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Ivan Aksak, Volodymyr Kyjko, Vjacheslav Matsello, Michail Schlesinger. One Generalization of Context-
Free Grammars and Its Application to Structural Analysis of Drawings.

A problem of parsing of image elements set is considered. A new algorithm of hierarchical description of the
set of image elements is proposed, and the result of its testing on real handdrawn pictures is adduced. The new
algorithm is based on the certain generalization of context-free grammars, that has greater generating possibility
than ordinary context-free grammars.

Description of applied problem. The proposed algorithm is intended for making the descriptions
of drawings. Saying “description” we mean, that it is necessary to define that, for example, Fig.1
consists of: the first object, which consists of transistor’s symbol and inscription, inscription consists
of transistor’s conventional name and number, transistor’s conventional name consists of letters V and
T, number consists of figures 1 and 2; the second object, which consists of ..., etc.

To produce such description, some set of mergings must be fulfilled: at first the letters V and T are
to be united into the word VT (transistor’s
conventional name) and figures 1 and 2 are to
be united into the number 12. Then the word
VT and number 12 are united into inscription,
and at last the graphical symbol of transistor
is united with the inscription as the final
compound object, which has its own certain
meaning in the image, and cannot be united
with any object. An obvious approach when
elements are united if: 1) they can be united in
general (for example V with T, but not V with
{F), 2) they are nearly located in the image,
is not correct by more detailed consideration, Fia. 1

. . g.
and can solve the problem only in some special
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cases. The reason of that consists in that although the whole image is quite unambiguous, its local
parts are usually ambiguous. For example, although inscription VT13 (Fig. 1) is near to two
transistor’s symbols, it is evident, that it relates to transistor drawn bold, because in other case it
would be impossible to relate inscription VT12 to any other transistor. It is easy for a human to parse
such image, but to do it automatically the speculations of such type must be formalized.

We consider the problem as a specific problem of syntactic analysis of objects, where the set of
allowable objects is defined by certain type of attribute grammar. The object under parsing is the set
of primary image elements, which are obtained using some procedure of image elements recognition,
for example [1]. So the image in Fig. 1 is supposed to be represented as a list, which consists of all
transistor’s symbols, all figures and all letters, which exist in the picture.

The formal statement of the problem. Main definitions. Let N be a finite alphabet of names,
NP N be a subset of primary names and NF < N be a subset of final names. Let A be a linear space,
in which the subset Afis defined. We consider an object as a pair (n, @), where n € N, a € A. The
pair (n, @) is called an identifier of the object. The element » of the identifier is a name, and element
a is an attribute of the object. Objects, whose names n € N® are called primary, other objects we will
call compound. Each compound object consists of some nonempty set of primary objects.

We will distinguish allowable and not allowable objects using the following formal construction,
that is the certain generalization of context-free (CF) grammars by Chomsky [2].

Let P? = (NxA)x(NxA)x(NxA) and P> ¢ (NxA)x(NxA) be two relations, that define an identifier
to be referred to compound object, i.e. to the set of primary objects.

Definition 1. A set O of primary objects, i.e. compound object, can receive the identifier (n, ) in
the system of relations P* and P?, if one of the next two conditions is true:

1. The compound object O consists of the single primary object (n, a).

2. There exists such compound object O’ with the identifier (»', a'),
that ((n, @), (', @')) € P’

3. There exist such two compound objects O’ and O” with the
identifiers (n', @) and (n",a"), that: a) O’ " O”" =; b) O U O = O;
¢) ((n, @), (', @),(n", a")) e P

Let’s define an allowability of compound object in the system of
relations P® and P?.

Definition 2. A compound object O, i.e. a set of primary obgects, is
allowable in the system of relations N, N, NF, A, AF, P2, P’ if the
Fig. 2 object O can receive an identifier (n, @) € (N¥, AF).

Definition 3. A set O of primary objects is an allowable image, if
such subsets Oy, Oy, ..., O, exist, that O;00,0... VO, = 0, 0ON0; = @ (i # ;) and each O is an
allowable compound object.

Definition 4. An image description is a set of derivation trees of the following type (Fig. 2):

1) leaves (L, L,, Ls, L,) of the tree correspond to primary objects. Each leave has one output. It
means that corresponding primary object is contained in the object connected to the output;

2) root (R) of the tree corresponds to allowable compound object. Each root has one or two
inputs. Corresponding allowable compound object consists of the objects connected to inputs;

3) each node (N;, N;, N3, N,) corresponds to allowable compound object. Each node has one
output and one or two inputs. Corresponding compound object is contained in another compound
object, connected to the output, and consists of the objects connected to his inputs.

To solve the applied problem described above, we use the proposed construction in the following
way. The set of attributes A is the set of 4-tuples of numbers, i.e. each object is represented by
S-tuple (n, [, u, r, d). The first element » is a name. Numbers [, u, r, d are coordinates of the left, up, right
and down sides of the minimal rectangle, which envelopes the corresponding object in the image.

The relation P? is defined as the set of rules of type: n; =n/n” ¥; , where i is a number of the
rule, n;, »/, n/" are the names, ¥; is a relation defining the set of allowable 8-tuples of numbers
{I,u’, v’ d" 1", u”, r”, d”} for which this rule can be used. The relation Wi has a form of a system of
linear inequalities, that relates the elements of this 8-tuple. Attributes of the object in the left side of
substitution are determined as the following:

[ = min(Z, I'"), u=min(«, «"), r=max(,r"),d=max(d’, d").

The relation P? is defined as the set of rules of type: n; = n; "¥; , where j is a number of rule,
n;, n; ' are the names, ¥, is a relation defining the set of allowable 4-tuples {l’, u’, 7/, d%} for which
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this rule can be used. The relation \j also has a form of a system of linear inequalities, which relate
the elements of this 4-tuple. Attributes of the object in the left side of substitution are the same as
ones in the right side, i.e. I =1, u=u,r=7, d=4d'.

Statement of the problem. Let image be represented as the set of primary objects and the system
of sets N, N¥, NF, A, AF, PP, P?is defined. The task is to make a conclusion about allowability of the
image, and if it occurs to be allowable, then make a description of the image.

This problem is difficult.

We propose a plausible algorithm, that finds an image description if this description is unique.
The algorithm generates a description of the input image automatically, if this image is allowable and
has only one possible description. The algorithm calls for human operator, when during the analysis it
finds that the input image is not allowable, or that the input image can’t be unambiguously described
(has more than one possible description).

Brief description of the algorithm. At first a binding up procedure is executed over the list of
image objects. Initially this list contains only primary objects. While operating the new compound
ones are added to the list. All objects from the list are looked over. If according to relation R? it is
possible to create a compound object from the pair of objects and these objects do not embrace
common objects, then the new compound object is created and added to the list. The objects from this
pair will be considered as initial objects for new compound object, and from the other side, new
object will be considered as a derivative for each object of the pair. If according to relation R? it is
possible to create a compound object from some existing object, then the new compound object is
created and added to a list. By analogy, the object from which the new one was created will be considered
as an initial object for the new compound object, and new object will be considered as a derivative.
Procedure is finished when no
new object can be created. R2 D2 R3

Then the obliterating proce- 20M VD561 1100M
dure is applied to the list form- M
ed by the binding up proce-
dure. All objects of the list
except primary and allowable
compound objects are looked
over. The objects which have
no derivatives are obliterated.
Wh_en SOHE o.b:iect Wwas | Fig. 3. This picture was scanned, preprocessed and recognized using
obliterated, its initial objects | /{]. Finally the procedure of parsing was applied to the results of
no more have it as a derivative. | recognition. The parsing procedure ran fully automatically (there
The procedure is finished when | gere no calls to operator), and took 660 msec on Pentium 90 system.
no object can be obliterated.

After that all primary objects of the list are inspected. If primary object has no derivative, it
means that the image is not allowable. In this case the message about the necessity of correction is
sent to an operator. After correction the algorithm starts from the very beginning.

Then the procedure of deleting [3] is executed. The primary objects contained in the single
allowable compound object are looked for. If such primary object was found, then we consider
corresponding allowable compound object to be correctly recognized. It allows to delete all other
allowable compound objects containing the primary objects, which are also contained in correctly
recognized allowable compound object. As a result some more primary objects, contained in a single
allowable compound object may appear. There are two possible consequences of image
nonallowability in this step of the algorithm. The first is that primary objects appear which are not
contained in any allowable compound object. In this case the message about the necessity of
correction is sent to an operator. After correction the algorithm starts from the very beginning. The
second case: it is impossible to delete any allowable compound object, but some primary objects
contained in more than one allowable compound objects remain. It means that more than one
allowable image description exists. In this case the message about the necessity of choosing a single
description among all is sent to the operator.

If neither the first nor the second case occurrs it means that the image is allowable in the
grammar, and the list of objects is the description of the image, where the root of each tree is
allowable compound object and the leaves are primary objects.

Concluding remarks. We have tested the algorithm on real handdrawn pictures. One of them is

shown on Fig. 3.
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Metoa OUiHKH siIKOCTi HPOPMYBaHHSA AUCKpPeTHHX (oTorpadidHux 306paxkeHb
ITOP BIJIEIIbKUN
Incmumym 6iticoK060-NOGIMPAHUX CUA 252186 Kuis, npocn. Iloeimpogaomcovrxui 30

Ten.: (044) 271-6236

Thor Bilets’kyj. The Method of an Estimation of Quality of Formation of the Discretic Photographic Images.

Method of an estimation of quality of formation of the discretic photographic images is offered. The essence
of a method is a determing the recognition probability of a remote sensing object of aerolandscape by known dis-
tance up to it. The connection between distance up to remote sensing object of an aerolandscape and its recogni-
tion probability is provided by means of an instant vision field of system of remote sensing of an aerolandscape.

Jlns po3s’siaky 3ajayi cHHTe3y CHCTEM JMCTAHLIHHOrO clnocTepexkeHHsl aepoJsaHAmadTy HeoOXiJHO
MaTH MoJedb (POPMYBaHHSI [JHCKPETHOro 3o6paxeHHsi aeposaHamadty. [Ipu nobymosi Mopeni
dopMyBaHHS uCKpeTHOro 306pakeHHsi aeposangumiadTy KpuTepieM sikocti BubGepeM HMOBIpHiCTb
po3ni3HaHHS 06’€KTiB AHCTAaHLIHHOIO crnocrepexkeHHsl aeposanxmadTy. Bubip auckpernoi Mogeni
¢opMyBaHHST 306paxkeHb aepoiaHAmadTy 3yMOBJEHHH THM, OIO AHCKPETHa MO/E]b € 3arajbHOI
MoOJe/11I0 PpOBOTH /IS BCiX CHCTEM JHUCTaHIiHHOTO crocrepexenHs aeponanamadrty [1]; 306paxkepns
aeposanamacdTy o06pobisioTbcss B ANCKpeTHOMY Habopi Ttouok [2]; cororpadiuyni 306paskeHHs
aepostanmadTy MaloTh 0OMeKeHi po3MipH, siKi 3ajiexaTb BIX PoO3Mipy Kaapy.

3araabHy Mojesnb  (GOpMyBaHHS  300paXKeHHsS  CHCTEMOIO  JIHCTAHUIHHOTO  CIIOCTEPEXKEHHS
aepojaHAMAadTy MOXHA MOXATH y BUrJASAL [S5]:

oo

L'(x,y,t) = [fa(x-¢, y-n, t-D*L(L,p,0)dE dy dr+ Ludx,y,t) ,
-00
ae L’(x,y,t) - carnan Ha BHXO/Ii CHCTEMH JHMCTaHIiiiHOrO cnocrepexenns aepoianamadry; L(¢ ,7,7) -
CHTHAJ] Ha BXOJI CHCTEMH [JHCTaHIifiHOTO cnocrepexentsi aeponanamadry; a(x,y,t) - dynkuis
pO3CcilOBaHHA CHCTEMH RUCTaHIIHOTO chocTepexenHsi aeponanamadry; Lulx,y,t) - dynknis mymy
CHCTEMH JHCTAaHLiHHOIO CIOCTepeKeHHs aepoJanxmadTy.

