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HoBropoackuin rocyaapCTBeHHbIN YyHUBEPCUTET

Ona poctwxkeHns adpdekta crnaxmBaHUA OUHAPHBLIX PaCTPOBbIX M300paKeHUn U yaaneHus
OTOEerNbHbIX AedeKToB Ucnonb3yeTcsa kombuHauua 6a3oBbIX onepaTopoB MaTemMaTuyeckon mopdponoruu -
3pO3MM U pacLUMpeHUnsi, SABMSIOWNXCA HeNUHeHbIMKU MeTogamu Ludposon obpaboTkm curHanos [1].
Onepauus 3po3um onpeaenseTcs Kak:

&(S)=S-B={B, US|hJ E} (1)
roe S - NoAMHOXECTBO 3/IEMEHTOB N300paKeHUS OTHOCSALLMXCS K UHTEPECYIOLLIEMY OOBEKTY;
B - CTPYKTYpMPYIOLLUIA 3NIEMEHT;

h - BekTOp, onpeaensoWwmin kaxayto no3vumio B Ha anckpeTHon nnockoctu E;

B - nepeHoc B Boornb BekTopa h:
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Bo Bpemsi npouenypbl 3p03nn 3NIEMEHTLI HE YOANSTCA C N300paXeHusi, a NyLb NoMeYarTcs Ans
yOaneHus nocre oKoOH4YaHWsi BCeW npoLeaypsbi.

PacwupeHune onpegenseTtcs cnegytowmm obpasom:
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lMocnegoBaTenbHOE MPUMEHEHWE 3PO3NM UM pacLUMpEeHVs BedeT K CIMaXuBaHW OWHapHbIX
n3006paxeHun.

PesynbtaT  06paboTkM  CyLIECTBEHHO  3aBUCUT OT  ABYX  (PakTOpoB:  KOHUrypauum
CTPYKTYpUpYyloLLEero anemeHTa u ero pasmepa [2]. Kak n3BecTHO, BbIGOp KOHGUrypaumm aBnseTcs ckopee
3MMUPUYECKMM U UHTYUTMBHBLIM NpoueccoM. MpoTecTMpoBaB pasfnuyHble KOMOWHAUUM CTPYKTYPUPYHOLLMX
3M1IEMEHTOB, Mbl MPULLMAM K BbIBOAY, YTO B HaMOOnbLUE CTENEHM NOCTaBIEHHOW 3afave COOTBETCTBYET
crnepyrowasn: CTPYKTYPUPYIOLWLMIA SneMeHT NS 3p0o3un NpeacTaensieT CoOOM COBOKYMHOCTb  AanbHUX
cocefien OrnopHOro nNuKcena, a Angd pacLUnMpeHunst - MOHOe MHOXEeCTBO coceaeln ONOPHOro nuKcena.

Pa3mep CTpyKTypupyloLLEero anemMeHTa 3aBnCUT OT pa3mepa AedeKkToB, KOTopble npeanonaraeTcs
yaansTb, W OrpaHWYMBaETCs TONMWMHOM nuHWMIA ob0bekTa [3]. Mbl npeanoXxunu HOBbIA  anropuTm
aBTOMATMYECKON HACTPOWKM pa3mepa CTPYKTYPUPYIOLLErO 3feMeHTa B 3aBMCMMOCTU OT XapakTepUCTUK
n3obpaxeHunsl, COCTOSALLMIA U3 CreaytoLLMX OCHOBHbIX 3Tanos:

1) TecToBas o6paboTka;

2) NOWCK pa3pbIBOB;

3) KOHTPOMb 3PPEKTUBHOCTY;

4) KOpPpPEKLUNS CTPYKTYPUPYIOLLETO SfIEMEHTA.

TectoBass obpaboTka npeacrasnsieTr cobon npouenypy Spo3nnm C TeKyllMM 3HavYeHuem pasmepa
CTpyKTypupytowiero anemeHTta B, [lepea nepBon utepauven By, nHUUManNuMampyetca BenUYMHOM 3
nukcena.

