AbcTpakT

IIpeno3HaBameTO NMPUMEPOIIM KaKO He O HHTEIMIeHTHOTO O[HECYBakhe € €JIeH OJ I'NIAaBHHTE
npeauM3BHIM BO objlacTa Ha MalMHckata MHTenMrenudja. Oraa TeMa obOpaboryBa Hekou
MpobyieMH 1ITO ce 3aelHMYKH 3a CHTE CHCTEMH HaMEHETH 3a Ipero3HaBame pakomuc. Cure
METO/H He Ce MPHUKJIAIHH 3a Mperno3HaBawe CTapH KUPUIICKH BYKBH. 3aToa, OBfie € MpeioKeHa
cnelM@pryYHa MeTodosoryja. BeyluiHocT, npeaoeHW ce JBa paz/iMYHH KiIacHOHKATOPH H

HanpaBeHH cCe€ EeKCIIEPUMEHTH Ha JHTHTalM3HpaHH TNPHMEPOLH O OPHIHHATHH HMCTOPHCKH
MaHYCKPHUIITH.

CuctemuTe 3a nperno3HaBakbe OYKBH OOMYHO COApKAT NeT MOMIYJH: MpeTIpoLecHpaibe,
CErMEeHTallH)a, U3/1BOJyBame Ha obenexja, knacudHKalyja H rocTnpolecupame. Tyka, HajMHOry
€ NOCBETEHO BHUMaHHE Ha HM3[BOJyBameTO obenexja v kiacudukauujata. bu 6uno muory
KOPHUCHO /1a ce BKJIYYM M NpeTnpoLecHpare, 3aToa LITO PAKOIMHCHTE Ce CTapH, BalKaHH, CO JIOLI
KBATMTET, HO OBaa IpobsieMaTHKa € pasriie/lyBaHa Kaj JpYrd aBTOpPH M MOXeE Ja ce BKJIYYM
ponoyiHuTenHo. OBae e npeokeHa OpuruHaiHa codTeepcka arTMKaliHja.

On Ourmanata Ha 3HaKoT-OykBa ce u3aBojyBaar 23 obenexja. OBue obenexja ce Mery

CTATUCTHYKWTE M CTPYKTYPHUTE WIM MHCIHUPHPAHH O HHUB KPEHpPaHH CE€ HOBH, COINCTBEHH
obenexja.

H3neojysamweTo obelieskja € HarpaBeHO OJ] OPMTMHAJIHM PAKONMCH KOM JAaTHpAaaT BO HAjrojiem
Opo) momery 12-tu u 15-tn Bek. OBa € BO MOXKHO 1a Ce Hamp B O J NP WHHH 1ITO BO JOJT
MCTOPHCKH TNEPHOJ] CTHIIOT Ha 3HaKOBHMTe rpademMu - OYKBH HE MpeTprell ApaMaTHYHH CTHICKU
npoMeHH. llpenycnoe e camo paxkonucor jga Ouae HamMinaH co YCTaBHO NHCcMO. YCTaBHOTO
MUCMO TMOTCETYBA HA MeYaTeH TEKCT M O] HEro IOJIECHO MOJKAT J1a Ce M3JIB0OJaT KOHTYPHH JIMHHH.

Co komMbuHLM)a Ha WJEM NPOHAjJAEHU BO JIMTepaTypaTa, OB/ ce NpeaoXKeHH HOBH obenexja u
aHaJI3u HapedyeHW “aHalM3H Ha Jamku'. PamkaTa 1ITo MOXKe Ja ce omuiie okony GykeaTa ce
MpeceKyRa Co [Ba XOPH30HTAIHHU M JIBa BEPTUKaIHU Npeceuu. Ha To] HaumH ce dopmupaar aeset
CErMEeHTH WM KBaJpaHTH KOH MOKAT J1a ce rpynypaar BO: ropHa, cpeaHa, /10JIHa 30Ha WJIH: JieBa,
LIEHTpaJlHa, JIeCHA 30Ha.

PedepeHTHHOT 3HaK-OyKkBa (IMPOTOTHITOT) ce 100MBA 0] OBEKE CY4ajHO H3OpaHH NPUMEPOLIM 01
OPHUIrHHAJIHO HanuuaHu OykBH. CTaTHCTHYKMUTE NMOJATOLUM KOHBEPTHPAHH BO rpaduuky 3armc
laBaaT C/MKOBHUT Mperjel WTo Moxe jJa Ouae npudareHo Kako pedepeHTeH 3HaK-OykBa.
Hexkoraur e Toa knacuyeH npecek Wi (asu npecek, Ho Noa0bpo e KJIacHYHATA YHMja WIM da3u
VHM]aTa J1a aaaat gobap pesyirar.