Y pobori [3] A.H.’Kusivinum ta B.C.Coko/s0BUM OTpHMaHa 3ajexHiCTh HMOBIPHOCTI po3ni3HAHHS

P o6’exta gucTaHIIHOTO CHOCTEPeXKeHHs! aepoanAmadTy BiJ po3aisbHoi 3naTHOCTH Re:
P = exp {-(Kp,/Bo6* Rc)’}, ne K¢ - xoedimient po3ni3HaHHST (opmMu 06’e€KTa AWCTAHIIAHOrO
crnocTepexxeHHsi aeposanamadTy; Bo6 - MaKCHMaJIbHHH reOMETPHYHHI Po3Mip 306pakenHss 06 €KTa JIUC-
TaHIiifHOTO cnocrepexeHHss aepoangmadry. Ockinbku koediumicutr K¢ ana xoxnoro o06’ekra
THCTAHIIHHOrO cHOCTepeXkeHHs! aeposiaHAmadTy He BH3HAYEHO, TOMYy /Ui HOGYIOBH 3aJI€KHOCT
iiMoBipHOCTi posnisnanus P Bix serasbHocTH d HEOOXi/THO BHKOPHCTOBYBATH €MIIipHYHI [AaHi.

Jlns1 OIIHKH MOXJ/IMBOCTH CHCTEMH QHCTaHIIHHOrO cmocTepeskeHHsi aepoaanaumadTy 3 geraibHocTh d
IO ycboMy moOJI0 306pakeHHsi y pobovyoMy [isina3oHi BifcTaned g0 o06'€KTa gHCTAHINHHOIO
croctepexenHs aepotanamadry L e&[L,,,...,Ly,.], 3a71€XKHUM BiJi TEXHIYHHX XapaKTEDHCTHK CHCTEMH
AUCTAHUIHHOTO CHNOCTEPEXKEHHsA aeposaHAmadTy, HeoOXiZHO 3HAHTH BEKTOP NapaMeTpiB JeTaJbHOCTH
Pa: Pi=< Py, , L(L€[Lpin +---sLpar 1)>, ne Py, - Bexrop mapamerpis MATTEBOTO MOMA 30PY Y,
ejieMeHTapHOro iHgopmaiiiinoro kanany [1] cucremn aAucTaHUifHOrO crocrepeskeHHs aeposanamadry
Ha Kpalo 306paxenHs. MurreBe mnosie 3o0py otorpadivnoi cucremn (DC) gucTanuiitHOrO
CIIOCTEepeXeHHs.  aeposlaHAmadTy 3HaxoauTcs 3  BigHomedb [1]: y  menTpi  3g6paskenns
yu=1/{2*Recy *f*[Kos/(2- Ko6)["* *K o}, ne Re.y - poaginbna 3natHicTh DC y HeHTpi 306paxkenHs
upu abcoaoTHOMY KOHTpacTi 06’ekr-¢oH, f° - dokycna Bigcranb ¢oroo6’ektHBa, Ko6 - KOHTpacT
o6’ext-pon, Ko - koedillieHT ypaxyBaHHS INOTIpIIEHHs PO3/iJbHOI 3AaTHOCTH ji€lo Bibpariit Ta
AedboKycyBaHHSA; Ha Kpaio 306pawenns vy, = 1/{2*Rc.y *f**[Ko6/(2- Ko6)]"* *Ko*cos’ (Br)), ne Br -
KyT BisupyBaHHs 306pakeHHs. TakmM YHMHOM, BEKTOpH NapaMeTpiB MuTTeBoro moas 3opy ©OC
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mEcTaHIiitEOrO crocTepeskenns aeposanamadry y uestpi PyuTa Ha kpao Py, sobpaxenb 3HaXoxsTh

3 pinnomenb: Py u= < Recx, [, Ko, Ko*>, Py,,,, = < Rex, [, Ko6, Ko*,2B> ne Rex - po3aiibHa
spataicts MC npu KoHTpacTi 06’ekT-hoH Kob, 2 - KyT moJist 30py oTool’eKTHBA.

[IponosoBanuit MeTOJ ONMIHKH SIKOCTH &
dbopmyBanns auckperHux oTorpadiy- | Kpait
HHX 306pa’keHb TPYHTYETCS HA TOMY, HIO
MHTTEBE TOJIe 30pYy Yy 3B'sI3aHE 3 BaXIM-
BIMA TEXHIYHHMHM [OKa3sHHKaMH edek-
THBHOCTH, SIKAMH € JeTalibHocTh d Ta
Biicranb 0  O6G'€KTy  JHUCTaHI{#HOIO
CIIOCTepeXKEeHHS aeposagmadry L,
npoctuM cnisBignomenusm: d =y * L [1].

BukopucrtoByo4n eMIipHYHI 3ajex-
Hocti  #MoBipuocti P po3nisHaHHS
06'eKTiB JQUCTAHI[IHHOIO CIOCTEPEXEHHS
aeponanmmadty Big merasbHocTi d, a

TaKOXX  AHAJITHYHI  3aJ€XKHOCTI, IO ' ‘

: ’ ) 2 pL 2 13 L
s's3yiotp L, 7y, MoxauBo rpadiuno
mobymysars sanexuocri  L(d), P(d) Puc. 1. Cxema pospaxynxy sxocmi gpomoepaghiuriux
(muB. prc. 1). cucmem OUCTMAHUIIHOZ0 CROCMEpeXenHs deporanduagpmy

Merton ouinku sikocta PC aucran-
iitHoro cmocTepeXkeHHs1 aeposanamadry
no3Bonsie: ominumTH 3gatHocti MC 3 gertambHocTH d 110 BCbOMy MOJIO 306paxkeHHs y pobouomy
NisimasoHi Bifcrameil L, skuil 3anexuTp Big TexHiunux xapakrepuctHk DC; BU3HAYMTH MiHIMaJbHY
fimoBipricTp poamisnanus P;; BuOpaHux 06'ekTiB no momo 3o6pakenns, OLIbII AKOT BiACTaHb 0
06’eKTy AMCTAHI[IHHOTO CHOCTEpPEXKeHHsi aeposanguiadry 6yae menume Ljz; IPOBOXHTH HalicKopIIy
oninky agaTHoctn PC ANCTAHUIAHOTO CHOCTEPEXeHHS aepoJaHAmadTy MO BHSIBJIEHHIO 06’ekTiB Ha
3ajaHiid Bigcrani Lj .
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Anazis indpopMaliffHHX TeXHOJIOrilf aBTOMATHYHOTO PO3Ni3HABAHHS i 3BEJICHHS 06’ekTiB
1M poOBOI KapTH
AMUTPO BJIM3HIOK, MUXAWJIO IIOIIOB

Incmumym 6iicox060-NOGIMPAHUX CUL 252186 Kuis, npocn. IToeimpoghromcorui 30
Ten.: (044) 271-6560

Jmutpnii Bansmox, Muxana Ilonos. Ananus uigOpMaUHOHHBIX TEXHONOTHI ABTOMATHYECKOrO PACIOIHABAHUS U
cBoakH 06bekToB NHGPOBOIl KApPTHI.

B HacTosllee BpeMsl IMpPOLECC CO3TaHMSI IM(POBLIX KapT JOCTATOYHO JUINTEJIbHBIA M TPYAOEMKHIi, IO3TOMY
HoBeiiure paspaGOTKH HaNpaBJeHbl Ha aBTOMATHYECKOE pacriosHaBaHHe o6pasoB M CBs3e 06bEKTOB U MX
cTpyKTypupoBaHue. IIpHMEHUTENLHO K 3a/iaue CBOJKH CMEXHBIX JIMCTOB m1bpoBoil KapThl Npe/JlaraeTcs MeTO/,
06be TMHSIONMIX B ce6e METO/l aBTOMATHYECKOIO PacIio3HaBaHHs OOBEKTOB Ha KapTe 110 TONOJOTHUECKUM KPUTEPHSIM
u 1nipeobpasoBaHue Xo. »

Oxnum 3 mkepen HudpoBAX KaprorpadivHUX MaHHX € MATepisiy EPOBOro NepeTBOPEeHHsl KapT.
Ha chorommimHili JeHb icHye TpH MeToAH OLH(POBYBaHHA KapT: ILISXOM ILIaHIIETHOTO Jiritaisepa
(nafi6inpml NOMMUPEHHHH METOL); METOJOM MOC/iIOBHOTO BiJCTEXEHHS niniit  (HanmiBaBTOMaTHYHE
ouud)poByBaHHs); 3 BUKOPHCTaHHsIM cKanepa (Haii6inpm nepCreKTHBHHIL).
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IleperBoploBayi, 3acHOBaHI Ha [BOX IEpPUIMX MeTOJAaX, JAlOThb CTPYKTYPOBaHi BEKTOPHI JaHi.
OuudpoByBaHHS PYyYHHM ClOCO6OM - Hai6i/IbII yHiBepcalbHUH Ta JemeBHi croci6, npoTe mei mpoiec
HAATO TPyAOMicTKHi. OuudpoByBaHHS METOLOM IOC/IZOBHOTO BiJCTeXKEHHs JiHill edexTHBHe TilbKH
Jst i3oainiit. Hegosiku uboro cnoco6Gy - BHCOKa BapTicTh Ta Heo6Xi/HICTb aKTUBHOI y4acCTH OlepaTopa.
Apromaruyne (ckanepHe) ouudpOBYBaHHS /[a€ BEJIHKY EKOHOMIIO 4Yacy, aje OCKiJIbKH Ha BHXOM
OZIEPKYIOTh PACTPOBi /1aHi, TO 1ie noTpebye iX AOAaTKOBOTO O6POGICHHS B iHTEPAKTHBHOMY PEXXHMi.

O6po6ieHHsi CKaHEPHHX /[JaHAX Yy IHTEPaKTHBHOMY PpEXHMi [OCHTb TPYIOMICTKE, TOMYy HOBITHI
po3po6KH cnpsiMOBaHi Ha aBTOMaTHYHe po3ni3HaBaHHsi o06pasiB i 3B’A3kiB 06'exTiB Ta iX
crpykrypyBaunsi. CrocoBHO kaprorpadii posmisEaBanHst o6pasiB - me ommc i kaacudikalisi JgiTepHo-
1 pPOBUX 03HAK, YMOBHHX 3HAKIB, JIiHili, 30KpeMa, Mex 06’eKTiB.

ABTOMaTHYHe po3IidHaBaHHsi o6pa3iB TPYHTYETbCsl Ha aHali3i 3B'SI3aHHX €JIEMEHTIB MaTpHIDb
306pa>keHHsi 3a TreOMeTPUYHHMH, TOMNOJOTIYHMMH Ta JIOTIYHHMH KDHTEPIAMH Ta 3 HaCTYIHHM
TMOPiBHSIHHAM O/IepXKaHHX MapaMeTpiB 3 eTaJoHHUMH Habopamu napamerpis. Hespakaiouu Ha nporpec B
it o6sacti icHyloYi mporpamMu poamni3HaBaHHS KaprorpadiuHux o6pasis le HeJOCTAaTHbO JOCKOHAJL s
edeKTHBHOI aBTOMaTH3allil Mpollecy YTBOPEHHSA H(POBOI KapTH.

PosrisiHeMo MOJIMBOCTI 3aCTOCYBaHHsI aBTOMaTH3alii /st BHpileHHs oxHiel 3 3amay 1mHdPOBOro
kaprorpadyBaHHsl - 3BeJleHHsS] CyMiXKHHX apKymIiB HH¢pPoBoi KapTH Ha NPHKIANAX AESKHX 3 ICHYIOYHX
kapTorpaiuHiuX CHCTEM.

