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Pe3rome: cmamms micmums pesynomamu OOCTHIONCEHH 6NIUGY 2paghiuno20 ¢hopmamy gainy 306padicenHs Ha
KIMbKICHY OYIHKY 3MiHU Koeghiyienmie cmpykmypusayii 0opaszy, niusy Ha AKicms 300padicents 1o2o 0epopmysants ma
BIOHOGNEHHA 2PAPIUHUM PEOaKMOpOM, a MAKOIC GUAGNEHHA 3MiH 6 CIPYKMYPI 300padiCceHHsl, 3YMOGIEHUX npoyecam
PpYuHysanns. 3a 6azosull incmpymenm 00CAiONCeHHs NPUUHAO naKem Kiacmepu3ayii i3yanbHux oopasis.

KuawuoBi ciioBa: kiacmepusayis, popmam 300pasicents, cmpyKmypui 3Minu, Koe@iyichm cmpyKkmypusayii.

BCTYN
ITocranoBka 3ajaui Jaexkommo3uuii o0pasis.
Metoan KJIACTEPHOTO aHaIizy IIHPOKO

3aCTOCOBYIOTh Ul JEKOMIIO3HUII1, TOCTIKEHHS Ta
po3mizHaBaHHS 300pakeHb [1- 5]. 3okpema, mpars
[1] mictuTh KiTacudikaiiro METOIIB KiacTepH3arlii
Ta cnoci6 (opMyBaHHS KOHTYpIB BHAUICHHX
knacrepis. [Ipauni [2 — 4] npucBs4eHi knacTepu3anii
rpadoBuX MojeNeH, IKUMH Bi0OpaKatoTh YaCTHHHU
300paxenb. Jlo 300pakeHb 3aCTOCOBAHO  ITiJIXi[l
KJlacTepu3alii eKClepuMEeHTalIbHUX IaHuX, Ha fKi
HaKJaJIeHO CiTKy 3 TIeBHHM KpokoM. HaBeneHi
mparti, Sk 1 iHII, HE MICTATH 3aco0iB KepyBaHHS
ITOPUTMaMH, TAKHIMH SK KPOK CITKH YH SICKPaBiCTh
(dopmoBanmx kiactepiB. BoHm 0a3yroThcs Ha
omHoMy  erami  kmactepusamii.  OcoOnuBicTIO
MIPEICTaBIEHOI pOOOTH € TOCTIIKEHHS CTPYKTYPHHUX
3MiH Y Bi3yaJbHUX 00pa3ax, 3yMOBJICHHUMHU Pi3HUMH
MpUYMHAMHA, HA OCHOBI TPOTPaMHOTO TaKeTa
knactepusaitii. IlakeT po3pobneHo Ha Kadeapi
nporpamHoro  3abesrmeyenHs HY  “JIpBiBChKa
moJiTexHika” Ha 0a3i TPUpIBHEBOI KiacTepu3arlii
nuGpoBUX 300paKeHb: TMOKPHUTTS IPSIMOKYTHUKaAMH
ta (OpMyBaHHS 3 HHX KJIAacTepiB HENpPaBHILHOI
¢dopmu (perioniB Ta obnacreit) [5-7].

Jns mokpamieHHsT Ta JEKOMITO3UIli 300pakeHb
BUKOPHUCTOBYIOTh Pi3HI MiJXOIH, 30KpeMa, OIliHKa
JIOKaNbHUX XapaKTEePUCTHK ¢parMeHTiB
300pakeHHs, BUIUIEHHS o0NacTeil creniaibHOI
KpUBW3HH YW KJIAcTepw3allis 3a KpUTEpisIMu
CTaTUCTUYHUX 3anekHocred [1]. Jlama pobora
MPHUCBSiYEHA  JIEKOMIIO3WIIi 3a  aOCTPaKTHUMHU

TEeOMETPHUYHUMHU KpuTepismu. B 3anmexxHocTi Bix
TUIy 3aJa4i OCTaHHI HAOMPAIOTh Pi3HOTO (PiI3HYHOTO
3micTy. B poboTi dopmarizamis onucy Bi3yalTbHUX
o0Opa3iB  gocsiraeTbcss  po30OHMTTAM  iX  Ha
NPSAMOKYTHHMKH, IO JO3BOJSIE iX KOpPEKTYBaTH,
po3OuBati Ha (parMeHTH, 3MEHIIYBaTH pPO3Mip
(baiiIiB 411 OTIPAIFOBAHHS.

