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Pe3rome: 6 Oaniti nyonikayii onucyromscs pe3yribmamu MoOent08aHHs 3HAHb 3 KOZHIMUBHOI NCUXOA02I NPO NepeuHHy
00pobKy iHgopmayii 6 30posiil cucmemi 0Jis1 AHALIZY 300PA’CEHHS 3 MEMOI0 8U3HAYeHHs elemenmie mexkcmy. Obpobka
300padiCeHHsl HA PiBHI KIIMUH NEPEUHHOT 30p08OI KOpuU opManizoeana 3a 00NOMO20H HEUIMKUX MHONCUH.

KuarouoBi cioBa: 3o0posa cucmema, KiimuHu nepeUHHOi 30p06oi KOpu, OPIEHMAYIUHI KOLOHKU, 300padiCenHs, paoKu

Jaimepu.

BCTYN

VY ramy3i WTy4HOro iHTEJNEKTY aKTyaJlbHUM
3aBJAHHSAM 3QIUIIAETHCA IPOEKTYBaHHSA CHCTEM
aBTOMAaTu4HOI 00poOKM rpadivnoi iHdopMmarii.
OnHUM 3 HampsIMKIB 3aCTOCYBaHHSI TaKUX CHCTEM €
po3mi3HaBaHHS TeKCTy. Bwupimenns el 3amgadi
aKTyaJIbHO TIPH IEPETBOPCHHI IAIIEPOBUX CXEM,
KpecJieHb Ta IHIIMX JOKYMEHTIB B iX €JNEKTPOHHUI
ekBiBaJicHT. Ha CHLOTrOmHIMMHINA IEHB BXE € TOCBIJ
pO3pO0KM METOMIB PO3Mi3HABAHHSI JPYKOBAHHX
CHUMBOJIIB 13  3aCTOCYBaHHSM  PI3HOTO  BHIY
knacugikatopiB, HeHpoHHuUX Mepex [1-2]. Ane
obcsr nudposoi rpadiaHOi iHpopmarrii
301IBLIYETHCS, 3MIHIOIOTHCSI YMOBH PO3Mi3HABAHHS, 1
BiJl Cy4acHMX CHCTEM HOTpPiOHO OiNbII TIIMOOKUiA
iHTenekTyansHuil  aHamiz. Tomy mias  oOpoOku
300paskeHHS JOCITI XY €ThCS MOKJIUBICTh
3aCTOCYBaHHS 3HaHb MPO OyIOBY 30pPOBOi CHCTEMH
Ta TpollecH, IO BimOyBatoTbes B Hel [3-5].
CrnpuiiHATTS 30pOBOI Ta 3BYKOBOi iHGopmalii, a
TaKOXX TPOIIECH MHCIEHHS 1 TaM ATi OIUCYE
KOTHITHBHA TICUXOJIOTIsA [6-7].

i 3HaHHA [aOTh MOXIIMBICTH MOJEIIOBATH
CTIIPUIHATTS OKa JIOJUHHM 1 32CTOCOBYBATH OTpUMaHi
Moiei st 00poOKH 300paKECHHSI.

VY naHii cTarTi PO3MIANAIOTH BUKOPHCTaHHS
KOTHITUBHUX MOJCIIeH, 30KpeMa MOJIEITi
TaHITO3HUX KIITHH Ta MOJENi KIITHH TNEepBHHHOI
30pOBOi KOpPH [UIA BUPILICHHS 3a/adi BU3HAYCHHS
€JIEMEHTIB TEKCTy Ha 300pakeHHI.

