¥JIK 681.325

B.I. HBAHOB, kaH[. TeXH. HayK, 3aB. kadenpoi WHQOPMATHKH U
BbIUMCIUTENBHOM TeXxHHKH HIOAY um. . Myanporo (r. XapbpxoB)

NMPEOBPA3OBAHUS XAAPA B IBOMYHOM CUCTEME
CUUCJIEHMA U HA TNIOCKOCTH NPOU3BOJIBHOU
PASMEPHOCTH

Y poboTi NOCHIIKYETBCA MOXKHBICT PO3BUTKY MaTeMATHYHHX METOMIB WIBHIKUX NEPETBOPEHb Xaapa 3
METOIO 3aCTOCYBaHHA IX Ha MAOWMHI CHTHANIB OBLIBHOI PO3MIPHOCTI i 3MeHIEHHS 00CATY 00UYMCIEH
fipy NiACYMOBYBaHHi panis Xaapa B ABOiHIA cHCTeMi yncaeHHS. Y poGoTi oTpMMaHi aHaniTHYHI BUpa3H
AR WBMAKKX MEPETBOPEHS Xaapa B OAHOMY i [BOX BHMipaX. OTpumaHi supa3y [03BONSIOTH OyIoyBaTH
ONHOPIAHI OGYHCTIOBANLHI CepeoBHILA TIEPETBOPEHb Xaapa, CTPYKTYpa SKHX, IHBapiaHTHA A0 JOBXHHHU
06po6oBaHol peanizauii.

In work the opportunity of development of mathematical methods of fast transformations of Haar is
investigated with the purpose of application them on a plane of signals of any dimension and reduction of
volume of calculations at summation of lines of Haar in a binary notation. In work the analytical
expressions for fast transformations Xaapa in one and two measurements are received. The received
expressions allow to build homogeneous computing environments of transformations of Haar , which
structure, irrespective to length of processable realization.

BeeaeHue n nocrtaHoBKa 3aaa4u. CyleCTBOBaHHE U pa3BUTHE 3QPEKTUBHBIX
METOA0B H CPEACTB LUudpoBoi 06pabOTKU CUTHANIOB YK€ AOJIr0oe BpeMs OnUpaercs
Ha BO3MOXHOCTH H CBOHCTBA pas3/IMUHBIX OPTOrOHANBHBIX Npeodpa3oBaHHH, B TOM
YHcle M Ha CHCTEMBbl KyCOYHO-NOCTOSHHBIX GyHkuuii 6a3uca Xaapa, KOTOpbIH
ABJIAETCA OCHOBOH COBPEMEHHBIX MaTEMAaTHYECKUX METONOB BeiBeT-aHanu3a [1, 2,
3]. Tlpn 3TOM cCreKTpaibHas CIIOXKHOCTE NpeodpasoaHuii Xaapa 3aBUCHT OT
cnocoboB (GopMHUpOBaHHA €1a003aNONHEHHBIX MAaTpHL, BXOAAIIMX B MpOLENPbI
BbIYMCIIEHH] KOXPPUUHMEHTOR, M OT CnocobOB pa3loXKEeHHd YHCAA BXOIHBIX
OTCYETOB CHIrHana N Ha MHOXUTENH. Tak, OUEHKH 4Mcla apUpMeTHUYeCKHUX
onepauMH Ans pasnu4HeIX N MOryT HMETh BHA:

0, = Z r,.ZH:’:M r, s N =ryry...ry, (1)
i=1

Q, =r2(r"=)/r-1) ana N=r,, r>3; (2)

Q; =22" -1) ma N=2". (3)

