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One of themodem scientific tendencies is the time-frequency noise representattionwhich
provide the possibi Ity foran access toamuchmore abundant irformation.

The present investigations acoept the time-frequency noise represerntationacoegpt the
time-frequency noise representation by ashort-time Furrier transformationandwitha
wavelet-packet transfomation. The firstcase isreal izedbyastandardsoftware and for the
second one new algoritihmsand programs are developed. Their visualization is three-
dimersioralwithhigh interpretivepossibi lrties.

1. Sort-time Furrier transfomation

The cortinuous-time Furrier transformation (CTFT) isan importantmathematical tool
for stationary signal processing. I'tdecarposes the input signal onaharmonic functions
basis. Thesignal represantation inthenewspace isdotainedby itsdot productwith camplex
eporents:

()] F(W) = Ioﬁ(t) et dt.

Here F(t) denotes thesignal , F(.)- itsFurrier representation. Still CTFT has
sighificatdisadvantages:

—the transformatiion for asingle frequency requires thewhole information for the
signal formasafunctionof the time;

—the integral notion of the signal makes the time argument anonymous.

Theseparate singularitiesoften include thremost significant informationabout the
signal; inthis case theybecame very fuzzy and can remain inconspicuous. Toavoid these
disadvantages one can use the so cal led short-time Furrier transformation (STFT) [16]:

(%) STFT(w, b) = | F(E) & ™ w(t—b)dt.
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Theweight functionw(t-b) isawindowwith a limited effective lengthwhich
localizes the time transformation inthepoirntb. Thedifferent STFT for differentvaluesof
the time shifting paraneter bare dotained by shifting thewindovalong the timeaxis. In
thisway the transformation becomes time-dependarntand it forms a frequency-time (two-
dimensional) decorpositionofthesignal .

The weight functionmustbe normal ized for the inverse transform:

o [Twe1zae=1.

I'ts effective length determines time resolutionand is chosen tobe equal to the
stationary signal length. This decomposition canbe observed asdecompositionwith
modulated camp lex exponents.

STFT isvery redundarit. Thisal lonswithno lass of information theapplicationof
STFT for discrete values of the frequencywand the shiftb. Most often the discretization
isequisistantforthebothvariables.

STFT rounds of f some of the CTFT disadvantages, butstill it inherits itsgenetic
shortcomings. The windoww(t) deforms the spectral representation of the signal .
Overlapping the adjacentwindoas inproves to sore extent the results. Still thereareno
preciseselectioncriteria. The lossof spectral information is inevitableand rtmaesksweak
sigels.

Inspiteof irtstailingsespecial lywhen theproblemisarefinedsolution, STFTcanbe
successful lyused foranoregeneral ized conception. It representswel l enoughthe processes
inthecase of themains studywhere theestimates are of statistical character .

11 Wavelet—packet transformations

The analysis of osci llating signals with high-frequency components is based upon an
extensionof thewavelet bases theoryvwhichuses the so cal ledvavelet-packet basesand the
correspondingwavelet-packet transformation (WPT) . To sinplify the notationwe deal
onlywith the orthonormal case. WPT decamposes not only the low frequency camponent,
butalsothe high frequency band inthe pyramidal decorposition. At the first levelwehave
the gererated sequencesHxand Gx just like in the case of thewavelet transformation. At
the second level we have generated four sequences Hx, GHx, GHx,, . The “splitting” of
both the pyramid branches can be repeated J timesand the final structure isabinary tree
withatotal nunber of the coefficients along the “nodes” equal to J' ifN (N=2°) isthe
number of the input reports. This procedure generates subspaces of the vector spaceR'.