MeTtoro pPOOOTH € JOCHIDKeHHS 3aJIeKHOCTEH
KoedillieHTIB CTPYKTypH3amii KiacTepu3amii BiJ
SIKOCTI 300paX€HHS, METOMIB I1X CTHUCHCHHS Ta
CTPYKTYpHUX 3MiH Ha oOpa3ax. PosrmsiayTo
rpapiunuii  popmar JPEG Ta Kkiactepusaniro
300pakeHb jgaHoro (¢opMaTy y TOpiBHSHHI 3
iHmMu  rpadiuaumu  popmaramu.. Po3polbiieHo
OporpaMHUii  3acid, SKWH J03BOJIE  Bi3yalbHO
3a(pikCyBaTH PI3HHIIO MDK KJIacCTePHU30BAHUMU
300paKeHHSMH 10 Ta IICIISA 3MiHH iX CTPYKTYPH.

1. AlITOPUTM KNACTEPU3ALII
OBPA3IB

3ropTaHHs MOIATAE B MOALUT Bi3yallbHUX 00pa3iB
Ha KJIacCH — Tpymu 00’€KTiB, CXOXi MiX c000I0 3a
NEeBHUMHU O3HakaMu. [loyatkoBo o00pa3 (00’€KT)
po30MBaeThCI Ha  MIKpOOO’€KTH 32  TMEBHHUM
npaBmwioM. Hamami npu o0’eqHaHHI MiKpooO’€KTIB
YTBOPIOIOTHCSL MIKPOKJIACTEPHU, XapaKTepUCTUKU Fi,
F,, ..., Fy sxux ¢GopMmyloTbCS SK CyMH 4Yd iHII
(GYHKIIIT XapaKTepUCTHK MIKpOOO’ €KTIB, 10 MOBUHHI
3a7I0BOJIBHATH ~ OOMEKEHHAM  IIEBHOI'O  BUZY.
3navueHHs (QYHKIIH O3HAK MiKpOKIACTEPiB, IO
(bopMyIOTbCS, BIINOBINAIOTH 3a SICKPaBiCTh, KOIIp,
CIIBBiHOLIEHHS 3allOBHEHUX Ta IIyCTHUX KJIITHHOK
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Tomo. BepimuHu, 1110 He MiUIATAIOTH MOAATBIIOMY
3rOpTaHHIO, BIIMOBIIAI0Th KJIacTepaM pe3yJIbTaTy.

Knacrepu3zanis 301iCHIOETBCS IPOLIEAYPOIO, Ha i-
My Kpoii sKoi GpopMyeTbcss MHOKHHA X;.; BEPITHH
nepeBa (KpiM TIOYaTKOBHX MIKpPOOO €kTiB Xj), 1
MIPEICTABIISETHCS TAK:

(V0,0 €X,) [F¥Q. Q) =optFX')],
X €D

(Vo.=0,u0 €B,)
Ci:)(i\Qey

ne D — kiac ITOMyCTHMHX pillleHb, a MHOXXKHMHA B;
YTBOPIOEThCSI Ha OCHOBI HOBOYTBOPEHHUX BEPIIIHH,
SKi  3a/IOBOJILHAIOTh  HAWKpaIllUM  3HAYCHHSM
¢dbyukmii  kputepiro  F(X*). Kpim Toro, B 11O
MHOXXWHY  BXOJATh  BepmiuHM MHOXuMHH  C;
MOTIEPETHBOTO PiBHS, SIKi HE 00’ €JHYBAIHCh, TOOTO

)(1'+1 :Bi (% Ci- (2)

[puknan ¢opmyBaHHS MHOXHH KJIacTepiB Ha
pi3HMX PpIBHAX JepeBa HaBeieHO Ha puc.l.
3ayBaXMMO, 1[0 HOBOYTBOPEHi (hparmMeHTH 00pa3iB
MTO3HAYAEMO TAaKOXX CHUMBOJIIOM (i 3 IHIEKCOM,
OUTBIIMM 3a KUIBKICTD MIKpOOO’€KTIiB N.