OCHOBHO#H HEJOCTAaTOK TAKHUX BLIYMCIIMTENBHBIX CXEM 3aKJIF04aeTCs B TOM, YTO
C u3MeHeHneM N maTpuilbl mpeobpa3zoBaHus Xaapa HE0OX0AUMO MEpPEeCYUTHIBATD, a
CJIEI0BATE/IbHO, JO/KHA MEHATHCS W CTPYKTYPA BBIYMCIHTENBLHOH MpOrpaMMbl WK
- yCTpOHCTBA.
Tatoxe OTCYTCTBYET BO3MOMKHOCTS BHIUMCIIEHHH A N npocToro.
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B [5, 6] aHanuTHuecku nomyuenp! PE3YIbTaATHI, NO3BONAIOUME H30ABHTBCS OT
OTMEYEHHBIX TpyaHOCTeH. [Ipeo6GpazoBAHHE Xaapa MpM 3TOM BLIMOJHAETCA ILis
yucna Toyek N, korna N moxer 6bire MPOCTBIM 4HCIoM. OAHAKO 3TH Pe3yJIbTaTh
HE [O3BONAIOT MCMONb30BaTE Mx AJ/IA 00paboTkd ABYMEpHBIX COOGIEHHI]
NpOU3BONLHOH pasmepHocTH. Crnepy€T TaKXK€ CKa3aTb, UYTO B AMCKPETHBIX
YCTpOCTBaxX Halen npuMeHeHne u3pECTHBIH METON CHMHTE3a MCXOIHBIX NAHHbIX,
3aKmoyaloWMics B aHanu3e pa3padOB JBOMYHOH 3amMCH HOMepa OTcueTa
BOCCTaHaB/IUBAEMON QyHKUMH ¢ mocneAYOUHM CyMMHpOBaHHEM KO3(D(HUHEHTOR
OpPTOTOHANBHOTO Mpeobpa3osanus Xaapd € COOTBETCTBYOLUMMH 3HaKamu [7, 8].

HenocTaTKOM 3THX MeTONOB SRiA€TCA HX BbIMHCIMTENbHAS H30bITOYHOCTE.

Ilens paGoTsl — HccnenoBaTs Bo3MOKHOCTD Pa3BUTHA PACCMOTPEHHBIX BhIIE
METOJIOB JUIS PUMEHEHUS HX Ha MIocKOCTH CHIHAIIOB POM3BONIBHON Pa3sMEPHOCTH
H yMEHbLIEHHS 00beMa BbraucieHuit npH CYMMHPOBaHAW pAnoB Xaapa B ABOMYHOM
CHCTEME CUHMCJIEHUS. '

PesyabTaThl HccnenoBaumii. Kak YXe ormevanocs, B [5, 6] nomyueHs
ObIcTpbie MpeoOpa3oBaHus Xaapa na OCHOBE CKAAPHOTO MPOU3BENEHHS BEKTOpa
JIaHHBIX M MHOXECTBA GazucHbIX dyHKUMH TPOM3BONIBHOMN pasmMepHOCTH. [Tokaxkewm,
YTC OQHOMEPHOE npeobpaszopanue Xaapad MOXKHO NEPEHECTH HA IBY MEPHbIH Cly4aii.
Ot0 060611EHHE BECEMA BaXKHO, MOCK0APKY TPE0OPa30BaHMe MOXKET NPUMEHSATBCS K
M300paykeHUAM, KOTOPEIE UMEIOT aBa H3IMEPCHHS.

CylIeCTBYIOT TPH OCHOBHbIe 0671aCTH MPUMEHEHHsI NBYMEPHBIX YHHUTApPHbLIX
npeobpasoBanuit s 06paboTkH u3o0p@kennit. Bo-nepBeix, npeoGpa3zosamus
MCTIOJIL3YIOTCA Ui BbIAEICHUSA xapaKTePHLIX NpH3HAKOB HU300paxxeHua. Tak,
HanpuMep, MOCTOAHHAs  cocrapnaiollad  obobwenHoro crmektpa  ®ypse
NPOMOPUMOHATIBHA ~ CpenHel  spkocTH  HM300paxenus, a BBICOKOUYACTOTHEIE
COCTaBJAIIIME XapaKTepu3yroT BenudHHY Y OpHUEHTauMIo €ro KOHTypoB. Jlpyroif
BaXKHOH 061acTbi0 npumenenns 1PeOOPazoBaHmii  sBmjeTcs  KOAMPOBaHHE
u306paXkeHnH, KOraa WMpHHa criekrpad YMCHBIIAETCS 32 C4eT OTOpachIBaHUA WM
rpyboro KBaHTOBaHMS Manbix mo peTMYHHE kod(pduuMeHTOB npeobpasoBaHus.
Tpetba 061acTh NMPHUIOKEHHH — 3T0 cOKPAUIEHHE Pa3BMEPHOCTH MPH BbINONIHEHHH
BBIYHUCIICHUH.

