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Wcnonb3oBaHue BenBneT-npeobpasoBaHus CUrHamoB nonydnno OypHoe pa3suTve B nocrefHee
necatnnetne. OCHOBHbIMM OBNacTaMn ero npuMeHeHus ABnsTca obpaboTka ayauo- M BMAEOCUMIHANoOB.
OpHa u3 rnaBHbIX Lenen, npecrieqyemMbiX BenBrneT-o6paboTkor curHana, 3akroyaeTtcs B Komnpeccum
nonesHon uHdpopmaumm. B pesynbtate npeobpasoBaHusa MHGOPMaLNS O curHane moxeT ObiTb cxaTa Ao
ob6bema, COCTaBMSIOLIEr0 OT HECKONbKUX [OECATKOB MPOLEHTOB [0 HEeCKOSbKMX MpPOLEHTOB o06bema
WUCXOAHOW WHGpopMaumn. BoccTaHoOBNEHWE MCXOOHOrO curHama w3 €ero «KOMMpecCupoBaHHOro» obpasa
NnpoucxoauT npakTudeckn 6e3 notepu nonesHon MHopmauun. 3To 0O6CTOATENBCTBO U cAenano BeEWBIET-
npeobpasoBaHMe ayguo- 1 BUOEOCUTHANOB OYEHb MEPCMNEKTUBHLIM M OYPHO Pa3BMBAOLLMMCS Hay4YHbIM U
Hay4yHO-NMPUKNagHbIM HanpasneHnem. [lpakTU4eckn BO BCEX COBPEMEHHbLIX MPOrpamMMHbIX MPOOYKTaXx,
OCyLLECTBNALLWMX 006paboTKy n306pakeHun M BUAEOMHGOPMALUKN, MCMONb3yloTCA ¢oopmaTbl, B OCHOBY
KOTOPbIX NOJSIOXKEHO BEMBIET-Npeobpa3oBaHme.

[dpyras He MeHee BaxHas Lenb BerBneT-npeobpasoBaHWsi CUrHaNoOB COCTOUT B MNPOrpaMMHOM
yAaneHun LUYMOBOW COCTaBrsiOLWen aHanuMsmpyemoro curHana. lNpu aTtom peanusyeTcsi CBOero popa
«OYMCTKa» CUrHana ot NoMeX, BHECEHHbIX pasfnMyHbIMU MeLlaLLmMMm aktopamu. BaxHo To, 4TO LWymoBas
COCTaBnsALLas BblAensieTcsa NporpaMMHbIM, @ He annapatHbiM nytem. B pesynbtate npuMeHeHWs Takoro
BapvaHTa 006paboTkM U3MepUTENbHOW WHMOPMaLMM MOSBNAETCA BO3MOXHOCTb CO34aHWs KOMMaKTHbIX
N3MepUTENbHBIX 1 00pabaTbiBaOLLMX KOMMSIEKCOB.

lMepcnekTMBHBIM UM aKTMBHO pas3pabaTbiBaeMblM  HanpaBfiEHNEM  MCMOMb30BaHUS  BEWBET-
npeobpas3oBaHus SIBMSIETCA peLleHVMe pasfMyHbIX BOMPOCOB 3NEKTPOTEXHMKU. B 4vacTHocTh, BewnBret-
npeobpasoBaHMe Xaapa YCMELWHO MNPMMEHSETCA MPU aHanM3e PEeXMMOB pPaboTbl SMEKTPUYECKUX Lienewn
[11,[2], npn moagenvpoBaHuM pexumoB npeobpa3soBaTenbHbix ycTponcT [3],[4]. OoHUM M3 NepCcneKkTUBHBLIX
HanpaBfeHW, MO MHEHMIO aBTOPOB, SIBIISIETCA WCMONb30BaHWE BEWBMET-NpeoOpa3oBaHMs CUrHamoB B
cuctemax ynpasneHus [5],[6]. 3To obycnoBneHo TeM, YTO KpoMe OBLLEeN3BECTHbIX NMOMOXUTENbHBIX CBONCTB
crnekTp npeobpa3oBaHHOrO curHana COAEPXKMT BeCbMa BaXHYD MHPOPMALMIO MMEHHO C TOYKM 3peHUs
JaHHON 06nacTn NPUMEHEHMS.

