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BoOynoByBanHsi nu¢poBuX BOAAHUX 3HAKIB CHOTOJHI € OJIHMM 3 Hailie)eKTUBHIIUX
3ac00iB 3axucTy IHTeJeKTYyalbHOI BJACHOCTI. BuKoOHAHO NOpIBHSAVIBHMH aHaJdi3 pi3HHX
BeliBJIeTiB, AOCTIKEHO XapaKTepUMCTHKH NpH Ppi3HUX KoedimieHTax BOYAOBYBaHHA Ta
BOY/10BYBaHHA B Pi3Hi 00J1acTi nepeTBOPeHHA I METO/IiB MPUX0BAHOIO MepelaBaHHs JaHUX
HA OCHOBI BeiiBJeTIB.

KarouoBi cioBa: creranorpadgis, nm¢poBi BoafHI 3HaKH, BeliBJeT-epeTBOPEHHS,
AUCKpPeTHe KOCUHYCHE NepeTBOPeHHs, 00/1acTh BOYAOBYBAHHS.

Today embedding digital water marks is one of the most effective means of protecting
intellectual property. The paper made a comparative analysis of different wavelets,
investigated under different coefficients of embedding and embedding in different sub bands
for transfor mation methods for hidden data transmission using wavelets.

Key words: steganography, digital watermarking, wavelet transform, discrete cosine
transfor m, embedding sub band.

Beryn. 3arasibHa mocTanoBKa npoodJjieMu

BOynoByBaHHS ITU(PPOBUX BOIJHUX 3HAKIB CTA€ BCE OLIBII IOIIMPEHUM, AAFOYM 3MOTY BHPIIIMTH
HU3KY 3aBJIaHb y Taly3i 3aXucTy HU(PPOBOT iHTENEKTyaIbHOI Bi1acHOCTI [1].

Cepen MeTOIB TNPUXOBYBaHHS HAWIOIIMPEHIIIl ChOTOJHI METOIM Ha OCHOBI BeHBIET-
neperBopeHHs [2]. Lli meroau € mMOMyISpPHUMH, OCKUIBKM HE BHOCITH 3HAYHUX CIIOTBOPEHb Y
300pa)keHHs1, MaOTh JOCTATHIO MPOMYCKHY 3[aTHICTh Ta € CTINKMMH JI0 HABMUCHHUX aTaK Ta BUKPUBJICHb
y KaHamax 3B 53Ky [3].

BonHovac 3a 3HAYHOTO MOMIMPEHHS TAaKUX METOJIB B JIITEpaTypi BiICYTHI peKOMEH/aIii CTOCOBHO
BHOOpPY THILY BEHBJIETY Ta 001acTi BOYy10BYBaHHS. TakoX HEIOCTATHBO PO3KPUTO MUTAHHS MOPIBHLILHOIO
aHaJli3y METO/IB Ha OCHOBI JUICKpETHOro BelBiner-nepersopenHs ([IBII) Ta komMOiHOBaHOTO 3aCTOCYBaHHS
JMCKPETHOT'O BEHBJIET-TIEPETBOPEHHS Ta JUCKPETHOTro0 KocuHycHoro meperBopeHus (JABIT — JKII). Lli
MUTAHHS 1 PO3TIISTHYTO B CTATTI.

AHaJli3 0CTaHHIX JOCTiTKeHb Ta MyOaikanii

CrhorosHi icHyIOTH JBa TICHO TIOB'sA3aHI MK CO0OI0 HampsMu creraHorpadii 3aleXHO Bil
BHUKOPHUCTaHHS Pi3HUX 00NacTeil BOyIOBYBaHHS:

1. IlpuxoByBaHHS B MPOCTOPOBIiK 001acTi — Oe3mocepeaHs 3amMiHa eIeMeHTIB KoHTeiHepa (LSB —
METO/1 3aMiHM HallMeHIN 3HauymuXx OitiB [4, 6], meToy 3aminu nanitpu [4, 7], meron Kyrrepa—Ixopnana—
Boccena [4, 8]). 3aranbHuil IpUHIMT METOJIB MPUXOBYBAHHS JAHWX Yy MPOCTOPOBIH 00NAcTi Mmoisrae B
3aMiHI HaJUIMIIKOBHX, MaJIO3HAYYIIUX YaCTHH 300pakeHHs OiTaMH CEKPETHOI'O IIOBIIOMJICHHS. Ix
IepeBaru B TOMY, 1110 JijIs BOYJOBYBaHHS HeMae HEOOX1THOCTI BUKOHYBATH CKJIaJIHI OOYHMCIICHHS 1 TpUBaJIi
MEPETBOPEHHS 300pakeHsb [5].

2. BOynoByBaHHs B 00NacTh TIEPETBOPEHHS, SKE, CBOEK YEPror, MOXHA MOJUIMTH Ha
MPHUXOBYBAHHS B YaCTOTHIM 00JIacTi Ta B 00JIaCTi IEpETBOP CHHS.

