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Annomayua—B pabote npeacTabJieH NOAXOA K MOJTYy4YCHHIO
cxeM OBICTPOro BbIYHC/JICHHS JAHCKPETHOr0 KOCHHYCHOIO
npeodpaszoanus  (JAKII), wucnmojb3ylomero  TeXHUKY
KOIMPOBAHMSI ajrefpanyvecKMMu HeabiMu uyucjiamu. Upes
NOAX0Ja 3aKJII0YaeTcsl B MNpeICTABJIeHHEe AAHHBIX BHYTPH
cxembl Bblumciaenusa JIKII B Buae mDoJIMHOMOB C
LeJOYMCICHHBIMU Ko3¢dunnentamu. /laHHasi 0CO0eHHOCTD
N03BO/IsSAeT BBINOJHATHL YMHOKEHHE HAa HPPALMOHAJIbHbIE
MHOKMTE/U, NPUCYCTBYIOLIHE B CXeMe, KAaK YMHOMKeHHe
MOJMHOMOB.

Knrwuesvie cnosa: ovicmpuit anzopumm; anzedpauyeckue
yucna; JIKIT

I. BBEJEHHUE

Huckpernoe KocuHycHoe mpeoOpazoBanue (JIKIT)
SIBJISIETCSL KIIFOUEBOM OllepalMen Uil MHOTUX aJIrOpUTMOB
CKaTHs BUIEO U n3o0pakenuit. [IpnurHOM nomyssipHOCTH
JKII sBnserca CBOWCTBO, Ha3bIBaEMOE «YIUIOTHEHHE
SHEPrum», a TaKKe ero OJIM30CTh K NpeoOpa3oBaHMIO
Kapynena-JlosBa i CHI'HaloB — TOPOXIEHHBIX
nporeccoM ['aycca-MapkoBa nepBoro nopsaka [1].

Haunbonpinee pacnpocTpaHeHHe B HACTOSIIEE BPeMs
monyuwio 8-toueynoe JIKII Broporo tuma (HAKII-2),
IIPUMEHAEMOE B TAKUX CTaHAApTax KOJUPOBAHUS BUIEO U
n3obpaxennit kak H.261, JPEG u MPEG-2, nockonbky
oOpabaThiBaeMblii B HUX OJIOK THKCeled  HMeer
pasmepHocTh 8x8 [2]. Tem He MeHee, MOSBISIONIHECS
HOBBIe craHmapTel Takme, kak VC-1, AVS u HEVC,
WCTIONB3YIOT — pa3jIMYHBIE  MpPeoOpa3oBaHUs,  pa3Mep
KOTOpHIX Bapbupyercs oT 4 mo 64. IIpenmonaraercs, 94To ¢
YBEIMYEHUEM DPa3pelIeHHs BHAEONOTOKA  BO3MOXKHO
MIpUMEHEHUE mpeoOpazoBaHUit emré GonbIrero
pasmepa [3]. IlosTomy pa3paboTka OOIMX MOAXOIOB K
monyyeHuro OpicTpeix airoputmoB JIKIL, a Takke
METOJIOB MX pealM3alM SBISETCS aKTyaJbHOW HAy4YHOH
3a7a4eil, UMEIoIIeH NPaKTUIECKOE IPUMEHEHHE.

B nanHolf pabore mpemiaraercs OOMMH IMOIXON K
peamm3ammu Obictporo anroput™a JIKII-2, ocHOBaHHBIH
Ha HCTIOIb30BAHUH TEXHHUKH KOJIMPOBAHMS
anrebpandecKuMu [IETBIMU quciamu [4].
[Ipeamomaraercs, 49TO pasmep NpeoOpa3oBaHMS PpaBEH
CTETICHH YHCIIa J(BA.

