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HABJIMKEHHA 3065PAKEHB: METOJIA AITIPOKCUMAIIL TA
CTUCK

PosrisuyTi JiHifHI Ta HeMiHINHI, afaNTHBHI, TEOMETPUYHI METOIM IIaJIKHUX anpOKCHMAIii
300paykeHb Ui 1X KOMITAaKTHOTO MPEICTABICHHS 3 METOI0 ITOKPAINCHHS XapaKTePUCTHK s
oJanbIol 00poOkH, 30epexkeHHst Ta nepenadi. Lle 1ae 3Mory miABUIINTH e(EKTUBHICTH METOIB
BUJIAJICHHS IIyMYy, CETMEHTAIll, 3HAXOKEHHs TPaHUIlb, PO3Mi3HaBaHHs 00pa3iB. IlopiBHAIbHMIL
aHaJi3 METOMIB anpOKCHMAIl Uit 3a7a4i CTUCKY 300pakeHb MPOBEACHUH Ha OCHOBI KiBKICHOI 1
SIKICHOT Bi3yaJIbHOI OLHKM. [IpHBelleHi BUCHOBKM CTOCOBHO JMHAMIYHOI ajamTallii METOMiB
HaOIIKEHHS JI0 CTPYKTYpH 300paxkeHHs. bibmiorp.: 22 Ha3BH.

Ku1ro4oBi ci10Ba: MeToqu anpoKcuMallii, CTHCK, CTPYKTypa 300pakeHb.

IocTranoBka mpobjeMun Ta aHajgi3 Jireparypu. Teopis, momem Ta
METOAM aHallizy, 0OpOOKH i pO3yMiHHS 300paXeHb € OCHOBOKO LIS TOOYIOBU
CHCTEM KOMIITOTePH30BaHOI MEIMYHOI JIarHOCTHKH, CHCTEM BilfiCBKOBOTO
3aCTOCYBaHHS [UI BHABJICHHS OKMBOI CHJIM 1 TPAaHCIIOPTHHX 3aco0iB
NPOTUBHHMKA, CHUCTEM HaBEJECHHS PaKeT, CUCTEM YIPABJIiHHS aBTOHOMHHMH
TPaHCIIOPTHUMM  3aC00aMH, Yy TOMY YHWCII TiJBOJHUMH, Ha3eMHUMHU
TPAHCIIOPTHUMHU 3acobaMu (HeBeNmuKi poOOTH Ha Kojecax, aBToMoOimi abo
BaHTAXKIBKH), MUIOTHUMH Ta GE3MUTOTHUMHE JIITATHHUMH amaparaMd B PeXXUMI
peansHoro vacy [1, 2].

EdekTuBHICTE POOOTH TaKHUX CHUCTEM BEJIHKOIO MIpOI0 3aJIEXKHTh BiJ
e(eKTHBHOCTI MmiacucTeM 30epekeHHS Ta mepemadi iHdopmarii, ToOTO Bixg
KOMIIAaKTHOT'O NPEICTaBICHHs 300paxkeHb. Lle o3Hayae, 1m0 300paXkeHHS Mae
OIMCYBAaTUCS SKOMOTa MEHIIMM 4YHcIoM OasucHHX ¢yHKmid. Taki 6azumcu
ICHYIOTB JIMIIE JJIS TII00aJBHO TIAIKOTO 300pakeHHs, a OUIBIIICTh pealbHUX
JIBOMIPHHX CHTHATIB HEe € TakuMu. s MOOYHOBM TIIaIKUX arpoKCHMAIIii
300pakeHb pO3pOOJIEHO OaraTo pI3HUX EPEKTUBHUX METOJIB HAa OCHOBI
METOIiB HabIMKeHHs IBOMipHUX HaHuXx [3, 4, 5]. Ane 6iibuIiCTh 3 HUX € HE
aJIalITUBHUMH, Ma€ BHCOKY HAJMIPHICTb B CTPYKTYpPl 300paKeHHS Ta CHIIbHY
a”i3oTpomito 'y BuOOpi HampsimiB. [loOynoBa Tiankux —ampokcuMmanii
300paKeHb pPa3oM 3 MOXIIMBICTIO €(EeKTHBHOI MPOCTOPOBOI Ta YaCOBOI
nepenrcKpeTu3alii J103BoJIsiE 3HAYHO 3MEHIIUTH 00’ €M JaHUX IPH KOAYBaHHI
CTAaTUYHHUX Ta AWHAMIYHAX 300pakeHb, MiIBUIINTH €(PEKTHBHICTH METOIIB
BUJAJICHHS IIyMy, CErMEHTAalil, 3HAXOJUKCHHS TpaHMIb, pPO3Mi3HABAHHS
o0pa3iB.

