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AEVWUDFW

AXWRPaWicall\ UecRgQi]iQg Whe liceQVe SlaWeV Rf YehicleV iV dRQe fRU

YaUiRXV SXUSRVeV. IQ PaQ\ VWXdieV, Whe fRcXV iV RQ cleaU iPageV

ZheUeaV WhiV VWXd\ aiPV aW iPSURYiQg Whe accXUac\ iQ UecRgQiWiRQ

Rf Whe liceQVe SlaWe ZheQ faciQg difficXlWieV VXch aV blXUU\ iPage,

UedXQdaQW RbjecWV / Si[elV RQ Whe liceQVe SlaWe, aQd / RU iQcliQaWiRQ

Rf Whe liceQVe SlaWe.

AlVR, fiQdiQg Whe beVW PachiQe leaUQiQg PRdel fRU claVVif\iQg Whe

chaUacWeUV Rf Whe liceQVe SlaWe.

IQ WhiV VWXd\, chaUacWeU UecRgQiWiRQ Rf Yehicle liceQVe SlaWeV ZaV

dRQe b\ a feZ SUeSURceVViQg VWeSV aQd WheQ XWili]iQg Whe caSabiliW\

Rf PachiQe leaUQiQg. IQ SUeSURceVViQg aQd chaUacWeU VegPeQWaWiRQ,

WR deWecW Whe chaUacWeUV Rf Whe liceQVe SlaWe cRUUecWl\, Whe cRQQecWed

RbjecWV ZeUe deWecWed fURP biQaU\ iPageV. LiQe fiWWiQg, MXlWi-OWVX

WhUeVhRldiQg, SRbel filWeU, K-PeaQV clXVWeUiQg, aQd RWheU

WechQiTXeV ZeUe XVed WR iPSURYe Whe lRcali]aWiRQ aQd UecRgQiWiRQ

Rf liceQVe SlaWeV.

TheQ fRU PachiQe leaUQiQg, SXSSRUW-YecWRU PachiQe, AUWificial

QeXUal QeWZRUk (ANN), aQd CRQYRlXWiRQal QeXUal QeWZRUk (CNN)

PeWhRdV ZeUe iPSlePeQWed. The PRdelV SeUfRUPed Zell ZiWh

CNN UeVXlWiQg iQ Whe higheVW accXUac\. ThiV e[SeUiPeQW cRQclXdeV

WhaW iQdeed iW iV SRVVible WR iPSURYe Whe accXUac\ Rf ANPR iQ Whe

deWecWiRQ aQd claVVificaWiRQ Rf Whe liceQVe SlaWeV.



6DPPDQIDWWQLQJ

F|UElWWULQJ DY AXWRPDWLF QXPEHU SODWH UHFRJQLWLRQ (ANP5).

AWW kXQQa llVa aY UegiVWUeUiQgVVk\lWaU Sn eWW aXWRPaWiVkW VlWW haU

aQYlQWV i Rlika lQdaPnl. I PnQga VWXdieU YaUV aUbeWeQ fRkXVeUaU

klaUa bildeU, Vn VkiljeU Vig deQQa VWXdie Sn aWW f|UblWWUa

QRggUaQQheWeQ i aWW llVa aY UegiVWUeUiQgVVk\lWaU WURWV Rlika

VYnUigheWeU, VnVRP VXddiga bildeU, |YeUfl|diga RbjekW/Si[laU Sn

UegiVWUeUiQgVVk\lWeQ, Rch/elleU iQfallVYiQkel Sn UegiVWUeUiQgVVk\lWeQ.

bYeQ aQYlQdaQdeW aY PaVkiQiQllUQiQg f|U aWW kXQQa hiWWa deQ blVWa

PRdelleQ f|U aWW klaVVificeUa de WeckQeQ VRP YiVaV Sn

UegiVWUeUiQgVVk\lWeQ.

IQQaQ aQYlQdaQdeW aY PaVkiQiQllUQiQg Vn gjRUdeV eWW SaU

f|UbehaQdlaQdiQgVVWeg Sn bildeU. Vid f|UbehaQdlaQdliQgeQ Rch

VegPeQWeUiQg aY WeckeQ Vn aQYlQdV biQlUa bildeU f|U aWW hiWWa

aQVlXWQa RbjekW. LiQjeaQSaVVQiQg, MXlWi-OWVX-WU|Vkel, SRbel-filWeU,

K-PedelklXVWeU VaPW aQdUa PeWRdeU aQYlQdeV f|U aWW f|UblWWUa

lRkaliVeUiQgeQ Rch igeQklQQiQg aY UegiVWUeUiQgVVk\lWaU.

EfWeU aWW daWa f|UbeUeWWV Vn iPSlePeQWeUadeV Rlika PaVkiQiQllUQiQg

PeWRdeU, VnVRP SXSSRUW-YecWRU PachiQe, AUWificial QeXUal QeWZRUk

(ANN) Rch CRQYRlXWiRQal QeXUal QeWZRUk (CNN). CNN fick

h|gVWa QRggUaQQheW blaQd alla iPSlePeQWeUade PeWRdeU. SlXWVaWVeQ

geU aWW deW gnU aWW f|UblWWUa QRggUaQQheWeQ f|U ANPR Yid

ideQWifieUiQg Rch klaVVificeUiQg aY UegiVWUeUiQgVVk\lWaU.
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1 IQWURGXFWLRQ

1.1 BDFNJURXQG

AXWRPaWic QXPbeU SlaWe UecRgQiWiRQ, alVR kQRZQ aV ANPR iV

a WechQiTXe XViQg RSWical chaUacWeU UecRgQiWiRQ WR Uead aQd

VWRUe Whe Yehicle¶V UegiVWUaWiRQ QXPbeU (DX eW al. 2013). The

WechQRlRg\ ZaV iQYeQWed iQ 1976 b\ Whe BUiWiVh SRlice

(³HiVWRU\ Rf ANPR - ANPR IQWeUQaWiRQal´ Q.d.) .

ANPR iV XVed b\ laZ eQfRUcePeQW iQ PaQ\ cRXQWUieV fRU

WUaffic cRQWURl aQd VXUYeillaQce. The WechQRlRg\ iV alVR XVed

b\ gRYeUQPeQWal aQd SUiYaWe eQWiWieV fRU cRllecWiQg Sa\PeQWV

aW WRll VWaWiRQV, XQaWWeQded SaUkiQg lRWV, eWc. (WikiSedia

cRQWUibXWRUV 2021a).

1.2 PUREOHP DHVFULSWLRQ DQG PUHYLRXV :RUN

TheUe aUe VeYeUal challeQgeV iQ liceQVe SlaWe UecRgQiWiRQ, VXch

aV liceQVe SlaWeV ZiWh diUW VWaiQV, blXUUed iPageV, RbjecWV VXch

aV VWickeUV WhaW cRXld be ZURQgl\ UecRgQi]ed aV a chaUacWeU,

aQd iPageV WakeQ ZiWh a caPeUa QRW SRViWiRQed diUecWl\ iQ

fURQW Rf Whe Yehicle UeVXlWiQg iQ a VkeZed liceQVe SlaWe (DX eW

al. 2013). DaPilaUe eW al. (2015) haYe VWXdied NigeUiaQ

liceQVe SlaWeV aQd haYe iPSlePeQWed PachiQe leaUQiQg WR

bXild a PRdel WR UecRgQi]e Whe liceQVe SlaWeV Rf NigeUiaQ
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YehicleV. The PachiQe leaUQiQg PRdel ZaV WeVWed RQ iPageV

ZiWh liceQVe SlaWeV WhaW ZeUe haUd WR Uead, aQd Whe RXWcRPe Rf

WheVe WeVWV ZaV YeU\ SURPiViQg. The PRdel ZaV WeVWed RQ

Yehicle iPageV WakeQ fURP Whe fURQW WheUefRUe Whe iQcliQaWiRQ

Rf Whe iPage ZaV QRW cRQVideUed.

FRU liceQVe SlaWe lRcali]aWiRQ DaPilaUe eW al. (2015), XVed

caQQ\ edge deWecWiRQ, a PXlWi-VWeS algRUiWhP fRU fiQdiQg Whe

edgeV iQ aQ iPage (CaQQ\ 1987), aQd WheQ cRQQecWed RbjecW

deWecWiRQ b\ XViQg Si[el cRQQecWiYiW\ (SaPeW aQd TaPPiQeQ

1988). The\ haYe WeVWed WheiU algRUiWhP fRU e[WUacWiRQ aQd

UecRgQiWiRQ Rf liceQVe SlaWeV iQ WhUee caWegRUieV.

1. IPageV ZiWh cleaU aQd eaV\ WR Uead liceQVe SlaWeV ZiWh

diVWiQgXiVhable chaUacWeUV gaYe a VXcceVV UaWe Rf 98 %

iQ Whe e[WUacWiRQ Rf 40 liceQVe SlaWeV aV WeVWiQg daWa aQd

96.25 % iQ UecRgQiWiRQ Rf 320 chaUacWeUV.

2. BlXUU\ iPageV dXe WR YaUiaWiRQ iQ illXPiQaWiRQ

cRQdiWiRQ gaYe a VXcceVV UaWe Rf 95 % iQ Whe e[WUacWiRQ

Rf 20 liceQVe SlaWeV aQd 91 % iQ UecRgQiWiRQ Rf 160

chaUacWeUV.

3. IPageV WhaW iQclXde diUW VWaiQV aQd/RU VhadRZed

chaUacWeUV had a VXcceVV UaWe Rf 80 % iQ Whe e[WUacWiRQ

Rf 10 liceQVe SlaWeV aQd 91.25 % iQ UecRgQiWiRQ Rf 80

chaUacWeUV.

IW iV eYideQW aV Whe iPage TXaliW\ ZRUVeQV Whe VXcceVV UaWe Rf

e[WUacWiRQ aQd UecRgQiWiRQ VXffeUV a VXbVWaQWial decUeaVe.
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Oladeji (2016) haV aQRWheU ViPilaU ZRUk RQ NigeUiaQ liceQVe

SlaWeV, WhaW XVeV biQaU\ iPageV Rf liceQVe SlaWeV fRU caSWXUiQg

Whe cRQQecWed RbjecWV. NeighbRUiQg ZhiWe Si[elV iQ Whe biQaU\

iPageV aUe cRQVideUed aV a cRQQecWed RbjecW. TheQ Whe

chaUacWeUV ZeUe VegPeQWed aQd UeVi]ed iQ 20î20 Si[elV. The

WRWal flaWWeQ 400î1 Si[elV ZeUe XVed fRU WUaiQiQg PachiQe

leaUQiQg PRdelV. The accXUac\ fRU WhiV PRdel ZaV QRW

UeSRUWed aQd WhiV PRdel ZaV RQl\ iPSlePeQWed RQ Whe

hRUi]RQWal caU iPageV.

1.3 ALP

The PeWhRdV XVed b\ DaPilaUe eW al. (2015) aQd Oladeji

(2016) ZeUe VWXdied aQd e[WeQded WR be able WR UecRgQi]e Whe

liceQVe SlaWe chaUacWeUV iQ iQVWaQceV iQclXdiQg iPageV ZiWh

iQcliQaWiRQ. ThiV VWXd\ aiPV WR iPSURYe Whe PeWhRdV XVed iQ

Whe e[WUacWiRQ aQd UecRgQiWiRQ Rf Whe chaUacWeUV iQ Whe

PeQWiRQed ZRUkV.

ThiV VWXd\ alVR iPSlePeQWV aQd cRPSaUeV WhUee leaUQiQg

PRdelV WR fiQd Whe RSWiPal claVVificaWiRQ PeWhRd. The leaUQiQg

PRdelV XVed aUe SXSSRUW-YecWRU PachiQe, AUWificial QeXUal

QeWZRUk, aQd CRQYRlXWiRQal QeXUal QeWZRUk, Zhich aUe

deVcUibed iQ Whe Qe[W chaSWeU.

1.4 6RFLDO AVSHFWV

TheUe aUe eWhical cRQceUQV abRXW Whe YaVW-UaQgiQg VSUead Rf

Whe ANPR deYiceV iQ cRXQWUieV VXch aV Whe UQiWed SWaWeV,

ZheUe SeRSle feel a WhUeaW WR WheiU SUiYac\ aV Whe gRYeUQPeQWV
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caQ WUack WheP fRU aQ\ UeaVRQ. SiQce Whe daWa cRllecWed b\ Whe

ANPR iV XVXall\ VWRUed iQ SeUPaQeQW daWabaVeV aQd WheUe iV a

lack Rf UegXlaWiRQV abRXW hRZ WhiV daWa caQ be XVed aQd/RU

VhaUed (CUXPS 2013).