II. BeICTPBII AlTOPUTM JKII-2

Bompmoe  KoaM4YecTBO  pa3NMYHBIX  OBICTPHIX
anroputmoB Beraucnerus JKII pazpaboTano B mocienHue
HECKOJNIBKO JeCATKOB JieT [5—6]. BompmmHCTBO M3 HUX

MOJIY4EHO TIyTeM MHOTOYHCIIEHHBIX —ajreOpanyecKkux
JISUCTBUII C DJIEMEHTAMH MaTpHIbl [peoOpa3oBaHus,
HanpaBIeHHbIX Ha YMEHbBLICHHE OOLIEro KOJINYecTBa
onepanuil. OnHaKoO CyIIECTBYeT M Jpyrod MOIXOA K
MOCTPOEHHUIO ObICTPBHIX anroput™oB JIKII, ocHOBaHHBIH Ha
MMPUMEHCHNUU IIOHSTHA MOJIMHOMHAILHOU aJ'[FC6pI)I,
KOTOpBIA TpeAcTaBieH B paborax [7-8]. B Hacrosiei
paboTe, UCIONb3yeTcs PEeKYPCUBHBIH OBICTPBIN aIropuT™
JKII-2, nony4eHHbIH B pe3yabTaTe pa3BUTHs MOAX0a Ha
OCHOBE MOJTMHOMHUATBHON anreopsl [9-10].
BocbMuTOUEUHAsT BepcHsi TAHHOTO allrOpUTMa TOKa3aHa
Ha puc. 1.
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Puc. 1. Cxema GbicTporo anroputma 8-roueuroro JIKI1-2

bazoByro omepanyio anropuTMa BBITOIHSET CXeMa,
MoKa3zaHHas Ha puc.2. BxogamMu M BBIXOJAMHU CXEMbI
CITy)KaT M-KOMIIOHCHTHBIC BEKTOPbL. YMHOXEHHE Ha
2cos(a) BBIMONHAETCS TO3JIEMEHTHO, J,, — MaTpHIa

MIEPECTAHOBKH, CONEepIKamasi eAWHWIBI Ha MOOO0YHON
JUaroOHaJIN.
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Puc. 2. BasoBas oneparms 6sictporo anroputma JIKIT-2



III. TIPMUMEHEHUE AJITEBPAMYECKUX YACEJ JIJ1s1
PEAJIM3AIIMU BBICTPOTO AJITOPUTMA JIKTI-2

A.  Aneebpauueckue yenvie yucia

AnreOpandecKUMU  [EJIBIMH  YHCIAMH  HA3bIBAIOT
KOMIUIEKCHbIE (M B YaCTHOCTH BEIIECTBEHHBIE) KOPHU
MHOTOYIEHOB C HENBIMH KO3((HUIMEHTaMH, Y KOTOPBIX
crapminii  ko3((GHUIUEHT paBeH eaunHuie. Hamnpumep,

qucino x =2cos(n/8) =+2+ V2 , SBISIOLIEECS KOpHEM

MOJIMHOMA p(x):x4—4x2+2 , TIPEICTaBIsACT COOOU
anredpanvecKkoe Iienoe 4ucio. Ecnu x IpHCcOoeInHNTD K
KOJIBIly HENBIX 4Yuceld Z, TO MOIYYUTCA KOJBILO LEBbIX
anreOpanveckux uymcel Z[x] , KOTOPOE COCTOMT U3
TIOJIMHOMOB OT X C LIEJIOYHUCIICHHBIMHU KOdQUIeHTaMH 1
CTEMEeHbI0 HE MPEBBIIIANNIEH TpeX. YMHOXEHUE B Z[x]
MPOU3BOOUTCA C TOCIEAYIOUMM MpPUBEACHHEM IO
MOJIYJIIO ToJIMHOMa p(X) .