2.1. lpuxoByBaHHsS JaHWX y YacTOTHIA obmacti (Meron Koxa—XKao [6, 9], meron Benrama [5, 10],
METOJU Po3MKMpeHHs crekrpa [5, 11]). Lli MeToau oCHOBaHO Ha TBEPUKCHHI, 110 OiIbIlla YaCTHHA SHEepTil



300pakeHb 30cepe/keHa B HU3bKOUACTOTHIN YacTHHI criekTpa. [lepeBaroto mopiBHIHO 3 BOYIOBYBAaHHSIM B
MPOCTOPOBY 00JIACTh € BUIIA CTIHKICTH JIO CIIOTBOPEHb [12].

2.2. BeiiBner-neperBopenns (BII). HailOuibloro mnommMpeHHs cepel BCIX OPTOrOHAIbHHUX
neperBopeHb B creranorpadii orpumanu JAKIT i ABII, 1110 MOACHIOETHCS YACTIIIMM TX BUKOPUCTAHHAM ITij
yac komIpecii 300pakeHb. CTeraHOaIrOpUTM MOXE OYyTH JIOBOJI CTIMKUM A0 MOAJIBIIOI KOMIIpeCii
300paKeHHS, TUTBKH SIKIIO BiH BPaXOBYBaTUME OCOOIMBOCTI allTOPUTMY MEPCIEKTUBHOTO CTHCHEHHS [13].

Y pobori [14] HaBeneHO Pe3y/IbTaTH YMCICHHUX CKCIECPUMEHTIB, SIKi JO3BOJIMIM aBTOpaM IaTH
MeBHI peKOMEHMallii Moa0 BUOOpPY BHIY IMepeTBOpeHHs Iuis creraHorpadii (puc.l). 3rimHo 3 1UMH
JOCITIPKEHHSMH, TIEPETBOPEHHST MOYKHA BIIOPSIKYBATH 32 TOCSHKHUMHE BUTpAILIaMH.

A,uaMapal Bersner l
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Puc. 1. Buou nepemesopens, 6nopsioKo6ani 3a OOCANCHUMU SUSPAUAMU

[epeTBOpeHHs, sIKi XapaKTEpU3YIOThCS BUCOKMMH 3HadeHHsMu Burpamry, Taki sk JKIT ta BII,
XapaKTepPHU3YIOThCS PI3KO HEPIBHOMIPHUM PO3MOALIOM AuCIepciii koedilieHTiB cyocMyr. BucokodacToTHi
CyOCMYTM HE MiAXOIATH JJis BOYJOBYBaHHS 4epe3 BEIMKHHA IMyM OOpOOKH, a HM3bKOYACTOTHI — depes
BHUCOKUH TIyM 300paskeHHS. TOMy JOBOJHMTHCS OOMEKYBAaTHCS CEpeNHbOYACTOTHUMH CMYTaMH, y SKHUX
IIyM 300paskeHHs PUOIU3HO JOPIBHIOE IIyMy 00poOKH. OCKIIBKH TakMX CMYT He0araTo, TO MpPOITyCKHA
3MIATHICTh CTETaHOKAHAIY € MOPIBHIHO MaJiol0. Y pa3si 3aCTOCYBaHHS MEPETBOPEHHS 3 HUXKYUM BUTpAIleM
BiJl KOJYBaHHs, HallpUKIal, MeperBopeHHs Axamapa abo ®Dyp'e, icHye Oinmblie OJOKIB, y SKHUX IIyM
300paKeHHs MTPUOIN3HO TOPIBHIOE IyMy OOpPOOKH, a OT)Ke, 1 MPOITyCKHA 3/IaTHICTh BHIIA.

Buainenns npodaemu

Edextusnicts 3actocyBanns BIT i IKII mis kommpecii 300pakeHb 3yMOBJICHAa THM, 110 BOHH J00pe
MOJICITIOIOTH TIpoIiec 00poOKH 300pakeHHs y 30poBii cuctemi roauuu (3CJI), BiaauIsiioun CyTTEBI aeTai
Big apyropsnaux. OTxke, 11i epeTBOPEHHS JOLUIbHINIE BUKOPUCTOBYBATH B Pa3i MPUCYTHOCTI aKTUBHOTO
MOPYIIHWKA, OCKUTBKH MOAW(iKallis 3HAYYIIUX KOE(II[IEHTIB MOXE CIPUYMHHUTH HENPHUHHSATHE
CIIOTBOPEHHS 300pakeHHS.

HaiinepcnexrupHimmmM [15] cboromani € meroy BeliBner-nepersopenns (BIT).