B 3B’s3ky 3 muM, aHami3z i Momudikamis iCHYIOUHX Ta po3poOKa HOBHUX
Mojeneil i MeronmiB IUQPOBOi OOpoOKKM 300pa)keHb Ha OCHOBI TIIAIKUX
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aTnpOKCUMAIlii € aKTyaIbHOIO 3a/1a4€el0.
MeTtoro poGOTH € TOPIBHAJIBHHI aHAIi3 METOMIB HAOIMKEHHS
300pa)KeHb CTOCOBHO IIIIBHOCTI iH(OpMalii Ta SKOCTI 1 CTYHEHS CTHUCKY.

AmnpoxkcuManisi 300paxkenb. Po3risHeMO 300paxeHHS SK (YHKIIIO
fTRY, ie N=n,"n,,an i n,— posmipu 306paxenns. Anpokcumartis
300pakeHb B 0a3nci OpTOrOHANBHUX (YHKIIH BHMarae ypaxyBaHHS TaKHX
KpHUTEPiiB:

— MiHIMi3amis KiTbKOCTI alpOKCUMYIOUUX CKJIaIOBHX;

— MiHiIMi3amis TOXUOKH armpOKCHMAIII.

3a yMOBHM ICHYBaHHS OPTOHOPMAJBHOTO Oasucy {gn} B HpOCTOpi

. . o o .
curHaiiB i curHany f =g < f, gn> 0, , BU3HAYUMO HaWKpally arpoKCHMAIIil0
n
f ax 1 nOpoekuito Ha miAmpoctip MeHworo po3Mmipy M:
T o e o .
fy = a<f,gn>gn, ge: Iy :{n: O£n<M} — Yy BUNAAKYy JIiHIHHOI
nT lM

arpokcumaii, |y, ={(n,m): |< f, gn>|nT " 3 |< f, gm>|ni. IM} — YV BHIAOKY

HemniHiiHOi anpokcumanii. IloxmOka ampokcumanii BH3HAYa€eThCs  3a
JOTIOMOTOI0  OOYHCIICHHS cepelHbo-KBanpatuyHoro BinxwienHs (CKB):

~ 12 o 2 . .
ey = ”f -y “ =a |< f, gn> | , QJIe Ha MPAKTHII I 300pakeHb, PO3MipH
ni 1y

SKUX BapilOIOTBCS, 3aCTOCOBYEThcs — Jiorapudmiuna mkama CKB,  sxa
BioOpaxae BiTHOIIICHHS CUTHAITY f o Iymy ey -

NR=- 20|0910% , abo PSNR=- 20|0g10ﬁ . Inmra merpuka

IPYHTYEThCS Ha KoedilieHTi cTpykTypHOi mnomibHocti [6] 1 BiamoBigae
CHPUIHSTTIO IOIOHOCTI 300pakenp B iHTepBami Big 0 1o 1:
(2mymy +0)(25 xy +Cp)
2.2 '
(MG +6 +o)(5 % +5F +cp)

SIM(x,y) =

Aer M, M, — Cepe/iHe 3HAYEHHS X Tay BIiAIIOBIIHO; S)2<, Sf, — qUcrepcis X
Ta Y BIANOBIAHO; S, — KoBapiawiaz Xiy; Cl:(le)2 ic :(kzL)Z -

ctabimizytoui koedimientd; L — nuHamiuHWi miama3oH 3HAYCHb IKCEINiB,
k; =0.01, k; =0.03 3a yMOBUyBaHHSM.
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®@yp' € anpoxcumanii. Busraunmo opronopmoanuii 6azuc Dyp’e sk

201y
%ew ; 1)

ne: O£k, k, <Ny — mpocroposi inmexcu; OE£m;,m, <Ny — uacrori

fm(k) =

ingexcy; Ng =+/N — HOpMylOunii MHOXKHUK.
[leperBoperns @yp’e 0OUHCITIOETHCS K MPOEKIis GyHKIIT 300pakeHHS
Ha Oa3uc Pyp’e

f(m)=(ff,). )

Jliniitna ®@yp'e anpokcumaris He 3aJeXUTh Bif QyHKIIT 300pakeHHS i
JOCATAEThCA 38 PAXyHOK 30epe)eHHs JIMIIE NMEBHOIO Jiala3oHy YacTOTHOIO
CHeKTpy B o0OiacTi TmepeTBOpeHHS. HWM3BKOYACTOTHI CKIAmOBi, SKi
Bi/INIOBIAIOTh CTApLIMM TapMOHIKaM CIIEKTPY PO3KJIaJaHHs, SK IPaBUIIO,
HecyTh Oinmbime iHpopMamii mpo IHTETpambHI Tepemamd SCKpPaBOCTi, a
BHUCOKOYACTOTHI CKJIJIOBI CIIEKTPY Bi0OpaKarOTh HAIMIPHY 1HGOPMAIIIFO.

