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We propose a mathematical model describing quantization frequency selection in the
measuring channels of intelligent systems depending on the parameters of noise. We consider
internal and external sources of noise, seek the reasons for noise generation, justify the
necessity of recording noise in the analog lines of measuring channels of intelligent systems.
The parameters of our mathematical model of noise are: stationary white noise with normal
distribution, an anti-aliasing bandwidth filter, the variance of noise at the input of an
analog-digital converter, the correlation coefficient of noise. We evaluate the dependence of
the selection of quantization frequency value on the parameters of noise. We show that if the
right sampling frequency is selected in the conditions of broadband noise measuring then
the systematic component of error is determined by the bandwidth of the low frequency
analog anti-aliasing filter, while the random error is determined by the bandwidth of the
low frequency digital averaging filter.
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Introduction

Measuring the parameters of signals in measuring channels of intellectual systems
simultaneously with the main signal, we have registered the interfering signals — noises
and interferences of different nature. The sources of noises are both internal and external.
The internal noises may physically attend signal sources similar to the heat noise of electron
flows in electric circuits and shot effects in electronic devices or may appear in measuring
apparatus and systems of data transmission and processing due to different destabilizing
factors — temperature, higher humidity, instability of power sources, mechanical vibrations
on galvanic contacts, etc. External noise sources can be of natural and artificial kind.
Among the artificial industrial interference sources are the engines, switchers, generators
of different signal forms, etc. Natural sources of interferences are lightning, magnetic field
fluctuations, solar energy flashes, etc [1|. All these factors should be counted in intellectual
system measuring channels development. The most visible is the effect of noise of the analog
circuits of measuring channels. The pickup of useful components from the overall sum of
registered signals or maximum noise and interference suppression in information signal
saving its useful components, is one of the main development tasks. Therefore we evaluate
the dependence of quantization frequency value selection on the noise parameters and
propose the approach of construction of the mathematical model of noise in intellectual
system measuring channels.
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1. Mathematical Model of Noise

Let us evaluate the effect of noise parameters on quantization frequency selection |2,
3]. The signal on the input of measuring device is given by

u(t) = Uy, cos(wit + ¢) + n(t) (1)

where 7(t) is a stationary centered white noise with normal distribution and spectral
density G. If the anti-aliasing filter with rectangular amplitude-frequency characteristic
(AFC) is included into the signal normalizing circuit, then the correlation function of
noise on the input of analog-digital converter (ADC) is given by

K(r) = 2@2% — 2 R(r) 2)

where w, is an anti-aliasing filter bandwidth,

o= GvV2w, (3)

SIN W, T
is a mean square noise deviation on ADC input [4] and R(7) = “— is a coefficient of
Wa T

correlation of this noise.
We neglect the level of discrecity of quantization. Then after squaring the output data
of ADC is given by

[w ()17 = Tu(t) « T, Y 6t —kT)]* =w’(t) = [Te Y 6(t — kT.)]?

k=—o00 k=—o00

where Ty, = 1/ f, is a period of sampling. Thereby we can formally rearrange the operations
for squaring and sampling. In this case due to (1):

u?(t) = (U2 /2) + (U2 /2) cos 2(wit + ¢) + 201 (t) Uy, cos(wit + ¢) + mi(2) (4)
where 7,(t) is the noise on ACD input. Mathematical expectation of signal (4)
My = U2 /2 + o (5)

hows the square of effective value of voltage on ACD input.
Product moment of the second degree of function (4) is given by

my (1) = [(U2/4) * (14 1/2cos 2wi7)] + U2 [2K (T) coswi T + 0] + o* 4+ 2K*(7).

From this equation we can find the correlation function of signal (4) [1]:

K2 (1) = [my (1) — m2:] = (U, /8) cos 2w, T + 2U2 K () coswy + 2K7(7). (6)

For calculation of one-side spectral density we used Wiener-Khinchin theorem [5]:

Suz(w) = 4/0Oo K,2(7) coswrdr. (7)
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After substitution of correlation function (6) into (7) and taking into account (2) we find

Sz (w) = (Uffl/8)5(w —2wp) + S1(w) + Sa(w) (8)
and .
%, 0 <w<wy, —wr,
Siw) = 220y, —wy < w < wa +wi, (9)
0, W > Wy + Wi,

So(w) = § “&

2ro?
200 —w), 0<w < 2w,,
{ ( ) (10)

0, W > 2We.
Equation (8) shows that the spectrum S,2(w) is discrete-solid. It consists of a discrete
spectrum line 2wy, caused by harmonic signal U,, cos(wit 4+ ¢) and two big components in

the input signal.
The ratio of maximal values S;(w) and Sy (w)

Si(0) _ Un
S,(0) ~ o2

therefore in accurate measurements U, >> o, we neglect the effect of component Sy(w).
When we sampling the signal in time (4), we get the reflecting components of spectrum
S.z, therefore the spectrum of a sampled signal in the scale of cyclic frequency f [6]:

ST(f) = Z SuQ(f_nfs)‘

n=—0oo

To make the effect of reflecting components Sr(f) on measuring accuracy less, we
should avoid their presence in the bandwidth of averaging digital low-pass filter (LPF) [7],
but it is possible only when the following condition holds:

fs_(fa+f1)>fc wi fg > foe+ fo+ f1. (11)