Thesesubspaces (according to the tree nodes) differ inthe frequency localization. IF
thewavelet transformation providesan unique tie betweenthe frequencyand the scale, the
WPT hascoefficients representing the signal forafixedscalebutwirt different frequencies.
That iswhy the decomposition is redundant; it canbe proved that ithasmore than
220D different orthonormal bases. Thewavelet-packet basesare organized as subsets
(hodes) of the binary tree. Anynode is an orthonormal sumof i'ts daughter nodes. The
comnectionof“branches” of the tree defines abasis fromthe orthonormal bases glossary -
Another convenientrepresentation of the coefficients is the table-likeaccording to their
timeor frequency position. Table 1 shows the decompositionof an8-dimensional vector
NB){X, X, - - - » X Fuherethenavelet-packetcoefficientsareorderedaccording o their
frequency . Berynext line isaresultof the previousonewhich isG-or HHandledand this
hes thesanse of differentiiation (high frequency fi lrattion)— dor inegration (lovfrequency
filtation) - s. Forexapletheseries{ss , ss } istreresultofHjprocessingof{s , s, S,,S }
and{ds , ds,} isthe resultof G-processing of the same input series. Numbered and
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successive lines fol lovthe successive scales. WithanN-dimensiional inputvector the total
number of scalles (lines) is log\.

The linewithnumber m inthe table canbe resorted fromthe lienwith number m+-1
by H*—processingof the left part (the leftdaughter treenode) and by G*—processingof the
right partwithafollowing sum inthe parent node. The presence of NlogNwavelet
coefficientsal loxssdifferent interpretations of the information redundancy . Infactthe
wavelet—padket deconposition isagereral izationof thedecarpositionwithdifferent leels
of separationwhichhas beenproposed by Mal lat. The precise restorationof thesignal by
Nvavelet coefficients is possiblydue to the orthonormal propertiesof the decomposition.
Trefolloving tables il lustrate twodifferent orthonormal properties of the decomposition;
Table 2ashows the knomnwave let basiswith bold synmbols and Table Zb—anotherarbitrary
wavelet-packethesis.

TheWPT differs fronCTFT also because 1ts isareal transformation thus reducing
the expenses during the frequency-timesignal representationprocessing. TheWPTal loas
onanyscale level theenergy control inthe cutputwavelet-packet coefficients; thedescent
canbestopped under certainconditions (on levelsand frequencybandswirth ignoreble little
energies, highentropy levels, etc.) . Inthisway the WPT al lons anadequate frequency
solution poner avoiding the unnecessary processing.-

The dynamic determination of the important froman energetic point of view
Trequency bands makes possible the model 1 ing of channelswhiich canbe used for digital
information transfer inawaywhere for everytime slice there canbe found frequency bands
whicharebroad enoughand free of noise.

111 . Natural noise measurements inthe industrial mains

Fig. 2showsa lon-frequency fi lterwhich isused tostudy thenoise inthemains for the
10-400kHz range.- Itscutting frequency is2kHzwithaslope of 30dBper oct. The folloving
processing isdigital - Datainput ishyaNioolet 3091 digital ascillosoope. Thediscretization
frequency is 1VHz and the analog-to-digital conversion isof 12-bitssolutionproperty.
Data is grouped in packetswith4000discreteseach.

The datapresented area result franastandard socket in roams inboth HTbui ldings.
They depict the mains state inaresearch centrewith 5-10PCs.

The noise voltage InFig.- 1 is for one cycle of the mains voltage. The maximums
coincidewiththemainsvoltagemaxinums. Thepicture is typical foranhour observation,
o Whi le keeping themorphology constart the greaitest increase of the arpl itudes Isupto
e,

Thevoltage is evidently non-stationary and its spectral picture providesarather
simplifiedand too integral notion. The representation isbased onthe time-frequency
transformationswhicharestated in 11. STFT ismodel led by astandard programwith 256
points, S0%overlappingandaHeningweight function. It isequivalent toabankofevenly
distributed4 kHz striipbands. Thesignal inFig-. 1 responds tothe transformation inFig-
3a, b, ¢, dande. The 20ms interval isdivided into5successive segrents, 4msand 4000
discreteseach.

