f5, fo, 7

)L D9DOLGDMEW@E UIRUPBPEHOIHFWHG )HDWXUH 3ULRULWL]D
IDUMFDOH 39 V\VWHP

(DUOLHU WHVWV RQ D PLQLDWXUH H[SHULPHQWDO 39 D
H[FHSWLRQDO DELOLW\ WR LGHQWLI\ DQG FDWHJRUL]H D Z|
IXQFWLRQDOYRDCORD 3ODWNMMWHP WKLV VHFWYRQ RSPHOMN HRV
N: 1 39 XWLOIFKQY $6@X B9

16
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500

0.1 kW/m2—— 0.5 kW/m2——1 kW/m2
10 4= =0.1 kW/m2— -0.5 kW/m2— -1 kW/m2

/9A

400

Current (A)

- 100

O'é T _I’ T T T T T T T T T T T 0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Voltage (V)

)LI $63 09 39 VSHFLILFDWLRQ

/ILNH WKH VHFRQG VFHQDULR WKH H[WUDFWHG GDWD
GHWHULRUDWLRWURGQGHQ HRIQUEF®GELWHRQAQW WI\SHV RI OLQH IDL

7TDEOWWIDWKLUG VFHQDULR

Method Label Training Test
)DXOWYV $55'(*
&ROQGLWL 1
2SHQ FLUFX 2&
6WULQJ I 675'(*
/ILQH PLVPD] I
/ILQH PLVPD] I
/ILQH PLVPD] I

&RQVLVWHQW ZLWK WKH VHFRQG FDVH DMéKL UG HE BW IWR
JLIXUKSLVSOD\V WKH ILYH VHTXHIQNAFRUBY HBSDVUHUY BDEIG DAML
FURVV LV DOVR PDUNHG WR LQGLFDWH WKH OHDVW DFFXUL
GHPRQVWUDWHY WKDW *1% LV UHPRYHG DIWH U WAKER ULHU VW
RI JROORZLQJ WKH VXEVHTXHQW $HYRRQIBY WREYHUDJH
0/3DQMNSL1DUH DQG UHVSHFWLYHO\ 7KH HQG V
GHWHUPLQHV WKH LGHDO FOD® VS ULHRWY GHRFOQWEDMDOEHG PV
HQVHPEOH PDFKLQH OHDUQLQJ PRGHO LV GHYHORSHG IRU
UDQGRP IRUHVW .11 DQG ERRVWLQJ WHFKQLTXHV 7KH I
UHOLDELOLWADIRU\LFXUBREQ@YPWRUWLHY LQ FRPSOH[ 39 RS
> @LQFH IHDWXUH H[WEDVWGRUD MWMKBHNBSPRIMUP RGXBOHUDPH Z
WUDQVIHUDEOH WR GLIIHUHQW 39 PRGR G DOXMLVQH W EDWB P
SURSRVHG IUDPHZRUN ZDV IXUWKH LW FDOH GDWHBWRP ZLWK

PRGXOH FRQILJXUDWLRQ 'HVSLWH GLIIHUHQFHV LQ DL
GLVWULEXWLRQ WKH PRGHO RRD ISGIW DRUQAHDED KH MK RHE BRI 19\
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6LQFH IHDWXUH H[WUDFWLRQ UHOLHV RQ JHRPHWULF
FXUYH UDWKHUSWEKDIQ VW HWOHFFRVULFDO UDWLQJV WKH IUDPHZ
LQGHSHQGHQW DGDSWDELOLW\ ZLWK PLQLPDO UHFDOLEUD\