Beiipnern (Big anrn. wavelet) — MaTemaTuuHi QYHKIIT, 10 JaFOTh 3MOTY aHANI3YBAaTH Pi3HI YaCTOTHI

KoMIloHeHTH AaHuX. CIoBo “BeiBieT” € KaJbKOIO 3 aHTIIHCBKOro “wavelet”, mo o3Havae B Tepekiaii
“MajieHbKa XBWJIS®, ab0 “XBWI, 10 HAyTh OXHA 3a OmHOK”. | TOM, 1 IHIIME HepeKnan MiIXOAUTh 0
BHU3HAYEHHS BeWBJeTiB. BeiiBnern — 1e ciMeiicTBO (YHKINH, SKi JIOKQJIbHI B 4aci i 3a YacTOTOIO
“MaJIeHbKi”), 1 B AKUX BCl (YHKIIIl BUXOAATH 3 OJHIEL, 332 JOMOMOIOKO ii 3pyIlleHb 1 PO3TATYBaHb MO OCI
yacy (Tak IIO0 BOHM “HayTh OJWH 3a OogHMM”). IHOmI BeHBIETH HA3MBalOTh CIUleckamMu. Bci BelBIeT-
MEepETBOPEHHS MOXKHA PO3TIISIIATH K PI3HOBU THMYACOBO-YaCTOTHOTO TIPEICTABIICHHS 1, OTKE, HAJIEKATH
70 TIpeaMeTa TapMOHIWHOrO aHaiizy. Bci BeiBlerT-meperBOpeHHs! po3risiialoTh (yHKIi0 (B3ATY SIK
(GyHKIIIS BiJ Yacy) y TepMiHAX KOJHMBAaHb, JIOKAII30BaHHX 32 YacOM 1 YacTOTON. 3a3BHUYall PO3PI3HSIOTH
nckperHe BeiiBner-nepersopens (JBII) i HenepepBHe BeiiBner-nepersopenns (HBIT) Ta meronu nHa
OCHOBI JIUCKPETHO-KOCHHYCHOTO BeliBner-nepersopents (ABIT — AKII).

1. Juckpemne seiienem-nepemeopenns ([{BII)

JIMCKpEeTHUMH HA3WBAIOTh BEWBIICT-TIEPETBOPEHHS, B SIKUX BEHBIICTH IMPENCTaBICHI AUCKPETHUMH
CUTHajaMu (BHOIpKaMHu).

Iepmmm JIBIT BuHalmIOB yropcbkuii maremaTtuk Anbdpen Xaap. s BXiJHOTO CHUTHAIY,
NPEICTaBICHOr0 MacuBoM 2" dHcell, BEHBIET-IIEPETBOPEHHST Xaapa MPOCTO TPYIye €IeMEHTH 1o 2 i
YTBOPIOE BiJl HUX CyMH 1 pi3HUII. [pymnyroTh cymu pekypcuBHO (y pa3i mapHOI JOBXWHH ITOCIiIOBHOCTI
CyM) IUISl yTBOPEHHS HACTYIIHOIO PIiBHS PO3KIAAaHHs. Y miacyMKy Buxomuth 2" — 1 pisHus i 1 3arampHa
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cyma [16]. Haitmommpenimmuii Ha6ip JABII chopmymntoBas Genbriickkuii Mmatemaruk [urpin Jo6emi (Ingrid
Daubechies) y 1988 pomi [17]. BiH ocHOBaHWiI Ha BHKOPHCTaHHI PEKYPSHTHHX CIIIBBIIHOMICHb ISt
OOYHCIIeHHS BCE TOYHIMMX BHOIPOK HESBHO 33/1aHOi ()YHKIIIi MaTEpUHCHKOrO BeWBIETa, 3 MOABOECHHIM
JI03BOJIY ITiJ] Yac MepexoJy Ha HAcTyNMHUH piBeHb (MaciiTad). Y CBOiH OCHOBOIOJNOXKHINA poboti Jloberri
BHUBOJIUTH CIMEICTBO BEHBIIETIB, MEPIINH 3 IKHX € BelBIETOM Xaapa. 3 TOro 4acy iHTepec Jo Iiei obnacti
IIBUKO 3pic, 10 IPHU3BEIIO O CTBOPSHHS YMCICHHUX HAIQKIB BUXIIHOrO ciMelcTBa BekBieTiB Jlooerri.

2. Henepepene eetienem-nepemsopenns (HBII) — 1ie peamizaiiii BeHBIIET-IEPETBOPEHHSA 3
BHUKOPUCTaHHSM JIOBUTFHUX MaclITa0iB 1 MPaKTUYHO JOBUTLHUX BEWBIETIB. BUKOpHUCTOBYBaHI BEWBIETH €
HEOPTOTOHANBHUMH, a JaHi, OTpPUMAaHi MiJ 4Yac IbOr0 TEPETBOPEHHS, BUCOKOKOpenboBaHi. Jis
JMCKPETHUX YaCOBHUX MOCITITIOBHOCTEH TaKOK MO>KHA BUKOPHUCTOBYBATH II€ MTEPETBOPEHHS 3 OOMEKEHHSIM,
IOHANMEHIII ITepeHeCeHHs BeHBIIeTa IOBUHHI JIOPIBHIOBATH AMCKpeTH3allil Aanux. Lle iHomi Ha3uBaeThCs
HelepepBHUM BeHBIIET-TIepeTBOpeHHIM auckperHoro dacy (Y — HBII) i ue nadimomynspHimuii Meron
pospaxynky HBII y peanpHuX gogaTkax.