BaxHeHLIMM MOMeHTOM npu paccMOTPEHHM NpeoOpasoBaHHil H306paxeHHii
SBJICTCA  CyIeCTBOBaHWe Owictpor0O BBIYMHCINTENbHOro anropurma. Jlnd
CyIIECTBOBaHMA Takoro anroputma HEOOXoammo, uTOGBI npeoGpasosanue
MPEACTaRIANOCh B BHIE Mpou3BeaeHid MATPHIL, COAEPXALIMX MHOFO HYMEBbIX
anemeHTOB. CTpOro roeops, Heso3moxHO ONPENeTnTs, MOXKHO JIH Npeobpa3oBarh
JaHHYI0 MaTpuLly B mpou3sBefeHue MATPHLL, coiaepxalux MHOro Hynei. He
CYLUECTBYET Takke M wMerogoB M OIIpeaencHHs Hawimydwero cnocoba
daxropuzalud Takux Marpuu. Taioke ¥TOPHMTMBI 00pa3oBaHHMA W ONpe/esieHHS
MecTa  [MOJIOKEHHUA  3Havammx MEMCHTOB B Matpuue  HCAONBL3YICT
nexcuKorpadvyYecKyl0 Huaekcauuio, 410 YCJIOKHAET mpouecc npeoGpazoBaHuil
uzobpaxeHud. Haxowen, orcyrcrsy!oT  METO@bl  OBICTPBIX  JBYMEpPHbIX
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npeoOpazoBaHuii Xaapa MAN4 MaTpHLL MCXOAHBIX H300paKeHMH NPOH3BOABHOM
Pa3MEPHOCTH.

[lycts 3apnaHa Marpuua nsobpaxends X pasmepHoctsio NXN u npu atom N
MOKECT ObITh JIHOOBIM YUCIOM, B TOM YHCAE M NpocThiM. Kak W A9 OJHOMEPHOro
ciayyast [5, 6], BRoas nmoHATHE 6a30BOTrO BEKTOpA JAHHBIX CTPOKH H300pakeHUs W
Ha €ero OCHOBe onpenenss 0a30oBbie OTCYETHl CHrHala, a 3aTeM BLIYUCAA
NpOMEKYTOUHbIE CyMMBl Xaapa Mo CTpokam oOpa30BaHHOH MATpPHLbl, MOJY4YHUM
MPOMEKY TOYHOE (OQHOMEPHOE) MpeoOpazoBaHue Xaapa B BUAE:

m-1

C;qj =22 / N *[X f.[!ogw—l)—m] =X kz+1,[10g(N—1)—m]];

Cor = 1/ N *lX Jf,(logN-—i) +X (zk+i),(logN—l) J§ (4)

C 5iesi =(X,-: - X,f,.‘ﬂ)/N*, rnei=1,2,...,(N-N¥*).
[Mpuuem ans 3tux dopmyn m = 1, 2, ..., logh; j = 2™, a mans BbIpakeHHUs
CTOSALUEro B KBAAPaTHbIX ckobkax m=m —1uk=2j—1;z=1, 2, ..., N— Homep

