GLOBAL PROSPERITY 2023 VOLUME 3 ISSUE 1

The application of morphological algorithms for the restoration and
segmentation of graphic data for the machine vision system

Kukunin Serhiy *

Received: 2023-01-03
Accepted: 2023-01-25
DOI: http://dx.doi.org/10.5281 /zenodo.8104222

Annotation. An analysis of current methods of machine analysis of graphic data, used
within the organization of the machine vision system and based on both software and neural
network algorithms, was carried out. The effectiveness of the application of methods of
preprocessing graphic data by software algorithms, which includes the application of image
restoration and segmentation operations, is indicated, and provides an opportunity to both
reduce the load on the computing resource of the hardware and software platform and reduce
the time of machine analysis of streaming data. The peculiarities of the application of
morphological methods of image preprocessing, which include the procedures of erosion,
dilatation and selection of borders when working with graphic data presented according to
the RGB color scheme, are indicated, and a generalization of the specified technique for
working with alternative color schemes is carried out. In a similar way, an analysis of the
features of the adaptation of the method of determining the image matching in accordance
with the color scheme of the representation of graphic data was carried out; it is shown that
the mentioned approach in combination with morphological methods can be used both at the
stage of pre-processing and at the stage of image segmentation. Also, the complex
methodology presented in the study included the application of a threshold algorithm, which
consisted of the initial assessment of the threshold value and the accuracy of its calculation, as
well as the cyclic performance of the operations of dividing the basic elements of the image
into areas with the calculation of the average values of their parameters and the correction of
the threshold value. The final stage of segmentation included the application of a watershed
algorithm adapted to the color scheme in relation to a set of basic image elements, which
includes the expansion of segments through the sequential application of morphological
algorithms. According to the research results, the problem of excessive segmentation is
effectively solved at this stage through the use of pre-processing and, in particular, the
selection of image matching. In this way, a complex methodology for the restoration and
segmentation of graphic data was built based on software algorithms, the settings and
optimization of which can be carried out in automatic mode according to the target indicators
of the efficiency of restoration and segmentation, the ratio of the time of machine analysis in
relation to the volume of input data, as well as load on the computing resource.
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BCTYII

CyyacHi cucTeMHu MallMHHOTO 30pY, 1110
epeKTHUBHO 3aCTOCOBYIOTbCA AJIs1
BUKOHaAHHA ornepanin cerMeHTallil
300paXKeHHsl, a TaKOX BUJiJEeHHA i
knacudikanii  BidyaZbHUX O00’€KTiB Yy

paMKax MallMHHOTO aHasidy rpadiyHux
JlaHUX, 0a3ylTbCsl Ha HeWpoMepexkeBUX
aJITOPUTMAX, HEJIOJIIKOM SIKUX € 3HAYHUU
yac BUKOHAHHSI Ta HaBYaHHS, a TaKOX
BUCOKMU piBeHb HaBaHTAXEHHS  Ha
O0OYUC/IIOBAJbHUM  pecypc  amapaTHo-
nporpaMHoi miaatdopmu. Y 3B’13Ky 3 UM

MOXHa BKa3aTH Ha 3HA4YHY aKMya/bHICMb
AOCTiKEeHHS METO/iB nonepeaHbol
06po6ku  (PRIP:  Preliminary Image
Processing) 3 MeTow  BiJiHOBJIEHHS
MaTpuLi 300paXKeHHs], a TaKOXK
nomnepeaHbol cerMeHTalii (PRIS:
Preliminary Image Segmentation) maTpuii
300paKeHHsI MIPOrPaMHUMU aJTOPUTMAMH,
0 pas3oM 3 BIJNOBIJHOI KOPEKIi€l
rnapaMeTpiB  MOXe 3HAa4HO CIPOCTUTH
3a,a4i, U0 BUKOHYKTBHCA 3a JOINOMOTOIO
HelpoMepeKeBoi apXiTEKTYPH.
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€A L[L1e0B1 MOKAa3HAKH MAMIHHEOTO aHajI3y
* TOYHICTH CETMEHTAIT, BUUICHHA 1 Knacubikari
—