ABTOpamu npoBefeHbl UCCrefoBaHMs psfa XapakTepHbIX CUrHamnoB, MPUCYTCTBYIOLUX B cUcCTeMax
yrpaBneHnsi, a WMEHHO: MOCTOSHHOrO0 CWUrHamna, CUHYCOMAanbHOro CurHana, CWUrHamoB, COCTOSALMX U3
nocnenoBaTenbHOCTU TPEYrorbHbIX WMMYNbCOB M MOCNEeAoBaTENbHOCTM NPSMOYTOfbHbLIX MMMYNbCOB, a
TaKkKe 9KCMOHEHLManbHO BO3pacTalwero M yobiBawwWero curHana. BHewHwid Bug nocnegHero tuna
curHana npegcrtaeneH Ha puc.1,a. YkasaHHble curHanbl NogBepranvcb BenBrneT-npeobpasoBaHuto Xaapa ¢
pasnMyHbIM KONMYECTBOM MocrieaoBaTeNnbHOCTEN (4acToT), oT 16 go 1024.

AHanmM3 pesynbTaToB MNPOBEAEHHbIX WCCMNEeAOBaHWA BbISBUIT [ABA OCHOBHBLIX MOMOXUTENbHbIX
MOMeHTa. [NepBbIn U3 HNX COCTOUT B BO3MOXHOCTU «TPaAULMOHHOIO» cxaTna nHdopmauumn, 3anoxXeHHoW B
aHanuanpyembln curHan. [llockonbKy Xaap-cnekTp OOonbLUMHCTBA WCCNEeAOBaHHbIX CUrHanoB cogepXan
3HaYUTENbHOE KONMUYECTBO HYMNEBbLIX U OKONOHYNEBbIX 3HAYEHUN, TO 3TU 3HAYEeHUS MOrnn BbiTb yaaneHs! (1
yoansnucbk npaktudeckn) ma cnektpa. Mpu 3ToM Kka4yecTBO BOCCTAHABMBAEMOrO M3 U3MEHEHHOrO CnekTpa
CWUrHana He nmnpeTepneBano CyLWECTBEHHbIX W3MeHeHW. [pakTuyeckoe BOMSOLWEHME 3TOrO MoAxoda
Mo3BOMMT COKpaTUTb OObeM nepegaBaemMol B CUCTEME YMpaBreHnss MHopmauumun, ecrnv BCs nepefaya
OynoeT ocywecTBnsATbCs npeobpasoBaHHbIMU curHanamu. bBonee Toro, Kak nokasanu npegbigylime
NccneaoBaHus, aHanua pexuma paboTbl CUCTEMbI M pacyeT YNpaBrsiiOLEro BO3OENCTBUS MOXET ObiTb
peanu3oBaH B 00nacTn BEMBNET-4acTOT HENnocpeacTBeHHO. [pn 3ToM oTnaget HeobXxoaMMoCcTb 0OpaTHOro
BenBreT-npeobpasoBaHnsl CUrHANoB BO BpeMeHHyt0 o6nactb. KoHeyHO, cka3aHHOe B MEpBYD ovepenb
OTHOCUTCS K LMGPOBLIM CUCTEMAM YNPaBIEHNS.
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Puc.1 — BHewHun BuA uccnegyemoro curHana (a) u BTopas norioByHa CnekTpa BenBrneT-npeobpasoBaHus
curHana (6)

BTopor nonoxuTensHbIn MOMEHT 3aKrYaeTcsl B Xapakrepe Ton nHdopmaLmMm, KOTOPYH COAEPXKUT
Xaap-cnektp npeobpasoBaHHOro curHana. [lockomnbKy KONMMYecTBO nocrnefoBaTenbHOCTEN (4acToT) B
BeliBneT-npeobpasosaHny Xaapa Bceraa pasHo 2", T.e. ABMSETCH YeTHbIM YMCTIOM, TO NOMyYaeMblit CrekTp
YCNOBHO MOXHO pas3genuTb Ha [Be paBHble 4acTu. [lpy 3TOoM nepBas u4acTtb OygeT copepxaTb
WHpopMaLMIO, [OCTATOYHYIO ANA TOYHOMO BOCCTAHOBMEHMSI WCXOOHOrO CcurHana, v uHdopmauumio o
MOLLIHOCTHBIX XapaKTepucTukax WCXodHoro curHana. Bo BTopon xe 4yactm Xaap-cnekTtpa 3akmw4yeHa
MHpOPMaLMA O OUHAMUYECKUX XapaKTepUCTMKax WMCXOOHOro CcurHama, a WMMEHHO ero npovs3BogHas. B
KayecTBe npumepa Ha puc.1,6 npeactaBneHo rpacguyeckoe nsobpaxeHne BTOPON MOMOBUHBI Xaap-cnekTpa
CWrHana, BHELWHWIA BMA, KOTOPOro nokasaH Ha puc.1,a. Takum obpasom, eanHOXObl BbINOMHEHHAsA onepauums
BeNBMeT-Npeobpa3oBaHMsa HEKOTOPOro CUrHamna gaeTt CrekTp nocriegoBaTenbHOCTEN (4acToT), coaepKalumm
B cebe ykasaHHOe MHOIOCTOPOHHEE OnMncaHue NCXOOHOro curHana.