Mpouenypa noucka paspbIBOB NMHWA UMEET KIYEeBOE 3HAYeHWe AMs BCero MeTtoAa, MOCKOMbKY
COXpaHeHue TOMOMorMn UCXOOHOro U3obpaXeHus - OOHO M3 MPUHLUMNMAaNbHbIX YCIIOBMW AN YCMELHOro
npeobpasoBaHus. BHavane popmumpytoTcst Ba HOBbIX NogMHoXecTBa (puc. 1):

1) S, cogepxallee a3nemMeHTbl MOAMHOXECTBA S, NOMEYEHHble K YyOaneHulo 3a MOCMneaHIo
uTepaumo TeCTOBOM 3p03nu;

2) S”, copepxallee Te Xe 9MneMeHTbl, YTo M S’, UCKMNYasa nuKcenbl, KoTopble Obinu OGbl
BOCCTaHOBIEHbI, €cnv Obl Npoueaypa pacliMpeHns Co CTPYKTYPUPYIOLLMM 3rieMeHTOM pa3mepa B, nmena
MecCTO.

Hdanee pgna kaxgoro anemeHTa i MNOAMHOXecTBa S’ BblUMCASETCA nNapaMeTpbl 1" wn
npencrasnsowme cobon LWMPUHY COOTBETCTBEHHO TOPU3OHTANbHOTO W BEPTMKANbHOMO CeYeHun
nogmMHoXecTBa S’, NMPOXOAALWMX Yepe3d TouKy i. MnHMManbHoe M3 HalmgeHHbIX 3Ha4YeHul npucBaMBaeTCs
napameTpy w;. [Npn 3aTOM Ana ToYek, KOTopble He BXOAAT B mogMHoxecTBo S” w;=0. 3a Tem BbluucnseTcs
rnobanbHbIn napameTp W, Kak MakCUMyM M3 HaWAEHHbIX 3HAYeHWUA w;. [oCTaTOYHbIM YCIOBMEM HanmMyns
pa3pbiBOB Ha M300pakeHun sBRsieTcsl npeBbllleHve napameTpoM W KpUTUMYECKOW BENUYUHBLI, PaBHOM
TeKyLLeMY pa3Mepy CTPYKTYPUPYIOLLETO afieMeHTa By,

B cnyyae, ecnu ykasaHHasi MpoBepka He Mokasana Hanuuusa paspbiBOB JMHWA OObekTa,
Heo6Xx04MMO MPOBECTM AOMONHUTENBHYIO NMPOBEPKY C LENbH MCKMYWTL Clyyan, Korga, Hanpumep fMHNS
WMPUHON 2 nWKcena paspyllaeTcs  CTPYKTYPUPYIOLMM  3IEMEHTOM pa3mepoM B 3 nukcena.
HononHutenbHass npoBepka cocTouT B cnegywuwem. [nsg kaxgoro anemeHTa nogMHoxecTtBa S”
paccunTbiBalOTCA NapameTpbl Iih n I, kak aTo BbINO ONMMCaHO Bbile ANS I'IOE(MHO)KeCTBa S'. OpgHako B
OTNNYMEe OT NpedblayLero criyyas, w; onpeaensierca kak makcumarnsHoe us ' n |, 3a Tem aHanornuHo
yKkazaHHOMy Ans S’ Haxoautcsa rrobanbHbli napametp W, KOTOpbIM 32 TeM BHOBb CpaBHMBaeTCH C
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TEKyLMM pasMepoM CTpPYyKTypupytowero anemeHTa Bgy,. Ecnu W He npeBbllaeT AaHHOMO KPUTUYECKOro
3Ha4eHus1, TO B pe3yrnbTate 00paboTkn C JaHHBIM CTPYKTYPUPYHOLLMM 31IEMEHTOM TOMONorus nsobpaxeHus
He BygeT HapylleHa.

