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dopmyBaHHS MPOCTOPY O3HAK 1 1X JOOYBaHHS
13 300pa’keHb JJIsI CUCTEM 1HJEKCAIlll JOKYMEHTIB

[IpenynokeHbl OpUTHHAIBHBIE aJrOPUTMBl aHaJIM3a M300pakeHus sl (GOPMUPOBAHUS BEKTOpa MPU3HAKOB.
BekTop npu3HakoB c(OpMUPOBaH W3 TEOMETPUUYCCKUX MPHU3HAKOB M COCTABJICHHBIX HA OCHOBE CHCTEMBI TIPABUIT
KOMOMHUPOBAaHHBIX NPU3HAKOB. BEKTOp MpU3HAKOB MCHOIB3YETCS I MOUCKa o0acTell co crenupuieckon
rpaduueckoil nHpopManuei Ha H300pKEHUSX TOKYMEHTOB. Mo/ieTMpoBaHie Ha TECTOBOM BEIOOPKE M300paKeHHIA
JOKYMEHTOB MOKA3aJI0 YCTOWIMBOCTH M () (HEKTUBHOCTH PabOTHI aITOPUTMOB.

KiroueBble cjioBa: WHISKCANSA, U3JICUYCHUE MPU3HAKOB, MAIIMHHOE O0yYCHUE

The origind agorithms of image analysis for formation of feature vector are proposed. Festure vector is formed from
the both type of features, geometric festures and secondary complex features compiled on the basis of the logical
rules. Feature vector is used to find areas with specific information on the graphic images of documents. Smulation
on atest set of images of documents has shown the stability and efficiency of the agorithms.

Key Words: indexing, feature extraction, machine learning.

3anpornoHOBaHi OPUTiHAJBHI aNTOPUTMH aHaJi3y 300paskeHb s GOopMyBaHHS BEKTOpa 03HaK. BekTop o3Hak
chopMOBaHHH 3 TEOMETPUYHUX O3HAK 1 CKJIAJICHUX HA OCHOBI CHCTEMH IpaBHJI KOMOIHOBaHHUX 03HaK. Bekrop
O3HaK BUKOPUCTOBYETHCS LIS TOMIYKY oOnacTei 31 criermdivHoio rpadivaoro iHhopMmariero Ha 300pakeHHIX
JIOKyMeHTiB. MoJieNTtoBaHHS Ha TEKCTOBIM BHOOPII 300pakeHb TOKYMEHTIB MOKA3aJI0 CTIHKICTh W €()EeKTUBHICTh
pPOOOTH aNrOPUTMIB.

KurouoBi ciioBa: iHgekcairisi, 100yBaHHS 03HAK, MAllIMHHE HaBYaHHS

BBenenue

[Ipu ucnosb30BaHUM CUCTEM aBTOMATHYECKOTO aHAIHN3a JJOKYMEHTOB BO3HUKAIOT 3a-
naur 0OHapy>KEHHUS JOKYMEHTOB, COAEpKalINX crelupuyecKyro rpapuieckyro nHpopma-
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0. CyliecTByeT psill JOKYMEHTOB, B KOTOPBIX COJIep KaHHE MOJKPEIUISETCS HarJIsJHbIMU
oOpa3zaMu Ipu MOMOIIU rpadUyecKux MoJene B popMe CTPYKTYPHBIX CXeM MU OJOK-
cxeM. CloXHOCTh 3a7aud OOHapyXeHHs MOAOOHBIX JOKYMEHTOB COCTOMT B TOM, YTO B
OTJIMYME OT M300paKeHUM TaONHIl WIH IPYTrUX CTaHAAPTHBIX (opM H300pakeHHs Tpa-
duyeckux Mozenel paccMaTpUBaeMoro THIa, Kak IpaBuiIo, HE UMEIOT CTaHIapTHOU CTpy-
KTYpBbl, clieu(pUIECKUX KIIFOUEBBIX CJIOB, CAMBOJIOB U IpapUUECKUX OOBEKTOB, IO KOTOPHIM
MOXHO OTIPEIENUTh, YTO JaHHOE Tpaduieckoe U300paKeHUe SBISAETCA CTPYKTYPHOU cXxeMoun
WIN OJIOK-CXEMOI.

CTpyKTypHBIE CXEMBI U OJIOK-CXEMBI OTJIMYAIOTCS IIUPOKUM pazHooOpa3rueM cocTaBa
U TapaMeTpPOB OTOOPAXKAIOIIUX X FEOMETPUUYECKUX OOBEKTOB — Fr€OMETPUUYECKUX (UTYD,
AUHUHA U rpaduyeckux cUMBOJIOB. I[IpumMepsl n300pakeHUN JTOKYMEHTOB, COJEpKalIUX
OJIOK-CXEMBI U CTPYKTYpPHBIE CXEMBbI, IPUBEACHBI HA pHC. 1.