COOTBETCTBYIOIIEH CTpOKHM HM300paxkenus. Ilepexons oT OBOHHOH Hymepauud B
kodpduuueHTax K  OOBIYHOH, chopMHpYEM  NPOMEXYTOUHYK  MATpPHULYy
npeoOpa3zoBaHus Xaapa B BULE

el 6 €} .. Ch Chy
Cf €5 € .. Civ Chag ,
c=|1 2 3 NEOENSH D rrei=1,2, .., (N=N*%). (5
Cff* C}i'*+i
Tak ecyid pasMEpHOCTh HCXOMHOHM MaTpHLbl U300pakeHHs paBHa 5%5, TO B

maTpiLe C ko3pPHUUHMEHTH MOCTPOYHOrO npeoldpa3oBaHUA pAcnoJokKaTcs Ha
CNeAYIOLMX MeCTax :

& ¢ ¢

Wy

Clll =C;, Cy,=C; w 1.4 mO C;l,z =Cy U Cyv,; =Cs, T.K. 3HAYEHUA
0a30BOro BEKTOpa B 3TOM Clyyae paBHO 4(N* = 2? < N). CBoGoIHbIi 4NeH Bceraa
Oyner 3aHMMaTh NIEPBYIO MO3HLHUIO B CTPOKE. _

3areM HEOOXOAHWMO BBIMOJHHTE aHAJIOTUYHBIE BbLIYMCIAMTENbHBIE MPOLERYPHbI
s cronbuo Marpuisl |C|, npeaBapuTebHO 00pa3oBaB 0a30Bbie 0000LIEHHEIE
OTCYeTHI CTONOLOB M3 MONYyYEHHBIX CTPOYHBIX Koddduuuenror Xaapa 3ToH
MaTpHLbI :
x5 =(x2 4 x b, )2, ccmap=1,2, ..., (N— N*;

X3t = X%, ecmn p=(N—N*+1), (N - N*+2), ..., N*. (6)

H 3anucaB 00001leHHBIE MPOMEXYTOYHBIE CYMMBI Xaapa B BUIE:
Xxa =ZX,7;’("_1), raen=1,2, ..., (logN - 1); 1= 1,2, ..., N¥2" X}, -

0asoBbie 060GILEHHBIE 3HAYEHHUA CTOIGLIOB, HOMEPA KOTOPBIX A M3MEHSAIOTCH OT 1
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no N*+i. C yderoM (6) OKOHuYarenbHble BbIpAKEHMA LI Ko3pdHUMEeHTOR
IBYMepHOro npeobpazopanus Xaapa Npou3BONbHON pa3MEepHOCTH 3aIHLIYTCH

m—1

A > A A ,
ij =22 N*[Xk,(logN—I)—m - Xk+1,(logN-l)—m]=
Coi = l/N * (Xif,iog,v—: = X/?H,log N-1)3
Choyi = (X, = Xyo, ) N*, toei=1,2, ..., (N-N*).

KONH4ECTBO OMepaLMii THUMA COKEHHA-BLIYUTAHUA TPH OJHOMEPHOM W
JBYMEPHOM [peobpa3oBaHMK Xaapa COCTaBUT NOpuHOnM3uTeNsHO 2N u 4N
COOTBETCTBEHHO, YTO B JBa pa3a MEHbLUE M3BECTHBIX OLICHOK, HANpUMEp, npu
N=9(2).

[Tpy BbIMMCIEHMH CyMM Xaapa B ABOMYHOW CHCTEME CYMCICHMS 3aJafUMCH

(7)

ko3 duLrenTaMu Xaapa @, 1 nonaras # = 2"" 3anuileM CleIyIouee BbIpaKeHHe
[8]:
g 2M) LR
P,(x)=a, +Zza,,,jxmj(x). " (8)
m=1 j=] R <,
m-1 |
bonee ynobHo omepupoBath ¢ 4YHCNaMH b, =2 2 a,; . Torma (8) MOXHO
Nepenucarh Kak

mgy 2m"l

Po(x) =0y + D > by SEN Ky (%) 9

m=1 j=l
Ecau X BhIpaXaeTcs B ABOMUHON CUCTEME CUMCheHHus, x = 0, &, &, ..., &, TO
(9) npuHHMaeT BUA
f"“ .
=4
P(x)=a + ) (-1°"b,, , (10)
m=1
FHR Ju™ Eiy 85 wscs EpiF1s
Toraa npu KaxxaoM m Nnerko Beigenuth uudpsl £, E, ... E, ;. Ana aroro
HYXXHBI TOJIBKO MpPOCTEHILIHE JIOTHYECKUE onepauuu. I10 3HaYEHUsAM m H j,, MOXKHO