1.5 DHOLPLWDWLRQ

DXe WR liPiWaWiRQV iQ WiPe aQd UeVRXUceV, WhiV VWXd\ iV

UeVWUicWed WR SZediVh liceQVe SlaWeV aQd Whe WhUee VXSeUYiVed

leaUQiQg algRUiWhPV PeQWiRQed iQ Whe SUeYiRXV VecWiRQ.

1.6 6WUXFWXUH

ThiV UeSRUW cRQWaiQV 4 chaSWeUV ZheUe chaSWeU 2 iV diYided

iQWR 3 PaiQ VecWiRQV VWaUWiQg ZiWh SUeSURceVViQg aQd liceQVe

SlaWe deWecWiRQ, aQd chaUacWeU VegPeQWaWiRQ. IQ Whe laVW

VecWiRQ, Whe baVic QRWiRQV Rf Whe SXSSRUW-YecWRU PachiQe,

AUWificial QeXUal QeWZRUk, aQd CRQYRlXWiRQal QeXUal QeWZRUk

aQd claVVificaWiRQ PRdelV, aV Zell aV WheiU iPSlePeQWaWiRQV,

aUe e[SlaiQed. ChaSWeU 3 SUeVeQWV Whe UeVXlWV Rf Whe VWXd\ aQd

iQ Whe laVW chaSWeU, Whe RbWaiQed UeVXlWV aQd VXggeVWiRQV fRU

fXWXUe ZRUk aUe diVcXVVed.
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2 LLFHQVH PODWH DHWHFWLRQ

ThiV chaSWeU deVcUibeV iQ deWail, Whe SUeSURceVViQg PRdelV

XVed fRU liceQVe SlaWe deWecWiRQ aQd chaUacWeU VegPeQWaWiRQ.

2.1 PUHSURFHVVLQJ DQG LLFHQVH PODWH DHWHFWLRQ

TZR hXQdUed Yehicle iPageV ZeUe dRZQlRaded/VcUaSed fURP

BlRckeW, a SZediVh PaUkeWiQg ZebViWe fRU VecRQd-haQd aV

Zell aV bUaQd QeZ YehicleV. The iPageV ZeUe WakeQ fURP

YaUiRXV aQgleV Rf Whe e[WeUiRUV aQd iQWeUiRUV WheUefRUe QRW all

Whe iPageV iQclXde a liceQVe SlaWe.

The iPage TXaliW\ diffeUV aV WheUe aUe PaQ\ SUiYaWe VelleUV

ZiWh diffeUeQW caPeUa TXaliWieV RQ Whe ZebViWe. The algRUiWhP

Zill Uead all Whe iPageV iQ Whe daWabaVe RQe b\ RQe aQd VelecW

RQl\ Whe iPageV ZheUe liceQVe SlaWeV ZeUe deWecWed.

PUeSURceVViQg, liceQVe SlaWe deWecWiRQ, aQd chaUacWeU

VegPeQWaWiRQ ZaV dRQe WR Pake Whe iPageV Uead\ fRU

claVVificaWiRQ. The SURceVV iV e[SlaiQed iQ deWail iQ Whe

RQgRiQg VecWiRQ.

The acTXiUed daWabaVe cRQViVWV Rf RGB iPageV, Zhich

iQclXde WhUee chaQQelV Rf Red, GUeeQ, aQd BlXe. FiUVW, WR

SeUfRUP Whe aQal\ViV Rf liceQVe SlaWe deWecWiRQ, Whe RGB

iPageV Zill be cRQYeUWed WR gUa\Vcale WhaW haV RQe iQWeQViW\

chaQQel. TheUe aUe VeYeUal PeWhRdV fRU cRQYeUWiQg RGB

iPageV iQWR gUa\Vcale. OQe Rf Whe SRSXlaU PeWhRdV fRU WhiV
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cRQYeUViRQ iV called Whe ZeighWed aYeUage (SWRkeV eW al. 1996)

ZiWh Whe fRUPXla

𝑌 ࡧ  0. 2126 𝑅 ࡠ  0. 7154 𝐺 ࡠ  0. 0721 𝐵.

WheUe R, G, aQd B aUe Whe iQWeQViW\ Rf Whe iPage fRU Whe Ued,

blXe, aQd gUeeQ chaQQelV Rf Whe RGB iPage.

The cRefficieQWV XVed iQ WhiV aYeUagiQg fRUPXla iV baVed RQ

hRZ Whe hXPaQ e\e ZRUkV. FRU e[aPSle, ViQce Whe hXPaQ e\e

iV PRUe VeQViWiYe WR gUeeQ, Ze caQ Vee a gUeaWeU cRefficieQW fRU

iWV UeVSecWiYe chaQQel, aQd Whe cRefficieQW fRU Whe blXe chaQQel

iV Whe lRZeVW aV Whe hXPaQ e\e iV leaVW VeQViWiYe WR Whe blXe

cRlRU (SWRkeV eW al. 1996).

Ne[W, a ViPSle VegPeQWaWiRQ algRUiWhP called OWVX¶V

WhUeVhRldiQg PeWhRd iV XVed fRU cRQYeUWiQg Whe gUa\Vcale

iPage iQWR a biQaU\ iPage, cRQWaiQiQg WZR claVVeV ZheUe 0

iQdicaWeV black/backgURXQd Si[elV aQd 1 ZhiWe/fRUegURXQd

Si[elV (OWVX 1979). UViQg Whe diVcUeWe hiVWRgUaP Rf Whe

gUa\Vcale iPage ZiWh 256 iQWeQViW\ leYelV RU biQV, Whe

WhUeVhRld VegPeQWV Whe iPage iQWR WZR claVVeV,0 ࡬ 𝑇 ࡬ 255

RU backgURXQd, aQd RU fRUegURXQd. ThiV PeaQV all Whe𝐶
0

𝐶
1

Si[elV ZiWh gUa\Vcale iQWeQViW\ leVV WhaQ T Zill be cRQVideUed

aV backgURXQd aQd Whe UeVW Rf Whe Si[elV aV fRUegURXQd. The

ZeighW RU SURbabiliW\ Rf claVV RccXUUeQce fRU aQd iV𝐶
0

𝐶
1

calcXlaWed XViQg Whe fRUPXlaV

.ՠ
0

ࡧ 𝑘0ࡧ

𝑇

∑ 𝐹
𝑘

𝑁 ,    ՠ
1

ࡧ 𝑘ࡧ𝑇1ࡠ

255

∑ 𝐹
𝑘

𝑁  
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WheUe, iV Whe cRXQW fUeTXeQc\ Rf Whe kWh biQ ( fRU𝐹
𝑘

0 ࡬ 𝑘 ࡬ 𝑇

backgURXQd aQd fRU fRUegURXQd), T iV Whe𝑇 ࡠ 1 ࡬ 𝑘 ࡬ 255

VelecWed WhUeVhRld aQd N iV Whe WRWal QXPbeU Rf Si[elV. FRU

e[aPSle, aQ iPage ZiWh a UeVRlXWiRQ Rf iQclXdeV600 ࡣ 800

Si[elV ( ).480000 𝑁 ࡧ 480000

The OWVX¶V algRUiWhP iWeUaWiYel\ VeaUcheV fRU Whe WhUeVhRld T,

WhaW PiQiPi]eV Whe ZiWhiQ-claVV YaUiaQce, defiQed aV

,σ
ՠ
2 ࡧ  ՠ

0
σ

0
2 ࡠ ՠ

1
 σ

1
2

ZheUe iV Whe ZiWhiQ-claVV YaUiaQce, aQd aUe YaUiaQceVσ
ՠ
2 σ

0
2 σ

1
2

Rf Whe WZR claVVeV.

LaVWl\, afWeU fiQdiQg Whe RSWiPal YalXe fRU T, Whe gUa\Vcale

Si[elV aUe UeSlaced b\ ZhiWe iQ WhRVe aUeaV, ZheUe iQWeQViW\ iV

gUeaWeU WhaQ T aQd b\ black RWheUZiVe, UeVXlWiQg iQ a biQaU\

iPage.

ThiV iPSlePeQWaWiRQ PighW fail WR cRQVideU Whe iPageV Rf

liceQVe SlaWeV aV fRUegURXQd, eVSeciall\ ZiWh ZhiWe YehicleV,

ZheQ WheUe iV a VhadRZ RQ Whe liceQVe SlaWe. MXlWileYel OWVX

WhUeVhRld (LiaR, CheQ, aQd ChXQg 2001) Zhich iV aQ

e[WeQViRQ Rf Whe OWVX WhUeVhRld fiQdV VeYeUal WhUeVhRldV aQd

cUeaWeV PXlWiSle VegPeQWV/RbjecWV iQ Whe iPage. UViQg all Rf

WheVe RSWiPal WhUeVhRldV helSV iQ iPSURYiQg Whe algRUiWhP iQ

Whe liceQVe SlaWe deWecWiRQ.

IQ Whe biQaU\ iPage, all Whe cRQQecWed RbjecWV Zill be deWecWed

aQd labeled cRQVideUiQg aQ 8-cRQQecWiYiW\ VeQVe aV VhRZQ iQ
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figXUe 1. HeQce all Whe Si[elV iQ Whe iPage WhaW haYe Whe VaPe

YalXe aV WheiU 8-cRQQecWed QeighbRUV Zill be cRQVideUed aV a

cRQQecWed UegiRQ.

FigXUe 1: DiffeUeQce beWZeeQ 4-cRQQecWed Si[elV (lefW) aQd 8-cRQQecWed (UighW).

AfWeU deWecWiQg all cRQQecWed UegiRQV aQd labeliQg WheP,

caQdidaWe labeled UegiRQV fRU Whe liceQVe SlaWe aUe fRXQd. IQ

VRPe XQcleaU iPageV, Whe cRQQecWed RbjecW deWecWiRQ failV WR

deWecW all Whe cRQQecWed RbjecWV iQ Whe biQaU\ iPage. TR

iPSURYe Whe liceQVe SlaWe deWecWiRQ algRUiWhP, Whe SRbel filWeU

(SRbel 2014) ZaV XVed WR ePShaVi]e Whe edgeV Rf Whe RbjecWV

iQ each iPage.

The SRbel filWeU XVeV WZR 3î3 keUQelV, RQe fRU hRUi]RQWal

chaQgeV iQ Whe iPage aQd RQe fRU Whe YeUWical. The belRZ

filWeUV aUe cRQYRlYed RYeU Whe iPage WR fiQd Whe deUiYaWiYe

aSSUR[iPaWiRQ iQ Whe [ aQd \-a[iV.
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We call Whe deUiYaWiYe iPageV aQd𝐺
ա

ࡧ 𝐾
ա

*  𝑆 𝐺
բ

ࡧ 𝐾
բ

* 𝑆

ZheUe S iV Whe VRXUce iPage aQd * deQRWeV cRQYRlXWiRQ.

TheQ Whe PagQiWXde Rf Whe gUadieQW iV fRXQd b\

𝐺 ࡧ 𝐺
ա

2 ࡠ 𝐺
բ

2

AQd XViQg Whe aQgle Rf Whe edge iV calcXlaWed aV𝐺
ա 

𝑎𝑛𝑑 𝐺
բ

.

SRbel filWeU ZaV fRXQd WR be VXiWable fRU iQcUeaViQg Whe

SUeciViRQ Rf Whe algRUiWhP iQ liceQVe SlaWe deWecWiRQ, aV

SUeVeQWed iQ Whe UeVXlWV chaSWeU Rf WhiV VWXd\. IQVWaQceV Rf

Yehicle iPageV befRUe aQd afWeU iPSlePeQWaWiRQ Rf Whe SRbel

filWeU aUe SUeVeQWed iQ figXUe 2.

FigXUe 2: Vehicle befRUe aQd afWeU SRbel filWeU, lefW: QRUPal iPage. UighW: SRbel filWeU.
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The SRbel filWeU alVR eQhaQced Whe deWecWiRQ Rf VRPe iPageV

ZiWh VhadRZed liceQVe SlaWeV, eVSeciall\ iQ bUighW iPageV. IQ

figXUe 3 WZR iQVWaQceV Rf VhadRZed liceQVe SlaWeV WhaW ZeUe

QRW deWecWable ZiWhRXW Whe SRbel filWeU aUe SUeVeQWed.

AV Ze caQ Vee, Whe VhadRZ iV UePRYed aQd Whe iPage ZaV

bUighWeQed afWeU Whe iPSlePeQWaWiRQ Rf Whe SRbel filWeU VR WhaW

Whe liceQVe SlaWe Zill QRW be UePRYed fURP cRQVideUaWiRQ afWeU

XViQg Whe OWVX WhUeVhRldiQg.

FigXUe 3: LefW: RUigiQal iPage, UighW: SRbel filWeU.