The separation ismotivated for tednical reasonsand for afiner representation.

Thespectral fillingdepends strongly on themaiins volltage phase . The spectral peaks
coincidewith itsmaximums. Thiscanbeexplainedwith theon-lineelectronicdeviceswhich
enable themainsprecisely inthese intervals. The evidentcrests thoughwithdifferent
intensitiesare of constant comutation frequency; theyare gereratedby thepulse supplies
whichareconnected tothemains. It is important tonote that thewhole 150 kHz space is
stragly saturatedwithnoise signals. Thereare sharp peaksofarelatively sral l areabut
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withagreat concentrationofthe interferenceenergy. Therearealsodipswhicharealmost
interfaraxe-free.

The wavelet-packet transformation is the other energy approach inthe time-
Trequency plainwhich is free of the tough for interpretationwindowfunctions. In
accordancewith the al ready explained theoretical formulation inthe previous daptera
newalgoritim is developedwith its corresponding software for such transformations. A
certainsetofbasicfunctions-wavelets isprogranmed, t0o.

The expositionshoas that the interference in the frequency and inthe time domains
arecofa local character . This is due tothe measurementswhich have taken place inthe
vicinityofthesources. Theseare the natural conditions foran information interchange in
aseparate bui lding. For remote to the sources places the interference becomes broad-
banded with decreasing asci l lations due to the carrier filtrationand also due to the
integratianof the interference sources.

Themethodology used for the interference representationoffers considerable
interpretivepossibi lities. The time-frequency nous representationprovidesamore abun-
dantnotion. The results fromthe measurements show that the interference effecting the
tomnmainsarecofa little energywhich is concentrated inthe spectrumupto 150kHz . There
are frequency and timewindows which are connectedwith the industry mains phase, but
arefreeofnoise; thereare otherwindoas inwhich the interference isconcertrated. In
principle thecorollariesarevalid, but the statistical representativeness needsawider
experimental basis. Forexanple the depicted frequenciesdo notshowthe interference of
Iuninescent lightwhich ismuch easier to eval uate than the conventional approaches.
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JIMHEeVHbBIe YaCTOTHO-BPEMEBEE TpaHchopMaLmm
IJ19 MOIEJIMPOBAHMA IPOMEIJIEHHOM CeTI

BnpaBro Hukosios, AraHac I'oueB, YaBnap Kopcemon

UHCTUTYT MHPOPMALIMOHHEIX TexHoJormit, 1113 Copus

(PeswomMme)

B paboTe npencTapsieHb BOSMOXHOCTM UCCIJIENOBaHMA [IOMEX B [IPOMEIIIEHHOM CeTH .
1719 ©TOV LIEJIM MCIIOJIb30BAHEl UaCTOTHO—BPEMEBEIE [TPEICTARJIEHNS [IOMEX X
HaIPsKEHV .

[Ipy1 COKpalleHHOM ITpeficTaryieHr ypbe TpaHCchopMalys 3aBUCUT OT BPEMEHM
1 QopMMpyeT IBYMEPHYO NeKOMIIO3ULIMI0 CUTHAJa, HAlollyio OOOBLEHHYIO MICK 711
IVHaMVIKY MICCIIEIyeMOT'O IIPoLiecca .

I1s aHaIM3a OCUMIUIMPYIOIMX CUTHAJIOB, XapaKTePUsSUPYIIMXCSA C BEICOKO—
YaCTOTHEIMM KOMIIOHEHTaMM, [IPMMEHEHa BOJIHOBAS [NakeTHas TpaHcbopmaums,
KOTOpas sABJISeTCA peallbHEM TpeoBpasoBaHMeM U [1I03BOJISET [10JIydeHM s MOLeII
KaHaJIOB Nepenaun MHpopMaln. B paboTe cleslaH aHain3 HabJIoIaeMbIx [IOMEX .

54



