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INVESTIGATION OF CORRELATION MEASURING METHOD
ACCURACY FORTWO TYPESOF TEST SIGNALS

Summary. On the base of developed computer simulation pragihe comparative
investigations of correlation measuring method eacy with two types of test signals
have been provided.

BADANIE DOKLADNO SCI METODY POMIARU KORELACJI DLA
DWOCH RODZAJOW SYGNALOW PROBNYCH

Steszczenie. Poréwnawcze badania doktadnobmetody pomiaru korelacji dla dwoch
rodzajow sygnatébw prébnych zostaly przedstawione puastawie opracowanego
programu symulacji komputerowe;.

1. INTRODUCTION

Development of railways computer control systemlanta place in recent years resulted in
advanced requirements for quality of telecommuiooat lines. To ensure necessary level of lines
reliability with simultaneous decrease of their mahance costs it is necessary to provide contsuou
computer control of line parameters. Among a graahber of methods used for this purpose, the
correlation method has some advantages [1-3]. Téthad is based on calculation of cross-correlation
function Rw(r) of object inputx(t) and outputy(t) signals. For providing high accuracy of the
method in a voice-frequency range the near everlita@-frequency characteristic (AFC) of a test
signal is necessary and for continuous measurentettgccessible circuits without their switching
off the duration of test signals must be less #narage statistical pause in a pulse sequence Tha]
noise-type signals in a form of pseudo-random pu@sguence satisfies both conditions but the
measurement accuracy of correlation method witlh $est signals is lower than to determinate short

pulse signals in the form afin(t)/t and3(t) - functions [3].
So this work aimed at providing comparative invgegions of object characteristics measurements
accuracy by correlation method in a voice-frequeranyge with two types of test signalsir((t)/t

andd(t) ) in telecommunications wire lines in a presenc&afissian noise.
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2. THE MEASURING METHOD

The correlation method based on the following te@oal expressions. The cross-correlation
function R, (r) of input x(t) and outputy(t) signals is equal

R, (1)=[ y(t)x(t-r)dr = [R, (r-6) p(6)d6 ®

where R, (1) — autocorrelation functionp(t) — the pulse characteristic (PC) of investigatgeatb
From expression (1) known in cybernetics as Vindepf formula, it was obtained for

Ry (1-0)=0%5(1-9)
R, (1) = [025(t-)p(6)d6 = o2p(r) @

wherea? - average power of input signal.
From (2) the pulse characteristic is equal

p(7)=— R, (7) @)

Object transitive characteristic (TC) was obtainley integration pulse characteristic and
amplitude-frequency characteristic (AFC) and pHasguency characteristic (PFC) were obtained by
a direct Fourier transform of the PC:

+00

W(je) = [ p(t)exp(jat Xt (4)

—00

Alw)=W(jw)|, ¢(w)=argW(jw) (5)

According to (3-5) the block-diagram of a compupeogram for investigation of measurement
accuracy of correlation method was developed (Fidtlincludes a correlometer, integrator, direct
Fourier transformer and a comparison block to gtewhe accuracy measurements by comparison of
the measured characteristics and the calculategttotipjaracteristics.

Investigations of correlation method accuracy wemgied out on the basis of simulating program.
The object in a form of oscillatory unit with trdasfunction was chosen for the measurements

_ K
W(S)_T1282+2§Tls+1' 0<¢$<1 (6)

wherek; - amplification coefficientl; — time constant{ — decrement factor.

To estimate accuracy of correlation method theteted object characteristics were calculated
preliminary according to known electrical schemeogtillatory unit. A pulse characteristic was
calculated by expression
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Fig. 1.Block-diagram of correlation measuring method
Rys. 1.Schemat blokowy metody korelacji pomiarowej
A(w) =k, ! J (1-TPa?) + 48T 0 (9)
¢(w)=-arctg [ZéTla)/(l—Tfa)z)] (10)

Measurements of these characteristics were caouédavith and without Gaussiaroise
applied to the object output signal. The measumieghod accuracy was determined as a root-
mean-square deviation between the measured and analytically defined chenatics. The
window of developed computer program for investaatf correlation method accuracy is
shown in Fig.2. The program allows user to chobsetype of the object characteristic from
the menu and to set the mode of measurements —owithithout noise, to set signal/noise
relation values interva[lmin,max] andmeasurement sessions quantity.