Ha npaktuni ®@yp’e anpokcumarisi peaizyeTbesl HIISIXOM 30epeeHHs
(ikcoBaHOT MHOXKHMHHU YaCTOTHUX 1HAEKCIB |, 1 HacTynHuM 3BOpoTHIM Dyp’e

MNEPETBOPCHHAM

fu=a (f.fm)f . 3

m Iy
ae |y :im:(ml,mz):— §£ml,mz<§§ — KBaJIpaT po3MipoM 2, S:\/V.
|

o cyri e HU3BKOYacTOTHA (iNbTpallis B 001aCTi MepeTBOPEeHHS. Alle IoraHa
MPOCTOPOBO-YACTOTHA JIOKAJi3allisl IepeTBOPeHHs Dyp’ € BHOCUTH MPH TAKOMY
HAOJIDKEHHI 300paKeHb CHJIBHI BHCOKOYACTOTHI KOJMBaHHSA, 10 Oyxe
[IOKA3aHO HIKUE.

Jnst ypaxyBaHHS CTPYKTYpH 300paKeHHS HEOOXiIHO 3aCTOCOBYBATH
HemiuiiiHi (amantuBHi) anpokcumanii. Heniniiina @yp’e anpokcumartis
BU3HAYAEThC aHaorigHo (3), aje MHOXKHHA YaCTOTHHX IHICKCIB 3aJI€)KHUTh

Bij 3HaueHHs nopory T : |y :{m:|<f,fm>|>T}.

BeiiBierni anpokcumaiii. Beiisnerni anpokcumariii [ 7, 8] rpyHTyOThCs
Ha cemapa0elbHUX OPTOHOPMANFHUX a00 OTHOMIpHUX OiOpTOrOHAIBHHUX
BeliBieTaX, sSKi MarOTh BIACTHBICTH 10 KOHIIEHTpAIlii eHeprii B oOmacti
HU3bKHX 4acToT. CenapabesbHICTh BEHBIETHUX NIEPETBOPEHb HAKJIAJIA€ ITEBHI
oOMexeHHs Ha iHdopmaulilo mnpo Hampsmu. Tomy, Maroud XOpOIILy
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MPOCTOPOBY JIOKAJI3AI[IO0 1 YYTIUBICTh IO 3MiHM MacIiTaldy, BOHU HE UYTIIUBI
JI0 3MiH OpieHTaIll.

BazucHi BeiiBmerHi QyHKImiT Y a’bT LZ(R) € JIHCHUMH  JBOX
napaMeTpUYyHUMH (DYHKI[ISIMH, SIKI KOJUBAIOTHCS HABKOJIO OCi aOCIKC, MalTh
OJIMHUYHY HOPMY, 0Ope JIOKali30BaHi K B MPOCTOPOBIi, Tak i B YaCTOTHIN
obJylacTi, MarOTh KOMIIAaKTHHH HOCIH 1 HyJIboBe cepeqHe. BoHM MOXYTbh
posrisaatics sik MaciitaboBani  (CTHCHYTI/pO3TATHYTI) 3 KoedimieHToM a i
3cyHyTi Ha b Bepcii ¢yHKIii-poroTHy, a00 MATEPUHCHKOTO BEUBJIETY

Yo(X¥):
1 x-b
ya,b(x)_\/gyo( a ) (4)

MatepuHChKHi BeiiBIeT Y o(X) Moxke OyTH BHOpaHMM JOCHUTH JOBIIBHO, aje

itoro o6pas @yp’e Y (W) MOBHHEH 3aJ0BOJILHATH YMOBI JIOITYCTHMOCTI
2

Y (w)
— N\
C, —2p07W dw<¥, (5)
-y
[0 € YMOBOI ICHYBaHHsS OOEPHEHOTO BEMBJIETHOrO NEPETBOPEHHs, a Ha
npakTuili Bumarae [9]
+¥

O 0¥ dx=0. (6)
-¥

[InsxoM 3cyBiB/lIEpEHOCIB BeHBIIETa MOKPUBAETHCS BCS JIHCHA BiCh
R(-¥,+¥). Sxmo Taki 3cyu Kkl Z, a wmacmrabui mneperBopeHHs

BUKOHYIOTbCS 3 Koedinientom (1/2™), To nopomxysani GasucHi ¢yHKuii

{Y mk} OymyTs BU3HauaTHCS SK

Y m(n) =22y 4(2™n- k) , )

e N — aHaJIOT YaCTOTH.