* yaCc MAITAHHOTO aHAMI3Y 10 00’ eM BXITHUX JaHHX
* HaBaHTa)KCHHA Ha OOUHCITIOBAIBHUIT pecypc

Puc. 1. Cxema nonepegHb0Oi 06pO6GKM MaTPHULLi 306paKeHHSA 3 METOI0 30i/IbIIEHHA
e(PeKTHUBHOCTI 3aCTOCYBaHHA HellpoMepeKeBUX aJIrTOPUTMiB

Ak mokasaHo Ha cxeMi npejCTaBJeHIN
Ha puc. 1 3acTocyBaHHA NPOrpaMHUX
QJITOPUTMIB  MOXe  INPOBOJUTUCH  He
NOCJIJOBHO, @ UUK/JIIYHO — IPU L bOMY Ha
KOXXHOMY eTalli IpPOBOJUTLCA OLIHKA
epeKTHBHOCTI BiZJHOBJIEHHS], MONepegHbOI
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cerMeHTanuil Ta HaJIallTyYBaHHA
napaMeTpiB  300pakeHHS  BiANOBiHO
[IOKa3HUKIB, 1110 HA MaTeMaTUYHOMY piBHI
BUPaXeHi y AKOCTI HAaCTYyNHUX UiJIbOBUX

byHKILIN:
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— e(eKTHUBHICTb NpOBeIeHHS
MalIWHHOI0 aHaJli3y pU cerMeHTaLil
300pakeHHsl, a TaK0XX BUJiJIeHHi i
kaacudikanii BisyaJbHUX 00’ €KTIB;

— 4ac MaLUUHHOTO a”HaJlizy  Io
Bi/lHOILIIEHHIO /10 3arajibHOro o06’emy
BXiIHUX JaHUX;

— HaBaHTa)XeHHSI Ha 0OYMC/IOBAJbHUHN
pecypc (mapameTpu I €eHTPaJbHOTO
npoliecopy, ornepaTUBHA MaM 'Th).

AHaniz HayKosux  00c/1i0dJceHb
NPUCBAYEHUX  po3pobli  NporpaMHHUX
QJITOPUTMIB nomnepegHboOI 006pOOKH
MaTpuIi 300paKeHHS NOKa3aB
epeKTUBHICTb 3aCTOCYyBaHHSA
MOpdOJIOTIYHUX MeTOJiB MomnepeHbOi

006pOOKM 300paKeHHs, 10 BKJIIYAKOTb Y
cebe mpoueAypu eposii, augaTanii Ta
BU/iiJIeHHd rpaHulb [1-6]. [Ipu 06’eqHaHHI
y paMKax KOMIIJIEKCHOTO aJrOpUTMy 3
MeTOZI0M BU3HA4YeHHA 3B’AA3HUX
KOMIIOHEHT MaTpuli 306paxkeHHsa [6-10]
Ta  BHU3HAYeHHd  rJobajbHOro  abo
ajlanTuBHoro nopory [11-15] BignoBigHUM
niaxiz MOXe oyTH ePpEeKTUBHO
BUKOPUCTAHO K [JI BiJHOBJIEHH{, TaK I
JJd  TolepeaHbol cerMeHTalil MaTpuLi
300pakeHHsl. HapeluTi MoHa 3a3HA4YuTH,
1110 cerMeHTalis BiITHOBJIEHOTO
300paXKeHHsI MOXKe 6a3yBaTHUChb HA METO/i
BogonoAiny [16-20], 1m0 TakoXK BKJIKYAE ¥
cebe  MopdosioriuHi  anropuT™MH, a
KOMIIeHcallisi HaJAJWIIKOBOI cerMeHTalil
yepe3 BU/JiJIEeHHS 3B'SI3HUX KOMIIOHEHT
300paxkeHHs. TuUM He MeHLI, CJiJ
3ayBa)KUTH, 10 NpPU NO6OYJOBi IiyicHOI

