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N3 Tabmuiisl BUAHO, YTO KOJMYECTBO HEOOHApY-
KEHHBIX TIMKCENel TP MCMOJb30BAaHUM aJIropuTMa
AdapMed7x7, ycToii4MBO He MpeBHIIIAET 1, a Konude-
CTBO HEeOOHApYXEHHBIX IMKCeJIel IpH MCIOJIb30Ba-
HUM JIPYTUX JITOPUTMOB YBEJIMUMBAETCSI B COOTBET-
CTBUM C TIOBBIIIEHNUEM TUIOTHOCTH MMITYJILCHOTO IY-
Ma. YBeJMYeHMe KOJMYECTBAa HEIMpPaBUJIbHO OOHApY-
KEHHBIX TIMKCENel ¢ pOcTOM IJIOTHOCTH Hab/iofaeTcs
TIOYTH JIJIS1 BCEX aITOPUTMOB.
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BBepeHue

ITpocToTa uCMOIB30BaHUSI U 9KOHOMUYECKasT 3h-
(beKTMBHOCTb CIOCOOCTBOBAIM PACTYILEH MOMYJSIPHO-
cTU 1IM(PPOBBIX cUCTeM 00paboTKK u3o0paxeHuit. On-
HAaKO HM3KOe MPOCTPAHCTBEHHOE pa3pelleHue 1Moa00-
HBIX U300pakeHU OTHOCUTEIBHO TPATUIIMOHHBIX T1JIe-
HOYHBIX (hOTOAMNNApaToOB BCE €lIe SBISETCS HEAoCTar-
KoM. [l1aBHOI 3a1a4eli B KaxXIoM Buae 00pabOTKH U30-
OpaxkeHust siByIsieTcsl HaxoxneHue 3hheKTMBHOTO Mpe-
CTaBJIeHMsI, KOTOPOE TI03BOJISIET OTOOPA3UTh €T0 B KOM-
MaKkTHO# (opMe. B coBpeMeHHOM TeOpUU U MPaKTHUKE
CUTHAJIOB aKTHBHO MCIOJIb3YIOTCS CUTHAJIBI CIeLalb-
HOTO BUJIa — BEHBJIETHI, TOKA3aBIlIMe CBOIO (PPEKTUB-
HOCTb B CIIEKTPaJILHOM aHaIM3e CUTHajIoB [1, 2].

B paborax [3—5] npeacTarieHbl TeOpUsl U MpaKTUye-
CKMe MpUMEHEHMS Pa3IMUHbIX BelpieToB. [TpakTnyeckn
BaXXHbIE BEUBJETHl TPAMUIIMOHHO OMPEAENSIOTCS Kak
(yHKLIMM OTHOM BEIECTBEHHO IepeMeHHOM ¢ Bellle-
CTBEHHBIMM 3HaYeHUSIMU. B 3aBUCHMMOCTH OT MaTeMaTu-
YecKol Mojenu (CTpYKTYpbl 00J1acTH OINpeneieHus,
CTPYKTYPbI 00/1aCTH BO3MOXHBIX 3HAUEHUI M BU/IA MPe0d-
pa30BaHMii) Pa3IMyYaOTCs TUCKPETHbIE W HETIPEPhIBHBIC
BeliB/eThl. Tak Kak pa3jioxkeHHe CUTHAJIOB B 0a3uce Beii-
BJIETOB OCYLIECTBJISIETCS C UCTIOJb30BAaHUEM apU(DMETUKI
¢ IJ1aBalolIeli TOUKOi, TO BOHMKAIOT OLIMOKM, BeTMYMHA
KOTOPBIX 3aBUCHUT OT CTETIEHN NPUOIIKEHWS CUTHAIA.

JIByMepHOe TMCKPETHOE BEMBIET-TIpeoOpa3oBaHue
(2D) — omuH M3 caMbIX BaXHBIX MHCTPYMEHTOB. 2D
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TIONTyYaeTcsl B pe3yJabTate MpUMeHEHHsT OIHOMEPHOTO
BeiiBieT-npeodpazoBanust (1D) mociaemoBaTenbHO K
CTPOKaM M CTONOLIaM M300pakeHusl.