3. 3acmocysanns eetignem-nepemeopents 00 HePYXOMUX 300padicens

ChoroziHi BU3HAYEHO JEKUIbKAa TPy METONIB BOyHOBYBaHHsS iH(OpMAaIlii, OCHOBAHUX Ha PIZHUX
eranax 3acTOCYyBaHHs BelBIeT-miepeTBopeHHsA. OCHOBHI CTpaterii i3 3aCTOCYBaHHS BEUBIICTIB IOKa3aHO
Ha puc. 2 [18].

neple BKIaCHHS TpPeTe BKJIAJACHHS
miKceni koeimieHT |
[
, KBAaHTYBaHHS ¢
(v _ , K
300pakeHHs BEHBJICT v KBantyBanH: OIyBaHHS 3
> > — : )
NEPETBOPEHHS CHTPOIIIEIO o
| MOTiK 0iTiB
. [
Koe(ilieHT
BEUBIIETY JIpyTe BKJIAJCHHS

Puc. 2. Cmpameczii 66y0o6yeanns Ha 0CHO8I PI3HUX 3ACTOCYB8AHb Gelisllem-nepemeopenisi 0Jis 300padiceHdb

DopMyJTIOBAHHS METH

Mera poOoTH — HOCTiKEHHS e)eKTUBHOCTI 3aCTOCYBAHHS BEHBJIETIB y cTeranorpadii 3 moJaanbIimum
(OpMyJIIOBaHHSIM PEKOMEHJIAIIl 100 MapaMeTpiB aJrOpuTMy BOYIOBYBaHHS. J[ns moCSTHEHHS
ITOCTaBJICHOT METH HEOOX1THO PO3B’SA3aTH TaKi 3a/1a4i:

1. JlocmiguTH 3aJIeKHOCT] XapaKTEPUCTUK CTEraHOCUCTEM Bijl IOBKUHH TIOBIOMIICHHS.

HocmiguTt eheKTUBHOCTI BUKOPUCTaHHS MeToaiB Ha ocHoBi JIBIT ta JIBIT — JKII.
Hocnianti e eKTUBHOCTI BUKOPUCTAHHS Pi3HUX BEHBIIETIB.
JocninTi XapakTepUCTUUK TPHU BUKOPUCTAHHI Pi3HUX 00JIacTel BOYIOBYBaHHS.

whwbd

BukoHaTH NOPIBHSUIBHUE aHAJII3 METO/IIB Ha OCHOBI BEHBJICT-TICPETBOPCHHS 3 aHAJIOTaMH.

Jus aHanizy e(peKTUBHOCTI pi3HMX oOjactell BOYJIOBYBaHHs, crMparoduch Ha [18], Oyio oOpaHo
METOJ] Ha OCHOBI MOCIIZIOBHOTO IMCKPETHOTO BEWBJIET-IEPETBOPEHHSI Ta IMCKPETHOrO KOCHHYCHOTO
neperBopenns (JBIT — JIKII) ta Ha ocHOBI 3aMiHM KOE(QII[IEHTIB BEHBIIET-NEPETBOPEHHS B 001acTi
cepenHix KoeilieHTiB.

Onuc xocaiTzKyBaHUX MeTOIiB

s nociipkeHb 0yi10 00paHo 2 METOIH.

A) Meron Ha ocnosi ABIT — JIKII [19] nepenbauae Taki KpOKH:

1. Jlo 300pakeHHs 3acTocoByeTbes JIBII, pesynbTaToM SKOro € po3KJIagaHHS 300pakKeHHS Ha
yotupu obsacti (puc. 3): LL, ska MICTUTh 3MeHIIIEHE MOoYaTKoBe 300pakeHHs, i Tpu obmacti (LH, HL,
HH), siki MICTSTh pe3yNibTaT 3aCTOCYBaHHsI BEHBJIETYy 0O€3MOCEPEIHBO IO CTOBMIIB, PSAAKIB Ta JiaroHai
300paskeHHSI.

2. O6pany oonacts (LH, HL, HH) ninsate Ha 6ioku 8x8 i 10 KoykHOro 0710Ky 3acTocoBytoth JAKII.
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3. TenepytoTbes nBi niceBnoBumnaakoBi mocuigosHocti (ITBIT), omHa 3 SIKHX BUKOPHCTOBYETHCS LIS
BOynoByBanHs 0, a apyra — 1. Kinpkicte enemeHTiB y B3aemoneszanexunux [IBII Biamoimae uumcmy
enemenTiB JIKIT y 6momi.

4. biru I1BII, 30ublIeH] Ha ACAKUAN MOPIT MOCUIICHHS, CKIaJaloThCs 31 3HAYCHHSAMH KOe(ili€HTIB
JIKTI.

5. Meron nae 3Mory 3a0e3MeUrUTH BUCOKY CTIHKICTh 10 aTak 3aBISKHA MOXIIMBOCTI 0araTopa3zoBOro
nyOnroBaHHs 1dpoBoro BoasHOro 3uaky (L1B3).

B) Meron Ha ocHOBI 3aMiHM cepeaHix KoedillieHTiB BeliBner-iepeTBoperHHs [20] nepenbadae Taki

KPOKH:

1. Ho 300paxenns 3actocoByerhes JIBII, pe3yinb-
TATOM SIKOTO € PO3KJIaJaHHA 300paKCHHs Ha YOTHUPH

LL HL

obmacri.