6. Implementation of the DFRFT

The DFRFT

Pucynok 1 — ITpumepsl n300pakeHuil JOKyMEHTOB,
coJiepKalux OJIOK-CXEMbI U CTPYKTYPHBIEC CXEMBbI

Baxxno omnpenenuth Hauboliee CyIIeCTBEHHbIE MPU3HAKU paccMaTpuBaeMoil rpadu-
yeckoil Mozaenu. [lannas rpaduyeckass MOJENIb CTPOUTCS MPHU MOMOIIU OTPAHUYEHHOTO
Habopa rpa@uUYecKuX IEMEHTOB (JTUHUH, TPSIMOYTOJIBHUKH, POMOBI, OBaJIbl U T.1.), 4aCTO
JIOTIOJTHSIEMBIX KOPOTKUMHU TEKCTOBBIMU CTPOKAMHU I OTIIEIBHBIMU TpadUIeCKUMH CHMBO-
gamu. Yacto n300pakeHus coleprKaT IIyMbl U UCKaKEHUS, BRI3BAHHBIC TTPOIIECCAMU TTOTyYe-
HUS U300pakeHUl (CKaHUPOBaHUE, BUACOCHEMKA) U CKATHS MOTYUYEHHBIX U300paKeHHIH.

JlocTaTOYHO MONHBINA 0030p COBPEMEHHBIX METOOB aHAIM3a CTPYKTYPhI TOKYMEHTOB
npuBenéH B [1], [2]. MeToapl, ucnonb3yeMble sl OOHApPYKEHUSI N300pakeHui rpaduye-
CKHUX 00BEKTOB, MOKHO Pa3ACiIUTh HA TPU OCHOBHBIC KATETOPUH:

— oOHapy»KeHue Ha OCHOBE alpruoOpHO HHPOPMAILIUK O CTPYKTYPE;

— 3BPUCTUYECKHE METOJbL;

— CTaTUCTUYECKHE WM ONTHUMHU3AMOHHBIE METO/bI.

Jlyist MeToZ10B 0OHApYKEHUSI HA OCHOBE alipHOPHON MH(OPMAITUH, KaK MPABUIIO, XapaK-
TEpPHBI YIOBJIECTBOPUTEIIbHBIE MIOKA3aTEN OOHAPYKEHHSI, OTHAKO 0000IIAIONTIE CITOCOOHOCTH
METOJIOB JAHHOTO THUITA OTPAHUYECHBI.
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DBPUCTHYECKUE ATOPUTMBI UCIIONB3YIOT 3apaHee ONpeeIEHHbIC HA0OPhI JIOTHISCKIX
WIN TIPEIBAPUTEIILHO ONMPEACICHHBIX CHHTAKCHUCCKUX MPABHJI IS MOJYYCHUS PEIICHUS
00 oOHapyxeHuu. Habopbl 3BpUCTHUECKUX MPABUII OOBIYHO CTPOSATCS Ha 0a3e CHCTEMBI
JIOKAJIbHBIX MPU3HAKOB. VICIOIB30BaHNE IBPUCTUK HEPEIKO TPEOYET CIOKHOU MOCT-00pa-
OOTKH /151 OKOHYATEILHOTO MIPUHATHS PEIICHUIA.

CTaTHCTUYECKUE WM ONTHUMHU3AIMOHHBIC alTOPUTMBI, KaK MPaBUIIO0, 00X0sTCs Oe3
anpuOpHON MH()OPMAIMKM WM HCIOJIB3YIOT CBOOOIHBIC MapaMeTPhl, 3HAYCHHS KOTOPBIX
dopmupyrorcs B mpouecce odyuenws [3], [4].

CtpykTypa ajiropurmMa

OO11as cTpyKTypa alropuTMOB MpeacTaBiieHa Ha puc. 2. Takum oOpa3oMm, BbIJeIeHUE
MPU3HAKOB MOXHO Pa3JIEUTh Ha CIEAYIONINE ATAIIBI:

1) BeIIENIEHNE TEKCTA B IOKYMEHTE;

2) co3naHre OMHApHOIO Mpernapara JI0KyMEHTa;

3) BblJEICHUE TTPU3HAKOB;

4) renepanusi IpOCTPAHCTBA MPU3HAKOB.

OcTtanoBuMCS NOJAPOoOHEE HA KAXKIOM U3 3TAIOB.

N3o0paxeHue
JIOKyMEHTa

v

DopMHPOBAHKE BEKTOPA MEPBHYHBIX MPU3HAKOB

Tonyyenne Gunapuoro
M300pgKeHHUs!