First Sequence Second Sequence Third Sequence Fourth Fifth
SVM (RBF) 92.77% SVM (RBF) 89.34% SVM (RBF) 83.24% SVM (RBF) 79.35% SVM (RBF) 71.15%
SVM (Linear) 97.12% SVM (Linear) 94.62% SVM (Linear) 89.97% SVM (Linear) 82.26% SVM (Linear) 78.83%
SVM (Polynomial) 95.26% | SVM (Polynomial) 90.75% | SVM (Polynomial) 82.05% SVM (Polynomial) 75.84% = SVM (Polynomial) 73.26%
LR 95.03% LR 90.03% LR 82.56% LR7523% LR70.02%
kNN 90.26% DT (ID3) 88.17% DT(D3)81.09% DT(ID3) 74.41% DT (ID3) 68.84%
DT (ID3) 95.18% DT (CART) 87.92% DT (CART) 79.93% RF 7237% RF 63.67%
DT (CART) 92.24% RF 90.45% RF 80.94% DT (CART) 70.08%
RF 95.06% MLP 84.89% MLP 77.71%
MLP 88.18% kNN 83.57%

GNB 84.63%

)LJ ORGHOLFLBIWRKLUG VFHQDULR

JLIXUHVKRZV$SWKIRVWH LV DQG ILQDO ZHUH WKUHF
3RO\ 690 5%) DQG 6%HQLOYHDWHG RQ WKH XQVHHQ GDW
DFKLHYHGO&FARUH RI GHPRQVWUDWLQJ LWV H[FHSWDR®@DO S
LOQFOXGHV W KFHOWHNOMA MIJPUHIDWLYH PRGHOV WKDW XVF
FRPSDULVRQ

(a)
110

[ Test
[E] validation
100 4
—~ 9
IS
e
3 @ (b)
7]
El Combination Selected Features (Prioritized)
70
Two - classifier model fs, f10, f1, f2, f5, fo, f4, f2
60 Three - classifier model  fg, fo, fy, 2, fs5, fo
50 Four - classifier model fs, f10, 1, f2, f5, fo, f4, f3
2 3 4 5
Number of classifiers Five - classifier model fa, f1o, f1, fz, f5, fg, f4, f3, f7, fs

)LJ BDDOLGIDMWEWMIUIRUPBDEHOMHHFWHG )HDWXUH 3ULRULWL]D

W LV SRVVLEOH WR GHGXFH WKH IROORZLQJ LQIRUPDYV
E\ LQYHVWLIJDWLQJ WKH WKIHHH[SDRMY G IDHO\CH QHADH/G EDDER ¥ F
FODVVLILHUV LQ ERWK FLUFXPVWDQFHY DQG XOWLPDWHO\
FODVVLILHUV ,W IROORZV WKDW WKLV LV WKH VZHHW VS
DJJUHJDW L&GD R/ GRIED SPIETEMR Z H DIXIR UDBK PXOW GBIQG FWLR
DUUD\ FODV¥Q VLR DDAWL RQF O DV WL ILLH B'R \DW HD BIUHMID@ LYH PRG
5) ZLWK D SOHWKRUD RI '7V RU ZLWK WKH ,' RU &$57 DOJRL
WKH\ DUH DQ HIIHFWLYH DO J3RUXW KWK RV WKLHU D BHY SHDFON G D
VFRU H\WG OROW DMHFHRIQG VEHQDULR R Il HIDXFRAR/RIZNK MVUKAHH V D G W |
IRU WKH WKLUG VFHQDULR :KHQ JLYHQ D GDWDVHW ZLWK |
SHUIRUP DGPLUDEO\ LQ WKH ILUVW VHTXHQFH 7KH FODVVL
IRU WKH DOJRULWKPV VH HVKH VBKHREHYY H[HKEEXKWY D GHF
VXEVHTXHQW VHTXHQFHVDDWKKPEHU RI FODVVHYV
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)L 6FHQDULR &ODVVLILHU (YDOXDWLRQ
&RPSDULVRQ

7KHUH KDYH EHHQ WZR FRPSDULVRQV WR VKRZ WKH E
EHJDQ E\ FRPSDULQJ WK N FFRRIGHO VOQRWWE XM SDUDWH VFHQL
LQGLYLGXDO FODVVLILHUV WHVWHG KHUH B5HVXOWV IURP

VFHQDULR DQG VHFRQG VFHQDULR VKRZ WKDW VXJJHVWHC
VKRZQ LQ )LOXDRW®
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MLP SVM SVM SVM LR GNB kNN DT DT RF Proposed MLP SVM SVM SVM LR GNB kNN DT DT  RF Proposed
(Linear) (RBFyPolynomial) (ID3) (CART) model (Linear) (RBF{Polynomial) (ID3) (CART) model

