B. I'dtog, Ynoraxn EneEepyacio kot Avayvopion Eyypdowv

KegpdAaio 2

AuadIkn METATPOTTH

2.1 INevikd yia Tnv duadiK METATPOTTA

H duadiki petatpoTtr] Twv €ikovwy (binarization - thresholding) eivalr To TpWwTo BAYG TwvV
TTEPICOOTEPWY OUCTAUATWY avAAuong Kal €TTECEQYATiag €yypaPwY Kal ava@EépPETal oTnv
METATPOTTA TWV gray scale eikévwv o€ aoTrpouaupeg. H duadikr) HETATPOTTA aTTOTEAEI BATIKO
OTOIXEIO TwV CUCTNUATWY €TTECEPYaTiag eyypdewy yiati pia BEATIOTN OuadIKr WETATPOTTA
amoteAei TNV PAon yia CwaTr KATATUNGN Kal avayvwpion Twv eyypdewy. O1 Baacikoi Adyol
TToU TO 0TAdI0 TNG BUABIKAG METATPOTTAG Eival aTTAPAITATO €ival Ol TTAPAKATW:

e ECoikovounon atmoBnKeuTIKWyY HETWV.
e BeAtiwaon Tng gu@dviong Adyw agaipeang Bopufou.
e AigukbAuvan Kai eMITAXUVON aAyopiBuwy KaTdTunong Kai avayvwpiong.

Z1nv BiBAIoypagia n duadikr) PETATPOTII) UTTOPEI Kal va XPNOIMOTIOIEITAI KOl WG TEXVIKN
EVTOTTIOPOU TOU KEINEVOU a@oU ouVvHBwG DIaKPIVEI TIG TTEPIOXEG TOU KEIYEVOU ATTO TIG TTEPIOXES
Tou UTTOR&BPOU TNG EIKOVAG.

‘Eotw pia eikdva pe 256 otdBueg TOU YKpI OTTOU o1 TINEG KovTd oTo 0 gival o1 oKoUupeg
TTEPIOXEG TTOU AVIAKOUV OTO KEIPEVO VW Ol TINEG KOVTA OTO 255 gival ol MO aVOIXTEG TTEPIOXES
Kal avrikouv oTo uTToRabpo Tng eikévag. O 1o eUKOAOG Kal cuvnBIoPEVOG TPOTTOG UETATPOTIAG
MIaG €IKOVaG TTOAAWY OTABPWY TOU YKPI O aaTTpouaupn €ival n €mAoyr evog KaTw@Aiou
(threshold), cUp@wva Pe TO OTTOI0 OAEG OI YKPI OTABUES KATW ATTO QUTO PETATPETTOVTAI O€ 1
(keipevo) evw ekeiveg TTou gival TTAvw aTTd TO KATW@AI yeTaTpéTrovtal o€ 0 (uTTéRabpo):

1, X ;< T

0, x,;>T 2.1)

f(xi,j) = {

O1 péBodol TTou XPNOIKOTIoIoUV [ia TIA KATW@AIOU T yia Tnv PETATPOTIA TNG €IKOVAG O€
aoTTpopaupn cupgwva Pe Tov TUTTo (1) ovouddovTal pEBodol kaBoAIKAG kKaTtw@Aiwaong (global
thresholding methods). ‘Eva mapdadeiypa KaBoAIKAG KaTw@Aiwong gaiveral aTo oxAua 2.1.

To 1o1éypapua H piag gray scale €ikOvag ekQPAel TNV KATAVOMN TWV ATTOXPWOEWY TOU
YKPI TNG €IKOVaG. 210 aoxAua 2.2 didetal éva TTapddelyua I0TOYPAPUaTOS MIOG OTTANG gray scale
€IKOVOG. ZT0 TTapddelypa autd eu@avifovral povo 3 emimeda wrteivotntag (0,2,9) Ta otroia
avtioToixouv o¢ 133,48 kai 53 pixels avrtioToixa. e TTEPITTTWOEIG KOBapwv eyypdowy TO
I0TOYpappa H eugavifel dUo0 PaOIKEG KATAVOUEG TTOU QVTIOTOIXOUV OTIG TTEPIOXEG TOU
utToBABpOoU TNG €IKOVAG Kal Tou Kelévou (oxrpa 2.3). To KaTw@Al T TToU XPNOIUOTTOIEITAl OTIG
pHEBSOOUG KABOAIKAG KOTW®AIwoNG Ba TTPETTEl va dlaxwpilel IKAVOTTOINTIKA TIG dUO0 PACIKEG
KATAVOUEG TOU I0TOYPAUMATOG. H owaoTr €1TAOY Tou Katw@AioU gival onuavTikr) 1600 yia Tov
TTEPIOPICUO TOu BopURou GO0 Kal yid ThV TTOIOTNTA KAl TO TTAXO0G TWV XOPAKTHPWY TNG TEAIKAG
aompépaupng €IkOvag. XTo oxfAua 2.4 @aivovTtal ol OIoPOPETIKEG TENIKEG €IKOVEG TTOU
TIPOKUTITOUV YIO DIAPOPETIKES TIUEG TOU KaTw@Aiou T. Mapatnpoupe OTI yIa PIKPES TIMEG TOUu T
(T = 60, 80) dev £xoupe BOPUBO, OPWG EXOUME QOUVEXEIEG OTO CWHA TWV XOPAKTIPWV.
AvTiBeTa yia peydAeg Tiuég Tou T (T = 140, 160) £xoupe eicaywyr] BopuBou, aAAG n TToIdTNTA
TWV XOPOKTAPWV gival KAAUTEPN.
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(a)

It nomma.tedr

We arc truly happy to be able thus hesrtily to com-
wmend the first offivial decument of our new Hxecutive,
Fre_;i;" the day of his nomination at Baliimore, to the
hout 6f his inauguration at Washington, President
Pierce hda not uttered a word, ner written o line, a
whish any good citizen could tnke exception. We
honestly hope that we may be able to repeat this high
cowmendazion four years hence.

The Mirror is not, never has been, and never will
be, in onr hands, a partizan jownad. It nominated
Gen. Taylor as an INDEPENDENT CANDIDATE, © without
distinetion of party.’’ It epposed the eleetion of Gen.
Beotf, on the grownd of his adoption by abolition
Whigs. It will support the administration of President
Fierce, so long and 5o far as it can do so honestly and
consistent]ly—the cardinal points of our political ereed
being- Free Trade with all the world ;—and the Union
uf the States at all sacrifices.

®B)

ZxApa 2.1. Mapadeiypara duadikAg HETATPOTIAG PE XPAON KABOAIKAG Katw@Aiwaong: (a)
apxIkr gray scale gikéva, (B) aotrpduaupn €IKOVA PETA TNV SUABIKY JETATPOTTH.
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IxAua 2.2. To 1o0Téypauua TNG atrARG gray scale ikévag. (a) H gray scale eikéva. (8) To
IOTOYPANMA TNG OTTOU ePavifovTal 3 eTTiTTeda QWTEIVOTNTAG.
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ZxApa 2.3. To 10Téypaupua TnG €IKOVAG Tou oxAuaTtog 2.1a kai n Tiur) T Tou Katw@AioU TTou
£xel emIAgyei yia Tnv duadIKr YETATPOTTH TNG.