2. Obpany obmactes (LH, HL, HH) nminate Ha
Omoxu 8x8.
LH HH 3. biru IIBII, 30inbmIeHi Ha AeAKUi MOPIr MOcHU-

JICHHSI, CKJIAJIalOThCS 31 3HAYCHHSIMHU CEPEIHIX BEHBIICT-

KOe(iI[iEHTIB B OJIOIII.
VY cydacHiii niTeparypi HE ONMUCYEThCS ©(EKTHB-
Puc. 3. [lepwiuii pisensv setisiem-nepemeopeHHsi HICTh 3aCTOCYBaHHS KiJIbKapa3oBOro BEHBIET-TiEpe-
TBOpEHHS 13 BOY/ZOBYBaHHsM iH(opmarlii B koedillieHTH
MicIisl TIOBTOPHOT'O BelBler-iepeTBopeHHs (puc. 4). Ilpukiman 3acTocyBaHHS KiIbKapa3oBOTO BEHBIIET-
MEPETBOPEHHS 10 HEPYXOMOT'0 300paKeHHS IIOKa3aHO Ha PHC. 5.

LL I, LL HL

1H HH LH

Puc. 4. Jllpyeuil pisensv setiiem-nepemeopenHsi

a 7] 8

Puc. 5. Pesynomamu 3acmocyéanisi 6etiénemis 00 300padiCeHH s
a —neputoeo nopsioky; O — Opy2020 NOpPsioKy; 8 — MpPemvp020 NOPSLOKY

AHaJi3 0TPMMaHUX HAYKOBHUX pe3yJibTaTiB
OmiHtoeMO e(peKTHBHICTh 3aCTOCYBaHHS PI3HMX BEHBJIECTIB Ta PI3HUX oOJacreil BOymOBYBaHHS,
MOPIBHIOIOUM XapaKTEPUCTHKH, MO ONHCYIOTh HEBUAWUMICTH (piBEHb CIIOTBOPEHHS) Ta MPOMYCKHY
31aTHICTb.

O1iHIOBaTH PiBEHb CIIOTBOPEHHS 300pakeHHsI IPUUHSATO [5] Ha OCHOBI TPHhOX MOKA3HUKIB!
— CniBBinHomieHHs curHan/mym SNR:
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row(C)coIs(C)
a a <)
NR=— ¥ ; 1)

row(C) coIs(C)

2
a a C,-S,)

x=1 y=1

— Sxictb 300paxenns IF:
row(C)coIs(C)
a a (Cx by X y)

_ x=1 y=1
IF=1- row(C) cols(C) > @)

a a )’

x=1 y=1

— HopmarizoBana cepens abcomtorHa pisHuiist NAD:

rovg(C)coIg(C)
a aC,-s,
—  x=1 y=1
NAD = row(C) col(C) ’ 3)
a alc,
x=1 y=1

[Tix wac mociiKeHb BUKOPHCTOBYBAIN 300pa)KeHHS 3 TAKUMH MTapaMeTPaMu:

a) HeaeTamizoBaHe 300paxkeHHs ¢opmary bmp Ta pozmipom 128x128 3 BHO BHpaKEHUMH TPhOMa
OCHOBHUMH KOIIbOPAMHU;

b) HexeranizoBaHe 300paxkeHHs popmaty bmp Ta posmipom 1024x1024.

BOynoByBanns BijOyBamocs 3 BuKopucTaHHsM BeiiBierie  Koidmera, bartna—Jlemanbe,
acuMeTpu4uHoro BeiBiera Jlobemi ta [loGemi 3 miHiManbHOIO ¢azoro. Obnactsmu Ui BOYIOBYBaHHS
Oyno oopano nepsunHi oonacti LH, HL, HH Ta Bropunni HL2 ta LH2. Takox mociimKyBaid 3HAYCHHS
XapaKTePUCTUK TPH Pi3HUX Koe]illieHTaX BEHBIICTIB.

1. Jlocriosicenns 3aaedacHocmi XapaKkmepucmux 610 008HCUHU NOBIOOMILEHHSL

s mociimkeHHs: 0yio BUKOPUCTaHO Belipier J{oOeri Ta mopimomieHHs po3MipoM Bix 2 1o 20 kb.
OtpumaHi 3Ha4EHHS TIOKa3aHO Ha pHC.6.

IF

Ll ML I T
fraa,

.

.

P L

=
w®
-

P L
.
.
.
-
L]
.
LT .

L]
e LT T T,
]

a 5 i
» B S17e mess:

Puc. 6. 3anesxcuicmo sskocmi 300pasicents
IF 6i0 poamipy 66y006an020 nosioomieHHs

[IpoananizyBaBild OTpHMaHI JaHi, MOXKHa 3POOMTH BHCHOBOK, IO fKICTh 300paxeHHs IF Tta
CHIBBIHOIICHHS curHai/yM SNR 3MeHIyoThCs, a HOpMalli3oBaHa cepeans adcotoTHa pisHuis NAD
30UTBIIYETHCS 31 30UIBIICHHAM TOBIIOMJICHHS, TOOTO 31 30UIBIIEHHSAM pO3MIpPY IOBIIOMJICHHS BCi
MmapaMeTpH MOTipIIyIThes. [ TocaiKyBaHOrO 300payKeHHS TpH JOCSATHEHHI JOBXHHH TOBIJOMIICHHS
14 GaiiTiB mapaMeTpy CTalOTh CTAOUTLHIMH, & PO3MIp TOBiIOMIICHHS MToHaA 45 0alTiB € HEMOKITBHUM.
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2. Hlocnioocenns epexmusnocmi euxopucmants memooie na ocnosi {BII ma J{BII — JIKII