Models Models

yLJ 3 6FRUH &RPSDULVRE®FHRDULRLR

'HHS OHDUQLQJ PHWKRGV ZHUH QRW LQFOXGHG LQ EHQ
ODWADOH ODEHOHG GDWDVHWY DQG KLJK FRPSXWDWLRQD
SULRULWL]HV OLJKWZHLJKW LPOSEMHFAB Q39 DARIGRQV,FK ZWY B /O
IRXQG WWKPOPMLDO GHIHFW GHWHFWLRQ FLUFXPVWDQFHV KDYF
VXJIJHVWHG PRGHO %XW WKH PRGHO V ODFRGRIOYUHMHQ R\WY
SDSHU V SURSRVHG PRGHO XV HAH G DIKHVWX\I ZH WWKHBXPE 8 H R
KRZHYHU RXWSHUIRUPV HYHU\ RQH RI WKRVH PRGHOV LQ
PRGHO DSSHDUV WR KDYH D KLJK OHYHO RI DFFXUDF\ KRZF
WDNHV LQWR DFWRXGQ@XREKNW M GDMYVVHY DQG IDLOV WR D
FLUFXPVWDQFHV LQYRO Y HTK HQS G H VHHRW LI 1D @ WZ RLUAND WAL OQ P |
VWHODWDWH IDXOW FDW49JRH DN X UMHPG QMWWD WIXFV XUH ZRUN 2
G\QIFPLDXOW SURJUHVVLRQP IR RGHOHDRBLQHDQDO\WLFV DQ
LQIRUPHG OHDUQLQJ PRGHOV WR HQKDQFH DGDSWDELOLW\

4, Conclusion

7KLV VWXG\ UHWKRXJKW WUDGLWLRQDO PDFKLQH OHDL
HOLPL@EDWHRQDJJUHJIDWLY H @R GWIOD EREMAE R BASFKWR Y RDWR O W D L
DUUD\V ZLWK OLPLWHG GDWD ,Q RUGHU WR DFFRPSOLVK W
IURP ILYH GLVFUHWH © RRKDWH R DR/HD@HR[GW WWKHHS, ZDV WR H[WL
E\ FDOFXODWLQJ WKH VTXDWHG SDVW ERY SRR B WWEZH WEH O
DFFXUDWH FODVVLILHU DR QWK RDUQLQD F ¥BWRILMHUV W
ZDV FDUULHG R%W DHVHQMIL® BOWKH UHPDLQLQJ FODVVLII
DJJUHJDWLYH PRGHO WKDW FRXOG LGHQWLI\ DQG FDWHJRU
SRVVLEOH DFFXUDF\ RQ WKH QHZ WHVW GDWDVHWWHZH DO\
DWQDO PRGHO 6LPSOLI\LQJ WUDLQLQJ SURFHVV ZDV WKH .
WZR VLPSOLILFDWLRQ WHFKQLTXHV 7R DMEDWDVEW XNG® B
KRUL]JRQWDO VLPSOLILFDWLRQ VWUDWHJ\ 7KH \PHHRARKQRGGV W H
WR SLDNVEHIDVEG WHWYWKHU UHGXFH WKH GDWDVHW 8VLQJ WK
ZDV DSSOLHG WR D 39 W¥WER 0Q0§7/B®H6LPXOLON VFHQDU
H[SHULPHQWDO VLWXDWLRQV 7KH ILQGLQJV GHPRQVWUDYV
DSSOLFEZEWKLWHVW DFFXUDF\ UDWHV RILQ WIQHWHKH RIQUV W

LQ WKH7 WHLISURSRVW®G JEXDIOPSOLILFDWLRQ IUDPHZRUN
SDWKZD\ IRU LQWHJUDWLQJ OLJKWZHLJKW $, GLDJQRVWLFV
WKH JDS EHWZHHQ FRPSXW DM GRIQD @& \HIDXFL\M GGFH VDHDFAVK RIX
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