JliniiiHa BeWBJICTHA ampPOKCUMAIlIS JOCSTAETHCS MUIAXOM OOYHCICHHS
yCIX CKaNSpHHUX JOOYTKIB (yHKIIIi 300paskeHHsI 3 0a3MCHUME BEUBICTHUMHU
¢GyHKIisIMH 1 30epeXeHHSIM HU3bKOYACTOTHUX CKJIAJOBUX Ha BiANOBITHOMY
piBHI TeperBopeHHs. HaiOinbll mMoOmyJsipHUM alrOpUTMOM BEWBJIETHOTO
MepeTBOPEHHSI € mipaMinaipHuii anropurm C. Manna [9].

[pakTryna peamizamis JiHIHHOI BEHBIIETHOI allpOKCHUMAIii JOCSATAETHCS

30epexeHHsM M =20 pepnernux KOEe(QIIi€HTIB HIKYE 3aJaHOTO pPIiBHA
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MacmTadyBanHs My: |y :{m =(m, m,, mg):m> mo} , IO BIJNOBiIAE
BCTAHOBJIICHHIO B HYyIOb KOE(QIIi€HTIB BHIIE MaKCHMATBbHOTO  PpIiBHSA
MacmTa0yBaHHS. HynboBOMY piBHIO MacmTaOyBaHHS BigIOBiga€ OpUTiHAIBHE
300pakeHHS.

HeminiiiHi BeiiBIIeTHI anmpokcuMaIiii BU3HAYAOTHCS SK MPOEKIIT QyHKIii
300pakeHHst f Ha M BeKTOpIB, IHIEKCH AKX 3HAXOIATECA B |y :

fu = é(f!yrrk>ymk' (8)

(MK)T Iy

o 3abes3reuye ypaxyBaHHS CTPYKTYpH 300pa)k€HHS IUIIXOM MONAaIaHHI B
M BekTopiB,  AKi  MamOTh  MaKCHMalbHI  aMIUNTYAH  CKaJspHUX

JIOOYTKIB |< .Y >| . Minimizanis ducna 6a3ucHux BekTopiB M Ta MiHiMi3aIlis

MOXMOKH ampOKCHMAIlii JOCATA€ThCA INUIIXOM BHOOpY Oasmcy, AKHiA
3a0e3nedye sAKOMOra OUIbIIE YHCJIO HEXTOBHO MalUX BeHBIETHHX
koedimieHTiB. [IpakTHdHO TOOYHOBA TaKOro Oa3KCy €KBiBaJCHTHA 3aHYJICHHIO
KoeiIieHTIB, sKi IT0 aOCONIOTHOMY 3HAYSHHIO MEHIII 33/1aHOTO MTOPOTY.

I'eomerpuuni amnpokcumanii. ['eomerpuuHi anpokcumanii JarOTh
MOXJIMBICTH ~ BigdyBaTW 3MiHM oOpieHTanii. BoHu po3nuisioThes Ha
HeaJlanTHBHI Ta ajanTuBHi. [lepur 3acTocoBylOTH (peiiMu THIy OpyLUIETIB
[10], pimxenetie [11], keBeneriB [12], kouTypretiB [13] Ta muepaeris [14].
Irmri, Oimbln eeKTHBHI aJaNTUBHI METOMM, BUMAararTh ampiopi HAasSBHICTH
CJIOBHHKIB, pO3pO0Ka SIKUX € HETPUBIATBHOIO 3a/1a4CH0.

CJIOBHMK CKJIQIA€THCS 3 BEKTOPIB HOBKUHHU N, sIKi HA3UBAIOTh aTOMaMH.
CkinueHnii cnoBHUK 3 K aromiB MOKHA TIpeACTaBUTH Y BUTIISIAI MaTpumi D
posmipy N“ K. Ilpu po3pijpkeHOMY TMOJaHHI BEKTOp X MOKe OyTH
MPeICTaBICHAN Y BUTIISAL JTiHIHHOT KOMOiHAaIii IeKITFKOX aTOMIB 31 CIIOBHHKA.
Toni ampokcumamis Xa 3ammcyeTbes y BUrisami Xa=Dw, me w — Bekrop
Koe(ilieHTIB, OUIBIIICTH 13 SIKUX € HYJIbOBMMHU. HaBuaHHS 3a CIOBHHKOM €
3aJ]a4er0 3HaXO/HKEHHs TaKOr'0 CIIOBHHUKA, JUIsl SIKOTO alpOKCUMAIlis O11bIIOCTI
BEKTOPIB HaBYaIbHOI BUOIPKH, HACKUIBKH L€ MOJMIIMBO, JOCATAE 3aJaHOTO
KPHUTEPi0 po3pimKeHocTi Ha kKoedimieHTH. ToOTO, TOITyCKaEThCS JINIIE TIEBHA
KUTBKICTh HEHYTHOBUX KOSIIIEHTIB A1 KOKHOTO HAOIMKCHHS.