MeToZ0/I0Tii  MOOYZOBM  NpOrpaMHHUX
QJITOPUTMIB, 110 6a3yTbcs Ha
MOPQOJIOTIYHUX AJITOPUTMAX, PO3PaAXyHKY
IOPOTOBOTO  3HAuYeHHs,  BU3HA4YeHHA

3B’I3BHUX KOMIIOHEHT Ta 3aCTOCYBaHHI
MeTO/ly BOJIONO/Aiy MaE OyTH aJjlalTOBAaHA
J10 KoJlipHUX cxeM. Ha cbOrofHIilIHIN AeHb
3a3HaveHi migxoau 3/7e0ijblie
BUKOPUCTOBYIOTLCA [JJ MOHOXPOMHHUX
rpadiuyHUX [OaHUX, a TaKOX 300pakeHb
KOJOBaHUX OJHUM KOJIIpHUM KaHaJIOM
BignmoBifHO ToHOBOI MoJeni «Grayscale», y
TOM 4ac sK il po3MMUpPeHHs 11 aAUTUBHUX
KosipHux Mogesnerd tuny RGB ta CMYK
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noTpeoye 3HAYHOTO 36i/IbIIEHHS
HaBaHTa)XEHHS  HAa  OOYHMCJIIOBaJbHUU
pecypc, 1110 pPO3IJISJAaEThCS K
HesupiweHa YyacmuHa 3araJibHOTO
JOCJII>KEeHHS.

TakuM YMHOM, Memol po6omu cTana
nobysoBa KOMILJIEKCHOI MeTOJUKHU
pO3po6KHU pOrpaMHUX aJITOPUTMIB
BiIHOBJIEHHA Ta NonepeLHbOl cerMeHTawil
MaTpulli 300pakeHHs, 10 ePeKTUBHO
aflalTYIOTHCA [0 KOJIIPHOI CXeMH y paMKax
sdKoi  mpexacTtaBsieHi  rpadiuni  fAaHi.
BignoBigHO A0 miagxoay MeTOAMKa Mae€
BKJIIOYATH y cebe 3aCTOCYBaHHSA
MOp®OJIOTIYHUX | MOPOrOBHUX aJTOPUTMIB,
BU3HA4YeHHS 3B’I3HUX KOMIIOHEHT MaTPULi
300paKeHHsI Ta CcerMeHTalnii MaTpuui
300pakeHHsI MeToJo0M Bojonoziny. Ilpu
bOMYy epEeKTHUBHICTb METOAWKHU 3 METOI
HaJIalllTyBaHHA Ta ontuMisanii
BiAMOBIHUX aJrOpUTMIB 0a3yeTbCcAd Ha
PO3paxyHKy LiJIbOBUX IOKa3HUKIB pPOCTY
NPOAYKTUBHOCTI NpOBeJEeHHSA NpoLeAypHU
MallWHHOTO aHasizy Ha OCHOBI
HelpoMepeXeBUX QJITOPUTMIB, yacy
NpOBeJleHHd MalIMHHOIO aHaJdidy IIo
BiJHOIlIEHHI0O [0 3arajbHOro 00’eMy
BXITHUX JaHUX Ta 3MeHUIeHHA
HaBaHTaXXeHHSI Ha  06GYHCJIIOBAJbHUU
pecypc anapaTHoi mJiaTpopMH.