OO0’ eqHaHHS TBOX MIKPOKIIACTEPiB BiOyBa€eThCs,
AKIIO QYHKINS I HUX TpUiMae  MiHIMadbHE
3HAYCHHS

F*=min (Fkj) kjel 3)
ne / — MHOXMHA BCIX MOXIIMBHUX Iap MOYATKOBHX

MiKp0oO0O’€KTIB, MIKpOKJIACTEPiB Ta IX KOMOIHAIiH.

Kputepiem 00’ eTHaHHS MPSIMOKY THHKIB

TIPUAMAETHCS KUTBKICTh CYMIKHUX MIX

MPSMOKYTHUKaMHU KIITHHOK 1 TpsSMOKyTHa (opma

MiKpOKJIacTepa B pe3yJbTaTi 00’ e THaHHS.
[TocnminoBHICTE KPOKIB aNTOPUTMY 3TOPTaHHS €

HaCTYIHOO:

1. Po3buttsa mpoctopy. Hakmaganus Ha o6pa3 ciTku
KpokoM 3 paay  Ix[,2x1,2xl,..NxM, Ta
dhopmyBarHSI Mikpoo6’ekTiB (MO) (3amOBHEHHX
KJIITUHOK).

2. dns xoxkHoro MO momyk cyciia crmpaBa Ta
3HU3Y.

3. 3aHeceHHs y CIUCOK KaHIWIATIB Ha 00’ €IHAHHS
(CKO) nmBox MO, sikmo mipu 00’€THAHHI BOHU
thopmyroTh knactep (MK) npsmMokyTHOI dhopMmu i
SKHUHN BiAIIOBila€ BUMO31 HAIIOBHEHHS.

4. Bupanenns 31 CKO m1OBTOpeHb: JUIsl KOXHOI
Tapy CIHCKY TepeBipKa BXO/HKEHHS Y 1HIII mapu
€JIEMEHTIB, 3 SIKMX BOHA CKJIanaeTbcs. Bunanenns
map npu ix HasgBHoOcTi. Hampukmazx, y chucky

(a,b),(b,c),(a,d),(d,f) napu (ad), (b,c) OynyTh

BUIAJICHI.

5. TloOymoBa MiKpOKJIacTepiB BHINOTO PIiBHSA Ha
ocHoBi CKO.
6. IloBTOpEHHS MOMEpeaHiX KpoKiB 33 3amiHO0 MO

Ha MK 10 TIOBHOTO TIOKpUTTS  00pasy
MPSIMOKYTHHKaMH.
Ha puc.l 300paxkeno mpukiag poOOTH

npoueaypu 3ropranss. [Ticns HakmanaHHsS CITKU Ha
obpaz yrtBopeHo 11 wikpooO’exTiB (puc.la). Ha
NepuioMy  Kpolli  ajdroputMy 00’ €IHAIOThCS
MikpooO’extn  (3,4)=12, (5,6)=13, (7,8)=14,
(10,11)=15 (puc.1b), (Iha IpyroMy Kpomi —
(13,14)=16 (puc.lc). Lleit mnpouec 300pakeHO
JepeBOM 3ropTaHHs Ha puc.l.d.

Apyruii Kpok

MepLunit kpok

d)

Puc.1 — Ilpuxiag 3ropTaHHs.

BBememo geski iHTerpanbHI XapaKTepUCTHKH
BXITHUX Ta KJIacTepu30BaHWX 00paziB. [lozHaummo:
S, — SK mmoma o0pasy, IO JOPIBHIOE KITBKOCTI
YOPHHUX MIKCEINiB, S, — IIoma odpasy, OTpUMaHOTO
MOKPUTTAM TpAMOKyTHUKaMu. Ilpm Oe3BTpaTHiit
KJIacTepu3aiiii MaeMo Sy, = S,.

[Mpr BigkumanHi HagMipHOi YHM  HIYMOBOI
iH(popMaIlii KOPUCHO PO3TIITHYTH BHITAIOK S, < S,.
[Mpouenypy BigkuaaHHS HA3BEMO OYHIICHHIM
o0pazy (orpyGnennsm), 10 BiMOBiga€e
GITPTPYBaHHIO TOHKHX  €(QeKTiB  300pakeHHS.
[Iporunexaum € Bumamok S, > S,. Ilpouemypy
JIOTIOBHEHHsSI ~ MIKCENiB g0  00pa3dy  Ha3BEeMO
KOpEKIliero obpasy. B nanoMy BUManKy npuiiMaemo,
0 paHille IIyMOM B ONpalbOBaHOMY 00pa3i
3HUILEHI MMEBHI YOpHI MiKceni 1 HOro KapTUHA He
BiJIIIOBilae peajibHii. B 000X BUmaakax 3aMicTh
MoJlaHOTO 00pa3y Micls KiacTepw3aiis 3 3MiHaMu
HaJa€ [eBHI HAOIMKEHHS.