The liceQVe SlaWeV aUe UecWaQgXlaU, aQd Whe ZidWh Rf WheP iV

higheU WhaQ Whe heighWV. All Whe RbjecWV Zhich haYe a ZidWh

beWZeeQ 5 % WR 50 % Rf Whe WRWal ZidWh Rf Whe iPage aQd
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heighW Rf 2 % WR 30 % Rf Whe WRWal heighW Rf Whe iPage aUe a

caQdidaWe fRU beiQg a liceQVe SlaWe. The SUeVeQWed QXPbeUV

ZeUe fRXQd fURP Whe ZRUk Rf (Oladeji 2017) aQd WZeaked WR

giYe Whe beVW UeVXlW. IQ figXUe 4, iPageV Rf WhUee YehicleV aQd

Whe deWecWed liceQVe SlaWeV aUe VhRZQ. IQ WheVe iPageV,

alWhRXgh Whe liceQVe SlaWeV aUe QRQ-hRUi]RQWal, Whe\ ZeUe

VXcceVVfXll\ deWecWed. AlWhRXgh Whe calcXlaWiRQ ZaV dRQe RQ

Whe biQaUi]ed iPage, fRU Whe Qe[W VWeS, Whe RUigiQal iPage Rf

Whe liceQVe SlaWe haV beeQ VaYed XViQg Whe deWecWed Si[el

lRcaWiRQV iQ Whe RUigiQal iPage.

FigXUe 4: Original images and deWecWed license plaWe.

MXlWi-OWVX WhUeVhRld aQd SRbel filWeU helS iQ Whe deWecWiRQ Rf

WhRVe liceQVe SlaWeV Zhich aUe XQdeU Whe VhadRZ iQ ZhiWe

YehicleV, iQ figXUe 5, WZR iQVWaQceV Rf liceQVe SlaWeV WhaW aUe

cRUUecWl\ deWecWed b\ PXlWi-OWVX WhUeVhRldiQg aQd SRbel filWeU

aUe SUeVeQWed.
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FigXUe 5: DeWecWiRQ Rf liceQVe SlaWe XQdeU VhadRZ XViQg PXlWi-OWVX aQd SRbel filWeU.

2.2 CKDUDFWHU 6HJPHQWDWLRQ

The fRXQd UecWaQgleV iQ Whe SUeYiRXV VecWiRQ Zhich haYe

VXb-cRQQecWed UegiRQV eTXal WR RU PRUe WhaQ Vi[ aUe

cRQVideUed Whe liceQVe SlaWeV ViQce Whe\ iQclXde Vi[ VeSaUaWe

chaUacWeUV. TR eQVXUe WhaW each chaUacWeU iV VeSaUaWed, aQ

eURViRQ-dilaWiRQ filWeU (SeUUa 1984) ZiWh a VTXaUe Rf 2 Si[elV

ZaV iPSlePeQWed. ThiV filWeU PRdifieV aQ\ chaUacWeU Zhich iV

cRQQecWed WR Whe bRXQdaU\ Rf Whe SlaWe RU aQ e[iVWiQg diUW\

VWaiQ RQ Whe SlaWe. IW alVR fi[eV chaUacWeUV WhaW haYe VRPe VRUW

Rf cXW dXe WR blXU PakiQg WheP QRW cRQWiQXRXV. EURViRQ aQd

dilaWiRQ filWeUV aUe WZR PRUShRlRgical filWeUV WhaW aUe XVed RQ

biQaU\ iPageV.

MRUShRlRgical filWeUV aSSlied WR aQ iPage caQ gURZ, VhUiQk,

UePRYe, RU fill-iQ UegiRQV iQ Whe iPage. AQ eURViRQ filWeU iV

XVed WR UePRYe Whe bRXQdaU\ UegiRQV iQ Whe fRUegURXQd Si[elV
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aV illXVWUaWed iQ figXUe 7. HeQce Whe aUea Rf Whe fRUegURXQd

Si[elV (ZhiWe Si[elV) Zill VhUiQk, aQd Whe hRle iQ Whe aUea

becRPeV laUgeU afWeU iPSlePeQWiQg eURViRQ. DilaWiRQ RQ Whe

RWheU haQd acWV iQ UeYeUVe aQd Zill iQcUeaVe Whe bRXQdaU\ Rf

Whe fRUegURXQd Si[elV. AfWeU iPSlePeQWiQg a dilaWiRQ filWeU, Whe

aUea Rf Whe fRUegURXQd Si[el Zill gURZ iQ Vi]e, aQd Whe hRleV

becRPe VPalleU.

MaWhePaWicall\, eURViRQ iV defiQed aV

,

ZheUe A iV a biQaU\ iPage iQ a EXclideaQ VSace E, B iV RXU

VWUXcWXUiQg elePeQW aQd = iV Whe WUaQVlaWiRQ𝐵
գ

ഋ𝑏 ࡠ գ | 𝑏 ∈ 𝐵ഌ

Rf Whe VWUXcWXUiQg elePeQW B b\ Whe YecWRU գ ∈ 𝐸.

DilaWiRQ iV defiQed aV

ZheUe iV Whe WUaQVlaWiRQ Rf .𝐴
𝑏

𝐴 𝑏բ 𝑏
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FigXUe 7: Erosion on image X Xsing sWrXcWXring elemenW B.

Each chaUacWeU haV a heighW beWZeeQ 30 % WR 80 % aQd a

ZidWh Rf 3 % WR 30 % Rf Whe liceQVe SlaWe. AfWeU Whe deWecWiRQ

Rf each chaUacWeU, Whe chaUacWeUV ZeUe UeVi]ed iQ 20î20 Si[elV.

The SUeVeQWed QXPbeUV aUe a ZideQed YeUViRQ Rf QXPbeUV

SUeVeQWed iQ Oladeji¶V ZRUk. The QXPbeUV ZeUe WZeaked WR

beWWeU SeUfRUP ZiWh Whe algRUiWhP Rf WhiV VWXd\. The UaQge ZaV

ZideQed ViQce WheUe aUe SURcedXUeV VXch aV aQ

eURViRQ-dilaWiRQ filWeU RU liQe fiWWiQg Zhich cleaQV XS Whe

liceQVe SlaWe. IQ figXUe 8, Whe iPage Rf Whe liceQVe SlaWe aQd

deWecWed chaUacWeUV aUe VhRZQ.
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FigXUe 8: license plaWe and deWecWed characWers.

HRZeYeU, iPSlePeQWiQg Whe abRYe algRUiWhP iV QRW eQRXgh

fRU deWecWiQg Whe chaUacWeUV Rf Whe liceQVe SlaWeV, iQclXdiQg

aQgle aQd diUW\ VWaiQV RU WhRVe WhaW haYe chaUacWeU like RbjecWV

iQVide Whe liceQVe SlaWe. IQ figXUe 9, a liceQVe SlaWe iV VhRZQ

WhaW haV WZR chaUacWeUV cRQQecWed WR Whe bRXQdaU\ ZiWh diUW\

VWaiQV. IPSlePeQWiQg Whe abRYe algRUiWhP Zill deWecW 4 Rf 6

chaUacWeUV fURP Whe belRZ iPage.

FigXUe 9: license plaWe, inclXding dirW\ sWains.

A WechQiTXe WhaW ZaV XVed WR aYRid deWecWiRQ Rf PRUe RU leVV

WhaQ Vi[ chaUacWeUV iQ Whe liceQVe SlaWe ZaV baVed RQ Whe facW
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WhaW iQ all iPageV, ZheWheU Whe liceQVe SlaWe iV hRUi]RQWal iQ

Whe iPage RU QRW, Whe WRS aQd bRWWRP Rf all chaUacWeUV aUe

VeWWled RQ a VWUaighW liQe. SR if a fiUVW-RUdeU SRl\QRPial iV

fiWWed WR Whe XSSeU Si[el Rf each chaUacWeU aQd aQRWheU liQe

fiWWed WR Whe bRWWRP Rf Whe chaUacWeU Si[elV, WheVe WZR liQeV

Zill be WaQgeQW WR all Whe chaUacWeU bRXQdaUieV. AV VhRZQ iQ

figXUe 10, WR fiW a liQe iQ Whe XSSeU aQd lRZeU Si[elV Rf Whe

chaUacWeU leaVW VTXaUe PeWhRd iV XVed.

FigXUe 10: line fiWWed on Whe Xpper and loZer boXndar\ of characWers.

LiQe fiWWed RQ Whe XSSeU bRXQdaU\ b\ PiQiPi]iQg aQd
𝑖1ࡧ

6

∑  𝑒
𝑖
2

lRZeU bRXQdaU\ Rf chaUacWeUV b\ PiQiPi]iQg ZheUe 
𝑖1ࡧ

6

∑  𝑒'
𝑖
2
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iV Whe VTXaUed eUURU Rf Whe iWh chaUacWeU iQ XSSeU bRXQdaU\𝑒
𝑖
2

aQd iV Whe VTXaUed eUURU Rf chaUacWeU iQഉ𝑖 ࡧ 1, 2,..., 6ഊ 𝑒'
𝑖
2 𝑖՝ℎ

Whe lRZeU bRXQdaU\.

All Whe Si[elV abRYe Whe XSSeU WaQgeQW aQd belRZ Whe lRZeU

WaQgeQW ZeUe UePRYed. AfWeU UePRYiQg Si[elV abRYe aQd

belRZ Rf Whe chaUacWeUV b\ VeWWiQg WheP WR ]eUR, Whe UedXQdaQW

Si[elV RQ Whe lefW aQd UighW Vide Rf Whe liceQVe SlaWe aV VhRZQ

iQ figXUe 11, Zill alVR be UePRYed becaXVe WheVe RbjecWV QRZ

haYe Whe VaPe Vi]e aV Whe acWXal chaUacWeUV aQd Zill be

ZURQgl\ deWecWed aV a chaUacWeU.

FigXUe 11: License plaWe & deWecWed characWers afWer remoYing aboYe and beloZ Whe

characWers.

LiQe fiWWiQg aQd UePRYiQg Whe UedXQdaQW RbjecWV aW Whe VWaUW

aQd eQd Rf Whe liceQVe SlaWe iPSURYeV Whe UecRgQiWiRQ Rf Whe

liceQVe SlaWe, hRZeYeU, WheUe aUe VWill caVeV ZheUe Whe

algRUiWhP failV WR deWecW UedXQdaQW RbjecWV VXch aV VWickeUV iQ
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Whe liceQVe SlaWe. FRU iQVWaQce, VRPe VWickeUV caQ be ZURQgl\

deWecWed aV a chaUacWeU Rf Whe liceQVe SlaWe. BXW ViQce Whe\

XVXall\ haYe diffeUeQW cRlRUV RU diffeUeQW diPeQViRQV k-PeaQV

clXVWeUiQg algRUiWhP aSSlied RQ Whe RUigiQal RGB iPage helSV

deWecW VXch RbjecWV (MacQXeeQ 1967).

GiYeQ Q daWa SRiQWV aQd k iQiWial ceQWURidV, Whe k-PeaQV

clXVWeUiQg algRUiWhP iWeUaWiYel\ SlaceV each SRiQW iQ a clXVWeU

RU VeW ZiWh Whe QeaUeVW ceQWURid XViQg WheiU EXclideaQ diVWaQce

aQd WheQ XSdaWeV Whe clXVWeU ceQWURid aW each VWeS XViQg Whe

PeaQ Rf all SRiQWV iQ Whe clXVWeU. ThiV iWeUaWiRQ iV dRQe XQWil

WheUe iV QR PRUe chaQge iQ Whe ceQWURidV aQd WheUefRUe Whe

algRUiWhP haV cRQYeUged.

K-PeaQV clXVWeUiQg ZaV iPSlePeQWed RQ Whe RGB iPage Rf

all deWecWed caQdidaWe chaUacWeUV. IW XVeV Whe VTXaUed

eXclideaQ diVWaQce aQd Pa[iPi]eV Whe diVWaQce beWZeeQ

YaUiRXV clXVWeUV. STXaUed EXclideaQ diVWaQce fRU Whe iQWeQViW\

PaWUi[ Rf RGB iPage iV aV

𝐷ഉ𝑖, 𝑗ഊ ࡧ  ഉ𝐺
𝑖
ࡡ   𝐺

𝑗
ഊ 2 ࡠ  ഉ𝐵

𝑖
ࡡ   𝐵

𝑗
ഊ2 ࡠ  ഉ𝑅

𝑖
ࡡ   𝑅

𝑗
ഊ2

ZheUe aUe Whe Si[elV Rf Whe gUeeQ chaQQel Rf chaUacWeU,𝐺
𝑖

𝑖՝ℎ

aUe Whe Si[elV Rf Whe gUeeQ chaQQel iQ chaUacWeU. ,𝐺
𝑗

𝑗՝ℎ 𝐵
𝑖

𝐵
𝑗
 

aUe Si[elV Rf Whe blXe chaQQel, aQd , aUe Si[elV Rf Whe Ued𝑅
𝑖

𝑅
𝑗

chaQQel fRU aQd chaUacWeUV.𝑖՝ℎ 𝑗՝ℎ

CRQVideUiQg WZR clXVWeUV , PRVW Rf Whe chaUacWeUV aUeഉ𝑘 ࡧ 2ഊ

lRcaWed iQ Whe VaPe clXVWeU becaXVe Rf WheiU ViPilaUiW\ iQ cRlRU

RU VhaSe, aQd RWheU RbjecWV iQ Whe VecRQd clXVWeU aUe UePRYed.
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The clXVWeU Zhich haV Whe PRVW fUeTXeQW iWePV iQ iW iV

cRQVideUed aV cRUUecWl\ deWecWed chaUacWeUV.