Brizenenune TekcTa v

Briienenue
reOMETPHIECKHX

NPUMHTHBOB

v

TTocToOpadoTKa — yaneHne uryMOB H H30BITOUHOH
uHpopManuu

[ 1
‘:DOpMPlpOBaHl/IC BEKTOPAa BTOPHYHBIX MPU3HAKOB

I I
: :
} Coznanue odnactel Ha Jloruueckuit aHanmu3 }
} H300paKeHUH JUTA BEKTOPOB MEPBHYHBIX }
I MPEACTABICHHSA BEKTOPOB MPH3HAKOB, TeHEPALHA I
} BTOPHYHBIX IIPU3HAKOB HOBBIX IPH3HAKOB }
I I
I I
I I
| v |
} DOpMHPOBAHKE BEKTOPA BTOPUUHBIX IPH3HAKOB, HA OCHOBE }
| CreHepHPOBAHHBIX 00IACTEH M IOTHYECKOTO aHAIU3a }
} TICPBUYHBIX MPU3HAKOB, ¢ YKCIIOPTOB JAHHBIX B (haiin }
I I

- |

BexTop BTOpHYHBIX npmnaxoal

Anroput™ Knaccu()MKaLMK HA OCHOBE
METOA0B MAIIMHHOTO 06y‘leHl/Iﬂ

Pucynok 2 — O6mas cxema ¢popMUpOBaHUS BEKTOpa
BTOPHUYHBIX MTPU3HAKOB JIJIsl MHACKCAIIUN JOKYMEHTA

Ha nepBom 3tare nmpoucxoauT BbljelieHre o0acTel (MacKu) TeKCTa Ha U300paskeHUH.
Brienenre TeKCTOBBIX CTPOK M (hOPMHUPOBAHME MACKH TEKCTA Ha M300paKEHUH BBITIOTHSI-
eTCsl MyTeM KJAcCU(UKAIMU CKOJB3SAIIUM OKHOM Ha OCHOBE pa3pa0OTaHHOTO aBTOPAMHU
OpPUTHHAIBHOTO aJTOPUTMa aIalITUBHOTO OyCTHUHTA.
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Ha Bropom stamne nporcxoaut ouHapusanus u3oopaxenus (puc. 3). [lepen Ounapu-
3anuel n300paxkeHune mpeoOdpa3yercss B OTTEHKU CEporo. 3ateM Mo BceMy H300pakeHHUo
POXOJIUT OKHO (SIPO HU3KOYACTOTHOTO (PHIIBTPA), TIOCTIE YETO U3 YCPEIHEHHBIX COOTBET-
CTBYIOIIMX TMHKCEICH BBIYUTAIOTCS 3HAUEHHUS COOTBETCTBYIOIIMX MHKCEIEH HCXOTHOTO
nzo0paxenus (1). Ecniu ux pasHuiia orpuiiareabHa, TO 3HAYCHUE MUKCENIS CIUTACTCS PaB-
HeIM 0, MHaYe TTUKCETh MPUHUMACT 3HAUYCHUE, TIOTYyUUBIIEeCs IPU BeIMUTAaHUU (2). 3aTemM
BbIOMpaeTcst mopor OMHapu3anuu. B kauecTBe nmopora OMHapu3aiuyd MOKET UCTIOIb30BATHCSI
KOMOMHUPOBAHHBIN MTOPOT:

(0 y) = 3360 ) (X y+ D=1(6Y) @

1'(X,y), eciu I'(x,y)>0

oY) = 0, ecru I'(x,y) <0 2

1 ecnu 1"(x,y)>1
|bin(X, y) = " : (3)
0, eciu 1"(x,y) <1,
rae | — n3o0pakeHue B OTTeHKax ceporo, |(X,Yy) — mukcenb uzoOpaxenus, M —
pa3mep sapa cBeptku, G — sapo ceepTku ¢pmibTpa, |, (X, Y) — OMHapHU30BaHHBIN MUKCENb,

|, — mopor OuHapuzanuu.

INV'OYSV’AIKON: 5
AR | S i |3
‘lomy

tog 1B,

Voting Weights

r
Tog 1/p
e L

jata at

evels  AdaBoost also boosts the margins, that is, it finds the deci-
off with increas ndica-  sion boundary that is further away from the instances of
tion of overfitting, all classes. In the context of AdaBoost, the margin of an

3 THRD GUARTER 2006 EEE CRCUITS AND SYSTENS MAGAZNE 31

Pucynok 3 — Mzo0paxkenure 10 U mociie OMHapu3aiuu

B pe3synbpraTe NOMKHO MOMYYUTHCS YepHO-Oenoe n300pakeHue, Kak MOKa3aHO Ha
puc. 3. IlocrobpaboTka OMHApHOTO MpernapaTra BKIOYaeT B ceOsl ynaleHUe OTIETbHBIX
TOYEK U orepanru MoppoJIOrn4ecKoro yronblieHus. Jlanee BO3MOXXKHO yaaneHue odnacrei
U300pKEHUS C BBIICTICHHBIM Ha MIEPBOM dTarle TEKCTOM.