If condition (3) is true, then the signal on the output of averaging LPF [u}(7)]? has
constant component which is equal to the mathematical expectation u?(¢) (11) and noise
component (t):

[ (D) = Uy, + 0"+ &(t:).
Let us find the dispersion of noise on the output of averaging LPF. Considering that

So(w) is small,

1 [~ 1 [ 4dxo?U? w
Dy = — Sp(w)dw = — ——"dw = 207U = 12
=5 | St =5 [T — 2 (12

where Sp(w) is the spectrum of noise on the output of averaging LPF. The output signal
of digital voltmeter [8]:

uour (i) = \/mz % [14_‘72;—5@} _
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And the relative error of measurement caused by noise:

AU o +&(i)
u U2

Although the noise n?(t) has distribution other than normal, passing through the
narrow band averaging LPF it will be "normalized" [5]. Therefore £(¢) has the distribution
closed to normal and with probability of 0,986 the relative error of measurement:

AU 24+3./D 2 494 ;
<TH3VDe o 420 [)e (13)

u Uz, U, Un \ fa

The first summand in formula (13) is the deterministic error component caused by noise,
and the second is random. Substituting the value of o from (3) into (13), finally we get:

AU dnf,G2 15G
o<z T, Ve

(14)

Let us show the example. Assume that the sampling frequency is f; = 10 kHz,
bandwidth of anti-aliasing filter is f = 4 kHz, bandwidth of averaging is f. = 4,4 Hz,
frequency of signal f; < f, effective value of measuring signal is U = 1 V, mean square
value of noise is with normal distribution and constant spectral density in the band width
0 < f < fais 0= 0,01 V. Then the condition (11) holds, the first summand in formula
(13) is equal to 5 - 10°, and the second is equal to 9,9 - 10%, i. e. almost 20 times higher.
Therefore in this example the main part of error is the random component. This allows us
to conclude that in measuring of the wide bandwidth noise, when the sampling frequency
is selected correctly, the systematic component of error is determined by the bandwidth
of analog anti-aliasing LPF, and random — by the bandwidth of averaging digital LPF.
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MATEMATNYECKA{4 MO/IEJIb ILITYMA
B USMEPUTEJIBHBIX KAHAJIAX
NHTEJIVIEKTYAJIBHBIX CUCTEM

I'". Boaosuu, E.B. Coaomun, U.I. Tonoavcrasn, /.B. Tonoavcrudi

B nmammoii cTaThe mpeIioXKeHa MaTeMaTUIecKas MOAENb, OMUCHLIBAIONIAS BANIHUE IMa-
PaMeTpPOB IITyMa Ha BHIOOD YACTOTHI AUCKPETH3AINN B N3MEPUTEIbHBIX KAHAIAX WHTEJIIEK-
TyaJIbHBIX CHCTEM. DbIIN MpuWBEEeHbl BHYTPEHHWE M BHEMIHWE MCTOYHHUKH IIyMa, MPOAHA-
JIN3UPOBAHbL IPUYUHBL BOSHUKHOBEHUS 1Ly MOB, 0OOCHOBAHA HEOOXOMMOCTD YYETa BIUAHUS
IITyMa, B aHAJOTOBBIX TENIX N3MEPUTEIHHBIX KaHAJIOB HHTEJIJIEKTYyaTbHBIX cucTeM. [lapamer-
PaMHU MaTEMaTUIeCKON MOJEIU MyMa SIBJISTIOTCS CTAIMOHAPHBIN MEHTPUPOBAHHBIN OeJhiii
IITyM C HOPMAJbHBIM PACIpeIeeHreM, TI0I0CA, MPOIMYCKAHUS AHTHAIANINHTOBOTO (DUIBTPA,
CPeTHEKBAIPATUYHOE OTKJIOHEHUE IIyMa HA BXOJE aHAJIOrO-I@POBOTO mpeodbpa3oBaTestd,
ko3ddurment koppessiuu 3Toro mryma. [Iposeena oenka BINSHIS MapaMeTpoB MIyMa Ha
BBIOOD YacTOTHI Auckperusanuu. OHA MOKA3aJa, 9TO TP U3MEPEHUN B YCJIOBUSX TTHPOKO-
TOJIOCHOTO My Ma, TIPY MPABUIBHOM BBIOOPE YACTOTHI BHIDOPOK, CHCTEMATHYIECKAST COCTABJIS-
I0IIAA MOTPEITHOCTH ONPEIEJIACTCA ITOJIOCOA IPOIYCKAHNSA AaHAJIOTOBOIO AaHTUATIAN3NHTOBOT'O
dpuabTpa HU3KOHM YACTOTHI, 8 CIyYafiHas — MOJOCOIH MPOMYCKAHUS YCPETHIIONIErO MTugpo-
BOro pusIbTPa HU3KOI 4aCTOTHI.

Karoueevte ca06a: mamemamumeckas modeasb; WYM; UHMEALEKTIYGADHBLE CUCTTLEMbL,

wacmoma 0ucnpemu3auuu,
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