O1 pébodol KaBoAIKAG KaTw@AiwoNng PTTOPOoUV va EQAPUOCTOUV POVO OTIG TTEPITITWAOEIG
610U UTTAPXEl AP SIAKPION TWV TTEPIOXWYV TOU KEIEVou aTTd To uTToabpo. Autd duwg dev
OUMBaivel OTIG TTEPICTOTEPEG TTEPITITWOEIG TWV eyYPAQwyV. Idiwg oTa TTaAIG £yypa@a £XOUUE
XOUNAR TTOI6TATA  XOPOKTHPWY, OKIEG, MN OMOIOHOP®N QWTEIVOTNTA UTTORaBpou, Eviovo
06puBo KA. (oxAua 2.5). ZT0 10TOYPOAUUA QUTWV TWV EIKOVWY Ol TIUEG TOU YKPI TTOU
avTIOTOIXOUV OTO KEIMEVO KAl OTO UTTORaBpo emIKOAUTITOVTAI (OXAMA 2.50).
TTapatrdvw Adyoug avaTrtuxlnkav ol géBodol TTPOCaPUOCHEVNG 1 TOTTIKAG KATw@Aiwong
(local or regional or adaptive thresholding methods) oTi¢ oTToieg xpnoiyoTTOIoUVTAl TTOAAEG
TIUEG KATWOAIWY avaAoya Pe Tnv TOTTIKA TTAnpo@opia Tng €ikovag. 'ETol emTuyxAvetal n
BEATIOTN BUADIKN UETATPOTIN OKOUQ Kal OTIG TIEPITITWOEIG TTOU OEV UTTAPXEl AP dIAKPIoN
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TWV TTEPIOXWV TOU KEIPEvou atrd To uTtoRabpo (oxAua 2.6).
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We are truly happy to be able thus heartily to com-
wend the first offivial document of our new Hxeentive.
From the day of his nomination at Baltimore, to the
hour of his inauguration at Washington, President
Picrcé hds xiot uttered o word, nor written a line, ab
which any good citizen could inke exception. We
honestly hiope that we may be able to repeat this high
cowmendazion four years hence.

The Murror is net, never has been, and never will
be, in our hands, a pertizan journal. It nominated
Gen. Taylor as an INDEPENDENT CANDIDATE, © without
distinetion of party.”” It opposed the election of Gen.
Beoth, on the ground of his adoption by abolition
Whigs. It will support the administration of President
Pierce, 5o lung and so far as it can do so honestly and
consistently—the cardinal points of our political creed
being—Free Trade with alt the wortd ;—and the Union
of the States af all sacrifices.
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We arc truly happy to be able thus heartily to com-
mend the first official document of our new Hxecutive.
st ihe day of bis nomination at Baltimore, to the
is inauguration at Washington, President

iy good citizen cou]d take exception. We
honestly fiopo that we may be able to repeat this high
commendasion four years hence.

The Mirror is not, never has been, and never will
be, in our hands, a partizan journal. It nominated
Gen. Taylor a8 an INDEPENDENT CANDIDATE, withont
distinction of party.”’ It opposed the election of Geny,
Bcott, on the gronnd of his adoption by . abolition
Whigs. It will support the administration of President
Pierce, so long and so far as it can do s6 honestly and
consistently—the cardinal points of our political creed
being—~Free Trade with all the world;—and the Union
of the Statgs at all sacrifices.
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We are truly happy to be able thus heartily to com-
mend the first official document of our new Hxecutive.
Frogi the day of his nomination at Baltimore, to the
hotirof . His inauguration at Washington, President
Piercé’hds ot uttered a word, nor written a line, ab
which any ‘geod citizen could take exception. We
honestly hope that we may be able to repeat this high
commendasion four years hence.

The Marror is not, never has been, and never will
be, in our hands, It nominated
Gren. Taylor as an INDEPENDENT CANDIDATE,  without
distinetion of party.”” It opposed the election of Gen;
Boott, on the gromnd of bhis adoption by abolitien
Whigs. It will support the administration of President
Pierce, so long and s0 far ag it ean do so honestly and
consistently—the cardinal points of our political creed
being—Free Trade with all the wortd;—and the Union
of the States at all sacrifices.
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‘We are truly happy to be able thus heartily to com-
e first official document of our new Executive.
‘day of his nomination at Baltimore, to the
§ inauguration at Washington, President
uttered a word, nor written a line, ab
d citizen' could taoke exception. We
hat we may be able to repeat this high
ur years hence.

The: Mrrar i not, never has been, and never will
be, in‘our hands, & partizan journal. It nominatsd:
Gen: Taylor 1S an INDEPENDENT CANDIDATE, % Wi hg&}
distinetion of party.”” It.opposed the eleotion o QE}&;
Scotb on the ground of his adoptlon by
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IXAMA 2.4. ACTTPOUAUPEG EIKOVEG TTOU TTPOKUTITOUV ATTO TNV €IKOVA 2.1a yIa €Qapuoy)

KaBoAIKAG KaTw@Aiwaong emAEyovTag dIAQOPETIKEG TIMEG Yia TOo KaTtw@Al T. (a) T=60, (B) T =
T=120, (¢) T =140, (Q)

80, (v)

T=100, (d)

T=160.
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ZxAMA 2.5. AuadiKf HETATPOTTR IOTOPIKOU £YYPAPOU PE XPron KABOAIKNAG KaTw@Aiwang. (a)
270 I0TOYPAUUA Ol TINEG TOU YKPI TTOU AVTIOTOIXOUV OTO KEIUEVO KAl 0TO UTTORABpO
emkaAuTrTovtal. (B),(y) Eival aduvartn n emAoyr evég Katw@Aiou yia emmiTuxr Suadikr)
METATPOTTH.
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IXAMA 2.6. AUadIKr JETATPOTIA TOU IOTOPIKOU £YYPAPOU TOU OXNMaATOG 2.40 UE XPAON
TIPOCAPHOCHEVNG KATWEAIWGONG.

2.2 KaBoAikn katw@Aiwon — Global Thresholding

2Tn Ouvéxela Tou KepaAaiou TtrapaTtiBevral XapaktnploTikG TrapadsiyyaTta pebodoAoyiwv
KaBOAIKAG KaTw@AiwoNG. ZnToUpevo OAwv Twv peBodoloyiwv gival 0 UTTOAOYIONOG TOU
KaBOAIKOU KATW®AIOU WATE va MTUYXAVETaI BEATIOTN SUADIKA PETATPOTIN TNG EIKOVAG.

