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LIMKINMUYECKUE MHOIONMAPAMETPUYECKUE BEUBNET NPEOEPA30BAHUSA: KAK MHOIo
CYLWLECTBYET ONTUMAJIBbHbIX C TOYKU 3PEHUA CXKATUA OAHHBLIX BEUBIET
NMPEOBPA3OBAHUN?

Jlebener C.A., JIabynen B.I'., I'yceB O.A., Octxeiimep-Jlabynen E.B.

VYpalibckuil rocy1apCTBEHHBIN NOJUTEXHUUECKUH YyHUBepcuTeT-Y 1IN
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THE CYCLi[Ag. A Ap ;] - IMKIHYECKAS MATPHIA, KOMIOHEHTAMH KOTOpOii sBistorcst (2x2)-Marpunst A,
(i =0,1,..,D- 1). Martpumna CYCin [AO R Al yeees AD_l] OJIOYHO JHMATOHATU3UPYETCS TPeoOpa3oBaHHEM
3aka 7 S = an-1 ® |2 :
Z, eCYCL,[A,A,...,A, 19Z, =Diag{A A A, .., A, }.
T/ie TIOCIIe0BaTeFHOCTh MAaTpPHIT AO , Al , A2 . Azk ] MpeacTaBisieT co00l mpeoOpa3zoBaHre 3aka Io-

CJIE10BaTEILHOCTH AO 5 Al geevs AD—I' Tak xak UCXOAHOE BEHBIET NMpeoOpa3oBaHUE SIBISETCS OPTOrOHAIBHBIM,
a peoOpa3oBaHne 3aKka — YHUTApHBIM, TO U TOJIyYEHHBIH pe3ybTaT B BHJE OJI0YHO-IHaroHaIBHON MaTpPHUIbI, OJI-
JKEH OBITh YHUTAPHOW MaTpHLEH. A 3TO BO3MOXHO TOJIKO B TOM CiIydae, KOrja Kakaas MoJMaTpulia — yHHTapHa.
Tak Kak Bce OHM UMEIO pa3Mep 2X2, TO BCE OHM MPUHAUISKAT YHUTAPHOH rpymie U 9 M TOITOMY HMEIOT TPeXIia-

PaMETPUICCKOC MPCACTABJICHUC.
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JUist  BBISBIICHHS KOMIIPECCHOHHBIX XapaKTEPUCTHK MHOTONapaMeTpUYeCKUX OpTOTOHAIBHBIX BEHBIET-
IpeoOpa30BaHMil IOCTABIIEHBI CIEAYIOIINE SKCIIEPUMEHTHI:

1. HaxoxnmeHune 3aBUCHMOCTH MHHHMAJIBHO JOCTHTAEMOH SHTPONUU KOA(PPHUIIMEHTOB CIIEKTPa N300paKeHUs
OT YMCJIa ¥ 3HAYEHHs MapaMeTpos Tpeobpaszopanus D .

2. HaxosxneHue 3aBHCHMOCTH YHCIIA ONTHMAIBHBIX IPeoOpa3oBaHUi (Ha KOTOPBIX NOCTHUraeTcs MUHHMYM
SHTPOTHH) OT BeM4MHBI D .

B cuy Toro, uTo nocTaBIeHHas 3a/1aua pemaercs pakTHIECKd METOOM HOJIHOTO Iepedopa U ¢ pOCTOM YHcia
napameTpoB D BbMHMCIMTENbHAS CIOKHOCTD 3HAYMTEIBLHO BO3PACTAIOT, SKCIIEPUMEHTBI MPOBOAMINCH HA OJHOM

H300pakeHuH I8 MHOKecTBa 3Hauenuit D € {2,3,4,5}. B kauecTBe TECTOBOrO BHIOPAHO CEpOe U300pa)KeHHe

LENA. Ha mocneayrommx pHCyHKax IMpeACTaBlIeHbl 3aBUCUMOCTH SHTPONHU KO3(D(PHUINEHTOB M300paXKeHUS! PU
M3MCEHEHHUH TTapaMeTPOB BEHBIIET MPeoOpazoBaHU
1. Cayuvait D=2. [lonssli nepebop B 001acTH 3HAYEHUH YIIIOB-TIapaMeTpoB. [ paduk 3aBUCHMOCTH 3H-
TPOMHU CIIEKTpa IIPY pa3HbIX 3HAYCHUSX ITapaMeTpa npuBeaeH Ha Puc. 1.
W3 Puc.1 BumHO, 94TO 3aBHCHMOCTH O0JIaiaeT 4eTHIPbMS MHHMMyMaMd. MHUHHMaJIbHOE 3HauYeHHE SHTPONUH

pasno INtEntropy =5.2071.
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Puc.1. 3aBUCHMOCTb SHTPOIMHM CHEKTPa HPH Pa3IUIHbIX 3HAYeHUAX mapametpos (M =6, D =2)

2. Cnyuaii D=3. [TonHeli nepebop B 00IacTH 3HaYEHHH yTriIOB-TIapamMeTpoB. I'paduk 3aBUCHMOCTH 3H-
TPOIUH CIIEKTPa IIPH Pa3HBIX 3HAYCHHSIX IIapameTpa npuBeaeH Ha Puc. 2.