1. NTOCTAHOBKA 3AAUI

Hexait € 300pakeHHA 3 TEKCTOM B Tpajarisx

ciporo 8 6it. Tekct 3BU4aiiHO HOPMYETHCS 3 PSJIKIB,
a pSAOKH, B CBOIO Yepry, CKIaJaloThes 3 CiliB. ToMy
CIIOYATKY HeOoOXiIHO BU3HAYUTHU Micie
po3TalryBaHHS TependadyBaHUX — PSAOKIB,  maii
pO30UTH PSIKKA HAa MOXIHUBI CIIOBA, a KIHIICBUM
€TaroM BUKOHATH BHIiNEHHs OykB. Po3ramryBaHHS
pAOKIB Ha 300paKeHHI MOMUIMBO HE TUIBKH
TOpPU30HTaNbHE, a Mg Oyap-sIKuM KyToM. Kpim
OBOTO HEBiiOMHH po3Mip OYKB TEKCTy, TOOTO
BHCOTA PSAKIB. Y 3B 3Ky 3 MM, TOYATKOBHH aHANI3
300paKeHHSI CHPSAMOBAaHMHM Ha BHU3HAYCHHS KyTa
HaXwWly 1 BUCOTH PSAKIB TeKCTy. [licns Bu3HaUeHHS
LUX napameTpis nependavyBaHUM PsIOK
PO3TAIIOBYEMO  TOPH30HTAJbHO 1  BHUKOHYEMO
MOJATBINUE aHaTi3.

Jdns  nmociikeHHS  300pakeHHsT  BHKOPHC-
TOBYBaTH HEYITKY MOJENb KIITUH IEPBHHHOI
30pOBOi KOpH.

KorniTuBHi 3HaHHA

Sxmo KUHYTH HOODKHUMI TOTJIS Ha
300pakeHHs, He (IKCyroUMm HOTO Ha ACTalsAX, TO
BinOyBaeTbCs  CHPUMHATTS  HAHOLIBII — MPOCTHX
(YKpyTHEHUX) MaTTepHIB. Y PO3MIISAHYTIH 3amadi 1e
OyayTh PSIKH TEKCTY, A€ PAAKH — L€ YePryIOThCS
CMYrH OJHOTO HampsMKy 1 TpHONH3HO OJHi€]
mupuHU. Tak BigOyBaeThCs, SKIIO 300paskeHHS
noTparuiie B 00nacTb mepudepuuHoro 30py, a
TaKOX, SKIIO JMBHUTUCS Ha 300pakKeHHs IOOIKHO
abo 3paneky. Ilicns mpoemtoBanHs 300pa)KeHHSI Ha
CiTYaTKy B Hill BiIOYBaIOTHCS TaKi IPOIIECH:

1) Ilepmmumu o0pa3 Ha ciT4aTIi OOPOOISIIOTH
¢doTropenenTOpy NATUYKKA 1 KOJNOOUKH, SIKi uepes
NPOMDKHI OIMONAPHI KIIITHMHU aKTUBI3yIOTh MEBHI
pElenTUBHI TOJIS TaHTIO3HUX KIITHH. PO3pi3HSIIOTH
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TaHIIIO3Hl KITUHA [OBOX THIB: “ON” KITHHH
AKTHBI3YIOTHCS, KOJH CBITJIO MOTPAILISIE HA JCSIKHNA
YyTJIMBUI LIEHTp, 1 HE PearyloTh, KOJIH CBITJIO MaJa€
Ha 00JIaCTh HABKOJIO IIBOTO LEHTpY; KiituHU “OFF”
TUIy pearyloTh HaBMakd. ToMy I KIITHHHA e
Ha3WBaKOTh peneliHuMu [6-7]. besnmiy akTHBHHX
TaHTITO3HAX KIITHH YTBOPIOE Tepuly “mpoexiito”
300paKeHHS.

2) Haxi, OUIBIIICTh aKCOHIB TaHTIIIO3HUX KIITHH
YTBOPIOIOTH  CIHANTHYHI 3B’SI3KM 3  KIITHHAMU
JaTepaTLHOTO KOJIIHYACTOTO Tija (JIKT),
PELENTHBHI TMOJISl AKUX Iy’KE CXOXKi Ha pelenTHBHI
MOJIE  TaHTJIO3HMX  KIITHH  CITYaTKU: MaloTh
LEHTpalbHI “30HM BKJIIOYEHHs 1 mepudepiiini
“30HM BUKIIOUYCHHS YW HaBMaku. KpiM 1600
kiiTuay JIKT Biapi3HSIOTBCS po3MipamMu i JiNAThCS
Ha biy:1 Tpymu: MAPBOIEILTIOISIPHI i
MarHOTEIUTIONAPHI KITITHHH.

3) B JIKT mnepia “mpoekitis’” 300pakeHHsS CTae
nynscytouoro [8]. Binpasy x micns cakkamu' B JIKT
(hopMyeThCST pETHHOTOTIYHA KapTa, KA MepeaacTbCs
B TICpBUHHY 30pOBY Kopy. [liamerp peunenTHBHUX
TOJIiB 3MEHIITYEThCS, 1 HA OCHOBI HHOTO (JOPMYIOTHCS
HOBI peTHHOTOMIYHI KapTth. /{0 yeproBoro crpubka
30pOoBa Kopa mnepepobiiste gani, orpumani 3 JIKT.