ThiV PeWhRd iPSURYed Whe cRUUecW chaUacWeU deWecWiRQ gUeaWl\.

FigXUe 12 VhRZV iQVWaQceV Rf Yehicle liceQVe SlaWe iPageV WhaW

haYe UedXQdaQW RbjecWV eYeQ afWeU iPSlePeQWiQg liQe fiWWiQg. K

PeaQV clXVWeUiQg cRXld cRUUecWl\ diVWiQgXiVh beWZeeQ Whe

cRUUecW cRlRU Rf Whe WUXe chaUacWeU fURP WhRVe chaUacWeU-like

RbjecWV Zhich haYe diffeUeQW cRlRUV RU VhaSe. FRU e[aPSle, Whe

Piddle iPage Rf figXUe 12 iQclXdeV a VWickeU WhaW iV ViPilaU WR

Whe chaUacWeU C, aQd iW cRXld be diVWiQgXiVhed afWeU

iPSlePeQWiQg K-PeaQV clXVWeUiQg RQ aQ RGB iPage.

FigXUe 12: license plaWe insWances coXld be correcWl\ deWecWed Xsing K-means

clXsWering.

The SUeSURceVViQg aQd iPage VegPeQWaWiRQ aUe faVW SURcedXUeV,

aQd Whe\ cRXld be dRQe RQ WeVWiQg iPageV WR deWecW WheiU chaUacWeUV

befRUe Whe iPSlePeQWaWiRQ Rf claVVificaWiRQ aQal\ViV.

HeQce fRU all QeZ iPageV, Whe chaUacWeU deWecWiRQ Zill be dRQe, aQd

WheQ Whe chaUacWeUV aUe Uead\ fRU beiQg SUedicWed XViQg Whe

SUe-WUaiQed claVVificaWiRQ PRdel. The PeWhRd Rf claVVificaWiRQ Zill

be e[SlaiQed iQ Whe Qe[W SaUW.
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3 CODVVLILFDWLRQ

ClaVVificaWiRQ iV a VXSeUYiVed leaUQiQg PeWhRd WhaW iV bXilW fRU

SUedicWiQg Whe claVV Rf each RbVeUYaWiRQ aQd claVVif\ iW iQ iWV

gURXS. ClaVVificaWiRQ'V aiP iV WR giYe Whe PachiQe Whe abiliW\

WR ideQWif\ Whe claVV Rf each QeZ RbVeUYaWiRQ (AlSa\dÕQ

2010). FRU chaUacWeU UecRgQiWiRQ, WheUe aUe PXlWi-claVV

chaUacWeUV, PeaQiQg Whe RXWSXW Rf Whe claVVificaWiRQ caQ RQl\

be RQe Rf Whe allRZed chaUacWeUV. The algRUiWhP VhRXld be

deVigQed WR be able WR diVWiQgXiVh beWZeeQ each chaUacWeU aQd

UecRgQi]e iW cRUUecWl\ (DX eW al. 2013).

The VegPeQWed chaUacWeUV iPageV fRXQd iQ Whe SUeYiRXV

VecWiRQ, jXVW like Oladeji¶V ZRUk aUe UeVi]ed WR 20î20 Si[elV

aQd WheQ flaWWeQV WR 400î1 Si[elV WR be XVed aV Whe iQSXW fRU

Whe claVVificaWiRQ PRdelV.

The WUaiQiQg daWa XVed b\ Oladeji (2016), aYailable aW GiWHXb,

ZaV XVed WR WUaiQ Whe PRdelV iQWURdXced iQ WhiV chaSWeU. ThiV

WUaiQiQg daWa iQclXdeV 498 iPageV Rf YaUiRXV chaUacWeUV aQd

QXPbeUV XVed iQ Whe liceQVe SlaWe. The WeVWiQg daWa aUe Whe

chaUacWeU iPageV deWecWed fURP Whe 200 BlRckeW iPageV,

deWecWed iQ Whe SUeYiRXV chaSWeU. TheVe chaUacWeUV aUe WheQ

labeled b\ haQd iQ RUdeU WR calcXlaWe Whe accXUac\ Rf Whe

PRdelV.

IQ WhiV VWXd\, SXSSRUW-YecWRU PachiQe (SVM), AUWificial

NeXUal NeWZRUk (ANN), aQd a CRQYRlXWiRQal NeXUal NeWZRUk
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(CNN) deVcUibed iQ deWail iQ Whe fRllRZiQg VecWiRQV ZeUe

iPSlePeQWed.

3.1 PHUFHSWURQ

AlWhRXgh QRW XVed iQ Whe VWXd\, iQWURdXciQg PeUceSWURQ, aidV

iQ cRPSUeheQViRQ Rf PRUe cRPSle[ PeWhRdV. PeUceSWURQ iV a

ViPSle VXSeUYiVed leaUQiQg algRUiWhP fRU leaUQiQg a biQaU\

claVVifieU (FUeXQd aQd SchaSiUe 1999). The iQSXW Rf Whe

SeUceSWURQ PRdel iV a Ueal-YalXed YecWRU aQd Whe SaUaPeWeUա, 

iV Whe ZeighWV fRU each Rf Whe iQSXW YalXeV. The SeUceSWURQՠ

algRUiWhP iV a liQeaU fRUPXla WhaW giYeV a biQaU\ RXWSXW.

if aQd𝑓ഉաഊ ࡧ 1 ՠ. ա ࡡ ՝ℎ𝑟𝑒՜ℎ𝑜𝑙𝑑 ࡫ 0 𝑓ഉաഊ ࡧ 0

RWheUZiVe.

TR ViPSlif\ Whe fRUPXla Whe WhUeVhRld caQ be UeQaPed WR ՠ
0

aQd be iQclXded iQ Whe YecWRU ZiWh a cRUUeVSRQdiQgՠ ա
0

ࡧ 1

iQ Whe YecWRU. AfWeU WhiV ViPSlificaWiRQ, Whe fRUPXla becRPeVա

ViPSl\ .𝑓ഉաഊ ࡧ 1 𝑖𝑓 ՠ. ա ࡫ 0 𝑜՝ℎ𝑒𝑟ՠ𝑖՜𝑒 𝑓ഉաഊ ࡧ 0

ThiV fRUPXla giYeV a VeSaUaWiQg liQe RU h\SeUSlaQe deSeQdiQg

RQ Whe VSace Rf Whe daWa. If Whe daWa iV liQeaUl\ VeSaUable WheQ,

Whe SaUaPeWeU geWV XSdaWed aV aW each VWeSՠ ՠ
'

← ՠ ࡠ η𝑑ա

WR VeSaUaWe Whe daWa ZiWh QR PiVclaVVificaWiRQ aV iQ figXUe 13.

IQ Whe XSdaWe ShaVe, Whe SaUaPeWeU iV called Whe leaUQiQg UaWeη

Zhich deWeUPiQeV hRZ faVW Ze ZRXld geW WR a VRlXWiRQ, aQd d

iV +1 RU -1 deSeQdiQg RQ Whe SRViWiRQ Rf Whe PiVclaVVified

SRiQW.
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FigXUe 13: PeUceSWURQ XVed fRU claVVificaWiRQ Rf liQeaUl\ VeSaUable biQaU\ daWa.

3.2 6XSSRUW-YHFWRU MDFKLQH

ThiV VecWiRQ addUeVVeV Whe VXSSRUW-YecWRU PachiQe PRdel aQd iWV

iPSlePeQWaWiRQ iQ WhiV VWXd\.

3.2.1 69M RQ LLQHDUO\ 6HSDUDEOH DDWD

SXSSRUW-YecWRU PachiQe (SVM) iV aQ algRUiWhP fRU

claVVificaWiRQ Rf daWa, diVcUiPiQaWiYe, aQd b\ XViQg a

h\SeUSlaQe fRU VeSaUaWiQg Whe gURXSV Rf Whe claVVeV XQdeU

VWXd\(CRUWeV aQd VaSQik 1995). ThiV claVVifieU iV a

QRQ-SURbabiliVWic claVVifieU WhaW Pa[iPi]eV Whe diVWaQce

beWZeeQ VXSSRUW YecWRUV Rf each claVV fRU diVWiQgXiVhiQg Whe

gURXSV iQ Whe claVVificaWiRQ. (PlaWW 1999) SURYided a PeWhRd
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fRU WUaQVfRUPiQg Whe RXWSXW Rf Whe claVVificaWiRQ XViQg SVM iQ

WeUPV Rf Whe SURbabiliW\ diVWUibXWiRQ fRU Whe claVVeV. The

algRUiWhP XVeV a h\SeUSlaQe iQ PXlWi-diPeQViRQal VSace WR

VeSaUaWe Whe claVVeV fURP each RWheU. If Whe daWa iV liQeaUl\

VeSaUable, WheQ Whe RSWiPi]aWiRQ algRUiWhP Zill calcXlaWe Whe

h\SeU liQe VRPehRZ VR WhaW Whe diVWaQce beWZeeQ Whe SRiQWV Rf

each gURXS aQd Whe h\SeU liQe iV Pa[iPi]ed aV iQ figXUe 14.

The SaUaPeWeU helSV iQ fiQdiQg Whe Pa[iPXP PaUgiQՠ

beWZeeQ Whe h\SeUSlaQe aQd Whe VXSSRUW YecWRUV, Whe SRiQWV RQ

Whe PaUgiQ. If Whe QeaUeVW SRiQW WR Whe h\SeUSlaQe iV called ,ա
𝑛

WheQ Whe RbjecWiYe iV WR fiQd Whe diVWaQce beWZeeQ WhiV SRiQW

aQd Whe h\SeUSlaQe (AbX-MRVWafa,ՠ𝑇ա ࡠ 𝑏 ࡧ 0

MagdRQ-IVPail, aQd LiQ 2012).

The RSWiPi]aWiRQ SURbleP aV a LagUaQgiaQ, ZheUe iV Wheα
𝑛

LagUaQgiaQ PXlWiSlieU, iV aV

𝑚𝑖𝑛𝑖𝑚𝑖գ𝑒 𝐿ഉՠ, 𝑏, αഊ ࡧ 1
2 ՠ𝑇ՠ ࡡ

𝑛1ࡧ

𝑁

∑ α
𝑛
ഉբ

𝑛
ഉՠ𝑇ա

𝑛
ࡠ 𝑏ഊ ࡡ 1ഊ

Z.U.W. Z aQd b, aQd Pa[iPi]e Z.U.W each α
𝑛

࡭ 0.
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FigXUe 14: EQgliVh: Ma[iPXP-PaUgiQ h\SeUSlaQe aQd PaUgiQ fRU aQ SVM WUaiQed RQ

WZR claVVeV (LaUhPaP, CC BY-SA 4.0, Yia WikiPedia CRPPRQV).

TR PiQiPi]e Whe LagUaQgiaQ, Ze VeW Whe gUadieQW Z.U.W. ՠ,

eTXal WR Whe ]eUR YecWRU aQd Z.U.W. WR Whe VcalaU ]eUR.𝑏,

0 aQd .∆
ՠ

𝐿 ࡧ ՠ ࡡ
𝑛1ࡧ

𝑁

∑ α
𝑛
բ

𝑛
ա

𝑛
ࡧ δ𝐿

δ𝑏 ࡡࡧ
𝑛1ࡧ

𝑁

∑ α
𝑛
բ

𝑛
ࡧ 0

NRZ XViQg Whe abRYe gUadieQW Whe RSWiPi]aWiRQ SURbleP geWV

fUee fURP Z aQd b aV

𝑚𝑎ա𝑖𝑚𝑖գ𝑒 𝐿ഉαഊ ࡧ
𝑛1ࡧ

𝑁

∑ α
𝑛

ࡡ 1
2

𝑛1ࡧ

𝑁

∑
𝑚1ࡧ

𝑁

∑ բ
𝑛
բ

𝑚
α

𝑛
α

𝑚
ա

𝑛
𝑇ա

𝑚

Z.U.W. VXbjecW WRα α
𝑛

࡭ 0 𝑎𝑛𝑑 
𝑛1ࡧ

𝑁

∑ α
𝑛
բ

𝑛
ࡧ 0.