Bu3HauMBIIM JONMYCTUMHUI PO3MIp MPUXOBAHOIO IOBIAOMIICHHS, OYyJIO JOCIIHKCHO 3aJIeKHOCTI
3MIHU TIapaMeTpiB 300pakeHHs Bill MeToy BOynoBYyBaHHA. OTPUMaHO XapaKTEPUCTHKH IS IBOX METOJIIB
BOYZIOBYBaHHs iHpOpMAIlii — MeToly BOyJJOBYBaHHS Ha OCHOBI mozBiliHoro nepersopenns JBIT — JKII ta
Meroay 3Mmian koedimientie JIBII. BOynoByBaHHs BHKOHYBanocs y npaBuidl BepxHid kaxpat (HL2) mis
BeliBiery JloOeru 3 MiHIMaIbHOIO (a3oro.

NAD
0.1]-.

0.08 «++=- -+ WeTon 3aMiHK koedilieHToR
=asnnn MeToa DWT-DCT

0.06

0.04

0.02

Coefficients

Puc. 7. [lopisusanms Hopmanizoeanoi cepednvoi abcomomuor
piznuyi NAD ons setisniemy [Jobewti 3 minimanvhoio ¢azoio
onst memo9is Ha ocrosi [{BII ma na ocnosi [IBIT — J[KII npu 3mini koeghiyienmie

B 000x Bumaakax 3i 3pocTaHHSAM KoeQilli€HTIB el TMOKa3HHWK Iajae, METOJ Ha OCHOBI 3aMiHU
koedimientis JIBII nae 6inbin BupakeHi 3Minu, a meto Ha ocHoBi JIBIT — JIKII kpaiiii nmoka3HUKH.

3. Hocnioocenns epexmusnocmi 6UKOPUCMAHHS PI3HUX GeUIemis

[lig wac mocnimkeHb aHamizyBaiau BeiiBner Koiguera, barria—Jlemanbe, acCUMETpUYHUIA BEHBIIECT
JoGemi Ta Beiipier JoOemri 3 MiHiMaabHOIO (ha3010. Pe3ysbTaT HaBeAeHO Ha puc. 8, a, 0 Ta puc. 9 a, 0.

F
IF
¥ Tiessessseeses o 0,89
U SPTTE CECRE YL
g o LT
LA LT T . e . AL,
. L 1 2 H
| 4 } | o
DnE q 0es o
4 .
.
.
996 5 i o
I
»
0994 '._ (Y YL mesasasstrmEEssREEARItideannnnn
o ¥
Lt L]
o 5 0 1= 30 L] 5 " 15 E
Coefficients Coefficients
« « « BeitBaer Koidiera * «» Beiisrer Koiguera
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Puc. 9. Iopisusanns sxocmi 306pasicennst |F ons setisnemy JJobewi 3 minimanvroio ¢pazoio
onss memo9is na ocnosi JIBII — JIKII(a) ma na ocnosi JBII (6) npu 3mini koeghiyicumie

[NopiBHSBIIM OTpHIMaHi pe3yJbTATH TS IBOX METOIIB, 32 PHUC. 9 MOXKHA 3pOOMTH BUCHOBOK, 1110 METOT
BOymoByBaHHs Ha ocHoBi JIBIT — JIKII mae Buiii Ta craji MOKa3HMKH SKOCTI JUISl TPhOX BEHUBJICTIB, a METO
3MIHM KOe(II[IEHTIB MOripIinye SKICTh 300pakeHHs. OcoOMMBO Tpeba 3a3HAYMTH, IO JIMIIEC aCHUMETPUYHHI
BeliBier JloOenri, Ha BIIMIHY Bijl iHIIKX, 31 30UTbIIEHHAM KOe(illieHTa TOTIPIITYE TTOKa3HUKH.

CHiBBiZIHOIIEHHS CHTHAJI/IIIYM TaKOX 3pPOCTA€ 3i 30UTBbIICHHAM KOC(IIIEHTIB JUIS BCiX BEHBIETIB,
OKpIM METOAY 3 BHKOPHCTaHHSM acuMeTpuuyHoro Beiipiery JloOemii. Tomi sk uisi METOAy Ha OCHOBI
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JBIT — AKIT nmapamerp SNR 3anuiiaerscs He3MIHHUM a00 3pocTae i BeBieTy Jloberi i3 MiHIMaIbHOIO
¢dazoro, To Mmeron 3miHu koedimientiB JBII moka3ye nHabaraTo BWILI 3HAYCHHS JIs BCIX YOTHPHOX
BEHBJICTIB.