4) Jns 30ymKeHHS KIITHUH 30pOBOI  KOpH
OTPiOHO OLIBIII TOHKHUN MeXaHi3M, 110
BiIOOpaXKa€eThCsI HA aHATOMIYHHX OCOOJIMBOCTSX
caMMX KJITHH 1 Ha CHUTHajaX, K HEOOXIgHl s 1X
30y/KeHHS. ICHye JeKiiabKa THUIMIB IUX KIIITHH:
npocmi KIITHHU PpearyloTh TIIBKH Ha JIiHINAHI
CeTMEHTH, OpI€HTOBaHI TEBHUM YHHOM; CKIAOHI
KIITHHU BUMAaraloTb pyXy B IHEBHOMY HaNpsMKY;
2inepcknadHi KIITHUHU BUMArarTh, MO0 CTUMYIIH,
IO MOTPAIUIAIOTh y CEPEeNUHy iX PpELeNnTHBHUX
noJiB, Oynu meBHOT TOBKUHH. OKpiM, IIBOTO BiZJOMO
[7,9], mo xmiTHHW, SKi pearylTh Ha OJHY
opieHTaIli0, (OpPMYyIOTh, COO0I0 KOJIOHKY 30pOBOI
kopu (puc. 1). Tlpm mbOMy pEUENTUBHI OIS
OpWIErNInX KIITHH MaloTh 1HIII  Opi€HTaUiiHi
yHoJ00aHHs, SIKi 3MIHIOIOTHCS TIOCTYIIOBO. TakuMm
YUHOM, cepejl O0e3iivi OpieHTAIlifHUX KOJIOHOK, Ha
PSAAKM TEKCTY HAMOINbII akTHBHO MPOSBUTH cede
omHa KoJoHKa (abo Tpyma CyMDKHHX) TI€BHOI
opieHTarii. B mpoMy BUTIaAKy MHOXHHA KIIITHH ITi€]
KOJIOHKH OyJe BIAMOBIigaTH, B 3aJEKHOCTI BiJ
JOBXHHH, a00 PSAKY TEKCTy, a00 BKe KOHKPETHOMY
cnoBy. Tomi KyT Haxwiy psAnkiB Oyne BiamoBigaTH
KyTy 00paHOi KOJIOHKH, a BUCOTa psijiKa — po3Mipam
SIApa KITITHHH.

dopManbHU ONMMC MOJIENI TaHTIIO3HHUX KIITHH
Ta MOXJIHUBICTb il 3aCTOCYBaHHS  JOKJIaJTHO
posrisiHyro B [9]. B nmamiit  myOumikamii  Bxke

! pyXu oueii, sIKi mepeBoATh TOUKY (ikcarii 3 oHiel
JUISTHKY 300pakKeHHsI Ha 1HIIUH, Ta BAKOPUCTOBYIOTHCS
TIepEeBaYKHO JUIsl OOCTEKEHHS Ta BUBYEHHSI 11OJIS 30py

pO3TIIAMAETRCA  3aCTOCYBaHHS  MOJEN  KIITHH

IIEPBUHHOI 30pOBOI KOPH.

2. MOAENb KNITUH NEPBUHHOI
30POBOI KOPU

OCKIUTBKH T aKTHBi3amii KIIITOK ITHOTO PIiBHS
HeoOXimHa aKTHUBHICTh Tpynu CYMIXKHUX
TaHTTIO3HUX KITOK [8], TO BBEAEMO IOHATTS
nerektopa. CYKyIHICTh CYMIKHUX KITITOK ITOKa3aHa
Ha puc. 1.