Xpnon onueiwv akpwyv — Weszka

Ta onueia akuwy givalr onueia avaueoa OTO AVTIKEIMEVO KAl OTO UTTORABPO TNG €IKOVAG N
METAEU OUO avTIKEINEVWY. TO 10TOYPAUUA TNG €IKOVOG TTOU TTPOKUTITEI HOVO ATTO Ta ChuEia
auTd pag divel KaAUTEPN dIAXWPEICINOTNTA KEIUEVOU-UTTORABPOU OE axéon ME TO I0TOYPAUUA
TNG OUVOAIKAG €IkOvag. H 10éa autr) xpnoiyotroildnke ammd Tov (Weszka 1974) o otroiog
mpéTEIvVE i péBodo KaBOoAIKG KaTweAiwong Baoiopévn otnv Laplacian Tng apxIkng eikovag,
n otroia givalr p€Bodog TTpoodiopiopol akpwv. MpwTa uttohoyiletal n Laplacian tng eikévag
TWV OTABPWY Tou yKPI. AUTO PTTOPED va Yivel Je TNV €QApPUOYT TNG TTAPAKATW PMACKAG OTNV
ETTIPAVEID TNG EIKOVOG:

o 1 0
1 4 1
o 1 0

2Tn ouvéxela TTpoadlopifeTal TO ICTOYPANMA TNG APXIKAG €ikévag AaufdvovTag utroyn
pMOvo Ta onueia TTou €xouv uywnAég Laplacian Tipég. 210 oxAua 2.6 ¢aivetar n Laplacian
ApXIKNG €IKOVAG KABWG Kal TO I0TOYPANUA TTOU TTPOKUTITEl OTTO TNV GUVOAIKH €IKOVA KOBWG Kal
amd Ta pixels mmou €xouv uywnAég Laplacian Tiyég. ZTnv delTEPN TTEPITITWON UTTAPXE!
MeEYaAUTEPN DIOXWPICIUOTATA KEIWEVOU-UTTORABPOU.

MNa Tov evtotmopd Twv dUO KOPUPWYV TOU IGTOYPAPMATOS O BUO TIMEG TNG PWTEIVOTNTAG if
Kal i; TTOPOUV VA EVTOTTIOTOUV WG EGAG:

i1: Hist(i)=max yia i= i
io: Hist(i)*(i- i1)*=max yia i= i,

Me Tov aAyopiBuo autd e€ac@alifeTal 6T N OeUTEPN KOPUPK TOU ICTOYPAPPATOG ATTEXEI ATTO
TNV TpwTn (oXAMa 2.7).

EmiAoyn perda amrd eravaAnyn — Ridler

H emAoyn petd améd emavaAnwn (Ridler 1978) eival pia peBodoAoyia n otroia &ekiva atd pia
APXIKN €KTIUNON yIa TRV TIUA TOU KATW@AIOU Kai oTn ouvéxela yivetar 816pBwan autig Tng
TIUAG AapBavovTtag uttdywn TIG TTEPIOXES KEIMEVOU Kal UTTORABPOU TTOU TTPOKUTITOUV KABE Qopd.
H apxikr} ekTignon Tou Katw®AIoU gival n pyéon Ty Twv gray scale Tiywv. Autd TO KATWEAI
XPNOIYOTTOIEITAI YIO VA UTTOAOYIOTOUV OTOTIOTIKEG YIA TIG TTEPIOXEG KEIUEVOU Kal UTTORGBpou
TTOU TTPOKUTITOUV. YTroAoyideTal n péon TIUA Twv gray scale TIpwv Twv pixels kdtw amd 10
APXIKO KATW@AI Kal atmrobnkeveTal otnv PeTtaBAnTh Ty, AvtioToixa, uttoAoyiCeTal Kalr n péon
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i i ) 5 5 DQAI Kal aTToBnKeUETAlI OTNV
) ray scale Tiywv Twv pixels Tavw 0176 TO APXIKG KATWE ’ !
Lf%g?nvn? TOY 21 GUVIEXEIG utroAoyideTal pia véa TTPOoEYYIoN TOU KaTw,(p)\lou ((Il'l:rr(];)/ 'I')I\|IJT] E(;I;;,gz
To)/2 ka1 n diadikacia emavalapBaveral géxpl va unv UTTdpxel aAAayr] oTo KATwWE®
0U0 B1ad0XIKWY ETTAVOAAWEWY (OXAHa 2.8).

Grey-level segmentation, or thresholding, is a conversion between a grey-level
image and a bilevel (or monoc “hrome, or black and white) image. A bilevel image
should contain all of the essential information concerning the number, position,
and shape of objects while containing a lot less information. The essential reason
for classifying pixels by grey level is that pixels with similar levels in a nearby
region usually belong o the same object, and reducing the complexity of the data
simplifies many recognition and classification procedures Thresholding is almost
essential before thinning, vectorization, and morphological operations,

The most common w ay to convert between grey-level and bilevel images is to
select a single threshold value. All of the grey levels below this value will be
classified as black (0), and those above will be white (1), The segmentation prob-
lem becomes one of selecting the proper value for the threshold 7. What is being
assumed here is that the pixels in an image 1 belong to one of two classes based
on their grey level. The first class is the collection of black pixels, which will be
given the value one, and for this class:

1Gj) < T (EQ3.1)

The other class con

The other class consists of those pixels that will become white

(EQ32

1(i.j)

This assumption is only true in some real images because of noise and illi-
. N . X :
mination effects. It is not generally true that a single threshold can be used 1

(@)

I
[

(v) (5)
xnua 2.6. KaBoAikr katw@Aiwon Pe xpron Twv onueiwv akung. (a) ApxIkr gray scale

i ) 5 5 1S €IkOvaG. (8) loToypauua
dva. Laplacian Tng apxIkng €ikévag. (y) IoToypam’Ja apxIKAG s / ’
:Ir]Kgo ;gxl(E%g ai(’)vag Aanpgﬁdvovmg uTTéWn Povo Ta anueia Tou £xouv uwnAég Laplacian Tiég.

l
i i
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xAua 2.7. EUpeon Twv dU0 KOPUPWYV TOU IOTOYPANMATOG.
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Grey-level ion, or th ing, is a ion between a grey-level
image and a bilevel (or monochrome, or black and whire) image. A bilevel image
should contain all of the essential information concerning the number, position,
and shape of objects while containing 2 lot less information. The essential easo
for classifying pixels by grey level is that pixels with similar lovels in o nearby
region usually belong to the same object, and reducing the complexity of the data
simplifies many ition and classificati Thresh is almost
essential before thinning, ization, and ical operations

The most common way to convert between grey-level and bilevel images is to
select a single threshold value. Al of the grey levels below this value will b
classified as black (0), and those above will be white (1). The segmentation prob-
lem becomes one of selecing the proper value for the threshold 7. What is being
assumed here is that the pixels in an image I belong o one of twe classes based
on their grey level. The first class is the collection of black pixels, which wil b
given the value one, and for this class:

Grey-level

essential before thinning, , i E
The most common way to convert between grey-level and bilevel images ig
select a single threshold value. All of the grey levels below this value wil.
classified as black (0), and those above will be white (1), The segmentation
lem becomes one of selecting the proper value for the threshold 7. What is

ip<Tt (EQ3N
ip<rt The other class consists of those pixels that will become white:
The other class consists of those pixels that will become white: Hip=T (EQ32)

tp=1 EQ

This assumption is only true in some real images because of noise and
mination effects. It is not generally true that a single threshold can be

@ ®)

This assumption is only true in some real images because of noise and il ;
mination effects. It is not generally true that a single threshold can be used 0 ;

