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DISCRETE FOURIER TRANSFORM FOR SHORT
SAMPLES IN THE PRESENCE OF NOISE

E. I. Gol'dshtein and D. V. Li UDC 621.317.389

We consider the dependences of the error of a discrete Fourier transform on the length of the realization of
the considered signal. The introduction of a procedure of making a preliminary determination of the period
makes it possible to consider signals in short samples and this significantly reduces the computing and
apparatus costs.
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The universal transition to digital methods of measurement increases the interest in algorithms for processing sig-
nals in short samples, and this corresponds to a tendency to choose such methods and algorithms which demand lower ca
puting costs for the same accuracy [1, 2]. This applies in full to both discrete and fast Fourier transforms which are the mos
widely used algorithms for harmonic analysis on account of their simplicity and immunity from interference [3, 4].

Fourier coefficients are calculated using the formulas

N-1
ay :% iZOUi COS(2TKIAt f);

N-1
2 . .
b= iZOUi sin(2TkiAt f),

whereN is the number of segments of the digitized sighah a realization interval, of the signal considered. In the ideal
case,T, is equal to the periodl,. The digitizing stefi\t of the considered signal is often not a multiple of the peFipednd

this affects the accuracy of calculating the coefficiegtand b, and consequently the accuracy of the parameters being
sought:

Cu=vaZ+bZ; ¢ =actan(by/ay).

The accuracy of a discrete Fourier transform is also reduced in the presence of interference and strongly depends tm the exten
which the signal period is known. Therefore, in practice, discrete Fourier transforms are used with an increased reatization int
val of the unknown signdl, > 10T, However, this requires a far greater calculation time and corresponding apparatus costs, and
this can be avoided by introducing into the discrete Fourier transform a procedure in which a prior determination is enade of th
signal period. In this case, it is possible to perform calculations on short samples which do not exceed two periodsabf the sig
being analyzed. When choosing the method for determining the period of a signal represented by digital read outs [4—7] and ta
ing account of the evident requirements of a low sensitivity to phase shifts, the presence of a dc component in the sigmal and, m
ly, the presence of interference (noise), preference was given to a method which is a variety of the least-squares method.
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TABLE 1. Results of Calcutang Erors of Discete Fourier Transbrms with Pior Detemination of T for
Different Intererence Leels

R % 8T, U, Uy 8Uprp U 30, 30, 565 o
0 0 0 0 0 0 0 0 0 0
5 0.078 | 0.207 | 0.26 0.865 | 5.158 | 0.907 0.7 1.497 | 0.827
10 0.292 | 0.424 | 0529 | 2194 | 13.948 | 2457 1.63 3.038 | 1.989
15 0.464 | 0649 | 0.75 3.239 | 20.832 | 3674 | 2438 | 4885 | 296
20 0591 | 0.828 | 1.088 | 4.123 | 25622 | 4.808 | 3.099 | 7.187 | 3.832

The poposed method consists in seeking out the mininfrom an aray of rootmeansquae deviations Dj which
is formed ly compaing an initial subaiy taking the &érm of the frst few readings of the considett signal and a sulray
of the same s&which is displacedalaive to the initial time in theecoded inteval:

\+1

wherenis the mmber of points of compison (on the basis okpeimental déa this vas talen to ben = 100); U(t,,), U(tmﬂ-)
are themth readings of éspectiely the initial and compad subanays of the consided signalj U [Nin: Nmayd 1S @ paam:
eter of the displacement of the comghsubanay; n,;;,, andn,,, are the mininum and maxiram boundées of the antigi
paed ang of \alues of the pésd.

When modeling noisy signalge utilize centalized white noise (héing zero mahemdical expectaion) U, nor-
malized to the amplitude of the fundamentalrhanic U+

z[uam) S[()

Ufund -u

Rrax = 1 100.