PE3YJIbTATHU

1. Po3pobka MopgoaozivHux
as12o0pummia 8I0HOB/1€HHS mampuyi
300padxceHHs

Y 3BI3Ky 3 THUM, 110 THUIOBO
MopddoJoriyHi aJITOPUTMU
3aCTOCOBYIOThCA JUis pob6oTHu 3
MOHOXPOMHUMHU 300paKEHHAMU y  iX
OCHOBI  JiexKaTb JIOTiYHI  omepaTopu

npeacTaBjeHi AK OJQHOMICHI Ta JBOMICHI
CIIOJIYyYHHUKH, 10 3aCTOCOBYKOTHCH IO
BiHOLIEHHIO A0 OiHapHUX 3MiHHHX, a
TAaKOXX MHOXWH [BOXMIpHUX [JaHUX 3a
J0IIOMOTr010 sIKO1 MOXKe oyTH
npeAcTaBjeHa MaTpULd MOHOXPOMHOIO

300pakeHHs1.  Po3ryisHEMO  MaTpHI[IO
MoHOXpoMHOTo 300paxkeHHss A:{a(x,y)}
po3mipHocti X, XY,, mo migudarae
nonepeAgHii  o6pobui, 1 rpadiyHoro
npumituBy  P:{p(x,y)}  po3mipHocTi
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Xp X Yp, Ha OCHOBiI SIKOTO BiAOYBa€ThHCH
BiZJHOBJIEHHA 3 3aCTOCYBaHHAM
MOPQOJIOTIYHUX aJITOPUTMIB, MPUUOMY
Xp K X4 1 Xp KXy, a alx,y) €{0;1} i
p(x,y) € {0; 1} pna Vx i Vy. Y Takomy pasi

NOBHHUM HAb6ip JIOTIYHHUX oONepaTopiB.,
HeoOXiaHUX Jif) 5 nooyA0BU
MaTeMaTUYHOTO amapary, 1110
BUKOPHUCTOBYETbCA Y  MOPQOJIOTIUHUX

AJITOPUTMAX CKJIALAETbCA 31 CIOJYYHUKIB

3alepeyeHHs —a(x,y), 13" IOHKLT
a(x,y) Vp(x,y), xoH'toHkmii a(x,y) A
p(x,y), immaikanii  a(x,y) = p(x,y),
eKBiBaJsIeHTii a(x,y) o plx,y) Ta

antuekBiBanenuii a(x,y) @ p(x,y). ldas
HabopiB OiHAapHUX eJIEMEHTIB TaKOX
3aCTOCOBYETbCSI omeparop pisHuni A/P
KWW BU3HAYa€ eJIeMeHTH MaTpuui 4, Aki
BXOJATh y rpadiyHuil npumitubB P, 110
Jl03BOJIIE  CIIPOCTUTH  MaTeMaTUYHUH
amapat JAJisi po60TH 3 HabopaMu GiHApHUX
eJIeMEeHTIB, Ha/ZlaBLIU MOXKJIUBICTH
BU3HAUUTU  aHTHEKBiBaJeHIil0  yepe3
JU3'10HKIII0 i KoH'OHKIi sk a(x,y) P
p(x,y) = (alx,y) vp(x,¥))/(alx,y) A

p(x,y)). Ha ocHOBI 3a3Ha4YeHUX JIOTIYHUX
omnepaTopis dbopmyroThcs 6a30Bi
npoueAypd MOpPQOJIOTIYHUX aJTOPUTMIB
BiJlHOBJIeHHS rpadiYHUX JAaHUX, K TO:

npoueaypa Adjaartanii, 1o yepes
NOCJiZJOBHE  3aCTOCYBaHHA  OIlepaTopy
aHTHEeKBiBaJeHL il npu CKaHyBaHHI
MaTpuLEero rpadiyHoro MIPUMITUBY

MaTpHIi 306pakeHHs aJis BCix x € [1;X,] i
Bcix y €[1;Y,] 3 MeTOw yHUKHEHHS

rpadiyHoro NPUMITUBY MaTpuli
306pakeHHs AJis BCix x € [1; X4] i Bcix y €
[1;Y,] 3 MeTol BuAa/EHHS 306paKeHHS,

pO3MIpHICTL AKUX € MEHIIOI 3a
PO3MIpHICTb  CTPYKTYPHUX  €JIEMEHTIB
300paKeHHs], a TaK0oX [MO0JaJbIIUM

3aCTOCYBaHHAM NpoLeAypH AuaaTanil ajs

BiJJTHOBJIEHHS rpaHULb CTPYKTYPHHUX
eJIeMEeHTIB;
npoueaypu BUIiJIeHHS rpaHUlb

CTPYKTYPHHUX CKJIAJJ0BUX 300paKeHHs, 110
MPOBOAUTLCA 4Yepe3 BUKOHAHHA omepanil
eposii MaTpuli 300paxkeHHd A 1O
rpadiyHOMYy NpPUMITHUBY P, BHACIiZOK 40T0
dopMmyeTbca MaTpulil A’ Ta moAasbIIMM
BU3Ha4YeHHsM pizHumi A/A’.