[MapannensHO C MOWCKOM paspbiBOB MPOM3BOAUTCA onpefeneHve napameTtpa 3addeKTUBHOCTU

06paboTkM N CpaBHEHME €ero C [MOpOoroBbiM 3HayeHueM. [nsa Toro, 4TOObI BBECTM nNapameTp
3(pPEKTUBHOCTN, HeoOXoauMMOo y4yecTb criegylowme obcerostenbctBa. C  OQHOM CTOPOHBI, MOSHas
ob6paboTka cocTOMT M3 ABYX 3TanoB - 3po3un N paclwmpeHna. C Opyron CTOpoHbl, B obLuiem cnyyae
KONMM4ecTBO AeEKTOB yaanseMbiX C MOMOLLbIO KaXdoW M3 npoueayp nNpubnmManTenbHO OOMHAKOBO, YTO
OaeT HaM NpaBo OLEHNTb 3(PEKTUBHOCTL NPOBEASA TOMbKO NEPBYIO YaCTb NPOLIEcca - 3p0O3nto.
Mockonbky TecToBas 0bpaboTka BkNOYAET B Ce0SA TONMbKO MpoLeaypy 3p03un, TO TakOW MOAXOL SBMSeTCS
Hanbonee npeanoyTuTenbHbIM. B aTOM cnyyae napameTtp addekTuBHOCTM 0b6paboTku npeactasnset
coboll OTHOCUTENBHOE YBENUYEHWE KONMUYECTBa YyAaneHHblX AedeKTOB Ha Tekywen uTepauum o
CpPaBHEHMIO C MpeabiayLlen U MOXET ObiTb paccymTaH C MOMOLLbIO CIIeOYHOLLErO BbIpaXXEeHUS:

_ EB'CB ]
B - (4)
EB-z'CB-z
roe Eg - KONMYECTBO NUKCENOB, yAaNeHHbIX 3a BpeMsi TeCTOBOM 3PO3UN CO CTPYKTYPUPYHOLLUM
anemeHToM B; Cg - KONMMYECTBO KOHTYPHbIX MUKCENOB [0 npouenypbl TeCcTOBOM 3pO3nn  CO

CTPYKTYPUPYIOLLIMM 311EMEHTOM B.

a b c
Puc. 1. icxogHoe nsobpaxeHue (a);
cchopmmpoBaHHbie nogmHoxecTtBa S'(b) n S”(c)
Fig. 1. The original image (a);
formed subsets S’ (b) and S” (c)

Puc. 2. PesynbTtaT 06paboTku konum yeptexa.
Fig. 2. The result of the processing of a
blueprint.
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K KOHTYpHbIM OTHOCSITCS 3MNeMeHTbl NOAMHOXEeCTBa S’, MMmelollmMe No KpanHen mMmepe OLHOro
Bnuxanwero cocefa, He NpuHaanexallero nogMHoxecTsy S'.

Pacuyetr napameTtpa 3(EKTUBHOCTM MPOM3BOOUTCA TOMBKO HayYMHAd CO BTOPOW wUTepauuun
TECTOBOW 3p0o3uu, T. €. CO CTPYKTYpPMPYIOLLEro anemMeHTa pasmepom 5 nukcenos. Ecnn paccuntaHHoe no
dopmyrne (4) 3HavyeHMe MeHbllue 3adaHHOro MOpPoroBoro, To 3deKTMBHOCTL 00paboTkM cuMTaeTcs
HeyOOBMNETBOPUTENBHON 1 cnedyeT Nepexo K KOPPEKLUM CTPYKTYPUPYHOLLIErO afieMeHTa.

3kcnepumMmeHTanbHO aBTopamu 6bINoO onpeAeneHo onTMManbHOe MOPOroBoe 3HaYeHMe paBHoe
25%, T. e. kKaxxgoe yBenuueHue CTPYKTYpUpYoLLEero arieMeHTa AOMKHO No3BOoNATh yaanaTb ¢ u3obpaxeHus
Nno MeHbLLen Mepe Ha 25% Bonblue edekToB.