OOunciroBanbHI  3aTpaTd  AAaHOTO  ANTOPUTMY
BHU3HAYAIOTHCS KINBKICTIO 00’€MHAHB MPHU MOOYMOBI
MPSIMOKYTHHKIB Ta KUTBKOCTI IMiApaxyHKIiB (QyHKIIIT
Kputepito. Jlns  HaWTIpIIOr0  BHIIAAKY, KOJH
o0’emHanp  Oyme 2N-I CKIAamHICTh — alTOPUTMY

IepeBulye 3Ha4yeHHs1 O(N 2y.
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2. AOCNIAXKEHHA 3MIH B CTPYKTYPI B
3AJIEXXHOCTI Bif ®OPMATY OBPA3Y

300pakeHHS ~ BIAPI3HAIOTBCS  Mik  c000I0
BHYTPIIIHBOIO ~ OpraHi3alliel0  MIKCENiB  3TiIHO
ICHYIOUMX METOJIB BHYTPIIIHBOI KoMIIpecii s
pi3HEX QopmariB aiiiis.

3a BxigHe 300pakeHHs B3ATO (hoTorpadiro
CTpyKTypu nepeBa (puc.2). 300paxeHHS €
JOCTAaTHBO CKJIATHUM 1 MIiCTUTh TOHOBI TEPEXOMH,
0 XapaKTEPHU3yIOTh TPIIIUHU B CTPYKTYPI JAepena.

Puc. 2 — 300paskeHHs CTPYKTYpH JepeBa.

Jnst  mociikeHb TMPHHHATO Tporpamy s
neperisny rpadiunux ¢aitnis XnView [8].

Po3mip mpukiamy TecToOBOTO 300pakeHHS IIO
mupuHi 1 BucoTi — 537x358 mikceniB, Mozenb
konbopiB — RGB, 6itiB Ha mikcens 300pakeHHs — 24
oOit, posmmperHs — 100 mikcemiB/ oM.

Jost KJIacTepHu3allii 300pa’keHb Oyto
Bukopucrano nporpamy RTClusters.NET.exe [7].

Ha pwuc.3 HaBeneHo 300pa)keHHS CTPYKTYpH
JIepeBa: puc.3a — BIONOBIAHO ICIIA — €TaIy
KJacTepu3ailii, puc.3b — pe3yabTaTu KiacTepu3allii 3
MO3HAYCHHSIM SICKPABOCTI CETMEHTIB, pHC. 3C —
BHIOUICHHS 3B S3HHMX  oOjacTeit (perioHiB),
MO3HAYCHUX PI3HUMH KOJNbopamH (Ha JaHOMY
YOPHO-01JIOMY PHUCYHKY HE BUIHO).

e
e D
@)
|
2 d | ——
T e
Y
Puc. 3 — PesynbTaTn Kiaactepusanii 300paskeHHs
CTPYKTYPH JiepeBa.

HaiiGinpmr  gyTnmBAM i1 KJIAcTepw3ariii
BusiBuBCs Tpadiunmii popmat JPEG [9], ockinbku
npu 30UIbLIEHHI piBHSA Kommpecii (BHYTpilIHE
CTHUCHEHHS TpPEJCTAaBIEHHS TIKCeNiB Ha o00pasi)
HaiiOunbie HebakaHUX IMyMiB 3 SBISETHCS Came Y
HbOMY (puc. 4). lns nopiBHSAHHA, PH JOCHIiIKEHHI
IHIIMX TOMYJISIPHUX Y BHUKOPHCTaHHI TpadidyHuX
dopmarie — GIF, PNG, BMP, TIFF — okpim 3Mian
PO3MIpY JOCIHKYBaHOTO (aiiiy, KUIbKICHUX Ta
AKICHUX 3MiH B CTPYKTypi 0Opa3iB BHSBICHO HE
Oyo.