Beiiprers! Xaapa [6] mpencTaBIsIOT co00i Kycod-
HO-TIOCTOSTHHBIE (DYHKIIMY, 3amaHHbIE Ha KOHECYHBIX
MHTepBaIaX Pa3TMYHbIX MacIITab0B ¥ MPMHUMAIOIINE
nBa 3HaueHus {—1; +1}. Beiipner Xaapa eiMHUYHOTO
MaciuTaba ¥ HyJeBOro cMelleHus (MaTepUHCKUI Beii-
BieT Xaapa) — 310 (GyHKIMs, paBHas +1 Ha MHTepBa-
ne [0; 1/2) u —1 Ha untepsaie [1/2; 1). Beiinetsl Xa-
apa XopoIlo 3apeKOMEHIOBANN ceOsI B MPAKTUUECKHUX
3ajlauax 00pabOTKM TUCKPETHBIX CUTHAIOB, TaKKX, KaK
MacCHBBI OTCUETOB ayAMOCUTHANIOB U LUMPOBLIE (o-
torpaduu. Camas OTIMUUTEIbHASI OCOOEHHOCTD Tpe-
oOpaszoBaHusi Xaapa 3aKjIi0uaeTcs B TOM, YTO OHO SIB-
JIsieTcs pa3neMMBbIM U JIETKO BHIYMCIISIETCS.

1. NMpeobpa3oBaHue Xaapa
1 GbicTpoe npeobpasoBaHue Xaapa

IIpeobpazoBanmne Xaapa (IIX) sgBasiercss ogHUM
13 MPOCTeMIINX M 0a3MCHBIM BeWBIET-Ipeodpa3oBa-
HueM. [1ycTb MMeeTcss OMHOMEPHBIN TUCKPETHBIN CHT-
Han f(f,,f,,...f,). [1X paznaraet Kaxmablii cCMUTHaJI Ha 1Ba
KOMIIOHEHTa paBHOTO pa3Mepa. [lepBHIif M3 KOMITO-
HEHTOB HAa3BIBACTCS CPETHMM WM alIpoKCHMAIIMei
(approximation), a BTOpoii M3BECTEH KaK pa3iMyue
(difference) wim neranb (detail). Tounas Gopmyna ajs
CpelHero 3HauyeHMs] ToAcurHana  (subsignal),
a'=(a,a,,..,ay,), Ha IEPBOM YPOBHE LI OJHOTO CHUTI-
Hana uiuHbL N, T. €. f (f,,f5,...f,) IMeeT BUa

[P
:M, n:l,2,3,...,N 2,

1 JeTaau3upyrommuii noacurnan, d'=(d,,d,..,dy,),
Ha 3TOM XK€ YPOBHE MpeCTaBISIeTC KakK

fos =T _123. N/2

_ ‘on1
d, =

D1 3HauYeHUsI (HOPMUPYIOT Ba HOBBIX CUTHaja
alaneZ wd{d}neZ, onMH W3 KOTOPBIX SIBJSETCS
Orpy0JIEHHOI BepcHedl MCXOTHOIO CUTHana (Kaxmoit
mape 2JeMEeHTOB f COOTBETCTBYET MX cpenHee apudme-
THUYECKOE), a APYToi Comep:KUT MH(opMaluio (0yaeM
Ha3bIBATh €€ JeTalu3UpyIolleii), HeoOXoAuMylo ISt
BOCCTaHOBJIEHUS UCXOJHOTO CUTHaJA. JleiicTBUTEIbHO

f2n—1 = an + dn 1
f2n =a,— dn .

K curHanmy ¢ MOXHO NpPUMEHWUTh aHAJOTMYHYIO
OMepaluio U TakXke TOJYyYUTh ABAa CUTHAIA, OIWH
13 KOTOPBIX SIBIISIETCSI OrpyOJIeHHOM Bepcueii a, a apy-
roil ComepXUT JAeTaIu3upyIollylo MHOOpMaLuIo,
HEeoOXOIUMYIO 1711 BOCCTAHOBJICHUS 4.