Po3ryiisHeMO po3mIMpeHHS METOAUKHU
po3po6KU  MOPPOJIOTIYHUX AJTOPUTMIB
JUis 3a7,a4i po60TH 3 rpadiyHUMU JaHUMU
npeLcTaBJeHUMU BiANOBiAHO pi (o]
aJUTHUBHOI KOJIipHOI CXeMUu RGB.
[IpeacTaBUMO MaTpUIl0 300paKeHHS fIK
Habop KOJIIpHUX KaHaJliB

{ar(x,y);a5(x,v); ag(x,y)} 1 ne sHaueHHs

Aianma3oH 3HaYeHb [Js  KOXHOro 3
KOJIIpHUX KaHaJIiB BU3HAYAETHCS
BiZIMTOBIJTHO MMOKa3HHKa  JAMHaAMIYHOTO
paianazony K [0;apg]- Y pamkax
JOCJTiIKeHHA CTPYKTypa MaTpuLi
300paKeHHsI CKJAQJA€EThCd 3  Habopy

CerMeHTIB napaMeTpu fAKi [Jid KOXHOTO 3
KOJIIpHUX KaHaJiB € OGJIM3bKHMM y Mexax
obpaHoro 3HayeHHda AA. dPopmyBaHHA
MHOXXMHM 0a30BUX €eJIEMEHTIB CerMeHTy
IPOBOAUTLCA BIANOBIAHO 4O IOYaTKOBOTO

PO3pUBIB y CTPYKTYypi 306pakeHHS; eneMenty  a(xy,y,) 1 Moxe 6yTu
npouesaypa eposii, 1mo yepes dopmasizoBaHO Ha MaTeMaTH1HOMY piBHI
MOC/MiZOBHE  3acCTOCYBaHHsA  ONEPaTOpy €pe3  BMKOHAHHA HACTYNHOI CHCTEMH
KOH'IOHKLiI NpY CKaHyBaHHI MaTpHILE0 PIBHAHD:
aR(xil yl) - aR(XOI yO) < AA .
in € [I,XA]
< AA vyl € [ ’ A]
aB(xi' YL) - ClB(XO, yO) =
TakuM 4MHOM MaTpuus 306pakeHH: MOXXe OyTHM po3lMupeHa JJd IHLIUX
NOJi/IIEThCS HA HAbip CerMeHTIB, KOXEH 3 aJUTUBHUX KOJIIPpHUX CXeM, 30KpeMa
AKUX MOXe PpO3IJIAJATUCh AK MaTpHUld CXeMH 3 JOJATKOBUMHM KaHa/laMH, K TO
MOHOXPOMHOTO 300pa)KeHHsd, BiZNOBiHO KaHaJloM, 10 BHU3HA4Ya€ MPO30PiCTh.
SKOT0  3aCTOCOBYIOTbCA  MOPQOJIOTiuHI XapakTepHo, L0 y [JaHOMY BUNALKY