Jlo amanTMBHHX METOIIB BimHOCATHCS Bemkiaern [15], Gimmeru [16],
wieiitneru [17], cepduern [18] ta HOBI Oenmietu [19], rpymrern [20],
terposietrt [21] 1 cmysneru [22]. OcraHHI [IOCHTIPDKEHHS [MOKa3aiH, IO
aJIalITUBHI CJIOBHUKOBI METOJM MOXYTh 3aCTOCOBYBATHCS HaBiTh B PEXUMI
peajbHOro 4acy, aje BIAKPUTHM IIUTaHHSAM 3QJIMINAETHCS  HASIBHICTDH
CJIOBHUKIB.
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Takok TEpCHeKTMBHUMHM € KYCKOBO-JTIHIHHI Ta  MOJNiHOMIialbHi
arnpoKCUMallil BUIMX MOPsAAKIB 1 OaratopiBHeBa Tpianrynsiuis. L{i HanpsMkn
JIOCIIJPKEHb  JTO3BOJISIIOTh YHUKHYTH OOMEXEHb, SIKI BUMAaraloTh PO3IJISIHYTI
BUILIE METOJIH.

OproronajabHuii 6a3uc BiacHUX QyHKUii. /)19 KOMIAKTHOTO MOJAHHS
300pa)keHHs] HEOOXiTHO BUAIIMTH B HHOMY JiHIIE 1H()OPMATHBHI €JIEMEHTH 1
BUKIIIOUATH HaaMmipHy iH(opMmariro. Ile BuMarae moOymoBH Takoro OIHUCY
300pakeHHs, B AKOMY €JIEMEHTH ONHCY ciIadKko 3anekHi. OMHUM 3 HaWO1IbII
MEPCTIEKTHBHAX METOJIIB MOOYMOBH TaKOTrO OIMMCY € OPTOrOHANBHHN Oaswmc,
akui  3a0e3medye  KOHICHTpamiro iHpopmamii Tpo  300pakeHHS B
MiHIMaJTbHOMY YHCIi KOeQilieHTiB po3kiananHsa. Takuii GopMarsHIA METON
noOynoBu 0Oasucy, SKAH € aJeKBaTHUM BiANOBITHIM 3amadi  oOpoOKu
300pakeHHsI, IPYHTYEThCS Ha nepeTBoperHi Kapyrnena-Jloesa (ITKJT).

IIKJI, B pamkax imoBipHICHOI Mojeli 300pakeHHs, BU3HAYA€ThCS Ha
OCHOBI O0YMCIIEHHs KOBapialii MK JBOMa BHOIpKaMU BUIAJKOBHUX 3MiHHUX
Xj 1 X; sIK 3MILIAHOTO MOMEHTY APYrOro MOPsIKY:

Sij = MI(X; - m)(X; - m))], 9)

e m i m; — cepenHi 3HaueHHs BUOiIpok X; Ta Xj BiAIOBITHO. SIKIIO
BUXOJIUTH 3 TOTO, IO BCi BHUITAJKOBI 3MiHHI MalOTh HYJIbOBE CEPEIHE, TO IS
BeKTOpa X aBTOKOBapialliiiHa MaTpHIs BU3HAYAETHCHA SIK Ky =M [XXT].
BoHa € CHMETPHYHOI Ta MO3WTUBHO BH3HAYCHOI. [IpUIycTHMO, 10
pe3yibpTyrounii BekTop meperBopeHHs Y =TX, me T — yHiTapHa Marpuns
N“ N, sKka 3aJ0BOJBHSE YMOBI TT=T7"=1. Toni aBToKOBapiamiiiHa
Matpunst Y Oyne BU3HAYATHUCS SK

Ky = MY = MTXXTTT] = TM[XXT]TT =TK, T'. (10)
Jnst oTpuMaHHS JEKOPEIIOI0YOro MEePeTBOPEHHSI JABOX BUIAKOBHX BEIHYUH
HEeoOXi/IHOI0 YMOBOIO € PIBHICTb HyIIIO iXHbOI KoBapiawii. Hexail v; — BnacHi
BEKTOPH (3 ONMHUYHOIO HOpMOIO) Marpuli Ky , a A; — BiANoBiaHi iM BilacHi
3HAYEHHS TaKi, 10