114 Hoknagb! 8-i MexayHapoaHoi KoHdepeHUUn
Proceedings of the 8-th International Conference



3A0 «ABTIKC CIl6» zuk@autex.spb.ru 567-72-02
Teopusi curHanoB v cUCTem

Puic.2. 3aBHCHMOCTb HTPOIIHHA CIIEKTPA IPU Pa3IMYHBIX 3HadeHusx mapamerpos (M =6,D = 3)

FH06aJ'II)HI)I€ MUHUMYMBbI JOCTUTAIOTCA TAKKE B BOCbMHU TOYKAX: B 3THx Touka OHTPOIINA CIICKTPa paBHA
IntEntropy = 5.1515.

3. Cmyuait D=3. [lonHsIit Iepebop B 001acTH 3HAUYEHHUH YIIIOB-IapaMeTpoB. I paduk 3aBHCHMOCTH SHTPOITHH
CIEKTpa IMPH PAa3HBIX 3HAUYEHHSIX MapaMmeTpa mpuBesieH Ha Puc. 3.

Puc.3. 3aBHCHMOCTB SHTPOIHH CIIEKTPa PH PasIHuHbIX 3HaueHmsx mapamerpos (M=6,D = 4)
MHUHHUMYMBI Ha JAHHON CETKE JOCTUTAIOTCS B IIECTHAAIATH TOYKAX. B 3THX TOYKa SHTPOINMS CHEKTPA JOCTH-
raer semuunsl INTENtropy =5.1143.

[omyueHHbIe pe3yabTaThl O3BOJIAIOT CACTATH BHIBOJ O TOM, YTO CPEIH BEHBIIET MpeoOpa3oBa-HUH 3aJaHHOTO
pa3mepa CymIecTBYIOT JOCTaTOYHO OOJBIIOE KOJIMYECTBO KOHKPETHBIX NMPEOOpa3OBaHMUN ONTUMAIIBHBIX C TOYKH
3peHus CKaTHsl JaHHbIX. JlanpHelias onTUMHU3alys 03BOJISIET BEIOPaTh CPeu HUX T€, KOTOPhIe MMEIOT Hanbosee
HOAXOJSIIHe 3HaYeHUS KOO OUIIMEHTOB ¢ TOUKU 3peHHsT MUHUMU3AIMY BHIYUCIUTENBHBIX 3aTpar.
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CYCLIC MANYPAMETRIC WAVELE TRANSFORMS: HOW MANY ARE THERE OPTIMAL (WITH
IMAGE COMPRESSION POINT OF WIEV) WAVELET TRANSFORM?

Lebedev S., Unzhakov S., Labunes V., Gusev O., Ostheimer-Labunets E.
Urals State Technical University - UPI
Let h)h,..h,; , =h, g,0,..0,5, =g be two sets of coefficients, where M = ]log2 ZD[ is such number

that 2™ < 2D < 2™ It is known that fast wavelet transform is the product of the following sparse matrices

h] o h
WTZ{ }:H AWTzn[ }@Izn_zm ;
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where for I =N—M we have elementary atomic wavelet (Zm ><2m>—matrix. The rest atomic matrices

h h h are constructed by the following way: we take matrix of twice size and cy-
AWTZW[ } AWTW{ } e AWTZ{ } y g way: y

clic translate the coefficients hO hl h2---h2 D—] and g,g,0,..9,,,0n step 2. This step determines the name of

wavelet transform — dyadic wavelet transform. Two sets of coefficients we can represent as a set of (2x2)- matrices:

LILSL YL Sy
[go 019 G U0 gm}l}_['AbA...A}l].

As result we obtain new representation of wavelet transform in the form of product of cyclic matrices:

n-
W-l;n [A)a Aa- '°9%1] :H[CYCIEk [A()’ Al""’AD—l] @ |2”,2”*k ] .
k=0
Every such matrix is block-diagonalized by Zak transform

Z, eCYCL[A,A,.. A, ]oZ; =DiagA,A A, A}

Every transformed matrix
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has three-parametric representation, where O, Py » Bk are Euler angles. As result we obtain manyparamet-

ric representation of the wavelet transform WT., {h
2

g

spectral wavelet coefficients have minimal entropy. Obviously, wavelet transform with optimal parameters have
maximal value of coefficient ratio. Experiments show that there are several global optimal values with different
computer complexities. Wavelet transform with minimal computer complexity and maximal coefficient ratio is the
best wavelet transform for image compression.

}. In this work we find optimal values of parameters for which

<
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