B

X

Puc. 1 — CykynHicTb CyMiZKHUX KJIITHH

Toni Mmozaens nerexropa 1e Bupas (1):

D* =< K" a,0,0",6(D*)>, (1)

e Ka,r =< Ka,r+2Rk’Ka,r+4Rk .“Ka,r+/f*-2Rk > -

o — KyT opienrarii Big 0° go 175°

O — HMMpuHa JCTCKTOPA, 10 BU3HAYAETHCA (0= Rk,
*

KiIbKiCTIO KiTiThH cyMikaux, K“", ane ne menm 4;
o(D%) - dyukuis
JIETEKTOpa, 00YHCITIOETHCS 3a hopmyoro (2):

JOBXHMHA JETCKTOpa, MO0 BHU3HAYAETHCA

BIIEBHEHOCTI  HAsIBHOCTI

0, sKmo Hy(Ki):O
1 iel...l (2)
- > u(K,), mamo [ u(K;)>0

l iel..t" iel..0"

S(D”) =

e ,u(K i) Jie O0UMCITIOETRCS 3a hopMynamu [9].
Ha ognomMy mpoBeneHOMy TpoMiHI MOXe OyTH
KiJIbKa JaeTekTopiB. Hexail KimTbKiCTh UX JETEKTOPIB
Oyne paBHO M, . Toxi MHOXKMHA BCiX JIETEKTODIB
[24 [24 .
oyne D" ={D]}, jel...n
Bupaszom (1).
Ha oCHOBI MOHATTS IE€TEKTOPA OIMMIIEMO MOJIETb
PI3HHUX BHIIB KJIITHH 30pOBOi KOPH.

Tak, npocta KiaituHa S% 10 pearye TiIbKH Ha
MIEBHY OPi€HTALiI0, ONHUCY€ETHCS BUpa3oM (3):

10 BHU3HAYAaIOTHCsS

o’

S=<K"",a,0,0,6(S") >, (3)
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ne 0> 0" a 5(5%) = min {5(D})}

CknamHi  KIITHHU  PO3TIISTHYTI  HE  OYyIyTh,
OCKIJIbKM BOHH pearyroTh Ha pyX, a B AaHid poOoTi
pO3MIISIIAETHCST 00poOKa CTATHIHOTO 300paKeHHS.

lNnepcknanHi KIITHHA 30pOBOi KOPH, TAKOXK SIK 1
OpoCTi, YyTAMBI 1O HampsMKy CHTHaly, aje
CYTTEBOI iX OCOONUBICTIO € peakilii Ha IEeBHY

. . a,l
nosxuny . Tomy rinepcknamsa kiituaa G
MOJKe OyTH omrcaHa BUpa3oM (4):

G =<K, a,0,0,6(G"")>, 4

ne 5(G*")=8(DY).
B omHoMy HampsMKy o TIHEpCKIATHUX KITITHH

ONIHIET NTOBXXWHU MOXe OYTH KITBKICTh M, Toml
MHOJKHHA BCIX TMEPCKIaIHUX KIITHH OyJe OIUCaHO

G*' = {Gj”f}, jel...m,. Ane takox moxe OyTH
0,0y, 0.

rinmepckiajHuX KIITHH, pearyuux Ha
JOBXXHMHH, BUCIIOBIIIOETHCS TaK

JOBXHWHNU TOZ[i MHOXHWHa

IEBHI

Gt :{Gf’[[}, iel...z, jel...m,

Y  migcyMKy ~MOXXHa NOOYyIOyBaTH MOZETb
300paXeHHA y BUTIAAI Oe3didi OpieHTaliOHHHX
KOJIOHOK, JI¢ KOJKHAa KOJIOHKAa OIUCYEThCS BUPA30M

)

C* = {S“4G"}, fa=0510..175 ()

Toxmi Momenb “mpoekmii” 300pa)keHHs, TOOTO
PETHHOTOITIIYHOI KapTH OMHCYETHCS BUPa3oM (6):

M? =<{C™} o, (M")>,  (6)

w?
e 0. — KyT OpieHTamii Bif 0° o
175°

® — MIUPHHA JICTEKTOPA, 1[0 BU3HAYAETHCA M= Rk;
AM®) - oysxuis
HaWOIIBIIOI  KUTBKOCTI  TINEPCIOKHUX  KIIITHH
HaAHOIIBIIOT JOBXKUHH, 00YUCIIOETHCS 32 (HOPMYIIO

(:

BIIEBHEHOCTI HASIBHOCTI

AM?) = [% G+ 2,0 )

e /11 — BeJMYWHA BiOOpa)KeHHS HACKUIBKUA BCi
aKTHBHI peJIefiHI KIITHHH CHOPHSUIM aKTHBi3amii
TINepCIIOKHNX KITITHH;

A, — cepeiHe 3HauCHHs

BIIEBHEHOCTI  BCIX

TiNIepPCIOKHUX KIIITHH HIUPHHOIO (]

* . cee . )
a — Kyt opientarnii Bimx 0 mo 175, oOpaHuii Ha
MHOKHHI opieHTaliinux koaonok C* .