B.  Koouposarnue muoocumenei JJKI1

anzedpauyeckumMu yeaviMu Yuciamu

Jnst Toro uyToOBI ONpENEeNUTh CXeMy KOJUPOBHAUS
anreOpanvyecKMMU  YMCIaMH  HEOOXOJUMO  YyKa3aTh
NOAXOJIsIee anredpandeckoe IIeN0oe 4YUCIO X, a TaKkKe
HOJIMHOM p(X) TO MOAYJII KOTOPOTrO BBIMOJHSAETCS
ornepauus YMHO>KEHUsI B Koible Z[x]. B ucnonedyemom
ObictpoM pexypcuBHoM airoputme JIKII-2 [10] Bce
MHOXHTENIN UMEIOT BuA cos(kn/n), 0 <k <n/2, rne n —
pasmep mpeoOpa3oBaHus. B cBA3M ¢ 3TUM mpernsaraercs
ompeaenuTb x =2cos(m/n), TOrga MONMHOM p(x) U BCe
MHOXKUTENU cos(km/ 1) MOXKHO BBIPA3UTh Kak:

p(x)=2T,,5(3), 2c08(42) =27,(3), (D)

rae 7,(x) — monuHoM YeOblmeBa MepBOro popa #-ro

nopsiaka. Mcmomezys (1) Bce MHOXKHTENH OBICTPOrO
anropurma JIKII-2 npencrapnsioTcs B BUAE MOIHHOMOB C
uenbiMi - ko3 ¢unuentamu. st 8-toueunoro JIKII-2
(puc. 1) mveem

x =2cos(n/8),
p(x)=x* —4x* +2,
2cos(n/4) = x? -2,
2cos(371/8) = x° —3x.

Crnenyer 3aMeTWTh, HYTO TIPH  HCIOJIB30BAaHUU
anreOpanvdecKnx LENbIX YHCET HE BO3HMKACT BOIPOC
MOTPEIHOCTH  mpenacTaBieHuss  MHoxurened  JAKIL
TIOCKOJIBKY TaKOe NPE/CTaBICHHE HMEET aOCOIOTHYIO
TOYHOCTD.

B  pesynmpbrare  3amensl  MHoxutened  JIKII
COOTBETCBYIOIIMMH TIOJMHOMAaMH BCE JaHHBIE B CXEMeE
opIcTporo anroputMa (puc. 1), B TOM 9HCIie U Pe3yAbTATHI
MMEIOT TTOJTMHOMHAIBHBIN BUI

n—l1
S = ax @
i=0

Jlns monydeHHs 4MCIEHHOTO 3HAueHMs pe3yiabTara K
f(x) npumenstor cxemy ['oprepa, mocne dero

BBITIOJTHSIOT BBIYHCIICHNE. [1pH BEMHCIICHNSIX UCHIONIB3YIOT
aIIpOKCUMALUI0 alreOpauueckoro IeNoro 4Yucia X.
Cxema mnpeoOpa3oBaHMsl W3 IIOJMHOMHAIBHOH (OPMBI
Tpe/ICTaBJICHNS K YICIEHHOMY BUy TIOKa3aHa Ha pHc. 3.

»f (x)

ag, a1, Az, a3

Puc. 3. IIpeobpa3oBanue U3 MOINHOMHAIBHON (HOPMBI

MpPEACTaBJICHUSA K YU CICHHOU

C.  Bwigoow

I[IpemnoxeH crnocod peanu3aniy OBICTPOrO alropuTMa
JIMCKPETHOTO KOCHHYCHOI'O TpeoOpa3oBaHus BTOPOTO

TAMIA C  WCTIONB30BAaHMEM  TEXHUKH  KOJAUPOBAHUS
anreOpandecKiuMH LENbIMH duciamMu. [IpeacraBieHHbIN
crocoo OTJINYAETCS a0COTFOTHOM TOYHOCTBIO

NPEJICTAaBICHUS JIAHHBIX Ha BCEX CTYNEHAX OBICTPOro
anroputma JIKII. OmmOka BHOCUTCS JHIIb HA MOCIETHEM
miare — BO BpeMs IpeoOpa3oBaHMsl pe3yibTaTa W3
MOJIMHOMHANBHOH (opMbl B uncnenHyroo. [IpoBeneHHbie
SKCHEPUMEHTHl  IOKA3bIBAIOT, YTO JaHHBIH CHOCO0
peammsanuu JIKII oGnamaer MeHbIIEH MOTPENTHOCTHIO,
YeM METOZbl, B KOTOPBIX BBIMOJIHAECTCS KBAaHTOBAHUE
pe3ynbTaTa KaXkJJoro yMHOKCHHUSL.
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