Ha tpeTbhem 3Tamne nmpoucxoauT BbIJEICHHE MPU3HAKOB, CHavalla MpocThiX (puc. 4), a
3aTeM Ha UX OCHOBE O0bEIMHEHUE B KOMOWHUPOBAHHBIC MPU3HAKU — MPSMOYTOJIbHUKU U
CBsI3U Mexay HUMH (puc. 5). IIpocTeie reomeTprudecKkre MpU3HAKU MPECTABISIOT COOOM
TOPU30HTAJIIBHBIC U BEPTUKAIBHBIC JIMHUK. DTU JIUHUHA 00JIQIAl0T CISIYIOIUME aTpHOyTaMu:
JUIMHA, CTHJIb (TJIaJKasi, INTPUXIYHKTUPHAS), CBSI3HOCTh C APYTUMU JUHUSIMHU (TIepeceueHue
WM coequHenue). JIuHun oOHapyXUBalOTCs MyTeM Iepedopa MUKCene Mo ropu30HTaIU
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JUISl TOPU30HTAIbHBIX JIMHUM U TIUKCEJIEH 110 BEPTUKAIU JUI BEPTUKAIBHBIX JIUHANW. AJro-
PUTM aHAIU3UPYET JIMHUIO HA CTUJIb HAYEPTaHWUs — IVIAJAKUNA WM IITPUXITYHKTUPHBIA. I1ceBro-
KOJ| IPEJCTABJIEH B JINCTUHTE 1.

B

k1 Blncke
o

Figure 4. -fold

Pucynok 4 — M300paxenus ¢ 0OHapy>KEHHBIMU JIMHUSIMU

procedure GetLineFroml mage(
imgBin2Int[,]: Integer; /MaccuB nukceneir OMHAPU3UPOBAHHOTO U300PAKEHUSI
Wimg:Himg: Integer;  //Illupuna n BeIcOTa M300pakeHUs B IIUKCENIAX
LineList: List; /Criucok ropu30HTaNbHBIX THHUAN
hmin: Integer; / MunuMasbHast JUIMHA JIMHAN
hspan: Integer; // [IpoMexyTOK MEX Ty JTHHHAMH
hmax: Integer; // MakcuManbHas [JyIMHA JTHHAA
LineColor: Integer; // LiseT nunuu
LDensity: Double; // TTnoTHOCTD TUHUK
DashLength: Integer); // Inuna mrpuxa
{
//BeiaeneHne TOpU30HTATBHBIX JTHHAN
//MuHAMaNbpHas JIAHA
Imin := hmin,
//MakcumanbHas JyTiHa
Imax := hmax;
//MakcuMaJbHbIE TIPOMEKYTKH MEXKY COCCTHUMHU MTUKCEIISIMH JIMHUH
Ispan:= hspan;
//Iukn 06paboTKU MO CTPOKAM JJIsi TOPU3OHTAIBHBIX JTUHUI
Fori:=0ToHin-1Do
{
//COpOCHTD CUCTUHKH
clen:=0; cden := 0; cseq := 0; cemp :=0; cadd :=0;
ptrLine®.StyleDraw :=1dsSolid;
ptrLine®.StyleCross := IscNon;
ptrLine™.StyleOrientation := Isolnclined;
ptrLine®.UseForRect := false;
ptrLine®.CountCross := 0;
ptrLine®.LineLength := 0;
cspan = 0;
//MHuImanu3upyeM npsMyro Kak "HeCylecTBYONIyo"
ptrLine™.Line.Left := -1,
ptrLine®.Line.Right := -1,
ptrLine®.Line.Top :=1i;
ptrLine®.Line.Bottom :=1i;
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ptrLine®.StyleOrientation := IsoHorizontal;

Forj :=0To Wing-1Do

{
//YBennuuBaeM CUETUHK IIMHBI JIMHUU
Inc(clen);
//Eciv IMKCEeNb COBIMAMAET C IBETOM JIMHUHU
if(imgBin2Int[i,j] = LineColor)
{

//Y BeIM4uBaeM CYETUUK MMPOMEIKYTKOB MCKAY KYCKaMU JIMHUH
if(cspan > 0)

Inc(cden);
if(cadd > DashLength) Then
cseq ;= DashLength;
end;
Inc(cadd);
//YBenMYMBaeM CYETYHMK COBIMAMAIOUINX MMUKCENIEH TNHUN
Inc(cseq);
// Ecin 9TO epBBIii COBMABIINYN MUKCEb,
// TO MHUIMATU3UPYEM HAYAIbHYIO TOUKY

If((ptrLine™.Line.Left = -1)And(cseq > DashLength))

clen:=0;

cemp :=0;

ptrLine®.Line.Left ;= - DashLength;
}

//T .. coBIaJ UBET JINHUM, TO MPHCBANBAaEM KpaifHee MOJI0KEHHUE CIIpaBa

if(cseq > DashLength)