Toni ﬂ“l BU3HAYAETHCA BUPA30M (8):

K®
n

A= (®)

n

©

e N - KUIBKICTh aKTHBHHMX TaHTIIO3HUX KIITHH

K% po3mipom simpa Rk =w

n - KUIBKICTh AKTUBHUX TaHIJIIO3HUX KIITUH 3
posmipom sapa  Rk=w, sxi

. . . /.
rinepcknanui kiitnan {G“7 ),
1

aKTHBI3yBaIn

VY cBoro yepry 12 BU3Ha4aeThes K (9):

1 o (0
LG} g
a ] !

Jie m, — 3arajbHa KilIbKiCTh IiIEpPCKIaAHUX KIITHH

Ed
OJIHOTO HATIPSIMKY, @ KyT (¢ BH3HAYAETHCS 3 BUPA3Y
[ . =max{max{/,}}, ne Busnavaerscs m1s o ix 0
2] a

no 175.
[Ticns BU3HAYEHHS IS KOKHOI PETHHOTOMIYHOI

kaptu M @i g (GyHKIIT BIEBHEHOCTI TOTPIOHO
BUOpaTu KapTy 3 HalOumbIIor yneBHeHicTio. Tomi
KINiTHHE 11i€e] kaptu OyayTh Bignosimat abo
cMmyraM, abo cjoBaM BHCOTOI0 ( MiJ KyTOM O Ha
300paKeHHI.

3. PE3YJNIbTATU AOCHIAXEHHA

PosrisiHeMo TpuKIIan 3acTOCYBaHHS HaBEICHUX
MoJenel 3a JOMOMOrol0 300pakKeHHS PO3MipoM
860x227, sxe HaBOoguThCS Ha puc.2. Ha puc. 3
MIOKa3aHa pPETUHOTOIIYHA KapTa, OTpHUMaHa B
pe3yibTaTi ABTOMAaTHYHOTO BU3HAYEHHS
ONTHMANBHOro Kyta Haxmay o=5" i mmpuan o=12
MiKCeNiB epen0adyyBaHiX PSAAKIB TEKCTY.

HeranpHuii  mpoumec  BHOOpPY — ONTHUMAaJIbHUX
rapaMeTpiB MPUBOIUTHCS B podoTi [10].

OCKIUTBKM MOJICTIOBAHHS KJIITHH TPHB’SI3aHO JI0
MIKCENPHOTO  IOJNII0, TO 3HAIOYH  KOOPIMHATH
pPO3MIIIEHHSI  KJIITHH, MOJKHa JIOKali3yBaTh 1
€JIEMEHTH, AKI BOHM YTBOPIOIOTh, IO MOKAa3aHO Ha
puc. 4.

3aBIOsSKM KIACHYHUM (QOpMyJiaM KOMIT FOTEPHOI
rpadiku  (10) Ta BH3HaUEHOMY KYTy MOXHO
BUKOHATH ITIOBOPOT 300pa’keHH.
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x"=x-cos(a)—y-sin(a) Pesynprar  300pakeHHS ~ MICIS  HOBOPOTY
, . (10)  naBexeno na puc.5.
y'=x-sin(a)+ y-cos(x)
ne (x, y) — mnoyarkoBi, a (x,y') — KiHIeBi
KOOpJIMHATH.
]
, ]
co i
J n:{_:u_u_ng@cumputmgomm e
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i International soumay gy oo 0200
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Puc. 2 — ITouaTkoBe 300pakeHHsI

GS"‘-"’_.’“___--—

Q

Puc. 3 — PeTunoToniyHa KapTa, 0OTPMMAaHA B pPe3y/IbTATi ABTOMATHYHOI0 BU3HAYEHHSI ONTHMAIBHOI0 KyTa
naxmay o=5" i mupuan ©=12 niKceiB MOKJIHBUX PSIKIB TEKCTY.

cor I
J r:‘_u_tmg Weompntin Zonline ne
E W .cnmpl|t1’ngunliue.ne

Puc. 4 — Pe3yabTat jJokagizamii e1eMeHTiB MOKINBHUX CTPOK TEKCTY.
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[Seaaaduear

Puc. 5 — 300pakeHHs micjis MOBOPOTY.