PesynbTaTel nNpoOBEAEHHbIX WCCNEAOBaHWA MO3BOMNSAT cAenaTb BbIBOA O MNEPCrNeKTUBHOCTU
MUCNONb30BaHWs NpUY  MNOCTPOEHWM CUCTEM YyNpaBreHus BenBneT-npeobpa3oBaHWsi, B 4YaCTHOCTU
npeobpasoBaHua Xaapa. [Mpu aToM coyeTaHMe BO3MOXHOCTEWN, 0BYCroOBNEHHbIX U3BECTHbIMYM CBONCTBaAMM
BENBMNET-NPeobpa3oBaHMsl (BblAENEHME «4YMCTOrO» MONIE3HOr0 CUrHana B 3allyMIIEHHOM CuUrHane u
BO3MOXHOCTb CXaTusi Morie3Hon wuHdopmauumn) C BO3MOXHOCTAMW, cO3[aBaeMbiMu  cneuunduryeckumm
ocobeHHocTaAMU Xaap-cnekTpa curHanos, 6€3 COMHEHNs1 NO3BOMUT NOBbLICUTL APPEKTUBHOCTL peanu3auum
MpOLECCOB yNnpaBrieHusl.
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Wavelet-transform has been used very wide in the last decade. The dominant area of wavelet
application is audio and video signals processing. Compression of significant information and signal
denoising are two main goals achieved by wavelet transform.

However these two goals are not the whole list of possibilities. Using of wavelet-transform for solving
of the electrical engineering problems is very perspective scientific task. Particularly, Haar-wavelet transform
has been successfully used for electrical networks analysis [1],[2], electronic devices modeling and analysis
[3],[4]. Control systems of various objects are also very promising area for wavelet transform implementation
[51,[6].

Investigations of several kinds of signals that exist in the control systems have been made by
authors. The signals under investigation were constant signal, sinusoidal signal, triangular pulse signal,
rectangular pulse signal and exponentially increasing and decreasing signal. These signals are typical for
most of control systems. Haar-wavelet transform was used for analysis of mentioned signals.

The first positive point provided by wavelet approach is “traditional” compression of information.
Since Haar-spectrum of transformed signal consists of numerous frequencies with amplitude equal to zero
(or round zero) value these frequencies can be deleted from the whole amount. Such deleting will not
provide any inaccuracy in signal restoration. If information inside of system is transmitted and used in
frequency domain this approach will decrease a volume of information. Furthermore, it was shown by
previous author’s research that system analysis and control action calculation can be made in frequency
domain directly. It is not need to restore the used signals back in time domain.

The essence of information concluded into the Haar-spectrum of transformed signal is the second
specific point of interest. According to the properties of Haar-wavelet the number of frequencies in the
spectrum is even. Therefore it can be divided into two equal parts. The first part of the amount concludes an
information related to the signal’s form. Signal’'s power characteristics can be figure out from this part of the
spectrum.

The second part of the spectrum can be used for estimation of dynamical properties of the signal.
The frequencies this part of the spectrum consists of give us the possibility to calculate the derivative of initial
signal. Thus, operation of wavelet transformation of definite signal produce the spectrum of frequencies
which contain a wide information in a very compact form.

The results obtained show the real opportunity to use the wavelet transform, particularly Haar-
transform in the control systems implementations. This opportunity based on common properties of wavelet
and specific features of the Haar-wavelet is a possible way to increase the control system efficiency.
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