Grey-level . OF thresholding, is between a grey-level
Grey-level . or thresholding. is a conversion between a grey-level image and  bilevel (or monochrome, or black and white) image. A bilevel image
image and a bilevel (or monochrome, or black and wihite) image, A bilevel image should contain all of the essential information concerning the mamber. position,
should contain all of the essential information concerning the number, position, and shape of objects while containing « lot less information. The essential reason
and shape of objects while containing 4 lot less information, The cssontin reason for classifying pixels by grey level is that pixels with similar levely m nearby
for classifying pixels by prey levet is that pixels with similar lovely i « nearby reion usually belong to the same object, and reducing the complexity of the dai
region usually belong to the same object, and teducing the complexity of the daa simplifies many ion and cl i . Thi is almost
simplifies many ion and classification Th is almost essential before thinning, vectorization, and morphological operations,
essential before thinning, vectorization, and morphological operations The most common way to convert between grey-level and bilevel images isto
The most common way to convert between grey-level and bilevel images is to select a single threshold value. All of the grey levels below this value will be
select a single threshold value. All of the grey levels below this value will be classitied as black (0), and those above will be white (1), The segmentation prob-
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given the value one. and for this class: Kigy<T QL

EQ3.1)
1) <1 (FQ The other class consists of those pixels that will become white:

The other class consists of those pixels that will become white: lip=T (£Q3D

.. £Q32) ) -

fijy=T1 (EQ This assumption is only true in some real images because of noise and ill-

This assumption is only true in some real images because of noise and il mination effects. It is not generally true that 4 single threshold can be used ©
mination effects. It is not generally true that a single threshold can be used

v) (©)

] ] i ] AOYNAG YETA aTTO eTTAVAANYN YIa mv
2.8. KaBoAkr) katw@Aiwon pe xpAon tng e ¢ )
Zﬁg\l/j: TOU OXAUATOS 2.60. (a) 1" eTTavaAnyn, KatWeAI = 238. (B) 2’” sﬂa_v;lé\gwn, KOTWOAI
209. (y) 3" emavaAnyn, katweAl = 189. (8) 4", 5" eTravaAnwn, KaTWEA = .

Emregepyaoia Tou 10TOoypdpparog — Otsu

H péBodog Tou Ostu (Otsu 1979) BaoileTtal oTnv £TTEEEPYOTia el |0Toypg\|€.1¢:glg1g_r g;]ngozlgm\;ﬁg
5 U B0 KpITnpiou TNng
Kal oTov TTPOoCdIopPIoCUO TOU KGTO.)(p’)\IOU Bgoa TOU e e s
STNTAG METALU TWV TTEPIOXWV KEIPEVOU Kau utrofdBpo - ApXIKG, :
SI)S})((;) felfpl)%c\)((:)]vogﬂ:]g TU?TIKr']g atmokAiong (global variance) Twv emMTTEdWY TOU YKPI TNG EIKOVOG
2,

Op .

255
o7 =D (i-u) p(i) 22)

i=0

o1Tou p(i) n MBavoTNTa EUPAVIONG TNG i GTABUNG TNG €IKOVAG KAl U TO CUVONIKO pECO eTTiTeEdO
YKPI TNG €IKOVAG:

. 255
piy =D =S ) (23)
N i=0

N 10 cUVOAIKG TTAIBOG Twv pixels TNg eIkdvag. ] ] ] -
KmrlaTKdes UTTOWA®IO KATWQAI ¢ TO IOTOYPAPMA TNG €IKOVAG ’xu&ilr%e;)(ilc rc]Igs E:T(; ggsTpL&x%guo

5 0 i qywvo TNg TUTTIKAG :
KAdoelg. Mtropoupe va unvow(ouue TO TETPAYWVO ol o

3 between classes variance) ¢,” 10 oTroiO €ival TO TETPAY _ ’
:2)?/0;;)3\20(\/ TIUWV KEOe KAGONG atrd TNV GUVOAIKY péon Tiuf SAwv Twv pixels kal uttoAoyileTal

aTtro Tov TTapakAaTw TUTTO:
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(2.4)
0'/3 = oy (1 —,Uo)2

OTTOU TA Wy, W1, Mo KaI P4 UTTOAOYICovVTal aTTd TOUG TUTTOUG:

t 255
t >t p(0) >t p(0) 25)
. _i=0 _ i=t+l
o =D p(), w1=1-wo,uo—Toaﬂ1 o

i=0

ZUugwva pe Tov Otsu, n BEATIOTN TIUA VIO TO KATWEAI teTrITUYXd)\\IETGI éTcz\t/) ;ieyézaoggigxsl
X , ] 5 Y duo kAdoeswv (betw
5 U TETPAYWVOU TNG TUTTIKAG GTI'OK)\IOT]Q psTgiu TWV _ s
\c/)a)\ri(;ncz:ge)“:'rpog FioYo)\n«') TETPAywvo TNG TUTTIKAG aTTokAIong (global variance) Twv emiTédwyv

TOU YKPI TNG €IKOVAG:

n(t) = é (2.6)
0y

3 i i 5 AOTEPEG TEXVIKEG €UPEONG
3 Tou Otsu éxel alohoynBei cav pia amé TG KaA ;
KGQHO)\L;I:C?S 6KOGgT(J.)(p)\IOl'J. 210 oXNUa 2.9 @aiveTal TO ATTOTEAEOUA €UPECNG KATW@PAIOU WPE TNV

TTapatavw PeBOOOoU yia TNV €IKOVA TOU OXAUATOG 2.6a.
XpnoipotroliwvTag TNV evrpoTria — Pun, Kapur

i i ) i 5 Anpo@opiag. Av £€XOUlE n
i QI Jia JETPIKN TTOU OXETICETAI UE TO TIEPIEXOUEVO TNG TT ’ ‘
:IS;I/%OELI'J(:JEI(\)/AG L(JTr.xH ygduuam N wneia) kai To gUuBoAo i eppaviCeTal pe mavotnTa p(X;), N
EVTPOTTIQ TTOU OXETICETAN e Ta cUPBoAa X eivai:

H(X)=~ Zn:p(x,-)log(p(xi)) 2.7)

i=l

OTTOU N evTpoTTia YETPIETAI O€ bits/aUuoAo.

Grey-level segmentation, or thresholding, is a conversion between a grey-level
image and a bilevel (or monochrome, or black and white) image. A bilevel image
should contain all of the essential information concerning the number, position,
and shape of objects while containing a lot less information. The essential reason
for classifying pixels by grey level is that pixels with similar levels in a nearby
region usually belong to the same object, and reducing the complexity of the data
simplifies many recognition and classification procedures. Thresholding is almost
essential before thinning, vectorization, and morphological operations.

The most common way to convert between grey-level and bilevel images is to
select a single threshold value. All of the grey levels below this value will be
classified as black (0), and those above will be white (1). The segmentation prob-
lem becomes one of selecting the proper value for the threshold 7. What is being
assumed here is that the pixels in an image I belong to one of two classes based
on their grey level. The first class is the collection of black pixels, which will be
given the value one, and for this class:

1Gj) < T (EQ3.1)
The other class consists of those pixels that will become white:
1Gj) =1 (EQ32)

This assumption is only true in some real images because of noise and illv-
mination effects. It is not generally true that a single threshold can be used 0

xAua 2.9. Auadikr) HETATPOTTA TNG EIKOVOG TOU OXAMUOTOG 2.6a epapuolovTag Ye TNV JEBodo
Tou Otsu.
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H eikéva ptropei va BewpnBei oav éva auvoAo GUPBOAWY A TIHWYV TOU YKPI. @cwpwvTag £va
KATWQAI £, n eVTpOTTia TTOU OXETICETaI e Ta pixels Kelpévou/pdvTou ptropei va 6oBei atrd Tov
TUTrO (Pun 1981):

Hy== p;log(p,) (2.8)
i=1

oétrou p; gival N mMBavOATNTa €PPAVIONG TG OTABUNG i. MNapduoia, n evipoTia Twv pixels Tou
uttoBdBpou Tng ikdvag givai:

255
H, == p/log(p,) 2.9)

i=t+1

O mrpoteivopevog alyopiBuog (Pun 1981) rpootrabei va Bpel Tnv BEATIOTN TIUN KATw@AIoOU £ n
oTroia peyioToTrolei TNV H = H, + H,,.