Ne[W b\ feediQg WhiV fRUPXla aQd iWV cRQVWUaiQWV WR Whe
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TXadUaWic SURgUaPPiQg, Whe YecWRU iV fRXQd Zhich iQ WXUQα

XViQg RQe Rf RXU SUeYiRXV cRQVWUaiQWV, iWՠ ࡧ
𝑛1ࡧ

𝑁

∑ α
𝑛
բ

𝑛
ա

𝑛

fiQdV
Whe YecWRU WheQ iW PeaQV WhaW Whe SRiQW iV aՠ. α

𝑖
࡫ 0, 𝑖

VXSSRUW YecWRU, iW iV RQ Whe PaUgiQ Rf Whe VeSaUaWiQg

h\SeUSlaQe, RWheUZiVe, iW iV aQ iQWeUiRU SRiQW.

The biaV WeUP iV alVR fRXQd XViQg Whe facW WhaW fRU Whe VXSSRUW

YecWRUV iW hRldV WhaW բ
𝑛
ഉՠ𝑇ա

𝑛
ࡠ 𝑏ഊ ࡧ 1.

3.2.2 NRQ-LLQHDUO\ 7UDQVIRUPDWLRQ

WheQ Whe iQSXW daWa iV QRW liQeaUl\ VeSaUable iW iV SRVVible WR

VRlYe Whe RSWiPi]aWiRQ SURbleP b\ gRiQg WR a higheU

diPeQViRQ. ThiV caQ be VeeQ YiVXall\ ZiWh aQ e[aPSle iQ

figXUe 15. LRRkiQg aW Whe RSWiPi]aWiRQ SURbleP, RQce Whe

VSace [ iV WUaQVfRUPed WR ] Whe RQl\ diffeUeQce iQ Whe fRUPXla

iV WhaW Whe iQQeU SURdXcW iV QRZ iQ Whe ] VSace aQd Whe

cRPSle[iW\ Rf Whe RSWiPi]aWiRQ iV XQchaQged. AfWeU Whe iQQeU

SURdXcW, Whe TXadUaWic SURgUaPPiQg giYeV Whe Zhich iV WheQα,

iQWeUSUeWed iQ Whe [ VSace.

𝑚𝑎ա𝑖𝑚𝑖գ𝑒 𝐿ഉαഊ ࡧ
𝑛1ࡧ

𝑁

∑ α
𝑛

ࡡ 1
2

𝑛1ࡧ

𝑁

∑
𝑚1ࡧ

𝑁

∑ բ
𝑛
բ

𝑚
α

𝑛
α

𝑚
գ

𝑛
𝑇գ

𝑚

Z.U.W. VXbjecW WRα α
𝑛

࡭ 0 𝑎𝑛𝑑 
𝑛1ࡧ

𝑁

∑ α
𝑛
բ

𝑛
ࡧ 0.
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FigXUe 15: TUaQVfRUPiQg WR a higheU diPeQViRQ ZheUe Whe daWa PighW be VeSaUable

(Shi\X Ji, CC BY-SA 4.0 , Yia WikiPedia CRPPRQV).

3.2.3 KHUQHO FXQFWLRQ

NRZ iQVWead Rf haYiQg aQ iQQeU-SURdXcW iQ VRPe VSace ], a

WUick called Whe KeUQel WUick RU fXQcWiRQ caQ be XVed. The

fXQcWiRQ Rf Whe SVM PRdel iQclXdiQg Whe keUQel fXQcWiRQ iV aV

𝑀𝑎ա𝑖𝑚𝑖գ𝑒:  
𝑛1ࡧ

𝑁

∑ α
𝑛

ࡡ 1
2

𝑛1ࡧ

𝑁

∑  
𝑚1ࡧ

𝑁

∑ բ
𝑛
α

𝑛
𝐾 ա

→

𝑛
, ա

→

𝑚ഉ ഊբ
𝑚

α
𝑚

.՜՞𝑏𝑗𝑒𝑐՝ ՝𝑜:     
𝑛1ࡧ

𝑁

∑ α
𝑛
բ

𝑛
ࡧ 0 , α࡬0  

𝑛
࡬ 1

2𝑁λ     ,  𝑛 ࡧ 1 ՝𝑜 𝑁

IQVWead Rf iQ Whe abRYe RbjecWiYe fXQcWiRQ keUQel fXQcWiRQգ
𝑗
𝑇գ

𝑖

Rf aQd ZaV XVed, Zhich PaSV Whe cRRUdiQaWeա
𝑗
𝑇 ա

𝑖

iQWR aQRWheU cRRUdiQaWe iQ Zhich Whe liQeaU h\SeUSlaQe cRXld

be XVed fRU VeSaUaWiQg Whe gURXSV.
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.𝐾 ա
→

𝑖
, ա

→

𝑗ഉ ഊ ࡧ  φ ա
→

𝑖ഉ ഊ. φ ա
→

𝑗ഉ ഊ
TheVe keUQel fXQcWiRQV aUe XVed fRU WUaQVfRUPiQg Whe

cRRUdiQaWeV. FRU e[aPSle, a SRl\QRPial keUQel fXQcWiRQ haV

fRUPXla , aQd Whe GaXVViaQ keUQel𝐾 ա
→

𝑖
, ա

→

𝑗ഉ ഊ ࡧ ഉ ա
→

𝑖

𝑇
 . ա

→

𝑗
ࡠ 𝑟ഊ

𝑑

fXQcWiRQ iV ZUiWWeQ aV

.𝐾 ա
→

𝑖
, ա

→

𝑗ഉ ഊ ࡧ 𝑒
ࡡ

| ա
→

𝑖
ա ࡡ 

→

𝑗
|||

||||
2

2σ2

SRlYiQg Whe RSWiPi]aWiRQ SURbleP VXbjecWed WR Whe giYeQ

cRQVWUaiQW afWeU iPSlePeQWiQg Whe keUQel WUaQVfRUPaWiRQ iQ Whe

QRQliQeaU caVeV Zill lead WR Whe eVWiPaWiRQ Rf Whe VXSSRUW

YecWRUV, Zhich aUe XVed fRU diVWiQgXiVhiQg Whe QeZ chaUacWeU

RbVeUYaWiRQ.

3.2.4 IPSOHPHQWDWLRQ RI 69M

SVM ZaV iPSlePeQWed XViQg Whe GaXVViaQ Radial BaViV

FXQcWiRQ keUQel alVR kQRZQ aV RBF. ThiV keUQel iV XVXall\

XVed SeU defaXlW if WheUe iV QR SUiRU kQRZledge Rf Whe daWaVeW

(³SeYeQ MRVW PRSXlaU SVM KeUQelV´ 2020).  The RBF

fRUPXla iV

𝐾 ա
→

𝑖
, ա

→

𝑗ഉ ഊ ࡧ 𝑒
γ||աࡡ

𝑖
աࡡ

𝑗
||2

ZheUe Whe YalXe Rf gaPPa iV PaQXall\ chRVeQ beWZeeQ 0 aQd

1, XVXall\ 0.1.
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3.3 AUWLILFLDO NHXUDO NHWZRUN

ThiV VecWiRQ addUeVVeV Whe AUWificial NeXUal NeWZRUk PRdel aQd iWV

iPSlePeQWaWiRQ iQ WhiV VWXd\.

3.3.1 PULPDU\ NRWLRQ

The aUWificial QeXUal QeWZRUk iV alVR kQRZQ aV Whe NeXUal

QeWZRUk, iV YagXel\ PRdeled afWeU Whe biRlRgical QeXUal

QeWZRUkV ZheUe WheUe aUe cRQQecWed QeXURQV WhaW

cRPPXQicaWe ZiWh RQe aQRWheU Yia V\QaSVeV (CheQ eW al.

2019). The PaWhePaWical aQd cRPSXWaWiRQal PRdel fRU Whe

QeXUal QeWZRUk ZaV deYelRSed b\ (McCRllRch & PiWWV, 1943).

The iQSXW daWa Rf Whe QeXUal QeWZRUk aUe cRllecWed iQ a la\eU,

XVXall\, Whe Vi]e Rf WhiV la\eU iV eTXal WR Whe QXPbeU Rf

WUaiQiQg daWa SlXV a biaV WeUP. TheUe aUe VeYeUal la\eUV called

Whe hiddeQ la\eUV beWZeeQ Whe iQSXW la\eU aQd Whe RXWSXW la\eU

cRQWaiQiQg diffeUeQW QXPbeUV Rf QeXURQV aQd diffeUeQW

acWiYaWiRQ fXQcWiRQV. AW Whe laVW la\eU Zill be Whe RXWSXW la\eU,

Zhich iQclXdeV Whe claVVificaWiRQ UeVXlW RU SUedicWiRQ Rf Whe

claVV gURXS fRU Whe claVVificaWiRQ PRdel. The Vi]e Rf Whe RXWSXW

la\eU iV diffeUeQW deSeQdiQg RQ Whe WaVk Zhich Whe QeXUal

QeWZRUk iV WU\iQg WR achieYe. If WheUe aUe L la\eUV, iQ a QeXUal

QeWZRUk, Whe QeXURQV iQ each la\eU Pa\ be1 ࡬ 𝑖 ࡬ 𝐿

cRQQecWed WR VRPe Rf Whe QeXURQV iQ Whe Qe[W la\eU ThiV𝑖 ࡠ 1.

PeaQV WhaW Whe QeWZRUk iV QRW QeceVVaUil\ fXll\ cRQQecWed

(Tch 2017).
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PeUceSWURQ iV Whe ViPSleVW ANN Zhich cRQViVWV Rf RQl\ RQe

QeXURQ. The MXlWi-la\eU PeUceSWURQ RQ Whe RWheU haQd haV aQ

iQSXW la\eU , aQ RXWSXW la\eU , aQd RQe RUա ∈ 𝑅𝑀 բ ∈ 𝑅𝑁

PRUe fXll\ cRQQecWed hiddeQ la\eUV aV VhRZQ iQ figXUe 16.

FigXUe 16: AUchiWecWXUe Rf PXlWila\eU aUWificial QeXUal QeWZRUkV ZiWh eUURU

backSURSagaWiRQ.

A ViQgle QeXURQ iV PaWhePaWicall\ a fXQcWiRQ ℎ: 𝑅𝑀 → 𝑅

defiQed aV

,ℎ
𝑗

ࡧ 𝑓ഉա, ՠ
𝑗
ഊ ࡧ σഉ

𝑖1ࡧ

𝑀

∑ ՠ
𝑖𝑗

ա
𝑖

ࡠ 𝑏ഊ ࡧ σഉՠ
𝑇
. աഊ
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ZheUe iV aQ acWiYaWiRQ fXQcWiRQ aQd Z iV a YecWRU Rfσ: 𝑅 → 𝑅

ZeighWV iQclXdiQg Whe biaV WeUP. A hiddeQ la\eU ZiWh M

iQSXWV aQd k QeXURQV iV a fXQcWiRQ ZUiWWeQ aV𝐻
𝑖
: 𝑅𝑀 → 𝑅𝑘

.

The RXWSXW la\eU Rf aQ ANN ZiWh L la\eUV iQclXdiQg Whe iQSXW

la\eU caQ be fRXQd aV a QeVWed fXQcWiRQ

բ ࡧ σഉ𝐿ഊഉ𝑊ഉ𝐿ഊσഉ𝐿1ࡡഊഉ... ഉσഉ2ഊഉ𝑊ഉ2ഊաഉ1ഊഊ...ഊഊഊ,

ZheUe iV Whe iQSXW la\eU aQdաഉ1ഊ

aUe Whe hiddeQ la\eUV.աഉ𝑙ഊ ࡧ σഉ𝑙ഊഉ𝑊ഉ𝑙ഊաഉ𝑙1ࡡഊഊ,  1 ࡪ 𝑙 ࡪ 𝐿

3.3.2 LRVV FXQFWLRQ

FiQdiQg Whe RSWiPal VRlXWiRQ Rf Whe QeWZRUk iV dRQe b\ XViQg

fRUZaUd SURSagaWiRQ aQd WheQ back-SURSagaWiRQ. IQ Whe

fRUZaUd SURSagaWiRQ, Whe algRUiWhP iV VRlYed fURP Whe iQSXW

feaWXUeV WR Whe Qe[W hiddeQ la\eU aQd fURP WhaW WR Whe Qe[W

la\eU XQWil iW UeacheV Whe RXWSXW la\eU. The fRUZaUd

SURSagaWiRQ leaUQiQg PRdel adjXVWV Whe ZeighWV PaWUi[ iQ each

la\eU WR PiQiPi]eV Whe diffeUeQce beWZeeQ Whe acWXal YalXe Rf

Whe RXWSXW aQd Whe RXWSXW Rf Whe NeXUal NeWZRUk ThiVբ բ.

diffeUeQce iV UefeUUed WR aV Whe lRVV fXQcWiRQ. TheUe aUe PaQ\

lRVV fXQcWiRQV ZiWh diffeUeQW XVe caVeV, fRU e[aPSle, Whe

caWegRUical cURVV-eQWURS\ (RXbiQVWeiQ aQd KUReVe 2013) iV

calcXlaWed b\
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.ε ࡡࡧ
𝑖1ࡧ

𝑁

∑ բ
𝑖
. 𝑙𝑜𝑔 բ

𝑖

3.3.3 BDFN-SURSDJDWLRQ

IQ back-SURSagaWiRQ, Whe VRlXWiRQ VWaUWV fURP Whe RXWSXW la\eU

aQd SURSagaWeV backZaUd XQWil iW UeacheV Whe iQSXW la\eU.