Kyvi =hvi, (11)

NpuyYoOMy A yHopsiikoBaHi HacTymHuM umHOM |43 1,3 K3 | 3 0. Bei
BJIACHI 3HAY€HHs HEBiA'€MHi B cuiry Toro, mo Ky — MO3UTHBHO BU3HAUEHA.

binpme Ttoro, tak sk Ky € CHMETPHYHOIO, TO ICHy€ KIiHIIEBA MHOKHHA
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BJIACHHUX BeKTOpiB. LI BekTOpy € psinkamu MaTpuili neperBopenHs KapyHena-
Jloesa:

T :[vl Vo KvN]T .
Tomi Ky =TK XTT =TT'A =A, ne A — nmiaroHampHa MaTPUIIS 3 €IEMEHTaMH
—_n 2
Ai =& =M[Y7].
Sxuo 3anummtd  smme K 3 N mepeTBOpeHHMX  BEKTOpiB, TO
Y;, Y, K, Y, OyoyTs MiHIMI3yBaTH CEpeAHbOKBAJPAaTUUHY IMOXHOKY Mik X

Ta Horo ampokcumariero X [l cramioHapHHX, B IIHPOKOMY CEHCI,

BUIMAJKOBUX TMOJIB 300paxkeHb omnTuMmainbHa ampokcumaris [IKJI B
HETIePepBHOMY BHIIQAKY ACHMOTOTHYHO HAOIIDKAETHCSA 10 TEPETBOPEHHS
®Dyp'e, a B JUCKPETHOMY — 110 KOCHHYCHOTO meperBopeHHs. Ane [TKJI moxe
OyTH 3aCTOCOBAHO i JJIs1 HE 00OB’ I3KOBO BHUITAJAKOBHX €JIEMEHTIB 300paKeHb, a
U TUX, U SIKUX 1ICHY€E TIOHSTTS aHAJIOTY KOPEISIiiHOI (PYHKIIIT SCKPaBOCT.
Tonoaum Hemomikom IIKJI € #oro oOumciroBanbHA CKIAMHICTh IOPSIKY

O(NA), ne N — gucio BiUTiKiB 300pakeHHS.

Metoan ampokcumaiii Ta cTHCK 300paxkeHb. CTHCK € OJIHIEIO 3 33/1a4
00poOKY 300pakeHb. 3 mo3uLii Teopii iHpopMarlii 300pakeHHs1, SIK Oy Ib-IKUH
CHTHAJI, € BUIIAJKOBUM IIPOLIECOM, a HOro KOJYBaHHS 3BOJUTHCS JI0 MOOYJI0BU
JBIIKOBUX KOIB, SIKI MOXXYTh BpPaxOBYBaTH CTaTUCTHYHI XapaKTEPHUCTHKH.
[Ipu npoMy He OepeTbest IO yBaru KOPEJIAIis MiXK ITIKCEeIIMHU 300pakeHHs, sKa
€ OTHNM 3 TOKa3HWKIB HaaMipHOCTi iHdopmamii. Ha perymsapHux minmsHKax
300pakeHHS IMITBHICTE iHPOPMAIii Ha OJMHHIIO TUIOMIWHH € 3HAYHO MEHIIO0
B TOPIBHSHHI 3 HEPEeTyISIpHUMH. TOMYy JUISI IOCSTHEHHS OUTBII BHCOKHUX
CTENEHIB CTHCKY BAXJIMBUM € HaONIKEHHS 300paxKeHb 3 IUHAMiYHOIO
aJlanTamiero 10 1X BHYTPIIIHBOT CTPYKTYPH.