Mepen kaxgom cnegywolen uTepaumend TECTOBOW 3po3nM W aHanmMsa Tekylwun pasmep
CTPYKTYpUpYytoLLIero anemeHTa B, yBennuuBaetcs Ha 2.

MocnepoBaTtensHO yBenuuMBas pasmep CTPYKTYPUPYIOLLErO drieMeHTa, Mbl HEU3BEXHO Npuxoanm
K OOHOMY M3 OBYyX pe3ynbTatoB: NMbo Ha u3obpakeHunm MnosBATCA paspbiBbl MO0 3hHEKTUBHOCTD
o6paboTkm BGygoeT npusHaHa HeyooBneTBoputenbHon. Takum obpas3oM nocnegHee 3HadeHve Bg, OOMKHO
ObITb CKOppPEKTUpOBaHO. B kayecTBe pasmepa CTPYKTYpUPYIOLLErO 3fieMeHTa, C KOTOpPbIM MpPOM3BOOUTCSH
OKOH4YaTenbHasi 06paboTka NnpMHMMaeTcs 3HadeHne B=B, -2.

B pesynbTate npuMeHeHVWs aganTUMBHOIO MeToAda CriaXMBaHUSA B KayecTBe npenBapuTenbHON
06paboTkM CcHkaeTca pyHKUMOHanbHas Harpyska Ha npoueaypbl  BbICOKOYPOBHEBOW 06paboTku
(BekTOpM3auuo, pacnosHaBaHne o6pas3oB M CMMBOSIOB U T. M.), YTO COMNPOBOXAAETCS MOBbLILLEHNEM KX
ObicTpoaoencTans U ageksaTtHocTu mogenu. Metoa uenecoobpasHo NpUMeEHATb ANS npeaBapuTensHON
06paboTkM CKaHMPOBAHHLIX YepTexen MNpu NepeBode UX B BEKTOPHbIN dopmat (puc 2). Kpome Toro
NpeanoXeHHbIn MeToa MOXeT OblTb UCNONb3oBaH Ans  YNydleHWss KayecTBa CKaHWPOBAHHbIX
nsobpaxeHun (puc. 3), Hanpumep, B TUNorpadusax n n3aatenbcraax.

Puc. 3. Pe3ynbTaT crnaxueaHusi CkaHMpOBaHHbIX
n3obpaxeHuin. Cnesa - ncxogHoe n3obpaxeHue,
crnpaea - obpaboTaHHoe.

Fig. 3. The result of the smoothing of the scanned
images. Left - original image, right - processed
one.
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ADAPTIVE MORPHOLOGICAL PROCESSING OF BINARY IMAGES

Konevsky O., Tikhonov N.
Novgorod, Novgorod State University

In order to achieve the smoothing effect and remove defects from binary raster images a
combination of basic operators of mathematical morphology — erosion and dilation, that belong to nonlinear
methods of image processing - is used [1]. Erosion is defined by the equation (1), where S is a subset of
the image's elements belonging to the object-of-interest; B - a structuring element; h - a vector defining
every position of B; E — two-dimensional discrete plane; By — a translation of B along the vector h, (see
eq.2). Dilation is defined by the equation (3).

It is necessary to note, that during the erosion procedure, pixels are not removed from the image,
but only marked for the following removing.

If erosion and dilation are applied consistently, defects are removed from the image, that leads to
the smoothing of binary images.

The result of the processing depends on two factors: 1) configuration of the structuring element 2)
its size [2]. As it is known, the choice of the configuration is an empirical and intuitive process. Having
tested different combinations of the structuring elements, we have come to the following: the erosion uses
the structuring element presenting itself a collection of 4 distant neighbors of the origin pixel; the dilation
uses the structuring element presenting itself full set of neighbors of the origin pixel.