Puc. 4 — BisyaiabHe Bino0pa:xkenns npu a) 100 % ta b)
10 % sxocrti (Buaineni ¢gparmenTu 30i1b1eHO B 3
pasun)

HaitonrrumaneHIIImm st BUKOPHUCTaHHS
MIPOMOHYEThCSl BBaXKaTH rpadivauii popmar PNG —
BOMY CIPHUSIOTh  BIKPUTICTH (opMmaTty  Ais
MOCIIKEHHsT Ta BuKopucTamHs (T.3B. Open
License), BiZHOCHO Mayuii po3Mip MpH AOCTATHIN
AKOCTi, II0 € CYTTEBUM JUIs Tepeaadi 300paskeHb

Mepexero [HTepHeT, Ta XOpomli NepCHeKTHBU
MOJAITBIIIOTO PO3BUTKY Ta ONTUMI3allii..

Jis  OLIHKH KJIacTEpU30BAHOTO 300pa)kKeHHS
BBEIIEMO MOHATTS koedirieHTa CTYTICHS
CTPYKTypH3aIlii 300paskeHHS:

2
K =C/CR
abo
i
Ky =MC/C
Ta OOEpHEHY BENMYMHY — KOCQIIEHT CTyIeHS

PO3MHTOCTI 300paKeHHS:
K,’= CR/C
abo

K'=Cc/MC
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ne MC — kinbKicTh MikpokiactepiB, C — KilacTepis,
CR — 3B’s3HuX perioHiB. [Hmexcu koedimieHTiB
BKa3ylOTh Ha piBeHb KiacTepusamii: 1 — Bifg
MIKpOKJIaCTEPiB 10 KJIACTEPiB, 2 — B/l KIacTepiB JI0
3B’sI3HUX 00nacTel (perioHin).

Bsenemo TaKOX HOBHUI
CTPYKTypH3aItii

koe(ilieHT

K=K *K,

VY Tabnumi 1 HaBeIeHO pe3yJIbTaTH KiacTepu3alii
st popmaty JPEG micnst 3MiHM (3MEHIIEHHS) PiBHS
SIKOCTI  BXIJHOTO 300pa)KeHHA 1  BiJOBiTHOI
KoMrIpecii 300pakenHs. JlaHi TaOIuIl BKa3yIOTh, 110
i3 3MEHIICHHSIM SIKOCTI 300pa)keHHS KoedilieHT

PO3MHTOCTI 300pakeHHS 301IBITy€THCS i,
BIJIMTOBITHO, koedimieaT CTPYKTypH3aIlii
3MEHINYEThCSl. B TOPIBHSHHI 3  TMOYaTKOBUM
300paKeHHSIM. Koedimient BCTaHOBITIOETHCS
XapaKTepUCTUKaMH TrpadidHoro pemakTopa (4u
BUKOPHCTOBYBAaHOTO  Ieperyisigada  rpadiqHux
¢aiinis.

Ta0uus 1. Bnius piBHA sikocTi 300pakeHHs
(¢popmat JPEG) Ha kinbKicTh KiIacTepiB

Skiers [ MC C CR | K’ | K/
(%)
100 6200 1865 658 | 0,353 | 2,833
80 6164 1957 715 | 0,365 | 2,740
60 6192 2047 804 | 0,393 | 2,545
40 6135 1970 780 | 0,396 | 2,525
20 6024 1843 772 0,419 | 2,387
10 6054 1607 736 | 0,458 | 2,183

Puc. 5 npgemoHCTpye  pI3HHIIO  MIKCETiB

KJIaCTEPH30BaHUX 300pa)KeHb CTPYKTYpHU IepeBa 3
puc.2 3 sikoctsamu 100% i 10%:

Puc. 5 —PisHuus Mixx KjacTepu3oBaHUMH
300paKeHHSIMU.

JLtst miATBepIKEHHS MOYKIIMBOCTI BUKOPHUCTAHHS
KOeiIIEHTIB CTPYKTypH3aIii s OIIIHKHU
CTPYKTYpOBAHOCTI 300paXCHHS YA 3MiH Yy HHX
HaBeZeMO 300pakeHHS BiAOWTKY TalbIliB, 3
¢parmentamu 3 sxoctsmu  100% Ta  10%,
30impmenuMu B 3 pasu  (puc. 6), a TaKoXK
HAUIMIIKOBI JaHi, sIKi 3’ SIBHJIMCH ITICJIS 3MEHIIEHHS
piBHS sKOCTI (pHC. 7):

Puc. 6 — Binouroxk naabus: a — 100% sikocri,
b -10%.