HanpaseHnu ce TacTOBHM 3a rojaBaTta Ha ojie/HUTe obenexja BO cekoja 3Hak-Oyksa. M3paborenu
ce ABa KiacH(pukaTopH: pBo Ha omryuyyeame U Pa3u xiacudukarop.

Ha expan moxaT Ooa ce crnopelaT CTAaTHCTHMYKHMTE M rpadQHuKMTe MOAATOLM 3a Aa ce J00He
NpeTcTaBa 3a pa3ujayBaleTo NoMely XyMaHaTa U MalllMHcKaTa Bu3Hja. [IpuMeHyBajKku ru u aparta
KJIacH(HUKaTOpHU HCTOBPEMEHO MCTO TaKa, MOXKAT Ja Ce CIIopeJaT H pe3yNITaTHTe J0OMEHH O]l HUB.

bes ornea wTo MCKyCTBOTO MOKaXkyBa JleKa 3a BpeMe Ha NpOLECOT Ha IpPerno3HaBamhe 3a HeKOU
OYKBH WIIM APBOTO Ha OAMydyBame WIM (pasu kiacuuKaTopoT AaBaT NoJoOpH pe3yNTaTH,
CEBKYITHHTE Pe3yJITaTH 3a LienaTa a3byka ce pe4yucH eIHaKRBH.

Pesynratute on HanmpaBeHWTe eKCNIEPUMEHTH HE Ce MHOTY BHMCOKH, HO ce npudarivBH M
0XpabpyBaykH 3a HaTaMoOLIHA paboTa co LeJT MOCTUTHYBakb€e [10roJieMa MPELU3HOCT U TOYHOCT BO
MPEI03HaBakeTO Ha LIPKOBHOCIOBEHCKHTE OYKBH.

Kayunu 36opou: U3nsojyBame obenexja, knacudukaTopH, IpEO Ha OMTYYYBamhe, TEXHHKH Ha
HE)aCHO OJUTYUyBam:€, NIPENo3HaBame PaKoUCHH OYKBH.




Abstract

Pattern recognition as a part of intelligent behavior is one of the main challenges of the
machine intelligence area. This theme deals with some problems common to each
Handwritten Character Recognition System. Not all methods are suitable for recognition
of Old Cyrillic Letters. So, a specific methodology is proposed here. In fact, two different
classifiers are proposed and some experiments are made on digitalized original historical
documents.

Character Recognition Systems usually have five modules: pre-processing, segmentation,
feature extraction, classification and post-processing. The attention here 1s put on the
features extraction and classification. Pre-processing would be very useful to include,
because the manuscripts are old, dirty, with poor quality, but this topic is elaborated by
others authors and could be included additionally. Here, original software application 1s
proposed.

From the character bitmap 23 features are extracted. These features are among statistical
and structural ones, or were inspired by them and created as new own features.

Feature extraction was made from the original manuscripts dating mostly between 12"
and 15" century. It is possible to do this, because in such a long historical period the style
of letter graphemes have not been affected by style changes. The precondition 1s that
manuscripts have to be written in Constitutional script. This Script looks like printed text,
so that contour lines can be easily extracted.

Combining the ideas found in the literature new features and analyses call ‘spot analyze’
are used. Bounding box of the character image is cut with two horizontal and two vertical
cuts. In that way nine segments or quadrants are combined in: upper zone, middle zone,
low zone or: left, central and right zone.

Referent characters (prototypes) are obtained from many randomly chosen examples of
the original characters. Their statistical characteristics, converted in graphical data, are
giving a view what is acceptable as a referent prototype. Sometimes it 1s a crisp
intersection or fuzzy intersection, but it is better if crisp or fuzzy union gives good results.

The appearance of each feature in every character is tested. Two classifiers are designed:
Decision Tree and Fuzzy Classifier.

On the screen, the statistical and graphical data can be compared to get a sense
concerning the incompatibility between the human and machine vision. By applying these
two classifiers in the same time (simultaneously) the obtained results can also be
compared.

Nevertheless, the experience shows that even through the recognition process for some
characters either Decision Tree or Fuzzy classifier are giving better results, the overall
results in the total set of characters are almost equal.

The results of the particular experiments are not of very high score, but are acceptable and
encouraging for future work so as to achieve more accurate and precise Old Slavic
Cyrillic Letters recognition.

Key words: Feature extraction, Classifiers, Decision Tree, Fuzzy Decision Techniques,
Handwritten Character Recognition
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