IrTOpuTMU (puc. 2). 3a3HayeHa cxXeMa
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JIMHAMiYHUM Aianma3oH MoXKe OYTH iHIIUM
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[0; a},4x], a BigmoBimHo i moporose NOpOroBUX  MeTOAiB  (aIropuT™Mu 3
3HAa4YEeHHA y AaHOMY BUIIaAKY rJ106aJbHUM Ta aJallTUBHUM HOpOI‘OM), a
BU3HAYaA€EThCsA AK AA* = AA - Anax/ Cmax- TaK0XX MEeTOJMKOI BHU3HAUYEHHS 3B'SI3HUX
HO,E[aJ'IbH.II/Iﬁ PO3BHUTOK 3a3HAa4YeHoro KOMITIOHEHT, 110 IIPOIIOHYETbLCA
HiXoly MOXJIHMBUM TpPU 3acTOCYyBaHHI PO3IVISIHYTH Y HAaCTYIHUX MiApo3/iiax.
alx,y) | p(x,y) —a avp ahp | a=p |aep | aDp
0 0 1 0 0 1 1 0
0 1 1 1 0 1 0 1
1 0 0 1 0 0 0 1
1 1 0 1 1 1 1 0
JIOTT4HI OIEePaTopH
O
IEH T'padiummii mpuMiTHE |
P: {P(er)}r XP X YP
_Jo
plxy) = [1
O
MOpGhOTOTIHHI ATTOPUTME
BiTHOBTICHHAA TPAHHITH CITBBIIHE CEHHA
; O : i O ;
] ¥ i ¥
| Hpoue,[[ypa,uﬁnaTaLrii’| | TIpomemypa epozil | | Buptinennas rpagdIh
a(x,y) D plx,y) alx,y) Ap(xy) ,
[x € [1;X,] [xE [1; X,] A/A
y €[1;1,] vy E[1: Y]

[ I [

+ uabip cerMeHTiB
Marpuis 300paKeHis
| | aR(xE-yi) - aR(xOIyo) = A4
Ac{ale, )} Xy x Yy a,g(xi,yl.) - a,;(xo,yo) < AA
alx,y) = [(1) GB(XE-J’,-) - aB(xo- )’0) = A4

Puc. 2. Cxema 3acTocyBaHHSI MOP}OJIOTiYHHX aJ/ITOPUTMIB A0 MaTpPHULi 300paKeHHS
npeAacTaB/JIeHOr0 BiANOBIAHOI0 aAUTUBHOI KoJlipHOi cxemu RGB

2. 3acmocy8aHHs MemoduK po3paxyHKy JIO3BOJISIE  PO3IJIAATH IX CKJI3aJ0BUMU
38’3HUX  KOMNOHeHM [  nNopo208020 oZHOro Bi3dyasibHOTO 06’€kTy. Ilic/ia yboro
3HAQ4eHHs1 npu po3pobyi Mop@Po./02iuHUX Jl0 00’eHAHUX 00’€KTiB MOXKHa
asnzopummis 3aCTOCYBaTU INpoLeAypy AuwaaTtauil a4

Ik MoxHa M06a4YUTH [ BU3HAYEHHS KOMITeHcalil po3puBiB, mpoueaypy eposii
CTPYKTYpHU MaTpHUL 300pakeHHs — JJA BUJAJIeHHs [edeKTiB, a TaKoX
npeJCTaBJIeHOro BiZIMOBiAHO J10 BA3HAYMTHU rpaHuUIi CTPYKTYpHHX
aJIUTHBHOI KOJIIpHOI CxeMM Heo6XiZHO KOMIIOHEHT Bi3yaJIbHUX 00’€KTIB Ha OCHOBI
06’€lHAaTM  OKpeMi  CerMeHTH,  WI0 BiZIOBiZAHOI IpoLeaypH. Ha
XapaKTepHU3yHThCA K NoAiGHICTIO dyHIaMeHTaTbHOMY piBHI IIOHATTA
napaMeTpiB CK/JIaJ0OBUX eJIeMEHTIB, TaK i 3B’A3HOCTI BiJIOBIJHUX CerMeHTiB
BiIMMOBIITHUM po3TallyBaHHAM, 110 ManI/II_[i 306pa}KeHHH BHU3HAYAETLCA Ha
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OCHOBIi rpadiyHoro npumituBy P, po3mip
SAKOT0 BiAMnoOBigaE MaKCUMaJIbHiH
JAUCTaHLil Mix cermeHTOM A, 1 BciMa
cermeHTamMu {A,} AK HOiAMHOXHHaMHU
0a30BUX €JIEMEHTIB, 110 Ha
MaTeMaTU4YHOMY piBHI BHU3HAYa€ThCA fK
(A, ®P)ANA, nmna Bcix ne€][1;N].
36ibIIeHHS po3Mipy rpadiyHoro
NpUMITUBY P HaJla€ MOXJIMBICTb MEPENUTH
Bii aHasi3y OKpeMHUX OO’€KTIB, [0 SKHX
aKTyaJbHO  3aCTOCYBaTU  aJTOPUTMU
aunatanii o rpynu  o6’eKTiB, 1IO
BKJIIOYAIOTh y cebe nAedeKTH 300parkeHHs],
0 MOXYTb OyTH BHJAJNEHI UIJIAXOM
3aCTOCYBaHHA aJITOPUTMIB epo3il.
[IpeacraBieHa y nepuioMy po3ziai
cxeMa MOy 300paKeHHs Ha CErMeHTH