OOuncTIOBaIbHI EKCIIEPUMEHTH OyJiM IpPOBEJECHI Ha TPbhOX BIIOMHX
TECTOBUX 300paKEHHSX 3 MEBHUMH OCOOJIMBOCTSAMHU BHYTPILIHBOI CTPYKTYPH.
Ipu ninidHIA anpokcumanii nuisixom 30epexeHHs 5%  koedilieHTIB
CIIOCTEPIraeThCsl NMPUHHATHA BidyallbHA SIKICTh, ajie NMPUCYTHI JIeZBE MOMITHI
apredakTH: BTpadyaroThes APiOHI €JIeMEHTH TEKCTYPH, 3HAUHI BTPATH TEKCTYpH
i OpiOHMX okpemux zaeraneil. [Ipu Oinbin rinaakiii ampoxcumanii Bi3yanbHi
apreakTH 3pOCTalOTh, a TMpH 30UTBIICHHI KUIBKOCTI CHEKTpalbHUX
KoeilieHTIB ~ 3HAYHOTO  BiAHOBIIEHHS  BTpadeHol  iHdopmarii He
cnoctepiraerbes. Jlume mpu 30epexeHHi KimbKOCcTi koedimieHTiB mo 45%
MOYMHAETHCA BIJHOBIEHHS TEKCTypH i npiOHuX neraneil. Heninmiitra ®yp'e
aTnpoKCUMAIlisl 1ae MOHiOHUH pe3ynpTaT HaBiTh pH 2.7, 5.3 1 3.8 mpomenTax
KoeilieHTIB BIAMOBIAHO IS IHMX ke 300pakeHb. Hafikpammii pesyiprar
JIal0Th HENiHINHI BEHBIIETHI anpoKcuMallii.
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Ipu cruckanni komexkom JPEG ampokcumoBaHMX 300pakeHb 3i
30epeKEHHSAM OJHIET KUIBKOCTI KOE(IIIEHTIB OTPUMYEMO CTEIiHb CTHUCKY Y
JBa pa3u OiNbIIMHA s JIHIKHOT ampokcuMmanii. AJle NpH  OJHAKOBIH
Bi3yaJbHIN SIKOCTI, SIKa JOCSTAEThCS 30€peKEHHSIM y YOTHUPU pa3d OuIbIIOT
KizpkocTi Dyp’e xoedilieHTIB NpH JNiHIHHIA anpoKCUMaLil MPOTH HEINiHIIHOY,
st piBH skocti 90 KoediumieHT CTUCKY BiApi3HS€TbCA nuiie Ha 2-3
KiJToOalTH.

VY Bumaaky 3actocyBaHHs [IKJI 300pakeHHs, SIKi TpencTaBIIeHE JIUIIIE
25% Ga3ucHHUX BEKTOPIB, Maike HE BiAPI3HAIOTHCS Bin opuriHampHUX: PSNR
cknanae 49, 44 i 46 dB signoBinHo. [Ipu upomy ayxe mobpe 306epiraerbest
JpiOHA CTPYKTypa, ajie CIOCTEepiraeThCs JIEAb MOMITHUI IIyM Ha PETYJISpPHUX
o0macTsax 300paKeHb.

BucHoBkn. [IpoBeneHi HaOMMKEHHS TECTOBHX 300pa)KeHb 3 PI3HOIO
BHYTPIIIHBOIO CTPYKTYPOIO METOJaMH JIiHiiHOT Ta HemiHiiHOT Dyp'e i
BelBieTHOI ampokcumarnii, Ha ocHoBi IIKJI. Pe3ympraTé mokasamu, 1o B
3aJja4ax CTHCKY 300pakeHb, Ji¢ JIO3BOJIETHCS HE3HAYHA BTpaTa Bi3yalbHOI
indopmarii (emeMeHTH peryasipHOi TEKCTYpH, OpiOHI ememMeHTH) Oe3 BTpaTtu
BXJIMBUX AeTalieil 300pakeHHsl, JTiHIHA alpOKCUMAIlisl JO3BOJISIE TOKPALIUTH
CTETiHb CTUCKY HE MEHIIIe, Hilll y Ba pa3H B MOPIBHIHHI 3 HeNiHIiHOO. [Ipn
CTHCKaHHI 300pakeHb ©0e€3 Bi3yampHHUX BTpaT iH(opMalii HemiHiltHA
ampOKCUMAIlisl HE TIIBKH I03BOJSIE MOKPAIIWTH CTEMiHb CTHCKY, ane i
30eperTy BHCOKY Bi3yallbHY siKicTh. BoHa MOke OyTH TakoX 3aCTOCOBaHA B
SAKOCTi TIOTIepeIHBOi OOpPOOKH 300pa)KeHb Ul IIMPOKOTO iala30Hy CHCTEM
pi3HOT CHpSMOBAHOCTI: JIOKaJdi3alii, AETeKTyBaHHI, ineHTH(IKalil 00’ €KTiB
NPy BIJICOCIIOCTEPE)KEHHI, TpH  pos3mi3HaBaHHI 00 ekTiB. Haiikpaiue
HaONMKEHHS 3 JAMHAMIYHOIO aJanTalli€lo [0 BHYTPIIIHBOI CTPYKTYpH
300pakeHHs Jae anpokcumailis Ha ocHoBi [1KJI. Ha BigmiHy Bix amanTHBHHX
reOMETPUYHHX METO/IiB BOHA He MoTpebye anpiopHoi iHbopmartil (CIOBHHKIB),
asie 1 o0YMCIIIOBaJIbHA CKJIQJHICTh TOCTYNAETHCS METOJNAM, B OCHOBI SIKMX
nexutb Oyp’e Ta BelBIETHE NepeTBOPEHHA. ToMy 3 IPaKTUYHOI TOUKH 30Dy
HaMOLIPII TPUHHATHOIO € HeNiHIHHA BEWBICTHA ampOKCHMAIlis, sSKa XO0d 1
HE3HAYHO IOCTYIAEThCA T'EOMETPUYHIH CTOCOBHO 3MIiHHM Opi€HTalii, ane €
aIaNTHBHOIO 1 IPYHTYETHCS Ha NEPETBOPEHHI, K€ Ma€ IIBUJIKI alrOpUTMHU
peadizarii.