BackSURSagaWiRQ fiUVW fiQdV Whe gUadieQW Rf Whe eUURU fXQcWiRQ

ZiWh UeVSecW WR Whe ZeighWV e[WUacWed fURP Whe fRUZaUd

SURSagaWiRQ aQd WheQ XVeV gUadieQW deVceQW WR fiQd Whe lRcal

PiQiPa (RRjaV 1996). PURSagaWiQg backZaUd fURP Whe RXWSXW

la\eU aW each la\eU WheQ Whe ZeighWV aUe adjXVWed WR fiQd Whe

PiQiPXP lRVV. The ZeighWV aUe adjXVWed b\

ZheUe iV Whe leaUQiQg UaWe aQd Wheՠ
𝑖𝑗

ࡧ ՠ
𝑖𝑗

ࡡ α δε
δՠ

𝑖𝑗
 α δε

δՠ
𝑖𝑗

gUadieQW Rf Whe lRVV fXQcWiRQ.

3.3.4 AFWLYDWLRQ FXQFWLRQ

DeSeQdiQg RQ Whe iQSXW Whe acWiYaWiRQ fXQcWiRQ decideV Whe

RXWSXW Rf a la\eU (HiQkelPaQQ, Q.d.). TheUe aUe WZR W\SeV Rf

acWiYaWiRQ fXQcWiRQV, liQeaU aQd QRQliQeaU. NRQ-liQeaU

acWiYaWiRQ fXQcWiRQV aUe deViUable ViQce Whe\ gUaQW VRlYiQg

cRPSle[ SURblePV. The SlRW Rf VRPe Rf Whe cRPPRQl\ XVed

acWiYaWiRQ fXQcWiRQV aQd WheiU fRUPXlaV aUe VhRZQ iQ

figXUe 17.
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FigXUe 17: PlRW Rf SigPRid, WaQh, aQd ReLU acWiYaWiRQ fXQcWiRQV.

The VRfWPa[ fXQcWiRQ Zhich iV a geQeUali]aWiRQ Rf Whe VigPRid

fXQcWiRQ iV XVed fRU VRlYiQg PXlWi-claVV claVVificaWiRQ

SURblePV (WikiSedia cRQWUibXWRUV 2020b). APRQg RWheU XVe

caVeV, SRfWPa[ iV RfWeQ XVed aV Whe laVW acWiYaWiRQ fXQcWiRQ iQ

QeXUal QeWZRUkV WR QRUPali]e Whe RXWSXW Rf Whe QeWZRUk WR a

SURbabiliW\ diVWUibXWiRQ RYeU SUedicWed RXWSXW claVVeV VR WhaW

Whe VXP Rf Whe RXWSXWV Rf eTXalV 1. FRU e[aPSle, iQ aσഉաഊ

PXlWi-claVV claVVificaWiRQ SURbleP SRfWPa[ iV XVed aV Whe laVW

acWiYaWiRQ fXQcWiRQ WR UeVcale Whe RXWSXW fRU cRPSaUiVRQ

beWZeeQ SURbabiliW\ diVWUibXWiRQ aQd Whe caWegRUical

cURVV-eQWURS\ lRVV fXQcWiRQ (RXbiQVWeiQ aQd KUReVe 2013).
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The SRfWPa[ fXQcWiRQ iV defiQed b\

σഉաഊ
𝑖

ࡧ 𝑒
ա

𝑖

𝑗1ࡧ

𝐽

∑ 𝑒
ա

𝑗

 𝑓𝑜𝑟 𝑖 ࡧ 1,..., 𝐽 𝑎𝑛𝑑 ա ࡧ ഉա
1
,..., ա

𝐽
ഊ ∈ 𝑅𝐽.

3.3.5 IPSOHPHQWDWLRQ RI ANN

The AUWificial QeXUal QeWZRUk ZaV fiWWed XViQg RQe hiddeQ

la\eU, ViQce iQ PRVW caVeV, XViQg RQe hiddeQ la\eU iV eQRXgh

(HeaWRQ 2008). The RSWiPal Vi]e RU QXPbeU Rf QeXURQV iQ Whe

hiddeQ la\eUV aUe b\ VRPe UXle Rf WhXPb, XVXall\ beWZeeQ Whe

Vi]e Rf Whe iQSXW aQd Vi]e Rf Whe RXWSXW la\eUV (HeaWRQ 2008).

The hiddeQ la\eU Vi]e caQ be cRQVideUed aV 2/3 Rf Whe iQSXW

feaWXUeV SlXV Whe QXPbeU Rf RXWSXW claVVeV aQd VhRXld be leVV

WhaQ WZice Whe QXPbeU Rf iQSXW feaWXUeV.

PUXQiQg Whe hiddeQ la\eU Vi]e ZaV dRQe afWeU fiQdiQg Whe

YalXeV fRU Whe ZeighWV Rf Whe cRQQecWiRQV. The QeXURQV Zhich

haYe a YeU\ lRZ YalXe iQ Whe ZeighWV Rf Whe cRQQecWiRQV cRXld

be UePRYed fURP Whe QeWZRUk, aQd Whe PRdel cRXld be

XSdaWed b\ checkiQg Whe claVVificaWiRQ accXUac\. The fiQal

PRdel Zill be Whe PRdel, Zhich haV Whe higheVW claVVificaWiRQ

accXUac\ iQ Whe WeVWiQg daWa.

The iQSXW diPeQViRQ fRU each chaUacWeU iV 400 Si[elV. The

PRdel ZaV fiWWed XViQg caWegRUical cURVV-eQWURS\ aV a lRVV

fXQcWiRQ. AdaP RSWiPi]eU, aQ algRUiWhP XVed iQVWead Rf Whe

claVVical VWRchaVWic gUadieQW deVceQW fRU XSdaWiQg QeWZRUk

ZeighWV iWeUaWiYel\ baVed RQ Whe WUaiQiQg daWa, ZaV XVed fRU

fiWWiQg Whe PRdel.
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3.4 CRQYROXWLRQDO NHXUDO NHWZRUN (CNN)

ThiV VecWiRQ addUeVVeV Whe CRQYRlXWiRQal NeXUal NeWZRUk PRdel

aQd iWV iPSlePeQWaWiRQ iQ WhiV VWXd\.

3.4.1 DHILQLWLRQ

The cRQYRlXWiRQal QeXUal QeWZRUk iV a deeS leaUQiQg PeWhRd

WhaW iV PRVWl\ XVed fRU iPage aQd YideR SURceVViQg. IW iV Whe

UegXlaUi]ed fRUP Rf Whe PXlWila\eU SeUceSWURQ PeWhRd, Zhile a

PXlWila\eU SeUceSWURQ iV a feedfRUZaUd aUWificial QeXUal

QeWZRUk iQ Zhich Whe iQSXW aQd Whe la\eUV aUe fXll\-cRQQecWed

(all Whe QeXURQV aUe cRQQecWed WR Whe SUeYiRXV aQd laWWeU

la\eUV). The fXll\-cRQQecWed VWUXcWXUe caXVeV Whe QeWZRUk WR

WeQd WR RYeUfiW XQleVV XViQg VRPe UegXlaUi]aWiRQ (CaUXaQa,

LaZUeQce, aQd GileV 2001). MXlWila\eU PeUceSWURQ iV

iQefficieQW iQ iPage claVVificaWiRQ ViQce iQ a fXll\ cRQQecWed

QeXUal QeWZRUk Rf aQ iPage Rf Vi]e

Whe YecWRU Rf ZeighWVՠ𝑖𝑑՝ℎ ࡣ  ℎ𝑒𝑖𝑔ℎ՝ ࡣ 𝑐𝑜𝑙𝑜՞𝑟 𝑐ℎ𝑎𝑛𝑛𝑒𝑙

iQ each QeXURQ iV WRR laUge.

The adYaQWage Rf CNN iV WhaW each QeXURQ RQl\ UeceiYeV a

VPall chXQk Rf Whe iQSXW iPage aQd aSSlieV a VPall ZeighW

PaWUi[ called Whe keUQel iQ Whe cRQYRlXWiRQ SURceVV.

CRQYRlXWiRQ iV Whe VXP Rf Whe elePeQWZiVe SURdXcW Rf each

cell, fRU e[aPSle

.

39

https://paperpile.com/c/roBIy6/SJtIu
https://paperpile.com/c/roBIy6/SJtIu


The keUQel iV b\ cRQYeQWiRQ TXadUaWic, haV aQ Rdd Vi]e aQd Whe

QXPbeU Rf chaQQelV iQ Whe keUQel PXVW be Whe VaPe aV Whe

VRXUce iPage. The keUQel WheQ cRQYRlYeV RYeU Whe iPage iQSXW

SaWch b\ SaWch aV VhRZQ iQ figXUe 18. The cRQYRlXWiRQ

RSeUaWiRQ la\eU PighW be fRllRZed b\ a SRRliQg la\eU Zhich

dRZQVaPSleV Whe VSaWial Vi]e Rf Whe iQSXW aQd iQ Whe eQd, WheUe

iV a fXll\ cRQQecWed la\eU giYiQg Whe RXWSXW la\eU. The RXWSXW

Vi]e Rf CNN deSeQdV RQ WhUee SaUaPeWeUV QaPel\ deSWh,

VWUide, aQd ]eUR-SaddiQg (KaUSaWh\ aQd OWheUV 2016). The

deSWh cRUUeVSRQdV WR Whe QXPbeU Rf filWeUV XVed, Whe VWUide iV

Whe VWeS Zhich Ze Wake iQ each cRQYRlXWiRQ, fRU e[aPSle, if

Ze PRYe RQl\ RQe Si[el beWZeeQ each VWeS WheQ aQd𝑆 ࡧ  1,

]eUR-SaddiQg iV ZheQ Ze Sad Whe iQSXW ZiWh ]eUReV fRU

cRQYeQieQce.
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FigXUe 18: CRQYRlYiQg a ViQgle chaQQel keUQel Rf RQ aQ iPage Rf Vi]e ,3 ࡣ 3 5 ࡣ 5

VWUide=1, aQd ZiWh QR SaddiQg.

IQ Whe CNN PeWhRdV, UegXlaUi]aWiRQ iV iPSlePeQWed XViQg

hieUaUchical SaWWeUQ fiQdiQg iQ Whe daWa. B\ checkiQg a VPalleU

aQd VPalleU UaQge Rf Whe daWa ZiWh Whe PRYiQg PaWUi[ Rf

Si[elV aQd cRllecWiQg cRPSle[ SaWWeUQV Rf Whe daWa fURP WheVe

VPall UaQgeV iQ each VWeS. ThiV iV RQe adYaQWage Rf Whe CNN

PeWhRd, Zhich PakeV iW caSable Rf fiQdiQg Whe SaWWeUQ fURP

Whe Si[elV fURP WheiU QeighbRUhRRd Si[elV. CNN PeWhRd

UeTXiUeV PXch leVV SUe-SURceVViQg cRPSaUed ZiWh RWheU

PeWhRdV ViQce iWV QeWZRUk cRXld leaUQ Whe feaWXUeV iWVelf. ThiV

adYaQWage Rf CNN PakeV iW iQdeSeQdeQW fURP SUiRU

kQRZledge abRXW Whe daWa.
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3.4.2 MD[ PRROLQJ

Ma[ PRRliQg dRZQ-VaPSleV Whe iQSXW iPage WhaW PeaQV Whe

diPeQViRQaliW\ Rf Whe iQSXW geWV UedXced iQ Whe Qe[W la\eU. The

idea iV WR diYide Whe iQSXW iQWR QRQ-RYeUlaSSiQg UegiRQV aQd

VelecW Whe Pa[iPXP Rf each UegiRQ aV VhRZQ iQ figXUe 19.