Ufund

This action is quite simplimplemented in &ious high-leel and lav-level software media in accalance with a undrm dis
tribution law:

A1 o
pe(=Cd-c' Lo d;
B, xOe, d,

wher pE(x) is the distibution density of theandom quantit¥ in the sgment E, d].
The infuence of an inaccate knavledge of the pepd and of the msence of noise will be estited accoding to
the well-known formulas:

M
:iz anown Xcalc [100:
M 1 anown
‘N -1

Mz Z(Utl Ucalu)

whete dX, Xinauvn Xcalc @€ the eldive averaged eror and the kman and calculed \alues of the sougfafter quantities;
M = 1000 is the amber of gpeliments suficient for eliminaing the infuence of theandom nture of the noise on thesults
of the irvestigations; o is the potmeansquae deviation; Uy; andU_,.; are the test and calcuéad signals.

335



3_
R=20%
15
21 10
5
0
1_
0 10 20 30

Fig. 1. Infuence of noise on the@otmeanrsquae deviation for T, = mTg + At.

Fig. 2. Influence of noise on therers 8U,, 8U, for T, = mT, + At: 1) dU, for
R = 15%; 2)dU, for R = 15%; 3)dU, for R = 5%; 4)dU for R = 5%; 5)dU,
oU, forR=0.
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Fig. 3. Wattmeter gaph of a suk-pump well-pumping deice (well No. 850).
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Fig. 4. Array of rootmeansquae deiations.

As a ule, the poblem of a lak of knavledge or of inaccuate specifcation of T, when calculting the urier coef
ficients is eliminged ly increasing theealizdion intewval of the signal being analed

A calculaion expetiment was perbrmed in oder to elucidge the elaionship of the aors of a discete Fourier
transbrm to the ealizdion intewal of the analzed aray T, and the noise \@l. In this &peliment,a deviation At = 10%sec
from the nominal alue of T, equal to one digzation stgp was considexd, i.e., T, = mTg + At, with m< 30. As an eamplg
Table 1 and kgs. 1 and 2 gve the esults of a disate Furer transbrm of a theefrequeng signal haing a peiod
T,=0.02se¢ in the pesence of a dc component and ngiise level of the later being 0-20%:

3
u(t) =Ug+ ) Upi N7 { + ;)
i=1
for Uy = 100V; U,y = 100V; U, = 50V; Uz = 10V; f = 50 Hz;$, = 30°; ¢, = 60°; ¢35 = 90°.
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As one vould epect,in the dsence of noise the diste Fourier transbrm with piior deteminaion of the peiod
gives pactically no eror and ory as the noise el is inceased does therer increase An increase inl, does indeed pr
mote a eduction in the eor of the discete Fourier transbrm, the oder of which is inversely propottional to the ader of T,.
Here it must be takn into account thahe eror in specifyingT, was a mininum whereas br a discete Fourier transbrm
with prior detemination of T the maxinum eror in detemining the peiod was @\t for R = 20%. Havever, it must be
remembegd tha an incease inT, inevitably leads to an inerase in the computer costs and thgeaditue of time and con
sequent} to the need to inbduce aditional gppaktus (memaoy, coprocessor).

The pocedue desdbed dove of a discete Purier transbrm with piior deteminaion of the peind was success
fully applied for the functional monitang and dignostics of sucer-rod well-pumping deices using \attmeter gaphs in the
form of the dpendence of thevarage suppy of active paver P,, over a peiod on the piston stke (see Es.3 and 4).

Using the peod found (in our spedi caseTg = 10.18sec),it was easy to pesfm the discete Furier transbrm,
to find the amplitudes of the fundamentalranics of the \@tmeter gaphs,to detemine the necessaratios of the ampki
tudes of the hanonics of the pwer, and to daw condusions in tems of the dignosing of the monited pumping déce
[8-10].

The desdbed pocedue for detemining T, was also used in a set ofograms br the functional monitang and
diagnostics of electitechnical and electmedanical deices when calculéing the acting &lues of naltifrequeng signals
and is of integst in itself vihen identifying inbrmative dda steams [11,12].
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