Mia mrapaAAayr] Tou Trapatmmdvw aAyopiBuou TpoTdbnke amd Tov (Kapur 1985) o otroiog
opiCel TIg TMBaAvATNTEG TWV dUO BACIKWY KATAVOUWY WG £EAG:

4. Lo PL P p. Pt P2 Pass
P’])t’ ’])t’ l_})tal_l)t’ ’l_I)t (2.10)

610U Py n aBpoICoTIKN TOavoTNTa EUPAVIONG MEXPI TRV OTAOUN £ :

R=>p 2.11)

O1 evTpoTrieg TWV TTEPIOXWV KEIPEVOU/POVTOU Kal uTToRdaBpou uttohoyiovTal avaAoya:

t 255
Piy i Piy i
Hy==) “log(“h), H, == ) ‘llog:t
ST Lp g(P) P g(B)

t i=t+1 "1t

(2.12)

XpnoigotroiwvTtag Tnv aca®ni Aoyikn — Huang

Z0pQWva PE TNV aoo@r AoYIKA, éva OTOIXEI0 X AVAKEI O€ éva GUVOAO S HE OUYKEKPIYEVN
mBavotnTa Uy. Katd tnv duadikh PETATPOTIN TNG €IkOvag TTPooTTaboUhe va KaTaTagouue Ta
pixels OTI avrKouv OTO KEiPEVO/QOVTO | 0TO UTTORABPO TNG EIKOVAG, GPa N XPRon TG acagoug
AOYIKNG €xel Auean e@appoyr aTo TTPORANUA. ZUpewva pe TNy PéBodo Tou (Huang 1995) cav
METPIKA TNG aagdgelag (fuzziness) utropei va BewpnBei n amdéoTacn PeTalu TnG ApXIKNG gray
scale €IkOvag pe TNV TTapayouevn duadikh eikéva. EAayioToTroiwvTag TNV acd@eia, YTTOPOoUlE
Va EVTOTTICOUUE TNV BEATIOTN TIMA KATWE@AIOU.

Katapxrv opifoupe Tnv membership function n otoia €ival n mBavoTnTa TTOU OXETICETAI PE
10 av €va pixel éxel Tagivoundei oav keipevo/@oévto 1 utéRabpo. ‘EoTw o1 péaeg oTabueg Tou
YKPI yIa TIG TTEPIOXEG UTTORABPOU €ival g Kal yia Tou Kelgévou Yq. Ooo pikpdTtepn N atrdéoTacn
METOEU €vOg pixel x ammd TNV avTioToIXn MEON TIUAR TNG KaTnyopiag Tou, T60O0 HeEYaAUTEPN
mpétel va gival n TR NG membership function u,. ZUpewva pe Tov (Huang 1995),
TIPOTEIVETAI N €EAG CUVAPTNON Uy:

1

I+|x—py|/C

1+|x—,u1|/C

N if x<t (2.13)

,if x>t
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yia éva 0edopévo KaTw@Al t. C gival n dlo@opd PETAEU TwV HEYIOTWV Kal TwV EAAXIOTWYV
oTtaBuwyv Tou ykpl. O Babudg evowpdtwong evog pixel og pia karnyopia didetar améd Tnv
ouvapTnon Uy Kal Kupaivetal atmo 0,5 péxpr 1.

Aedopévng Tng membership function, BéAoupe va opicoupe pia PETPIKA yia Tov Babud tng
aodaQeiag TNG SUAdIKAG PETATPOTING TTOU TTPAYUATOTTOIEITAI XPNOIUOTTOIWVTAG TO KATW®AI £ Na
TTapddelyua n PETPIKA authl Ba mrpétel va eivar 0 av n €ikéva gival noén actrpéuaupn Kai
B¢étoupe t = 0. AvrtioToixa, n péyiotn TIUA NG acdeiag Ba mpétrel va cival 1. ‘Evag tpo1Tog
METPNONG TNG aodPEIag PacifeTal TNV EVTPOTIIA TOU A0A®OUG GUVOAOU Kal OTNV ouvdapTnon
Tou Shannon:

H ;(x)=—xlog(x) - (1-x)log(1-x) (2.14)

H evtpoTria Tou GuvoAIkoU aca@oug GuvoAou (giIkdva) dideTal atrd Tov TUTTO:

2.15
E0)=— > H (. (eDh(g) 219
g

yla OAgG TIG 0TABUEG TOu YKpI g, 6TTou N Kai M gival o1 ypauu£ég Kal ol OTAAEG TNG €IKOVAG Kal A
To gray scale 10téypapypa. H E eival ouvdptnon tou t emedn n u, gival. H Ty ¢ 1mou
ehayioTotroiei Tnv E(t), eAayioTotrolei Kal TNV acgdgeia NG dUadIKAG METATPOTTAG.

2.2 Npoocappoopévn Katw@Aiwon — Adaptive Thresholding

2Tn OUVEXEID TOU KeQOAaiou TrapatiBevial  XapakTnpIoTIKA Trapadeciyuata  uebBodwv
TIPOCAPHOCHEVNG KATWPAIWONG. ZUNQWVA PE auTEG avalnTouvTal TTOANEG TINEG KATWEAIWY
avaloya pe TNV TOTTIKA TTANpo@opia TnNG €IkOvag Kal €101 emMTUYXAveTal n BEATIOTN SUADIKA
METATPOTTA aKOUA KAl OTIG TTEPITITWOEIG TTOU BEV UTTAPXEI 0aPrG SIAKPION TWV TTEPIOXWV TOU
KEIMEVOU aTTd TO UTTORABPO.