cpopmupoBaTh anpec aueiiku, comepxamei b, ; . Ecnn cnemyiowas ungpa B

NBOMYHON 3anMcu uucna x (T.e. E,) paBHa Hymo, TO b npubaegnseTcs K

"ﬂajm

HaKaIUTHBAaEMO#H CyMMe, a eCli cneaywlas uudpa passa 1, 1o b BBIYUTAETCA:

m. jm
Zm zzm—l +(_1)Em bm,fm ¥ (11)

rnem=1, 2, ..., mg.

104



HauaB 7, = a;, nonyuuM Zy = P,(x). B xaxxaom UMKIE 30€Ch NMPOU3BOAUTCA
oOHO CMOXEHME W HECKONbKO JIOTMYEeCKMX onepauuit. [Tosromy obmee uucno
3/IEMEHTApHBIX OMnepalui, 3aTpaunuBaeMbIX Ha BeIYHCIEHUE P, (x) paBHO O(mg) unu
O(logon), TA€ n — YUCIO OTCYETOB QYHKLHMH, a 3anuch O(logyn) 03HAYAET, YTO YHCIO
BLIYMUCITHTENILHBIX ONEpailii B OOHOH TOYKE CTPEMMTCA K 3HAUEHHIO IBOHYHOIO
norapudma pasmepHocTH 6a3uca Xaapa v Ui BOCCTAaHOBJIEHHS UCXOOHOH PyHKLHH
Bo Bcex "n" €€ Toukax Tpebyerca nlog,n onepaumii cno>xeHHs-BEIYUTAHHUA.

PaccmoTpum paboTy anropurMa npu BOCCTAHOBJICHHH WCXOAHON HHOPMaLHH,
nanpuMep, npu x = 0,101. 3agaBas m 3naueHue 1 no dopmyne j, = 0, €, &,...,
€11 BEIYMCIMM HHACKCHI KO3 duuuenToB Xaapa, koTopslie OyayT paBHbI

jm=0+1 =1mn bm,jm = b”.

OnpenenuM Tenepe 3Hak 3TOro koa¢gdguuHueHTa, aHanu3upys NEPBBIA pa3paa
. pociie 3aniToi B ABOMYHOM IIPEACTABIEHMH 4YMCNa X, M T.K. OH paBeH |,
ko3buumeHT by, GepeM €O 3HAKOM MHHYC. AH&JIOTHYHO MpH m = 2 H 3,
jm=0,1,01+1=2 u j,=0, 10, 1+1 = 3 ko3dpduumentsl b, U b33 CyMMHPYIOTCA CO
3HAKOM ITUHIOC W MMHYC COOTBETCTBEHHO. TakuM 00pa3oM, 3Hau4€HHE HCXOMHOMH
$ysxumnm B Touke x = 0,101 onpenensercs kak

Pn(0,010)=ai—b“+b22—b33. (12)

3Haku kod¢¢puumentoB Xaapa B (12) coBnamaloT €O 3HAYEHHAMH,
BHIYMCJIEHHBIMH AHAJIMTHYECKH HA OCHOBAHUM omnpeaencHHa 0a3vCHBIX QyHKUMH
CUCTCMBI.

HenocratkomM pacCMOTPEHHOrO MeETOAa SABMAETCA €ro  BbIYHUCIMTENbHAsA
u36bITOUHOCTE. [TokaxeM, YTo 06BEM BBIYMCIICHHH FIPH BOCCTAHOBIEHHH HCXOAHBIX
AaHHBIX 110 Ko3dduUKMEeHTaM Xaapa B IBOMYHOM CHCTEME CUHCIECHHS MOXET OBITh
CYLIECTBEHHO YMEHbIICH.

