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Addytywne metody obliczeniowe w miernictwie widmowym


Aleksander Katkow

Wyższa Szkoła Zarządzania

ul. Rząsawska 40, 42-209 Częstochowa

ADDITIVE METHODS OF CALCULATION

FOR SPECTRAL ANALYSIS
Streszczenie

Analiza widmowa zajmuje ważne miejsce w szeregu matematycznych metod wspomagających procesy miernictwa. W referacie omówione zostały addytwne metody obliczeniowe dla przyspieszonego wyliczenia całek Fouriera. Opisana jak addytywna metoda obliczenia całki Fouriera na podstawie próbek analizowanej funkcji tak i addytywna metoda syntezy funkcji na podstawie jej widma.  

Abstract
Spectral analysis is important to number of mathematic methods aiding measuring procedures. This report refers to additive methods of calculation for Fourier integrals. Additive method is based on samples of analysed function, and additive method of function synthesis is based on its spectrum.

In this paper the concept of application for a fast evaluation of the Fourier integrals with use of additive algorithm  is considered. For this aim the direct and dual formulas of additive algorithm of an evaluation of the Fourier integrals are considered. The circumscribed algorithms are oriented first of all on use for the analysis of signals in real time that has important in measuring procedure.
If the basic part of energy of continual signals is concentrated in the limited interval of time [-T/2, T/2]  and frequencies [-(/2, (/2], then the following relations between a signal F(t) and spectrum S(() of this signal approximately take place:
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where:

S(() = A(() + jB((),

F(t) = f(t) + j((t).

For the first time method of approximate calculation of integrals (1), (2) by means of the additive formulas, i.e. formulas containing only operations of algebraic addition, was offered in [2,3]. Let's consider essence of this way.

The whole interval of an integration [-T/2,T/2]   in (1) is broken into small parts 

-T/2 = t0 < t1 < ... < tq < tq+1 < ... < tNT = T/2

so that on each from them, it would be possible to limit by the linear members in expansion at first functions F(t), and then function (t - tq)e-j(t in Taylor series. Sequentially on each interval of integration receive 
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where:
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Finally with an error, which body is equal (qs((), have 


[image: image5.wmf]F

t

e

dt

F

t

e

dt

j

t

t

t

j

t

t

t

q

q

q

q

(

)

(

)

-

-

=

+

+

ò

ò

w

w

1

1


Sequence of discrete values of time tq entered in the beginning, determine so that on its basis to receive sequences of discrete tAq+1(() 
i tBq+1(()values satisfying to conditions: 
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We shall remark, that for each frequency ( there is a sequence of discrete values of time satisfying to conditions (3), (4). Therefore, the quantity of points in each sequence on an interval

 [-T/2,T/2] in general case also depends on frequency

NTA = NTA(()                                      NTB = NTB(()

Finally, for a real signal F(t)=f(t), the following expressions take place


[image: image10.wmf]A

f

t

signI

T

q

A

q

TA

q

N

T

A

(

)

(

)

(

)

(

)

w

l

w

w

=

=

å

0

                                  (5)

                           
[image: image11.wmf]B

f

t

signI

T

q

B

q

TB

q

N

T

B

(

)

(

)

(

)

(

)

w

l

w

w

=

-

=

å

0

                                   (6)

The formulas (5), (6) are additive, because under condition 
of (T= const the values of spectral density of a researched signal can be received by algebraic addition it of values on certain sequence of values of time. This sequence of values of time can be calculated, proceeding from conditions (3), (4).

We shall consider now process of function evaluation by use of known values of its spectral density. As well as in the first case the whole interval of  integration [-(/2, (/2] in (2) is divided into small parts

-(/2 = (0 < (1 < ... < (r < (r+1 < ... < (N( = (/2

The representations as Taylor series of appropriate expressions are produced and the sequences of discrete values (rf(t),(r((t) with quantity of intervals according to equal

Nf( = Nf((t), N(( = N(((t)
are introduced.

Such a way we considered, that (T and (( it is constants, which, are selected arbitrary and independently. However it is possible to receive

(T( = ((T.

Then it is possible to notice, that the conditions, which should satisfy discrete values
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 A conclusion from here follows, that the discrete values 
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