The following values of object parameters were mat@ carry out the simulation: amplification
coefficientk, =1; decrement factar=0, 4; time constanf, :]/(er) causing the tracking frequency

close to resonance oRg=1. The ratio of signal to nois¢ was taken in a range from 100 up to
10000 that corresponds to 20 ... 40 dB. Measurenesgians quantity] for each signal was taken
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equal 1000. Observation interval was chosen equd®4T , whereT - sampling interval. Pulse
testing signalé(t) was set during discrimination interval in a form
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Fig. 2. The program window for correlation method accurawgstigation
Rys. 2.0kno programu do nadzoru doktadoometody korelacji

y(nT) =

(11)

In this case each sinusoid half-cycle corresporiddathe sampling interval and the main petal
duration of the signad;in(t)/t was equalT . Total duration of the signal was taken equ&4b and
sampling rateF — 16 Hz. Values of methodical measuring errotfiar types of test signal in absence
of noise were presented in table 1.0ne can seeethats for the pulse testing signaﬂ(()) were a

little bit smaller then for thesin(t)/t - signal.

Table 1
Methodical errors of oscillatory cell charactexdstmeasurements for two types of test signal
Signal PC TC AFC PFC
5-pulse 0,0000 0,0024 0,0115 0,0246
sin(t)/t 0,0066 0,0025 0,0160 0,0330

The results of comparative investigations of catieh method accuracy with two types of test
signals §in(t)/t andd(t)) at the presence of noise are presented in Fig.3.
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Fig. 3. The dependences of measuring erfoon signal/noise ratiy for the PC (a), TC (b), AFC (c) and PFC
(d) with test signakin(t)/t (1) and3(t) (2)

Rys. 3.Zaleznoi¢ bigdow pomiarowychY od wspétczynnika poziomu sygnatu do szuMiudla PC (a), TC (b),
AFC (c) i PFC (d) z sygnatem testowysin(t)/t (1) i 8(t) (2)

The errors of characteristics measureméhtaere decreased with increasing of signal/noise rat
in a range of value¥ from 100 to 100000 gradually approximated to theathodical errors.

For theV >5000..700( values of error were changed very slightly; theedelencey (V) in
Fig.3 were shown only f&f < 5000.

From results obtained one can see that error ¢ésysharacteristic measurements of line objects
in a voice frequency range at the noise presenceobielation method WithS(t) test signal was

smaller than withsin(t)/t signal for all types of characteristics.

But differences between values of measurement éoropulse and transient characteristics for
two types of testing signal were small enough, whsrfor amplitude-frequency and phase-frequency
characteristics differences were greater (up to%@5 The errors of characteristic measurements
Y were decreased with the increase in signal/noig® rfaom 100 up to 100000 gradually
approximated to their methodical errors.

3. CONCLUSION

Based on the developed computer simulation proghentomparative investigations of accuracy
of object characteristics measurements by coraglathethod in a voice-frequency range with two

types of test signalgm(t)/t and 6(t) at a presence of a Gaussian noise in telecomniioridines
were provided. In the absence of noise the methbdicors of correlation method with two types of
testing signal are small. Maximum value of errorswequal 3.3 10 for the phase-frequency
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characteristic measured witiin(t)/t test signal. The value of measuring error 3¢t) test signal
was smaller than fosin(t)/t signal as at the presence or absence of a nogstrie.

Bibliography

1. Andreev A., Gavrilyuk V.: Using of a noise like si@g for measurement of frequency parameters
of wire telecommunication lines, Zeszyty Naukoweansport Systems Telematics TST'04. 4th
International Conference. Katowice-Ustron, Novemb€r, 2004. P. 13-19.

2. Dmitriev LE., Sapognikov V.V.. Measurements andagtiostic in automatic and
telecommunication railway systems. Moscow, Transd@94.

3. Gavrilyuk V.l., Bezrukov V.V., Rybalka R.V.: Commive investigation mediate methods for
measuring time and frequency characteristics of liobjects by simulations, Visnik of
Dnepropetrovsk National University of Railway Trpog. 2007. N 19. P. 3-7.

Received 12.02.2008; accepted in revised form 12008