JIng 3TMX uencH, npexnae 4eM CyMMHpoBaTh KoddduuMeHTel Xaapa Ha
OCHOBAHMM AHAIN3a JABOMYHBLIX Pa3psliOB B JUCKPETHBIX TOYKAX BOCCTAHOB/IEHHSA
MCXOIHBIX (yHKUMI, cPOpPMHpPYEM MPOMEXKYTOUHBIE CYMMBI MO BbIPAKEHHUSM
cornacio [8]. Torma cymmy koddpduumueHTor Xaapa B KaXIOH TOuke
BOCCTAHOBJIEHUA MOYKHO MPEACTABUTH B BUAE

P,(x)=4, +b,; (D™, (13)

TOE j,, = €1€3... Euy + (N/2 — 2) Ans NEPBOroO CIAaraeMoro " j, = €1€... &, + 1 ma
BTOpOrQ CJ1araeMoro, MpuyYeM m = my.

Tak mna x = 0,000 u N = 8 npu m = 3 nmojiyuum, BBLAE/YB TIEPBbie ABA
paspsga B ABOMYHOM MpPEACTaBACHUM uHcaa x(m— 1), cienyroline 3HaAYEHHUSA
Jn =00+ (N2-2)=2 n j,, = 00+1 = 1 nas COOTBETCTBYIOIIUX CJIAraeMbiX
BhipakeHus (13). M Tak kax ciexyrouiuii pa3psa nocsie BbIAEIACHHBIX paBEH HYJHO,
_TO OKOHuaTeNbHbIA BKA (13) OyneT BRINISAETH CAeayOLUM 00pa3oM

P,(0,000)= A4, + bs,. (14)
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PassepnyB A4, xax cymmy Aq+C; u nanee kak Co+C; B OKOHYaTENbHOM BMIE
NOJTy4YHM

P,(0,000) = Cy + C, +Cs + by, (15)

riae B OObIYHON HyMepauuu by, = Cs.

OTH 3HavYeHHd KO3(P(PHULHEHTOB M MX 3HAKOB COBMAJAIOT CO 3HAUCHHSIMH,
onpeJeneHHbIMH Ha OCHOBE KJIACCHYECKUX BHIYHC/IEHHH Oa3sHCHBIX QyHKUMI Xaapa,
HO KOJIMYECTBO OlepalMii THIa CIOXEHHUE-BBIYMTAHUE COCTaBNAET npH 3ToM 2(N-1)
BMecTO NV log N U3BECTHOrO METOAA.

BeiBoasl. B paboTe mojyuyeHb! aHAINTHYECKHE BBIPAXKEHHMS I OBICTPBIX
npeobpa3opaHuii Xaapa B ONHOM H IBYX M3MepeHHAX. [IpM 3TOM 4HCIO BXOAHBIX
OTCYCTOB CHMTrHalla MWJH CTOpPOH naoﬁpmxeﬂm MOKeET ObITh Kak COCTABHEBEIM, TaK H
NPOCTBEIM YKCAOM. [lOTyyeHHbIE BBIPAKEHUS MO3BOJIAKOT CTPOUThL OOHOPOLHbBIE
BBEIYHCJIIHTCNBHBIC cpcabl npeo6pa303aHm‘i Xaapa, CTPYKTYpa KOTOPBIX,
HHBapUaHTHa K JanuHe oOpabareiBacMmoi peanu3auuu. TarkKe PpaccMOTPEHbI
BO3MOXHOCTH CYMMHPOBAHHA PANOB Xaapa B JIBOMYHOH CHCTEME CYMCJIEHHS Ha
OCHOBE aHain3a paspAnoB B JUCKPETHBIX TOHYKAX BOCCTAHABIIHBACMBIX prHKI.lHl’l H
IIPHBOJHUTCA aHAIMTHYCCKAd 3alHucCk JTOro ajaroputMa, IIO3BOJIHBWUAA CHH3HTB
Nlog N
2(N-1)
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