[IpoTe moemHaHHS HENiHIMHOI BEHBIETHOI ampoKCHMAIll 3 KOPEKIi€lo
TpaHullb JUIS TMiJABHIICHHS CTIMKOCTI 70 3MIHM OpI€HTAIlii TO3BOJIIIO
OoTpUMaTd pe3ynbTaTtd, sKi € 1o skocti Omumspkumu jpo IIKJI, a mo
o0uuCIIOBaNIbHIM CKIagHOCTI He mnepeepuytoTh mBuake JBIT. Kopekuis
TPaHULb Peai3y€eThCsl NUISIXOM OOYMCIICHHS JIOKAJIBHOI eHeprii 300pakeHHs.
JlokanpHa eHeprisi OOYHCIIOETHCS HA OCHOBI BBEJCHHS KOMIUIEKCHOTO
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AQHAJITUYHOIO CUTHAJY, AIMCHY YaCTHHY SIKOTO CKJIaJae 300pakeHHsl, a YsBHY
— itoro neperBopenHs ['ip0epTa. AHaTITUYHUIA CUTHAT JIO3BOJISIE OJIHO3HAYHO
BU3HAYMTH IIPOCTOPOBI NTAPAMETPH — MUTTEBY aMILIITY/ly i MUTTEBY 4acToTy, a
nepeTBOpeHHss [1mp0epTa 03BOJSIE OTPUMATH TOJAHHS 300paKeHHS 3
OUTBIIOID  MPOCTOPOBO-YACTOTHOIO  CHEPTETHYHOIO  KOHIICHTPAI€I0 B
MOPIBHSHHI 3 BEHBJICTHHUM.
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PaccMmoTpeHs! TMHEHHEIe, HeIHHEeiHbIe, aJalTUBHBIC U TEOMETPUUCCKHE METOIbI IIaJKHX
aNMpoKCUMALMK M300paKEHUH Ui MX KOMIIAKTHOTO TMPEACTABIEHUS C LENbI0 YIy4IIeHUs
XapaKTepHCTUK VIS TOCHIeAyolIe 00paboTKM, XpaHeHUsI U Tepeadd. DTO JaeT BO3MOXKHOCTh
TOBBICHTE d()(EKTHBHOCTH METOOB YHAJICHUS IIyMa, CETMEHTalllH, HAXOXKACHUS T'PAaHHI]
00BEKTOB, pacro3HaBaHus 00pa30B. CpaBHHUTENBHBIA aHANH3 METOJOB ANIPOKCUMALMH IS
3a/1a4k CKATUS M300paKEHUI MPOBEEH Ha OCHOBE KOJIMYECTBEHHON M KAYeCTBEHHON BU3YalIbHOW
oreHOK. [TpuBeIeHBI BHIBOJBI OTHOCUTENBHO ANHAMUYECKOH aalTalliii METO0B MPHOIIDKEHHS K
CTpyKType n3o0pakenus. bubmuorp.: 22 Ha3B.

Ki1roueBble cj10Ba: METO/IbI AIITPOKCUMALIMH, CXKATHE, CTPYKTYpa U300pakeHU .
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Image representation: methods of approximation and compression / Moroz V.V.
/I Herald of the National Technical University "KhPI". Subject issue: Information Science and
Modeling. — Kharkov: NTU "KhPI". —2013. — Ne 19 (992). — P. 87 — 96.

The linear and non-linear, adaptive and geometric methods have been considered for
smooth approximations for compact image representation to improve performance of subsequent
processing, storage and transmission. This allows you to increase the effectiveness of methods for
removing noise, segmentation, detection of the edges and pattern recognition. Comparative
analysis of approximation methods for image compression tasks is performed on the bass of
quantitative and qualitative visual assessment. The conclusion regards the methods of dynamic
adaptation to the structure of images. Refs.: 22.

Keywords: methods of approximation, compression, structure of images.
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