4. Jlocrioawcenns xapakxmepucmux npu 6UKOPUCMAaHHi pizuux oonacmet 60y008y6anHs

AKTyalnbHUM 3aBJaHHsIM OyJO JOCTIIDKEHHS 3MIHM MapaMeTpiB 300pakKeHHS MpH 3MiHI 00yacTi
BOynoByBaHHs. JIJ1s1 mopiBHAHHS Oyi10 o0pano nepeunHHi oonacti LH, HL, HH ta Bropunni HL2 ta LH2.

Pesynbrar pospaxynky napamerpa NAD 300paxeno Ha puc. 10.

JanemHicTs NAD Bl eBnacTl aSyaoByRaHHA
LREE

o011

i
RERILYELLF
007554 3318

Sy -

"""" far: - TR :

Puc. 10. Iopisnusanns nopmanizosanoi cepeonvoi abcomnommoi pisHuyi
NAD ozs 1 (HLy), 2 (LH, HL, HH) ma 3 obaacmi (LHy)

Ockinbku BenuunHa NAD komuBaerhcsi 30BciM He cyrteBo (Bim 0,095 g0 0,1), pesyabTaTom
JOCITIPKEHh MOJKHA BBa)YKaTH BHCHOBOK, 1110 00JIACTh, B SIKYy BOYOBYEThCSI 300paXKeHHsI, HE MA€ CYTTEBOT'O
BILJIMIBY.

5. llopisuanvruii ananiz memooié Ha OCHO8I 6eligem-NepemBoOpeHHs 3 iICHYIOUUMU AHAI02aMU

JloWinbHO MOPIBHIOBATH JIOCHTIPKYBaHI METOJH 13 HAHTOIIMPEHIIUME METOJIaMH BOYIOBYBaHHS Yy
YacTOTHY Ta MPOCTOPOBY obmnacti. J{7s mopiBHsSHHS OyJ0 00paHO METO 3aMiHM HaWMEHII 3HaYyIIoro Oira
(H3B), meron Kyrrepa ta meronq Koxa—Kao (Tabm. 1).

Tabauys 1
XapakTepuCcTHKH METOiB BOYIOBYBAHHS Y MPOCTOPOBY Ta YACTOTHY 00J1aCTi

[Tapamerp Meron H3b Merton Kyrrepa Meron Koxa—XKao (P=25)
IF 0,999 0,995 0,992
NAD 3,823-107F 0,050 0,08
SNR 4,945-1p% 192,271 167,790

Ockinbku 00nacTh BOYZOBYBaHHS JUIsi aITOPUTMIB Ha OCHOBI BEWBIET-TIEPETBOPEHHS Ha 0OpaHi
MMOKa3HUKH CYTTEBO HE BILIMBAE, 3HAUCHHS MMapaMeTiB HaBeneHo npu BukopucranHi HL2 o6macrti (Tabmn. 2
Ta Tabi. 3).

Tabauys 2
XapakTepucTuku Meroay Ha ocHoBi DWT-DCT
3 Bukopuctanuam HL 2 obuacri a5 BOy10ByBaHHS

Tlapamerp Be.P"IBJIeT Betisier bartia— acuMeTp. BeleneT JHo6eri 3 MiH.
Koidnera Jlemanbe Jlo6emri ¢azoro
IF 0,958 0,953 0,961 0,961
NAD 0,102 0,109 0,096 0,096
SNR 23,6 21,2 25,8 25,8
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XapakTepucTHKH MeTO1y 3MiHHU KoeilieHTIB
3 Bukopuctanuam HL 2 obuacri a5 BOy10ByBaHHS

Tabauys 3

TTapamerp BEUBJICT Betisier bartia— acCUMETp. BEUBJICT Jo6eri 3 MiH.
Koidnera Jlemanbe Jo6emri ¢azoro
IF 0,997 0,999 0,999 0,999
NAD 0,0257 0,02 0,016 0,016
SNR 510,8 829.,4 1219,2 1219,2

3 OTpUMaHMX 3HAYCHb BUXOJHThH, II0 HAWKpAIIUMU BEHBIIETAMH Uil JOCHIPKYBaHUX METOIIB €
BeitBiern Jlobemri. [Ipu poMy, 3Bakaroum Ha MOMEPEAHLO OTPUMAHI 3aJIeKHOCTI, MOKHA BUJIUIUTH caMme
BeiiBier [loOemi i3 MiHIManbHOIO (a3or0, MO ToKa3aB cebe sKHalKpalle SK Npy 3MiHI JOBXHHH
MOBiJOMJICHHSI, IO BOYIOBYEThCS, TaK 1 MPH 30UTBIIICHH] KOS Ili€HTIB.

Meron 3MmiHu KoedimieHTiB 13 Beiiiaerom JloOemri i3 MiHiMaiabHOIO (Da30l0 MEPEBHIIUB 3a
3HAYCHHSIMHM KUTBKICHUX TIOKAa3HWKIB TIOIUpeHi Metoau mnpuxoBanHs Kyrrepa Ta Koxa—XKao, ane
nocTynuBcs npocromy merony H3b i3 Hu3bKOIO criiikicTio. Lle cBimuuTh mpo HEOOXiMHICTh MOAATBIIOTO
KOMIUIEKCHOT'O JIOCJII/PKEHHS B 00JIACTI MMiIBUIICHHS POIYCKHOT 3MaTHOCTI IIUX METO/IIB.