Temep, KOmM OCHOBHI KpYIIHI  €JIEMEHTH
300pakeHHS JIOKaTi30BaHi, MOKHA BUKOHATH OLTBIIT
JNETaJbHUM  aHai3, TOOTO HACTylHA CakKkaja
CTOCYETBCS KOXKHOTO OKPEMOTo eneMeHTy. MoxHa
cripoOyBaTH pO30MTH KOXXHUK 13 €JEMEHTIB Ha
JTEpH, a MOXXHA TOTNEPEJHLO MPOAHATI3yBaTH, UM
Ma€ [eH eNeMEHT XapaKTepHi ISl CIiB OCOOIUBOCTI.
[Tig xapakTepHUME OCOOIHBOCTSIMHU CIIiB MAETHCS Ha
yBa3l HASBHICTb TIOCTIAOBHOCTI BEPTHKAIBHHX
MaTTepHIB, Ta HU3KW Tropu3oHTanbHux [11]. s
uporo Tpeba 3HOBY TMPENCTaBUTH 300paKeHHS 3a

JOIIOMOT00 MOJIENTi KITITUH NMEPBUHHOI 30pOBOT KOPH
TLIBKHM 31 3MEHILICHUM PELIEITUBHUM IIOJIEM.

Ha puc. 6 HaBemeHO TpUKIaJ] HasBHOCTI TaKhX
XapakTepHUX ocoOnmMBOCTEd, a Ha puc. 7 — iX
BimcyTHICTE. Ha puc. 8 mokazanuii HACTYITHUN KPOK
—po30MBKa Ha JITEpH, SIKUH BUKOHYETHCS TEX Ha
OCHOBI Tpe/ACTaBICHHS 300paKeHHs 32 JOMOMOTOI0
KJIITHH NEPBUHHOI 30pOBOi KOpHU. SIK BHIHO 3 puc. 8
B TpPhOX KpalHIX JIBHX e€JIeMEHTax po30MBKa Ha
Jitepu He BHKOHYBajdack. [lomampima oOpoOka ix
TaKOK HE CTOCYEThCS.
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a) moyaTKoBe 300pasKeHHs

—— e — rp— — —_— . — r— — -
- — —— —
" T = — — - - . ™ — . —-—r -
0) rOpU3OHTAJIbHI eJIeMeHTH
B) BEPTHKAJIbHI eJIeMeHTH
Puc. 6 — HasiBHiCTh XapaKkTepHHX I CJ1iB 0c00IMBOCTEH
Sssaasaeer
a) NOYATKOBe 300pakeHHs
—_—— e e ———— e ‘ |
—— — — — P ‘ | |I
0) ropU30HTAJILHI eJIeMeHTH B) BEPTHKAJIbHI eJIeMeHTH
Puc. 7 — BigcyTHicTh XapakTepHHX AJIsl CJ1iB 0CO0IUBOCTENH
(o= | o] W bR ] el R
e [ DONTIUIITIIGES FermoaAl oA b

Puc. 8 — Po30uBka Ha JiTepn

Hani pgng  KoXHOrO 3 OTpUMaHHMX OJIOKIB
HEOOXiTHO BHKOHATH TPOLEAYPYy PO3MIUPEHHS
obmacTi 1A HAAPSAAKOBHUX ab0  MiIPSAKOBUX

CJIEMEHTIB, a TaKOX MpOlenypy OOpi3Kku 3aiBOro
¢ony. Ilicns uporo, OmOK-00BOgKa Oyjae UiTKO
BiJIMOBiIaTH MIMPHUHI 1 BUCOTI CUMBOITY (CHMBOJIIB).
Ha cporomHimiHii JeHb JOCHTH JIOCHIDKEHI I
CHIBBITHOIIICHHS MK BHCOTOI 1 IIMPUHOIO IS
pi3HEX cuMmBONiB Ta mpudrtie. Ha migcrasi 1poro
NpUUMEMO:

1) skmo 1e cmiBBigHOmIeHHs Oinbme 0,85 TO,

MIBHIIIE 3a BCE, 1I€ OAUH CUMBOIL,

2) SKIIO CHiBBiHONICHHS BHUCOTH [0 IIUPHUHU
oinpeine 0,65, ane merme 0,85, To MpUIyCTUMO,
10 I1€ MOXe OYTH OJIMH 13 CHMBOJIIB TII, III, M, K,
10, 200 TpyIa CUMBOJIIB;

3) SKOIO CHIBBIHONIEHHS BUCOTH [0 UIMPUHU
MeHIe abo gopiBHio 0,65, To 1e rpyma
JIEKITbKOX CUMBOJIIB.