Alaipgon Tng eIk6vag — Chow

2U0powva pe TNV péBodo Tou (Chow 1972) n eikdva diaipeital 0 ETIKANUTITOUEVEG TTEPIOXEG.
MNa mapddeiypa yia pia eikdéva 256x256 trporteiveral n didipeon o€ 49 €MKAAUTITOPEVEG
TTEPIOXES OI OTToiEG atToTeAoUVTal aTTd 64X64 pixels. Katapyrv, utroAoyileTal TO 1I0TOYpaUUA
yla K@Be Trepioxn Kai yivetal EéAeyxog UTrapéng OUo BACIKWY KATAVOUWY. TNV TTEPITITWON TTOU
UTTApXOUV oI dUO KaTavouég, Ba uttdpxouv kal dUo Gaussian KauTTUAEG TTou Ba TTpooeyyifouv
Ta 0edOPEVA XPNOIPOTTIOIWVTAG TNV JEBODO TwV EAXIOTWY TETPAYWVWY Kal KaTd cuvETTEia Ba
TTpooeyyifeTal Kal TO BEATIOTO KATWEAI avAauesa OTIG OUO KATAVOMEG. 2TV TTEPITITWON TTOU
Oev umtdpxouv OUO KATAVOUEG TIHWV OTO IOTOYPOUMA  Twv TrEpIoXwy, Ba yiveral
TIPOCEYYIOTIKOG UTTOAOYIOUOG (ME TTAPEUPBOAR) TOU KATWPAIOU XPNOCIUOTTOIWVTAG TA KATWOAIX
TWV YEITOVIKWV TTEPIOXWV. TEAOG, o€ K&Be pixel avmioToixideTal pia TIMA KATw@AIOU KAvovTag
Mia TTapeuBOAR UE TIG TIUEG Twv yeITovikwy pixels. H pébodog autr) gival o TTpddpouog Twv
MEBSOWV TTPOCAPUOCHEVNG KATWOAIWONG Kal TTPOTABNKE Kupiwg yia TNV BeAtiwon g
TTOIOTNTAG TWV EIKOVWYV aTTO KAPSOIOKEG AKTIVOYPOAPIEG.

XpRon akpwy - Yanowitz & Bruckstein

ZUpewva pe TV péBodo auth (Yanowitz 1989) mrpwta evrotidovTtal Ol aKPEG TNG EIKOVAG
(onueia TTou avikouv oTa Opia Twv avTikepévwy). O1 avTioToixeg OTABUES TOU YKPI yia Ta
onueia Twv aKPWY BewpolvTal eVOEIKTIKEG KOl YIa Ta UTTOAOITTA GNUEIQ TWV QVTIKEIMEVWY OTO
OTTOI0 AVAKOUV Ol OKMEG. ZTN CUVEXEIQ TTAPAYETAI hia eTTIQAvEIa N oTToia TalpIddel oTa €TTiTTedA
QWTEIVOTNTAG TWV OKPWY Kal Oivel TTPOCEYYIOTIKEG TIMEG yia Ta UTTOAOITTA OnueEia Twv
QVTIKEINEVWV TTOU OEV AVIKOUV OTIG OKMEG TNG €IKOvag. Ta anueia TTou €XOuV QTEIVOTNTA
ONMAVTIKA TTAVW aTTd TNV €MEAVEIQ AUTA avAKOUV GTO UTTORABPO, AANIWG OTO KEIUEVO/QOVTO.
H péBodog autr €xel Kupiwg €@apuoyr) o€ €IKOVEG OTTOU N QWTEIVOTNTA TOU UTTORGBpoU
MeTaBAAAETaI.
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Xpnon mapadupou — Niblack, Sauvola

O aAyopiBuog Tou Niblack (Niblack 1986) utroAoyilel éva kaTtw@Al yia K&Be pixel kavovtag
XPNon €vog TTapabupou TO OTTOI0 WETAKIVEITAI 0€ OAN TNV €ikOva. To Katw@AI T TOu KEVTPIKOU
pixel TOU TTapaBUpou uTToAOYICETOl XPNOIMOTIOIWVTOG TRV WEON TIUR M Kal TNV TUTTIKA
ATTOKAION S TWV TINWV TWV EMITTESWV QWTEIVOTNTAG OTO TTapdBupo:

T=m+ks (2.16)

otou k cival otaBepd ion pe -0.2. H Ty Tou k €gaptdtal atrd TO TTOCOCTO TOU OpioU TWV
XOPOKTAPWY TTou Bewpeital oav PEPOG Twv XapakTApwv (oxApa 2.10). H pébodog auth
MTTOPEI va geXxwpioel TO AVTIKEIYEVO ATTO TO POVTO OKOUA Kal OTAV O QWTEIVOTNTEG TOUg OEV
atréxouv apkeTd. Ta ammoteAéopata dev eivar 101aiTepa euaioBnTa o1o péyebog Tou TTapabupou
apkei To TapdBbupo va TepIAapBavel TouhdxioTov 1-2 xapakTipeg. Opwg, Tuxov 86pufog TTou
UTTApXEl OTO UTTOROBPO TNG OPXIKAG €IKOVAG MTTOPEI va TIAPAMEIVEl KAl OTNV  TEAIKA
aompéuaupn eikoéva. O alyépiBuog Tou Sauvola (Sauvola 2000) divel AUon o€ autd TO
TTPORANUA €1I0AYOVTaG TNV UTTOBECN OTA ETTITTEDA QWTEIVOTNTAG TOU KEIYEVOU-QOVTOU Kal TOU
uttoBdBpou (Ta pixels Kelpévou €xouv OTABPEG TOu YKpI KOvTd oto O evw Ta pixels Tou
utToBABpoU £xouv OTABUES TOU YKPI KOVTA OTO 255). H e€icwaon uttoAoyiouoU Tou KaTw@AIoU
yiverai:

T=m+(1-k(1-s/R)) 2.17)

otrou R gival To duvapikd eUPOG TNG TUTTIKAG aTTOKAIoNG ico pe 128 kai k otaBepd ion pe 0.5.
grey-level grey-level &rey-level
(a) (B) | (v)

grey-level grey-level grey-level

(6) (€) (©
ZxAua 2.10. AtroteAéopata duadikrg PETATPOTIAG KE Tov aAyépiBuo Tou Niblack. (a) ApxIkn
eikova. (B) AtmrotéAeopa yia k=-0.2. (y) AtrotéAeopa yia k=-0.5. (8) AtrotéAeopa yia k=-0.8. (g)
AtrotéAeopa yia k=-0.11. (¢) AtrotéAeopa yia k=-0.14.

MAdTog TWV YpapHWYV TWV XapakThpwv — Kamel & Zhao

H pébodog (Kamel 1993) Baoiletal atnv oUykpion TnG gray scale Tiuig Tou pixel (X,y) HE TIG
MEOEG TINEG TWV pixels Twv YeIToVIKWY TTapabupwyv TTou Bpiokovtal e amooTtdoelg 600 TO
QAVAPEVOUEVO TTAATOG TWV YPauPWY Twv Xapaktipwyv W (oxAua 2.11). To pixel (x,y) avikel
OTO KeEiyevo povo av Trapouaciddel 1otk dlapopd QwTevOTNTAG OANG avhKel Kal o€
XOPOKTPEG MHE YPAUMEG OUYKEKPIUEVOU TIAGTOUG. Ta avTIKEiyeva TTou  €xouv  TTAXOG
MEYOAUTEPO aTTG TO TTAATOG TWV YPANKWY TWV XAPOKTHpWVY TagivououvTal gav utroabpo.

Av ave(P;) n péon miuR Twy pixels oto TapdBupo WxW oto P; kai L(Pi) = ave(Pi)-f(x,y) > T
TOTE N OUADIKN €IKOVA b(X,y) TTPOKUTITEI WG €ENG:
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if ((L(P,)NL(P))NL(P)NL(P))
U(L(P)) NL(P,) N L(Ps) N L(FPy))
U(L(P,) N L(P;) N L(P;) N L(P,))

UL(P) NL(P,) N L(P,) N L(P,)) (2.18)
b(x, y)=1;

else
b(x, y)=0;

H texvikr auTth ptropei va e€ayel xapaktripes atmmd BopuBwdeg TepIBAAAOV Opwg eCapTdaTal
atrd 10 TTAGTOG TWV YPOUHWY TwV XapakTApwy W kai atrd 1o 6pio T 1o otroio TTpéTel va TeBEi
atroé Tov XpnoTn.