{
ptrLine®.Line.Right ;= + 1,
/Ichange
cspan :=0;
}
//T.K. IBET TMHUM COBIAAAET, TO OOHYIIIEM CUETUHK "TyCTOTHI"
llcspan = 0;
}
//11BeT TUHUU HE COBIANacT
else
{
//YBenmuYnBaeM CYETUYHK MYCTOr0 MPOCTPAHCTBA MEXKITY OTPE3KaMH JIMHUU
Inc(cspan);
Inc(cemp);
if(cspan > DashLength)
cadd :=0;
}
//Ecnu mpoMEeXyTOK MEXy COCETHUMHU TOUKaMH OOJIbIIIE Pa3pelIeHHOTO MPOMEKYTKa
if(cspan >= Ispan)
{

// TIpoBepsieM He SBJISICTCS JIA JIMHUS ITyCTOM
if((ptrLine™.Line.Left <> -1)And(ptrLine”.Line.Right <> -1))

I/ 3amaem opHeHTAIMIO IMHUU TOPU3OHTATIBHOM
ptrLine®.StyleOrientation := |soHorizontal;

// TIpoBepsieM JTMHHIO Ha JIOITYCTUMOCTh 3HAYCHUH H

// IpoBepsieM THI HAUEPTAHUS TJIAKasi WK MITPUXITYHKTHPHAS

if(CheckLine(ptrLine, LDensity))

/I ToGaBiiseM TUHUIO
LineList. Add(ptrLine);
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I/ Co3maeM HOBYIO JINHHIO

New(ptrLine);
}
// CopachiBaeM CUETYHKH, T.K. IPEBBIIIEHO 3HAUCHUE
// TyCTOTBI MEXKAY OTpEe3KaMu JINHUU
clen :=0; cden :=0; cseq :=0; cemp := 0; cadd
ptrLine®.StyleDraw = |dsSolid,;
ptrLine®.StyleCross := IscNon;
ptrLine®.StyleOrientation := Isolnclined;
ptrLine®.UseForRect ;= false;
ptrLine®.CountCross := 0;
ptrLine®.LineLength := 0;
[INaunuanu3upyeM npsMyro Kak "HecylnecTBYIOIyo"”
ptrLineM.Line.Left .= -1,
ptrLine®.Line.Right := -1;
ptrLine®.Line.Top :=1i;
ptrLine™.Line.Bottom

}

// TIpoBepsieM JTMHHIO HA JIOIYCTUMOCTh 3HAYCHUH U

// mpoBepsieM THI HauepTaHus (TIIaKasi WK IITPUXITYHKTUPHAS JIMHHS)
if(CheckLine(ptrLine, LDensity))

{

/I No6aBisieM THHHIO
LineList. Add(ptrLine);

/I Co3maeM HOBYIO JINHHIO
New(ptrLine);

JIuctunr 1 — IlceBnokoa HaX 0K ICHUS
TOPU3OHTAIBHBIX JIMHUHA B OWHAPHOM M300paKeHHUH

Jlanee 3TU JIMHUK BMECTE C MAacKOW TEKCTa 0Opa3yloT OoJsiee CIOKHbBIE MPU3HAKH.
Boigenstorcst npAMOyTOIbHUKHA U3 HAWJACHHBIX JIMHUMN, ONPEAEISETCS BKIIOUCHHE B MPSIMO-
YTOJBHUKAX APYTHX JIMHUAM, OIPYTrUX NPSIMOYTOJIBHUKOB, TEKCTA, HAJIUYUE U KOJIUYECTBO

CBSI3€EH C APYIruMH NpAMOYTOJIbHUKaAMU WUJIN JIMHHUAMMU.

setting. Alternatively, entirely different type of classifirs,

sich.MLPs..decisian.frees, nearest righhor classifiers
V. comhinect

added diversity. However, crmtiniog <ifferent: rcels,

where ais the fraction of instances that are correctly clas-
sified by both classifiers, b is the fraction of instances
correctly classified by f; but incorrectly classified by
and so on. Of course, a+b+c+d = 1. Then, the following

pairs for the second level classifier, Cr..1 Traditionally,
the kfold selection process described in Section 2 is
used to obtain the training data for classifier Cr..;
Specifically, the entire training dataset is divided into T’

ent ways: it may choose a single classifier with the highest
weight, or calculate a weighted sum of the classifier out-
puts for each class, and pick the class that receives the
highest weighted sum. The latter approach requires that

or even different architectures of the same model, is  pair-wise diversity measures can be defined: blocks, and each firstlevel classifier Cy...., Cy is first  the classifier outputs be continuous-valued for each class
used only fur-specific applications that warrant- e, Correlation Diversity is measured as the correlation trained on (a different set of) T — 1 blocks of the training
Diversity is typically obtained through resampling of the  between two classifier outputs, defined as data. Therefore, there is one block of data not seen by 4. Combining Classifiers

training data, as this procedure is theoretically more
tractable. Finally, diversity can also be achieved by using
different features. In fact, generating different classifiers
using randam_feature. subsets is_knawn.as the_condan

P el S— PSRt
Jarberha@roGrd

each of the classifiers Cithrough C7. The outputs of
cach classifier for the block of instances on which it was
not trained, along with the correct labels of those
instances, constitute the training data for the second