FigXUe 19: 2[2 Pa[ SRRliQg ZiWh VWUide = 2.

3.4.3 IPSOHPHQWDWLRQ RI CNN

The cRQYRlXWiRQal QeXUal QeWZRUk ZaV XVed ZiWh Vi[

cRQYRlXWiRQal la\eUV ZiWh keUQel Vi]e, fRllRZed b\ a3 ࡣ 3

Pa[-SRRliQg la\eU. The iQSXW Vi]e aV iQ Whe SUeYiRXV2 ࡣ 2

claVVificaWiRQ PRdelV iV aQd Whe diPeQViRQaliW\20 ࡣ 20 ࡣ 1

Rf Whe RXWSXW VSace RU iW¶V chaQQel Vi]e iV iQcUeaVed aV Ze gR

deeSeU iQ Whe QeWZRUk. SWaUWiQg ZiWh 32 fRU Whe fiUVW WZR

la\eUV, 64 fRU la\eUV WhUee aQd fRXU aQd laVWl\ 128 fRU

cRQYRlXWiRQal la\eU fiYe aQd Vi[. AV Ze aUe XViQg

Pa[-SRRliQg afWeU each la\eU Ze caQ cRPSXWaWiRQall\ affRUd
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WR iQcUeaVe Whe RXWSXW diPeQViRQ (³CRQYRlXWiRQal NeXUal

NeWZRUk (CNN)´ Q.d.).

AfWeU each la\eU a baWchiQg QRUPali]aWiRQ (IRffe aQd S]eged\

2015) aV a WechQiTXe fRU WUaiQiQg deeS QeXUal QeWZRUkV b\

VWaQdaUdi]iQg Whe iQSXWV WR a la\eU ZaV iPSlePeQWed b\

dURSSiQg RXW UaQdRPl\ 25 % Rf Whe QeXURQV.  RaQdRPl\

dURSSiQg Whe QeXURQV iV dRQe WR UedXce Whe effecW Rf Whe

ZeighWV Rf Whe QeXURQV WR UedXce RYeUfiWWiQg.

LaVWl\ WZR deQVe la\eUV RQe ZiWh Vi]e Rf 512 aQd aQRWheU ZiWh

Vi]e 35, UeSUeVeQWiQg Whe 35 XVed chaUacWeUV iQ liceQVe SlaWeV,

ZaV added WR SeUfRUP Whe claVVificaWiRQ. FRU Whe laVW deQVe

la\eU Whe VRfWPa[ acWiYaWiRQ fXQcWiRQ aQd fRU all Whe RWheU

la\eUV Whe RecWifieU acWiYaWiRQ fXQcWiRQ ZaV XVed.

4 5HVXOWV

The fiQdiQgV Rf WhiV VWXd\ aUe SUeVeQWed iQ WhiV chaSWeU.

4.1 IPSURYHPHQWV

The cRde SURYided RQ GiWHXb b\ (Oladeji 2016) ZaV

cRPSaUed ZiWh Whe PeWhRdRlRg\ SUeVeQWed iQ Whe VWXd\.

APRQg 127 iPageV, Whe SUeciViRQ Rf Whe liceQVe SlaWe

algRUiWhP XViQg Oladeji¶V cRde aQd Whe cXUUeQW algRUiWhP aUe

SUeVeQWed iQ Wable 1.

Table 1:Comparison of resXlWs of Oladeji¶s code ZiWh code Xsed in Whis projecW.
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MeWhod # of

license

plaWe

# of

deWecWion

# of

correcWl\

deWecWed

Precision

in

deWecWion

Precision

in WoWal

images

Oladeji (2016) 127 73 64 0.88 0.5

pol\nomial fiWWing 127 90 90 1.0 0.71

pol\nomial fiWWing

+ Sobel

+ mXlWi-OWsX

Whresholding

127 117 110 0.94 0.87

FigXUe 20: WURQgl\ deWecWed SlaWed Rf 9 iPageV b\ GiWHXb cRde.
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IQ Wable 1, Ze caQ Vee WhaW fURP 127 YehicleV ZiWh liceQVe

SlaWeV, Oladeji¶V cRde cRXld deWecW 73 Rf WheP, aQd 64 Rf WheP

ZeUe cRUUecW. SR SUeciViRQ fRU deWecWed iPageV iV 88 %, aQd

fRU all iPageV, Whe SUeciViRQ iV 50 %. IPSlePeQWiQg Whe

SRl\QRPial fiWWiQg PeWhRd iPSURYed Whe algRUiWhP, aQd fURP

127 iPageV, 90 Rf WheP ZeUe deWecWed. FURP 90 deWecWed

iPageV, 90 Rf WheP cRQWaiQ a deWecWed liceQVe SlaWe, Zhich

VhRZV 100 % SUeciViRQ iQ deWecWiQg iPageV aQd 71 %

SUeciViRQ fRU all iPageV. MXlWi-OWVX WhUeVhRldV (LiaR, CheQ,

aQd ChXQg 2001) SlXV Whe SRbel filWeU (SRbel 2014) ZiWh

SRl\QRPial fiWWiQg PeWhRd iQcUeaVed Whe SUeciViRQ Rf Whe WRWal

deWecWed liceQVe SlaWeV fURP 71 % WR 87 %.

FURP 73 Yehicle iPageV WhaW ZeUe deWecWed b\ XViQg cRde

SUeVeQWed RQ GiWHXb, 64 Rf WheP ZeUe deWecWed cRUUecWl\

ZheUeaV 9 Rf WheP ZeUe deWecWed ZURQgl\, iPageV Rf 9giWhXb

iQVWaQceV WhaW ZeUe ZURQgl\ deWecWed aUe SUeVeQWed iQ

figXUe 20.

4.2 CODVVLILFDWLRQ MRGHOV

ThUee claVVificaWiRQ PeWhRdV haYe beeQ XVed fRU WUaiQiQg Whe

claVVificaWiRQ PeWhRd fRU chaUacWeU UecRgQiWiRQ Rf SZediVh

YehicleV. The SVM claVVifieU ZiWh GaXVViaQ keUQel ZaV fiWWed

RQ Whe WUaiQiQg daWa aQd iQ Table 2 Whe UeVXlW Rf Whe

claVVificaWiRQ iQ Whe WeVWiQg daWa aUe SUeVeQWed.

TableV 2-4 aUe geQeUaWed XViQg Whe VkleaUQ PachiQe leaUQiQg

libUaU\ (WikiSedia cRQWUibXWRUV 2021b), aQd heUe aUe
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defiQiWiRQV Rf Whe WeUPiQRlRg\ XVed iQ WheP (³API RefeUeQce

² ScikiW-LeaUQ 0.24.1 DRcXPeQWaWiRQ´ Q.d.):

● PUHFLVLRQ: HRZ gRRd Whe PRdel caQ aYRid VaPSliQg a

QegaWiYe VaPSle aV SRViWiYe. DefiQed aV

.𝑃𝑟𝑒𝑐𝑖՜𝑖𝑜𝑛 ࡧ 𝑇𝑟՞𝑒 𝑃𝑜՜𝑖՝𝑖՟𝑒
𝑇𝑟՞𝑒 𝑃𝑜՜𝑖՝𝑖՟𝑒 ࡠ 𝐹𝑎𝑙՜𝑒 𝑃𝑜՜𝑖՝𝑖՟𝑒

● 5HFDOO: HRZ gRRd Whe PRdel caQ fiQd all SRViWiYe

VaPSleV. DefiQed aV

.𝑅𝑒𝑐𝑎𝑙𝑙 ࡧ 𝑇𝑟՞𝑒 𝑃𝑜՜𝑖՝𝑖՟𝑒
𝑇𝑟՞𝑒 𝑃𝑜՜𝑖՝𝑖՟𝑒 ࡠ 𝐹𝑎𝑙՜𝑒 𝑁𝑒𝑔𝑎՝𝑖՟𝑒

● F1-6FRUH: F1_ScRUe iV Whe ZeighWed aYeUage Rf Whe

SUeciViRQ aQd Uecall. The beVW YalXe fRU Whe F1-ScRUe

ZRXld be 1 aQd Whe ZRUVW YalXe 0. DefiQed aV

.𝐹1 ࡧ 2 ࡣ 𝑃𝑟𝑒𝑐𝑖՜𝑖𝑜𝑛ࡣ𝑅𝑒𝑐𝑎𝑙𝑙
𝑃𝑟𝑒𝑐𝑖՜𝑖𝑜𝑛ࡠ𝑅𝑒𝑐𝑎𝑙𝑙

● 6XSSRUW: SXSSRUW iV Whe QXPbeU Rf RccXUUeQceV Rf

each label.

● AFFXUDF\: HRZ Zell Whe PRdel SeUfRUPed. ThiV iV Whe

VaPe aV Whe ZeighWed aYeUage Rf Whe F1-ScRUe.

● MDFUR AYJ: The XQZeighWed aYeUage Rf

SUeciViRQ/Uecall/F1-ScRUe Rf Whe claVVeV. FRU e[aPSle,

Whe MacUR AYeUage fRU SUeciViRQ ZRXld be calcXlaWed

b\

,𝑀𝑎𝑐𝑟𝑜ഉ𝑃ഊ ࡧ 𝑖1ࡧ

𝑁

∑ 𝑃
𝑖

𝑁

ZheUe iV Whe SUeciViRQ Rf claVV aQd iV Whe QXPbeU𝑃
𝑖

𝑖 𝑁

Rf claVVeV.
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● :HLJKWHG DYJ: The ZeighWed aYeUage, WakeV iQWR

accRXQW Whe QXPbeU Rf WUXe iQVWaQceV Rf a label. FRU

e[aPSle, Whe ZeighWed aYeUage fRU SUeciViRQ iV aV

, ZheUe VWaQdV fRU VXSSRUW Rf Whe𝑎՟𝑔 ࡧ
𝑖1ࡧ

𝑁

∑
՜

𝑖

𝑆 ࡣ 𝑃
𝑖

՜
𝑖

label i aQd S iV Whe WRWal QXPbeU Rf daWa.

The WRWal accXUac\ Rf Whe PRdel RQ Whe WeVWiQg daWa iV 91 %

ZiWh Whe PacUR aYeUaged aQd ZeighWed aYeUage SUeciViRQ,

Uecall, aQd f1-VcRUe aUe PRUe WhaQ 90 %. OXW Rf 660 chaUacWeUV

600 ZeUe claVVified cRUUecWl\ aQd Whe RQl\ chaUacWeU Zhich haV

a Uecall YalXe (VeQViWiYiW\) leVV WhaQ 60 % iV chaUacWeU µ3¶ ZiWh

Uecall = 56 %. IW PeaQV WhaW 8 RXW Rf 18 Whe chaUacWeU µ3¶ ZeUe

ZURQgl\ aVVigQed WR RWheU caWegRUieV aQd WhaW caXVeV a

UedXcWiRQ iQ Whe Uecall Rf WhiV caWegRU\. While Whe SUeciViRQ Rf

WhiV caWegRU\ (µ3¶) iV 100 % Zhich PeaQV QR chaUacWeUV ZeUe

ZURQgl\ aVVigQed WR WhiV caWegRU\.

Table 3 VhRZV Whe UeVXlWV Rf ANN claVVificaWiRQ accXUac\ fRU

each chaUacWeU aQd Whe QXPbeU Rf VXSSRUWiQg RbVeUYaWiRQV iQ

each caWegRU\.

AV Ze caQ Vee iQ Whe Wable Whe PacUR aYeUaged SUeciViRQ aQd

Uecall aUe 75 % aQd 77 % UeVSecWiYel\. The ZeighWed aYeUage

SUeciViRQ aQd Uecall aUe 85 % aQd 82 %. LRRkiQg aW Whe

caWegRUieV, chaUacWeUV µ1¶, µ3¶, µ4¶, µ5¶, µJ¶, µS¶, aQd µZ¶ haYe a

Uecall RU SUeciViRQ accXUac\ Rf leVV WhaQ 60 %.

Table 4 VhRZV Whe SUeciViRQ, Uecall, aQd accXUac\ Rf Whe PRdel

fRU each chaUacWeU aQd a PacUR aQd ZeighWed aYeUage

accXUac\ Rf Whe CNN claVVificaWiRQ PRdel.
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LikeZiVe Wable 4 VhRZV Whe UeVXlWV Rf CNN claVVificaWiRQ

accXUac\ fRU each chaUacWeU aQd Whe QXPbeU Rf VXSSRUWiQg

RbVeUYaWiRQV iQ each caWegRU\.