ZxAua 2.11. leirovieg oe amméotaocn W atrd 1o pixel (x,y) Katd Tnv géBodo TTpOoCapUOCHEVNG
KaTw@Aiwong 1ou Bacifetal oto TTAGTog W TOU YpAupaToG.

Evromiop6g utrofaépou

H pébBodog rpocappocpévng Katw@Aiwong mmou BagifeTal oTov eVIOTTIONO Tou uTtodBpou
(Gatos 2004) avaTtrTuxbnKe yia TOV EVTOTTIONO TOU KEIYEVOU O€ XAWNAAS TToIOTNTAG I0TOPIKA
Eyypaga. Apxikd, xpnoigotroigital n mpoaéyyion Tou (Niblack 1986) waoTe va yivel pia mpwTn
TIPOCEYYION TWV pixels TToU avAKOUV OTO KEIPEVO-QOVTO. ZuvABWG, Ta TTPayMaTIKA pixels Tou
KeIMEvou gival uttooUvoAo Tou atroteAéopaTog Tou Niblack agoU o Niblack sicayer 66pufo
EVTOTTICOVTAG TAUTOXPOVA OAEG TIG TTEPIOXEG KEINEVOU. ETN OUVEXEIQ, UTTOAOYICETAl N ETTIPAVEIX
Tou UuTToRABpou TNG €IKOvag KAVOVTaG XPrion TNG TTAPEUPROANG yia TOV EVIOTTIONO TwV
QWTEIVOTATWY TWV pixels TTou €Xouv eVTOTTIOTEI KATA TO TTPWTO OTAdIO. 2TO TeEAIKO OTAdIO,
TIPOYUATOTTOIEITAI N TEAIKN) KATW@AiwWON ouvdudlovTag Tnv EVTOTTIOMEVN ETTIPAVEIA TOU
utToBdBpou TNG €IKOVOG PE TNV apXIKh €IKkova. O1 TTepIoXEG KelNévou evToTTiCovTal av n
amdéoTacn TNG QWTEIVOTNTAG TNG APXIKNG €IKOvVAg oTTd TNV avTioToIiXn QwTevoéTNTA TNG
EMPAvEING Tou uTToRABpou Eetrepvdel KATTOIO KOTW@PAL. To Katw@Al autd TrpooapudleTal
avaloya Je TIG TINEG TNG ETTIPAVEIAG TOU UTTORABPOU WAOTE va YiVETAI EVTOTTIONOG TOU KEIPNEVOU
OKOMO KAl 0€ OPKETA OKOTEIVEG TTEPIOXES. AVAAUTIKA Ta d1Id@opa oTAdIO £XOUV WG €EAG:

216810 1. ApxIKA €KTiunon Tou Kkelpévou: EmeEepyaldduacte Tnv apxikA €ikéva /(x,y) woTe va
TTapayoupe TNV duadikr €ikova N(x,y) oluyewva pe tnv TTpooéyyion Tou (Niblack 1986). H
€IKOVA auTh €xEl 1 YIO TIG EKTINWHEVEG TTEPIOXEG KEIMEVOU (OXNMa 2.12).
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/ Gay de acnbe
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ZxApa 2.12. MNMpoocapuoopévn KAaTw@Aiwon XpnoIoTrolwvTag TV Tpooéyyion Tou Niblack.
(a) Apxikn €ikova. (B) EKTIMWPEVES TTEPIOXEG KEIUEVOU.

2165810 2. Mpoofyyion Tng em@Aaveiag Tou umiofdBpou: 10 OTAdI0 auTtd uTToAoyifoupE
TIPOCEYYIOTIKA TNV €m@Aveia Tou uttopdBpou B(x,y) Tng eikévag. Ta onueia NG apxIikAg
€IKOvVag I(x,y) avikouv oTnv em@aveia Tou uttofdbpou B(x,y) JOVO av Ta AvTioToIXa onueEia
NG €Ikévag N(X,y) TNG APXIKNG EKTIUNONG TOU KEINEVOU €XOUV PNOEVIKES TIUEG. Ta uttéAoITTa
onueia Tng em@aveiag B(x,y) utroAoyiovtal ye TTapePBoAn atmd T1a yermrovikd toug. O TUTTOG
UTTOAOYIGHOU TNG B(X,y) £Xel WG €EAG:

I(x,y) if N(x,y)=0
X+dx  y+dy
Bleyy=1 2 2UGEHA=NGN) if nxy)=1 2.19)
i=x—dx j=y-dy :
X+dx  y+dy
D (1=NG,))
i=x—dx j=y-dy

To mapd&Bupo dx x dy TTOU XPNOIPOTIOIEITAl yIa TNV TTAPEPPBOAN opieTal WOTE va KAAUTITEI
TOUAGXIOTOV BUO XOPOKTAPEG Tou eyypdgou. 'Eva tapddeiyuya tou TTpocdiopioyol Tng
em@aveiag Tou uttoBdbpou dideTal aTo oxua 2.13.

214810 3. TeAikA KATW@AIWON: 2TO OTAdIO AUTO TTPAYHUATOTTIOIOUME TNV TEAIK KATW@QAiwon
ouvduddovtag TNV utToAoyiouévn emiQaveia B pe Tnv apxikh eikéva . O1 TTEPIOXES KEIPEVOU
evrotriCovtal av n amoéoTacn TNG apxIKAG €IKOVAG a1rd TNV EmMQAveia Tou uttofdBpou eival
MeyoAUuTePN atTd £va KaTw®AI d. MpoTeiveral 6Ti n TP Tou KaTw@AIoU d va aAAGdel avaAoya e
TNV avtioToixn TINA Tng em@dveiag B €101 woTe va diacwdetal n TAnpo@opia Tou KeEINEVOU
AKOUO KOl O€ TTEPIOXEG ME TTOAU okoUpo uTtoRabpo. MNa Tov AGyo autd TTpoTeiveTal N TIA TOU
KAaTw@AIOU d va TTaipvel JIKPOTEPES TIMEG OTIG TTIO OKOUPEG TTEPIOXEG. H TEAIKN duadikr) eiIkdva
T didetal atrd Tov TTapakdTw TUTTO:

T (xy)= 1, if B(x,y)—1I(x,y)>d(B(x,y) (2.20)
Y 0, otherwise

‘Eva Tuttiké 1I0TOYpappa IKOvVag eyypdeou (oxfiua 2.14) éxel dU0 KOPUQPEG, Hia yia TO KEIPEVO
Kal hia yia 1o uttéfabpo. H péon ammdéotaon & avapeoa OTIG TTEPIOXEG KEIUEVOU Kal QOVTOU
MTTOPEI Va uTToAOYIOTEN OTTO TOV TTAPAKATW TUTTO:

D By~ 1(x,)

P (2.21)

DD Ny
x y
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(a) ()

ZxApa 2.13. YmoAoyiopog Tng em@dveiag Tou uttofdabpou. (a) Apxikn €ikova. (B) H
UTTOAOYIGHEVN ETTIQAVEIQ TOU UTTORABPOU TNG €IKOVAG.