Cucrema PC ARC/INFO amepuxancokoi dipmu ESRI (Environment System Research Institute).
Ils TIC-06010HKa BHKOPHCTOBYETHCSI [UIsi PO3POOJIEHHS OKPEMHX NPOrpaMHHX NPOAYKTIB, IO HOTIM
o6’ennyioroest y Bennki [IC-cucremu Bxke Ha 6a3si ARC/INFO pgnms po6ounmx cranuiii. Ilpouenypy
3BE/ICHHSI CYMIDKHHX JHCTiB 1A(POBOI KapTH MOXHO NpeACTaBHTH HacTynHoo cxemow: (1) oxHouacHe
BidyasibHe 3iCTaBJIeHHsI [ABOX CYMDDKHHX JIHCTiB: Bidya/bHe NOPIBHSIHHS JIHCTIB [0 NiATOHKH KpaiB,
TirOTOBKAa MOKPHTTS AJsl NifroHku Kpai (o6pisanHsi, pO3miJeHHs Ayr Ha KyTax TOMIO), BHKOHaHHS
nigronkn kpais; (2) Ilepesipka sHayenp nmapamerpis y tabiuuax atpubytis 06’extis; (3) 3’exnanus
nokputh; (4) YcyHenusi MEXi MK JMCTaMH KapTH.

Ha nepumiomy Kpoiti BidyaJbHO MepeBipsi€Tbesi: YU BCi 06’€KTH MaloOTh [1apy Ha CyMiXHOMY JHCTi Ha
npoTsi3i Bciei Mexi i 4M cropaBAl BOHM HigXOASITh OAUH [0 ojHoro. lle 3aBiaHHsl BUpillye oIeparop,
BukopHcroByoud npoueaypy ARCPLOT. Ilicis nporo, B aBTOMATHYHOMY PEXHMi, BHUKOHYEThCS
o0pi3Ka IOKPHTb JJisi IX HACTYMHOTO 06’e€HaHHS. [[Js1 IBOrO 3aCTOCOBYETLCSI ONepallisi TOMOJIOIiYHOIo
nepexkputtst CLIP. Ha mpoMy erami Big6yBaeTbcsi NPH3HAYEHHsS] OCTATOYHHUX i/leHTH()IKATOPIB KOPHCTY-
BAYa, YTBOPEHHs HOBHX MiTOK i Tabnuui arpubyrtis nosironis (PAT-ra6iuui). Hactynuuit eran - miz-
roHKa KpaiB - BHKOHYETBCS ¥ iHTepakTHBHOMY pexuMi. Tpe6a 6ibil JOK/IaZHO 3yNHHATHCS HA LIl mpo-
Heaypi, mo6 NOCTaBHTH 3a/a4yy aBTOMAaTH3AIll Npollecy 3Be/leHHS CYyMiXKHUX JIHCTIB Hu@POBOI KapTH.

Ha nepuruit noruisizi, BAKOPHCTOBYIOYH Cy4acHi 3aco6u onu¢pPOBYyBaHHs, sIKi MAIOTb BUCOKY TOYHICTD,
MoxcHa 6ysio 6 ouikyBaTH Ha Te, IO MiATOHKA KpaiB He BUK/WYE BEJHKUX TPYIHOIIIB, IPOTE Il He Tak.
[lomunkn onepatopis npu pydnomy omudpoByBansi (Bia aMimens o nponyckiB 06’ekTiB), MOXu6KH Ha
Kpasix KapTd 0PH CKaHYBaHHI, a TaKoX TMpH [OraHiii sxocri 300pa’keHHs, IO M[OB’SI3aHO 3
BJACTHBOCTSMH KapTorpadiuHoro mnamnepy, NpH3BO/JSITh Ha MPAKTHII g0 TOro, mo O6iabmicts 06’€KTiB,
10 06'€HYIOTHCSI, 3MINIYIOTBCS OAMH BiJIHOCHO OJHOrO B3JOBX Mexi 3B'sisyBaHHs. B PC ARC/INFO
nigronka KpaiB BHKOHyeTbcsi 3 BHKopucTaHHsIM npouenypH EDGEMATCH. Omnepartop nporJsijae
V3I0BX MexXi 3B'si3yBaHHsI yci By3aH, IO 0G'€/IHYIOTbCS, BCTAHOBJIIOE “/[ONYCTHME BiIXUJEHHS NPH
migronmi” i 3azae onuilo AUTOMATCH. Ilicisi 3aBeplieHHsI aBTO3B’SI3yBaHHSI OIIEPaTop 3HOBY
Hporisiia€ Bcei Byssid. Byssu, 3MinmeHHs sSIKHX Honajae y “ZONYyCTHMe BiAXHJEHHSI”, aBTOMaTHYHO
3B’sI3yI0TbCS! JIyTOI0, BH/iJEHOIO iHMHM KoubopoM. Jlo Bcix iHmMMX BY3JiB, [0 He NONaId y “JONYCTHME
Bigxuienns”, 3acrocoByerbes onuiss MATCH (3B’sasyBanHS KoHOI mapu ByaJiB, 1m0 06’€IHYIOTbCS B
iHTepakTHBHOMY pexxumi). Tpe6a 3a3HauuTH, O 36iJbIIEHHS “JAONYCTHMOIrO BiAXHJIEHHS” IS
JOCSITHEHHSt aBTOMATHYHOro 06’e€/[HAHHSA BCiX BY3/iB He NPH3BOAHTbL A0 TO3UTHBHHX pe3yJibTaris, 60
3pocTae HMOBIpHICTb 3B’SI3yBaHHSI HECYMIXKHHX BY3JiB, i THM 6ijblle, YUM BHIIe HacHYeHHS 06 €KTaMH
aucriB kapru. Kpim Toro, Bigamaymmo, mo sxmo o6’eHAHHA NOKPHTb 3/IHCHIOETbCS He IO HpsiMiil
Mexi, TO HeOoOXi/lHO BpPYYHY BBOJMTH “THMYacoBi By3JH~ Ha KOXHOMY 3rHHI MeXi 3B’s3yBaHHS.
OcratouHe o6’eHaHHS BY3JiB, LIO 3B’SI3yIOTbCs, BHKOHYyeTbcs npoueaypoio ADJUST, micas
3aBeplIeHHs] SIKOT HeOOXi/[HO MOBTOPHO IepPeBipUTH NPaBHJIbHICTD MiJATOHKH.

Kpok 2 noasirae y nepesipui 36iry BH3HauYeHb XapaKTEPHCTHK O6’€KTiB, W0 3B’SI3ylOTbCs, Ta ¥
KOHTPOJII  y3rojukeHHst aTpHOYTiB 06’exTiB Ha Mexi o6'e€gHanHst JmmcTiB  kKaptu. J[ase uporo
BHKOpHCTOByeTbcst nponeaypa TABLES. Haii6inpm nommpeni moMuiki Ha IbOMy erami: NpPOIMycK
XapaKTEPUCTHK; 3MiHEHA NIMPHHA OISl XapPaKTePUCTUKH; {HOIHI MOPSIOK XapaKTePHCTHK.

Penarysanna PAT-tabiunb 3mificHIOETbCsE B iHTEPaKTHBHOMY PEXHMi, 0 NOTpebye 3HAYHHUX BUTPAT
yacy oneparopoM. Kpoku 3 i 4 mnpomecy 3BeeHHSI BHKOHYIOTbCS aBTOMAaTHYHO, BHKOPHCTOBYIOYH
npoueaypu MAPJOIN i DISSOLVE .
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ABromMaTHuHa Kaprorpadiuma cucrema “IIPIBAJIA” pospo6ku ITK AH Benapyci. B unpmaimmi
npoleaypa 3BefleHHsl CyMiKHHX JHCTiB undposoii kapru y cucremi “IIPIBAJIA” ananoriuma cucremi
PC ARC/INFO, ane icHyioTb Aesiki cyTTeBi BiAMiHH, SIKi MOXHA BM3HAYMTH i 5K MepeBar, i sK
Hefoqikn. /o 1epeBar MOXHO Bi[HECTH CIPOMOXXHICTb CHCTeMH BifoOpaxkaTH TijbkH Ti O6’€KTH, w10
BHXO/(ITh HA MEXY JIHCTIB KapTH i He MOMajaioTh y “/IONYCTHME BIIXHJEHHs”, THM CaMHM IOJIErIyI04YH
OnepaTopoBi BHKOHAHHS Tpolexypu 3B's3yBanus. J[lo Hemonikis caig BizHecTH Take: “AOmycTHMe
BixuaeHHs” 3ama€Tbcs (IiKCOBAHMM JUIsSl BCIX BY3JiB, IO 3B'SI3YIOTHCS, a BY3JH, [0 HE IOMNAIH Y
“lomycTuMe BiIXHJIEHHs”, 3B'A3YIOTbCS ONEPATOPOM BPYYHY IIIAXOM “BHTATYBaHHsS ~MHIIEO”
NOAATKOBHX IYT MK CyMDXHHMH By3/aMH; CyMiXHI 06’€KTH, IO PO3TAlIOBaHI 3 BEJHKHM 3MIIIEHHAM,
[0B’SI3aTH ONMHCAHHM BHIIE clOcO60M HEMOXKJIHBO. Taki 3MilleHHs] BUIPABJSAIOTHCS MIJISIXOM NOBEPHEHHS
JHCTAa KAPTH HA €TaNy pefaryBaHHsi YH HaBiTh MOBTOPHOTO ONH(POBYBAaHHA WHMX O6’€KTiB, Ha BIMiHY
sig cuctema PC ARC /INFO , me mofi6Hi 3MilleHHS BHIPaBasioTbcss MeTogoM “rymosoro jucra”. Ileit
METOJl ZI03BOJISIE 3CYBATH TiJAbKi Ti AyrH, WO 3'€HaHi 3 By3JaMH, MO O6’€JIHYIOTbCS, BCl X BHYTPIilIHI
AYTH 3aJTAIIAIOTBLCS] 6e3 3MiH.

3 pamnime cKa3aHOrO BHILIMBA€, IO L€ 3HAYHA YAaCTHHA POOIT NPH BHKOHAHHI 3BEJEHHS CYMIKHUX
micTiB MHppOBOT KAPTH HEOCTATHHO ABTOMAaTH30BaHa, 0COGIWBO HA eTami IiANOHKH KpaiB JIHCTIB KapTH
1o o6’ennanus. lle Heo6XiAHICTh MOCTIHHOrO Bi3yasJbHOrO KOHTPOJIO 3a BiZINOBIAHICTIO Ta TOYHICTIO
38'A3yBaHHA KOXHOI MapH CYMiXKHHX BY3/liB 10 | micis omepauii aBTO3B’A3yBaHHS, HeoOXiTHICTD
py4YHOro 3B’sI3yBaHHsl BY3JiB, SIKi 3aJMIIHJMCD Nic/sl onepauii aBTO3B’sI3yBaHHs, peJaryBaHH: TabauIb
aTpu6yTiB 06’€KTiB y iHTepakTHBHOMY pexxumi. [l aBTOMATH3allil Ipolecy 3BeAEHHS CYMDKHHX JHCTIB
MOXKHA 3alPONOHYBATH Takuif MiAXiz - 06’€AHAHHS MeTOLy ABTOMATHYHOIO PO3Ni3HaBaHHs OG'€KTiB Ha
KapTi 3a TomoJOriuHMMH KpuTepisiMu 3 neperBopeHHsiv Xo. CyTb Meropy moJjsirae B TOMY, IO
BHKOPHCTOBYIOUH TOIOJIOriYHI 3B'SI3KH, BH3HAYAITHCSI i CTABAATbCS Yy BIANOBIAHICTD 06’€KTH B3IOBXK
MeXi JMcTa KapTH, o mnifusraoTb 3B’sisyBanHwo. llicis wmpore 1o KoXHOI mapu 006’eKTiB, IO
3B'A3yI0ThCSA, 3aCTOCOBYETbCsi mepeTBopernsi Xo. B pesysbrati B muomuui napamerpis Xo 0AepxyoTb
[Ba JOKAaJIbHHX MAKCHMYMH, BiAuoBifHI 06’exTaM mo 3B'sisyiorbesi. Cymimyioun Ui MaKCHMYMH B
mionuHi mapamerpis Xo, i3 BiaacTHBoctell nepersopenHs Xo O/IEpKyIOTb OJHO3HAYHE MepeMilleHHA
o6'extiB Ha KapTi m0 ix o6’ennanns. [lonmepexHi pPo3paXyHKH CBif4aTb, MO, BHKOPHCTOBYIOUH TAKHIA
miAxi, MOKHA TIPHCKOPUTH IIPOIEC YTBOPEHHsS HH(POBUX KapT.
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L. Duffy, H. Emptoz. Reading and Understanding Documents.