BucHoBKH Ta NEPCHEKTUBH MOAATBIINX HAYKOBUX p03Bi}10K

VY poboti Oyno OIiHEHO HAWBHTIAHIIII YMOBH BHKOPHUCTAHHS BEHBIIET-TIEPETBOPEHb B CHCTEMAaX
MPHUXOBAHOI Tepenavi JaHux. J[s BH3HAYEHHS ONTHMAJIBHOTO BEHBJIETY 332 KPUTEPISIMH MaKCUMYyMY
MpHUXOBaHOI iHGoOpMalii npu MiHIMaJIbHUX CIIOTBOPEHHAX 300pa)KCHHS aHANI3YBAINCS BeEHBICTH
Koignera, bartina—Jlemanbe, acumerpuunuii Beiipiier Jlooeri Ta Beiirner [oberi 3 MiHIMAIbHOIO (a30k0.
HaykoBoro HOBH3HOIO POOOTH € Te, IO BIIEpIIEC OIMIHEHO eEeKTUBHICTh 3aCTOCYBaHHS PI3HWUX THIIIB
BEHBJICTIB JUIsl CHCTEM MPUXOBAHOTO IepenaBanHs iH(opmariil. Takoxk Brepie OTpUMaHO JaHi CTOCOBHO
BHUKOPUCTaHHSI CyOCMYT BEHBIIET-TIEPETBOPECHHS Ta BH3HAYCHO HAMKpalMid T BEHBIETY 3a KpUTEpieM
MaKCUMYMY MPOITYCKHOI 3IaTHOCTI MPH MiHIMAJIBHOMY CIIOTBOPEHHI 300pakeHHs. Byno oljiHeHO BIUIMB
JIOB)KUHU TIOBIJOMJICHHS, 110 BOYJIOBYETHCSA Ha SIKICHI Ta KUIbKICHI XapaKTEPHCTUKU CTETOKOHTEHHEpY.
Pe3ynbpraTi mokaszanu maiixe MpsiMO MPOMOPIIHE MOTIPIIEHHS BCIX MOKA3HUKIB 31 30UTBIIICHHSIM PO3MIPY
npuxoBaHHs. Byno BU3HaUeHO MOpir po3mipy BOYJOBYBAHOTO ITOBIIOMJICHHS JJIsl BEHBJIET-METO/IB.

JocmipKeH s 3aIeKHOCTI PIBHS CIIOTBOPEHHS IMOBIIOMIICHHS Ta MPOMYCKHOI 3aTHOCTI BiJ] METOIY
BOYJIOBYBaHHS IMOKa3ajiy, 110 Meroa 3MiHu koediuieHTiB JIBIT mae Oimbin cTaji MOKa3HUKH, a METOJ
BOYZIOBYBaHHS Ha OCHOBI nojBiitHOro neperBopenns [ABI1 — JIKII mae nepeBaru B OMMHAYHHUX BUTPAIIaX.
Byno omiHeHO e(eKTHBHICTh 3acTOCYBaHHS PI3HHX BEHBIETIB Ta BIEpIIC pPO3PaxOBAHO KUIBKICHI
MMOKa3HUKH MpH BOYIOBYBaHHI y Pi3HI 001acTi BeWBIET-po3KIamants. JocaimkeHHs MoKa3aiy, 10 pi3Hi
THUTIN BEHWBIIETIB HE XapaKTePH3YIOThCS OJHO3HAYHOIO 3aJISKHICTIO MK COOOIO Ta TIO-PiI3HOMY TTOBOJSITHCS
31 3MIHOIO TOKa3HHKIB. [licis mpoBemeHHS IOCIHiIKEeHb, KUIbKICHUX PO3paxyHKIiB Ta TOPIBHSUIBHOTO
aHaJi3y HaWMOMMPEHINNX MeToNiB Oyn0 BH3HAUEHO, IO HaMKpalll pe3yibTaTH JEMOHCTPYE BEWBIET
Hobemnri 3 MiHiManbHOIO (a3010, a 3MiHA HOTro KoedillieHTa Jae 3MOTy 3HAWTH ONTHMAJbHI NTapaMeTpu B
cepenHix nokasHukax. Ll{ono oGmacti BOyJIOBYBaHHS, TO CYTTEBOTO BILIMBY BUOOPY CyOCMYTH Ha SIKICTh
MPUXOBaHHS HE CIOCTepiraerbes. Tpeba 3a3HA4MTH, IO I JOCTIAM aKTyalbHI camMe Ui IHMX THITIB
300pakeHb Ta oOmacrell BOynoByBaHHs. I[IpakTMyHa 3HAYMMICTh PE3YJIbTATIB MOJSATAa€ B IIIBUIICHHI
eexTuBHOCTI cHUCcTeM MpHXOBaHOI nepenadi iHGopMarlii 3aBAsSKH BUKOPUCTAHHIO 3allPOIMIOHOBAHOTO THITY
BEHBJICTIB 13 3a3HaYCHUMH NTapaMeTpaMu Ta Jiala30HOM BOYIOBYBaHHSI.
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