Puc. 7 — Hapaumkogi nikceJii npu 3MiHi IKOCTI.

B Tabnumi 2 HaBeneHO pe3yNbTaTH CTPYKTYPHHUX
3MIH B  300pakeHHi, OTPUMaHi  HaKeTOM
KJIacTepu3ariii.

Ta6umug 2. Bnuius piBHS AKoCTi 300paxeHHs HA iX
cTpykrypusauiio (popmat JPEG)

Sxicts | MC c | crR| K K
(%)

100 | 20756 |5941) 930 | 0,157 | 6,388
50 17239 [7382]1269] 0,172 | 5,817
10 13997 |5441]1317] 0,242 | 4,131
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3. BUABJIEHHA NOWKOOXEHb HA
TECTOBOMY 3PA3KY CTPYKTYPH
OEPEBA

Hanecemo 3 momnomororo rpadiqHoro pegakropa
MS Paint (dopmar 300pakenns — BMP) nHa
300paXeHHA CTPYKTYpH [IepeBa Y OBIIBHOMY
MOPSIKY TPIIIUHKA — YMOBHI MOIIKOKEHHS (puc.8):

Puc. 8 — Ilomikoa:keHna cTpyKTypa aepesa.

Ha 300paxkeHHi 3 puc.8 Baxko mn00a4YUTH
MIOIIKO/DKEHHST Ta TPINUHK, TOMI SK TAKeTOM
KJIacTepHu3aIlii OTPUMYEMO 300paKeHHS 3
iH(pOpMAITIERO PO MOIIKOHKEHHS (puc. 9):

Full Clustered Image E|

Puc. 9 — Ctpykrypa aepeBa 3 NOUIKOIKEHHAM
(3a pe3yabTaTaMu KJacTepu3aii).

CtpykTrypHi 3MiHH (IKCYIOTBCS TakoXX Ha
KUTBKiCHHX XapaKTepUCTUKAX pe3yJbTaTiB
KJIACTepHU3allii MMOIKOIKEHOTo 300pakeHHs (Tabi.3)
B ITOPIBHSHHI 3 IIOYATKOBUM.

Taoauus 3. XapakTepuCTHKH CTPYKTYP 300pakeHHs
0 i micJs 3MiHM HAHEeCEeHHH 3MiH

3o6paxennsi| MC C CR | K’ K7,
mo3miam | 6200 | 1865 | 658 0,353 2,83
micis 3minu | 7063 2403 | 640 10,266 3,76

4. QOCNIAXEHHA CTPYKTYPHUX 3MIH
B OBPA3SAX MPU IX AE®OPMALII

[Taker Kmactepusamii T0O3BOJSE 3IIHCHIOBATH
JOCTIDKEHHS 3MIH y 300paK€HHSX, IO IiISsrain
MacimtabyBanHio un gaedopmanii. Ha puc. 10a
MPEACTaBICHO 300pakeHHs CTPYKTYpH
KOMIIO3UTHOTO MaTepiany, a Ha puc. 100 HaBeIeHO
pe3ynbTaT Kiactepusanii makerom.. CTpykrypa
Mmarepiany Oyma gedopmoBaHa y rTpadiuHOMY
pemaktopi MS Paint i y HpOMYy X BiJHOBJIEHA.
Koedinient nedopmariii (3MeHIIICHHS) CTAaHOBUB 1.5

HedopmoBane 300paskeHHSA CTPYKTypH
KOMIIO3UTHOTO MaTepiaiy HaBeieHo Ha puc. 10B.
JedopmoBane 300paxkeHHS 3a  pe3yJbTaTaMu
KJacTepu3alii HaBeaeHo Ha puc. 10r.
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Puc. 10 — CTpykTypa KOMNO3UTHOI0 MaTepiaiy (a, 0 —
1o gedopmauii, B,r — miciast Aepopmanii).