‘The second key component of any ensemble system is the
strategy employed in combining classifiers. Combination
rules are often grouped as () trainable vs. non-trainable
camhination mles. or. (i) combinatinn. rles that apply to

tbnd 144] andlit hox Iound widespread level meta-classifier 7. One rained, all data s vs. to class-specific continuous outputs.
n Jization Maimum di ed for p = 0, indicating that are pooled. and individual cl Ci, .. Croare les, the pammsrers of the
research areas the classifiers a retrained on the entire databas ble resam. . are deternined throogh
QStatistic Defined as pling method rhe EM algorithm used by

2.3 Measures. of Dits

f= M - boy/(ad + o) @

2.6, Mixtureof Experts
A conceptually similat techinique isffhe Moxilfe-or s
‘model [4], where a set of cla sB1.. J§ R copblityte

el is such an example. The
Babigtion pagamgiers created by trainable rules are
ushallfl inflance fhecidk. and hence are also called
dgparie cAip 1 rules. Conversely, there is no sepa-

, rale livolved i non-trainable rules beyond that
ures, and an overtl dlvefiity « ¢ e povuffeel s . used' (6r generafing th bles. Discussed below
ptaired b T fiers; combiner itseltwelghted majority vor xample of such non-train-

two hypotheses i avel /iy we.use.the natations

otherwise. Maximum diversity s, once

a simple combination

able rules, since the parameters become immediately

[y e |y nconest for Q= 0, rule, such as random selection (from a weight distribu- available as the classifiers are generated.

A 1 s and.Nonhle Fanlt Measures The. disagree- tion), weighted majority, or weighted winner-takes-all. In the second taxonomy, combination rules that apply
hiis correct | a ] b " y siters However, the weight distribution used for the combiner is  to class labels need the classification decision only (that
hyisinconeet | | d agree, whereas the double fault measure is the determined by a second level classifier, usually a neural is, one of . j = 1..... . C), whereas others need the con-

Entire Original Training Data

network, called the gating network. The gating network is
trained either through standard gradient descent based
backpropagati more commonly, through the expec-
tation - maximization (EM)

algorithm (5], [56]. In either

tinuous-valued outputs of individual classifiers. These
values often represent the degrees of support the classi-
fiers give to each class, and they can estimate class

sosct | mexz | oo | || eeesr | o | case, the inputs o the gting 2
network are the actual train- pe——
k-1 Blacks - Showects Baok Barkoycocns - Salpstad Ooe Bk~ St f ing data instances themselves = 24
o Taiing il Cstrs Srcipona- kLA g
— (unlike outputs of first level o
classifiers for stacked gener-
oo+ [ soccir [ lzaton, hence the weighs

used in combination rule are
instance specific, creating a

j . 8
] . =

= —

=4
dynamic combination rule. / L= wy
Mixture-of-experts  can  Input. | hix, 89 1

2fe
£5¢ Final
cussres Bookkt | Blookk thercfore be seen as  classil- 282 I bicion
vidual classifiers are experts
priate classifier, or classifiers sually Traned
Classifier k. Block 1 Block 2 Block 3 Block k-1 Block k- weighted with respect to their with Expectation

Figure 4. k-fold data splitting for generating different, but overlapping, training datasets.
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Pucynok 5 — M300paxenue ¢ 0OHapY KEHHBIMH JIMHUSMH U MIPSIMOYTOJIbHUKAMU

THIRD QUARTER 2006

expertise, for each instance x.
The pooling system may use
the weights in several differ-
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Maximization)

Figure 12. Mixture-of-experts.
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Ha dgerBepTOM 3Tarme Ha OCHOBE MOJYYEHHBIX MPU3HAKOB MPOMCXOAUT IE€HEepalus
CHUCTEMBI MMPU3HAKOB, HA OCHOBE ATUX JIAHHBIX CHCTeMa 00y4JaeTcs U MPUHUMAET pelieHUs
0 HAIMYMHU M MECTe pacnoyiokeHus cxem. CucteMa mpu3HaKoOB MPEeCTaBiIsseT co00M oOIIme
JTaHHBIE W HAa0Op o0ylacTeil ¢ eAMHOM CTPYKTYpou mpu3HakoB. Hampumep, n3zodpakeHue
JETUTCS Ha CETKY pa3MepoMm 4 Ha 4, Toraa o0JacTH, K IPUMEPY, HMEIOT CIIEAyIoIue pas-
Mephl: 2x2, 2x3, 3x2, 3x3, 4x4 sueiiku. CaMoii OOJIBIIION 1O pa3MepaM 00JIaCThIO SBIISCTCS
Bce n3obpaxkenue. [Ipumep rceBaokoma s TeHEpaIMy MPUBEICH B JIUCTUHTE 2.

void GenerateRect()