In this summary, we suggest a new method of recognition and analysis of non structured documents, whose
goal is the construction of a system for the automatic reading of documents, which feeds data base directly.

The problems bound to the document segmentation were studied by numerous teams of research [YU93]
[WIESER93] [BELAID93] [ABLAMEYKO94], and the results produced are often very interesting and reliable.

As for the « intelligent analysis and understanding of documents » part, it remains limited to the world of called
structured documents. This type of document obeys some rules of page layout enough precisely known and
standardized, the logical and physical structure is already known. One could note in particular the works of Belaid
[BELAID92] and of Ingold [INGOLD89].

As for non structured document they don’t obey strong rules, and we possess little or no information on their
logical and physical structure.

In order to raise this problem, we suggest a solution which, without being suitable for all the types of
documents, could be applied to many of them.
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Our survey essentially concerns the intelligent analysis and the understanding of document, we begin therefore
with straightened, clean and correctly partioned images.

First we chose to apply our solution to the synopses of magazines (Cf Fig 1), wich presents the advantage, while
being non structured documents, of being able to be expressed in terms of grammars.

Our system includes several levels :

OThe first level involves the extraction of the typographic features of some blocks of print, excerpts of the
image. We seek the grease, the style, the alignment of every block. The techniques employed are inspired by some
of the work of Zramdini [ZRAMDINI9S] and of his ApOFIS system. To every block, we therefore attach a list of
attributes qualifying it, this allows us to create families of homogeneous blocks (Cf Fig 2).

OThe second level consists of the labelling of these families, that is to give every family a semantic value (Cf
Fig 3).

For do this we disengage of every type of documents, some rules regarding the logical structure and detects the
ties between the different entities composing the document. We can thus construct a grammar characterizing the
type of document with a hierarchy of the visual observed indications. All this information is placed in the infor-
mation base corresponding to the type of document. The labelling is achieved by comparison of the visual indica-
tions excerpts and some constructed families, with the data contained in the information base. This base of informa-
tion, common to all the documents of the same type, is constructed during a phase of training guided by any user.

In summary we could say that our logical interpretation of document is based on the physical and typographic structure
of the document, thus that on the acquirements makes to the course of the etablishment of the information base.

©The third level of treatments concerns the validation of results. It necessitates both utilization OCR software
and the inclusion of dictionaries adapted to the type of document.

Our work concentrates on the second level of treatment which must allow the logical part of a document, to be
automatically labelled and construct, using a system of most ergonomic training possible, information bases
corresponding to the types of documents that we want to recognize.

In summary we could say that our solution is interesting because it uses both some techniques which have
already been proved, and some new methods emaning from artificial intelligence and some grammars. It allows for
suppleness for the type of documents, thanks to the possibility that it offers also a creating an information base
which is easily adapted to the document. What is more we are inclined to think that our system, with some
modifications, will allow to suggest a solution for sorting documents.
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JlBa MeTO/IM PO3Ni3HABaHHA Pa3oM HalHCAHUX CJiB
MUKOJIA KUPUUEHKO, ITOP TAMJIANTUYK, BAJIEPIN ®PATABUAH

Jlepaenui ynieepcumem 274012 Yepnisui, eya. Koyrobumncvrozo 2
Ten.: (03722) 9-8448

Mykola Kyrychenko, Ihor Hajdajchuk, Valerij Fratavchan. Two Methods for Manuscripts Recognition.

Two methods for manuscrips recognition are presented. The first one is based on words representation as
graphs and further grammatical analisys of obtained arcs. The second one works with words contours and codes
contour by specially choosed elements. :

PosnizHaBaHHA Pa3oM HANMHCAHHX CJIB LLIAXOM aHanizy ix ckeJery. AJITOPHTM, IO IPONOHYETHC,
MOXKHa PO3OGWTH HA TPHU ETANM: NONEpeNHE 06pobierHs C10Ba; TEpeBipKa rinoTes mpo HasIBHICTb Y CJIOBI
CHMBOJIIB 3 6a3H JJaHHX €TaJOHIB; inenTudikalis cIoBa 32 po3ni3HaHHMH CHMBOJIaMH.

llepmuit eran Bk.IIOYaE B cebe:

a) BHALIeHHs cJoBa i3 306paxeHHs TexcTy. OCKiIbKH CI0BO € pasoM HATIHCAaHUM, TO [ 3HAXO/Ke-
HESL HOCO TIOJIOYKEHHS i PO3MipiB 3py4YHO BHKOPHCTOBYBATH METO[H MOILIYKY 3p’siaaux obacreit [6];

6) mpopi/LKyBaHHsl Cl10Ba (orpuMaHHs iforo ckesiery). Cepel CyKymHOCTI METO/IB, OMHCAHUX Y [5];
HAHKpAMMil 32 MIBH/IKOIIEIO i SIKICTIO Pe3y.IbTaT /3¢ iTepauiiira mpoueaypa, 3anpoNoOHOBaHA Haxkarmi Ta
MunramsoMm,;

B) NpE/ICTaBJEHHS CKeleTy CJIoBa y pur/isizli rpada, By3naM SKOTO BiANOBIZAOTb TOYKH, O B oxoi
3 BOCBMH CYCI/IHIX IiKceaiB MiCTSTb BIIMIHHY BiZl IBOX KiJIBKICTh IHIIHX TOYOK CKEJETY (puc. 1); pemra
X TOYOK YTBOPIOIOTb JIyTH.

0
7 1
6 2
a 6 B 5 3
) 4
a) oco6/HBa TOYKA - TPH CYClAHM;
6) BysJoBa TOYKA - OfAMH CYCI/L ;
B) HeBy3JOBa TOUKA - /iBA CYCi/lH. Puc. 1, Puc. 2

Koxny ayry rpacda 3aKoAyeMO HanpiMHHMH pizpiskamn @pimana [1,5,7,8] (puc. 2): oTpuMaemMo
IS KOXKHOI JIyrH BEKTOP HANpPSIMKIB Il HANHCAHHS. :

Ha apyromy eTani [epeBipseTbCs HAsIBHICTb Y CJIOBI CHMBOJIB, €TaJOHM SKHX 3HAXOJATBHCA Yy
sasgaserib HapueHilt 6a3i fannx. KokeH eTanoH 3a/a€TbCsl [PAMATHKOIO HanpsiMKiB HOro HamMCaHHA,
Jle HAUPSIMKH, SIK paHilie Ayrd CKejeTa, TakoxX KOJAYIOTbCS Bi/(pi3KaMu ®pimana. Poarisinemo JESIKHi
bikcoBanuil eTagoH i /Uisi HbOrO cepejl AyT rpacda BubepemMo Ti, IO 3aLOBOJBHSIOTD IPAMATHIY €TajoHa.
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Hexait o - ogna 3 Takmx nyr, e, - ii kiHmeBa Touka, P, - cTaH aBTOMAaTa Mic/asl 3aKiHYEHHS
posnisHaBaHHs aAyru o. Cepex Ayr, MO BHXOASTh 3 TOUKH €, , BHALISEMO Ty, IO BiANOBifa€ rpaMaTHIl
€TajoHa 3 MOYaTKOBHM CTaHOM P,. OTpuMyeMo HOBY KiHIEBy TOUKY e, i HOBHii cTaH aBToMmata P,.
Jani nosTopioeMo meii mpomec 3HOBY, g06aBasiOYH  HA KOXXHOMY KpOIi /[0 MOCJIiZ0OBHOCTI
IpOaHa/I30BaHMX /lyr HACTYNHY TaKHM YHHOM, M6 HOBAa [Ayra 3ag0BOJbHSIA rpaMaTHKy eTaJoHa.
Axmo Ha gesikoMy kponi 6yae AOCATHYTO KiHUEBHMH cTaH TPaMaTHKH, TO UM caMuM 6y/ie PO3Mi3HAHO y
CJIOBI BiANOBIHUH CHMBOJI.

Ha Ttperpomy erani sanmmunoch BUSCHHTH, SIKi 3 PO3Mi3HAHHX CHMBOJIB MificHO 3ycTpivaioTbes y
coBi, a sxi 6yn0 oTpumMaHo xu6uo. Il npobiema BuHHKAE Yy 3B'S3KYy 3 THM, N[O JesKi CHMBOJH €
HacTHHaMA inmux: ‘o’ - ‘a’, 'a’ - ‘', ‘0’ - ‘B’, ‘n’ - ‘T’ Tomo. KpiM Toro, mammcamus pa3oM pi3HHX
CHMBOJIIB TAaKOX MOJXe€ MPHU3BECTH [0 HEOJHO3HAYHOCTI iX PO3Ni3HABaHHS.

Sk npukJIaz, posrjasiHEMo CJIOBO ‘THn’: Puc: 3.
3rifiHo 3 OMHCaHUM BHIIE ATTOPHTMOM, Yy HbOMY MOXYTb OyTH ieHTH]iIKOBaHiI Taki CHMBOJIN:

LLL o (TL

- OOuH cuMBoJ ‘m1’ - OJHWH CHMBOJ ‘T’ - IBa CHMBOJIH ‘I’
- OHH cHUMBoOJ ‘n’ - OJITHH CHMBO.J ‘T’ - IBa CHMBOJH ‘i’ 2
Puc. 4.

B sixocTi kputepilo isi BiJHOBIEHHS ClOBa 33 PO3NI3HAHUMH CHMBOJIAMH aBTOpaMH BHKOPHCTaHO
JIBa NIPUNYILIEHHS:

a) HisKi ZBa CHMBOJHM y CJIOBi He MAIOTb CHiNBHHX ayr. Hagani BuGipky 3 posnisHaHHX CHMBOJIB,
KOXHa Mapa sIKUX BOJOJIE BKA3aHOI0 BJIACTHBICTIO, HA3BEMO AOMYCTHMOIO;

6) CHMBOJIH MOBHICTIO 3aNOBHIOIOTH rpad ckenery, 3a BHKJIOYEHHSIM, MOXUIHBO, DHCOK 3B'SI3KiB MixX
cuMBosamu. lle oswauae, mo Tta BHGipKa, sika YTBOpIOE cJI0BO, Gyae MaTH Ha#6iIbIy CYyMy [IOBXHH
CBOIX /YT cepejl yciX iHNIMX MOnycTEMHX BHGIPOK.

Jlns MaTeMaTHYHOI NOCTAaHOBKY 3a/ayi BBEAEMO TAKi MO3HAYCHHS:

a) C, - cyMapHa JIOBXHHA YT i-0ro CHMBOJIY;

6) 1, AKIO i - Wil Ta j- uit cUMBO/IM MaKO T CHIiNbHI TyTH,
a; =
§ 0 - y npotunexnoMy BUNaKy;

1, SIK1[O i - Wi CMMBOJI BXOJUTD Y CJIOBO,

B)x:

' 0 - y npoTHIeXXHOMY BUNAIKY.

Toxi samaua inentndpikamii cioBa 3a po3misHAHMME CHMBOMAMH 3ANUIIETHCA Y BHIJISIL: 3HAHTH
TakHii BeKTOp X = (x,,xz...xn) » 1€ N - KiIBKICTb PO3MiSHAHAX CHMBOJIB, IO € PO3B’SI3KOM 3a/1avi
n . 0 S
D.cx, >max; Vx,=lx,=1 a,=0, ij=Ln; x= [poi=bn (1)
i=1

Hlpyra ymosa B (1) exsiBanentna Tomy, mo POSIVISLIAI0TECA JIMIIE AOMycTAMI BUGIDKH, Hepma ymoBa
O3HAYa€, WO cepell MONMYCTHMHX BHOIPOK BiAmykaeTbcsi Ta, cyMa [OBXHH Myr CHMBOJIIB SIKOi €
MaKCHMaJbHOIO.

3apauy (1-3) MoxkHa po3s’siayBaTH 6e€3IOCEPEfHBO METOOM MOBHOIO nepe6opy, a MOXHa 3BecTH ii
/10 eKBiBAEHTHOI 3a/1aui MiJOYHCENBHOrO NPOrpaMyBaHHs: .