3 aHamizy CHMBOJIIB TEpIIOi TPymd MOXKHA
BCTAHOBHTH CEPEIIHE 3HAYCHHS IIUPUHHA CHMBOJIB, 1
BHKOPHCTOBYIOYH IIi JIaHIi YMOBHO pPO30HTH OJOKH
Tpetboi rpynu. KiHneBuil pesynbraT JoKajizarlii
JiTep NMOKa3aHWid Ha puc. 9.
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Puc. 9 — Jlokanizauis Jitep

5. BUCHOBKU

IIpoBeneni JTOCITIJKEHHS T ITBEP TN
MOJJIMBICTh BHKOPHUCTAaHHS 3HaHb MpPO OYIOBY
30pOBOi CHUCTEMH, a caMe HpO MEPBHHHY OOpPOOKY
iHdopMarii Ha piBHI KIITHH 30pOBOi KOpH, IS
00pOOKH  300paKCHHS 3  METOK  BUSIBJIICHHS
CJIEMEHTIB TEKCTy. BukopucTtaHHI po3poOneHoi
MOZeNi KIITHH TePBUHHOI 30pOBOI KOPH HO3BOJISE
TIPEACTABUTH 300paKESHHS JIOKAJII30BAaHOTO CUMBOITY

y  BUIJISAI  MHOXHHH  CIIEMEHTIB, IOJAJIbIIe
IpymyBaHHS SAKUX JIO3BOJIUTH BUKOHATH
IIeHTH(IKAIIIFO.
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INTRODUCTION

In the field of artificial intelligence the challenge
task is recognize text. Today, there is experience in
developing methods of recognizing printed
characters with different kinds of classifiers, neural
networks [1-2]. But the volume of digital image
information is increased the conditions of
recognition are change and modern systems require
a more in-depth intellectual analysis. Therefore for
image processing the possibility of applying
knowledge about the structure of the visual system
and the processes occurring in it is explored [3-5].
The cognitive psychology describes this knowledge
[6-7]. This article discusses the use of cognitive
models, in particular the model ganglion cells and
cell models of primary visual cortex to solve the
identity of the elements of the text in the image.

1. THE PROBLEM

Suppose there is an image with text in 8 bit
grayscale. The location of lines in the image may be
at any angle. In addition, the letter size of the text is
unknown. In this regard, an initial analysis of the
image is intended to define the angle of slope and
height of text lines. After that the line must be
divided into possible words, and then make the
selection of letters.

To investigate the images you need to use fuzzy
model of the image cells of primary visual cortex.

If you glance at the image not fixing it on details,
it will produce the perception of larger patterns. In
this problem it will be a text lines. That is, if the
image falls in the area of peripheral vision. After
projecting the image on retina it is occurred the

following processes:

1) for the first the image is processed by rods and
cones. These rods and cones activate some receptive
fields of ganglion cells through intermediate bipolar
cells [6-7]. A lot of active ganglion cells form the
first “projection” images.

2) next, the majority of ganglion cell axons form
synaptic couplings with cells lateral geniculate
nucleus (LGN). In the result it is an exact repetition
of the retina in LGN, i.e. its retina “map”. The cells
of this level by the structure of buildings are like the
ganglion cells, but also differs by sensitivity and
sizes.

3) In turn, LGN axons transmit signals to the
primary (striate) visual cortex. The cells of visual
cortex respond to specific orientation and the length
of the stimulus. Cells that are responded to the some
location of the stimulus are the orientation column.
Thus it is formulated about 18-20 columns, with a
gradual change in orientation from 0° to 180°.

In that way, the most active column will reflect
the lines of text. A lot of cells of this column are
related to the whole line or the separate words of this
one. The angle of this active column corresponds
with the angle of slope of the text lines. And the size
of the cell nucleus corresponds with the height of the
line.