YroObI MOHSATH, KaK Mpeodpa3oBaHue Xaapa padoTa-
€T, PACCMOTPUM TIpocToii mpumep. [IpeanonoxiM, 4to
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B cnygae mpumenenusa 1D ITX Boosb mepBoii cTpo-
K#, KO3 (MULIMEHTHI alllPOKCUMAIK CIIEIYIOLIe
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To xe camoe mpeoOpa3oBaHUe MPUMEHSETCS K
apyruMm ctpokaM . Tlomemass ko3d@UIMEHTH arm-
MIPOKCUMALIMY KaXI0l CTPOKU B IIEPBHIE JBa CTOIOLA
U COOTBETCTBYIOIINE KOA(DGUIIMEHTH Pa3INIHUs B 110~
CIeyIoIIe OBa CTONOLA, MOIYyYMM CIEOyIoIIue pe-
3yJIBTAThI

@+2) é (3+4).

1-2) & ——(3-4).
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B npuBeseHHOM COOTHOIIEHUM KO3(P(ULMEHTHI
annpokcuMaluy 1 Ko3dOUIMEHThl pa3audus OTie-
JSI0TCS  TOYKaMM B Kaxjaoil ctpoke. [lpumensis
Ha ciemytomeM mare 1D I1X x croibiy pe3ynsrupyio-
HIei MaTpullbl, HAXOAMM, UYTO pe3yJbTUPYIOIIas Ma-
TpUIla Ha TIEPBOM YPOBHE UMEET BUJ

3 7 :-1-1
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Y Kaxmoit yacT, MOKa3aHHOM B IPUBEICHHOM BbI-
Ie MpuMepe, ecTb pa3MepHOCTb (YUCIO CTPOK/2)x
(umcio cTonoO10B/2) 1 3TN 00MacTH Has3bIBalOTCsA A, H,
V' u D coorBeTcTBeHHO. A (00JaCTh MPUOIIZKEHUS)
BKJIIOYAeT MH(OpMaLUI0 O I100albHBIX CBOMCTBaX
MPOaHaIM3UPOBAHHOTO U300paxeHusl. YaajaeHue
CTEKTPaJIbHBIX KO3 (DULIUEHTOB OT 3TOM 061acTH MpU-
BOJAUT K CaMOMY OOJIbLIIOMY MCKaXeHHMIO B UCXOIHOM
n3obpaxeHnu. H (ropu3oHTanbHas 00J1acTh), BKIIOYA-
€T MHGOPMALIMIO O BEPTUKAIBbHBIX CTPOKAX CKPBITHIX
B U300paXkeHUH. YiajeHue CIIeKTPaIbHbIX KO3 PULIM-
€HTOB OT 3TO 00JIaCTU MCKIIIOYaeT TOPU3OHTAIbHbIC
JIeTaJli U3 UCXOAHOTO U300paxeHus. V (BepTukaibHas

A:
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00J1acTh) CONEPKUT MHMOPMALIUIO O TOPU3OHTAIBHBIX
CTPOKAxX CKPBITHIX B M300paXeHUU. YIaJe€HWE CIeK-
TpaJIbHBIX KO3(hOUIIMEHTOB OT 3TOi 00/1aCTH yCTpaHs-
€T BepTUKaJIbHbIE JETaIM U3 UCXOIHOTO U300PaXKEHNSI.
D (muaroHanbHast 00J1aCTh) OXBAaThIBAET MH(OPMALIMIO
O JIMarOHAJIbHBIX JETANSAX CKPBITBIX B U300paKeHUH.
Vnanenue cnexTpadbHBIX KO3(G@UIUEHTOB OT 3TOH
00JIacTU MPUBOAUT K MUHUMAJIbHOMY MCKaXEHUIO
B MICXOMHOM M300paxeHnu. Takum obpazom, [1X mox-
XOAUT JJIsI IPUJIOKEHUS, KOTIa MaTpuIia H300paxeH st
MMEET YUCJIO CTPOK U CTOJIOLIOB, KPAaTHOE YMCIY 2.
brictpoe npeodpazoBanue Xaapa (BIIX) Bkitoyaer
CJIOKeHMe, BBIUMTaHKE U JeJeHue Ha 2, 6aronapsi ye-
My OHO CTaHOBUTCS 3((eKTUBHEEC U CBOAUT 3amavy
BbluMcIeHUsI K cpaBHeHuto ¢ [TX. JInsg pasnoxeHus
n300paxeHns cHavana npumensem 1D BITX k kaxmoit
CTPOKE IMUKCEIbHBIX 3HAYeHUI BBOIAa 0TOOpaKaloIeit
Mmarpulpl. 3ateM npumMeHsercsd 1D BIIX x xaxmomy
cTosIOMy. Pe3ynsTupyronmmu 3HaYEHUSMU SIBJISIOTCS
BCE JieTalu3upyonide Ko3hUIMEHTbI, 3a UCKITIoUe-
HUEM OTIEJIbHOTO OBILEro CpeHero Ko uiineHTa.