> ex, > max, (2)

i=1
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n-x,+y ax, <n i=Ln, 3
JZi

x, 20 i=Ln (4)

X, -mimio . (5)

0 S
Cupaszi, 3 (3) i (4) Buminsae, mo X, <1, a 3 (5) orpumyemo X, = 1P i=Ln_ 3 ocranusoro Ta
Vx,=Lx, =L a;,=0, i,j=1n suxomurn (3), ockirvku sixmo X, =0, T0 Zau‘xj MicTuTh n-1

J=i

MONAaHKIB i KOXeH AojaHOK gopisaioe 0 abo 1, To6TO Za,.j.xj <n -1, 3 inmoro Goky sikmo X, =1, To
J#i
symoB Vx, =1,x; =1 a, =0, 1,j=1n sunnusac Zaiij =0 i (3) neperBopOEThCS ¥ PiBHICTD.
J¥1

Jlns posp’sisypannst 3amaui (2)-(5) Moskma 3acTocoByBaTH BiZOMi MeToau BiJCiKaHHS: T'omopi,
Hanprona-Jlesina, Minkinpmreiina Tomo. OTpuMaHuii BEKTOp X BH3HAYa€, sKi CHMBOJM BXOISATH
CI0BO, a aHaJXi3 INOJIOXEHHs iX Jyr BKasdye NOpSIOK CHMBOJIB y CJAOBi. THM CaMHM aJTrOpPHTM
po3ni3HaBaHHS 306paXKeHHS Pa3oM HANHCAHOIO CJI0BAa JOBEJCHO /10 3aBEpPIIEHHS.

3anpornoHoBaHHii MeTO ekcnepuMeHTaslbHO ainpoGopano Ha IIK IBM PC 486 (80 M). IllBuakicts
po3mi3HaBaHHSI YKPalHCbKOMOBHHMX TEKCTiB CK.ajla€ HpuGIM3HO OAMH cHMBOJ 3a ABI cekyHaun. Yac
PO3Mi3HaBaHHS PO3NOJINIOETbCS MalKe PiBHOMIPHO MiX TPbOMa €TalaMu.

Po3nisHaBaHHA PYKONMHCHHMX TEKCTiB LUJISXOM aHAKi3y TONOJOTIYHHX e€JeMEHTiB. Po3ni3HaBaHHS
pa3oM HANMHCAHHX CJiB MIJISXOM MNOC/iJJOBHOTO Ta IPaMaTHYHOTO aHaJli3y TONOJIOTIYHUX NPUMITHBIB
CKJIA/IAETHCST TAKOXK i3 JIEKIJIbKOX eTalliB.

Ha erani nonepeauboro o6po6.ieHns 3ifCHIOETbCST BU/IIJIEHHS! C/IB Ta BEPTHKAJIbHA | TOPU3OHTANbHA
HOpMaJi3auil KyTiB Haxuuy. Buginenns cais a3aificHIoeTbes Tak caMo, siK i B onepe/IHiil 4acTHHi CTATTi.
Hopmanisauis kytis nposoautbest moBopotamn 306pakentst TekctiB. Onepaliii MOBOpPOTiB JHCKpPETHOTro
306paceHHsI NPU3BO/ATD /IO MOSIBH JIOAATKOBHX 30ypeHb Ha KOHTYpaxX 300pa’keHb TEKCTiB, TOMY s
3rJIaJKyBaHHS BHKOPHCTOBYETBCS! (DiIbTpallisi METOOM MaTPHYHOI MacKH.

Ha gpyromy erani azificHioeTbest cerMenTalisi ¢/1iB Ha KOHCTPYKTHBHI TONOJIOTiIuHI eqeMenTH. Takumu
eJleMeHTaMH MOXyTb 6yTH okpemi mpocti cumBosn (e, ¢, 0...), a TakoXX Pi3Hi KPIOYKH, NAJOYKH TOIIO.
[Ipn cermentamii c/I0BO CKaHYeTbCS y BepPTHKAJBHOMY i B TODM30OHTajibHOMY HanpsiMKax. IIpu
CKaHyBaHHI y BepPTHKaJbHOMY HAlpsIMKY OyAylorTbesl BiZANOBIZHI ricTorpaMi i 06YUCIIOIOTHCS JAEKiJIbKa
YHC/IOBHX I[lapaMeTpiB: 3arajibHa BHCOTa 306pakeHHA CJ10Ba, [IOJOXEHHSI INEHTpajbHOI JiHii
306parkeHHs, HAsIBHICTD i MOJOXeHHsI neHTpatbHoi (cuMBoaM @, u, n...), BepxHboi (/151 CUMBOTIB 6, 6,
A, B...) , namxuboi cmyr ( cumBoau y, 0, p...). 1li napamerpu n03BoAsOTE Po36UTH BXiAHHH andasiT
Ha Aekifbka migandasitis me Aa eranmi cermentarii. [Ipn ropmsontasbHOMy ckamyBanHi 6yayoOThCS
ricrorpaMyu: po3MillleHHs1 306pakeHHs! Bi/ITHOCHO cepeAHbOl JIiHil; 3araJbHOi BHCOTH CHMBOJIIB; KiZIbKOCTI
KOHTYPHHX MiKCeXiB; KiJIbKOCTI KOHTYpPiB Ha JiHil cKaHyBaHHS.

AHani3 mHX TricTorpaM /a€ MOXJUBICTb pPO3GHTH CJOBO Ha OKpeMi MPOCTi CHMBOJIH a6o
KOHCTPYKTHBHI €JIeMeHTH.

Tperiit eran sxiarvae B cebe pO3Ni3HABAHHS OKPEMHX CHMBOJIB Ta eJeMeHTiB. [IpH 1mbomy
30CTOCOBYIOTBCS /(Ba AJIFOPHTMH - METOJl MPOCTOPOBHX obsacTeil Ta rpaMaTHyHuil aHanid koudirypaumii
KOHTYpiB. [lasi MOCAIOBHOTO aHaNi3y NpH IOPH3OHTAJAbHOMY i BEPTHKaJbHOMY CKaHYBaHHI OKpeMHX
cumBousiB OyaywTbest 3-, 5-, 7- BUMipHI BexTopH KiibkocTi mikceaiB B 3 ,5 ,7 pIBHOMIpHHX cMyrax
so6paxceHHst Bimnosigno (puc. 5). Ili BekrOopW HOpMali3ylOTbCs, [0 3MEHIIYE 3a/€XHICTD
pO3Mi3HaBaHHS BiZl po3MipiB cuMBo/iB. TakuM YHHOM, eleMeHT BiO6PaXKa€ThCsi TOYKAMH Y BiINOBIHMX
3-, 5-, 7- Bumipnux mnpocrtopax. /lisi KOXHOIO MOXK/HBOTO €JeMeHT2 y IHX [POCTOPaxX 3afaioThesi
Bignosiani o6iacri (puc. 6).

Ocranni ¢opMyloTbCcsi y mpomeci HacTpoioBaHHsi a60 HaBYAHHA CHCTEMH SK 3HAYeHHs  Mix
MaKCHMaJIbHHMH Ta MiHIMaJbHHMH [lapaMeTpPaMH KOMIMOHEHT HaBYaJbHO! mocaigosHocti. OKpiM mboro,
. IUIsi KOXKHOTO KJjacy B mpolleci HaByaHHs 6yayerncsi Habip erajonux BektopiB. Ile BekTOpu cepesmix
3Ha4Y€eHb BI/IOBI/IHHX KOMIIOHEHT HaByalbHOI mnocnijoBHocti. Ilpu posnisHaBaHHI NepeBipsieTbes, YH
HAJIEXKHTh BEKTOP €JIEMEHTa, W0 PO3MI3HAETHCs, 10 06JacTi NeBHOro KJaacy. SIKIo BiH HEIEKATD TiAbKH
oxnomy knacy (y BchoMy Ha6opi NpPOCTOPIB XapaKTEPHCTHK), TO CHMBOJI BBAXKAETHCS PO3IMi3HAHMM.
SAKNI0O BEKTOp HAJEXUTh [EKiJIBKOM 06JacTsM, TO OGyAy€eTbCsl BiJAIIOBI/{HA NOCTIOBHICTb rinoTes, sKi
OyAyTb mnepeBipsATHCS iHMIHM MeTOJOM. | KOJH BEKTOD HE HAJEXHTb >KOAHOMY Kjaacy, To 06’ekT
BBaXKa€TbCs HepoO3MNi3HaHHM 1 Juisi igenTHdikaunii norpi6Huit nogaTkoBid anani3. Y BuDaakax
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HEO/JTHO3HAYHOIO PpO3I1i3HaBaHHA ab0 HEPO3Ni3HAHHS IS  0JAaTKOBOIO aHaJli3y BHKOPHCTOBYIOTbCS
aJITOPHTMH TIPAMAaTHYHOIO aHaxidy KouTypiB. Ilpm mpomy ma 306parkeHHi BHIIIAIOTHCS BEpXHilt Ta
HUXKHIH miBkOHTYpu. KoxHHE 3 HuHX KOZyeTbCsl 3a [IOIOMOIOI0 CHCTEMH HAIPSIMJIEHHX Bi/Ipi3Kib
®pimaHa, NPeJCTABISAETHCS Y BHIISIAL OPi€HTOBAHOrO rpaca Ta PO3NI3HAETbCS METOAOM MOPiBHSHHA 3
etajonoM [3,7]. Jlnsi KOXHOrO Kiacy OTPHMYKTb [Ba eTAJOHHHX rpadu. Ertanonuuit rpad
NPEeICTAaB/IeHHH Yy BHISAAI PeryJsipHoi mporpammuoi rPaMaTHKH, a pO3Mi3HABaHHS BXiAHOIO CHMBOJY
loJdra€ y rpaMaTHYHOMy aHaqi3i Bianosignoro BxigHoro rpada. [las BIOPSAKYBaHHS TilNOTE3
30CTOCOBYETbCSI  MeTOJA  Hallbamxkdoro cyciga, To6TO BPaxOBYETbCSI  BiZICTaHb MiXX  BEKTOpOM
XapaKTepH3YIOYHX KOMIIOHEHT IIOTOYHOTO CHMBOJIA | €TaJOHHHMH BEKTOPaMH CepeJHiX 3HayeHb.
Bropsitkypanns rinortes cyTTeso BnAKBae Ha MBHIKICTD PO3Mi3HABAHHS! KOHCTPYKTUBHAX €JEMEHTIB.

Ha ocrannboMy erarli 3 KOHCTPYKTHBHUX €/IEMEHTIB CKIAZAIOTHCS CHMBOH i CJIOBa, a 1AeHTUIKAIlS cJIiB
3BOJTHTBCS /IO ONTHMIBIIIAHOL 3a/1a4i 3 MakCHMi3ai€o KilbKOCTI 3aJyYEHHX KOHCTPYKTHBHHUX €JIEMEHTIB.
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Jkictb i MmBHAKICTD po3Ni3HABaHHS Ha EKCIICpHMEHTAIbBHUX TEKCTaX a/AeKBaTHI [0 mnapaMerpis
EePIIOro MeTOMY. !
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Texunosioris BHMipIOBaHHS IPOCTOPOBO} PO3aiibHOI 81aTHOCTI iHpayepBOHOrO JllaBaua, siKa
6a3y€eThCS HA AaBTOMATHYHOMY PO3Ni3HABAHHI TeCT-06’eKTy

MUMXAWJIO ITOIIOB, CEPTI BAJIAILIOB

Inemumym eiiicoxoeo-nosimpanux cun 252186 Kuie, npocn. Iloeimpogpromcoruii 30
Tea.: (044) 271-6418

Muxaun Tlonos, Cepre#t Banamos. Texmo.orns H3MEPEHHA NPOCTPaHCTBEeHHOH paspemalomeli cnocobHoCTH
HH(PAKPACHOTO JATYHKA, KOTOpas GasHpyercs Ha PACHO3HABAHHA TeCT-06beKTa. v

OmiichIBaeTcs TeXHONOrUS M3MEPEHHS TIPOCTPAHCTBEHHOM paspeuasouleii criocobHocTH HH(PaKPacHOro JaTyuka.