{

CdllCounty := 4; // Kon4uecTBO SUEEK 0 OCH X

CellCounty := 4; // KomuuecTBO siYeeK 1Mo ocH Y

Frame,, := 2; // MUHAMaNbHBIN pa3Mep 00JacTH B €IUHUIIAX CETKH

Framen,, := Max(CellCounty, CellCounty); //MakcumasbHbI#i pa3mMep 00JacTH B €IMHUIIAX CETKU
Wi := Ceil( Wimg / CellCounty); // BeIYHCIICHHE IUPHHBI IYCHKN B TTHKCEIIAX

Hcei := Ceil( Hing/ CellCounty); // BeIYHCIICHHE IUPHHBI IYCHKN B TTHKCEIIAX

For ii := Frame,;, To Frame,,, Do

{

For jj := Framey,, To Frames Do
{

Fori:=0To (CelCounty - ii) Do
{

Forj :=0To (CelCounty - jj) Do

Rect := new Rect(0,0,0,0); // Co3manue 061acTv ¢ HyJCBBIMU KOOPAWHATAMH U pa3zMepaMu

Rect.Left:=i* Weq; // BBIYHCIIEHNE JIEBOM TPpaHUIBI 00IacTH
Rect.Right := Rect.Left + jj * Wcq); / Beruucnenue nmpaBoro yria o0aactu
Rect.Top :=j * Hea; // BeraucieHne BepxXHe# rpaHuIbpl 001acTu

Rect.Bottom := Rect.Top + ii * Hcg);//BbluncieHre HIKHEH TpaHUIbl 001acTH
ListOfFrame.Add(Rect);  // lo6aBneHue 061acTu B CIUCOK MPOCMATPUBACMBIX 00J1acTei
}

}

}

}
}

Jluctunr 2 — [lceBaokoa renepanuu oonactei
JUTSI TIOCJIEYIOIIETO CO3aHusl CTPYKTYPhI TPU3HAKOB

Takxum 06pa3om, Bce 37E€MEHThHI TPU3HAKOB, KOTOPBIE OYAyT BKIIOUATHCS B CTE€HEPU-
POBaHHYIO 00JIaCTh U300paKeHUs, OYAyT YUYUTHIBATHCS MPU BHIYUCICHUU MPU3HAKOB J1aH-
HOM o0sacTu.

BekTop npu3HakoB MOJHOTO U300paKEHUS BKJIIOYAET B CeOs:

— KOJIMYECTBO MPSIMOYTOJIBLHUKOB;

— KOJIMYECTBO MPSIMOYTOJIBHUKOB C TEKCTOM,;

— KOJIMYECTBO JIMHUN B MPSMOYTOJIbHUKAX;

— TUCTOTpaMMa JIJTUH TOPU30HTAIBHBIX U BEPTUKAIBHBIX JTUHUHN (pa3[eibHO MITPUX-
MyHKTUPHBIC U TJIAJKNE), HOPMAITH30BAHHBIC 10| pa3Mep N300paKeHHUS.

BexTop nmpu3HaKkoB AJi1 aHATU3UPYEMBIX (PPArMEHTOB U300paKEHUsI COCTOUT U3 CJIe-
JYIOIIHUX AJIEMEHTOB:

1. KoopauHaThl PSIMOYTOJIbHON 00JIaCTH.

2. 'ucrorpamma JUIMH TOPU3OHTAIBHBIX U BEPTUKAIBHBIX JTUHUNA (IITPUXITYHKTUPHbBIE
U TTIAJKKE), HOPMAIM30BAaHHBIX HA MAaKCUMAJILHBIN pa3Mep JaHHOU 00J1acTH.

3. KonmuecTBo Bcex MpsiMOYTOJIbHUKOB, BKITFOUEHHBIX B 3Ty PSMOYTOJIEHYIO 00J1aCTh.

4. Konmu4ecTBO NpsSIMOYTOJIbHUKOB, BKJIFOUEHHBIX B ATY 00J1aCTh, KOTOPBIE UMEIOT TEKCT.

5. KonnuecTBo ropM30HTAIBHBIX JIMHUN B MPSMOYTOJIbHUKAX, BKIIFOUEHHBIX B JAHHYIO
0071aCTh.
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Dopmuposanue npocmpancmea NPUHAKO8 U UX UzgiedeHue uz U300padcenui. .. 3K

6. KonnuecTBo MonycBA3HBIX JIMHUN (JIMHUS UMEET COSANMHEHUE C MPSIMOYTOJIbHUKOM,
TOJIBKO C OJJHOU CTOPOHBI).

7. KonruecTBO MOMYCBSI3aHHBIX MPSIMOYTOJBHUKOB (MPSIMOYTOJIBHUK CBS3aH TOJBKO
C JINHUEW, HO HE C APYTHUMH MPAMOYTOJIbHUKAMH).