3adikcyeMo oTpuMaHi KiJIbKICHI XapaKTePUCTHKH
pe3yJibTaTiB KJlactepu3auii MOLIKOPKEHOTO
300paxeHHs (Ta0n.4) B TOPIBHSAHHI 3 TOYaTKOBHM:

Tabauus 4. XapaTepucTHKH CTPYKTYP 300pasKeHHs 10
i micss 3mMinn

3HIMOK MC C CR | K/ | K/
ouarkosmii| 58243 | 25600 {5011 2,27 5,01
1,5x-kp.aed.| 65445 | 53519 (47945 1,22 1,17

Pesynpratn Tabnuui BKazyroTh HA 3HAYHY 3MIHY
KoeilieHTIB CTPYKTypH3alii 300pakeHHsI IPH HOTO
nedopmartii.. 3MiHH B 3araJbHOMy KOeQilli€HTi
CTPYKTypHW3alii Uil pIi3HUX 300paKeHb  IIe
CYTTEBIII: KS=1135K’=1,43.

5. BACHOBKU

HocnimkeHo cydacHi HOporpamHi 3aco0um ams
penaryBaHHs Tpadiunux ¢aimiB. Pesympratm ix
ITOPUTMIB KOMIIpecii He BHIOWMI JUIS OKa, MpOTe
BOHM MalTh [JOCTaTHId BIUIMB Ha BHYTpILIHE
MIPEJICTABICHHST  TiKCemiB  TpadiuHux  aiimis.
HaiiGinpmre BTpaT/HaUIMIIKOBUX JaHUX Ha 00pasi 3a
pe3yibTaTaMy KJIacTepH3allii CIOCTEePIracThCs Mo
KOHTYpax 00’€KTiB, a TOUHIIIE — B PETiOHaX Pi3KOTO
TIepexoay KOIbOPIB.

IMaker  kmactepm3amii 32  300paKCHHSMH
JI03BOJISIE  BUSBUTH ©(EKTH 3MiHH CTPYKTYpHU
00’ eKTy qu Marepiaiy, o ITiUIATaB

MaciTa0yBaHHIO Ui PyHHYBaHHIO.

PosrnsnyTo Bukopucranus ¢opmaty JPEG mns
3aJay KJIacTepusalii, BHSABIEHO HOro OCHOBHI
Hemoniku (edext [166ca mpw 3MEHIICHHI SKOCTI
300pasKeHHs1, 3aKPUTHH IJIs1 TOCTIKEHb (OopMaT).

[ligTBepmKeHO, 0 3 JOMOMOTOI0 PO3POOIEHOTO
MakeTy KiacTepu3alii Bi3yallbHUX 00pa3iB MOKHA

3adikcyBaTH HE3HAYHI 3MiHH, SKi BiJOYBarOTHCS B
300paKeHHSX 3 MPUYHH Pi3HOT Pi3MYHOT IPUPOIH.
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MenbHuk PomaH
AHOdpiliosuuy, 0okmop
MEeXHIYHUX HayK, rpoghecop
Kkaghedpu rnpoepamHo20
3abe3rneyvyeHHs HY
"flbsiecbKka  mnonimexHika".
3akiH4yus Jlbsiecbkuli

LHepxxasHuli  yHieepcumem
im. 1. @paHka, isudHUl
cneujanbHicmbs  padioghisuka ma

akynbmem,
efleKmpoHiKa.
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Haykosi  iHmepecu:  kombiHamopHi  3adadi
HernosiHoMianbHOI  cknaBHocmi, mMemodu Heyimkor
Kknacmepusauii ma HaknadaHHSI Makpomodered,
KOOy8aHHS1 ma po3ni3HasaHHs 8i3yarbHOI
iHgpopmauii, 36epicaHHs ma eghekmusHUl MowyK
OaHux eenukux obcseais.

PomaH HOpiti Cepeziliosuy,
acnipaHm Kagpedpu
rnpoepamHo20 3abe3rneyeHHs
HY "fIbsiecbka nonimexHika".
Bakinyue  HY  "lbgiecbka
nonimexHika", iHcmumym
Komm'iomepHux  Hayk ma
iHgbopmauyitiHux mexHornoeid,
crieuianbHicmb rnpozpamHe
3abe3nevyeHHsT asmomamuso-

8aHuUx cucmem.
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Resume: the paper contains research results of graphic file format influence on image structure, quantitative changes
in structuring coefficients of clustered images, influence of deformation changes caused by destruction processes on
image quality. Clustering package for visual black-white and grey patterns was taken as the main instrument for

investigation.

Keywords: three stages clustering, deformation, structuring coefficient.