IIpocroposa poaginbua sagatricts (IIP3) e maliBakansimoio XapaKTepHCTHKOW iH(pavepBoHOro
(I4) naBaua, sHamHsi sKOi 4O3BOJISIE He TiJbKH OUIHUTH AKICTb 306pa’keHHs, WO dopmyeTbesi, ane i
CIIPOrHO3YBaTH BiPOTi/IHICTD BHSIBJIEHHS i MOMIHMBICTh PO3IIi3HABAHHS 06’eKTiB, sIKi 3HAXOJSTHCS B MO
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sopy naBaya. lIpu BumipioBanni IIP3 sBuyaiiHO BHKOPHCTOBYIOTbHCH TecT-06'€KTH y BHTJSLI Mip, siKi
CKN2/12I0ThCSI i3 NOYEProBHX TEMJHX i XOJOAHHX CMyr, TeMOepaTypa OKpeMOi i3 HHMX NIATPHMYETCH
He3MiHHOIO, @ WIMPHHA CMYTH IOCTYNOBO 3MIHIOETCS 3a BCTAHOBJEHMM 3aKoHOM [1]. [u¢dpavepBore
306paXkeHHsI TaKol MipH sBJSiE cOBOI0 NOCTIOBHICTD YOPHO-GLIMX Hap cMyr CiBBIIHOCHOT MIHPUHU, KOXKHIiH
i3 KoTpHX HamaeTbesi cBiif nmopsiytkoBuit Homep n: n=1,2,...,N; N - sarasibHe YHC/IO nap cMyr Mipu.

Ilpu ananisi 306pakeHHs] Yepe3 BiZIOMi YMHHHKH BHAUMICTh CMYT, HOUMHAIONH 3 JesIKol, oOMexeHa.
Homep octanHboi i3 map cMyr, 110 e CIPHEMAIOTbCS Ha so6paxenti, i € [IP3; 6yaemo nosnayatu uei
HOMEp 4epes3 I,.

Y BigomMux Meroxukax BHMipioBanHa [IP3 crocrepexxeRHs i po3pi3HeHHs] IITPHXIB Mipn Ha
306paskeHHi BHKOHYIOTbCS JIIOHHOIO-IEITU(PPOBIINKOM, sika | BHAae PO3MIp N. HaykoBi mocJiKenns
IOKasyioTb, MO ONiHKAa i€l BEJIHYMHA [OCTAaTHBO PIIHUTHCS HaBiTb B MeXaX KOJIEKTUBY
remudpoBunKiB oxuiei kpaxidikanii. Jleranbruii aHanis BIIHBY CY6'€KTHBHOTO ¢hakTOpy Ha INpoIec
pO3pi3HEHHS MITPUXiB TecT-06’eKTy BUKIazeHi B [2].

IIpoBeaeni AOC/IZKEHHSI JIaloTh TiACTaBy pa3r/sifatd 0, SK CXOAHHKOBY BEJIMYHHY, sKa
TiIMOPSIIKOBYETHCSl HOPMAaAbHOMY 3aKoHy posnoginy. Hexalh u - KBaHTHJD posnoainy, s -
cepelHbOKBa/IpaTHyHE BiXHUJCHHS, € - 3a/laHuil NeBHMUI iHTegBan. Toai Bizomo [3], mo 151 OTpAMaHHSs
CIPOMOXHOT | JOCTOBIpHOI OIiHKM I, HOTPiGHO (us/e)* nemudpysajibHEKIB, TO6TO UPHOJIU3HO
TeKinbKa AECATKIB Jiogel — CrelisaicTiB gocTaTHbo BHCOKOI KBadidikauii. Buxonatu mo yMoBy Ha
IPAKTHI[ JIOCHTb Mpo6JeMATHYHO, TOMY HaMH PO3pO6JeHa TEXHOJIOTisl BUMIPIOBAHHS [TP3 T4 paryuka,
sKka 6a3y€ThCS HA ABTOMATHYHOMY PO3Ii3HABaHHI TeCT-06’€KTIB.

CyTHiCTb T€XHOJIOTI] MOXHA BiZIo6pPa3HTH 3a /IONOMOrOI0 TAKOIO AJTOPUTMY: IOMNEpEeLHe 06pobieHHs
OTPHMAHOrO 306paXKeHHS 3 METOI0 BiJIOKpeMJeHHsi 3aBaj; PaspaxyHOK IapaMeTpis Xo (Hough) i
noporose 06po6JeHHS OTPHMAHO! ILIONHHH HapaMeTpiB; MOWYK iH(OPMATHBHUX O3HAK Y TLJIOTU HI
napameTpis (JIOKaNbHHX MAaKCHMyMiB, PO3TAlIOBAHHX Y HEBHOMY NOpS/AKY) i NPHHSITTSI PilleHHs TPo
HasBHICTD TecT-06’€KTy Ha 306pakeHHi; Iepexil y MJIONIHHY 300paKeHHsA, 3 OAHOPA3OBHM
06YHCIEHHSIM KOOPAHHAT TecT-06'€KTy, NPHIHATTS PpilleHHS PO NPHIATHICTD 300paXKeHHs [0
nojtabiioro o6pobieH s ; 32 YMOBH BHKOHAHHS! [IONE€PEHBOrO MYHKTY [POBOAUTDLCS aHaJjli3 300pakeHHs
TecT-06’€KTY i 3HAXO/IMTHCS TPyHa CMYT, sSIKa 3HAXOMMTbCS Ha Mexi cnpuiiasTTs; 3Haxo/kenus [#P3 3
ypaxyBaHHSIM anpiopHOro 3HAHHs NapaMeTpiB TecT-06 €KTY.

3anpononHosata TexHoJorisi Bumipiosanis [[P3 6yna mepeBipena eKCIEPUMEHTAIbHHMHE JtocJIi-
[DKCHHSIMH i 7aJ1a MO3ATHBHI pe3yJibraTd. [ mepeBipku Oy/ii BUKOPHCTaHI MaTepisiin TPEHYBaJbHOL
ceprudpikarii, sxa 6y orpumani B JIborsomy Ilentpi BIIC Pocii B cmr. Illaranoso (1994 pik).

Peasizallist 1(bOTO AJITOPHTMY MO>KJIMBA Ha CyyacHiil o6uHCIIOBaAbHIA TeXHIL.

Tak, BUKOpHCTAaHHSI nepcoHaabHrx komn'iotepis [BM AT 3 mpomecopom 486DX4-100 nosBsouisie
po6buTH HeoOXiaHi OGuUMCIeHHs Malixe B pealbHOMY daci. [IpakTHYHE BUKOPHCTAHHA i€l TeXHO.JOTil
MoxiuBe B pamkax Jlorosopy 3 BiAKpHTOro He6a, B sKOMy YKpaiHa aKTHBHO CHiBIpalioe 3 iR UMHI
IepikaBaMH, ounHawouu 3 1992 poky. Kpim Toro, BAKOpHCTaHHS ui€l TeXHO.JIOTii B mepioj BUNpobyBalb
Y Texniku, npu3HayeHol /LIS €KOJIOTIYHOTO MOHITOPHHTY, kaprorpadiynol 3HOMKH MICHEBOCTI, a TaKOX
y BiHiCbKOBUX LiJsIX, 3HAYHO MiABHIIATD SIKICTb CHCTEM, MO NPOEKTYIOTHCS.
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The processes of synthesis of the digital images has a greatest importance for the automated data
processing of aerospace monitoring of an Earth surface. In many cases the synthesis of the complete
set of spectrozonal images is a unique way to grant identification features of objects of aerospace
monitoring to human-operator for their complex interpretation.

Hereinafter the synthesis of the discretic images is understood as a forming of some new discretic
image by joint processing of several initial images. Let X be the set of the discretic images, each of
which 7€YY is described by spatial distribution of intensity xi, i€l of raster’s elements (pixels). Then
the synthesed image J can be submitted as J = ®{Y}, where R{} is some generalized operator of
synthesis. In practice usually action of the operator R{:} is limited in the field of spatial-
corresponding pixels of the initial images (local operator of synthesis) or of the members of Set

Theory relation ‘R{l—[ i } (the local-biective operator, if R{-} is a biection).

leY

It is necessary to consider as a main task of synthesis the concentration of information, that
contained in the complete set of the initial zonal images with the purpose of facilitation of

b)

Fig. 1. The linear local-biective synthesis of the special discretic images:
a - the initial images, b - the synthesed images

opportunities of its perception and recognition. The basic opportunity of the decision of the given
problem leans on hypothesis of existence of the directly non-observed synthesed image, that reflect
some immanent properties of registered objects and ensure minimum losses of the information.

The linear local-biective model of the synthesis of discretic images assumes a construction of the
complete set 3 of the synthesed images Je3J, dimension of which, as a rule, is much less than at
complete set of the initial images, looks as

Y=FX+C, 1

where X = {X(I)}, IeY is a vector of intensity of the complete set of the initial images, Y={Y(J)},
Je3 is a vector of intensity of the complete set of the synthesed images, F is a matrix of linear
transformation with [Y|e|3| dimension, C is a |3|-dimensional vector of the intensity corrections. It is a
traditional local linear model, in which intensities of the corresponding zonal images are represented
as X(I) = S(I) + UWU) , V IeX, where S(I) is a useful signal into the zonal image I, U(I) is a
corresponding zonal handicap.

Imposing of additional norming limitations to elements of a matrix F and choice of the corrections
C by condition of the coordination of dynamic bands of the synthesed images and their sinterpreter
results to common for all considered models a way of their determination: each line of a matrix F is a
corresponding eigenvector of some auxiliary matrix ¥, the kind of which is defined by used model.
The Fig. 1 displays a results of the synthesis of four special digital images according to (1).

According to dependence by chosen criterion of optimum it can be allocated the following linear
models of synthesis:
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1. The model of a principal components [1]. It provides a maximization of an intensity total
variance of complete set of the synthesed images. A matrix ¥ is a covariance matrix of the initial images:
¥ =Cov X(/). Largest informativity has the synthesed image that corresponding to the largest

IeY
eigenvalue of a matrix ¥

2. The model that maximize a "signal / noise” ratio in the synthesed image [2]. The matrix ¥
looks as ¥ = SV''ST, where S = {S(I)}, I€Y is a vector of zonal signals, ¥ = CovlU(]) - a covariance
IeY

matrix of noise of the zonal images.
3. The model, that minimize the average weighed losses of the Fisher’s information. The matrix ¥

is defined [3] as ¥ = V/? [ I 8S /6 (8S /6i)" p(i)di ]V'i/2 , where 85 /8i is a vector of derivative
iel
of zonal signals on area of the corresponding images, p(i) is a distribution of probability of a signal
site. In particular, when p(i) = Const: ¥= V"2 [ 1 /|1 Z as/ol (8S /a0 | VR
iel

4. The model of the Factor Analysis. The vector of optical signals of the initial images is
represented as X = WY + U, where Y is a set of the latent factor images, U is a residual stochastic
component (vector of deviations), W is a matrix of a factor’s weights of [X|e|Y| dimension. The
synthesed image can be treated as a reflection of the objective factor that induced the complete set of the

observable zonal images X(I), IeY. From Main Factor Theorem [4] follows, that (Ilorv XDH)=WWw"'+V .

The matrix W is a set of first |Y]| eigenvectors of a matrix ¥. The matrixes ¥ and V can be deter-

: q
mined by means of consecutive iterations: ¥® = Cov X(1)-V®, V¥ = Diag[(lforv X(])J is
(=

IeY

3
a zero approximation of matrixes ¥ and V, ¥ = W(o)[W(O)] , FX =(1:0TVX(])“\P(U is a first
€ (5

approximation of matrixes ¥ and V etc. The iterative process is finished when it is accomplished a
condition Tr Diag [ Cov X(1) - w (W T - v < 0.005
Ie

Further the complete set of the synthesed images can be determined by one of the known methods
of the Factor Analysis, for example, by M.Barlett's method: ¥ = [W'V'W] "W VX .