MOXe 6yTH ONTHMMi30BaHa  4epes3
3aCTOCYyBaHHA IIOPOrOBUX METO/(B,
aJITOPUTMHU Ha OCHOBI AKUX
XapaKTepHU3yThCA UUKJIIYHUM

MOBTOPEHHSAM oImepanid s KOXHOIo
eJleMeHTy MaTpulli 306pakeHHs. Mogesb

aJITOPUTMY, 110 MPOINOHYETHCA
PO3IJ/ISAHYTH y paMKax JAHOTro
JloCJIipKeHHsT 6a3yeThCsd Ha BUJiJIEHHI
ycepeJHEHOTro napaMmeTpy 0a3oBOro
eJleMeHTY 300pa)KeHHs, 110 [03BOJIsIE
ycepeJHUTH 3HA4e€HHHd OCHOBHHUX Ta
J0JaTKOBOTO KOJIIpHOTO KaHaJ1y

a(x,y)~{ar(x,y); ag(x,y); ag(x,y); a*(x, y)}

IaTH+
m

|aTH+

m

TakuM 4YHHOM, KOXXE€H 3 CerMeHTiB
MOJVISIETBC Ha CTPYKTYPHUU eJIeMEHT
(Muoxuna enementiB {af(i)}, me i€
[1;1,]) Ta ¢oH (MHOXHHA eJIeMEHTIB
{a, (D)} me i €[1;1_]) i npeacraBasAETbCS
K MOHOXPOMHHU eJIeMeHT 300paKeHHS.
Mo»KHa 3a3HA4YMTH, 10 y BHUMAAKY, KOJIH
I >» 1 Ta I, I HeOoOXiTHO
BUKOPHCTOBYBATH aJITOPUTMHU 3
aJlalTUBHUM NOpPOroM 4yepe3 MmoAudikaliro
CXeMH, peJICTaBJIeHOl BUIIE.

Y cBow 4epry [nad INpOBeLeHHA
npoueaypyd  INonepeAHboi  cerMeHTanil
MaTpulli 306paKeHHsI Ha 06J1acTi, rpaHUlLi
AKUX He MICTATb PO3PUBIB NPOINOHYETHCA

— aff| > Aa™ — nepexig no nynkty "3"
— aff| < Aa™ — 3aBepumenns po6otn

54

. MaTpuns 306pakeHHSI MOJIJNSAETbCI Ha
Habip cermeHTiB {A,} BignoBigHO Ha6opy
noporosux 3Hadenb {a’¥} ne m € [1; M].
Ciif 3a3HauuTH, WO [AJd aJTOPUTMY 3
rJ06aJbHUM MOPOroM Habip 3HayeHb ahl
€ KOHCTaHTaMH, a /[Jid aJrOpuTMy 3
rJ106aJbHUM TOpOroM — OQYHKIIEW Bij
[0JIOXKEHHA y paMKax MaTpHULi
300pakeHHs ab0 BiANOBIZHO 0 CETMEHTY
BU3HAYEHOr0  TONepeJHbO, K  TO
{aTf(x,y)} Ta {alf(n)}, sBignosigno.
AnropuTM 3 T/I06aJbHUM MOPOrOM MOXKeE
6yTu ¢popMasizoBaHO HACTYNTHUM YUHOM:

BusHayeHHs  Ha6opy  MOPOTOBMX
sHadeHb {a’f'} 3 nomepesHbOIO OLiHKOIO
tounocti AaT;

BignoBifHO g0 Habopy MNOpPOroBUX
sHadeHb  {aiF MHOXHMHa  6a30BHX
eJIEMEHTIB 306paXKeHHs
Ai{aR(x»Y)I aG(xJ’)} aB(x'Y); a*(x,Y)}
NOJiNAETHCA HA CETMEHTH;

Jis KOXXHOTO0 3 CEerMeHTiB
BH3HA4Yal0ThCs cepenHi 3HaYeHHs
BIANOBIJHO [0  AKUX  KOpPeryrwTbCd

noporosi 3HauyeHHd {atl+}.

[liciss BUKOHAHHS TPETbOrO MYHKTY
JUIsT  KOXXHOrO 3 TIOPOTOBHUX 3HaYeHb

MPOBOJUTHCA CHiBBifHeCeHHs
kit — al]

(2)

MPOBO/JUTH Ha COHOBi METO/y BOJIOTIO/iIY.
y paMKax IpeACTaBJIE€HOro
MaTeMaTHYHOTO amnapaTy CerMeHTallis
Habopy ycepeaHeHux napameTtpis {a(x,y)}
6a3yeTbCsl Ha BU/|JIEHHI MaKCHMMaJIbHOTO
Ta MiHIMa/JbHOTO 3Ha4YeHHS {Amin; Amax)
BiZIIOBiZIHO HACTYMHOT0 aJITOPUTMY:

BU/IIJIEHHS MHOXXUHU esieMeHTiB {U,},
Jias  axkux  a(x,y) = a,, ~ 3arajabHa
KIJIBKICTb eJIEMEHTIB AKOro CKJaJaE n €
[1; Nyl;

BU/IIJIEHHS MHOXXHUHM eJjieMeHTiB {V},},
qasg  akux  a(x,y) = g, , 3arajbHa
KiJIBKiCTb €eJIEeMEHTIB SKOT0 CKJaJa€E hn €
[1; Ny ];
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BU/iJIEHHSI MHOXXHHH esieMeHTiB {W),},

I SAKUX  Apip < a(X,Y) < QGmaxs >
3arajibHa KUJIbKICTh eJIeMeHTIiB $KOro
cknagae n € [1;Ny], npudomy MoxkHa

3a3HayuTHy, Wo Ny, > Ny, Ny > Ny 1 N =
Ny, + Ny + Ny.

CermeHTalig PU LIbOMY Bi/I0yBa€TbCA
yepe3 posmupenHs ob6aacred {U,}i {V}}
yepe3 3aCTOCyBaHHS MOPGOJIOTiYHOTO
aJITOPUTMY  AWJaTalii A0  MOMEHTY
nepeTHHY BiZiMOBiJHUX 06J1acTeH.

BHUCHOBKH

y pe3yJbTari MpOBeJeHOT0
JOC/I/PKEeHHA oyJi0 IIpOaHaJi30BaHO
OCOOJIMBOCTI mMomnepegHbOI O0OpPOOKU Ta
nonepeaHbol cerMeHTauii MaTpulLi
300paKeHHsI IPOrPaMHUMU aJITOPUTMaMH,
110 PO3IJALAETbCA fK IONepefHiN eTan
MalIMHHOTrO aHa/i3y rpadiyHUX JaHUX Ha
OCHOBI HelpoMepexxeBoi apxiTeKTypH. [Ipu
ObOMY y paMKaxX [JAOCaifpkeHHs OyJio
po3pobJieHo:
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