2. [IsymepHoe AUCKPETHOE BelBreT-nNpeobpasoBaHme

JIByMepHOE TUCKPETHOE BEUBIET-TIpeodpa3oBaHme
COCTOUT W3 MOOYEPENHOTO OJAHOMEPHOIo BelBIET-
npeoOpa3oBaHUsl CTPOK M CTOJIOLIOB 3TON MaTpMIIBI.
CHauaJia BbITIOJIHSIOTCS] OIHOMEPHbBIE BEUBIIET-TIPe00-
pa30BaHUs Kax0ii CTPOKU B OTAEIbHOCTH, Mpeodpa-
30BaHHas CTPOKa 3alMCHIBAETCS HA MPEXHEE MECTO.
DJeMEHTH HYMEpYIOTCS CITOCOOOM, YKa3aHHBIM
B TpeAblAyIIuX pasnenax. Janee BeiipieT-npeodpaso-
BaHMs TPUMEHSIOTCSI KO BCeM CToJI01aM. B pesyibra-
Te n300paxeHne pa3oMBaeTCsl Ha YETHIPE PaBHBIC Ya-
ctu (puc. 1). Ha puc. 1 moka3aHbl cTaHAapTHbIE 0003-
HayeHUsl KBaJPAHTOB MpeoOpPa30BaHHOTO M300paxe-
nus: LL, LH, HL, HH. KBagpanTt LL cooTBeTcTBYET
HU3KOYACTOTHBIM BelBieT-Koapduuuentam, HH —
BBICOKOUYACTOTHBIM BeliBneT-KoadduimeHTam (Oykpa
L oznavaer Low, H — High) [7].

LL HL
LH | HH
Puc. 1. OpHokpaTHoe rpuMeHeHue JBYMEPHOro BevBaeT-npe-

06pa3oBaHs K KBanpaTHOMy 1300paxeHuio

Ecau He oroBopeHo npoTuBHOE, oA N-KpaTHBIM
JIBYMEPHBIM BeHBIET-TIpeoOpa3oBaHueM MOHUMAeTCs
npuMeHeHne N pa3 IBYMEPHOTO BEHBIET-TIPe00pa3o-
BaHMs, MPUUEM OYEpEHOE ABYMEPHOE BelBieT-Ipe-
o0pa3oBaHue MPUMEHSIETCS K MJalieil YeTBepTy Ma-
Tpuupbl (kBagpaHT LL Ha puc. 1). B utore N-KpatHoe
npeobpa3oBaHue BBINISAUT TakK, KaK MOKa3aHO Ha
puc. 2 (mpu N=3).

e
HL1

LH2|HH2
LH1 | HH1

Puc. 2. TpéxkpaTHoe fpumeHeHue [BYMEPHOro BevBeT-mpe-
obpa3oBaHus

Ha puc. 2 noxkazaHbl NpUHSITHIE CTaHIAPTHBIE
0003HaueHNs KBaApaHTOB M300paxeHusl. KBagpaHThI
N-KpaTHOro IBYMEPHOIO BeiiBJeT-IpeoOpa3oBaHusl
MMEIOT aHAJIOTUYHOE 0003HAYEHHE.

OOpaTHOe IBYMEpHOE BEBIET-IIpe0oOpa3oBaHuE
PEKYPCUBHO BOCCTAHABIMBAET MJIANIIANA KBAIpaHT.
B ciyyae, npeacTapieHHOM Ha puC. 2, A MTOJYYSHMS
(BoccTaHOBNEHMSI) HOBOTO KBaipaHTa LL2 ucnonb3y-
torcst kBagpanTel LL3, LH3, HL3 u HH3. danee must
BOCCTaHOBJIeHMS KBafpaHTa LL1 ncrosn3yoTcsa KBa-
apantel LL2, LH2, HL.2, HH2 u 1. 1. AHaIOTMYHO BBI-
nojHsgeTcsa N-KpaTHoe o0paTHOe BeBIeT-IIpeodpaso-
BaHME.