The considered linear models of synthesis can be used in two different variants: a statistical
models, in which the calculation of the initial characteristics of the complete set of the images is
executed on the whole area, and a local models, in which the calculation is executed within the
frames of some scanning window. In the latter case the synthesis procedure becomes more flexible due
to obtaining of the additional information about the image segments, size of which is more than window
size. Thus it is obviously essential increasing of required quantity of calculations. The dependence of
quality of the local synthesed image from relative size of a scanning window is illustrated by Fig. 2.

b)

Fig. 2. Dependence of actual contrast of the synthesed image from relative size
of a scanning window
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Thus, given models permit rather simply to design and to modify the local-biective operator of
optimal synthesis of the complete set of discretic images, that is important at processing of landscape
aerospace monitoring data, that accomplished simultaneously at several zones of electromagnetic spectrum.
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S. Tayeb-Bey, S. Saidi, H. Emptoz. The Grammatical Approach to Documents Analysis: Applied to Summaries

This paper deals with the use of grammatical formalism to recognize the physical and logical structures of a

composite document.

A document has three principal characteristics:

0O its content,

® its logical structure, i.e. its layout and the logical organization of its elements of information,
® its physical structure, i.e. the position of information elements on the pages.

A lot of work has been done in document structuring, showing the growing interest in this field in re-

cent years. As result, several methods

ey

have been proposed to solve the
problem of structure representation.

Ingold [1] proposed a document
description language similar to an
attributed grammar. The aim in
designing this language has been to
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top-down analyse several document
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Chenevoy [2,3] proposed a
general-purpose system for document
structure recognition called
GRAPHIEN. The system organizes
and controls the diverse document
recognition processes.

However, the construction of
structure models of documents has
turned out to be a difficult task, and
is often carried out manually because
of document diversities.
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We are interested in structuring documents like summaries, the aim of our research is to create a
document structuring system (see figure) by using a two level grammar [4]. Work on this system is
currenty under way.

Two level Grammars. A two level

: grammar, also W-grammar [5] is a
i o || formal system well adapted to the
language definition of. It is composed of
two grammars called metagrammar and

HYPERGRAMMAIREES

Swestpx. @

T 50 2 | NS i .

e Y ° hypergrammar. The metagrammar

b (type>2) defines the possible domain of e AGRAMMAI

\28:. i @ value for metavariables. These || R

Ui oot e ikt i :

L‘Q’“ metavariables appear in the rules of the ||axome S ieite Rl sempet
(B el suirin hypergrammar. i

]
L
B Do ® By applying the principle of uniform re-
B placement in the hyperrules (similar meta-
Rl (g bdne o .
e variables are replaced by the same value),
e ® || we obtain a ground instance of the hyper-
mmm | grammar called the protogrammar contain-
ing only context-free rules. Note that the
Summary example protogrammar may potentially be infinite.

The system. We propose a new system
for document recognition and analysis. Prior to any analysis, we start with:

A learning system concept: the purpose of this step is to infer a grammar of the physical
structure called physical grammar , and then to infer a grammar of the logical structure called logical
grammar. The result of this step is to construct a model of basic document structure.

Then, in the document recognition step: the system compares a specific document summary
with the model of the learning system. If this document is not recognized as a known summary, the
physical and logical grammar will be updated by adding new rules.

The system uses W-grammars in which the physical and logical grammars are given in the
metagram-mar. Then, the hypergrammar will describe the transformation of the physical and logical
structures among other calculus.

In our system, we use an operational version of W-grammar (called transparent W-grammar).

A two level grammar
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EdpexTiBHa cerMeHTalis 306pasxeHHsI B npoleci {ioro 1BOPasoBOro Mepersiny
JIMUTPO HIJIE3IHTEP
Hauionanrvnuii mexnivnuii ynisepcumem - KIIT 252056 Kuie, npocn. Ilepemozu 37

Jmutpuit Illnesunrep. IddexTHBHAA cermeHTalHA H306paskeHHss B MpoOllecce ero ABYKPaTHOro mMpocMoTpa.

OnucaH aJropHT™M 'Pa3METKH CBSI3HBIX KOMITOHEHT W306DaKEeHHSI. Vuer crenubUYeCKUX CBOWCTB M306payKeHHst
KaK o6bexTa 06paboTKH, MO3BOJIAET NOCTPOUTH AJTOPUTM, BbI-UMCIHTEJIHLHO 60.1ee 3(PEeKTUBHDIN, YeM aJTOPUTMBI
peitienHst GoJiee o6llelt 3a1auu Pa3METKH CBA3HbIX KOMIIOHEHT HEOPHEHTUPOBaHHBIX rpadoB. OnucaHHbIH aJITOPUTM
pelnaer 3ajauy 3a BpeMs, JIMHEHHO 3aBHCsllee OT pa3Mepa nsobpaxennst, He Tpebys INpH STOM HUKAKOMH
JIOTIOJTHUTEJIBLHON MaMSTH.
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Beryn.  Bizomo, mo sagava BHAiNeHHS CHOJYYHHX KOMIOHEHTiB HEOPIEHTOBAHOrO rpada
BHPINIYEThCSt aITOPHTMOM, KiJbKICTh onepamuit sikoro mponopiuiiina (m+n), ne n - KigbKicTh BepuIHE
rpady, a m - kinbkicto pe6ep [1]. Lleit anropurm notpe6ye omomikay mam’site, obcsir sikoi
nponopiuiiauii n. Jlumaerbcst BiAKPHTAM NUTAHHS NPO iCHYBAHHS QITOPUTMY, WIO BHPiNIye Iio 3ajauy
3a yac, mo JiHikHO 3anexuth Bia obeary rpada, i He norpebye Hiskoi gonomixkuoi mam’situ. Y mift
Ipaili ONHCAHO aNrOPUTM, WO BHpilye 3afauy .ume aus rpadis, m OMHUCYIOTh  306paXKeHHsI.
Oco6auBocri 306paskenHst sik 06'exTy 06pobenHs A03BOASIOTH KOHCTPYIOBaTH aJIOPHTMH, ONTHMAJbHI
SIK 32 MIBUAKOIEIO, TakK 1 32 maM' SITTIO.

@opMy/NOBaHHA 3a]a4i Ta aHAJi3 BiJOMHX pimens. Hexait V - ckinuenna Mroxuna, RcVxV -
CHMETpHYHe BiHOmeHHA cyciactba, a R® - peduiekcusro-rpansutuBae samukamas R (Bigmomemns
expiBasentHocti). ITapa (V,R) € neopientoparmm rpadom, a kiaack sksisazenTrocTi R® - e CHoJyYHi
KOMIOHEHTH 1boro rpadpa. Crnosyyni KOMIOHEHTH 3BHYAHHO ONHCYIOTHCS MiI0YHCETBHOIO dyukmicio o,
3a/1aHO0 HAa MHOXHHI BepuiuH, Takow, mo (@(v()=¢(v;)) < ((v,,v;)eR’) mns scix vy, v3€V. 3agaua
nossrae B no6yaosi aaroput™y, AKuil A5 6yxb-sikoro rpada (V,R) 6ynye dynkiuio @.

AJITOpATMH, 1O He NOTPe6YIOTh AOMOMIXHOT mam’saTH, BHPIWIYIOTH 3aj1a4y B ABa eranu. Ha mepmomy
erani o64yucaoTbes Ti a6o iHmi gani, siki PO3TAIIOBYIOTbCSA B NaM’ATi, NMPU3HAYEHIH /15 OCTATOYHHX
pesysbrariB. 1li npoMixHi faHi € TakuMH, MO BOHH MOXyTb GyTH NepeTBOPEHi B OCTaTO4Hi B Mpoieci
OAHOPA3oBOro Neperisily MacuBy @. Ile nepeTBopenns € sMicToM pyroro eramy aaropuTMa.

Posrnauemo poxaamuimie mi izei.

Hexaii muoxmHa V BepmuH NOYaTKOBOrO HEOPIEHTOBAHOIO rpady - MHOXKHHA IIJHX YHCEN.
D-nogauns rpaca, (V,R) - me opiexroBanuit rpad i3 TAKUMH BJACTHBOCTAME: 3 Gyab-sKOi BepIIHHH
BUXOJMTb OJHE pe6po; CHOMy4Hi KOMIOHEHTH LBOTO oOpieHTOBaHOro rpada TOTOXKHI CIOJIyYHHM
xomrnonentam rpaga (V,R); B koxniii cmonyunilt komnomenTi € BepmuHA, MO HA3HBAETHCS KOpEHeM;
pebpo, Mo BUXOAUTH 3 Hei, 0 Hel %K i BXOZHTD.

D-nonanns rpada (V,R) onucyersess dynkuieio ¢:V—>V, ne ¢(v) - BepmnHa, 10 KO BXOLHTH
pe6po, mo BuxoauTh 3 V. [To6yayBanHs CHONYYHAX KOMIOHEHTIB rpada (V,R) 3a ioro D-nonannsim
3/[IHCHIOETHCS] TAKOIO IIPOCTOIO MPOrPaMoOIO:

AJIA i=1, 2, ...,n

{ j=i; AOKH (e()=j))  j=o(j) ;

; k=i ; TOKH (p(k) #j) {k'=k ; k=q(k) ; p(k')=j ; }

Jlnst XoHCTpYIOBaHHS aysroput™y no6yosr D-noxanus rpada (V,R) posrasimemo dynxiio @ :V—>V
mas Oynb-axoi samanoi dynkuil @:V—>V, mo BH3HAYAETBCH TAKHMH npaBujaMH: SIKIIO @(V)=v, To
@ (v)=v, inakme @ (V)= ¢ (9 (V). B NOJaJIbIIOMY ONepaTop u=¢ (V) 03Hauac TaKe:

u=v ; [IOKH (p(u)#u) u=¢ (u)

Aaroput™ no6yn0osn D-nogauns rpacdy (V,R) mae surasy:

A i=1,2, ..., n @(i)=i

VI i=1,2,....n

AL KOJKHOTO j, TAKOTO, IO (i,j)eR TA j<I, o (j))=i

CxragnicTh bOro airopuTMy Mae MOPSIOK (n+m)xn.

Hapenenuit anroput™ Gyaye raxi D-nogamms rpada (V,R), mo mns 6ymb-sikoi Bepmunu i
cupas/kyerbea @(i)2i. Ile gae MoxuumsicTd no6yyBaTH aJrOPUTM NepeTBOpeHHss D-mojgawus B
CHOJTYYHi KOMIIOHEHTH 3HAYHO MPOCTille, HiX 1e 6YJI0 MpeCTaBAeHO paHim, a caMe Tak:

ZIM = n, n-it sy 1 (P(i) = (P((P(i))

B tux Bunamkax, komm rpad (V,R) omucye so6paxenns, CHOJIyYHI KOMIIOHEHTH MOXYTb 6yTH
BHsIBJIEHI Habarato mBH/IIE.

Busiienns cnoxyynux koMmnoHesTis 306paxkennsi. Hexait T - NpAMOKYTHA [iJISIHKA JBOBHMipHOL
1nizoynceabHOI IpaTKH poamipom mxn. T={(i,j)|i<i<m, i1<j<n}. 3o6paxenns - ue pynkuis v:T->{0,1},
kit sianosizae rpad (V,R), ne V={LM@E)=1}, a R={((i,j),({"i) v(i,j)=v(i',j’)=1,
[i-i'+lj-j1=1}. 3agaua noxsrac B no6y/0Bi aaroputMy, mo A GyAb-SKOT0 306paKeHHS V 6ynaye
dyniuito ¢:T>T, raky mo  (@(i,j)=9(i",J))=((0,i),(ii))€R" , ne R - pedbaexcusro-Tpanaurusme
3aMuKaHHsI BijjHomenns: R. .