8. KonnuecTBo MONHOCBSA3HBIX JIUHUH (JIMHUH, KOTOPhIE CBOMMHU KOHIIAMH COEIMHEHbI
C TIPSIMOYTOJIbHUKAMH )

9. KonnuecTBO MOJHOCBA3HBIX MPSIMOYTOJIBHUKOB (IIPSIMOYTOJIBHUKH, KOTOPHIE CBSI-
3aHbI IPYT C APYTOM JIMHUEH)

10. KonudecTBO MpSIMOYTOJBHUKOB BHYTPH O0JIACTH U JIST KaXKIOTO CIEAYIOIIETO
MpHU3HaKa:

a) KOJTMYECTBO BCEX JIMHUI 3TOTO MPSMOYTOJIBHUKA,

0) KOJIMYECTBO BCEX TOPU3OHTATBHBIX JIMHHM,

B) HaJIM4YUE TEKCTA,

') HOpMaJIM30BaHHAs TUIOMIA b K IUIONIAIA 00JIACTH,

1) COOTHOLIEHUE IIUPUHBI K BBICOTE.

BreiBoabl

Jlist otteHku 3(PPEKTUBHOCTH TPETIOKEHHOTO METO/1a OBLJIO MPOBEACHO MOJCIHUPO-
BaHHE pabOTHl OPUTHHAIBLHOTO Kiaccudukaropa Ha 6aze n3olOpaxkeHuil JokymMmeHTOB. baza
M300paKeHN TOKYMEHTOB Oblila pa30ouTa Ha JBE YaCTH: OOYYAOIIYIO0 BEIOOPKY M TECTOBYIO
BbIOOpKY. OOyuatomas 0aza mzoOpaxenuii oOpazoana u3z 600 mzobpaxenuii (300 — u3
nonokuTenbHbIX U 300 — U3 oTpUIATEeIBHBIX MpUMeEpoB). TecTtoBas 0a3za M300paKeHUI
obpasoBana u3 300 uzobpakenuit (150 — u3 momoxuTeabHbIX U 150 — U3 OTpHUIIATEIBHBIX
MIPUMEPOB).

i
L
H

xplanation to this

Pucynok 6 — IIpumepsl paboThl anropuT™Ma OOHAPY>KEHUS U BBIICICHUS

[Ipn mMonenupoBaHUK Ha TECTOBOM BBIOOpKE M300paKEHUH ITOKYMEHTOB aJIlTOPUTM
oOHapyxeHus crierubuaeckoi rpadguueckoit nHbopMaIK MoKazan yCTOWIUBOCTh U A dek-
TUBHOCTB paboThl. [lomydeHsl cienyronme XapakTepuCcTUKH KilacCU(PUKaTopa:

— BEPOSITHOCTh MPABWJIBHON KiacCUPUKALUU (10 TECTOBOM BBHIOOPKE MOJIOKUTEIBHBIX
npuMepoB) coctasiseT: 0.91;
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— BEPOATHOCTD JIO)KHOIOJIOKUTENBHOM KilacCU(pUKaluuu (110 TECTOBOM BBIOOPKE OTPH-
1aTeabHbIX MpuMepoB) cocTasiset: 0.056.

[Tpumepsl paboThl anropuTMa oOHapyx eHUs creruduyecko rpadpuyeckoit nHGOP-
Malli¥ TI0Ka3aHbl HAa pUC. 6, TJI€ paMKaMHU BBIJIENIEHBI 00JIaCTH N300paKEHUH JOKYMEHTOB,
KJIacCU(PHUIIMPOBAHHbBIE KaK COJEPKaIINE OJIOK-CXEMBI.

B xauecTBe nanpHEHIIEro HampaBiIeHUs] Pa3BUTHS IIPEIONAraeTcsl afanTanus ajaro-
pUTMa K YCIOBHSIM palOTHI C 3alTyMIEHHBIMU U300paKEHUSMHU, COJICPKAITUMHI UCKAKECHHUS.
Jsist 3TOro HE0OXOJUMO MPOU3BECTH COOTBETCTBYIONIME JTOPAOOTKH aIrOpUTMOB OMHAPH-
3alliH, BBIJEJIECHUS NEPBUYHBIX PU3HAKOB U (POPMUPOBAHUS CIOKHBIX TPU3HAKOB.
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RESUME
N.A. Kostromov, |.V.Beketova, S.L. Karateev

Formation of Feature Spaces and their Extraction

from the Images for Documents Indexing

The article describes the formation of the origind dgorithms for generation of feature
vectors for the detection of areas with specific the graphic images in the document image.

The process of formation of feature vector consists of two stages. In the first phase,
we get a binary document image. Lines and text strings are alocated from the resulting
Image. The result is a set of primary attributes. In the second stage based on the analysis of
a set of primary features, the combined features, i.e. rectangular areas, signs of the text, the
signs of connectivity and nesting stand out. Feature vector is formed by combining the
primary features and combined ones.

Trained with the given arrays of images, the system can detect the image of the document
with the desired graphica information. The following characteristics of the classfier were
obtained: the probability of correct classfication (as atest set of podtive examples) is 0.91; the
probability of false postive classifications (on atest set of negative examples) is 0.056.

Cmamus nocmynuna 6 pedaxyuro 05.06.2012.
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