3aMeTHM, UTO YKa3aHHOE Tpeobdpa3oBaHue SIBISIET-
CSl MepPapXUUYECKUM, T. €. €CJIM MPU MPUMEHEHHUHU 00-
PaTHOTO BeWBIET-IIPeOOpPa30BaHMS BBIYMCIISIOTCS
He BCe YPOBHM, a MEHbIIIee UX KOIMUYECTBO, TO B KBa-
apaHTe LL oGpasyercsl yMeHbIlIeHHAs KOs 1300pa-
KeHUsI, KaK MoKa3aHo Ha puc. 3. B yactHocTH, eciu
BOOOILIE HE MCIMOJb3yeTCs 00paTHOE BeWBJET-NPEO0-
pa3oBaHue, TO CaMblil MJIAIILINI KBAPAHT TOXE SIBJISI-
€TCS YMEHBIIEHHOI KOMUeil N300paXeHNsl.

bnaromapsi aToMy CBOICTBY, 00OpaTHOE BEHBIET-
npeobpa3oBaHKue TMO3BOJSIET BhIpe3aTh (parMeHTHI
n300pakeHUi Mpu pasTuuyHbIX MaciuTadax. Criemyer
OTMETUTb, UTO, 60-NePEbiX, NOCTYIHbIE MACIITaObI
OTIpeNeNISIIoTCS KOJMMYECTBOM YPOBHel BeiBieT-Ipe-
00pa3oBaHUS U, 60-8MOPbIX, MACIITAOBI HE MPOU3-
BOJIBHBI, a OTJIMYAIOTCS YBEJIMUECHMEM B [1Ba pa3a.

Puc. 3. OpHokpaTHOe MpyMeHeHue BYMEPHOro BeviBneT-npe-
0bpazoaHus wm npumererne (N=1)-kpatHoro obpat-
HOro BEVBNET-MPeobpa3oBanms K U300paxeHuio, nosy-

YeHHoMY N-KpaTHbIM BeyBET-Mpeobpa3oBaHmem
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Puc. 4. Pe3ynibTaTbl Pa3noXeHUs N300paxeHni ¢ MCrob30BaHUEM ObICTPOro MpeobpasoBaHms Xaapa: a) nepsoro nopsaka; 6) BTo-

poro ropsgka, B) TPeTbero nopsaaka

3. Pe3ynbTaTbl NpUMeHeHUs
ObicTporo npeobpa3osaHua Xaapa

Hrorom uccienoBaHust SBUIOCH CO30aHKE MTPUIIO-
XeHus cpeactBamu C#, peanusyloliero ajaropuTM
ObICTpOTO Ipeodpa3oBaHus Xaapa. DTO MPUIOKEHNE
crocobHO 0OpabaThIBaTh (aitibl opmara *.gif, pas-
Mep M300paxeHus BHIOpaH HEOONBIIMM, YTOOBI ITO-
BBICUTBH CKOPOCTb PabOTHI, 1 paBeH 256x256 mukce-
neit. ITpumepbl U300pakeHUH, MOJYYEHHBIX C UC-
M0JIb30BaHUEM OBICTPOro IMpeoOpa3oBaHUsT Xaapa
B KauecTBe 0a3ucHOW (DYHKLUMU, TMpeacTaBaecHbI
Ha puc. 4.

B neiicTBUTENbHOCTH YMCIIO BO3MOXKHBIX pa3ioxe-
HUIl YacTo OBIBAacT BEJIMKO, M MO3TOMY HEBO3MOXHO
nepeOUpaTh WIM UCCAENOBATh Kaxaoe U3 HUX B OT-
JenbHoCTU. BecbMa xkenateibHO MMeTh 3 (MEeKTUBHBII
AJITOPUTM HAXOXAEHUS Pa3IoXeHUH, ONTHMMaTbHbIX
M0 OTHOIIEHUIO K HEKOTOPHIM KPUTEPUSM, CBSI3aH-
HBIM ¢ KOHKPETHBIMU MPUJIOKEHUSIMHU.

PaccmoTpenHoe npeodpa3oBaHue MOXET OBITh UC-
MOJIb30BAaHO B 33ayax LUGPOBOii 06pabOTKU CHUTHA-
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