A
v

text background

Kouanbazq

Gray value

®B)

TxAua 2.14. loTéypauua €IKOvag eyypagou. (a) ApxIkr €ikova. (B) loTéypappa oTabuwy Tou
YKPI.

MNa T1g ouvnBIOUEVEG TIEPITITWOEIG EIKOVWY  EYYPAPWY HE  OMOIOPOPPN  QWTEIVOTATA
uTToPBdaBpou, To eAAXIOTO KATWOAI d peTalu Twv pixels keipévou kal uTToBaBpou PTTopei va
oploTei he emTUXia oav g-0 6TTou g PETABANTA Kovtd ato 0.8 n otroia BonBdel Tnv didowan
TOU OUVOAIKOU CWHATOG TWV XOPOKTApwY WoTe va €xouue BEATIoTa OCR atmoteAéopata
(Seeger 2001). ZTnv TrepITITWON TwWV TTAANWY €YYPAQWY ME XAPNAR TTOIOTATA KOl WN
OMOIOUOP®N KATAVOUR QWTEIVOTNTAG BEAOUUE va EXOUUE PIKPOTEPN TIKM YIA TO KATWAI d yia
TIG TTI0 OKOUPEG TTEPIOXEG UTTORABPOU aou eival ouvnBICPEVN TTEPITITWAON O€ TETOIEG EIKOVEG
va €XOUME KEIUEVO O€ OKOUPEG TTEPIOXEG UTTORGBpou OTTou N dIaopd OTNV PWTEIVOTNTA
METAEU Kelpévou kal uttoRdBpou cival piIkpR. MNa va To TTETUXOUPE auTd, TTPWTA UTTOAOYICOUUE
TNV MéON TIMA b Twv onueiwv TnG €m@Aveiag Tou UTToRdBpou B TTOU avTIoTOIXOUV OTIG
TTEPIOXES KEINEVOU TNG €IKOVAG N :

D> By 1= N(x, )

Xy
D> (=N, »)
x oy

b= 2.22)
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AuTé TTOU BéAOUE va TTETUXOUWE €ival TO KATW@AI va €ival TTEPITTOU ico PE -0 6TaV N TIUA TOU
uTtoRdaBpou givar peydAn (Trepitrou peyaAuTtepn atrd Tnv yéon TR uttofAaBpou b) kai TTeEpiTTou
io0 PE p2-q-6 OTAV N TIPAR Tou UTTORABPOU gival PIKPR (TTEPITTOU PIKPATEPN ATTO PIKPATEPO aTTO
prb ) ye p;,p, €[0,1]. Ta va eEopoiwbooupe TNV EMOUPUNT CUUTTEPIPOPA TOU KATWPAIOU,
XPNOIUOTTOIOUUE TNV TTAPOKATW AOyapIOuIKr Olyhoeid) cuvdptnan n oTroia TTapouciadel Tnv
€MMOUNPNTH OPIOKK CUUTTEPIPOPA VIO PEYAAEG Kal PIKPES TIMEG TOUu UTTOREOpOU (oxrua 2.15):

1-p5) 2.23
d(B(x.y) = 45 2 +py &2

b(l_Pl) (I_Pl)

Metd atrd TreIpauaTIKG ATTOTEAECUATA, YIO TNV TIEPITITWON XAMNANG TTOIOTNTOG I0TOPIKWV
eyypaowyv, TTpoTeivovTal ol TTapakdTw mrapduetpol: g = 0.6, p; = 0.5, p, = 0.8.

d

q5 84k - s

52+ /

48+ / 1
46 / 4

a4+ 1
paqd  f——

42 C L L L L
0 50 100 150 200 250

xAua 2.15. H ouvdptnon d(B(x,y)).

2710 oxAua 2.16 @aivovTal Ta CUYKPITIKA atroTeAéopaTa OUAdIKNG PETATPOTING YIa EIKOVA
XOUNAAG TTOIOTNTOG  XPNOIYOTIOIDVTAG Mia pEBodo KaBoAIKhG Katw@Aiwong (Otsu), TIg
TIPOCAPUOCTIKEG HEBOOOUG pe Xprion TmapaBupou (Niblack, Sauvola) kar Tnv péBodo TTou
BaoileTal oTOV EVTOTTIONO TOU UTTORABPOU.
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Zxﬁ!Ja 2.16. A'ITO:I'E)\éO'UGTG,5U05IKI”']§ MeTaTPOTIAG. () ApxIKN ikéva. (B) Me xprion Tng
psQoéou KGGO)\’IKI’]Q katw@Aiwang (Otsu). (y) Me xprion tng pebddou Tou Niblack. (8) Me
xpnon me peEBSSou Tou Sauvola. (€) Me xprion Tng pebddou TTou BaagieTal OTOV EVTOTTIOUO
Tou uTToRd&BpOoU.

ATroTtipnon Mg@odoAoyiwv Auadikng MeTaTpoTrig

H aﬂo’n’pncn Twv peBodoAoyiwv dUAdIKNG PETATPOTING CuvhBwG PaaifeTal aTnv olykpion NG
10aviKAG aoTrpduaupng €IKOvag pe 1o duadikd atrotéAeoua. H 1daviki aotrpduaupn €ikova
(Gr,ound Truth - GT) mapdyetal pe pia nuiautoparn diadikaoia n otroia PacifeTal oTnv
BonBeia Tou xprioTn (Ntirogiannis 2008). Katapyrv yivetal eviomouog Twv True Positive
(TP), False' Positive (FP) ka1 False Negative (FN) oToixeloonueiwv Kai oTn Guvéxela yiveral
uttoAoyIiopog TG PETPIKAG TNG AvakTnong (Recall) kai Tng Akpifeiag (Precision).

‘Eva gTlealooanio kataypdgetar wg True Positive (TP) av eivai ON kai oTnv 18aVIKNA
aompéuaupn eikéva (GT) kal oTo ammoTéAeopa TNG OUAdIKAG PETATPOTING.

‘Eva oToixeloonueio kataypdgetal wg False Positive (FP) av gival ON pévo oto atrotéAeopa
NG SUAdIKAG UETATPOTTNG.
‘Eva qT0|x£|oor]p£|'o kataypdgetal wg False Negative (FN) av givar ON pyévo otnv 18avikn
aotpéuaupn eikéva (GT).

Av Cqp eivou’o aipBuog Twv TP aToixeloonueiwv, Cep 0 apiBuog Twv FP aToixeloonueiwv Kai
Ckn 0 apiBuég Twv FN aToixeioonueiwv, n Avaktnon (RC) kai n AkpiBeia (PR) utroAoyi¢ovtai

wg €§NG:

RC = Cp/(Cen+Crp)

(2.24)
PR = C1p/(Crpt+Crp)
Mia ouvoNikA peTpikn gival To F-Measure (FM) n otroia utroAoyileTal wg €€AG:
FM = (2xRCxPR / (RC+PR)) x 100 % (2.25)
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Mapdderyua:

Ground Truth

Binarization Bezult

Evaluation Reult

ch=27y ch= 11, CFN= 8, RC = 77, PR = 71, FM=73.9%
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