The size of the structuring elements depends on the size of defects, which are to be removed and
is limited by the width of the object's lines [3]. We have suggested a new algorithm allowing to adjust the
processing parameters automatically, which consists of the following basic stages: 1) test processing; 2)
search for the breaks; 3) monitoring of the effectiveness; 4) correction of the structuring element.

The test processing presents itself an erosion procedure with the current size of the structuring
element B,,. Before the first iteration of the processing B, is initialized by the value of 3 pixels.

The procedure of the search for the breaks has a key importance for the whole method, because
the preservation of the image's topology is one of the principal conditions of the successful processing.

First, two new subsets are formed (see Fig. 1): 1) S', containing the elements of the subset S,
which were marked during the last test erosion; 2) S", containing the same elements excepting pixels,
which would be restored if the dilation procedure with the structuring eIement of the size B, took place.

Then, for each element i of the subset S' the parameters I" and I’ are counted up. They present
themselves the width of the horizontal and vertlcal cross sections of the subset S' passing through the pixel
i respectively. Minimum of the calculated values 1" and I is accepted as a width of the deleted area at this
point w;. If the point does not belong to the subset S", wi=0. Then the global parameter W is calculated as a
maximum of the parameters w;. The sufficient condition of the presence at least one break on the image is
that the parameter W is equal or more than the current size of the structuring element B,

If the verification described above did not show presence of the breaks, an additional verification is
necessary in order to exclude the cases, when, for instance, the line of the width 2 pixels is corrupted by
the structuring element of the size 3 pixels. An additional verification is as follows. For each element of the
subset S" the parameters I" and 1 are counted up, just Ilke it has been done before for the subset S'.
Unlike the previous case, w; is defined as a maximum of 1" and I. And finally a newly calculated global
parameter W is compared to the critical value. And if W is less, than the current size of the structuring
element, we can conclude, that the image will not be corrupted during the processing with the structuring
element B,

Simultaneously with the search for the breaks, determination of the parameter of effectiveness is
done. In order to introduce the effectiveness parameter, it is necessary to take into account the following
circumstances. On the one hand, the full processing consists of two stages — erosion and dilation. On the
other hand, in the general case, the number of the defects removed by means of erosion is approximately
equal to the number of the defects removed by means of dilation. Thus, we can estimate the effectiveness
after the first stage of the processing — erosion. As the test processing includes only erosion, such an
approach is preferable. In this case the parameter of effectiveness presents itself a relative increase of the
number of the removed defects thanks to the use of the structuring element of a larger size. The parameter
may be calculated by means of the equation (4), where Eg — the number of the pixels removed during the
test erosion with the structuring element of the size B; Cg — the number of the contour pixels before the
procedure of test erosion with the structuring element of the size B. Contour pixels are the pixels having at
least one 4-neighbor belonging to the background.

Determination of the effectiveness parameter is done starting from the second iteration of the test
erosion, that is when the structuring element has the size 5 pixels. If the value calculated by means of the
equation (5) is less, than the threshold, the effectiveness of the processing is considered to be
unsatisfactory.
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We have ascertained experimentally, that an optimal value of the threshold is approximately 25%.
Saying differently, each increase of the structuring element must allow removing at least 25% more defects.

Before every next iteration of the test erosion and analysis, the current size of the structuring
element B, is increased by 2.

Gradually increasing the size of the structuring element we have come to one of the following
results: 1) the image's topology is corrupted; 2) effectiveness of the processing is declared unsatisfactory.
Thus, the last value B, must be corrected. Having reduced this value by 2 we obtain an optimal size of the
structuring element B which is taken for the final processing of the given image by means of the method of
smoothing described above.

As a result of the use of the adaptive method of smoothing as a preprocessing, the functional load
on the procedures of high-level processing is decreased, that is accompanied by the increase of their
productivity and adequacy of the model to the object. The method can be applied for the preprocessing of
the scanned drawings, drafts, and blueprints before vectorization (Fig. 2). Besides, the described method
may be used for the improvement of the quality of the scanned images (Fig. 3), for example in printing and
publishing houses.
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