Formal description of the model ganglion cells
and the possibility of its usage are discussed in detail
in [9]. But in this publication it is considered the
usage of models of primary visual cortex cells.

2. CELL MODEL OF PRIMARY VISUAL
CORTEX

As for the activation of cells at this level must be
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closely related group of ganglion cells [8], for that
we introduce the concept of the detector. The
combination of adjacent cells is shown in Figure 1.
Then the model of the detector, is the expression (1),

Where Ka,r —< Ka,r+2Rk’ Ka,l’+4Rk Ka,r+( -2Rk >;

a — angle of orientation 0° to 175% o — width of the

detector, which is defined w= Rk; - length
detector, which is determined by the number of
adjacent cells K*", but not less 4, 6(D*) - the
confidence function of the detector presence is
calculated by the formula (2), where u(K;) is
calculated by the formula [9].

Set of detectors will be D* ={D{}, jel...n,
Based on the concept of the detector we will
describe a model of different types of cells of the
visual cortex.

Thus, a simple cell S which responds only to a
certain orientation, described by expression (3),

where £ > 0" but&(S%) = min {5(D; )}
jel..n,

The most complicated visual cortex cells, as well
as simple, are sensitive to the direction of the signal.
But their basic characteristic is a reaction to a certain

length £ . Then the most complicated visual cortex
cell G*' can be described by the expression (4),
where 5(G*') = 5(D?) .

In one direction o the most complicated visual

cortex cells by the same length can be quantity m,,.
Then the set of all the most complicated cells will be

described G** ={G{"'}, j el...m,. But these may

be another length ¢,/ ,,...7,. Then the set the most
complicated cells reacting to specific lengths,
expressed as

G« :{Gj”'}, iel..z, jel...m,

As a result, you can build a model of the image
as a set of orientation columns, where each column
is described by expression (5).

Then the model of “projection” image, i.e. retina
map is described by the expression (6), where o —
angle of orientation 0° to 175% o — width of the
detector, which is defined o= Rk; A(M“) - the

confidence function of the existence of the greatest
number of the most complicated cells of the
maximum length is calculated by the formula (7),

where A, — is the value of all active relay cells have
enhanced to the most complicated cells is defined by
(8); A, — average value of the confidence of all the
most complicated cell with width w, is defined (9);
a - angle of orientation 0 to 175, selected on the
set of orientation columns C“, determined by the

expression | . =max{max{l,}}.
2] a

You need to calculate the confidence function for

each retina map retina map M to select the retina
map which has the maximum confidence function.

Then the cells of this map will correspond the
whole lines or the separate words of the lines with
angle o and height .

3. RESULTS

Consider an example application of the previous
models at an image size 860 x 227, which is given in
Fig. 2. Fig. 3 shows retina map obtained from the
automatic determination of optimal angle of
inclination. Detailed process of selecting the optimal
parameters is given in [10]. Fig. 4 shows the
localization of the basic elements of the text lines.
Using the classical transformation of computer
graphics and a calculated angle, you can rotate the
image. And the result is shown in Fig. 5.

When the basic larger elements of images are
located, you can make more detailed analysis. The
following movement of the eye relates to each
individual element and has a projection on the retina.

You can try to split each of the elements in the
letters, but you can pre-examine whether this
element has particular word characteristics. Under
the features of the words it is implied the existence
of a sequence of patterns of vertical and horizontal
series [11]. To do this you need to re-submit images
using models of cells of primary visual cortex only
with a reduced receptive field. On Fig. 6 there is an
example of the availability characteristics to the
letters, as in Fig. 7 - their absence. Fig. 8 illustrates
the next step - a breakdown in the letter, which is
performed also on the basis of the images using the
cells of primary visual cortex.

To each of the blocks need to perform the
procedure of expanding the field for superscript or
subscript elements of the letters. As well as you need
make the procedure for cutting off the extra
background. After that, the frame will closely match
the width and height of character (s). The final result
of localization of letters is shown on Fig.9.

4. CONCLUSION

The results of investigations have confirmed the
possibility of applying knowledge about the
structure of the visual system for processing image
in aim to determine the elements of the text.

The usage of developed models of cells of
primary visual cortex permits to show the image of
located symbol as the set elements. Each element is
characterized by its own length and orientation.
They are the input data for the further identification
symbol.
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