AJITOPHTM Ma€ CKIAJaTHCA 3 [BOX YaCTHH, K i AArOPHTM VIS JOBIJIBHHX rpadis: no6yaoBa
D-nopanns 3o6paxenns Ta mepersopensss D-nozanns B cronyyHi koMnoHenTH. Sk D-nogauus, Tax i
CHOJTYYHI KOMIIOHEHTH 6ynemo omucysati dynkmicio @:T—->T, npu uboMy ¢(i,j)=0 osnauae, mo TOYKa

i,j) - 6ina, TO6TO He HaJIEXUTD KOMHIK CIIOTYYHIH KOMIIOHEHTI.
Hpyra yacTHra anropuTMy Taka X, sIK i A OBITBHHX rpadis, a came:
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AJA i =m, m-1, ...,1
I-IM J =n, n'lv "')1 (P(ivj) = (P(‘P(i’j))

Yci TpyaHoni pimeRHs 3ocepe/bkeHi B mepmiif wactuui, To6ro B nobyzosi D-nomanms. [las il
KOHCTPYIOBaHHSI BH3HAYMMO HeoOXi/HI ONOMIXHI MOHSITTSI.

Bu3HaumMO HA MHOXHKHI NiKceJiB 306pakeHHs Bi/[HONIEHHS NOPSIKY, siKuii OyaemMo Ha3WBaTH
NOPSIKOM TNepersay 3ob6paxeHnHs; 3 aBox mikceni (i,j) u (i',j'), posramoBaHHX B Pi3HHX psI/IKaxX
(i<i'), panmime neperasimaetbesi mikcen (i,j) 3 MeHmMEUM HOMepoM psiika, a 3 aBOX mikcexis, (i,j) u
(i,j"), ( j<j') PO3TAMIOBAHUX B OHOMY PSIIKY, paHimre meperasgaetses nikcen (i,j) ¢ MEHmEUM HOMEPOM
). Hexau 1,0 - KQOPJMHATH OCTAHHBOTO NEPErJIsiyToro nikcena. Cykynsicts mikcenis (i,j), ne i<i’
abo (i=i )/\(j<-j ), 6y11eM0 HA3UBATH [EPEIJIAHYTOI HACTHHOI 306paXkeHHsl, CYKYIHICTb mHikce/iB
(i,j), ne (i=i Y)A(j<=j') abo (i=i *1)A(j>=j), - Ti Mexe0, a CyKymHicTb ycixX IHIIMX IeperjsiHyTHX
nmikcesiiB — 1i BHYyTPilIHbOK YaCTHHOI.

Cran anroputmy no6ymnosn D-noganust B 6y/ib-sikuif MOMEHT HOro BHKOHAHHSI XapaKTePU3YEThCA
dynxmieo @:T—>T, sika Ha pi3HHX cTaAisX Mae pisHy 3microBHy cyTb. Ilicas meperismgy ycix PSUIKIB
3o6paxkenns s ¢yHkuiss Mae MicTuTH D-nolanAsA TaKoro BALJSLY.

Bumora 1. /lns 6yap-sixoro 4opHoro mikceaa 3 koopaunaramu (i,j)  @(i,j) BH3HaUae KOOpAMHATY
i',j', 1o Mae Taki BJIaCTHBOCTI:

a) mikces i',j' TeperasTaETbes NP NPHHHITOMY NOPSAKY NEperjsay micis mikcena i,j;

6) nikcen i',j' HanexuTh Til camiil crnouy4Hil KOMIOHEHTI, Mo Tikees i,j;

B) mikcen i,j' B NpHHHSATOMY NOPSUIKY I[eperjisiyly PO3TAalloBaHAH paHime OyZb-sKOro iHIIOrO
miKcesia, IO Ma€ BIACTHBOCTI a) Ta 6);

r) KU TiKCcesa 3 BJIACTHBOCTSMHE a), 6) Ta B) He icHye, To @(i,j)=i,j.
Jlas 6yap-sikoro 6isoro mikcena 3 koopaunatamu (i,j)  ¢(i,j)=(0,0).

. ses . l. 3 - .
Hexaii na sikifice crazii mneperssanyto nosuictio i psiakis. Ha npomy erani dynkmiss @ mae
3aJI0BOJTBHSITH TaKi BUMOTH.

Bumora 2. a) /las ycix mikcesiB ycepeanHi meperjsinyToi YacTHHH (YHKUiS @ Mae 3a/I0BOJIbHATH
imory 1. :

6) Hexan (1 ,J) - HopHHil miKcen Ha Mexi MePErJISIHYTO] YacTHHH, (1 ,jtHl) - cycumm 3 HUM Oinwmii
mikcea, a (i ,j") ma6amxunit g0 mikcena (1 Wj) qopmm mikces, 3p'si3anuii 3 (i ,j) Ha meperasHyTiii
YaCTHHi, IPH 1BOMY j™>j. Y Takomy pasi cp(l J)= (1 J)-

B) SIkwo (i ,j) - yopnuii HIKCCJI Ha Mexi neperﬂﬂﬁyrm yactHnH, a mikcea (i ,j"), IO 3a70BOJIbHSE
BuMOTH 0. 6), He iCHyE, TO <p(1 ,j) MOpiBHIOE G )J ), ae j" - MiHiMasibHA KOOD/IMHATA YOPHOrO MiKcela,
3B'S32HOTO Ha NEpPerIsHyTii yactui 3 nikcenom (i ,j).

r) Hexait (i’,j) - 6inmit miKces Ha Mexi nepermmmi 4acTHHH, /[0 TOTO X TaKW#, MO MiKces
(i',j+1) - '{opHHH Hexaii (i’,j') - Takui mxcen 1o (p(] = (i’,j+1). B rakomy pasi ms 6imoro
nmikcesa (1 ,j) dyHKIist @ Mae AOPIBHIOBATH G 0

n) Jlas ycix immux mikcesTiB Ha Mexi NeperysiHyTOl YacTHHM 3HaYeHHs ¢ popisHioe (0,0).

Bumora 2 iMiOCTpyeTbcs PHCYHKOM, J€ y BHIJISILI CTPilok 306paxkeHa (YHKIISL @ st Mexi
IeperjiiHyTOl 4acTHHH. 3 PHCYHKa 3pO3yMija 3MICTOBHA CyTb 3HayeHb Ha MeXi mNeperysiHyToi
yacTHHH. A caMme, CTpiJKa, IO BHXOAHTb 3 YOPHOro mikcena, ckaximo (i,j), mpaBopyu Bif sKOro
sHaxoxuTbCs OiIHi, Brasye Ha KOODJMHATY YOPHOTO MiKCeJa, IO 3HAXOJMThCS HA MexXi i MpUMHKae 10
IPYroro KiHIsi KOHTYDY, 3B'SI32HOTO Ha NMEPEr/ISTHyTil YacTuHi 300paxkeHHs 3 (i',j). Takuit cammit amicT Mac
CTpisiKa, 1O BHXOAHMTH 3 GLIOrO MiKcesa Ha MeXi, CpaBa BiJl sIKOT 3HAXOAMTBHCS YOPIHH miKces.

3po3yMisio, MO SIKOIO BAMOra 2 BHKOHYETbCS MiC/sl MEPErJisly KOKHOTO psIKa, TO IIC/AA Neperssily
OCTAHHBOI'O PSIKA BUKOHYETbcsl i BAMora |, sIKIIO Ti/IbKH OCTAHHIH pPSJOK CKJIajaeTbest Jumie 3 Ginux
niKceJiB.

[IporpamMa o06pobJieHHS psiIKa =
Mae 6yTH cTBOpeHa Tak, mob micas H : -
neperJsity KOXKHOTO mikcesa H
sbepiraznacst 3MICTOBHa CyTb
CTPIJIOK, MO BHXOJATb 3 IHiKcesiB
Ha MexXi, W0 NPHMHKAIOTh [0
korTypa. /lo TOro >, SIKIIO KOHTYD IPOXOAHTH MIX MiKCeaaMH G,j") ta (G"-1,j)), a apyruit xinemn
fioro mpoxoguTh Mix mikcenamn (i,j) Ta (i,j+1), dyukmis @(i,j) mae popiBHIOBaTH [eSKOMY
0co6IMBOMY 3HAUEHHIO, IO He AopiBHIOE Hisikiii mapi koopmunar (i,j) (Busnaummo ue 3HAYEHHS *).
Koopauna'ra JIPYroro KiHIs KOHTYPY, mepmuil KiHelb SIKOTO MPOXOAUTD Mix mikcenamu (i,j’) Ta
(i"1,j"), 36epiraetbcst B romoMixcHiil napi KOMipok, sIKy BH3HAYHMO SIK g, jo.
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Anroput™ 06po6JIeHHS i -ro psiika npamioe KPOKaMH, HOMEpPH SKHX Bmﬁa‘{em gk j=2,...,m. Ha
j-omy kpoii o6pobuisieTbecsi 4YeTBipKa INiKcesaiB 3 KOOpAHHATaMH G, G',j-1),( -1,j) Ta G’ -1,_| -1).
B 3a/MeXHOCTi Bifi YOPHOT IMX MiKCeNiB BHKOHYIOTbCsA Ti a6o iHmi Aii, MO 3MiHIOWTbH mapy ig,jo T2
3HAYeHHs] @ B THX a60 iHIMX HiKceAaX Tak, MO HAa KOXHIM KpPOIll aJTOPATMY CTPIJAKH Ha Mexi MakoTh
BKasanuit amict. /lasni B Tabaumi BKasaHi aii, sKi MaloTb 6YTH BHKOHAHI NPH KOXHIH 3 16-TH MOXJIMBHX
KOMGiHAIil YOPHOT.

E (io,jo)=(i,j); Ei (io,jo)=o(i-1,j-1);
(i, j-1)==*. o(p(i-1,j-1))=+;

W Komex . L o

”"i‘] ...... h”;;i:)‘";i‘i.:i.:‘.i.;.i‘i;; ................... n ;i(oi,;ii?z)-(:,'j-i);
{(p((p(i-i,j-l)-l)-(io,jo); q)(i:1 j-i)"’(i-i j)‘
¢(io,jo)=¢(i-1,j-1); } A P T S RS

.............. Lmarcme 9(i-,J-A)=C-L}1). 1 I s

E Bmconamﬂ ,noriul] ; 322(11-,1-’11)-1)()01)()1’1)’

W} Bronarnlg ] ;o[ P Goiomeiii;

E] Konuux xift. o(p(i-1,j-1)-1)==.

Bl eGi-0=G)- ] cGi-D=eG-1i;

i :Iknl.o qa(nilg A)en | o ol -)-D=(51).
@(io,jo-1)=¢(i-1,j-1); [I o(i,j- 1) (10,10),
e((i-1,j-1))=(io,jo); } ¢(io,j0-1)=(i,j-1).

u ¢(i-1,j-1)=(0,0). ; e(i-1,j-1)=(I-1,j).

@(io,jo)=(1,j);
¢(i,j-1)=(io,jo);

o(i-1,j-1)=(i-1,j).

3uavenns (¢(i,j)-1) tpeba posymitu sik (i',j*-1), xe (i',j") = ¢(i,j).
B 1isioMy ajiroput™ BHSIBJEHHS! CIOJIYyYHHX KOMIOHEHTIB 306paXkeHHSI Mae BUTJISIL:
IJISL VCIX  i=1, ..., m, j=1,...,n o(i,j) = (0,0) ;
IS YCIX  i=2, ..., m

AJS YCIX  §=2, ..., n

{ OBPOBKA YETBIPKY HIKCEJIB 3 KOOPUHATAMH (i), (i,j-1), (i-1,j),

(i-1,j-1) 3TIIHO 3 TABJIMIIEIO; }

K=1 ;
IS i=m, m-, ..., 2

IJISL j=n, n-A, ..., 2

{ AKIHO (¢(i,j) = (i,)), TO {o(i,j) = K ; K=K+1 }

IHAKIIE  ¢(i,j) = ¢(¢(i,j)) }

IlIBuAKOMis TaHOrO AJTOPHTMY Ma€ MOPSIIOK NXM, /e M - KiJAbKiCTh PsAKIB, a N - KiJbKICTh HmiKceJsiB
y PSIAKY 300pa’keHHs!.

Jlitreparypa

{. IO.B.Kanutonosa, A.A.JletmyeBckuii. MaremMaruyeckasi TEOpUsS NPOEKTHPOBAHUS BHIMUCJIUTEIbHbIX
cucrem.- Mocksa: Hayka, 1988, 296 c.

*ee

156