The UeVXlWV iQ Wable 4 VhRZ WhaW RQl\ 2 caWegRUieV Rf µ]¶ aQd

µ3¶ haYe Uecall RU SUeciViRQ Rf leVV WhaQ 60 %. The PacUR

aYeUage SUeciViRQ aQd Uecall aUe 91 % aQd 90 % UeVSecWiYel\

aQd Whe ZeighWed aYeUage SUeciViRQ aQd Uecall aUe 95 % aQd

93 %.
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Table 2: SVM ClassificaWion accXrac\ measXremenW for each characWer on Whe

WesWing daWa.

CKDUDFWHU PUHFLVLRQ 5HFDOO F1-VFRUH 6XSSRUW

0 0.96 0.92 0.94 60

1 0.82 0.95 0.88 44

2 0.87 0.96 0.91 49

3 1 0.56 0.71 18

4 0.85 0.85 0.85 20

5 0.72 0.95 0.82 22

6 0.81 0.81 0.81 16

7 0.96 1 0.98 27

8 0.95 0.95 0.95 38

9 1 0.98 0.99 45

A 1 0.83 0.91 12

B 0.91 0.83 0.87 24

C 0.92 0.92 0.92 12

D 0.89 0.94 0.91 17

E 1 0.86 0.92 28

F 0.9 1 0.95 19

G 0.75 0.8 0.77 15

H 0.83 1 0.91 20

J 1 1 1 12

K 0.86 1 0.92 6

L 1 0.93 0.96 14

M 1 0.78 0.88 23

N 1 0.78 0.88 9

P 1 0.96 0.98 25

5 0.82 1 0.9 9

6 1 0.91 0.95 11

7 0.89 0.8 0.84 10

8 0.77 1 0.87 10

: 1 0.94 0.97 17

; 0.75 1 0.86 6

< 1 0.75 0.86 16

= 0.83 0.83 0.83 6

DFFXUDF\ 0.91 660

PDFUR DYJ 0.91 0.9 0.9 660

ZHLJKWHG DYJ 0.92 0.91 0.91 660
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Table 3: ANN ClassificaWion accXrac\ measXremenW for each characWer on Whe

WesWing daWa.

CKDUDFWHU PUHFLVLRQ 5HFDOO F1-VFRUH 6XSSRUW

0 0.93 0.87 0.9 60

1 0.86 0.55 0.67 44

2 0.74 0.92 0.82 49

3 0.91 0.56 0.69 18

4 0.59 0.85 0.69 20

5 1 0.59 0.74 22

6 0.67 0.62 0.65 16

7 0.73 0.89 0.8 27

8 0.94 0.79 0.86 38

9 0.97 0.82 0.89 45

A 1 0.83 0.91 12

B 0.88 0.88 0.88 24

C 0.91 0.83 0.87 12

D 0.84 0.94 0.89 17

E 0.96 0.89 0.93 28

F 0.83 1 0.9 19

G 0.65 0.87 0.74 15

H 0.9 0.95 0.93 20

J 0.52 0.92 0.67 12

K 0.6 1 0.75 6

L 0.93 0.93 0.93 14

M 1 0.87 0.93 23

N 0.88 0.78 0.82 9

P 0.89 0.96 0.92 25

5 0.67 0.89 0.76 9

6 0.5 0.82 0.62 11

7 0.89 0.8 0.84 10

8 0.91 1 0.95 10

: 1 0.82 0.9 17

; 0.6 1 0.75 6

< 0.92 0.69 0.79 16

= 0 0 0 6

DFFXUDF\ 0.82 660

PDFUR DYJ 0.75 0.77 0.75 660

ZHLJKWHG DYJ 0.85 0.82 0.82 660
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Table 4: CNN ClassificaWion accXrac\ measXremenW for each characWer on Whe

WesWing daWa.

CKDUDFWHU PUHFLVLRQ RHFDOO F1-VFRUH SXSSRUW

0 0.97 0.97 0.97 60

1 0.95 0.86 0.9 44

2 1 0.86 0.92 49

3 1 0.56 0.71 18

4 0.95 0.9 0.92 20

5 0.69 1 0.81 22

6 1 0.88 0.93 16

7 0.87 1 0.93 27

8 1 0.97 0.99 38

9 1 1 1 45

A 0.92 0.92 0.92 12

B 1 0.88 0.93 24

C 0.86 1 0.92 12

D 0.89 0.94 0.91 17

E 0.97 1 0.98 28

F 1 1 1 19

G 1 0.87 0.93 15

H 0.95 0.95 0.95 20

J 1 1 1 12

K 0.86 1 0.92 6

L 0.93 0.93 0.93 14

M 1 0.96 0.98 23

N 0.88 0.78 0.82 9

P 1 1 1 25

R 1 1 1 9

S 0.92 1 0.96 11

T 0.91 1 0.95 10

U 1 0.9 0.95 10

W 1 0.82 0.9 17

X 1 1 1 6

< 1 0.81 0.9 16

= 0.4 1 0.57 6

DFFXUDF\ 0.94 660

PDFUR DYJ 0.91 0.9 0.89 660

ZHLJKWHG DYJ 0.95 0.93 0.94 660
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4.3 5HFHLYHG OSHUDWLQJ CKDUDFWHULVWLF WR

MXOWL-FODVV

The UeceiYed RSeUaWiQg chaUacWeUiVWic cXUYe, alVR kQRZQ aV

ROC cXUYe, (GaUUeWW, LaVk\, aQd MeieU 2008), fRU WhUee

claVVifieUV Zhich VhRZV Whe WUXe SRViWiYe aQd falVe SRViWiYe Rf

Whe PacUR aYeUaged Rf all gURXSV, iV SUeVeQWed iQ FigXUe 21. IW

caQ be VeeQ WhaW Whe aUea XQdeU Whe cXUYe (AUC) Rf Whe CNN

PRdel iV Whe higheVW cRPSaUed ZiWh Whe RWheU 2 claVVificaWiRQ

PeWhRdV.

FigXUe 21: ROC cXrYe and area Xnder Whe cXrYe for Whree implemenWed classifier on

WesWing daWa.
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The aUea XQdeU Whe cXUYe (AUC) fRU CNN iV 0.998 Zhich iV

Whe higheVW. SVM UeVXlW iV clRVe WR CNN aQd Whe AUC iV a biW

lRZeU 0.992. The lRZeVW AUC cRXld be VeeQ fRU Whe ANN

PRdel.
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5 DLVFXVVLRQ

ThiV chaSWeU SUeVeQWV aQ aQal\ViV Rf Whe RbWaiQed UeVXlWV, Whe

cRQclXViRQ, aQd VXggeVWiRQV fRU fXWXUe ZRUk.

5.1 5HVXOW AQDO\VLV

IQ WhiV VecWiRQ, Whe SURYided UeVXlWV iQ accRUdaQce ZiWh Whe

aiP Rf Whe VWXd\ aUe aQal\]ed.

5.1.1 IPSURYHPHQW

IQ WhiV VWXd\, YaUiRXV liceQVe SlaWe iPageV ZeUe WeVWed. The

challeQgeV ZeUe WhaW VRPe Rf Whe iPageV iQclXded WilWed

liceQVe SlaWeV, RU liceQVe SlaWeV WhaW had diUW VWaiQV RU VWickeUV

RQ WheP iQWeUfeUiQg ZiWh Whe chaUacWeU deWecWiRQ SURceVV.

SeYeUal iPSlePeQWaWiRQV ZeUe dRQe RQ Whe iPageV WR iPSURYe

Whe liceQVe SlaWe deWecWiRQ. AlRQg ZiWh OWVX WhUeVhRldiQg,

PXlWi OWVX WhUeVhRldiQg, SRbel filWeU, SRl\QRPial fiWWiQg,

eURViRQ-dilaWiRQ Whe k-PeaQV clXVWeUiQg algRUiWhP RQ iQWeQViW\

iPageV ZaV ePSlR\ed WR iPSURYe Whe liceQVe SlaWe deWecWiRQ

SUeciViRQ Rf Whe PRdel. The algRUiWhP ZaV able WR deWecW 87 %

Rf Whe WRWal liceQVe SlaWeV cRUUecWl\ Zhich VhRZed 37 %

iPSURYePeQW afWeU iPSlePeQWiQg WheVe SUeSURceVViQg

WechQiTXeV.

The SURcedXUe fRU liceQVe SlaWe UecRgQiWiRQ iV diYided iQWR

liceQVe SlaWe deWecWiRQ, chaUacWeU VegPeQWaWiRQ, aQd WheQ

claVVificaWiRQ fRU diVWiQgXiVhiQg beWZeeQ chaUacWeUV.
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IW ZaV cleaU WhaW XViQg Whe ViPSle algRUiWhP baVed RQ

cRQQecWed RbjecW deWecWiRQ, dReV QRW ZRUk Zell fRU deWecWiQg

Whe liceQVe SlaWeV, eVSeciall\ iQ Whe iPageV Zhich haYe liceQVe

SlaWeV ZiWh iQcliQaWiRQ.

The iPSlePeQWed algRUiWhP ZaV XVefXl iQ Whe iPSURYePeQW Rf

liceQVe SlaWe deWecWiRQ. IQ Whe 3Ud algRUiWhP PeQWiRQed iQ

Wable 1, PRVW Rf Whe liceQVe SlaWeV cRXld be deWecWed cRUUecWl\.

5.1.2 CODVVLILFDWLRQ MRGHO AQDO\VLV

APRQg Whe claVVificaWiRQ PeWhRdV, Whe deeS leaUQiQg

claVVificaWiRQ XViQg a cRQYRlXWiRQal QeXUal QeWZRUk (CNN)

ZaV VeeQ WR haYe beWWeU SeUfRUPaQce iQ chaUacWeU UecRgQiWiRQ

Rf Whe WeVWiQg daWa ZiWh 94 % accXUac\. BecaXVe CNN

iQclXdeV filWeUV aQd iW XVeV cRQYRlXWiRQ Rf Whe PaWUiceV fRU

each la\eU. IW VWXdieV Whe iPageV b\ cRQVideUiQg WheiU QeighbRU

Si[elV b\ PRYiQg Whe keUQel PaWUi[. HRZeYeU, Whe

diVadYaQWage Rf Whe CNN PeWhRd iV WhaW iW iV a deeS leaUQiQg

PeWhRd WhaW UeTXiUeV GPU fRU WUaiQiQg a laUgeU aPRXQW Rf daWa

WhXV XViQg Whe CPU iV iQefficieQW aQd Zill UeTXiUe PXch lRQgeU

SURceVViQg WiPe WR Ueach Whe UeVXlWV. OWheU PachiQe leaUQiQg

PeWhRdV aUe PXch faVWeU cRPSaUed ZiWh CNN bXW Whe\

UeTXiUe SURSeU feaWXUe e[WUacWiRQ PeWhRdV befRUe

claVVificaWiRQ WR Ueach aQ acceSWable UeVXlW.

ANN UeVXlWV ZeUe VeeQ WR be RYeUfiWWiQg WR Whe WUaiQiQg daWa.

The accXUac\ Rf Whe WeVWiQg daWa ZaV 82 %.

55



5.2 CRQFOXVLRQ

The cRQclXViRQ iV WhaW WheVe SUeSURceVViQg WechQiTXeV

iPSURYed Whe UecRgQiWiRQ Rf Whe liceQVe SlaWe aQd chaUacWeUV

VigQificaQWl\ ZiWh CNN giYiQg Whe beVW accXUac\ aPRQg Whe

RWheU WeVWed claVVificaWiRQ PRdelV.

5.3 6XJJHVWLRQV IRU FXWXUH 6WXGLHV

IW ZaV VeeQ WhaW Whe deeS leaUQiQg PeWhRd haV a biW Rf

iPSURYePeQW cRPSaUed ZiWh RWheU PachiQe leaUQiQg PeWhRdV.

The CNN PeWhRd haV Whe abiliW\ WR VWXd\ iQWeQViW\ iPageV.

FRU fXWXUe VWXd\, iW cRXld be a VXggeVWiRQ WR XVe Whe iQWeQViW\

iPageV fRU deeS leaUQiQg PeWhRdV WR eQhaQce Whe SRZeU Rf Whe

PachiQe leaUQiQg PRdel fRU chaUacWeU UecRgQiWiRQ.

SiQce Whe SXSSRUW VecWRU MachiQe claVVifieU ZiWh GaXVViaQ

KeUQel VhRZV gRRd UeVXlWV Zhich iV cRPSaUable ZiWh deeS

leaUQiQg UeVXlWV Rf CNN. AQRWheU VXggeVWiRQ cRXld be

iPSURYiQg Whe SVM claVVifieU b\ iPSlePeQWiQg SURSeU WXQiQg

SaUaPeWeUV aQd iPSlePeQWiQg SURSeU feaWXUe e[WUacWiRQ

PeWhRdV iQVWead Rf XViQg UaZ biQaU\ YecWRUV Rf Si[elV befRUe

SeUfRUPiQg Whe claVVificaWiRQ aQal\ViV.
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