INTRODUCTION

The clustering methods are widespread for
decomposition, data mining and visual patterns
segmentation [1 — 8]. In particular, the work [1]
contains the classification of the clustering
methods and the approach for contouring chosen
clusters. The works [2, 3] describe graph’s models
for images and clustering algorithms for its
segmentation. The works [4, 5] are devoted to the
clustering approach for experimental data covered
by a grid with predetermined step. Hierarchical
methods were used for decomposition and
enhancement of medical images and fingerprints
[7-9]. Examples of hierarchical methods includes
work [9]. Different agglomerative methods differ
by the way that similarity between two clusters is
updated. If the linkage satisfies a cluster
aggregative inequality then the algorithm can be
implemented efficiently at a time complexity of
O(N2) [10]. A new recent method [11] uses a
sophisticated merging criterion which takes the
cluster internal structure into account. Coverage
of visual patterns by clusters in a shape of
rectangles to determine the most characteristic
features of visual patterns could be the main idea
of some approaches for pattern recognition [12 —
16].

ALGORITHM OF IMAGE CLUSTERING

We consider the rolling-up algorithm having
input objects as microclusters, clusters and closed
regions and output objects as clusters, closed

regions and integrated areas. To use one description for
all these object we call them as Clusters. We denote

them by Oy, O, .. The set X, belongs to the i-th level

of a tree and contains Clusters. On the i-th step of the
algorithm merging Clusters create new Clusters by

which the set X, is being filled. The main operation
of the step we formulate as follows:

(V0,.0, € X)) [F(Q.0)=0ptF(X,)], (1)

X eD, 2)
(VQ,=0,UQ e B), (3)
C=X\0, )

where D is a class of appropriate solutions;
intermediate set B; is being formed by new Clusters
satisfying the best value of merge criterion function
F(X*); intermediate set C; contains Clusters not taking

part in merging process. So, the set X, of newly
created Clusters is being formed by equation:

Xin=8; U Ci )

In general, we have some criteria functions in the
optimization problem (6) that makes the problem to be
with many criteria. In the simplest case we have
merging of two Clusters indexed by / and j if the
function is of maximum value:

F, =max(F,), kiel, (6)

where / is a set of any possible pair of Clusters and the
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function defines a common border length.

INVESTIGATION OF STRUCTURAL
CHANGES CAUSED BY DIFFERENT
IMAGE FILE FORMATS AND
DEFORMATION

There has been developed an experimental
program package by the formula (1-6) with the
user interface which controls all operation stages:
image input, monitoring of control parameters,
output of clustering options (full, specified),
restored image and full report of results.

An approach based on three stages clustering
algorithm is considered. To evaluate structural
changes in visual pattern structuring coefficients
were used:

K/ =MC/C
K’=C/CR
KS3 _ Ksl * KSZ

where MC is a microcluster number (input
clusters for 1% stage); C — clusters by a shape of
rectangle (output clusters from 1% stage and input
clusters for 2™ stage); CR — regions (output
clusters from 2" stage). Indexes indicate the
algorithm stage. K’ is full structural coefficient
for clustered pattern. Preliminary stage of the
algorithm forms microclusters.

Some graphic formats for images were
considered and compared. The graphic format
JPEG was noticed to be mostly sensible, i.e.
increasing a compression level undesirable noises
appear exactly in it (Fig. 4,6). The other popular
formats — GIF, PNG, BMP, TIFF didn’t
demonstrate remarkable changes. Tables 1, 2
illustrate changes in structural coefficients caused
by different quality level of pattern presentation
by the package XnView (100% and 10%).

The example of a tree structure from Fig. 8
was used to determine structural changes in
material caused by crackles. Clustering results on
Fig.9 as well as the table 3 show changes in
material structure and positions of crackles.

The similar results were got by applying the
clustering package to the sample of composite
material. Changes in material structure were
modeled by using the graphical application Paint
for zooming the pattern in both directions:
decreasing and increasing. The table 4 illustrates
essential changes in structural coefficient values.

Clustering package was developed on the
software department at Lviv Polytechnic National
University.

CONCLUSION

Clustering patterns by developed package we
determine a degree of structural changes caused by
different origin, for example, by environment
influence, destruction or incorrect manufacturing.
Structural changes on patterns were modeled by
scaling, artificial crackles or by quality control in
graphical applications.

Pattern changes were evaluated by structural
coefficients from results got by the three stages
clustering algorithm.
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